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KAo4oBi cAoBa: PE3IOME

yHKLiOHamMbHI racTpoiHTecTMHanbHi  AkTyanbHicTb. [lepebir noegHaHoi dyHKUiOHanNbHOI Aucnencii XxapakTepusyeTbcst
poanaan, noeaHaHi dyHKLiOHanbHa  BiNbl BUPAXEHMMMW KMiHIMHUMUX CMMNTOMaMW, MOTMPLUIEHHAM SKOCTI XWUTTS. OgHUM
aucnencis Ta CUMHOPOM MOAPA3HEHOro 3 YMHHUKIB, LLIO NOrmMubmnioTb ANCHYHKLIK LUMYHKOBO-KMLLKOBOTO TPaKTy, BBaXaroTb
KULLIEYHUKA, OiTU, AenpecuBHi CUMNTOMMU. aenpecito.

MeTa po60Tu — BOOCKOHANEHHS paHHbOI AiarHOCTUKM OENPECUBHUX PO3nagiB y OiTen

AAS KOPECNOHAEHLI: i3 noegHaHVMK (PYHKLOHANbHUMW racTPOIHTECTUHANbHUMK  po3nadamu  ((PyHKLio-
HanbHOK AWCMENCIiEl0 Ta CMHAPOMOM MOAPA3HEHOro KULIEYHMKA) LUMSXOM 3acTocy-
3iMHuLbKa TeTaHa BacunisHa BaHHS CKPUHIHIY AenpecuBHUX CUMMTOMIB.

XapkiBcbKknii HauioHanbHUiA yHiBepcuter — MaTtepianu Ta metogu. O6ctexkeHo 97 aiteit Bikom Bif 7 Ao 17 pokis i3 dyHKLiOHAsb-
imeHi B.H. KapasiHa MiHicTepcTBa OCBiTM ~ HVMMMW TacTpOiHTECTUHaMbHUMK po3nagamu. | rpyny pocnifmxeHHs cknanu 39 giten

i Hayku YkpaiHu, kacpeapa negiatpir; i3 noegHaHNUMK PYHKLIOHANbHOK AUCMENCie Ta CUHAPOMOM MOAPa3HEHOro KuLuey-
maiigaH CeoBoau, 6yn. 4, m. Xapkis, Hvka. B Il rpyny ysinwno 58 aiten is dyHKUioHanbHoO Aucnencieto. [lenpecmeHi cumn-
YkpaiHa, 61022; TOMW Yy iTe OUiHIOBanu 3a AONOMOrOK afanToBaHOI yKpaiHCbKOT BepCii LWKanv guTadvoi
e-mail: zymnytska@karazin.ua aenpecii Mapii Kosau (Children’s depression inventory).

Pesynbratu. 3aranbHi MokKasHUKM [EenpecuBHMX CUMMTOMIB y Aiten | rpynn Gynu
© Benoycosa O.H0., LllesueHko H.C., BuLLE, HiX y aiTen Il rpynu: 3a wkanow A «[enpecuBHuin HacTpiny (3,16 £ 0,06 npoTtn
3imHuubka T.B., KazapsH /1.B., 1,64 £ 0,11) (p < 0,001); 3a wkanot B «MixocobucTicHi TpyaHowi» (2,55 + 0,24 npotun
Kpymetko H.B., 2025 1,86 + 0,15) (p < 0,001); 3a wkanoto D «AHgeroHis» (6,45 + 0,24 npotn 4,31 + 0,22)

(p < 0,01); 3a wkanotw € «HeratuBHa camoouiHka» 3,42 + 0,16 npotn 1,59 + 0,19
(p < 0,01). 3aranbHuUIA NOKA3HWK AENPECMBHUX CUMMTOMIB 3a Lwkanoto C «HeedeKTMBHICTb

OpuriHanbHi gocnigpKeHHs 498 Original research
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AAS LUTYBAHHS:

y wkoni» y giten | rpynu cknagas 3,92 + 0,09 i He BigpisHascsa Big Il rpynu (3,05 + 0,14)
(p > 0,05). CymapHMit NoKa3HUK AeNPECUBHUX CUMMNTOMIB y OiTel 3 NoegHaHUMU pyHKL-
OHanbHOK AUCMENCIEID Ta CUHAPOMOM NOAPA3HEHOTO KMLLEYHMKa ByB BuULLE, HiX Y AiTen
i3 pyHkuioHanbHoto gucnencieto (20,0 £ 0,78 npotn 13,30 + 0,37) (p < 0,001). KinbkicTb
AiTeN, y SKNX CyMapHUiA NOKa3HWK AenpPecyBHUX CUMNTOMIB NepeBuULLyBaB NnorpaHnyHe
3HaveHHs1 (19 6anis) y | rpyni 6yna Buie, Hix y Il rpyni (55,3% npotun 8,4%) (p < 0,05).
BusiBneHo npsiMmi kopensiuiiHi 3B’A3KM MK BUP@XKEHICTIO AEeNPecUBHUX CUMMTOMIB
Ta iHTeHCcuBHicTIo abgomMiHanbHoro 6onto (r = 0,6; p < 0,01) i BUPaXEHICTIO NOPYLUEHHSI
BUNOPOXHEHHS (r = 0,6; p < 0,01).

BucHoBku. Y 25,7% pfiten i3 dyHKUiOHaNbHUMWN racTpPOIHTECTUHAMNBbHUMU po3nagamu
BUSIBMEHO NiABULLEHUI CyMapHUiA MOKa3HUK AeNPeCcUBHUX CUMMNTOMIB, LLO NepeBuLLye
norpaHuMYHe 3HauveHHs; cepen AiTen i3 noegHaHUMK PyHKLiOHANbHOK Aucnencieto
Ta CMHOPOMOM MOAPAa3HEHOro KMLIEYHMKa Len NokasHuK ctaHoBuB 55,3%. Yactota
Ta IHTEHCUBHICTb OenpecuBHUX CUMNTOMIB 3a LKanamu «[enpecuBHUN HaCTpPIny»,
«AHrefoHisi» Ta «HeratnBHa camoouiHkay Oynu OOCTOBIPHO BULMMW Yy AiTen i3 noea-
HaHUMW PYHKLOHaNbHOK AMCNENCieo Ta CMHAPOMOM NOAPAa3HEHOrO KULLEYHMKA NOpiB-
HSIHO 3 AiTbMU, XTO Ma€e nuile yHKLUioOHanbHy AUCNencito. Y Aiten i3 yHKUioHansH1UMu
racTpoiHTECTMHANBHUMK pO3MnagaMu BUSIBIIEHO KOpensuii MK BMpaXeHiCTio aenpe-
CVBHUX CUMMTOMIB Ta iIHTEHCUBHICTIO abAoMiHanbHOro 6o Ta BUPaXEHICTIO NOPYLUEHb
BUMOPOXXHEHHSA. OTpuMaHi AaHi cBigYaTb Mpo Te, WO HasBHICTb AENPECUBHUX CUMM-
TOMiB MOXe OyTv OQHUM i3 (haKTopiB, AKi CNPUSATbL POPMYBaHHIO «OBepran-CUHAPOMY»
YHKLiOHaNbHOT Ancnencii Ta CMHAPOMY NOAPa3HEHOro KULLEYHMKA.

Benoycoea O.1O., LWesyeHko H.C., BimHuubka T.B., KasapsH J1.B., KpyteHko H.B. CkpuHiHroBa ouiHka genpe-
CMBHMX CMMNTOMIB Y AiTen i3 noegHaHMK (OYHKLIOHaNbHO AUCMEencieo Ta CMHOPOMOM NOAPA3HEHOMO KULLEYHMKA.
BicHuk Xapkiecbko20 HauioHanbHo20 yHisepcumemy imeHi B. H. KapasiHa. Cepis MeduyuHa. 2025. T. 33. Ne 4(55).
C. 498-509. DOI: https://doi.org/10.26565/2313-6693-2025-55-01
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ABSTRACT

Background. The course of combined functional dyspepsia and irritable bowel syndrome
is characterized by more pronounced clinical symptoms and a deterioration in the quality
of life. Depression is considered as one of the factors that aggravates gastrointestinal
dysfunction.

Purpose — improving early diagnosis of depressive disorders in children with combined
functional gastrointestinal disorders (functional dyspepsia and irritable bowel syndrome)
by using screening of the depressive symptoms.

Materials and Methods. 97 children with functional gastrointestinal disorders aged
7-17 years were examined. The first group of the study included 39 children with
combined functional dyspepsia and irritable bowel syndrome. The second group
included 58 children with functional dyspepsia. Depressive symptoms were evaluated
using adapted Ukrainian version of the Maria Kovacs Children’s Depression Inventory.
Results. The total indicators of depressive symptoms in children of the group | were
higher than in children of the group II: on scale A «Depressive mood» (3.16 + 0.06 vs
1.64 £0.11) (p <0.001); on scale B «Interpersonal difficulties» (2.55 £ 0.24 vs 1.86 + 0.15)
(p < 0.001); on scale «Anhedonia» (6.45 + 0.24 vs 4.31 = 0.22) (p < 0.01); on scale
E «Negative self-esteem» 3.42 + 0.16 vs 1.59 + 0.19 (p < 0.01). The summary indicator
of depressive symptoms in children with combined functional dyspepsia and irritable
bowel syndrome was higher than in children with functional dyspepsia (20.0 + 0.78 vs
13.30 £ 0.37) (p < 0.001). The frequency of children who had summary indicator
of depressive symptoms exceeded the cut-off value (19 points) in group | was higher
than in group Il (65.3% vs 8.4%) (p < 0.05). Direct correlations were found between
severity of depressive symptoms and intensity of abdominal pain (r = 0.6; p < 0.01), and
severity of stool disorders (r = 0.6; p < 0.01).

Conclusions. The summary indicator of depressive symptoms exceeding the cut-off
value was found in 25.7% of children with functional gastrointestinal disorders; among
children with combined functional dyspepsia and irritable bowel syndrome this indicator
was 55.3%. The frequency and severity of depressive symptoms on the scales
«Depressed mood», «Anhedonia» and «Negative self-esteem» were significantly
higher in children with combined functional dyspepsia and irritable bowel syndrome
compared to those in children with FD along. In children with functional gastrointestinal
disorders correlations between the severity of depressive symptoms and the intensity
of abdominal pain and the severity of bowel disorders were found. The obtained data
indicate that presence of depressive symptoms may be one of the factors contributing
to the formation of the «overlap syndrome» of functional dyspepsia and irritable
bowel syndrome.
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BCTYN

PosnosctopkeHiCTb  OyHKLOHaNbHUX  FracTPOIHTECTU-
HanbHux posnagis (PriP) 3a paHumm rmobansHoro Aocni-
oxeHHs (Rome Foundation Global Study) craHoBuTtb
40,3%, a cepeq aiten i3 OrIP 3a gaHUMK pisHMX aBTOPIB
konueaeTbea Big 9,9 oo 32% [1-4]. MNoeagHaHi dyHKujo-
HanbHy gvcnencito (P[) Ta cMHAPOM NogpPasHEHOro KMLLEY-
Huka (CITK) BussnstoTb y 15-44,6% xsopux Ha PI1P [5].

3rigHo 3 cydyacHuM norngaoMm Ha natoreHes, ®riP —
Lue MopyLIEeHHs1 B3aEMOZii rONMOBHOTO MO3KY Ta KWLLKU,
pe3ynsTaToM $KOro € BicLeparnbHa rinepyyTnuBicTb,
MOTOPHI  AMCQYHKUIT  LUITYHKOBO-KULLKOBOTO  TPaKTy
(WKT), nopyleHHs 3axucHoro crv3oBoro Gap’epy,
iIMYHHOI (DYHKLi i cknagy MikpobioTn, a Takox posnagu
LieHTparnbHOI HepBOBOI cucTemu [6, 7].

Pesynbratv gocnigkeHb BKasykTb Ha Te, WO Mopy-
LUEHHS KOMYHIKaUilT MK KALWEYHMKOM Ta MO3KOM onoce-
penkoBaHi  ANCAYHKUiE rinoTanamo-rinodisapHo-Hag-
HVWPKOBOI BIiCi Ta po3nagamu BereTaTMBHOI HEepPBOBOI
cucCTeMu, eHTepanbHOi HepBOBOI cuctemu [8, 9].

BinbLwicTe AocnigHUKIB NiATPUMYIOTE TEOPIlD ABOHa-
NpaBneHoCTi B3aeMofii KULIKa-MO30K, 3rigHO 3 KO
y fiten i3 ®I'IP HasaBHI nopylleHHs nepepadvi curHanis
HeMpOoTpaHCMITEPIB (HaMpuKnag CepoTOHiHY), dyHKUiT
Onykato4oro HepBa Ta MIKpODIOTU KULLEYHMKA Chpu-
0T  BUHWUKHEHHIO $K TFaCTPOIHTECTUHANBbHUX CUMM-
TOMIB, TaK i CyMyTHIX NCUXOMOriYHNx 3axsoptoBaHb [10].
XpOHiYHMI CcTpec Ta Au3perynsuisa Bici rinotanamyc-
rinodpiz-HagHMPHUKK LWe Binblue NornMonioTb Ui CTaHu
yepes MiABULLEHHSA PIBHA KOPTWU30My, MOPYLUYHTbL MOTO-
puky LWWKT Ta cnpusioTe BUHWKHEHHIO 3ananeHHs. [opy-
LWEHHA MIKpOOIOTM NpM3BOAMTL A0 akTuBauii iMYHHOI
CUCTEMM, BUBINbHEHHIO Mpo3anarnbHUX LUUTOKWUHIB, SiKi
NPOHUKaIOTb Yepes3 remaToeHuedaniyHun 6ap’ep i BNAn-
BalOTb Ha HaAcCTpil Ta KOrHiTMBHI 3gibHocTi [11]. CynyTHi
NCUXONOriYHi po3nagu, Taki SK TPMBOXHICTb Ta Aenpecis,
Lo cnocTepiratotbecs y aiten 3 ®riP, MoXyTb NpoOBOKY-
BaTM abo nornmbnioBaTn AUCEYHKLI0 OpPraHiB LLTYHKO-
BO-KMLLKOBOrO TpakTy [12].

Ocob6nvBy 3Ha4YMMICTb HabyBae BMBYEHHSI MCUMXOSO-
riYHOro cTaHy y AiTen i3 noegHaHUMKN PyHKLiOHaNbHUMK
racTpOiHTECTMHANBLHUMK NPOsSiBaMu, Nepebir sknx xapak-
TEepU3yeTbCA OiMbll BUPAKEHUMU KIIHIYHUMW CUMMTO-
Mamu, NOTiPLUEHHAM SKOCTi XuTTa [13].

MeTa po60Tu — BAOCKOHANEHHS paHHbOI AiarHOCTUKM
JenpecuBHUX po3nagiB y giten i3 noegHaHUMK racTpoiH-
TeCTMHanbHMMK po3nagamu (yHKUiOHanbHOK Aucre-
Mncieto Ta CMHAPOMOM MOAPA3HEHOTrO KULLIEYHMKA) LUMSIXOM
3aCTOCYBaHHS CKPUHIHTY AENPECUBHNX CUMMNTOMIB.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Ob6ctexeHo 97 piten i3 ®I'IP Bikom Big 7 Ao 17 pokis.
| rpyny pocnigpxkeHHa cknanu 39 giten i3 noegHaHMMM
&0 ta CIK, go Hei ysinwno 23 gisunHu (58,9%) Ta
16 xnonuis (41,2%), nepeBaxHO Le Oynu NigNiTKN BiKOM

INTRODUCTION

The prevalence of functional gastrointestinal disorders
(FGID) according to the Rome Foundation Global Study
is 40.3%, and among children, according to different
authors, it varies from 9.9 to 32% [1-4]. Combined
functional dyspepsia (FD) and irritable bowel syndrome
(IBS) are revealed in 15-44.6% of patients with FGID [5].

According to the modern view of pathogenesis, FGID
is a disorder of brain-gut interaction, resulting in visceral
hypersensitivity, motor dysfunctions of the gastrointestinal
tract, disruption of the protective mucosal barrier, immune
function and microbiota composition, and central nervous
system disorders [6, 7].

Researchresults indicate thatimpaired communication
between the gut and the brain is mediated by dysfunction
of the hypothalamic—pituitary—adrenal axis and disorders
of the autonomic nervous system and enteric nervous
system, which are aggravated due to chronic stress [8, 9].

Most researchers support the theory of a bidirectional
gut-brain interaction that children with FGID have
disorders in the conduction of neurotransmitter signals
(e.g., serotonin), function of the vagus nerve, and
gut microbiota, which contribute to the appearance
of gastrointestinal symptoms and comorbid psychological
disorders [10]. Chronic stress and dysregulation of the
hypothalamic—pituitary—adrenal axis further exacerbate
these conditions by increasing cortisol levels, disrupting
gastrointestinal motility, and promoting inflammation.
Disruption of the microbiota leads to activation of the
immune system and the release of pro-inflammatory
cytokines, which cross the hematoencephalic barrier and
influence mood and cognitive abilities [11]. Concomitant
psychological disorders, such as anxiety and depression,
which are observed in children with FGID, provoke
or exacerbate gastrointestinal dysfunction [12].

Especially great importance is the study of the
psychological state in children with combined functional
gastrointestinal manifestations, the course of which
is characterized by more pronounced clinical symptoms
and deterioration in the quality of life [13].

Objective — improving early diagnosis of depressive
disorders in children with combined functional
gastrointestinal disorders (functional dyspepsia and
irritable bowel syndrome) by using screening of the
depressive symptoms.

MATERIALS AND METHODS OF RESEARCH

97 children with FGIR aged 7 to 17 years were
examined. Group | of the study consisted of 39 children
with combined FD and IBS. Group | included 23 girls
(58.9%) and 16 boys (41.2%). Group | included mostly
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11-17 pokie (34 nauieHTn, 87,1%). Y Il rpyny ysinwno
58 piten i3 ®f, cepen skux 6ynu 32 giBunnu (55,7%)
Ta 26 xnonuyukis (44,1%). B Il rpyny ysivwno 26 gitewn
Bikom Bif 7 po 10 pokiB (44,8%) Ta 32 nignitkm Bikom
11-17 pokiB (55,2%).

[iarHo3n pyHKUiOHaNbLHOT Aucnencii Ta CuHApOMY
NOAPAa3HEHOro KULLIEYHMKa BCTaHOBMOBaNv BiANOBIAHO
0o Pumcekux kputepiis IV (2016).

KniHiyHnin  BapiaHT dyHKUiOHanbHOT Aucnencii —
cuHapom eniractpaneHoro 6onto (® CEB) BcTaHoBnto-
Banu, SKLO Y OMTUHM BigMiYanuchb eniractpanbHui 6inb
abo nevis npuHanMHi 1 geHb Ha TWXKOEHb, | BOHM Oyrnu
[0CUTb CUMbHUMY, W06 BNNMBATU Ha 3BUYHY AiANbHICTb.
[iarHo3 dyHKUioHanbHOT gucnencii — nocTnpaHaianbHUi
anctpec-cuHgpom (®O TMAOC) BcTaHoBmoBanu, sKWO
Yy AUTUHU MiHIMYM 3 pasu Ha TWXOEHb 3'ABMSABCS OAMH
abo 2 cumnTomu, Taki SK BiAYYTTS NepenoBHEHHS Nicrs
npunoMy ixi Ta BiAYYTTS paHHBLOro HacuyeHHs. Ana o6ox
BapiaHTiB XapakTePHUM € Te, L0 CUMMTOMMW He nonertLuy-
Banucb nicns gedekauii Ta BiaXo4KkeHHs rasis [14].

[HiarHo3 CIK BcTaHoBntoBanu, SKWO AWTUHA cKap-
Xvnacb Ha peumamBytoumin Oinb y kumBoTi 1 OeHb
Ha TWXKOEHb, i uen 6inb by acouiioBaHun 3 gBoma abo
Ginblwe Takumy kputepiamu: OyB nos’a3aHuin 3 gede-
KaLieto, acouitoBaBcs i3 3MIHOK 4aCTOTW BUMOPOXHEHb,
acouitoBaBcs i3 3MiHOK hopMK Kanosmx mac. 3sepTanu
yBary Ha Te, WO BIiAMNOBigHI KpuTepii crnocTtepiranucb
YNPOAOBX OCTaHHIX 3-X MiCALiB 3 NOABOIO NEPLUNX CUMN-
TomiB 6 micsauiB Hasag [15].

[ns BMKNIOYEHHS OpraHivyHOI MaTonorii ypaxosysBanu
y OiTen HasiBHICTb «CMMNTOMIB TPMBOMM»: HEBMOTUBOBaHa
BTpaTa Macw Tina; HasiBHICTb CUMNTOMATUKM B HIYHUI Yac;
nepeBaXkaHHS MOCTIMHOMO iIHTEHCMBHOrO GOm0 B XKMUBOTI
K MPOBIOHOrO, a iHOAI N €AMHONO CUMMTOMY YPaXKeHHS
LUMYHKOBO-KMLUKOBOIO TPaKTy; JIMXOMaHKA; 30inblLUeHHs
napeHxiMaTo3HMX OpraHiB (MeviHKW, cenesiHku); MNemnko-
unTo3, ademisa, 30inbweHHa LWOE; pomiwkn Kposi
Y BUMOPOXXHEHHSIX.

3a noTtpebu npoBOAWMIM [AOLATKOBI OOCTEXEHHS:
3aranbHUN  aHania KpoBi, Komporpamy, BW3HAYEeHHS
C-peakTMBHOIro MpOTEiHy, KamnbMpOTEKTUHY, aHTUTIN
00 TKaHWHHOI TpaHcrnyTamiHasu Ta eHgomisio. [Ans
BUKIOYEHHS IHEKUiNHOT naTororii NpoBoAWnIM Mocis
Kany Ha KWLIKOBY rpyny, 3ilWKpiO Ha ByCTpUKM, aHanis
Kany Ha anusa renbMiHTIB. [Na BUKMOYEHHSA OpraHivyHol
nartonorii BepxHix Ta HwxkHix Bigainie LWWKT nposogunu
32 MOKa3aHHSIM eHAOCKOMiYHe [OCHIIKEHHS  LUMYHKY,
[BaHaauUATUNAnNoi KALWKN Ta TOBCTOI KULLKN.

MoegHanHa o CEB Tta CIK i3 nepeBaxaHHAM
3akpeny (CIK-3) giarHoctysBanocb y 14 piten (14,4%),
& CEB Ta CIIK i3 nepeaxaHHsMm giapei (CIK-[) —
y 7 piten (7,2%), ®O0 CEB Tta 3miwaHa cdopma CIK
(CMK-M) — y 4 giten (4,1%). [Hiarnoz & MAOC Ta
CINK-3 BctaHoeneHo y 9 aiter (9,3%), ¢4 MAC ta CrK-4 —
y 3 gitent (3,1%), ®O NAC ta CMNK-M —y 1 autnnn (1,0%).
[iarHo3 ®[] CEB 6e3 CIK BctaHoBneHo y 40 aiteii (41,2%),
& MacC 6es CrK—y 19 giten (19,6%).

KoxeH 3 KMiHIYHMX racTpoiHTECTUHANbHUX CUMMATOMIB
oujHioBanu 3a GanbHoto wkanotw Jflankeprta (Likert R.,
1932): 0 6aniB 03Ha4yano BiACyTHICTb cumnTomy; 1 Gan —
CMMMTOM Cnabko BMPaXKEHWW, He BMMMBAE Ha 3BUYaHY
aKTMBHICTb NauieHTa; 2 Ganu — CMMNTOM MOMIPHO BUpa-
XKEHWI, BNNMBAE Ha MOBCSIKAEHHY aKTUBHICTb MauieHTa;

adolescents aged 11-17 years (34 patients; 87.1%).
Group Il included 58 children with FD, including 32 girls
(55.7%) and 26 boys (44.1%). Group Il include 26 children
aged 7 to 10 years (44.8%) and 32 adolescents aged
11 to 17 years (55.2%).

The diagnosis of functional dyspepsia and irritable
bowel syndrome were established according to Rome
criteria IV (2016).

The clinical variant of functional dyspepsia, epigastric
pain syndrome (FD EPS), was diagnosed if the child had
epigastric pain or burning at least 1 day per week and
it was severe enough to interrupt usual activities. The
diagnosis of functional dyspepsia, postprandial distress
syndrome (FD PDS), was established if the child had one
or two symptoms, such as a feeling of postprandial fullness
and a feeling of early satiety, at least 3 times per week.
Both variants are characterized by the fact that symptoms
are not relieved after defecation or passing gas [14].

The diagnosis of IBS was established if the child
complained of recurrent abdominal pain 1 day per
week for at least the past 3 months, and this pain was
associated with two or more of the following criteria:
it was associated with defecation, with a change in the
frequency of defecation, or with a change in the shape
of the stool. Attention was paid to the fact that the relevant
criteria had been observed for the past 3 months with the
appearance of the first symptoms 6 months ago [15].

In order to exclude organic pathology, the presence
of «alarm symptoms» in children was taken into account:
unmotivated weight loss; the presence of symptoms
at night; the predominance of constant intensive abdominal
pain as the leading, and sometimes the only one symptome
of gastrointestinal tract damage; fever; enlargement
of parenchymal organs (liver, spleen); leukocytosis,
anemia, increased ESR; blood impurities in feces.

If necessary, additional examinations were performed:
complete blood count, coprological test, determination
of C-reactive protein, calprotectin, antibodies to tissue
transglutaminase and endomysium. To exclude infectious
pathology, stool culture for intestinal group, scraping
for enterobiosis, stool analysis for helminth eggs were
performed. To exclude organic pathology of the upper
and lower gastrointestinal tract, endoscopic examination
of the stomach, duodenum and colon was performed
as indicated.

The combination of FD EPS and IBS with
a predominance of constipation (IBS-C) was diagnosed in
14 children (14.4%), FD EPS and IBS with a predominance
of diarrhea (IBS-D)—in 7 children (7.2%), FD EPS and IBS
mixed form (IBS-M) — in 4 children (4.1%). The diagnosis
of FD PDS and IBS-C was established in 9 children
(9.3%), FD PDS and IBS-D — in 3 children (3.1%),
FD PDS and IBS-M — in 1 child (1.0%). The diagnosis
of FD EPS without IBS was established in 40 children
(41.2%), FD PDS without IBS —in 19 children (19.6%).

Each clinical gastrointestinal symptom was assessed
using the Likert scale (Likert R., 1932): 0 points —
no symptom; 1 point — the symptom is weakly expressed,
does not affect the patient’s usual activity; 2 points — the
symptom is moderately expressed, affects the patient’s
daily activity; 3 points — the symptom is significantly
expressed, complicates the child’s usual life activities;
4 — unbearable symptoms.
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3 6anun — CMMNTOM 3Ha4YHO BUPaXEHWI, YCKNAOHIOE 3BUYHY
KUTTEQIANBHICTD AUTUHW; 4 — HECTEPMHI CUMMITOMM.

[enpecuBHi cumnTomMn y AiTen ouiHoBanu 3a Aono-
MOFOK YKpaiHCbKOi aganToBaHOI Bepcii LWKanu guTsayoil
penpecii Mapii Koeay (Children’s depression inventory)
(1992) [16, 17]. OnutyBanbHWK MNpPU3HAYEHO Ans
aiten i nignitkis Bikom 6—17 pokiB. TecT cknagaeTbca
3 27 NyHKTIB, SIKi KiflbKiCHO BM3HA4aloTb CTYNiHb TSHXKKOCTI
OenpecrBHMX CUMNTOMIB. 10 KOXHOMY MyHKTY OUTMHA
Mae Tpwu BapiaHTu Bignosigi: «0» BKasye Ha BiOCYTHICTb
CYMMTOMIB; «1» — Ha Nerki CUMNTOMU; «2» — Ha CEPWO3HiI
CUMNTOMW. YCi 27 NyHKTIB 3rpynoBaHi B M'ATb LiKan, sKi
BiQMNOBIAaTb MATM OCHOBHUM KaTeropisiM AenpecuBHUX
cuMmnTomiB: «[enpecuBHuin HacTpiny, «MixocobucTicHi
TpygHoLi», «HeedeKTUBHICTb Yy LIKOMi», «AHregoHis»,
«HeraTnBHa camooLiHKa».

3a wkanoww A «[lenpecuBHWUIA HacTpii» BUABNSANU
HasiBHICTb Y AWTWMHW CYMHOMO HacTpOol, TPUBOXHOCTI,
MOYyTTA MPOBUHKM, MNMAKCUBOCTI, PO3APAaTOBaHOCTI, Hepi-
WwyyocTi; 3a wkanow B «MixocobucTicHi TpyaHoLLi» —
noraHy NoBefiHKY, BUPaXXEHUIN HeraTuBi3M, HECIYXHSIHICTb,
arpecito; wkana C «HeedeKTUBHICTb Yy LLKOIi» — CaMOKpU-
TUKY, 3HDKEHHSA MOTMBALLii O HABYaHHS, 3HWKEHHS akaae-
MiYHOI YCMILLUHOCTi, HeraTMBHE MOPIBHAHHA 3 iHLIMMWU;
3a wkanoto D «AHregoHia» — HesgaTHICTb OTpUMyBaTh
3a0BOJIEHHS, MOTraHU COH, BTOMITHOBAHICTb, 3HWXKEHHS
anetuty, 6inb, Big4YTTs1 CAMOTHOCTI, HyAbrY B LUKONI, HEOo-
CTaTHICTb B Opy3sX; 3a wwkanot € «HeratmBHa camoo-
LliHKay» — NecumiamM, HeraTMBHe BiAHOLWEHHS 0o cebe, HasB-
HICTb CyiumaanbHUX OYMOK, HM3bKa CaMOOLiHKa, NodyTTs
«MEHe HIXTO He NbuTby. BusHavanu 3aranbHi NOKasHMKK
32 KOXHO LLUKarow i CyMapHWUIA NMOKasHWK OEenpecuBHUX
cuMmnToMmiB, sikni konmueascd Big 0 fo 54. PiseHb genpe-
CVIBHMX CUMMTOMIB Y OAUTUHW BBaXaBCS NiABULLEHNM, SIKLLO
CYMapHWIA NMOKa3HMK NepeBULLYBaB NOrpaHNYHe 3Ha4YEHHS
19 Ganis. Y TakoMy pasi AUTUHY ckepoByBanu Ao daxisud
ncuxiaTpryYHOro NPointo Anst NoAanbLLIOro OCNIAKEHHS.

O6poObKy CTAaTUCTUYHMX OaHUX NMPOBEAEHO 3a A0rMo-
MOrOt0 nakeTa npuknagHux nporpam SPSS 19.0. Ctatuc-
TUYHWIA  aHani3a ©Oyno npoBedeHO 3 BUKOPUCTAHHAM
KiNbKICHMX Ta SIKICHMX 3MiHHUX. AkicHi aaHi ©yno npea-
CTaBMEHO Yy BUMMsAAI BiACOTKOBMX YACTOK, KifbKiCHI —
y BUIMSAi cepeaHboro Ta ctaHgapTHoi noxubku (M £ m).
[ns nopiBHSHHA NOKa3HMKIB B He3anexHux Bubipkax
3acTtocoByBaBcs t-kpuTepii CTblogeHTa, x2—KBagpar,
KpuTepin BinkokcoHa—MaHHa-YiTHi).

KpuTuyHniA  piBeHb 3HaYyLOCTi Ans  nepeBipKku
CTATUCTUYHMX FiNOTE3 Y AOCMIMXKEHHI BBaXXanu TakuM,
wo gopisHioe 0,05.

PE3YABTATU

MepeBaxHa OinbLicTb aiten i3 PrP (88,6%) ckapxu-
nncb Ha abgomiHanbHUK Ginb. Bnn3bko NONoBMHKU AiTen
(50,5%) BkadyBanu Ha nokanisadiito 60nto B eniracTparbHin
[insHui i 26,8% — HaBkono nynka. Ckapri Ha Binb y HKHIA
MOOBWHI XMBOTa Bigmidanuck y 39,2% aiten.

YacTtuHa giten ckapxunacb Ha AUCNEnTUYHI po3naau,
SIKi € MATOrHOMOHIYHUMK ana L BioYYyTTS TSHKKOCTI micnsi
npuiomy ki (21,6%), BiOYYTTS PaHHLOTO HaCUYEHHS
(17,2%). Cepen pogaTkoBMX CUMMNTOMIB Yy AiTeW BigMi-
yanucb Hygota (36,3%), Bigpwkka nosiTpaMm (19,9%),
3nyTTs xuBoTa (16,4%). Y 10,3% Aiter iHkonum Bigmivanucs

Depressive symptoms in children were assessed
using adapted Ukrainian version the Children’s
Depression Inventory Maria Kovacs (1992) [16, 17]. The
questionnaire is intended for children and adolescents
aged 6-17. The test consisted of 27 items that determined
the severity of depressive symptoms quantitatively.
For each item the child had three response options: «0»
indicated no symptoms; «1» indicated mild symptoms;
«2» indicated severe symptoms. All 27 items were
grouped into five scales that corresponded to the five
main categories of depressive symptoms: «Depressed
mood», «Interpersonal difficulties», «Ineffectiveness
at school», «Anhedonia», «Negative self-esteem».

Sadness, anxiety, self-blaming, tearfulness,
irritability, and indecision were revealed by scale A
«Depressed mood»; bad behavior, pronounced
negativism, disobedience and aggressiveness — by scale B
«Interpersonal difficulties»; self-criticism, decreased
motivation to study, decreased academic performance,
negative comparing yourself to others — by scale
C «Ineffectiveness at school»; inability to get pleasure,
poor sleep, tiredness, appetite disorders, pain, loneliness,
boredom at school, and lack of friends — by scale D
«Anhedonia»;  pessimism, self-hatred, presence
of suicidal thoughts, low self-esteem, and the feeling that
«nobody loves me» — by scale E «Negative self-esteem».

The total scores for each scale and the summary
indicator of depressive symptoms, which ranged from 0 to
54, were determined. The level of depressive symptoms
in a child was considered elevated if the summary
indicator exceeded the cut-off value of 19 points. In this
case, the child was referred to a psychiatric specialist for
further examination.

Statistical data processing was carried out using the
SPSS 19.0 software package. Statistical analysis was
carried out using quantitative and qualitative variables.
Qualitative data were presented as percentages, and
quantitative data as mean and standard error (M £ m).
To compare indicators in independent samples, the
Student’s t-test, x? test, and Wilcoxon—Mann—Whitney
test were used.

RESULTS

Most of the children with FGID (88.6%) complained
of abdominal pain. About half of the children (50.5%)
indicated that the pain was localized in the epigastric
area, 26.8% — around the navel. Pain in the lower part
of abdomen was observed in 39.2% of children.

Some of the children complained of dyspeptic
disorders, which are pathognomonic for FD: postprandial
fullness (21.6%), early satiety (17.2%). Additional
symptoms such as nausea (36.3%), belching (19.9%),
and bloating (16.4%) were observed. Vomiting
was present in 10.3% of children. Hiccups were
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BMNagku bniosaHHSA. [Mkaska Bigmivanace y 15,4% xsopux.
B okpemux Bunagkax gitv ckapxunmcb Ha nevito (8,2%).

MopylweHHs BUMOPOXHEHHsT Bigmidanuce y 39,1%
nauieHTiB. 3akpen Biamiyaecsa y 23,7% piten, gdiapest —
B 10,3% BunagkiB. 3miwaHa cdopma NOpyLUEHHs BUMO-
POXHEHHs cnocTepiranack y 5,1% XBOpuX.

[MpoBeaeHoO CKPUHIHIOBY OLHKY AEenpecyBHUX CUMI-
TOMiB 3a wWkanot A «[enpecmBHuin HacTpiny. Y 31,9%
giten i3 OrIP BusBNEHO YacTUA CYMHWA HacTpiw,
y 15,5% — TpuBOXHIiCTb, ¥ 43,3% — MOYyTTS MPOBUHM,
y 23,7% — nnakcuBicTb, Yy 26,8% — po3gpaToBaHICTb,
y 86,6% — HepilyyicTb.

Mpwn OUiHIOBaHHS 4YacTOTWM AENpPecUBHUX CUMMTOMIB
y Aiten 3a wkanow B «MixocobucTicHi TpyaHoLi» 6yno
BUSIBNEHO, WO 62,9% p[iTelt BBaXxkany CBOK MOBESIHKY
noraHow. Y 41,2% piten cnocTepiraBcs HeratueiaMm,
y 64,9% — HecnyxHsHiCTb, y 70,1% — arpecuBHICTb.

MpoBegeHo aHania 3a wkanot C «HeedekTus-
HicTb B wkoni». Byno BusBneHo, wo 71,1% naiten
nigoatoTe cebe camokpuTtuui, 86,6% Aiteln nopisHoBanNM
cebe 3 iHWUMK AiTbMKU | Npu UbOMY BigyyBanu cebe
ripwumn. B ycix giten (100%) 6yna 3HumkeHa MOTMBaLis
[0 HaBYaHHS, WO NPU3BOAUIIO A0 3HWKEHHS YCMiLUHOCTI
B wkoni (83,5%).

AHani3 genpecuBHNX cMMNToMiIB 3a Lwkanot D «AHre-
[OOHiA» nokasas, wo 60,8% Bka3dyBanu Ha Te, Lo iM Marno
LLIO NMPUHOCUTL 3af0BONEHHS. Y 36,1% Aaitel Biamiyaecs
noraHui coH, y 31,9% — BTomntoBaHicTtb, y 80,4% — nopy-
weHHa anetuty, y 84,5% — 6inb, y 25,8% — nouytTs
caMoOTHocTi, ¥ 89,7% — Hyabra B wkoni, y 83,5% — Heno-
CTaTHICTb Yy ApY3sX.

Miguac aHanidy genpecuBHMUX CMMNTOMIB 3a LLKarnow E
«HeratuBHa camoouiHka» 6yno BusiBneHo, wo 80,4%
nauieHTiB Big4yBanu necumiam, 41,2% fAiten — HEHaBUCTb
0o cebe; HM3bka camooLiHka crnocTepiranacbk y 60,8%
xBopux; 49,5% giten Beaxanu, Lo ix HIXTO He NobuTb.

lMpoBeaeHoO MNOPIBHANBHWIA aHani3 4YactoTn Aenpe-
CVBHUX CUMMTOMIB Y fiTel pisHux rpyn (tabn. 1)

noted in 15.4% of patients. Heartburn was reported
by 8.2% of children.

Bowel disorders were observed in 39.1% of patients.
Constipation was found in 23.7% of children, diarrhea
in 10.3% of cases. Mixed bowel disorders were observed
in 5.1% of patients.

The screening evaluation of the depressive symptoms
in children with FGID by scale A «Depressed mood»
revealed sadness in 31.9% of children, anxiety —
in 15.5%, self-blaming — in 43.3% tearfulness — in 23.7%,
irritability — in 26.8%, indecision in 86.6%.

The study of the depressive symptoms using
scale B «Interpersonal difficulties» showed that 62.9%
of children assessed their behavior as bad. Negativism
is observed in 41.2%, disobedience in 64.9%,
aggressiveness —in 70.1%.

An analysis of depressive symptoms using scale
C «lIneffectiveness at School» found self-criticism
in 71.1% of children. Most children (86.6%) felt inferior
when comparing yourself to others. All children (100.0%)
had reduced motivation to study, which led to a decline
in school performance (83.5%).

Analysis of depressive symptoms using scale
D «Anhedonia» showed that 60.8% of children indicated
that nothing gives them pleasure. 36.1% of children
had bad sleep, 31.9% - tiredness, 80.4% — disorders
of appetite, 84.5% — pain, feeling of loneliness —in 25.8%,
boredom at school — 89.7%, lack of friends —in 83.5%.

When depressive symptoms were analyzed using the
scale «Negative self-esteem,» it was revealed that 80.4%
of patients felt pessimistic, 41.2% of children expressed self-
hatred. Low self-esteem was observed in 60.8% of patients.
49.5% of children believed that no one loved them.

A comparative analysis of the frequency of the
depressive symptoms in children from different groups
was conducted (table 1).

Tabnuusa 1. Yactota AenpecrMBHUX CUMNTOMIB Y AiTeN i3 PYHKLIOHANbHUMM racTPOIHTECTUHANBHUMW po3nagamu
Table1. Frequency of depressive symptoms in children with functional gastrointestinal disorders

MoegHaHi ®[1 Ta CrNK dyHKUioHanbHa avcnencis
[HenpecuBHi cumnTomu Combined FD and IBS Functional dyspepsia
Depressive symptoms n =38 n=59
N % +m N % +m
HenpecuBHum HacTpin / Scale A Depressive mood
CymHuI HacTpin / Sadness 16 421 +8,0 15 25,4 + 5,67
TpuBoXHiCcTb / Anxiety 15 39,47 £7,9 0 _
[MouyTTst npoBuHK / Self-blamin 21 55, 26 + 8,06 21 35,59 + 6,03
MnakcusicTb / Tearfulness 15 39,47 +79 8 13,56 + 4,46
PosgpatosaHicTb / Irritability 15 39,47 +7,9 11 18,6 + 5,06
HepiwyuicTb / Indecisiveness 37 97,4 + 2,54 47 79,66 + 5,24
MixxocobucTicHi TpyaHoLi / Inter-personal difficulties
MNorana noeegaiHka / Bad behavior 25 65,8+ 7,7 36 61,0+6,4
BupaxeHuy Heratvsiam 19 50,0 + 8,1 21 35,6 + 6,24
Prononced negativism
HecnyxHsHicTb / Disobedience 27 711274 37 62,7 + 39,6
ArpecuBHicTb / Aggressiveness 27 71174 41 69,5+7,4
HeecbekTuBHicTb B wkoni / Inefficiency at school
CamokpuTika / Self-criticism | 37 | 97,4 + 2,54’ 32 54,24 + 6,7
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lpodoexeHHss mabnuui 1

MoenHani ®[1 Ta CrNK dyHKUiOHanbHa agvcnencis
[enpecuBHi cumnTomm Combined FD and IBS Functional dyspepsia
Depressive symptoms n =38 n =59
N % £ m N % £ m
SHMKEHHSA MOTMB&I':ILl,i'I'.,EI,O HaBYaHHSA 38 100 59 100
Decreased motivation to study
SHWKEHHS akaAeMiYHOI yCNiLLHOCTI .
Decline in aca;cliemic pe?'/formance 36 94738 35 59364
HeratuBHe nopiBHAHHS cebe 3 iHWKMK
Negatively comF;J)arison yourself to others 35 921+44 49 83149
AxrepoHis / Anged onia
Hea,anchrblngmmyBaTm 3a[10BOJIEHHS 36 94,7 + 3,63 23 38.9+7.9
Inability to get pleasure
MoraHun coH / Bad sleep 16 42,1 +£8,0 19 32,2+6,1
BromntoBaHicTb / Tiredness 21 55,26 + 8,1" 10 16,9+4,9
MopywweHHsi anetuty / Disorders of appetite 34 89,5+4,9” 34 57,6 £ 6,4
Binb / Pain 38 100™ 44 74,6 £ 5,7
MouyTTs camoTHoCTi / Loneliness 15 39,5+7,9" 10 16,9 +4,9
Hynbra B wkoni / Boredom at school 38 100” 49 83,1+49
HepocTtaTtHicTb y apy3sax / Lack of friends 36 94,7 £3,6" 45 76,3+5,5
HeraTtnBHa camoouiHka / Negative self-esteem
Mecumiam / Pessimism 34 89,56+4,9 34 57,6 £ 6,4
HeHaBucTb oo cebe / Self-hatred 31 81,5+6,3™ 19 32,2+6,1
Husbka camoouiHka / Low self-esteem 36 94,74 +3,6™ 23 38,6 +6,4
noquTﬂ «MEHE HIiXTO He NbuTb» 29 714169 19 322461
Feeling of «nobody loves me»

lMpumimku / Notes:

@[ — pyHkyjioHanbHa ducnencisi, CIK — cuHOpom nodpa3HeHo20 KUWeYHUKa
8IOMIHHICMb MK MoOKa3HUKamu raujeHmie i3 moedHaHumu ®L ma CrIK i 3 ¢pyHKuioHanbHoro ducnerciero: p <0,05; “p < 0,01, “p < 0,05.

FD — functional dyspepsia, IBS — irritable bowel syndrome

difference between the indicators of patients with combined FD and IBS, and with functional dyspepsia: 'p < 0.05; "p < 0.01; “p < 0.05.

Ak BuaHO 3 Tabnuui 1, GINbLIICTL CUMMTOMIB, TaKMUX
SIK CYMHUI HaCTpii, TPUBOXHICTb, NMaKCUBICTb, po3gpa-
TOBaHICTb, HepilWyYiCTb, BIpOrigHO YacTiwe BigMivanacb
y aiten | rpynu y nopiBHsHHI 3 1l rpynoto (p < 0,05). Cxunb-
HICTb 0O CaMOKPUTWKW, HEratTMBHE MOPIBHSHHSA 3 iHLIUMMK,
3HVKEHHS! YCTIILLUHOCTI B LLKOMi YacTile 3ycTpivanuck y aiten
3 MOEAHAHO racTpoiHTECTUHANBHO natonorieto (p < 0,05).

Miguac NopiBHANBHOrO aHanidy 4acToTu AenpecuBHUX
cumnToMmiB Byno BUSIBNEHO, LLO KiMNbKICTb AiTen 3 He3aaT-
HICTIO OTPMMYBaTV 3a[10BOMEHHS BiporiagHo BuLLa B | rpyni,
Hixx y giten |l rpynu (p < 0,01). Taki cMuMnTOMM SIK NOraHUM
COH, BTOMIIIOBaAHICTb, binb, MOPYLUEHHS aneTuTy Bipo-
rigHo vacTiwe Bigmivyanucb y giten | rpynu (p < 0,05).
[itn 3 noegHaHo naTonorieto BiporiAHO YyacTille BKasy-
BanM Ha MovyTTd CaMOTHOCTI, HeOOCTaTHICTb Y Apy3sX
(p < 0,05). Oitn | rpynun BiporigHO YacTiwe BigvyBanu
Hyabry B wkoni (p < 0,05).

Y piten | rpynu BiporigHO 4acTiwe, HiX y giTen
Il rpynun, sycTtpivanuce necumiam (p < 0,05), HeHaBuCTb
o cebe (p < 0,001), H13bka camoouiHka (p < 0,001). Oitn
i3 noegHaHumn O ta CIK vacTiwe BkasyBanu Ha Te,
«LUO iX HiXTO He Mbutb» (p < 0,01).

Y piten | rpynu 3aranbHWMA MOKa3HMK 3a LUKarow
A «[enpecuBHuii HacTpiny» cknagas 3,16 + 0,06 Gana
i BiporigHo (p < 0,001) nepesuLlyBaB BiANOBIAHWN
nokasHuk y giten Il rpynu (1,64 + 0,11 6ana) (puc. 1).
3aranbHUI nokasHuMK 3a Lwkanotw B «MixkocobucTicHi
TpyaHoLi» y aiten | rpynu cknapas 2,55 + 0,24 6ana i 6yB
BuLe, HixX y giten Il rpynn (1,86 + 0,15 6ana) (p < 0,001).

As table 1 shows, most symptoms, such as a sadness,
an anxiety, a tearfulness, an irritability, an indecisiveness
were more often in children of the | group compared to Il
group (p < 0.05). Self-criticism, negative comparison with
others, and decreased school performance were more
often in children with combined gastrointestinal pathology
(p < 0.05). When comparative analysis was conducted,
the frequency of children with an inability to get pleasure
was significantly higher of the | group than in children
of the Il group (p < 0.01). Symptoms such as bad sleep,
a tiredness, a pain, and appetite disturbances were
significantly more often in children of the | group (p < 0.05).

Children with combined pathology significantly more
often indicated feelings of loneliness and lack of friends
(p < 0.05). Children of the | group significantly more often
felt bored at school (p < 0.05).

Among children of the | group more often pessimistic
(p < 0.05), self-hatred (p < 0.001), and low self-esteem
(p < 0.001) were noted than children of the Il group.
Children with combined FD and IBS more often indicated
that «nobody loves them» (p < 0.01).

In children of the | group, the total score on scale
A «Depressed mood» was 3.16 + 0.06 points and
significantly exceeded the corresponding score in children
of Il group (1.64 + 0.11 points) (p < 0.001) (fig. 1). The total
score on scale B «Interpersonal difficulties» in children
of the | group was 2.55 + 0.24 points and was higher than
in children of the Il group (1.86 + 0.15 points) (p < 0.001).
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3aranbHuin nokasHuk 3a wkanotw C «HeedekTBHICTb
y wkoni» y aiten | rpynu cknagas 3,92 + 0,09 6ana i He
BigpisHaBca Big Il rpynu (3,05 + 0,14 6ana) (p > 0,05).

3aranbHUIM MOKa3HWK 3a LWkKanow D «AHOEroHis»
y giten | rpynu cknagae 6,45 + 0,24 6ana i nepesu-
wyBaB Lew nokasHuk y giten Il rpynu (4,31 £ 0,22 6ana)
(p<0,01). 3aranbHuii NokasHuk 3a Wwkanot € «HeratmeHa
camoouiHka» y giten | rpynu cknagae 3,42 + 0,16 6ana,
wo 6yno BiporigHO BULLE Y MOPIBHSAHHI 3 AaHWM Mokas-
Hukom y aiten Il rpynm (1,59 + 0,19 6ana).

3,16
p<0,001

IS

~

-

P
3,92
2,55 3,05
3 p<001
1,64 1,86 I
0 l I

The total score on the scale C «Ineffectiveness
atschool» in children of the | group was 3.92 + 0.099 points
and did not differ from Il group (3.05 + 0.14 points)
(p > 0.05). The total score on the scale «Anhedonia»
in children of the | group was 6.45 = 0.24 points
and exceeded this score in children of the Il group
(4.31 £ 0.22 points) (p < 0.01).

The total score on the scale E «Negative self-esteem»
in children of the | group was 3.42 + 0.16 points, it was
significantly higher compared to this score in children
of the Il group (1.59 + 0.19 points).

6,45
1

4,305

3,42
p< 0,001

1,59

Depressive mood /  Interpersonal Inefficiency at Angedonia / Negative self
[JenpecuBHuii dificulties / school / AHrepoHis esteem /
HacTpiit MikocobucHicTHi  HeedeKTBHICTb B HeratvsHa

TpyAHOLWi

m | group /I rpyna

WwKoni

CaMOOLLiHKa

= |l group / Il rpyna

Puc. 1. 3aranbHi nokasHWkM AenpecuBHUX CUMMNTOMIB y AITEN i3 PyHKLiIOHANbHUMM racTPOIHTECTUHANBHUMMN po3najamu
Fig. 1. Total indicators of depressive symptoms in children with functional gastrointestinal disorders

CymapHuIi NokasHuK Aenpecii y giter 3 noegHaHuMu
®[ ta CIK 6yB BuLLe, HixX y giTert i3 [ (20,0 £ 0,78 npoTtu
13,30 £ 0,37) (p < 0,001). Kinbkictb Aaiten, y sKux
CYMapHWUI MOKa3HWK [AEeNpecuBHUX CUMNTOMIB MepeBu-
LyBaB norpaHuyHe 3HadeHHs (19 6anis) B | rpyni 6yna
BuLLe, HixX y aitew | rpynn (55,3% npotun 8,4%) (p < 0,05).

BusiBneHo npsamMi KopensuinHi 3B'a3kn MK Bupaxe-
HICTIO AEeNPEecuBHUX CUMTOMIB Ta iHTEHCUBHICTIO abgomi-
HanbHoro 6onto (r = 0,6; p < 0,01); BMpaxeHicTo nopy-
LUeHHs BUNopoxHeHb (r = 0,6; p < 0,01) (puc. 2).

The summary indicator of depressive symptoms
in children with combined FD and IBS was higher than
in children with FD alone (20.0 + 0.78 vs 13.30 + 0.37)
(p < 0.001). The proportion of children whose summary
indicator of depressive symptoms exceeded the cut-off
value (19 points) was higher in | group than in Il group
(55.3% vs 8.4%) (p < 0.05).

Direct correlations were found between the severity
of depressive symptoms and the intensity of abdominal
pain (r = 0.6; p < 0.01) and the severity of stool disorders
(r=0.6; p <0.01) (fig. 2).

Abdominal pain /
A6a0MiHanbHWIA Binb

0,8

Stool disoders / MopyweHHst

Dispeptic syndrome /

T

cryay

JvcnenTnunuii cuHgpom

Puc. 2. KopensiuinHi 38’a3k1 MibK CyMapHUM MOKa3HUKOM AeNPeCMBHUX CUMMATOMIB i KNiHIYHUMW CUMNTOMaMu
Fig. 2. Correlations between summary indicators of depressive symptoms and clinical symptoms

OBrOBOPEHHSA
3a [paHMMKM  €BPOMENCbKMX AOCMIOHUKIB, 4YacToTa
OenpecuBHMX CUMNTOMIB cepen AuUTAYOl  nonynsauil

konuBaeTbca Big 9 oo 11% [18]. Y piten i3 dyHKUiO-
HaNbHUMKN racTPOIHTECTUHANbHMMK  3aXBOPIOBAHHAMM

DISCUSSION

According to European researchers, the level
of depressive symptoms among the pediatric population
ranges from 9 to 11% [18]. In children with functional
gastrointestinal disorders, the frequency of depressive
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yacToTa AenpecuBHUX CUMMTOMIB 3Ha4HO Buwa [19, 20].
3a paHumu dadienn lMon Ta iHWMX, OENPECUBHI CUMIMI-
ToMM 3ycTpivatoTbes y 43% Aiten 3 peumanByounm abao-
MiHanbHUM Gonem y >xuBoTi [8].

OTpvMaHi Hamu pesynstati  [OCHIMKEHHSA  y3roa-
XyloTbCa 3 nonepegHiMuM aaHumu. CKpUHIHIoBa OLiHKa
BMSIBUMNA NIABULLEHUA piBEHb AENpPecuMBHUX CUMMTOMIB
y 25,7% piten i3 ®IIP, a cepen Agiten i3 noegHaHUMK
& 1a — y 55,3%. Y pocnigXeHHi BUABNEHO, WO AiTU
3 noegHaHumn P[] Ta Cl1K, yacrTile gemMoHCcTpyBanu Taki
OenpecyBHi CUMNTOMMU, SIK CYMHUIA HACTPIiN, TPUBOXKHICTb,
NNakcuBICTb, PO3APATOBAHICTb, aHredoHis, MOPYLUEHHS
CHY, arpecuBHICTb, CAMOKPUTMKA Ta HU3bKa CaMOOLIIHKa,
HiXX Ait nuwe 3 . Y Hawux AOCHiOXEeHHAX BUSB-
NeHOo NpsiMy KopensuifHy 3anexHiCTb MK BUPaXEHICTHo
[enpecrBHMX CMMMTOMIB Ta iIHTEHCUBHICTIO abaoMiHanb-
HOro ©Ont0, BUPAXKEHICTIO MOPYLUEHHS] BUMOPOXHEHHS,
LLIO Y3roaxyeTbcs 3 gaHumun nitepatypu [21].

Binblw BMCOKa YacToTa AENPecUBHUX CUMMTOMIB
y pitent i3 noegHanummn ®f1 Ta CIK moxe 6yTv 3ymoBneHa
[BOHanNpaBneHVM NopyLUEHHAM B3aEMO/IT KMLLIKa-MO30K:
HagMipHO aKTMBaLi€to rinoTanamo-rinogisapHo-HagHMp-
KOBOi OCi, O BMSIMBAE HA MOTOPWUKY LUSTYHKOBO-KULLIKO-
BOrO TPaKTY, Ta 3MiHOI CKNnaay MikpobioTu i 36inbLUEeHHAM
NMPOHUKHOCTI KULLIEYHUKA, Lo B CBOK 4epry nigsuLlye
CXWINbHICTb [0 MCUXIYHUX po3nafiB, 0cobnMBO TpMBOTU
Ta genpecii [9, 22].

OTpumaHi pesynbTaTti BKasylTb Ha HeobXxigHiCTb
MyNbTUAUCUMNNIHAPHOMO MiAXOAY A0 JiKyBaHHSA giTen
i3 ®I'IP, ocobnmeo npu noegHaHux ®f ta CrK. Baxxnusum
€ CBO€YaCHe BUSIBMEHHsI Ta KOpeKuid AenpecuBHUX
CYMMTOMIB Yy UMX MNauieHTiB 3 MeTol onTuMmisdauii niky-
BaHHA (PYHKLIOHaMNbHUX racTpoiHTECTUHANbHUX po3nagis
i NPOdiNakTUKM XPOHi3aLii MCUXOEMOLIMHMX NOPYLUEHb.

BUCHOBKHU

Y 25,7% piten i3 yHKUiOHANbEHUMKN FacTPOIHTECTU-
HanbHUMK po3nagamMu BUSBNEHO MiABULLEHUI CYMapHUN
NMOKasHUK OEenpecuBHUX CUMMNTOMIB, LLO MepeBULLyE
norpaHnyHe 3HaJEeHHs; cepen AiTen i3 MNoeaAHaHUMU
(PyHKLIOHaNbHOK AMUCMENCiEo Ta CUHAPOMOM MNoApasHe-
HOrO KMLUEYHMKA Lien NOKa3HUK CTaHoBMB 55,3%.

YacTtoTa Ta BUPaXEHIiCTb OEenpecuBHUX CUMMTOMIB
3a wkanamu «[enpecuBHuin HacTpiny», «AHredoHia» Ta
«HeratuBHa camoouiHka» Oynu OOCTOBIPHO BULLUMM
y giten i3 noegHaHumm ®f] Ta CIK nopiBHAHO 3 AgiTbMK,
aki manu nuwe .

Y piten i3 dyHKUiOHaNbHUMKW racTPOIHTECTUHAMb-
HUMM po3nagammn BUSBNEHO KOpensLii MK BUPaXEHICTIO
OEenpecrBHMX CUMMTOMIB Ta iIHTEHCUBHICTIO abaoMiHarb-
HOro 600 | BUPaXXeHICTIO NOPYLLEHb BUMOPOXKHEHHS.

OTpuMaHi fgaHi cBigyaTb Npo Te, Lo HasBHICTb Aenpe-
CMBHMX CUMMTOMIB MOXe ByTW OHMM i3 chakTopiB, AKi Cnpu-
A0Tb POPMYBaHHIO «OBEPNAN-CUHAPOMY» (DYHKLIOHAMNLHOI
aucnencii Ta CMHAPOMY NOAPa3HEHOrO KULLIEYHUKA.
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symptoms is significantly higher [19, 20]. According
to Daniela Pop et al., depressive symptoms occur in 43%
of children with recurrent abdominal pain [8].

The results obtained by us are in agreement with
previous data. Screening evaluation revealed increased
level of the depressive symptoms in 25,7% of children with
FGID, and among patients with combined FD and IBS —
in 55,3%. The study found that children with combined
FD and IBS more often demonstrated such symptoms
as sad mood, anxiety, tearfulness, irritability, anhedonia
and sleep disturbances, aggressiveness, self-criticism
and low self-esteem than children with FD alone. Our
studies revealed a direct correlation between the severity
of depressive symptoms and the intensity of abdominal
pain, the severity of stool disorders, which is in agreement
with the results of the literature [21].

The higher frequency of depressive symptoms
in children with combined FD and IBS may be explained
by the bidirectional disorders gut-brain interaction:
excessive activation of the hypothalamic-pituitary-adrenal
axis, which affects gastrointestinal motility and changes
of the microbiota and increases intestinal permeability,
which in turn increases the susceptibility to mental
disorders, especially anxiety and depression. [9, 22].

The results obtained by us indicate the need for
a multidisciplinary approach to the treatment of children
with FGID, especially in cases of combined FD and IBS.
It is important to timely identify and correct depressive
symptoms in these patients in order to optimize the
treatment of functional gastrointestinal disorders and
prevent the chronicity of psychoemotional disorders.

CONCLUSIONS

The summar indicator of depressive symptoms
exceeding the cut-off value was found in 25.7% of children
with functional gastrointestinal disorders; among children
with combined functional dyspepsia and irritable bowel
syndrome this indicator was 55.3%.

The frequency and severity of depressive symptoms
on the scales «Depressed mood», «Anhedonia» and
«Negative self-esteem» are significantly higher in children
with combined FD and IBS compared to those in children
with FD along.

In children with functional gastrointestinal disorders
correlations between the severity of depressive symptoms
and the intensity of abdominal pain and the severity
of bowel disorders were found.

The obtained data indicate that the presence
of depressive symptoms may be one of the factors
contributing to the formation of the «overlap syndrome»
of functional dyspepsia and irritable bowel syndrome.
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MepcnekTMBM NOAQABLUMX AOCAIAXKEHb

MopanbLUO METO AOCNIMKEHHS € BUBYEHHS BNNVBY
Aenpecii Ha MikpobioTy y AiTen 3 noeaHaHMMK (PyHKLiO-
HanbHOI AMcnencielo Ta CUHAPOMOM MOApPa3HEeHoro
KMLLEYHWMKA.

KoHAIKT iHTepecis

ABTOpY pyKOMMCy CBIQOMO 3acBiOuylOTb BiACYTHICTb
hakTnyHoro abo MOTEHUINHOrO KOHMNIKTY iHTepecis
o0 pesynbTariB Liei poboTu.

AOTPUMAHHSA €TUMHUX HOPM

ABTOpM pyKOMUCY CBIAOMO 3aCBiQYYHOTb, LIO AOCHi-
[PKEHHS1 NPOBOAMIIOCH 3 BUKOPUCTAHHSAM [aHVX NEPBUHHOT
MeOWYHOI JokymeHTauii. [ocnigjkeHHs npoBedeHo Biano-
BiOAHO 0O eTnYHUX CTaHaapTiB [enbCiHCbKOoT Aeknapadii Becec-
BITHbOI MEOUYHOI acoujalii MPO €TUYHI MPUHLUMNM NpoBe-
[OEHHSA HAYKOBMX MEANYHMX AOCTSKEHb 3a y4acTHo JIIOOVHN,
OnpekTvBM €Bponencbkoro ToBapuctea 86/609 npo yvactb
nogen y Meauko-6ionoriyHUX  JOCHIMKEHHSX, a TaKoX
Hakady MiHicTepcTBa oxopoHu 3gopos’s YkpaiHu Ne 690 Big
23.09.2009 p. OocnigxeHHs cxsaneHe Kowmicieto 3 nuTaHb
eTuKN Ta OIioeTVKM MeauyHoro chakynsteTy XapKiBCbKOro
HauioHanbHoro yHisepcuTeTy imeHi B.H. KapasiHa MiHicTep-
CTBa OCBITY i Haykn YkpaiHu (BuTar 3 npotokony Ne 13 Big
01 nuctonaga 2023 p.). Ha npoBeneHHst 4OCAIMKEHb OTPU-
MaHo iHhopMoBaHy 3rofly GaTbkiB/OnikyHOB AiTelt BiKOM [0
14 pokis Ta 3rogy AiTen Bikom cTapLue 14 pokis.

BUKOPUCTAHHS LUTYHHOTO iIHTEAEKTY

ABTOpM pyKONucy CBiAOMO 3aCBiAuYHOTb, L0 Y NPOLECI
npoBeAeHHs AOCNIAXEHHS Ta NiArOTOBKM LibOro pyKoOnucy
He BMKOPWCTOBYBAIM XOOHMUX IHCTPYMeHTIB abo cepsaiciB
reHepaTMBHOrO LWTYy4Horo iHTenekTy (LUI) Ans BUKOHaHHA
OyOb-AKMX 3aBAaHb, nepenivyeHnx y TakcoHoMii aenery-
BaHHA 3aBAaHb TFeHepaTUBHOMY LUTYYHOMY iHTENeKTy
(GAIDeT, 2025 p.). Yci etanu poboTtu — Big koHUeNTyarni-
3auii o (iHanbHOro peaaryBaHHsi — BUKOHaHi 6e3 3any-
YeHHs reHepaTtusHoro LI, BrknovHO aBTopamu.

MepBUHHI AGHi Ta maTepiaAu

ABTOpM pyKOnucy CBIJOMO 3acBigyytoTb, WO Y poboTi
BMKOPUCTAHO pe3ynsTaTi BAacHWX KMiHIYHWMX JOCNIKEeHb,
o Bynu cuctemaTn3oBaHi Ta MpoaHani3oBaHi aBTopamu.
[MepBUHHI AaHi BKOYaOTh y3aranbHeHi NMOKa3HWKU naui-
€HTIB, nabopaTopHi pesynsraTy, NPOTOKONW Ta OTPUMaHI
KINMbKICHI  xapakTepuctukn. Bci matepiann 36epexeHi
B apxiBi OOCMigHWLBLKOI rpynyM Ta MoxyTb OyTu HapaHi
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publication. DOI: https://doi.org/10.1053/j.gastro.2016.02.027

21. Guven B, Gulerman F, Akylz E, Aydin G. Emotional dysregulation
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https://doi.org/10.1016/j.ajg.2020.02.002
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gastrointestinal disorders. World Journal of Clinical Pediatrics.
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Prospects for further research

Further research objectives are aimed at studying
of influence of depression on microbiota in children
with  combined functional dyspepsia and irritable
bowel syndrome.
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PE3IOME

AkTyanbHicTb. AfeHOKapLMHOMa NereHb € HabinbLL NoLMpPeHo hopMoto HeapibHO-
KMITUHHOTO paky NereHb 3 BUCOKOI NMeTasnbHICTI0. BU3HaueHHA MonekynsapHUX mapkepis,
30aTHuxX nependaunt  edeKTUMBHICTb  iMyHOTepanii, 3anuwWaeTbCA  aKkTyanbHUM
3aBdaHHAM cydacHoi oHkororii. OgHUM i3 Takux MapkepiB posrnsigaetbest IFNy-aco-
LifioBaHWI reHHW Mignuc, Wwo Bigobpaxae piBeHb akTuBalii iMyHHOro MiKpOOTOYEHHS
NYXIHW.

MeTta po60TuK — oUiHUTM B3aEMO3B’'sI30K Mixx ekcnpecieto IFNy-acouinioBaHoro reHHoro
nignMcy Ta 3aranbHOK BMDKMBAHICTIO XBOPMX Ha aAeHOKapLUMHOMY NereHb, a TakoX
BM3HAYUTW NOTO MOTEHLINHY NMPOrHOCTUYHY LiHHICTb.

Martepianu i metoau. NpoaHanizoBaHo AaHi 390 nauieHTiB 3 BIAKPUTOI OHKONOri4HOI
6a3n The Cancer Genome Atlas (npoekt TCGA-LUAD), Bkntoyaroum KniHivHi, MyTaLinHi
Ta TpaHCKpUNTOMHI xapaktepuctuku. Exkcnpecito IFNy-nignucy pospaxoaHo sk cepeaHe
norapucmoBaHux 3HadeHb ekcripecii 10 reni (CXCL9, CXCL10, CXCL11, IDO1, IRF9,
CCR5, STAT1, PRF1, IFNG, HLA-DRA). 'pynu BMCOKOi Ta HU3bKOI ekcrpecii cdop-
MoBaHO Ha ocHoBi ROC-aHanidy. CtatnctnyHy obpobky NpoBeAeHO 3 BUKOPUCTaHHAM
Kaplan—Meier, chi-squared TecTy Ta mogeni nponopuiiHnx puaukis Kokca.
Pesynbratn. lNauieHTn 3 Bucokot ekcnpecieto IFNy-acouinoBaHoro reHHoro nignucy
(n = 189) manun AOCTOBIPHO AOBLUY MeAiaHy 3aranbHoi BUxmBaHocTi (47,4 npotn 41,2 mic,
p = 0,0438). Buwa ekcnpecis acoujtioBanacsi 3 xiHovoto ctatTio (62,4% npotn 46,3%,
p =0,001) Ta | cTagieto 3axBoptoBaHHs (p = 0,034). MyTauis KEAP1 yacrTiwe Tpannanacb
y rpyni 3 Hu3bkoto ekcnipecieto IFNy-nignucy (23,9% npotn 12,2%, p = 0,003), a myTauis
EGFR -y rpyni 3 Bucokoto ekcnpecieto IFNy-nianucy (20,1% npotun 9,5%, p = 0,003).
Y 6aratodakTopHOMY aHanisi EAMHUM He3arnexH1M akTopOM TipLIOro NPOrHO3y BUSIBU-
nacb myTtauis STK11 (HR = 1,52; p = 0,045).

BucHoBku. IFNy-acouiioBaHWi reHHUA NiANUC KOPENE 3 KpaLuMmm KniHiko-6ionoriy-
HUMW XapakTepucTUKaMmn Ta BUXKMBAHICTIO, ane Moro HesanexHa NporHoCTUYHA LiHHICTb
notpebye noganbLUnX AOCAiAXKEHb.

Mockanexko HO.B. IFNy-acouiioBaHWiA reHHUI NigNUc sIK MOTEHUIMHWIA NPOrHOCTUYHUIA Giomapkep BUXKMBAHOCTI
Ta BiANOBIAi Ha iMyHOTepanito Npy ageHoKapuMHOMI NereHb. BicHUK XapKieCbK020 HauioHarnbHO20 yHieepcumemy iMeHi
B.H. KapaasiHa. Cepis Meduyura. 2025. T. 33. Ne 4(55). C. 510-522. DOI: https://doi.org/10.26565/2313-6693-2025-55-02
Keywords: ABSTRACT
lung adenocarcinoma, IFNy-associated

gene signature, immunotherapy,
prognostic biomarkers, overall survival.

Background. Lung adenocarcinoma is the most common form of non-small cell lung
cancer and is associated with high mortality. Identifying molecular markers capable
of predicting the effectiveness of immunotherapy remains a pressing challenge
in modern oncology. One such marker is the IFNy-associated gene signature, which
reflects the level of activation within the tumor immune microenvironment.
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Purpose — to evaluate the association between the expression of the IFNy-associated
gene signature and overall survival in patients with lung adenocarcinoma, as well as to
determine its potential prognostic value.

Materials and methods. Data from 390 patients were analyzed from the open
oncological database The Cancer Genome Atlas (TCGA-LUAD project), including
clinical, mutational, and transcriptomic characteristics. Expression of the IFNy signature
was calculated as the average of the log-transformed expression values of 10 genes
(CXCL9, CXCL10, CXCL11, IDOT1, IRF9, CCR5, STAT1, PRF1, IFNG, HLA-DRA). High
and low expression groups were defined based on ROC analysis. Statistical analyses
were performed using Kaplan—Meier estimates, chi-squared tests, and Cox proportional
hazards models.

Results. Patients with high expression of the IFNy-associated gene signature (n = 189)
had a significantly longer median overall survival (47.4 vs. 41.2 months, p = 0.0438).
Higher expression was associated with female sex (62.4% vs. 46.3%, p = 0.001) and
stage | disease (p = 0.034). KEAP1 mutations were more frequent in the low-expression
group (23.9% vs. 12.2%, p = 0.003), while EGFR mutations were more common in the
high-expression group (20.1% vs. 9.5%, p = 0.003). In multivariate analysis, the only
independent predictor of poorer prognosis was the STK11 mutation (HR = 1.52; p = 0.045).
Conclusions. The IFNy-associated gene signature correlates with more favorable
clinicopathological features and overall survival; however, its independent prognostic

value requires further investigation.
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BCTYN

ApeHokapunHoMa rnereHb 3anulaeTbCa  OAHIED
3 HalnowupeHiwmnx i netanbHUx opM HeapiGHOKNITUH-
HOro paky nereHb, 3 BUCOKUM PIiBHEM FETEPOreHHOCTI
Ta oOMexeHo eEeKTUBHICTIO TPaAWLUINHOIO NikyBaHHS
Ha Mi3Hix cTagiax. IMyHoTepanid, 30kpema iHribiTopu
KOHTpOnbHMX To4ok PD-1/PD-L1, 3HayHO nokpalumna
pesynsTaTi nikyBaHHA y NEeBHOI kaTeropii nauieHTis [1].
MpoTe, 4yTnMBICTL [0 ULOrO nNigXoQy BapilETbCS,
WO 3yMOBME NOTpeby y BUABMEHHI HagiiHux Giomap-
KepiB BignoBigi Ha Tepanito Ta hakTopiB BUXKMBAHOCTI.

OpgHum i3 Takmx akTopiB € iHTepdepoH-ramma
(IFNy), umMTOKiH, WO Bifirpae Kno4YoBy porb B akTMBauil
npoTmnyxnuHHoro imyHitety. IFNy iHOyKye ekcnpecito
HU3KM TEHIiB, SKi  CNpusAOTb  aHTUreH-npes3eHTauil
(HLA-DRA), pekpyTtyBaHHio CD8+ T-knituH (CXCL9,
CXCL10, CXCL11) Ta aKktuBauii LUUTOTOKCUYHUX edek-
TopiB (PRF1, STAT1, IRF9) [2]. CyKkynHiCTb LUuX TpaH-
CKPUMLINHO aKTMBOBAHUX TeHiB (OpMye Tak 3BaHWN
IFNy-acouiioBaHui reHHUIn NiANUC — iHTerpanbHUA Mone-
KYyNsSpHUA MOKa3HWK, WO BigoOpaxae piBeHb akTusauii
IFNy-curHaneHoro kackagy B nyxnwHi. Lien nignuc gepani
YacTille BUKOPUCTOBYETHCS AN OLLHKM «rapsyoCTi» iMyH-
HOrO MiKPOOTOY€EHHS, OCKINIbKU NOro BUCOKI 3HaYEHHS Kope-
noTh i3 BiNbLO  iHdINbTPaUieto iIMyHOKOMNETEHTHMX
KNiTVH i NigBMLLEHO YYTNUBICTIO A0 iMyHoTepanii. Yepes
ui mexaHiamn IFNy-acouinoBaHUn reHHWIn nignuc acoui-
I0ETbCS 3 TaK 3BaHUM «rapsyMmM» iMyHHUM (DEHOTUMOM
NyXfvH, WO XapaKTepusyeTbCs BMCOKOK iHinbTpaLieto
T-kniTWH | KpaLLoo BiANoBiaa Ha imyHoTepanito [3, 4].

JocnigkeHHa  noka3anu, WO BUCOKAA  piBEHb
ekcnpecii IFNy-acouinoBaHux reHiB kopene 3 nigsu-
LLleHoto YyTnuMBIcTo Ao 6nokaan PD-1, 3aBasikv akTusauii
oci IFNy—-STAT1-IRF1, ska Bigirpae BupiwanbHy pornb
Yy CTBOPEHHI iIMyHOTEHHMX YMOB Y MiKPOOTOYEHHI NyXIUHU
[5, 6]. BogHouac, IFNy moxe onocepenkoByBaTu anonto3

INTRODUCTION

Lung adenocarcinoma remains one of the most
prevalent and lethal forms of non-small cell lung cancer,
characterized by a high degree of heterogeneity and
limited efficacy of conventional treatments in advanced
stages. Immunotherapy, particularly immune checkpoint
inhibitors  targeting PD-1/PD-L1, has significantly
improved treatment outcomes for certain groups
of patients [1]. However, responsiveness to this approach
varies, highlighting the need to identify reliable biomarkers
of therapeutic response and survival predictors.

One such factor is interferon-gamma (IFNy), a cytokine
that plays a key role in activating antitumor immunity. IFNy
induces the expression of a set of genes involved in antigen
presentation (HLA-DRA), recruitment of CD8+ T cells
(CXCL9, CXCL10, CXCL11), and activation of cytotoxic
effectors (PRF1, STAT1, IRF9) [2]. The collective
transcriptional activation of these genes constitutes the
so-called IFNy-associated gene signature — an integrated
molecular indicator that reflects the activation level of the
IFNy signaling cascade within the tumor. This signature
is increasingly used to assess the «immunological
hotness» of the tumor microenvironment, as high values
correlate with increased infiltration of immunocompetent
cells and enhanced sensitivity to immunotherapy. Through
these mechanisms, the IFNy-associated gene signature
is linked to the so-called «hot» immune phenotype
of tumors, characterized by robust T-cell infiltration and
a better response to immunotherapy [3, 4].

Studies have demonstrated that a high expression
level of IFNy-associated genes correlates with increased
sensitivity to PD-1 blockade, due to activation of the
IFNy-STAT1-IRF1 axis, which plays a pivotal role
in creating immunogenic conditions within the tumor
microenvironment[5, 6]. Simultaneously, IFNy can mediate
tumor cell apoptosis by inducing endoplasmic reticulum
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NYXAWHHUX  KITUH,  IHOYKYHOYM  eHgonnasMaTuyHum
cTpec [7], Ta cnpusTu HopMmanisauii CyaAuHHOro pycrna
NYXMUHK, NiABULLYOYN OOCTYMNHICTb IMYHHUX KNiTUH [8].

OpHak, y 4acTvHU nauieHTiB iMyHHMIA BnnmB |IFNy
BMKIMKAE 3BOPOTHI edeKTn, BKIIH0YaluM akTMBaLiio
perynatopHux T-kniTmH abo ibpobnacTis, WO MpwurHi-
YyIOTb MPEe3eHTaLil0 aHTUIEHIB i 3HWKYIOTb e(DEKTUBHICTb
iMmyHoTepanii [9]. MyTauii B KNio4oBMX OHKOreHax (Hanpu-
knag, STK11, EGFR) mMoxyTb [0OAaTKOBO MOpyLUyBaTu
IFNy-curHanbHuin wnsx, noripwytodun nporHos [10, 11].

Bepyun go yBaru uew noaBiiHUA edekT, MU BUCY-
BaEMO rinoTesy, Lo BUMCOKMI piBeHb ekcnpecii IFNy-aco-
LilOBaHUX reHiB NOB’si3aHMI 3 MOKPALLEHOK 3aranbHoK
BMXKMBAHICTIO XBOpUX Ha afeHOKapUWHOMY TereHb
3aBASAKN (POPMYBaHHIO GinbLl aKTUBHOIO MPOTUMYXIWH-
HOro iIMyHHOro cepefgosuila. binblue Toro, Len nokasHuK
MOXe CryryBaT¥ MPOrHOCTUYHMM GiomMapkepoMm u4yTnu-
BOCTi [0 iMyHOTepanii.

[nsa peanisauii noctaBneHoi MeTM MU BUKOpUCTanu
[OaHi 3 BiokpuToi oHkonoriyHoi 6a3n The Cancer Genome
Atlas (TCGA), sika € 0gHVMM 3 HANMOBHILLNX J)Kepen BUCO-
KOSIKICHOT MOMEeKynsaApHOI Ta KniHiYyHOi iHdopmauii npo
nyxnuHu. Bucokui piBeHb cTaHgapTu3adii AaHnx, Benvka
KINbKICTb 3paskiB Ta LUMPOKE OXOMMNEHHS MOMEKynsipHO-
reHeTUYHMX 3MiH pobnaTbe TCGA onTuMansH1M pecypcom
Ansa gocnifxeHb y cdepi nepcoHarnizoBaHoi OHKOMOTi.

MeTa po60TH — OLHMTK 3B’A30K MiX piBHEM EKCMpECii
IFNy-acouinoBaHuX reHis i 3aranbHOK BMXXMBAHICTIO Naui-
€HTIB 3 aE€HOKapLMHOMOI JlereHb, a TaKOX MPOBECTU
aHani3 MNoTEHUINHOro MPOrHOCTUYHOIO 3HAYEHHST LibOro
nokasHvka aAns eeKTUBHOCTI iIMyHOTepanii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

36ip OdaHux. [Ons npoBegeHHs  OOCHIIKEHHs
MU 3ibpanu iHpopmaLilo 3 TPbOX BIOKPUTUX OHKOMO-
rivHmx 6a3 gaHux: TCGA (https://portal.gdc.cancer.gov/),
cBioPortal (https://www.cbioportal.org/) Ta UCSC Xena
Browser  (https://xenabrowser.net). DocnigxyBaHa
KoropTa nauieHTiB ckraganacs i3 nauieHTiB, ki BXogunm
po npoekty TCGA-LUAD (n=585). KniHiyHi gaHi, Taki
SIK CTaTb, BiK, CTaAis, TPUBAMICTb BUXKUMBAHOCTI Ta CTaTyC
BWKMBAHOCTI, 6ynn BUTArHyTi 3 penosutopito TCGA. OaHi
Npo iMYHHI (PeHOTUNN NYXIINH Ta TPaHCKPUNTOMHI Npodoini
ekcripecii reHiB, otpumaHi MetogoMm RNA-seq, Oynu
3ibpaHi 3 6a3n gaHmx Xena Browser. MyTauiiHuin MaTpurKc
6a3u cBioPortal ctaB nepwomxepenom Anst OUiHIOBaHHS
myTauin TP53, EGFR, KRAS, BRAF, KEAP1 ta STK11.

Kputepismu BKMOYEHHS Yy OOCHIOKEHHS BBaXanwu
HasiBHICTb iHdpopMaLii Npo cTaTb, BiK, CTaTyC BUXMBAHHS,
TpUBanicCTb BWXUBaHHS, @ TakoX pes3ynbraTtiB MyTauii-
HOro CTaTyCy KOXHOIO i3 AOCNIAXXYBaHUX rEHIB. Y 3B’A3KY
3 BiACYTHICTIO NEBHMX KMNiHIYHNX AaHWX Oyno BUKMOYEHO
128 naujenTiB. LLle 67 nauieHTiB Manu HENOBHI pe3ynsTaTn
wopno myTauin TP53, EGFR, KRAS, BRAF, KEAP1 a6o
STK11, wo TakoXx cTano nigcraBok AN BUKMHOYEHHS
i3 pocnimkeHHa. Ona pewTtn nadieHtiB (n=390) 6ynu
HasABHI yCi TPAHCKPUNTOMHI AaHi. TakuMm YMHOM, OO cKragy
hiHanbHOI gocnimxyBaHoi koroptu ysinwnm 390 xBopux
Ha afdeHOKapLMHOMY fereHb, Lo Manu MNoBHWI Habip
KNiHIYHMX Ta MOMNEKYNAPHO-TEHETUYHUX AaHUX.

OuiHreaHHsi  ekcnpecii  IFNy-acouyitioeaHo20
2eHHoeo nidnucy. |IFNy-acouiioBaHuUiA reHHui nignuc

stress [7] and contribute to vascular normalization in the
tumor, thereby improving immune cell accessibility [8].

However, in some patients, the immunological pressure
exerted by IFNy can lead to adverse effects, including
activation of regulatory T cells or fibroblasts that suppress
antigen presentation and reduce the effectiveness
of immunotherapy [9]. Mutations in key oncogenes (e.g.,
STK11, EGFR) may further disrupt the IFNy signaling
pathway, thereby worsening the prognosis [10, 11].

Given this dual role, we hypothesize that high
expression of IFNy-associated genes is linked to improved
overall survival in patients with lung adenocarcinoma,
owing to the formation of a more active antitumor
immune environment. Furthermore, this gene signature
may serve as a prognostic biomarker of responsiveness
to immunotherapy.

Topursuethisobjective, we utilized datafrom The Cancer
Genome Atlas (TCGA), one of the most comprehensive
publicly available repositories of high-quality molecular and
clinical tumor data. The high standardization of the data,
large sample sizes, and extensive coverage of molecular
alterations make TCGA an optimal resource for research
in personalized oncology.

Objective — to evaluate the relationship between the
expression level of IFNy-associated genes and overall
survival in lung adenocarcinoma patients, as well as to
explore the potential prognostic significance of this gene
signature for immunotherapy outcomes.

MATERIALS AND METHODS OF RESEARCH

Data collection. For this study, we collected data
from three publicly available oncology databases: The
Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer.
gov/), cBioPortal (https://www.cbioportal.org/), and
UCSC Xena Browser (https://xenabrowser.net). The
study cohort consisted of patients included in the TCGA-
LUAD project (n=585). Clinical data — such as sex, age,
tumor stage, overall survival (OS) time, and OS status —
were retrieved from the TCGA repository. Data on tumor
immune phenotypes and transcriptomic gene expression
profiles obtained via RNA sequencing (RNA-seq) were
sourced from the UCSC Xena Browser. The mutation
matrix available through the cBioPortal database served
as the primary source for assessing mutations in the
genes TP53, EGFR, KRAS, BRAF, KEAP1, and STK11.

The inclusion criteria for the study required the
availability of information on sex, age, survival status,
survival duration, as well as the mutational status results
for each of the studied genes. Due to the absence
of certain clinical data, 128 patients were excluded.
An additional 67 patients had incomplete results
regarding mutations in TP53, EGFR, KRAS, BRAF,
KEAP1, or STK11, which also led to their exclusion from
the study. For the remaining patients (n=390), complete
transcriptomic data were available. Thus, the final study
cohort included 390 patients with lung adenocarcinoma
who had a full set of clinical and molecular genetic data.

Evaluation of IFNy-associated gene signature
expression. The IFNy-associated gene signature was

OpuriHanbHi gocnigpKeHHs

512

Original research


https://portal.gdc.cancer.gov/
https://www.cbioportal.org/
https://xenabrowser.net
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://www.cbioportal.org/
https://xenabrowser.net

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MegnumHa. 2025. T. 33 Ne 4(55). C. 510-522
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):510-522

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

OyB cchopmMOBaHUI Ha OCHOBI OECATU reHiB, 3anyvyeHnx
00 iHTepdepoH-y-onocepeaKoBaHoi iMyHHOI BignoBIAi:
CXCL9, CXCL10, CXCL11, IDO1, IRF9, CCR5, STAT1,
PRF1, IFNG, HLA-DRA [2]. OaHi ekcnipecii 4ns KoXHOro
reHa Oynv oTpuMmaHi y BUrMsAi HOpMani3oBaHWX TpaH-
CKPUNTOMHMX 3HadeHb (log,(RSEM+1)) 3 Bigkputoro
penosutopito TCGA. CymapHuii nignuc po3paxoByBanu
K cepedHe apugMeTnyHe norapndmMoBaHMX 3HAYEHb
eKCrnpecii UMX reHiB Ansi KOXKHOro 3paska.

[Ona cTpatudikadii nauieHTiB Ha rpynyM 3 BUCOKOH
Ta Hu3bkol ekcnpecieto |IFNy-acouinoBaHoro nignucy
6yno nposegeHo ROC-aHanis. OnTMManbHOK TOYKOH
BiAICIYEHHS BMABWIIOCH 3HaYeHHs 5,62 log,(RSEM+1).

Cmamucmu4Hul aHani3. BukopuctoBytoum Stata
19.5 (StataCorp LLC, TX, USA), BukoHaHo chi-squared
test ans ouiHOBaHHSA 3B’A3KY MidK KINiHIYHUMMW, MOEKYsp-
HO-TEHETUYHMMM XapaKTEPUCTUKaMM NaLiEHTIB Ta ekcrnpe-
cieto IFNy-acouinosaHoro reHHoro nignucy. Onwucosa
cTaTUCTMKa NpeacTaBrneHa y Burnagi abconioTHMX Ymcernt,
CTaHAapTHOI Moxubku Ta BIOCOTKIB. 3aranbHy BUXK-
BaHICTb MaLieHTIB 3 HWU3bKOK Ta BWCOKOK eKcrpecieto
IFNy-acouinoBaHoro reHHoro nignucy Bidyanisysanm
3a gonomorot kpueux Kannana-Maviepa Ta ouiHtoBanu
norapudmiyHum paHroBum Tectom (Log-rank test). Ons
Bidyanisauii npodinto ekcnpecii IFNy-acouiioBaHux reHis
6yno nobynoBaHO TeMnoBy KapTy 3 iepapxiyHow knac-
Tepusauieto. [NonepedHbO 3HAYEHHS EKCMpPECii KOXHOro
reHa Byno cTaH4apTU30BaHO Y BUMMAAi Z-score ANns nopis-
HSIHHS MK nauieHTamu. baratodakTopHum perpeciiium
aHanisom Kokca BusHavanu cyHkuii pusmky (HRs), 95%
posipyi iHTepsanu (1) Ta 3HaveHHa p. CTaTUCTUYHO
3HaYMMUM BBaXkanu 3Ha4veHHsa p < 0,05.

PE3YABTATU

Xapakmepucmuka nayieHmie

Y pocnigxeHHi 6yno npoaHanisoBaHO 3B’A30K MiX
ekcnpecieto IFNy-acouiioBaHOro reHHoro nignucy, KniHiv-
HAMU N MOMNEKYNSIPHO-FEHETUYHUMU XapaKTepUCTUKaMU
390 xBOpMX Ha ageHoKapuuHomy rnereHb. [lauieHTn
Oynu posnogineHi Ha ABi rpynu BigNOBIAHO OO eKcrpe-
ciei IFNy-acouinoBaHOro reHHoro nianucy: i3 HU3bKOK
(n =201) Ta Bucokoto (n = 189) ekcnpecieto.

BikoBi xapakTepucTuku nauieHTiB He BigpisHANMCh
MiX rpynamu (cepegHin Bik: 65,0 + 9,98 poky y rpyni
3 Hu3bkum piBHem IFNy Ta 65,5 + 10,17 poky y rpyni
3 BMCOKUM piBHeM; p = 0,951). YacTka nauieHTiB Bikom
<60 pokiB Ta =60 pokiB TakoX He Mokasana CTaTUCTUYHO
3HaYYLLOT Pi3HMLI MiX rpynamu.

HatomicTb, Oyno BUSIBMIEHO CTATUCTUYHO 3HAYYLLWIA
3B’30K M ekcnpecieto IFNy-acouinoBaHoro reHHoro
nignucy Ta cTaTTio: Y rpyni 3 BUCOKUM piBHEM IFNy >iHKK
ctaHoBunn 62,4%, Todi SK y rpyni 3 HU3bKUM pPiBHEM —
nnwe 46,3% (p = 0,001). AHani3 cTagii 3axBOptOBaHHS
TakoX BuUsiBMB BigMiHHOCTI (p = 0,034), 3okpema Ginblua
yacTka nauieHTiB Ha | cTagii mana Bucokuii pieeHb IFNy.

Cepel  MOMNEKYNSIPHO-TEHETUYHUX  XapaKTEPUCTUK
HasiBHiCTb MyTauii KEAP1 Oyna acouiioBaHa 3 HU3bKOHO
ekcnpecieto  IFNy-acouiioBaHOro  reHHoro  nignucy:
MyTaLito BuaBneHo y 23,9% nauieHTiB 3 HU3bKOI ekcnpe-
cieto IFNy-nignucy npotn 12,2% y rpyni 3 BMCOKOIO
(p = 0,003). MopibHa TeHaeHLUiss cnocTtepiranack i Ans
myTauii EGFR, ska uvacTiwe 3ycTpidanacb y rpyni

constructed based on the expression of ten genes
involved in interferon-gamma-mediated  immune
response: CXCL9, CXCL10, CXCL11, IDO1, IRF9, CCRS5,
STAT1, PRF1, IFNG, and HLA-DRA [2]. Gene expression
data were retrieved as normalized transcriptomic values
(log,(RSEM+1)) from the open-access TCGA repository.
The composite signature was calculated as the arithmetic
mean of the log-transformed expression values of these
genes for each individual sample.

To stratify patients into high and low expression
groups, a receiver operating characteristic (ROC) curve
analysis was conducted, identifying an optimal cutoff
value of 5.62 log,(RSEM+1).

Statistical analysis. Statistical analyses were
performed using Stata 19.5 (StataCorp LLC, TX, USA). The
chi-squared test was applied to evaluate the association
between clinical and molecular-genetic characteristics
and the expression level of the IFNy-associated
gene signature. Descriptive statistics are presented
as absolute numbers, standard errors, and percentages.
Kaplan—Meier curves were used to visualize overall
survival in patients with low versus high IFNy signature
expression, and survival differences were assessed using
the log-rank test. A heatmap with hierarchical clustering
was generated to visualize the expression profiles
of the IFNy-associated genes. Gene expression values
were standardized as z-scores to enable comparisons
between patients. Multivariate Cox regression analysis
was performed to calculate hazard ratios (HRs), 95%
confidence intervals (Cls), and p-values. A p-value of less
than 0.05 was considered statistically significant.

RESULTS

Patient characteristics

This study analyzed the association between IFNy-
associated gene signature expression and clinical and
molecular-genetic characteristics in 390 patients with
lung adenocarcinoma. Patients were divided into two
groups based on IFNy signature expression levels: low
expression (n = 201) and high expression (n = 189).

Age distribution was similar between groups (mean
age: 65.0 £+ 9.98 years in the low IFNy group vs.
65.5 + 10.17 years in the high IFNy group; p = 0.951).
The proportion of patients aged <60 and =60 years also
did not differ significantly between groups.

In contrast, a statistically significant association
was found between IFNy signature expression and
sex: in the high-expression group, females accounted
for 62.4%, compared to 46.3% in the low-expression
group (p = 0.001). Disease stage analysis also revealed
significant differences (p = 0.034), with a higher proportion
of stage | patients in the high-expression group.

Among molecular-genetic variables, the presence
of KEAP1 mutations was associated with low IFNy
signature expression: 23.9% in the low-expression group
vs. 12.2% in the high-expression group (p = 0.003).
A similar trend was observed for EGFR mutations,
which were more frequent in the high-expression group
(20.1% vs. 9.5%, p = 0.003). Other molecular alterations,
including mutations in KRAS, TP53, BRAF, and STK11,
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3 Bucokoto ekcnpecieto IFNy-nignucy (20,1% npotun 9,5%,
p = 0,003). IHWi monekynsapHi 3MiHHI, 30Kpema MyTauii
KRAS, TP53, BRAF ta STK11, He noka3anu ctTaTUCTUYHO
3HadyLWwmnx acouiauin 3 ekcnpecieto IFNy-acouiioBaHoro
reHHoro nignucy (tabn. 1).

did not show statistically significant associations with
IFNy signature expression (Table 1).

Tabnuus 1. 38’30k Mixx nokasHukom IFNy, KniHiYHUMYK
Ta MOMEKYNAPHO-TEHETUYHUMY XapakTePUCTUKaMM XBOPUX HA afjeHOKapLMHOMY fereHb
Table 1. Association between the IFNy signature and clinical
and molecular-genetic characteristics in patients with lung adenocarcinoma

Husbka ekcnpecis Bucoka ekcnpecis
- 3aranom e . o .
3MiHHiI IFNy-acoujioBaHoro reHHoro nignucy | IFNy-acouiioBaHoro reHHoro nignucy
. Total, . . . p
Variables _ Low IFNy-associated gene Hight IFNy-associated gene
n =390 . . " . . .
signature expression, n = 201 signature expression, n = 189
Bik (pokn) / Age (years), n (%)
Cepeariy Medium 65,2:10,06 65,0£9,98 65,5:10,17 0,951
>60 112 (28,7) 58 (28,9) 54 (28,6)
B 278 (71,3) 143 (71,1) 135 (71,4)
Cratb / Sex, n (%)
KiHoua / Female 211 (54,1) 93 (46,3) 118 (62,4) 0,001
Yorosiya / Male 179 (45,9) 108 (53,7) 71 (37,6)
Cragis / Stage, n (%)
| 190 (48,7) 83 (41,3) 107 (56,6)
I 76 (19,5) 45 (22,4) 31(16,4) 0.034
I 51 (13,1) 27 (13,4) 24 (12,7) ’
v 18 (4,6) 11 (5,5) 7(3,7)
Hesigoma (Unknown) 55 (14,1) 35 (17,4) 20 (10,6)
MyTauis / Mutation KRAS, n (%)
”Efi"'zyi:: ;EE;T 126 (32,3) 71(35,3) 55 (29,1) 0,189
Acy 264 (67,7) 130 (64,7) 134 (70,9)
MyTauisi / Mutation TP53, n (%)
nEzngE: ;:Lesiirt‘t 194 (49.7) 106 (52,7) 88 (46.6) 0,223
Acy 196 (50,3) 95 (47,3) 101 (53,4)
MyTauis / Mutation KEAP1, n (%)
anngyI:: ;i;‘z:t‘t 71(18,2) 48 (23,9) 23 (12,2) 0,003
Acy 319 (81,8) 153 (76,1) 166 (87,8)
MyTauis / Mutation BRAF, n (%)
romei et | @ 1 60) 105
Acy 364 (93,3) 185 (92,0) 179 (94,7)
MyTauisi / Mutation EGFR, n (%)
”Efi"'zyl:g ;i;esﬁrt‘t 57 (14,6) 19 (9,5) 38 (20,1) 0,003
Acy 333 (85,4) 182 (90,5) 151 (79,9)
MyTauis / Mutation STK11, n (%)
”Efi"'(c;yi:: ;zgzseirt‘t 62 (15,9) 32 (16,0) 30 (15,9) 0,990
Acy 328 (84,1) 169 (84,0) 159 (84,1)
TMpumimka: [ns nigpaxyHky 3Ha4eHHs1 p 6yno BukopucTtaHo chi-squared test.
Bu)kueaHicmb nauieHmie
Ona ouiHkn BrnnuBy ekcnpecii IFNy-acouirioBaHoro Patient survival

FEHHOro MiANWCY Ha 3aranbHy BUXMBaHICTb Oyno npose-
OEeHO aHani3 BWXMBAHOCTI i3 BUKOPUCTaAHHAM MeToay
Kannana-Mawepa. T[lauieHTn 3 BMCOKOK eKCrnpecieto
IFNy-acouiioBaHOro reHHoro nignucy Manu SOBLLY BUXK-
BaHiCTb (MegiaHa 47,4 Mic. MiKKBapTUNbHWIA AianasoH
23,7-165,4) NOpiBHAHO 3 rpynolo 3 HU3bKOK EKCMpPECIEn
IFNy-acouiioBaHoro reHHoro nignucy (MegiaHa 41,2 mic.;
MDKKBaApTUNbHWUA  AianasoH 16,8-87,2). [lopiBHAHHSA
KPUBMX BMXKMBAHOCTI 32 JOMOMOIOH0 JTOr-paHroBoOro TeCTy
BMSIBUIIO CTATUCTUYHO 3HaAYyLLy Pi3HWLI0 MK rpynamu

To assess the impact of IFNy-associated gene
signature expression on overall survival, a Kaplan—
Meier survival analysis was conducted. Patients with
high expression of the IFNy-associated gene signature
demonstrated longer survival (median: 47.4 months;
interquartile range: 23.7—165.4) compared to those with
low expression (median: 41.2 months; interquartile range:
16.8—-87.2). Comparison of the survival curves using the
log-rank test revealed a statistically significant difference
between the groups (x3(1) = 4.06; p = 0.0438), indicating
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(x3(1) = 4,06; p = 0,0438), wo cBig4uMTL NpPO acouiaLito
MK Buwiow ekcnpecieto IFNy-acouiioBaHOro reHHoro
nignucy Ta Kpawumm nokasHukamm BuxmBaHocTi (puc. 1).

1.00+

0.75+

050 Log-rank p = 0,0438

0.254

WmogipHicts BuxueaxHaA / Probability of survival

0.00+

0 50 100 150 200 250

that higher expression of the IFNy-associated gene
signature is associated with better survival outcomes

(Fig. 1).

—— Huabkuit IFNy-nignuc / Low IFNy-signature
—— Bucokwuin IFNy-nignuc / Hight IFNy-signature

Mepioa cnoctepekends, micaui [ Follow-up period, months

Puc. 1. Kpusi Kannana—Maiepa, Lo nokasyTb BUXUBAHICTb XBOPUX
Ha ageHoKapLMHOMY fereHb 3anexHo Big ekcnpecii IFNy-acouinoBaHoro reHHoro nignucy
Fig. 1. Kaplan—Meier survival curves showing overall survival
in lung adenocarcinoma patients according to the expression of the IFNy-associated gene signature

Tennoea kapma ekcnpecii IFNy-acouilioeaHux 2eHie

3 MeTol OUiHKM iIMYHHOI aKTMBHOCTI NyXfuH Ans
pocnigxysaHoi  koroptu 6yno nobygoBaHO TennoBy
kapty ekcnpecii 10 IFNy-acouinoaHux reHi: CXCL9,
CXCL10, CXCL11, IDO1, IRF9, CCR5, STAT1, PRF1,
IFNG ta HLA-DRA. [aHi BnopsiakOBaHO 3a pesyrbra-
Tamu iepapxidyHoi knactepwmaadii (puc. 2).

Heatmap of IFNy-associated gene expression

To evaluate the immune activity of tumors within the
study cohort, a heatmap was constructed based on the
expression of the ten IFNy-associated genes: CXCLJY,
CXCL10, CXCL11, IDO1, IRF9, CCR5, STAT1, PRF1,
IFNG, and HLA-DRA. The data were ordered based

z-score

AU R EE T I I s i e e eN_group

i

- CXCL10

- IRF9

-IDO1

- IFNG

i CCRS

i CXCL9

- STAT1

- HLA-DRA

- CXCL11

- PRF1

Puc. 2. Tennosa kapTa ekcnpecii IFNy-acoLiioBaHux reHis y nauieHTiB i3 aneHokapLmHoMoto nereHs. @ HeratusHuin Z-score: ekcripecis
reHa Hibkya 3a cepenHio, @ Mo3nTMBHUI Z-score: eKCrpecis reHa BuLLa 3a cepeaHto, O Z-score = 0: GrN3bKo [0 CepenHLOro piBHs
Fig. 2. Heatmap of IFNy-associated gene expression in patients with lung adenocarcinoma. @ Negative Z-score: gene expression
below the mean, @ Positive Z-score: gene expression above the mean, O Z-score = 0: close to the mean expression level

OTpuMaHi pe3ynbTaT  cBig4aTb MpO  HasBHICTb
YiTKMX MaTEpPHIB eKCnpecii Mk OKpeMyMMM nauieHTamu.
3okpema, renn CXCL9, CXCL10 Ta CXCL11 cdopmytoTb
KOMMaKTHUI KnacTep, WO Y3romMKy€eTbCs 3 iXHbOK (OYHK-
LioHanbHOW ponno xemoartpakTaHTiB CD8+ T-kniTuH.
AHanorivyHo, redn STAT 1, IFNG Ta IRF9, ki € Knto4oBMMU
mMegiatopamu Bignosigi Ha IFNy, Takox BUSABUNW TiCHY

on hierarchical clustering results (Fig. 2).

The results demonstrate distinct expression patterns
across individual patients. Notably, CXCL9, CXCL10,
and CXCL11 formed a compact cluster, consistent with
their shared functional role as chemoattractants for CD8+
T cells. Similarly, STAT1, IFNG, and IRF9, key mediators
of the IFNy response, also exhibited a high degree
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B3aeMHy kopensuito. MeH HLA-DRA, wo kogye Kommo-
HeHT MHC knacy Il, knactepuayeTbcs pa3om i3 iMyHHUMMU
reHamu, NigKpecroyn BaXXnNmMBICTb aHTUreH-npe3eHTauil
y Bucoknx IFNy-cepegosuLiax.

Takum YvMHOM, TennoBa KapTa [03BONSE iAeHTUIKY-
BaTU NiArpynu 3 NOTEHLNHOK Yy TNMBICTIO A0 iIMyHOTepanii.
Lle cBiguntb npo Te, WO HaBiTb 6e3 iIMyHOriCTOXIMIYHNX
pannx, |IFNy-acouinoBaHuin reHHUMn nignuc  [03BOSse
NPUNYCTUTA NOTEHUIMHUIA IMyHOEHOTUM NYXITUHW.

lpo2HOCMUYHEe 3Ha4YeHHS1 eKCrpecii
IFNy-acoyitioeaHo20 2eHHO20 nionucy

Onsa igeHTndikauii He3anexHux dakTopie, MOB’sA-
3aHMX i3 3aranbHOK BMXKMBAHICTIO NALiEHTIB i3 ageHoKap-
UMHOMOIK nereHb, Gyno npoBefneHo OaraToakTopHUN
aHania 3a [onoMorol Moaeni NPOoMopLUinHUX PU3SKKIB
Kokca. [1o mopgeni BKMOYEHO KMiHiKO-AemorpadiyHi
Ta MONEKYNSAPHO-TEHETUYHI 3MiHHI.

3a pesynsratamu aHaniay, Bik, CTaTb, CTajis 3axXBOpHo-
BaHH4, ekcnpecia IFNy-acouinoBaHoro reHHoOro nignucy,
a TakoX HasBHiCTb MyTauii y reHax BRAF, EGFR,
KEAP1, KRAS ta TP53 He npogemMoHCTpyBanu cratuc-
TMYHO 3Ha4yLOro BMMMBY Ha 3arafibHy BWXMBaHICTb
(yci p > 0,05). Hanbnwkynmu oo nopory 3HavyLocTi 6ynu
myTauisa EGFR (HR = 1,49; 95% [l: 0,96-2,32; p = 0,074)
Ta TP53 (HR = 1,38; 95% Al: 0,99-1,93; p = 0,055),
LLIO MOXe CBig4MTX NPO NOTEHUINHMIA BNANB Npwn GinbLuin
BMGipui (Tabn. 2).

of mutual correlation. The HLA-DRA gene, which encodes
a component of MHC class I, clustered alongside other
immune-related genes, underscoring the relevance
of antigen presentation in high-IFNy environments.

Thus, the heatmap enables the identification
of subgroups with potential sensitivity to immunotherapy.
These findings suggest that even in the absence
of immunohistochemical data, the IFNy-associated gene
signature may serve as a surrogate marker of the tumor’s
immunophenotype.

Prognostic significance
of IFNy-associated gene signature expression

To identify independent predictors of overall survival
in patients with lung adenocarcinoma, a multivariate Cox
proportional hazards regression analysis was performed.
The model included clinical-demographic and molecular-
genetic variables.

According to the results, age, sex, disease stage, IFNy-
associated gene signature expression, and mutations
in BRAF, EGFR, KEAP1, KRAS, and TP53 were not
statistically significant predictors of overall survival
(all p > 0.05). Mutations in EGFR (HR = 1.49; 95%
Cl: 0.96-2.32; p = 0.074) and TP53 (HR = 1.38; 95%
Cl: 0.99-1.93; p = 0.055) approached the threshold
of statistical significance, suggesting potential prognostic
relevance in a larger cohort.

Tabnuus 2. Mogenb nponopuinHnx pusukie Kokca
AN BU3HAYEHHS He3anexHWX NPeaukTopiB BUXKMBAHOCTI Y XBOPYX Ha afeHOKapLMHOMY NereHb.
Table 2. Cox proportional hazards model identifying
independent predictors of survival in patients with lung adenocarcinoma.

L 3aranbHa BUXUBaHICTb
3“,’"””' Overall survival
Variables
HR 95% A1/ 95% Cl p
Bik (<60 pokis npotu 260 pokis) / _
Age (<60 years vs. 260 years) 1.16 0.81-1.65 0,404
Cratb (4ONnoBiku NPOTK XiHOK) / 110 0,80-1,51 0535
Sex (female vs. male)
Cragis (I npotu Il npotu Il npotm 1V) / Stage (I vs. Il vs. lll vs. 1V) 1,07 0,91-1,25 0,374
Ekcnpecis IfNy-acoulwqaaHoro reHHoro ﬂmnmcy (Hman?Ka npotu Bucoka) / 0,79 0,57-1,09 0.163
IFNy-associated gene signature expression (low vs. hight)
MyTauis BRAF (npucyTHs npoTtu BigcyTHs1) / BRAF mutation (present vs. absent) 1,08 0,59-1,94 0,798
MyTauis EGFR (npucyTHsa npotu BiacyTHs1) / EGFR mutation (present vs. absent) 1,49 0,96-2,32 0,074
MyTauis KEAP1 (npucyTHs npotu BiacyTHs1) / KEAP mutation (present vs. absent) 1,22 0,84-1,79 0,286
MyTauis KRAS (npucyTtHsi npotu BigcyTHs) / KRAS mutation (present vs. absent) 1,20 0,84-1,71 0,302
MyTauist STK11 (npucyTHs npoTu BiacyTHs) / STK11 mutation (present vs. absent) 1,52 1,01-2,30 0,045
MyTauist TP53 (npucyTHsa npotu BigcyTHs) / TP53 mutation (present vs. absent) 1,38 0,99-1,93 0,055

€OVHUM  NpeaukTopoM, WO MaB  CTaTUCTUYHO
3HaYyLLMIA 3B’A30K i3 ripLUOID BVDKMBAHICTIO, Byna myTauis
reHa STK11 (HR = 1,52; 95% [l: 1,01-2,30; p = 0,045),
WO Y3roAXYyeTbCsl 3 MonepegHiMM OaHMMy Npo Hera-
TUBHWI NPOrHOCTUYHWUIA BNNUB L€ MyTaLlii.

TakMM 4mHOM, 3a pesynstatamy 6araTogakTopHOro
aHaniay, myTauis STK11, ane He cTyniHb ekcnpecii IFNy-a-
COLIIOBAHOIO reHHOro NiAnucy, BUSIBUNachb EOQUHNM He3a-
NEeXHUM (HaKTOPOM PU3NKY 3MEHLLEHHS 3aranbHOI BUDKU-
BaHOCTI Y AOCMiOXKYyBaHIi KOropTi NauieHTIB.

The only variable that showed a statistically significant
association with worse survival was a mutation in the
STK11 gene (HR = 1.52; 95% CI: 1.01-2.30; p = 0.045),
consistent with prior reports on the negative prognostic
impact of this alteration (Table 2).

Thus, based on multivariate analysis,
STK11 mutation — but not the level of IFNy-associated
gene signature expression — was identified as the only
independent risk factor for reduced overall survival in the
studied cohort of patients.
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OBrOBOPEHHS

Y ubomy pocnigkeHHi 6yno npoaHanisoBaHoO BMvB
ekcnpecii IFNy-acouinoBaHOro reHHoro Mignucy Ha KniHivHi
XapaKTepUCTMKM Ta BUXKMBAHICTb NaLUieHTIB i3 ageHokapLm-
HOMOtO fereHb. My nokasanu, Lo BULLMIA piBEHb EKCNPECiT
IFNy-acouinoBaHuX reHiB NoB’a3aHni i3 KpaLmmMm rnokas-
HMKaMK 3aranbHOi BUXKMBAHOCTI, XO4a He BUSIBUBCS He3a-
NEeXHUM MPOrHOCTUYHUM (haKkTopoMm y BGaratopakTopHOMY
aHanisi. Lle y3romkyeTbcsa 3 nonepegHiMm pobotamu, Ski
AeMoHcTpytoTb ponb IFNy sk kntodyoBoro perynsitopa
NPOTUNYXIUHHOTO iMyHiTeTY [12]. JoCnimKeHHs B iHLIMX
BMAax paky nokasanu, wo IFNy-npodini Takox MmatoTb
MPOrHOCTUYHE 3HAYeHHs, 30Kpema Mpu paky rpyaHol
3anosu [13], cevyoBoro Mixypa [14], engomeTpisa [15], kono-
pekTansHomy paky [16] i riomi [17].

3rigHo 3 oTpMMaHMMK JaHuMu, NigBuLLEHA eKcrnpecia
IFNy-acouiioBaHOro reHHoro mnignucy cnocTtepiranaca
nepeBaHO Cepef KiHOK Ta nauieHTiB 3 | cTaaieto xBopobu.
Take po3nofineHHs Moxe BigobOpaxaTu Oinblu akTMBHE
BPOMKEHE Ta afanTuBHE IMYHHE cepedoBMLLE B XIHOUIN
nonynsuii, WO paHille onMcyBanoch y KOHTEKCTi KpaLlmx
iMyHOMoriyHMX Bignosigen Ha nikyeaHHs [18, 19].

AHaniz TennoBoi KapTu nokasas, wWo reHn CXCLY,
CXCL10 i CXCL11 dhopmytoTb YiTKuiA KnacTep, Lo Bigno-
Bijae ixHiln xemoaTpakTaHTHin poni wogo CD8+ T-kniTuH.
Lle ysrogmkyetbcsi 3 poboTamu, ki NiOTBEPAXYHOTb
3HAYEHHS LMX XEMOKIHIB Yy CTBOPEHHI «rapsyoro»
NyXnMHHOTO MikpooTodeHHs [20, 21]. BogHouac, koekc-
npecia STAT1, IRF9 Ta IFNG Bkasye Ha akTUBHICTb OCI
IFNy-STAT1-IRF1, ska € ueHTpanbHOW Ans peanisauii
edrekTopHuX pyHKUin IFNy [22, 23].

BusHaueHHsa Bucokoro nokasHuka IFNy sk nortel-
uinHoro Giomapkepa 4yTnMBOCTI O iMyHOTepanii Bigno-
BiJae Cy4YaCHUM TeHAEHUisM Y MOLWyKy npeaukTopis
YCMILWHOCTI MiKyBaHHs iHriGiTOpaMn KOHTPONbHUX TOYOK
[24, 25]. Takox IFNy-iHoykoBaHa ekcnpecia HLA knacy
Il (3okpema HLA-DRA) cnpusie nokpalleHin aHTu-
reH-npeseHTadii, Wo Moxe OyTn KOPUCHUM Ons BigNoBiAi
Ha PD-1 iHriGiTopu [26].

OpHak Hawi pesynbraTy cBigyaTb, WO caMm no cobi
IFNy-acouinoBaHMin reHHUM NIigNMC He € He3aneXxHUM
(HhaKTOpPOM PU3MKY, a8 NOr0 MPOrHOCTUYHA LiHHICTb MOXe
OyTn MoaundikoBaHa iHLWMMMN reHETUYHUMKN abo iIMyHOMO-
MYHUMN YHHVKaMK [27].

Hanpuknag, y Hawomy  JOCRifjKeHHi  MyTauis
STK11 BusiBUnacs eAUHUM HesanexHum akTopoM puU3nKy
ripLoi BvxmBaHoOCTI. Lis MyTaLia TpagmuiiHo acouitoeTbes
3 «XOMOAHWMY» IMYHHUM (PEHOTUMOM Ta HeYyTNUBICTIO
[0 iMyHoTepanii, Wo niaTBepakyeTbca poboTamu Xia
et al. [28] Ta Bi et al. [29]. Ii npucyTHicTb Moxe BriokysaTm
IFNy-3anexHy akTuBauilo mMakpodaris i aHTUreH-npeseH-
TyBanbHKX KMiTWH, WO nocnabnioe Bignoeiab Ha Tepanito
[30, 31]. Takox myTauia STK11 nos’sazaHa 3 NOPyLUEHHAM
meTaboniamy CD8+ T-knituH [32], WO 3HWKye edeKTmB-
HiCTb iMyHHOrO Harnsgy. [ogaTtkoBo, koMbiHaLis MyTauin
STK11 i KEAP1 cnpusie 3axucTy Bif heponTo3y Ta 3anex-
HocTi Big SCD1, wo ycknagHtoe nikysaHHs [33].

LiikaBo, wo wmyTtauias EGFR 6yna cratuctuyHo
yacTilow B rpyni 3 Bucokot ekcnpecieto IFNy-acouino-
BaHOrO rEHHOro Mianucy, ane He Mana NpPOrHOCTUYHOIO
3HayeHHs. Lle Bigobpaxae cknagHy B3aEMOAID Mix

DISCUSSION

In this study, we analyzed the impact of IFNy-associated
gene signature expression on the clinical characteristics and
survival outcomes of patients with lung adenocarcinoma.
We demonstrated that higher expression levels of IFNy-
associated genes were linked to improved overall survival,
although this signature did not emerge as an independent
prognostic factor in multivariate analysis. This finding aligns
with previous studies highlighting the role of IFNy as a key
regulator of antitumor immunity [12]. Research in other
cancer types has shown that IFNy-related profiles also
possess prognostic value, including in breast cancer [13],
bladder cancer [14], endometrial cancer [15], colorectal
cancer [16], and glioma [17].

According to our data, increased expression of the IFNy-
associated gene signature was observed predominantly
among female patients and those with stage | disease. This
distribution may reflect a more active innate and adaptive
immune environment in the female population, previously
described in the context of more robust immunologic
responses to treatment [18, 19].

Heatmap analysis revealed that CXCL9, CXCL10,
and CXCL11 formed a distinct cluster, reflecting their
chemoattractant role toward CD8+ T cells. This observation
is consistent with prior studies confirming the importance
of these chemokines in generating a “hot” tumor
microenvironment [20, 21]. Meanwhile, co-expression
of STAT1, IRF9, and IFNG indicates the activity of the
IFNy—STAT1-IRF1 axis, which is central to executing
IFNy's effector functions [22, 23].

Identifying a high IFNy signature as a potential
biomarker of immunotherapy responsiveness corresponds
with current trends in the search for predictors of checkpoint
inhibitor efficacy [24, 25]. Additionally, IFNy-induced
expression of HLA class Il genes (notably HLA-DRA)
enhances antigen presentation capacity, which may
be beneficial for response to PD-1 inhibitors [26].

However, our findings suggest that the IFNy-associated
gene signature alone is not an independent risk factor, and
its prognostic value may be modulated by other genetic
or immunologic determinants [27]. For instance, in our
analysis, STK11 mutation emerged as the only independent
risk factor associated with worse survival. This mutation has
traditionally been linked to a "cold” immune phenotype and
resistance to immunotherapy, as corroborated by studies
from Xia et al. [28] and Bi et al. [29]. Its presence may block
IFNy-dependent activation of macrophages and antigen-
presenting cells, thereby impairing therapeutic responses
[30, 31]. STK11 mutation has also been associated
with altered CD8+ T cell metabolism [32], reducing the
effectiveness of immune surveillance. Furthermore,
the co-occurrence of STK11 and KEAP1 mutations
has been shown to promote ferroptosis resistance and
SCD1 dependency, complicating treatment strategies [33].

Interestingly, EGFR mutation was statistically more
frequent in the group with high IFNy-associated gene
expression but did not demonstrate prognostic relevance.
This reflects the complex interplay between oncogenic
drivers and the immune microenvironment. Previous
studies have shown that EGFR-mutated tumors may
exhibit elevated expression of IFNy-associated genes while
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OHKOTEeHHVMMM gpanBepamMmu Ta iMyHHUM MIKPOOTOYEHHSIM.
MonepenHi pocnigpkeHHs nokadyBamnu, WO MNyXfvHK
3 myTauieto EGFR MoxyTb OeMOHCTpyBaTu MiABULLEHY
ekcnpecito IFNy-acouiioBaHux reHis, ane BogHo4ac 0ytu
PE3NCTEHTHUMK A0 iMyHOTepanii Yepes iHLi CyrnpecuBHi
mexaHiamu [34, 35].

Y pobGoTax, NpUCBAYEHNX B3AEMO3B'A3KY MK LIMTOKi-
HOBUM npodinem i noGiYHMMK ecbektamu imyHoTepanii, IFNy
TaKoX pirypye sk MpOrHOCTUYHMI MapKep iMyHoornocepea-
KoBaHMX ToKcuyHocTen [36, 37]. Bigomo, wo IFNy aktuBye
He ML UMTOTOKCUYHI KIITUHK, @ 1 iIMyHOCYMNPECUBHI nomny-
nauii, 3okpema Treg-KniTYHW, a TaKoXK MOXe CNPUSTH aKTu-
BaLlii hibpobnacTis y NyxnMHHOMY MIKPOOTOYEHHi [38].

Hawe pocnigxeHHs nigkpecrnioe NoTeHLUIMHY LiHHICTb
IFNy-acouiioBaHOro reHHoro nignucy sik crpatudikawin-
HOro iHCTPYMeHTy Anst nmigbopy iMyHoTepanii. 3 ornsay
Ha HasiBHi AaHi, Hanbinbl nNEepcnekTUBHUM MigX040M
BMAaeTbCs iHTerpauis IFNy-nignucy 3 iHWvMn mapkepamu,
BKIOYA0YM MyTaUIHAA CTaTyC, LWINbHICTb iHMINsTpauil
iIMYHHUX KIITUH Ta TpaHCKpMNTOMHI npodini [39, 40].

[lo obmexxeHb Haloro AOCHiMKEeHHs] BapTO BiAHECTU
PETPOCNEKTVBHMI XapaKTep aHanidy Ta BUKOPWUCTaHHS
nvwe TPaHCKPUMTOMHUX OaHux 6e3 nigTBepmKeHHs
Ha piBHi BiNKoBoOI ekcnpecii Y1 yHKLiOHANBHOrO CTaHy
IMyHHUX KniTUH. 3aranom, Hawi pesynbTaTtu CBigyathb,
wo IFNy-acouinoBaHuin reHHUIN NigNMc MOXe BidirpaBaTtu
BaXNMBY porb Yy POPMyBaHHi iMyHOMEeHOTUNy ageHo-
KapuMHOMW NereHb Ta MOTEHUiNHO OyTu KOPUCHUM Anis
NPOrHO3yBaHHSA e(EKTUBHOCTI iMyHOTepanii, ocobnuneo
B MOELHAHHI 3 IHWMMW MOMEKYNAPHUMU XapakTepUCTu-
KaMmu nyxnuHu [41-43].

BUCHOBKHU

Y ubOMy AOCHIOKEHHI BUSIBNEHO, LLIO BUCOKA EKCMNPECIs
IFNy-acouiioBaHMX reHiB acoLiloeTbCA 3 KpaLMMM KITiHiY-
HAMW XapaKTepuUCTUKaMy Ta 3aranbHOK BUXMBAHICTIO
nauieHTiB 3 ageHOKapLUMHOMOI fereHb. Takui npodinb
BKMOYAE reHW, MOB’A3aHi 3 LUTOTOKCMYHOK aKTUB-
HICTIO, aHTUreH-Npe3eHTaLielo Ta pekpyTyBaHHaM CD8+
T-KNiTVH, WO CBIgYMTE NPO (POPMYBaHHA «rapsyoro»
iMYHHOrO O€HOTUMNY MYXMNHW.

Monpu no3nTtneHun BNnmB IFNy-nokasHnka Ha BMXK-
BaHicTb, GaratodakTopHWIA aHani3 He MiATBEPAMB MOro
HesanexHoi MporHocTuyHoi porni. BogHovac wmyTauis
STK11 BusiBunacb HecnpusatTnMemMM akTopomMm, LLIO MOXe
obmexyBatn  edektmBHiCTb  IFNy-onocepegkoBaHoi
iMmyHHOI Bignosigi. IFNy-acouinoBaHun reHHU nignuc
MOX€e MaTu NPOrHOCTUYHE 3HAYEeHHs Ans cTpaTudikauii
nauieHTiB i OUiHKM noTeHuiany iMmyHoTepanii. MNoganbLui
[OCTiAXEHHSA MatoTb HA METI YTOYHUTMN 1T KNiHIYHY LiHHICTb
Yy NOEAHAHHI 3 iHLWMMK GioMapkepamu.

CMNUCOK BUKOPUCTAHOI AITEPATYPU

1. Yu W, Liu F., Lei Q., Wu P., Yang L., Zhang Y. Identification of key
pathways and genes related to immunotherapy resistance of LUAD
based on WGCNA analysis. Frontiers in Oncology. 2022. V. 11.
Article 814014. DOI: https://doi.org/10.3389/fonc.2021.814014

2. WeiX.,,RuanH., ZhangY.,Qin T., Zhang Y., Qin Y., et al. Pan-cancer
analysis of IFN-y with possible immunotherapeutic significance:
a verification of single-cell sequencing and bulk omics research.
Frontiers in Immunology. 2023. V. 14. Article 1202150. DOI:
https://doi.org/10.3389/fimmu.2023.1202150

remaining resistant to immunotherapy due to alternative
immunosuppressive mechanisms [34, 35].

In studies examining the relationship between cytokine
profiles and immune-related adverse events, IFNy has also
been identified as a predictive marker of immunotherapy-
induced toxicities [36, 37]. It is known that IFNy activates
not only cytotoxic cells but also immunosuppressive
populations, including regulatory T cells (Tregs), and
may contribute to fibroblast activation within the tumor
microenvironment [38].

Our findings underscore the potential utility of the
IFNy-associated gene signature as a stratification tool
for selecting candidates for immunotherapy. Based
on the available evidence, the most promising approach
appears to be the integration of the IFNy signature with
other biomarkers, including mutation status, immune cell
infiltration density, and transcriptomic profiles [39, 40].

The limitations of our study include its retrospective
design and reliance solely on transcriptomic data, without
validation at the protein expression level or assessment
of immune cell functional status. Overall, our results
suggest that the IFNy-associated gene signature may
play an important role in shaping the immune phenotype
of lung adenocarcinoma and could potentially be useful
in predicting immunotherapy efficacy, particularly
in combination with other molecular characteristics of the
tumor [41-43].

CONCLUSIONS

This study demonstrates that high expression
of IFNy-associated genes is linked to more favorable
clinical features and improved overall survival in patients
with lung adenocarcinoma. The gene signature
encompasses key components involved in cytotoxic
activity, antigen presentation, and CD8+ T-cell recruitment,
supporting its association with a «hot» immune
tumor phenotype.

Despite the observed positive effect of the IFNy
signature on survival, multivariate analysis did not confirm
its role as an independent prognostic factor. Conversely,
STK11 mutation emerged as an unfavorable variable
that may attenuate IFNy-mediated immune responses.
The IFNy-associated gene signature holds promise
as a prognostic indicator for patient stratification and
immunotherapy potential. Further studies are warranted
to clarify its clinical relevance when combined with other
tumor biomarkers.

REFERENCES

1. Yu W, Liu F, Lei Q, Wu P, Yang L, Zhang Y. Identification of key
pathways and genes related to immunotherapy resistance of LUAD
based on WGCNA analysis. Frontiers in Oncology. 2022;11:814014.
DOI: https://doi.org/10.3389/fonc.2021.814014

2. Wei X, Ruan H, Zhang Y, Qin T, Zhang Y, Qin Y, et al
Pan-cancer analysis of IFN-y with possible immunotherapeutic
significance: a verification of single-cell sequencing and bulk
omics research. Frontiers in Immunology. 2023;14:1202150. DOI:
https://doi.org/10.3389/fimmu.2023.1202150

OpuriHanbHi gocnigpKeHHs

518

Original research


https://doi.org/10.3389/fonc.2021.814014
https://doi.org/10.3389/fimmu.2023.1202150
https://doi.org/10.3389/fonc.2021.814014
https://doi.org/10.3389/fimmu.2023.1202150

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MegnumHa. 2025. T. 33 Ne 4(55). C. 510-522
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):510-522

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

3. Ayers M., Lunceford J., Nebozhyn M., Murphy E., Loboda A., 3. Ayers M, Lunceford J, Nebozhyn M, Murphy E, Loboda A,
Kaufman D.R., et al. IFN-y-related mRNA profile predicts clinical Kaufman DR, et al. IFN-y-related mRNA profile predicts clinical
response to PD-1 blockade. Journal of Clinical Investigation. 2017. response to PD-1 blockade. Journal of Clinical Investigation.
V. 127, Ne 8. P. 2930-2940. DOI: https://doi.org/10.1172/JCI91190 2017;127(8):2930-40. DOI: https://doi.org/10.1172/JCI91190

4. YuanZ.,YuT., WangX., Meng K., Wang T., Wang B., et al. Glutamine 4. Yuan Z, Yu T, Wang X, Meng K, Wang T, Wang B, et al. Glutamine
deprivation confers immunotherapy resistance by inhibiting IFN-y deprivation confers immunotherapy resistance by inhibiting
signaling in cancer cells. Pharmacological Research. 2025. V. 213. IFN-y signaling in cancer cells. Pharmacological Research.
Article 107643. DOI: https://doi.org/10.1016/j.phrs.2025.107643 2025;213:107643. DOI: https://doi.org/10.1016/j.phrs.2025.107643

5. Tao Q. Liu N., Wu J., Chen J., Chen X., Peng C. Mefloquine 5. Tao Q, Liu N, Wu J, Chen J, Chen X, Peng C. Mefloquine
enhances the efficacy of anti-PD-1 immunotherapy via IFN-y- enhances the efficacy of anti-PD-1 immunotherapy via IFN-y-
STAT1-IRF1-LPCAT3-induced ferroptosis in tumors. Journal for STAT1-IRF1-LPCAT3-induced ferroptosis in tumors. Journal
Immunotherapy of Cancer. 2024. V. 12, Ne 3. Article e008554. DOI: for Immunotherapy of Cancer. 2024;12(3):e008554. DOI:
https://doi.org/10.1136/jitc-2023-008554 https://doi.org/10.1136/jitc-2023-008554

6. Zagorulya M., Yim L., Morgan D.M., Edwards A., Torres-Mejia E., 6. Zagorulya M, Yim L, Morgan DM, Edwards A, Torres-Mejia E, Momin N,
Momin N., et al. Tissue-specific abundance of interferon-gamma et al. Tissue-specific abundance of interferon-gamma drives
drives regulatory T cells to restrain DC1-mediated priming of cytotoxic regulatory T cells to restrain DC1-mediated priming of cytotoxic
T cells against lung cancer. Immunity. 2023. V. 56, Ne 2. P. 386—-405. T cells against lung cancer. Immunity. 2023;56(2):386-405.e10. DOI:
e10. DOI: https://doi.org/10.1016/j.immuni.2023.01.010 https://doi.org/10.1016/j.immuni.2023.01.010

7. Fang C.,Weng T., Hu S., Yuan Z., Xiong H., Huang B., et al. IFN-y- 7. Fang C, Weng T, Hu S, Yuan Z, Xiong H, Huang B, et al. IFN-y-
induced ER stress impairs autophagy and triggers apoptosis in lung induced ER stress impairs autophagy and triggers apoptosis
cancer cells. Oncoimmunology. 2021. V. 10, Ne 1. Article 1962591. in lung cancer cells. Oncoimmunology. 2021;10(1):1962591. DOI:
DOI: https://doi.org/10.1080/2162402X.2021.1962591 https://doi.org/10.1080/2162402X.2021.1962591

8. Cai Z, Meng K., Yu T., Xi Y., Yuan Z.,, Wang X., et al. IFN-y- 8. Cai Z, Meng K, Yu T, Xi Y, Yuan Z, Wang X, et al. IFN-y-
mediated suppression of ANGPT2-Tie2 in endothelial cells mediated suppression of ANGPT2-Tie2 in endothelial cells
facilitates tumor vascular normalization during immunotherapy. facilitates tumor vascular normalization during immunotherapy.
Frontiers in Immunology. 2025. V. 16. Article 1551322. DOI: Frontiers in Immunology. 2025;16:1551322. DOI:
https://doi.org/10.3389/fimmu.2025.1551322 https://doi.org/10.3389/fimmu.2025.1551322

9. Cao Z., Meng Z, Li J,, Tian Y., Lu L., Wang A., et al. Interferon- 9. Cao Z, Meng Z, Li J, Tian Y, Lu L, Wang A, et al. Interferon-
y-stimulated  antigen-presenting  cancer-associated fibroblasts y-stimulated  antigen-presenting cancer-associated fibroblasts
hinder neoadjuvant chemoimmunotherapy efficacy in lung cancer. hinder neoadjuvant chemoimmunotherapy efficacy in lung
Cell Reports Medicine. 2025. V. 6, Ne 3. Article 102017. DOI: cancer. Cell Reports Medicine. 2025;6(3):102017. DOI:
https://doi.org/10.1016/j.xcrm.2025.102017 https://doi.org/10.1016/j.xcrm.2025.102017

10. Madeddu C., Donisi C., Liscia N., Lai E., Scartozzi M., Maccio A. 10. Madeddu C, Donisi C, Liscia N, Lai E, Scartozzi M, Maccio A.
EGFR-mutated non-small cell lung cancer and resistance EGFR-mutated non-small cell lung cancer and resistance
to immunotherapy: role of the tumor microenvironment. International to immunotherapy: role of the tumor microenvironment. International
Journal of Molecular Sciences. 2022. V. 23, Ne 12. Article 6489. DOI: Journal  of Molecular  Sciences. 2022;23(12):6489. DOI:
https://doi.org/10.3390/ijms23126489 https://doi.org/10.3390/ijms23126489

11. Sun H., Liu S.Y., Zhou J.Y., Xu J.T., Zhang H.K., Yan H.H,, et al. 11. Sun H, Liu SY, Zhou JY, Xu JT, Zhang HK, Yan HH, et al. Specific
Specific TP53 subtype as biomarker for immune checkpoint inhibitors TP53 subtype as biomarker for immune checkpoint inhibitors
in lung adenocarcinoma. EBioMedicine. 2020. V. 60. Article 102990. in lung adenocarcinoma. EBioMedicine. 2020;60:102990. DOI:
DOI: https://doi.org/10.1016/j.ebiom.2020.102990 https://doi.org/10.1016/j.ebiom.2020.102990

12. Grasso C.S., Tsoi J., Onyshchenko M., Abril-Rodriguez G., Ross- 12. Grasso CS, Tsoi J, Onyshchenko M, Abril-Rodriguez G, Ross-
Macdonald P., Wind-Rotolo M., et al. Conserved interferon-y Macdonald P, Wind-Rotolo M, et al. Conserved interferon-y
signaling drives clinical response to immune checkpoint blockade signaling drives clinical response to immune checkpoint blockade
therapy in melanoma. Cancer Cell. 2020. V. 38, Ne 4. P. 500-515.e3. therapy in melanoma. Cancer Cell. 2020;38(4):500-15.e3. DOI:
DOI: https://doi.org/10.1016/j.ccell.2020.08.005 https://doi.org/10.1016/j.ccell.2020.08.005

13. Clark N.M., Martinez L.M., Murdock S., deLigio J.T., Olex A.L., 13. Clark NM, Martinez LM, Murdock S, deligio JT, Olex AL,
Effi C., et al. Regulatory T cells support breast cancer progression Effi C, et al. Regulatory T cells support breast cancer progression
by opposing IFN-y-dependent functional reprogramming of myeloid by  opposing IFN-y-dependent functional = reprogramming
cells. Cell Reports. 2020. V. 33, Ne 10. Article 108482. DOI: of myeloid cells. Cell Reports. 2020;33(10):108482. DOI:
https://doi.org/10.1016/j.celrep.2020.108482 https://doi.org/10.1016/j.celrep.2020.108482

14. Deng H., Deng D., Qi T., Liu Z.,, Wu L., Yuan J. An IFN-y-related 14. Deng H, Deng D, Qi T, Liu Z, Wu L, Yuan J. An IFN-y-related
signature predicts prognosis and immunotherapy response in bladder signature predicts prognosis and immunotherapy response in bladder
cancer: results from real-world cohorts. Frontiers in Genetics. 2023. V. cancer: results from real-world cohorts. Frontiers in Genetics.
13. Article 1100317. DOI: https://doi.org/10.3389/fgene.2022.1100317 2023;13:1100317. DOI: https://doi.org/10.3389/fgene.2022.1100317

15. Hu C., Lin C., Zhu Z., Hu L., Wang F., Wang X., et al. The IFN-y- 15. Hu C, Lin C, Zhu Z, Hu L, Wang F, Wang X, et al. The IFN-y-
related long non-coding RNA signature predicts prognosis and related long non-coding RNA signature predicts prognosis and
indicates immune microenvironment infiltration in uterine corpus indicates immune microenvironment infiltration in uterine corpus
endometrial carcinoma. Frontiers in Oncology. 2022. V. 12. Article endometrial carcinoma. Frontiers in Oncology. 2022;12:955979. DOI:
955979. DOI: https://doi.org/10.3389/fonc.2022.955979 https://doi.org/10.3389/fonc.2022.955979

16. Choi S.H., Huang A.Y., Letterio J.J., Kim B.G. Smad4-deficient 16. Choi SH, Huang AY, Letterio JJ, Kim BG. Smad4-deficient
T cells promote colitis-associated colon cancer via an IFN-y- T cells promote colitis-associated colon cancer via an IFN-y-
dependent suppression of 15-hydroxyprostaglandin dehydrogenase. dependent suppression of 15-hydroxyprostaglandin
Frontiers in Immunology. 2022. V. 13. Article 932412. DOI: dehydrogenase. Frontiers in Immunology. 2022;13:932412. DOI:
https://doi.org/10.3389/fimmu.2022.932412 https://doi.org/10.3389/fimmu.2022.932412

17. ZhangZ.,Shen X.,TanZ.,MeiY.,LuT., JiY., etal. Interferon gamma- 17. Zhang Z, Shen X, Tan Z, Mei Y, Lu T, Ji Y, et al. Interferon gamma-
related gene signature based on anti-tumor immunity predicts glioma related gene signature based on anti-tumor immunity predicts glioma
patient prognosis. Frontiers in Genetics. 2023. V. 13. Article 1053263. patient prognosis. Frontiers in Genetics. 2023;13:1053263. DOI:
DOI: https://doi.org/10.3389/fgene.2022.1053263 https://doi.org/10.3389/fgene.2022.1053263

18. Hu W.T., Zhang Q., Zhang Z., He X., Zhou M., Guo Y., et al. 18. HuWT, Zhang Q, Zhang Z, He X, Zhou M, Guo Y, et al. Eosinophil and
Eosinophil and IFN-y associated with immune-related adverse events IFN-y associated with immune-related adverse events as prognostic
as prognostic markers in patients with non-small cell lung cancer markers in patients with non-small cell lung cancer treated with
treated with immunotherapy. Frontiers in Immunology. 2023. V. 14. immunotherapy. Frontiers in Immunology. 2023;14:1112409. DOI:
Article 1112409. DOI: https://doi.org/10.3389/fimmu.2023.1112409 https://doi.org/10.3389/fimmu.2023.1112409

19. Heimes A.S., Hartner F., Almstedt K., Krajnak S., Lebrecht A, 19. Heimes AS, Hartner F, Almstedt K, Krajnak S, Lebrecht A, Battista MJ,
Battista M.J., et al. Prognostic significance of interferon-y and its et al. Prognostic significance of interferon-y and its signaling
signaling pathway in early breast cancer depends on the molecular pathway in early breast cancer depends on the molecular subtypes.
subtypes. International Journal of Molecular Sciences. 2020. V. 21, International Journal of Molecular Sciences. 2020;21(19):7178. DOI:
Ne 19. Article 7178. DOI: https://doi.org/10.3390/ijms21197178 https://doi.org/10.3390/ijms21197178

20. De Marchi P., Leal L.F., da Silva L.S., Cavagna R.O., da Silva F.A.F., 20. De Marchi P, Leal LF, da Silva LS, Cavagna RO, da Silva FAF,
da Silva V.D., et al. Gene expression profiles (GEPs) of immuno- da Silva VD, et al. Gene expression profiles (GEPs) of immuno-
oncologic pathways as predictors of response to checkpoint inhibitors oncologic pathways as predictors of response to checkpoint inhibitors

OpwriHanbHi JOCNIoKEHHS 519 Original research


https://doi.org/10.1172/JCI91190
https://doi.org/10.1016/j.phrs.2025.107643
https://doi.org/10.1136/jitc-2023-008554
https://doi.org/10.1016/j.immuni.2023.01.010
https://doi.org/10.1080/2162402X.2021.1962591
https://doi.org/10.3389/fimmu.2025.1551322
https://doi.org/10.1016/j.xcrm.2025.102017
https://doi.org/10.3390/ijms23126489
https://doi.org/10.1016/j.ebiom.2020.102990
https://doi.org/10.1016/j.ccell.2020.08.005
https://doi.org/10.1016/j.celrep.2020.108482
https://doi.org/10.3389/fgene.2022.1100317
https://doi.org/10.3389/fonc.2022.955979
https://doi.org/10.3389/fimmu.2022.932412
https://doi.org/10.3389/fgene.2022.1053263
https://doi.org/10.3389/fimmu.2023.1112409
https://doi.org/10.3390/ijms21197178
https://doi.org/10.1172/JCI91190
https://doi.org/10.1016/j.phrs.2025.107643
https://doi.org/10.1136/jitc-2023-008554
https://doi.org/10.1016/j.immuni.2023.01.010
https://doi.org/10.1080/2162402X.2021.1962591
https://doi.org/10.3389/fimmu.2025.1551322
https://doi.org/10.1016/j.xcrm.2025.102017
https://doi.org/10.3390/ijms23126489
https://doi.org/10.1016/j.ebiom.2020.102990
https://doi.org/10.1016/j.ccell.2020.08.005
https://doi.org/10.1016/j.celrep.2020.108482
https://doi.org/10.3389/fgene.2022.1100317
https://doi.org/10.3389/fonc.2022.955979
https://doi.org/10.3389/fimmu.2022.932412
https://doi.org/10.3389/fgene.2022.1053263
https://doi.org/10.3389/fimmu.2023.1112409
https://doi.org/10.3390/ijms21197178

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MegnumHa. 2025. T. 33 Ne 4(55). C. 510-522
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):510-522

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

in advanced NSCLC. Translational Oncology. 2024. V. 39. Article
101818. DOI: https://doi.org/10.1016/j.tranon.2023.101818

in advanced NSCLC. Translational Oncology. 2024;39:101818. DOI:
https://doi.org/10.1016/j.tranon.2023.101818

21. Lee K.S., Chung W.Y., Park J.E., Jung Y.J., Park J.H., Sheen S.S., 21. Lee KS, Chung WY, Park JE, Jung YJ, Park JH, Sheen SS,
et al. Interferon-y-inducible chemokines as prognostic markers et al. Interferon-y-inducible chemokines as prognostic markers
for lung cancer. International Journal of Environmental Research for lung cancer. International Journal of Environmental
and Public Health. 2021. V. 18, Ne 17. Article 9345. DOI: Research and  Public  Health. 2021;18(17):9345.  DOI:
https://doi.org/10.3390/ijerph18179345 https://doi.org/10.3390/ijerph18179345

22. Tanagala K.KK., Morin-Baxter J., Carvajal R., Cheema M., Dubey S., 22. Tanagala KKK, Morin-Baxter J, Carvajal R, Cheema M, Dubey S,
Nakagawa H., etal. SP140 inhibits STAT1 signaling, induces IFN-y in tumor- Nakagawa H, et al. SP140 inhibits STAT1 signaling, induces IFN-y
associated macrophages, and is a predictive biomarker of immunotherapy in tumor-associated macrophages, and is a predictive biomarker
response. Journal for Immunotherapy of Cancer. 2022. V. 10, Ne 12. Article of immunotherapy response. Journal for Immunotherapy of Cancer.
€005088. DOI: https://doi.org/10.1136/jitc-2022-005088 2022;10(12):e005088. DOI: https://doi.org/10.1136/jitc-2022-005088

23. Gao X., Huang D., Liu Y., Zhang G., Zheng X., Guan B., et al. 23. Gao X, Huang D, Liu Y, Zhang G, Zheng X, Guan B, et al.
FAM210B activates STAT1/IRF9/IFIT3 axis by upregulating IFN-a/B FAM210B activates STAT1/IRFY/IFIT3 axis by upregulating
expression to impede the progression of lung adenocarcinoma. IFN-0/B expression to impede the progression of lung
Cell Death & Disease. 2025. V. 16, Ne 1. Article 63. DOI: adenocarcinoma. Cell Death & Disease. 2025;16(1):63. DOI:
https://doi.org/10.1038/s41419-025-07375-9 https://doi.org/10.1038/s41419-025-07375-9

24. Wojas-Krawczyk K., Kubiatowski T. Imperfect predictors for lung cancer 24. Wojas-Krawczyk K, Kubiatowski T. Imperfect predictors for lung cancer
immunotherapy — a field for further research. Frontiers in Oncology. 2020. immunotherapy — a field for further research. Frontiers in Oncology.
V. 10. Article 568174. DOI: https://doi.org/10.3389/fonc.2020.568174 2020;10:568174. DOI: https://doi.org/10.3389/fonc.2020.568174

25. Reijers I.L.M., Rao D., Versluis J.M., Menzies A.M., Dimitriadis P., 25. Reijers ILM, Rao D, Versluis JM, Menzies AM, Dimitriadis P,
Wouters M.W., et al. IFN-y signature enables selection Wouters MW, et al. IFN-y signature enables selection
of neoadjuvant treatment in patients with stage Ill melanoma. Journal of neoadjuvant treatment in patients with stage Il melanoma.
of Experimental Medicine. 2023. V. 220, Ne 5. Article €20221952. DOI: Journal of Experimental Medicine. 2023;220(5):e20221952. DOI:
https://doi.org/10.1084/jem.20221952 https://doi.org/10.1084/jem.20221952

26. Mei J., Jiang G., Chen Y., Xu Y., Wan Y., Chen R,, et al. HLA 26. Mei J, Jiang G, Chen Y, Xu Y, Wan Y, Chen R, et al. HLA
class Il molecule HLA-DRA identifies immuno-hot tumors and class Il molecule HLA-DRA identifies immuno-hot tumors and
predicts the therapeutic response to anti-PD-1 immunotherapy predicts the therapeutic response to anti-PD-1 immunotherapy
in NSCLC. BMC Cancer. 2022. V. 22, Ne 1. Article 738. DOI: in NSCLC. BMC Cancer. 2022;22(1):738. DOI:
https://doi.org/10.1186/s12885-022-09840-6 https://doi.org/10.1186/s12885-022-09840-6

27. Lopes N., Mcintyre C., Martin S., Raverdeau M., Sumaria N., 27. Lopes N, MciIntyre C, Martin S, Raverdeau M, Sumaria N,
Kohlgruber A.C., et al. Distinct metabolic programs established Kohlgruber AC, et al. Distinct metabolic programs established
in the thymus control effector functions of yd T cell subsets in tumor in the thymus control effector functions of yd T cell subsets in tumor
microenvironments. Nature Immunology. 2021. V. 22, Ne 2. microenvironments. Nature Immunology. 2021;22(2):179-92. DOI:
P. 179-192. DOI: https://doi.org/10.1038/s41590-020-00848-3 https://doi.org/10.1038/s41590-020-00848-3

28. Zhang Q., Feng J., Liu K., Yang X., Huang Y., Tang B. STK11 mutation 28. Zhang Q, Feng J, Liu K, Yang X, Huang Y, Tang B. STK11
impacts CD1E expression to regulate the differentiation of macrophages mutation impacts CD1E expression to regulate the differentiation of
in lung adenocarcinoma. Immunity, Inflammation and Disease. 2023. macrophages in lung adenocarcinoma. Immunity, Inflammation and
Vol. 11, Ne 7. P. €958. DOI: https://doi.org/10.1002/iid3.958 Disease. 2023;11(7):€958. DOI: https://doi.org/10.1002/iid3.958

29. Bi G., Chen Z., Yang X, Liang J., Hu Z., Bian Y., et al. Identification 29. Bi G, Chen Z, Yang X, Liang J, Hu Z, Bian Y, et al. Identification
and validation of tumor environment phenotypes in Ilung and validation of tumor environment phenotypes in Ilung
adenocarcinoma by integrative genome-scale analysis. Cancer adenocarcinoma by integrative genome-scale analysis. Cancer
Immunology, Immunotherapy. 2020. V. 69, Ne 7. P. 1293—-1305. DOI: Immunology, Immunotherapy. 2020;69(7):1293-305. DOI:
https://doi.org/10.1007/s00262-020-02546-3 https://doi.org/10.1007/s00262-020-02546-3

30. DaiX. LuL.,DengS.,MengJ.,WanC.,HuangJ., etal. USP7 targeting 30. Dai X, Lul, Deng S, Meng J, Wan C, Huang J, et al. USP7 targeting
modulates anti-tumor immune response by reprogramming tumor- modulates anti-tumor immune response by reprogramming
associated macrophages in lung cancer. Theranostics. 2020. V. 10, tumor-associated macrophages in lung cancer. Theranostics.
Ne 20. P. 9332-9347. DOI: https://doi.org/10.7150/thno.47137 2020;10(20):9332—47. DOI: https://doi.org/10.7150/thno.47137

31. Best S.A., Gubser P.M., Sethumadhavan S., Kersbergen A., 31. Best SA, Gubser PM, Sethumadhavan S, Kersbergen A,
Negron Abril Y.L., Goldford J., et al. Glutaminase inhibition Negron Abril YL, Goldford J, et al. Glutaminase inhibition
impairs CD8 T cell activation in STK11-/Lkb1-deficient lung impairs CD8 T cell activation in STK11-/Lkb1-deficient
cancer. Cell Metabolism. 2022. V. 34, Ne 6. P. 874-887.e6. DOI: lung cancer. Cell Metabolism. 2022;34(6):874-87.e6. DOI:
https://doi.org/10.1016/j.cmet.2022.04.003 https://doi.org/10.1016/j.cmet.2022.04.003

32. Sumbly V., Landry I. Unraveling the role of STK11/LKB1 in non-small 32. Sumbly V, Landry I. Unraveling the role of STK11/LKB1 in
cell lung cancer. Cureus. 2022. V. 14, Ne 1. Article e21078. DOI: non-small cell lung cancer. Cureus. 2022;14(1):e21078. DOI:
https://doi.org/10.7759/cureus.21078 https://doi.org/10.7759/cureus.21078

33. Wohlhieter C.A., Richards A.L., Uddin F., Hulton C.H., Quintanal- 33. Wohlhieter CA, Richards AL, Uddin F, Hulton CH, Quintanal-
Villalonga A., Martin A., et al. Concurrent mutations in STK11 and Villalonga A, Martin A, et al. Concurrent mutations in STK11 and
KEAP1 promote ferroptosis protection and SCD1 dependence KEAP1 promote ferroptosis protection and SCD1 dependence
in lung cancer. Cell Reports. 2020. V. 33, Ne 9. Article 108444. DOI: in lung cancer. Cell Reports. 2020;33(9):108444. DOI:
https://doi.org/10.1016/j.celrep.2020.108444 https://doi.org/10.1016/j.celrep.2020.108444

34. XuZ.,QinF., YuanL.,WeiJ.,SunY.,QinJ., etal. EGFR DNA methylation 34. Xu Z, Qin F, Yuan L, Wei J, Sun Y, Qin J, et al. EGFR DNA
correlates with EGFR expression, immune cell infiltration, and overall methylation correlates with EGFR expression, immune cell infiltration,
survival in lung adenocarcinoma. Frontiers in Oncology. 2021. V. 11. and overall survival in lung adenocarcinoma. Frontiers in Oncology.
Article 691915. DOI: https://doi.org/10.3389/fonc.2021.691915 2021;11:691915. DOI: https://doi.org/10.3389/fonc.2021.691915

35. Han Y., Zhang Y., Tian Y., Zhang M., Xiang C., Zhen Q., et al. The 35. HanY,ZhangY,TianY,ZhangM, Xiang C,Zhen Q, etal. Theinteraction
interaction of the IFN-y/JAK/STAT1 and JAK/STATS3 signalling pathways of the IFN-y/JAK/STAT1 and JAK/STAT3 signalling pathways
in EGFR-mutated lung adenocarcinoma cells. Journal of Oncology. V. in EGFR-mutated lung adenocarcinoma cells. Journal of Oncology.
2022. Article 9016296. DOI: https://doi.org/10.1155/2022/9016296 2022;9016296. DOI: https://doi.org/10.1155/2022/9016296

36. Zhao N., YiY., Cao W., Fu X., Mei N., Li C. Serum cytokine levels for 36. Zhao N, Yi Y, Cao W, Fu X, Mei N, Li C. Serum cytokine levels for
predicting immune-related adverse events and the clinical response predicting immune-related adverse events and the clinical response
inlung cancer treated with immunotherapy. Frontiers in Oncology. 2022. in lung cancer treated with immunotherapy. Frontiers in Oncology.
V. 12. Article 923531. DOI: https://doi.org/10.3389/fonc.2022.923531 2022;12:923531. DOI: https://doi.org/10.3389/fonc.2022.923531

37. Nguyen T.H., Satwani P., Kumar D., Kapoor U., Malik S., 37. Nguyen TH, Satwani P, Kumar D, Kapoor U, Malik S, Prince C, et al.
Prince C., et al. Systemic T-cell activation and IFN-y activity Systemic T-cell activation and IFN-y activity in indeterminate severe
in indeterminate severe hepatitis are reminiscent of hemophagocytic hepatitis are reminiscent of hemophagocytic lymphohistiocytosis:
lymphohistiocytosis: implications for T-cell- and IFN-y-directed implications for T-cell- and IFN-y-directed therapies. Journal
therapies. Journal of Allergy and Clinical Inmunology. 2025. V. 155, of Allergy and Clinical Immunology. 2025;155(1):199-212. DOI:
Ne 1. P. 199-212. DOI: https://doi.org/10.1016/j.jaci.2024.08.029 https://doi.org/10.1016/j.jaci.2024.08.029

38. Koppensteiner L., Mathieson L., Neilson L., O’Connor R.A., 38. Koppensteiner L, Mathieson L, Neilson L, O’Connor RA,
Akram A.R. IFN-y and TNF-a drive an inflammatory secretion Akram AR. IFN-y and TNF-a drive an inflammatory secretion
profile in cancer-associated fibroblasts from human non-small cell profile in cancer-associated fibroblasts from human non-small

OpwriHanbHi JOCNIoKEHHS 520 Original research


https://doi.org/10.1016/j.tranon.2023.101818
https://doi.org/10.3390/ijerph18179345
https://doi.org/10.1136/jitc-2022-005088
https://doi.org/10.1038/s41419-025-07375-9
https://doi.org/10.3389/fonc.2020.568174
https://doi.org/10.1084/jem.20221952
https://doi.org/10.1186/s12885-022-09840-6
https://doi.org/10.1038/s41590-020-00848-3
https://doi.org/10.1002/iid3.958
https://doi.org/10.1007/s00262-020-02546-3
https://doi.org/10.7150/thno.47137
https://doi.org/10.1016/j.cmet.2022.04.003
https://doi.org/10.7759/cureus.21078
https://doi.org/10.1016/j.celrep.2020.108444
https://doi.org/10.3389/fonc.2021.691915
https://doi.org/10.1155/2022/9016296
https://doi.org/10.3389/fonc.2022.923531
https://doi.org/10.1016/j.jaci.2024.08.029
https://doi.org/10.1016/j.tranon.2023.101818
https://doi.org/10.3390/ijerph18179345
https://doi.org/10.1136/jitc-2022-005088
https://doi.org/10.1038/s41419-025-07375-9
https://doi.org/10.3389/fonc.2020.568174
https://doi.org/10.1084/jem.20221952
https://doi.org/10.1186/s12885-022-09840-6
https://doi.org/10.1038/s41590-020-00848-3
https://doi.org/10.1002/iid3.958
https://doi.org/10.1007/s00262-020-02546-3
https://doi.org/10.7150/thno.47137
https://doi.org/10.1016/j.cmet.2022.04.003
https://doi.org/10.7759/cureus.21078
https://doi.org/10.1016/j.celrep.2020.108444
https://doi.org/10.3389/fonc.2021.691915
https://doi.org/10.1155/2022/9016296
https://doi.org/10.3389/fonc.2022.923531
https://doi.org/10.1016/j.jaci.2024.08.029

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MegnumHa. 2025. T. 33 Ne 4(55). C. 510-522
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):510-522

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

lung cancer. FEBS Letters. 2025. V. 599, Ne 5. P. 713-723. DOI:
https://doi.org/10.1002/1873-3468.15083

39. Salih D.J., Barsoom S.H., Ahmed G.F., Hussien S.Q., Al Ismaeel Q.,
Alasady A.A.B., etal. Curcumin inhibits IFN-y induced PD-L1 expression
via reduction of STAT1 phosphorylation in A549 non-small cell lung
cancer cells. Saudi Pharmaceutical Journal. 2025. V. 33, Ne 3. P. 16.
DOI: https://doi.org/10.1007/s44446-025-00018-2

40. Li S., Li K, Tian F., Li H,, Xia Q., Li T., et al. A high interferon
gamma signature of CD8+ T cells predicts response to neoadjuvant
immunotherapy  plus  chemotherapy in  gastric  cancer.
Frontiers in Immunology. 2023. V. 13. Article 1056144. DOI:
https://doi.org/10.3389/fimmu.2022.1056144

41. Otdlora-Otélora B.A., Payan-Gémez C., Lopez-Rivera J.J., Pedroza-
Aconcha N.B., Arboleda-Mojica S.L., Aristizabal-Guzman C., et al.
Interplay of transcriptomic regulation, microbiota, and signaling
pathways in lung and gut inflammation-induced tumorigenesis. Cells.
2024.V. 14, Ne 1. Article 1. DOI: https://doi.org/10.3390/cells14010001

42. Nufiez N.G., Berner F., Friebel E., Unger S., Wyss N., Gomez J.M.,
et al. Immune signatures predict development of autoimmune
toxicity in patients with cancer treated with immune checkpoint
inhibitors. Med. 2023. V. 4, Ne 2. P. 113-129.e7. DOL:
https://doi.org/10.1016/j.med;}.2022.12.007

43. Han T, Liu Y., Wu J., Bai Y., Zhou J., Hu C., et al. An immune indicator
based on BTK and DPEP2 identifies hot and cold tumors and clinical
treatment outcomes in lung adenocarcinoma. Scientific Reports. 2023. V.
13, Ne 1. Article 5153. DOI: https://doi.org/10.1038/s41598-023-32276-2

MepcnekTMBM NOAQABLUMX AOCAIAXKEHb

B noganblioMy nnaHyeTbCcs OOCMiAUTM 3B’A30K MiX
piBHem ekcnpecii IFNy-acouinoBaHux reHiB i 3aranbHO0
BVXXMBAHICTIO NAUEHTIB 3 NMIOCKOKITITUHHOK KapLMHOMOO
nereHb, a TaKoX MpoaHanisyBaTu MOTEHLiiHEe MpOrHoc-
TUYHE 3HAYEHHS LbOro MokasHuKa Anst edeKTUBHOCTI
iMyHOTepanii.

KoHdAIKT iHTEepecis

ABTOp pykonucy 3acsigqye BiOCYTHICTb KOHQMIKTY
iHTepeciB.

AOTPUMAHHSA €TUYHUX HOPM

ABTOp pyKOonucy CBIAOMO 3acBifyye, Lo MeANYHI AaHi
Oynu 3ibpaHi 3 BiOKPUTMX OHKOMOTYHUX PEno3nTopIiB
TanpoaHani3oBaHi peTpocnekTuBHO. [JocnigXeHHs npoBe-
[OEeHO BIiOMNOBIAHO OO0 €TMYHMX cTaHgapTiB enbciHCbKol
Aeknapauii BcecBiTHbOI MeguyHoi acouiauii Npo eTuyHi
NPVHLMNY NPOBEAEHHST HAYKOBUX MEANYHUX OOCHIAXKEHb
3a y4yacTo NOAUHU, OUPEKTUBN €BPONENnCcHKOro ToBapu-
ctBa 86/609 npo yyacTb ntogen y meauko-6ionorivHux
OOCHiAXEHHAX, a TakoX Hakady MiHicTepcTBa OXOPOHU
3p0poB’st YkpaiHn Ne 690 Big 23.09.2009 p. [ocnigkeHHs
cxBaneHe Kowmicieto 3 6ioeTukn 3 ekcnepuMeHTanbHUX
i KMiHIYHMX gocnigkeHb HaByanbHO-HayKOBOro Meguy-
Horo iHCTUTYTy CyMCbKOrO [epXkaBHOrO YHIBEPCUTETY
MiHicTepcTBa ocBiTU i Hayku Ykpainu (npotokon Ne 3/12,
nara 3atBepmkeHHs — 17 rpyaHa 2024 poky). Kowmicieto
3 BioeTukn Byno HagaHo [03BiN He 36yMpaTy NMMCbMOBOI
iHpopmoBaHoi 3rogu.

BUKOPUCTAHHS LUTYYHOrO iHTEAEKTY

ABTOp pyKOMnuWcy CBIAOMO 3acBigyye, WO Yy MNPOLECI
NpoBeAeHHs AOCNIAXEHHS Ta NiArOTOBKN LibOro PyKOnmcy
He BMKOPUCTOBYBaB XXOOHMWX iHCTPYMEeHTIB abo cepsiciB
reHepaTMBHOTO LUTYYHOro iHTenekTy (L) ans BrkoHaHHSA
OyOb-sKMX 3aBAaHb, nepenivyeHnx y TakcoHoMii aenery-
BaHHS 3aBAaHb reHepaTVBHOMY LUTYYHOMY iHTENeKTYy.
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Prospects for further research

In future research, it is planned to investigate the
relationship between the expression levels of IFNy-
associated genes and overall survival in patients with
squamous cell lung carcinoma, as well as to analyze
the potential prognostic value of this marker for
immunotherapy effectiveness.
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PE3IOME

AKTyanbHiCTb. YBeIT — 3ananeHHsi CyAMHHOI OOOMOHKN OKa — € OOHUM 3 TSHKKMX KOMOP-
GigHMX CTaHIB NMpU peBMaTUYHMX XBOPOOax, NEPEBaKHO HBEHINbHOMY igionaTMyHOMy
apTpwuTi, YacTo Mae 6e3cMMNTOMHUI Nepebir, HEBYACHO AiarHOCTYETLCS, Mae Nporpecy-
H04MI XapaKTep 3 PU3NKOM BTpaTu 30py.

Meta po6oTu — BM3HaAUUTU CTaH eHpoTenianbHoi yHKUiT y AiTel 3 igionatuyHUmm
yBeiTaMu Ta yBeiTamy, WO acouifioBaHi 3 IOBEHINbHUMU apTpuTamu, 3a SOMNOMOrow
OKITH03iMHOT MPO6U 3 ypaxyBaHHSAM XapaKTepUCTUKM Ta aKTUBHOCTI yBEITY.

Matepianu Ta metogum. Mpotsarom 2023-2025 pp. 6ynu obcTexeri 69 piten, siki Gynu
posnoaineHi Ha Tpu rpynu: 12 giten 3 igionatTyHNM yBeiTOM, 26 XBOPUX Ha IOBEHINbHNUIA
igionatuyHun apTput 6es yeeiTy, 26 xBopux Ha tOlA-acouinoBaHuin yBeiT. MauieHTam
6yna npoBegeHa exorpadis Nne4oBoi apTepii Ta oUiHeHa (PYHKLiS eHaoTenilo 3a nokas-
HUKaMK OKINtO3iiHOT Npobu.

Pesynbratu. 3a pesynbratamy NpoBeAeHOro AOCNIAXEHHS BCTaHOBMEHO, L0 BUMi-
ptoBaHHSA MOTOKO3anexHol Aunatauii nneyoBoi apTepii € MpakTUYHO-GiarHOCTUYHUM
Yy BMBYEHHI eHpoTenianbHOI YHKUIl cyauH Yy AiTen 3 igionaTudHMMKU  yBeiTamu
Ta yBeiTamu, LU0 acouifoBaHi 3 HOBEHIMbHUMU apTputamu. Y AiTen 3 ayToiMyHHUMU
yBeiTaMu GinbLUOK MipOK BiA3HAYAKTLCA MOPYLUEHHS eHAoTenianbHoi yHKUT, sKi
NPOSBMSAOTECH 3BY)KEHHSIM CEepeAHbOoro AiameTpa CyAuH, MiABULLEHHSIM MNynbCOBOrO
iHOEKCY Ta 3HWKEHHSM iHOEKCY pe3nCTeHTHOCTI. Lli 3amiHM cynpoBoOaXyTbCA OOCTO-
BiPHUM 3MEHLLEHHSAM LUBUAKOCTI KDOBOTOKY B AiacTony Ta PO3BUTKOM FiMOKCUYHMX NOPY-
LUEeHb, L0 NOTeHLiHO noripLuye nepebir 3ananbHOro npouecy B opraHi 3opy 1 popmye
«MOPOYHE KOMO» NPOrpecyBaHHs XBOpOOU.

linoepriyHnn Ta HOopMoepriYHMn TMN peakuii BuseneHo y 60,52% Bunagkis. HasBHiCTb
3a3HavYeHnX MnopyLleHb MiATBEPAXKYE MOXIUBICTb BUMKOPUCTAHHS OKIO3iNHOI Mpobu
SIK MEeTOoAy MOHITOPUHIY nepebiry ayToiMyHHMX yBeiTiB y AiTen. Lle Takox nigrBepoxye
HeobXiAHICTb NoAanbLIOro BMBYEHHSI 3MiH eHaoTenianbHoi yHKLT Npyu ayToiMyHHUX
3axBOPIOBAHHAX 3 ypaxyBaHHAM aKTMBHOCTI 3ananbHOro NpoLiecy Ta ix BNAMBY Ha SKiCTb
XWUTTS OiTew, SKi CTpaXkaatoTb Ha Ui naTonorii.
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AAS UMTYBAHHS:

BucHoBkK. 3acTocyBaHHS OKINIO3iMHOT NPOOU SIK CKPMHIHFOBOTrO METOAY OLiHKM nepebiry
ayTOIMyHHMX yBeITiB Ta yBeITiB, WO acoLUiOBaHi 3 OBEHIMbHUMU apTputamun y aiten,
€ MPaKTUYHO 3HaYYLMM y BUBYEHHI 3MiH eHpoTenianbHOi yHKUii mpyu ayToiMyHHUX
3aXBOPIOBAHHSX 3 ypaxyBaHHAM aKTUBHOCTI 3ananbHOro NpoLecy Ta ix BNAMBY Ha SKiCTb
XKUTTA OiTen.

BusiBneHHs Baromux nopylleHb CBig4aTb MPO MOXIUBICTb 3aCTOCYBaHHSI OKITHO3iNHOT
npobu Anst MOHITOPMHIy Nepebiry ayToiMyHHUX YBEITIB Yy AiTeN.

OuwnsHebka O.A., WeyeHko 1., IrHatoBa T.B., KBawniHa J1.B. CtaH eHpoTenianbHOi dyHKUIi Y AiTen 3 igiona-
TUYHMMW yBeiTaMn Ta yBeiTamu, acoLiiOBaHWMU i3 IOBEHINbHMM idionaTu4yHnM apTpuToM. BicHuk Xapkiecbko2o
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ABSTRACT

Background. Uveitis — inflammation of the choroid of the eye — is one of the severe
comorbid conditions in rheumatic diseases, mainly juvenile idiopathic arthritis, often
asymptomatic, untimely diagnosed, and progressive with the risk of vision loss.
Purpose — to determine the state of endothelial function in children with idiopathic uveitis
and uveitis associated with juvenile arthritis using an occlusion test, taking into account
the characteristics and activity of uveitis.

Materials and Methods. Between 2023 and 2025, 69 children were examined and
divided into three groups: 12 children with idiopathic uveitis, 26 patients with juvenile
idiopathic arthritis without uveitis, and 26 patients with JIA-associated uveitis. All patients
underwent brachial artery ultrasonography and endothelial function assessment using
occlusion test parameters.

Results. According to the results of the study, it was found that flow-mediated dilation
(FMD) of the brachial artery serves as a practical diagnostic approach in the assessment
of vascular endothelial function in children with idiopathic uveitis and uveitis associated
with juvenile arthritis. In children with autoimmune uveitis, endothelial dysfunction was
observed to a greater extent, manifested by a reduction in mean vessel diameter,
an increase in the pulsatility index, and a decrease in the resistance index. These
alterations were accompanied by a significant reduction in diastolic blood flow velocity
and the development of hypoxic disturbances, which may potentially aggravate the
course of the inflammatory process in the eye and contribute to a «vicious circle»
of disease progression.

Hypoergic and normoergic types of reaction were identified in 60.52% of cases.

The presence of these disturbances confirms the feasibility of using the occlusion test
as a method for monitoring the course of autoimmune uveitis in children. It also highlights
the necessity of further investigation of endothelial function alterations in autoimmune
diseases, taking into account the activity of the inflammatory process and their impact
on the quality of life of affected children.

Conclusions. The application of the occlusion test as a screening tool for evaluating
the course of autoimmune uveitis and uveitis associated with juvenile arthritis in children
has considerable practical value for the assessment of endothelial function alterations
in autoimmune diseases, particularly in relation to the activity of the inflammatory process
and their influence on the quality of life of affected patients.

The identification of significant abnormalities substantiates the potential of the occlusion
test as a reliable method for monitoring the course of autoimmune uveitis in children,
emphasizing its diagnostic and prognostic utility.

Oshlianska OA, Shevchenko I, Ignatova TB, Kvashnina LV. Endothelial function in children with idiopathic uveitis and
uveitis associated with juvenile idiopathic arthritis. The Journal of V.N. Karazin Kharkiv National University. Series
Medicine. 2025;33(4(55)):523-538. DOI: https://doi.org/10.26565/2313-6693-2025-55-03

BCTYN

INTRODUCTION

3anisHeHHs BUSIBMNEHHS, TpMBane nikyBaHHs Ta Hefo-
OLjiHKa BNNMBY Ha OpraHiaM ayTOiIMyHHWUX YBEITiB y fiTen
MOXe NpU3BOAMTW A0 iHBaniamM3aLii XBopux Ta CyTTEBOro
NOpyLUEHHS SKOCTI iX XUTTA. MexaHiamu 3ananbHOoro
YPaXeHHs opraHa 30py Yy AiTel akTUBHO BMBYaKOTbCH,
ocobnuBo, Npu peBMaTUYHMX XBOpobax, Komu yBeiT
€ YaCTMHOK CUCTEMHOrO ypaxeHHsi [1]. MonepegHimu

Delays in detection, treatment, and underestimation
of the impact of autoimmune uveitis in children can
lead to disability and significantly impair their quality
of life. The mechanisms of inflammatory damage to the
visual organ in children are actively being studied,
especially in rheumatic diseases where uveitis is part
of systemic involvement [1]. Previous researchers have
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JocrnigHukamu onucaHi BMAnvMB ayToaHTuTin, 6Gesnoce-
peaHs ais 3ananbHUX LUTOKIHIB Ta iHLWMX npo3ananbHuxX
MefiaTopiB Ta CyAuHHI nopylleHHsa [2—-4]. Baxnusoto
NaHKOK NaToreHesy CyAMHHWX ypaXKeHb Mpw igionaTnyHmx
yBeiTax BM3HAHO MOPYLUEHHS YHKUii eHgoTenito [5],
siKe MpU3BOAUTb [0 3ananeHHs Ta 3MiHW MPOHWUKHOCTI
Kaninsapis, a TakoX MOXe CMpPUSTU YTBOPEHHIO ekcyaaTis
Ta HaKOMUYEHHIO BACKYNAPHMX YLUINbHEHb Y BOrHMLLAX
3ananeHHs [6]. CtaH cyguHHOro pycna npu yeeiTax
nonepeaHb0 BMBYABCA 3a [Jornomorot  Biomikpockonii
O4YHOro AHa, BU3HayeHHsA OiomapkepiB eHAgoTenianbHOI
ONCAYHKLIT Ta BUMiIPIOBaAHHSA XOPCTKOCTi CyauH [7].
OCHOBHi MeToaM, siKi Ha CbOrofHi 3aCTOCOBYHTLCHA
ansa gocnigpkeHHs eHgoTenianbHOl dyHKUii [8—12] Bkrnito-
YalTb aHriorpadito, BU3HA4YEHHS BMICTY Ba30aKTUBHUX
PEYOBMH, OMOCEpPeaKOBaHUX eHAOTerianbHUX MapKepis
B KpoBi Ta ceuvi (pakTop BinnebpaHga, cenektuHun, npoc-
TaUWKNiH, aHrioTeH3uH |l, eHgoTenin-1, HITPUTK, HITpaTW,
MOneKynv agresii NenKoumTIB Ta iH.), NifPaxyHOK KifbKOCTi
[eCcKkBaMOBaHMX eHAoTenianbHNX KiTUH Y KPOBi, BU3Ha-
YEHHS HenpsiMMX eHgoTenianbHUx ¢akTopiB (Mapkepu
3anarneHHs), 6ioMikpOCKOMito KOH'FOHKTMBW OYHOTO 16nyka
i OYHOrO AHa, HIrTbOBOrO Jl0Xa, BUBYEHHSI €XOCTPYK-
TYPHUX XapakTepUCTUK CYAUHHOI CTiHKM (BUMIpIOBaHHS
TOBLLMHW KOMMMEKca iHTUMa-meaia, BUBYEHHS YNbTPa3By-
KOBUX XapaKkTepucTuK BasoaunaTtadii). Ha cborogHi Takox
ONMcaHi YncneHHi GioximiyHi Mapkepu KpoBi, LLO MOXYTb
BMMMBATU Ha (YHKUil0 eHOoTenito npsamo abo onoce-
peakoBaHO (OKMUCHEHI MiNonpoTeian HM3bKOI LiNbHOCTI,
piBeHb KkpiornobyniHiB, aHTudochOoniNiAHNX aHTUTIN,
oKcuay asoTy TOLO) Ta BU3HAYEHi MapaMeTpu iHCTPYMEH-
TanbHUX METOAIB OLiHKM (DYHKLIOHaNbHOro CTaHy CyauH.
Cepen, OioXiMiYHMX MOKa3HWKIB  HAMMOLLUMPEHILLMM
nabopaTtopHUM MapKepoM MOPYLUEHHS OYHKUIT eHao-
TENnito € KIacuM4HU Ba3ogunaTatop — OKCUMA as3oTy.
CymapHun  edekt BBy  GIOXIMIYHMX  YMHHUKIB
Ha cyauHU (KOHCTPUKTOPHUIA abo gunaTtaTopHui) 3ane-
XUTb He NuLie Bif iX KiNbKOCTi, ane 1 Big TNy CyauH,
ocobnuBocTel ix peuentopiB Ta 6GanaHcy Basoauna-
TaTopiB Ta Ba30KOHCTpUKTOpiB [13—16]. Ak Bigomo, npu
MOLLUKOMKEHHI abo HaaMIpHiN akTuBaLlii eHOoOTenioumTiB
NMOCUMIOETBCA CUHTE3 BA30KOHCTPUKTOPIB, cepen sIKMX
HavBUBYEHIWNMN € eHpoTeniHn. Peuentopu o eHpo-
TeniHiB MaroTb BigMIHHI aiHHICTb Ta CTyMiHb eKcnpecii
B pI3HMX Tunax cCyauH, LWO 3YMOBIIOE CKMNaJHICTb
iX yHKUin. AkTMBauis B2-eHOOTENIHOBMX peuenTopiB
Ha T[MadeHbKOM'I30BMX KMITMHAX CyaAWH MpPU3BOAUTb
6e3nocepeHbO A0 iX 3BYXXEHHSA, MOAYNALis iX adiHHOCTI
BiAOyBaeTbCs 3aBOAKN 3B’A3YBaHHIO 3 KUCHEBUMUW paau-
Kanamu, nposananbHUMKW UUTOKIHAMU Ta EeHOOTOKCU-
Hamu. HaBnaku, cTMMynsuia peLenTopiB 4O eHAOoTeniHy
Tuny B1 Npu3BoAUTL 4O 3anycKy KOMMNEHCATOPHUX Mexa-
Hi3MiB: 30iNbLUEHHSA CMHTE3Yy OKCMAy a30Ty Ta npocTauun-
KMiHy, LLIO CyNnpOBOOXKYETLCA Bazogonaradieto [17].
Cepep cnocobiB iHCTpyMEHTanbHOI OLiHKM eHAoTenito
BVKOPUCTOBYIOTbCA OKpeMi MEeToau OLHKM OUCHYHKLIT
OpibHMX Ta BenukMx cyauH. OucdyHkuia apibHMX cyouH
Mae BaXMBE 3HA4YeHHs B PO3BUTKY MIKPOBACKymiTy
SIK MaTOreHTUYHOI CKNafoBOi BCIX PEBMaTUYHUX 3axBO-
ptoBaHb. Hanbinbl npocTnm, 6e3ne4HnM i HeiHBa3MBHUM
METOAOM BUSIBMEHHS MIKPOLIMPKYNATOPHUX MOpYyLUEHb
Yy XBOPWX Ha peBMaTU4Hy MNaTOMoritd € Kaninspockonis
HIrTbOBOI CKMagkM — BUCOKOCMEUM@IYHUIN TecT Aansa

described the influence of autoantibodies, the direct action
of inflammatory cytokines and other proinflammatory
mediators, and vascular disturbances [2—4]. A key link
in the pathogenesis of vascular lesions in idiopathic uveitis
is recognized to be endothelial dysfunction [5], which leads
to inflammation and changes in capillary permeability, and
may contribute to exudate formation and accumulation
of vascular condensations at inflammation sites [6]. Prior
studies of endothelial dysfunction in uveitis have been
conducted via fundus microscopy, endothelial dysfunction
biomarkers, and measurements of vascular stiffness [7].

Current methods for assessing endothelial function
[8-12] include angiography; quantification of vasoactive
substances; determination of surrogate endothelial
markers in blood and urine (von Willebrand factor,
selectins, prostacyclin, angiotensin IlI, endothelin-1,
nitrites, nitrates, leukocyte adhesion molecules, and
others); counting circulating endothelial cells in blood;
measuring indirect endothelial factors (inflammatory
markers); biomicroscopy of the ocular conjunctiva and
fundus, nailfold capillaroscopy; and analysis of vascular
wall echostructure (measurement of intima—media
thickness, study of vascular dilation characteristics).
Numerous blood biochemical markers have also been
described that can affect endothelial function directly
or indirectly (oxidized low-density lipoproteins, levels
of cryoglobulins, antiphospholipid antibodies, nitric oxide,
etc.) and instrumentally defined parameters for assessing
vascular functional status.

Among biochemical indicators, nitric oxide-a classical
vasodilator-is the most well-known laboratory marker
of endothelial dysfunction. It is important to note that
the cumulative effect of biochemical factors on vessels
(constrictor or dilator) depends not only on the amount
of vasodilators, but also on the vessel type, their receptor
characteristics, and the balance between vasodilators
and vasoconstrictors [13-16]. As is known, when
endothelial cells are damaged or excessively activated,
vasoconstrictor synthesis is enhanced. The most studied
vasoconstrictors are endothelins. Receptors for different
endothelin types have varying affinity and expression
levels in different vessel types, which underlies
their functional complexity. Activation of endothelin
B2 receptors on vascular smooth muscle cells directly
causes vasoconstriction; their affinity is modulated
by binding to oxygen radicals, proinflammatory cytokines,
and endotoxins. Conversely, stimulation of endothelin
B1 receptors initiates compensatory mechanisms:
increased synthesis of nitric oxide and prostacyclin,
resulting in vasodilation [17].

Among the instrumental methods for endothelial
assessment, there are separate approaches for
evaluating dysfunction of small and large vessels.
Dysfunction of small vessels plays an important role
in the development of microvasculitis as a pathogenetic
component of all rheumatic diseases. The simplest,
safest, and non-invasive method for detecting
microcirculatory disorders in patients with rheumatic
pathology is nailfold capillaroscopy — a highly specific test
for screening disorders within the scleroderma spectrum,
as well as for monitoring and predicting the involvement
of internal organs, particularly in patients with Raynaud’s
phenomenon [18].
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CKPVHIHTY po3nagiB 3axXBOPIOBaHb CNeKTpa cknepoaepmii,
MOHITOPVHIY Ta NPOrHO3yBaHHSA 3any4YeHHsi 40 NaTonoriy-
HOTrO MpoLiecy BHYTPILLUHIX OpraHis, 0CObNMBO y NauieHTIB
i3 cuHgpomom PenHo [18].

Cepeql iHCTpyMeHTanbHNX MeTodiB, WO BUKOPUCTO-
BYIOTbCA AMA OLUiHKM MNOpylweHb (YHKLiIM eHaoTenito
BENUKMX CyaAWH MOXHa BiA3Ha4YMTUM OTOMNETU3MO-
rpadito, nepudepuyHy  apTtepianbHy  TOHOMETPItO,
nasepHy AonnnepiBCcbKy royMeTpito, OUIHKY LUBUAKOCTI
nynbCOBOI XBUII Ta OkMo3iiHy Npoby [19, 20]. Migctasoto
MOXJTMBOCTi BUKOPUCTAHHS OCTaHHbOI A8 OUiHKL eHAOo-
TenianbHOI PyHKLUIT y BCbOMY OpraHiami nonsrae cuctem-
HICTb CYOMHHOIO ypaXKeHHs npu ayToiMyHHUX XBOpobax.
MeTtog 3acHOBaHWM Ha npoBoKauii rinepemii Ta NoB’s-
3aHUX i3 Hel peakui CyauH nicns iX LWTYYHOI OKMHo3il,
CTYNiHb 3MiH OLHIOETLCA 32 MOCTOKM3INHUM NPUPOCTOM
fdiameTpa nne4oBoi abo cterHosoi aptepii. OCHOBHUIA
napamMmeTp OKM3iiHOT nNpobu — ue ouiHka BiOCOTKO-
BOro 306inblUeHHsA AiameTpa apTepii, onocepeakoBaHOro
NOTOKOM — noTik-onocepeakoBaHa Aaunartauis (FMD).
MpuHLUMN MeToaMKM monsirae B TOMy, IO Micnst nNpunu-
HEHHs1 KPOBOMOCTa4YaHHA B TKaHMHaX HaKOMWYYyKTbCS
meTaboniTu, SKi N(pU3BOAATL 40 KOMMNEHCATOPHOIO PO3LLUM-
PEHHSI CyOMH Nicns BiAHOBNEHHSA KPOBOODIry. Y Len yac
MexaHiyHa gedopmauis wapy eHOoTenioumnTiB akTMBye
kaniesi Ta xnopuaHi kaHanu, G-6inku, WO NpU3BOAUTb
[0 3pOCTaHHS BMICTY BHYTPILUHBOKMITUHHOIO KanbLito
Ta cekpeuii Bazogunarartopis (NepeBaHO OKCMAy a3oTy,
eHpoTenianbHOro rinepnonspusauinHoro dakropa, npoc-
Tauukniny). | HaBnaku, 3MEHLUEHHS Hanpyrn CTUMYIOE
NPoAyKLil0 Ba3OKOHCTPUKTOpa eHpoTeniHy-1. BenununHa
BasogunatatopHOi  BignoBigi nponopuifiHa  KinNbKOCTi
Ba3oaunaTatopiB Ta iXHbOMY CMiBBIAHOLIEHHIO 3 KiNb-
KiCTIO BA30OKOHCTPUKTOPIB. Ha BenNMYMHYy NOCTOKMHO3INHOT
Avnartauii BnnMBae OOHOYacCHO CTyMiHb TWUCKY KPOBI,
0iogoCTYMHICTL eHaoTenito Anst Ba30akTUBHUX PEYOBUH;
KOHLIeHTpaLlisi KanbLito; KiHLueBa 3MiHa AiameTpa CyauHU.
[MocToknto3inHi peakLii Makpo- Ta MiKpOCyaANH 3yMOBIEHI
Pi3HUMW MexaHi3aMamMu perynsuii, Ha BigMiHy Big MikpoLm-
PKYNATOPHUX MOPYLUEHb, BUMIPIOBAHHS MOTOKO3aneXHol
BaszogmnaTtauii 6inblwo Mipoto Bigobpaxae npoaykuito
okenay asoty [21]. B ymoBax nopylieHb (yHKLii eHao-
Tenito piBEHb OCTAHHLOIO 3HWXYETLCH, LU0 NPU3BOAUTL
[0 HeJoCTaTHLOMO PO3LUMPEHHS CyauH y npoueci npose-
OeHHs1 okmMto3inHoi npobu. Tomy FMD nnevoBoi aptepii
NPOTAroM peakTUBHOI rinepeMii € akTyanbHUM MapKkepoMm
dyHKUii eHpoTenito Ta CNPOMOXHMI  Bigobpaxartu
dyHKUiOHanbHI  30aTHOCTI Benukmx cyAauH. [lonepegHi
pocrnigxkeHHa [22] nokasanu, WO y AO0POCHMX, XBOPUX
Ha CUCTEMHUA YEepBOHMM BOBYAK Ta pPEBMATOIgHUN
apTpUT 3a OLHKOK OKIH3iHOT Npobu crnocTepiraeTbest
30inNbLUEHHST KOPCTKOCTi BENUKUX CYOUH, SKe MNponop-
LifHe BiKy, CTYNeHIo apTepianbHOI rinepTeHsii, 3anexuTb
BiJ HasiBHOCTI y xBoporo AiabeTy Ta nopyLueHb gyHKUiT
HMPOK i BiA 3acTOCyBaHHs kopTukocTepoigis [23]. MNpoTe
il ouiHKa y nauieHTiB i3 ayToOiIMyHHUMU yBeiTamn Lie He
nposogunacs. Kpim Toro, B3aeMo3B’A30K eHAoTenianbHoT
OMCOYHKLIT 3 aKTMBHICTIO YBEITY, aKTUBHICTIO peBMaTuy-
HOro 3axBOPIOBAHHSA B LNMOMY, Ta SKIiCTIO XUTTS XBOPOI
OUTVHW TaKoX B AOCTYMHUX [pKepenax He OnvcaHui.

Meta pobotm — BM3HAUNTM CTaH eHAoTeni-
anbHOI QyHKUil y Jiten 3 igionaTMyHUMK yBeiTamu
Ta yBeiTaMu, Lo acouiioBaHi 3 FOBEHIMbHUMW apTpuTamu,

Among methods used to assess endothelial
function in large vessels, key techniques include
photoplethysmography, peripheral arterial tonometry,
laser Doppler flowmetry, pulse wave velocity

measurement, and the occlusion (reactive hyperemia)
test [19, 20]. This last test is based on inducing
hyperemia and vasoreactive responses following artificial
occlusion; changes are evaluated by the post-occlusion
increase in diameter of the brachial or femoral artery. The
main parameter of the occlusion test is the percentage
increase in artery diameter mediated by flow-low-
mediated dilation (FMD). The method is founded on the
fact that occlusion leads to metabolite build-up, triggering
compensatory vasodilation upon reperfusion. Mechanical
deformation of endothelial cells during reperfusion
activates potassium and chloride channels, G-proteins,
leading to increased intracellular calcium and secretion
of vasodilators (primarily nitric oxide, endothelial
hyperpolarizing factor, prostacyclin). In turn, reduced
shear stress stimulates production of the vasoconstrictor
endothelin-1. The magnitude of the vasodilatory
response is proportional to the amount of vasodilators
and their ratio to the number of vasoconstrictors. Post-
occlusive dilation is simultaneously influenced by blood
pressure level, endothelial bioavailability for vasoactive
substances, calcium concentration, and the final change
in vessel diameter. Post-occlusive reactions of macro-
and microvessels are determined by different regulatory
mechanisms; unlike microcirculatory disturbances,
the measurement of flow-mediated dilation (FMD)
reflects nitric oxide production to a greater extent [21].
In conditions of endothelial dysfunction, the level of nitric
oxide decreases, leading to insufficient vasodilation
during the occlusion test. Therefore, FMD of the
brachial artery during reactive hyperemia is a relevant
marker of endothelial function and is able to reflect the
functional capacity of large vessels. Previous studies [22]
have shown that in adult patients with systemic lupus
erythematosus and rheumatoid arthritis, assessment
using the occlusion test revealed increased stiffness
of large vessels, which was proportional to age and
the degree of arterial hypertension, and also depended
on the presence of diabetes, renal impairment, and
corticosteroid use [23]. However, such an assessment
has not yet been performed in patients with autoimmune
uveitis. Furthermore, the relationship of endothelial
dysfunction with uveitis activity, overall rheumatic disease
activity, and quality of life of affected children has not
been described in the available literature.

Objective — of this study was to determine the state
of endothelial function in children with idiopathic uveitis
and uveitis associated with juvenile arthritis using the
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3a [JOMOMOTO0 OKITHO3IMHOT NPoby 3 ypaxyBaHHAM xapak-
TEPUCTUKN Ta aKTMBHOCTI YBEiTYy, HasIBHOCTi KoMopbia-
HOCTi Ta OTPUMYBAHOTO MiKyBaHHSI.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Y Mexax BiOKpUTOro MPOCNEKTUBHOIO AOCHIAXEHHS
Oynu obcTexeHi 69 aiten , siki NikyBanucb y KOHCyrnbTa-
TUBHOMY UeHTpi [epxaBHOi ycTaHoBM «BceykpaiHCbkui
LEHTp MaTepuHCTBa Ta AUTUHCTBa HauioHanbHOi akagemii
MEAMYHUX HayK YKkpaiHu» B HayKoBO-npakTU4HOMY
LEeHTpi AMTSYOI peBMaTonorii Ta TPaH3MTOPHOro cynpo-
oy npotsarom 2023-2025 pp., Ta 44 340pOBi AUTUHMU.
MauieHTn 6ynu po3noaineHi Ha Tpu rpynu: 12 piten 3 igio-
natu4yHuM yeeiToMm, 31 XBOpUIM Ha OBEHINbHUIA igiona-
TnyHui aptput (FOIA) 6e3 yBeiTy, 26 xBopux Ha HOIA-a-
coujinoBaHun yBeiT. Cepep XxBOopux Ha yBeiT 2/3 cknaganu
gisyatka. binbLicTb 06CcTeXEHNX NauieHTiB Oynu LUKinb-
Horo BiKy. 65% cknanu xsopi Ha FOlA-acouiioBaHui yBeIT,
27% — Ha i30NbOBaHUN igionaTUYHUA yBEIT, pewTa aiten
CTpaxganu Ha iHWi peBMaTUYHi XBOpoOM 3 ypaxeHHAM
oyen. [liarHo3n OBEHINBHOMO igionaTM4yHOro apTpuTy
(KOIA) BcTaHoBMtOBanuMcs 3rigHo 3 knacudikauiiHumm
kputepiamn ILAR (International League of Associations
for Rheumatology), a piarHosn yBeiTy — BigNOBIOHO
no kputepiie Standardization of Uveitis Nomenclature
(SUN) Working Group. Bci nauieHTu ornsaHyTi Ta peTensHo
0oBCTeXEeHi AUTAYMM peEBMATONOroM Ta odTanbMONoromM
3 BUKOPUCTaAHHAM 300py aHaMHesy, BUKITIOYEHHSM
HWKWX  (IHEKUiNHMX) MPWYUH  YBEITIB, NPOBEAEHHAM
BcebiyHoro obcTtexxeHHA. O6’ekTMBHE odTanbmornoriyHe
0obCTeXeHHs1 BKIOYano 30BHILLHINA ornsig ovelt Ta opbiT,
OLliHKY 30pOBOi PyHKLii 3a gonomorot Tabnuup [ono-
BiHa—CuBLeBa, odTanbMocKonii (QOCNIMKEHHA OYHOrO
OHa, pedpakTomMeTpii, TOHOMETPIi, nepumeTpii, Giomi-
Kpockonii). BuByanacb megnyHa gokymeHtauia (ambyna-
TOPHI KapTu Ta BUTAMM 3 icTopin xBopob), aHanidyeBanuco
OaHi 3aranbHOKNIHIYHNX 0b6CTeXeHb (3aranbHui aHanis
KpoBi 3 ouiHkoto LUOE, GioxiMiyHi OoCnimpKeHHs1 KpoBi
3 oujiHkoto CPB), nabopatopHi mapkepu HOIA Ta igiona-
TUYHWUX YBEITIB (aHTMHYKNeapHi aHTuTina, peBMaToigHnin
dakTop, HLA B27), BU3Ha4eHi 3a yHigikoBaHMK MeToan-
kamun. OuiHka akTmBHocTI FOIA npoBogunachk 3a LUKanow
Juvenile Arthritis Disease Activity Score (JADAS 27).
Y BciXx 06CTeXeHUX naLieHTiB oLjiHoBanach AKiCTb XUTTSA
3a BanigosaHumu onutyeanbHukamu: CHAQ (Childhood
Health Assessment Questionnaire) — Ans ouiHkM izn4HOT
dyHKUIT Y AiTeR, Wo cTpaxaaTb Ha IOBEHINbHUN igiona-
TuaHuA aptput (KOIA), B sikomy HasBHui yeeiT; CHAQ*
(Childhood Health Assessment Questionnaire) — ans
OUiHKM piBHA i3MYHOI (PyHKUil, 34aTHICTb OO BUKO-
HaHHS1 NOBCSIKAEHHMX 3aBOaHb, a TakoX BB XBOPOOU
Ha sKicTb xuTTa nauieHTta; DASH (Disabilities of the Arm,
Shoulder, and Hand) — ouiHtoe dpyHKUiOHaNbHi 0OOMexXeHHSs
Ta 30aTHICTb 40 BMKOHAHHA Pi3HMX Pi3UYHMX 3aBAaHb,
3okpema B ocib 3 yseitom; NEI VFQ-25 (National Eye
Institute Visual Function Questionnaire-25) — ons ouiHkn
TOro, SiK YBEIT BMMMBaE Ha (PyHKLilO 30py Ta 34aTHICTb
nauieHTa BUKOHYBaTU MOBCAKAEHHI 3aBaaHHsA. Bci Bkmto-
YeHi B JOCNIOKEHHS nauieHTn OoTpuMyBanu mikyBaHHS
3a 3aranbHOMPUAHATUMK NpoTokonamu nikysaHHs HOIA,
IOIA 3 yBeiTom Ta igionatuyHoro yeeiTy (MiHicTepcTBo

occlusion test, taking into account the characteristics
and activity of uveitis, the presence of comorbidities, and
ongoing treatment.

MATERIALS AND METHODS OF RESEARCH

As part of an open prospective study, 69 children
treated at the advisory center of the State Institution
«All-Ukrainian Center for Motherhood and Childhood
of the National Academy of Medical Sciences
of Ukraine» at the Scientific and Practical Center for
Pediatric Rheumatology and Transitional Support during
2023-2025 were examined, along with 44 healthy
children. Patients were divided into three groups:
12 children with idiopathic uveitis, 31 patients with juvenile
idiopathic arthritis (JIA) without uveitis, and 26 patients
with JIA-associated uveitis. Most of the examined patients
were of school age. 65% had JIA-associated uveitis, 27%
had isolated idiopathic uveitis, and the remaining children
suffered from other rheumatic diseases with ocular
involvement. Diagnoses of JIA were made in accordance
with the ILAR (International League of Associations for
Rheumatology) classification criteria , and uveitis was
diagnosed according to the Standardization of Uveitis
Nomenclature (SUN) Working Group criteria.

All  patients were examined by a pediatric
rheumatologist and ophthalmologist, including medical
history collection, exclusion of infectious causes
of uveitis, and comprehensive evaluation. Ophthalmologic
examination included external eye and orbit inspection,
visual acuity assessment using Golovin—Sivtsev charts,
fundus examination (fundoscopy), refraction testing,
tonometry, perimetry, and biomicroscopy.

General clinical data from medical records were
analyzed (complete blood count with ESR, blood
biochemistry with CRP, etc.), as well as laboratory
markers of JIA and idiopathic uveitis-antinuclear
antibodies, rheumatoid factor, and HLA B27-using
standardized techniques. Disease activity in patients with
JIA was assessed using the Juvenile Arthritis Disease
Activity Score (JADAS 27). Quality of life was evaluated
using validated questionnaires. All included patients
received treatment according to standard protocols
for JIA, JIA-associated uveitis, and idiopathic uveitis.
(MINISTRY OF HEALTH OF UKRAINE, Order No. 832 of
22.10.2012 and Order of the Ministry of Health of Ukraine
No. 117 of 15.03.2007).

Ultrasonographic examination of the brachial artery
was performed in the patients, and endothelial function
was assessed using the occlusion test parameters [24].
The functional state of the endothelium in medium-caliber
vessels was evaluated by assessing blood flow dynamics
in the brachial artery and changes in its diameter at rest
and during reactive hyperemia [25]. The study was
conducted using a Siemens “Sonoline G-40” ultrasound
diagnostic system (Siemens AG, Germany) according
to the method described by D. Celermajer et al. (1992),
with a 7.5-10.0 MHz linear transducer. A triplex scanning
mode was applied (B-mode, color Doppler flow mapping,
and spectral Doppler frequency shift analysis). The
internal lumen diameter of the brachial artery (D, mm)
was measured before (D1) and after (D2) occlusion. The
systolic/diastolic ratio (S/D) of peripheral resistance was
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OXOpOoHM 3aopoB’a  YkpaiHu, Haka3 Big 22.10.2012
Ne 832 ta Haka3z MOS3 Ykpainu Ne 117 Big 15.03.2007).

MauieHtam Gyna npoBegeHa exorpadis nneyoBoil
apTepii Ta ouiHeHa yHKLiS eHAoTeNito 3a NokasHMKamm
OKNIO3BiNHOI Npobu [24]. ®yHKUiOHanNbHUI CTaH eHpJo-
Tenito CyAMH cepeaHboro kKanibpy BmBYaBCS 3a AOMO-
MOFOI0 BM3HAYEHHSA AMHAaMIKM KPOBOTOKY Yy MMEYO0Bin
aptepii i 3MiHM giameTpa B CTaHi CNOKOK Ta nig 4vac
peakTuBHOI rinepemii [25]. [ocnigXeHHa npoBoaunoch
Ha YnbTPa3BYKOBI [iarHOCTUYHIA cucTteMi Siemens
«Sonoline G-40» (Siemens AG, HimeyunHa) 3a meto-
avkoto D.Celermajer Ta cniBaBT. (1992p.), BUKOpucToBy-
BaBCs NiHinHWMMA gatumk 7,5-10,0 MIu. 3acTtocoByBaBcs
TPUNIEKCHUI PEXUM CKaHyBaHHS (B-pexum, Konbopose
JonnnepiBcbke KapTyBaHHS MOTOKY Ta CNeKTpanbHWUiA
aHania [onnnepiBcbkoOro 3cyBy 4acTtoT). BumiptoBa-
NVCb BHYTPILWHBLO-NPOCBITHUI diameTp Nre4yoBoi apTepii
(D, mm) 3okpema po- (D1) ta nicns (D2) okntosii, po3pa-
XOBYyBanocb cucTonogiactoniyHe CNiBBiAHOLUEHHS
(S/D) nepudepuyHoro onopy, OUiHIOBanMCb MikoBa
cucToniyHa weuakictb (Vps, cm/c), giactoniyHa weua-
kictb (Vd, cm/c), makcumanbHa KiHueBa pAiacTonivyHa
(Ved, cm/c), ycepeaHeHa 3a YacoM MakcumarsbHa WBUA-
KicTb kpoBoTOoKy (TAMX). lNMikoBa cucTonivyHa WBMAKICTb
(Vps) xapaktepudyBana amnnitygy CUCTOMIYHOrO nika.
MakcumanbHa kiHueBa AiactoniyHa weuakicte (Ved)
KPOBOTOKY BpaxoByBanach sik MakcumarnbHa Bernu4yvHa
LWBMAKOCTI B KiHUi AiacTonu i xapaktepuayBana amniii-
TyAoy HeraTMBHOIO Mika B apTepisix 3 BUCOKMM nepude-
PYYHMM OMOPOM, A0 SKUX BiAHOCUTLCA NeYoBa apTepis.
TAMX cknagana ycepegHeHHs LUBUAKICHUX CKIagoBUX
OrMHaK4oi [AONMNMepiBCbKOrO crnekTpa 3a oauH abo
JeKinbka cepueBuMX UMKMIB. IHAEKC pPEe3UCTEHTHOCTI
(RIl) pospaxoByBaBCSH $K BifHOLUEHHS Pi3HULI MNiKOBOT
CUCTOMIYHOI Ta MaKCMMarnbHOI KiHLUEBOI AiaCTonivyHoi
LWIBMAKOCTI KPOBOTOKY [0 MiKOBOI CUCTOMIYHOI LUBUAKOCTI
KPOBOTOKY, nynbcauinHui ingekc (Pl) — Ak cniesigHo-
LWEHHS pi3HMLI MNIKOBOI CUCTONIYHOI Ta MakcuManbHOT
KiHUeBOI AiacTonivyHOI WBWMAKOCTI KPOBOTOKY A0 ycepea-
HEHOI 3a YacoM MaKCUMarbHOI LWBUAKOCTI KPOBOTOKY.

lMpoBeneHoO aHania OTpUMaHUX MOKa3HUKIB y TPbOX
rpynax nopiBHAHHS, BipOriAHICTb OTPUMaHUX pe3ynbsTaTiB
ouiHeHa 3a napaMeTpUYHMMK MOKa3HUKaMu 3 BUKOPUC-
TaHHaM naketa Statistica (StatSoft, Bepcis XIl). 3HaueHHs
p<0,05 BBaXxxanocs CTaTUCTUYHO 3HaYYLLM.

PE3YABTATU
AHania oTpMMaHux pesynbTaTiB nokasaB HasiBHICTb

nopyleHb YHKUIT eHaoTenito B yCix rpynax nauieHTiB
MOPIBHSIHO 3 rPyMoK 340POBUX AiTen (Tabn. 1).

calculated, and the following blood flow parameters were
assessed: peak systolic velocity (Vps, cm/s), diastolic
velocity (Vd, cm/s), maximum end-diastolic velocity (Ved,
cm/s), and time-averaged maximum velocity (TAMX). The
peak systolic velocity (Vps) reflected the amplitude of the
systolic peak. The maximum end-diastolic velocity (Ved)
was considered as the highest velocity value at the end
of diastole and reflected the amplitude of the negative peak
in arteries with high peripheral resistance, such as the
brachial artery. TAMX represented the averaged velocity
components of the Doppler spectral envelope over one
or several cardiac cycles. The resistance index (RI) was
calculated as the ratio of the difference between the peak
systolic and maximum end-diastolic blood flow velocities
to the peak systolic blood flow velocity. The pulsatility
index (Pl) was calculated as the ratio of the difference
between the peak systolic and maximum end-diastolic
blood flow velocities to the time-averaged maximum
blood flow velocity. Statistical analysis was performed
using parametric tests (Statistica, StatSoft, version XII);
p < 0.05 was considered statistically significant.

RESULTS

The analysis revealed endothelial dysfunction in all
comparison groups (Table 1).

Ta6nuus 1. MNoka3HuKM OKMIo3iiHOI Npobu y AiTen 3 igionatuyHum yBeitom, KOlA-acouinoBaHum yBeiTom Ta FOIA (M+m)
Table 1. Occlusion test results in children with idiopathic uveitis, JIA-associated uveitis, and JIA (Mtm)

Ipynu obcTexxeHux aiten
Groups of children examined

[Moka3HWK OKIH3iNHOT MPobu lgionatnyHWi isonboBaHUM IOl A-aCOLIiiOBAHMA VBETT
Occlusal test indicator 300posi aitn, n=44 yBeiT, n=12 Lln=26 ygerr, IOIA, n=31
Healthy children, n=44 | Idiopathic isolated uveitis, . e JIA, n=31
n=12 JIA-associated uveitis, n=26
D1, Mm 2,70,0,07 2,82+0,17 2,60,1 2,7740,1
D1, mm
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lpodoexeHHss mabnuui 1

D2, mm 3,140,08 2,78+0,18* 2,6+0,14* 3,0120,1
D2, mm
D, % 14,6+2,9 0,87+3,47# 0,1243,9# 9,13+2,53*
Hac BIAHORINEHHS, CeK. 4,8+0,48 22+11,34# 17,4541, 7# 20,77+6,2#
recovery tlme, SecC.
BAXIAR 3,540,26 4,610,43 3,38+0,21 3,20+0,24
original
15 cex 2,92+0,22 3,03+0,38 2,9+0,26 2,62+0,21
15 sec
90 cex 3,3240,16 3,65+0,43 3,2940,28 3,96+0,31
Pl 90 sec
38 3,65+0,24 4,29+0,52 3,2940,3 3,18+0,23
3 min
5 xB
; 3,3+0.21 4,140,36 2,99+0,24 3,24+0,25
5 min
;;f‘n 6,04+2,38 3,8240,45 3,43£0,33 3,3740,24
Buxinki 1,020,02 0,96+0,04 0,9940,03 1,03+0,03
original
15 cex 0,89+0,02 0,86£0,02 0,95£0,04 0,93+0,07
15 sec
90 cex 3,4442.4 0,04£0,03° 0,0840,04 ° 1,01£0,03 °
RI 90 sec
3x8 3,542,7 1,03+0,04 © 1,1240,04 © 1,12+0,03 ©
3 min
5xB
; 1,06+3,93 1,08+0,06 1,09+0,03 1,07+0,03
5 min
7 xB
; 1,08+4,1 0,98+0,04 1,12+0,04 1,11%0,03
7 min
Buxinwi 12,9427 19,4145 43 15,6+4,24 13,76+3,36
original
15 cex 12,9¢2,7 9,35+1,62 10,46+1,45 8,240,98
15 sec
90 cex 8,9+1,04 11,5141,79 10,63+1,7 23,7345,2
90 sec
) .
X8 11,941,8 17,52+3,97 15,545,74 9,95+1,51
3 min
5 xB
oo 17,41+3,9 15,31+2,97 19,72+7,77 13,38+3,05
;;f’n 17,23+3,5 13,20+2,37 16,39+5,68 9,54+1,42
Buxinki 7143,9 71,22+10,94 °* 64,78+7,27 66,46+6,23
original
15 cex 89,043,7 102,0349,38 74,9447 87 87.6+4.82
15 sec
90 cex 79,25+4.,6 88,44+7,11 61,16+5,65 73,3245 48
Vps, cm/ 90 sec
cek 3 xB
s 66,45+3,7 75,79+7,17* 50,26+4,69 63,7145
55mX:3n 67,04+3,9 68,71+7,57 59,67+4,41 64,24+5 47
Z;?n 68,5+4,1 63,62+7,26 57,086,3 57,66+4,27
Buxinwi 12,35+2,4 5,97+1,87*# 6,89+0,88*# 11,48+2,53
original
15 cex 15,15+1,6 13,66+2,15 11,742,06 19,65+4,59
Ved, cm/ 15 sec
ceK 90 cex 1,8+1,11 9,82+1,83 9,03+1,33 9,22+1,35
90 sec
3 xB
; 12,23+2.4 7,88+2,6 7,68+1,01 9,66+1,05
3 min
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58 10,72+1,67 7,7742,43 7,7241,02 8,94+0,96

Ved, cm/ 5 min
cex 7 x8 10,64+2,44 7.16+1,94 76311 9,43+0,97

7 min
Buxinwi 27,29+2,8 15,1141,97 23,46+5,12 22,98+3,15

original

15 cek
32,43+2,23 32,73+4,67 28,34+3,68 34,31+2,53

15 sec

90 cek
TAMX, 90 sec 26,44£2,33 26,11£3,94 23,43+4,01 22,4+2,59
cwcex 33éi3n 22,35+1,8 20,5143,46 19,34+2,31 24,69+3,18
55mX:3n 27,09+2,8 18,94+3,044# 25,18+3,29 25,20+3,62
;;f’n 23,18+2,25 20,34+4,69 °© 21,88+3,62 20,57+1,92

lMpumimku / Notes:

* — pi3HMUS BiporifHa y NOpiBHsSIHHI 3 NoKasHWKOM Y Aitew 6e3 yBeity (p<0,05),
# — pi3HMLA BipOriAHa y MOPIBHSAHHI 3 MOKa3HUKOM Yy 3gopoBux Aiten (p<0,05),

© — pi3HULS NOPIBHAHO 3 rpynoto 3goposux aiten (p<0,1).

* — the difference is significant compared to the indicator in children without uveitis (p<0.05),
# — the difference is significant compared to the indicator in healthy children (p<0.05),

° — the difference compared to the group of healthy children (p<0.1).

HasBHICTb CUCTEMHOrO  ayTOIMYHHOIO  YpPaXKeHHsI
CynpOBOMKYBanacs MOPYLUEHHAMWU PO3LUMPEHHST CYAWH
nicnsa okmno3ii, Npo Lo CBigYUTb AOCTOBIPHO MEHLLWNA, HiXX
y 340pOBUX AiTen, NOCTOKMO3IMHUIA BHYTPILIHIA diameTp
nneyoBoi apTepil Ta HeQOCTaTHICTbL NPUPOCTY 1T AiameTpa
y BCiX rpynax MOpiBHAHHA Ta 3Ha4yHO OinblMi 4ac
BIOHOBMEHHSA AiameTpa CyAMHW Nicnsa i NepeTuCKaHHs.
3Beprano Ha cebe ygary, wo D2 6yB 3HayHO GinbLiowO
MipOI0 3HWXEHMI B 060X rpynax nauieHTiB 3 HasiBHICTIO
YypaKeHHs1 ouei, Hix y xBopux Ha FOIA 3a BigcyTHOCTI
yBeiTy. BiacyTHiCTb agekBaTHOI peakLii Npu NpoBeAeHHi
OKITHOBiNHOT Mpobu MoXe nosicHioBaTUCs Ge3nocepeHim
BMNNMBOM npo3ananbHUX LWTOKIHIB Mig 4ac pO3BUTKY
ayTOIMyHHOrO 3ananeHHs Ha KniTuHu enpgoTenito. BHac-
nigok obMexeHHs1 nepudepPUHHOro KpOBOMOCTaYaHHs!
PO3BMBAETLCHA (PYHKLOHANbHA FMOKCis TKAHWH, WO BKpamn
Hebe3neyHa nepeaycim ans 3abap’epHuX opraHiB (Takmx
SIK OKO), i MOTEHUINHO 34aTHa NpM3BOAUTU OO XPOHisauii
3anarneHHs [26].

BusiBneHi npoTunexHo cnpsiMoBaHi 3MiHW LUBWMAKOCTI
CUCTONIYHOrO TOKY KPOBi Ha TNi 3MEHLUEHHS AiacTonivHol
LUBWUAKOCTI CNPUANN 3HWKEHHIO iHOEKCY PE3UCTEHTHOCTI
y nauieHTiB sk 3 FOIA 3 yBeitom, FOIA 6e3 yBeiTy, Tak
i npu igionatMyHoMy i3onboBaHoMy yBeiTi. OTpumaHi
pes3yrnbTaTu MOXYTb CBIOYMTU MPO MOPYLUEHHS eHOoTe-
nin3anexHoi Basogunatauii Ta 3HWKEHHS enacTUYHOCTI
CYAMHHOI CTiHKM HaBiTb 3a BiACYTHOCTI KMiHIYHMX NpOsiBIB
yBeiTy. Ockinbku nynbcauiiHui iHOeKC, iHOeKC pesuc-
TEHTHOCTI Ta ChiBBIAHOLLEHHS CUCTOMIYHOI Ta AiacTo-
NiYHOI LWBKWAOKOCTI KPOBOTOKY He BIiOPI3HANMCS [OCTO-
BIDHO MK rpynamu MOPIBHAHHS, MOXHa NpUNycTUTU
HasiBHICTb KOMMNEHCATOPHMX MeXxaHi3MiB nepudepnyHoi
CYAMHHOI peakuii, siki He OuiHBanuchb y AaHOMy O0CHi-
DKeHHi. BusiBneHi TeHOeHUii 0o 3pocTaHHs nynbcauin-
HOro iHOEeKCy Ta CUCTONO-AiacToNi4YHOro CniBBiAHOLIEHHS
y AiTen 3 yBeiToM NOGiYHO CBIAYNN NPO 3POCTaHHA B HUX
nepndepru4HOro onopy i XXOPCTKOCTi CYAMNH.

According to the results, the presence of systemic
autoimmune lesions is accompanied by violations
of vascular expansion after occlusion, as evidenced by the
reliably smaller than in healthy children, the siluts of the
shoulder artery and the lack of growth of its diameter in all
the reconstruction of the diameter. Moreover, it was noted
that D 2 was much more reduced in both groups of patients
with the presence of eye damage than in patients with JIA
in the absence of uveitis. The absence of an adequate
response during an occlusive test can be explained by the
direct influence of proinflammatory cytokines during
the development of autoimmune inflammation on the
endothelial cells. Due to the restriction of peripheral
blood supply, functional tissue hypoxia develops, which
is extremely dangerous for the pre -agricultural organs
(such as the eye), and is potentially capable of leading
to chronic inflammation [26].

The detected anti -directional changes in the velocity
of systolic blood flow on the background of a decrease
in diastolic velocity contributed to the reduction of the
resistance index in patients with JIA with uveitis and with
JIA without uveitis and with idiopathic isolated uveitis. The
results indicated a violation of the endothelial vasodilation
and a decrease in the elasticity of the vascular wall, even
in the absence of clinical manifestations of uveitis. Since
the pulsation index, the resistance index and the ratio
of systolic and diastolic blood flow velocity did not differ
significantly between the comparison groups, it is possible
to assume the presence of compensatory mechanisms
of peripheral vascular reaction that were not evaluated
in this study. Trends to the growth of the pulsational index
and systole-diastolic ratio in children with uveitis indirectly
indicated the growth of peripheral resistance and rigidity
of the vessels in them.
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OuHamika npoBigHUX MapkepiB eHgoTenianbHoOI
ancdyHkuii B obctexxeHux piten  (puc.1) cBigunThb,
WO Hanbinbl 4YyTNUBUM MapKepoM ii  BUSIBMEHHS
y nauieHTiB 3 ayToiMyHHMMM yBeiTamMW, € MpupicT
JiameTpa nne4voBoi apTepii micnga i okntosii Ta iHOeKC
PE3NCTEHTHOCTI.

lMpoananizoBaHa CTpykTypa TuMiB eHAoTenianbHol
dyHKUii y 3gopoBux fitew, giten 3 FOIA 6e3- Ta 3 HasB-
HiCTIO YBEiTy Ta y nmaujieHTiB 3 igionatnyHumun (isonboBa-

The evaluation of the visual dynamics of leading
markers of endothelial dysfunction in the surveyed
children (Fig. 1) shows that the most sensitive marker
of its detection in patients with autoimmune uveitis is the
increase in diameter of the artery diameter after its
occlusion and the index of resistance.

The structure of types of endothelial function in healthy
children, children with JIA, and with uveitis and patients
with idiopathic (isolated) uveitis (Table 2) is analyzed.

HVYMK) yBeiTamu (Tabn. 2).

Tabnuusa 2. Posnogin giten 3 igionatuyHum yBeitom, FOlIA-acouinoBaHum yBeiTom,
FOIA Ta 3gopoBux aiTew 3a TUNOM MicNAOKMN3iNHOI peakuii, n (%)
Table 2. Distribution of children with idiopathic uveitis, JIA-associated uveitis,
JIA and healthy children by type of post-occlusive reaction, n (%)

Twn Ipyna obcTexxeHnx giten
NiCrSOKNI3iNHOT peakwji . ) oo .
. LT 3a0poBi Aitn |aionatnyHuin (i3onboBaHwmit) tOIA,
NetoBot apTepil y Atren n=44 yBeiT, =12 IOIA-acoLjiitosaHuii yeeir, n=26 |  n=31
Types of post-occlusive brachial Health)izzndren Idiopathic (|siJ:a2ted) uveitis, JIA-associated uveitis, n=26 J_Ié1
artery reaction in children n= n= "
lnepepriyHa '
Hyperergic 6(13.63) 1(83) 2(7.69) 5 (16.12)
linoepriynHa 2 N *
Hypoergic 3(6,8) 4 (33,3) *# 7 (26,92) *# 17 (54,83)
HopwmoepriyHa 3 * " *
Normoergic ° 35 (79,54) 1(8,3) 3 (11,53) 5(16,12)
MapapokcanbHa * * X *
Paradoxical * 0 4 (33,3) *# 8 (30,76) *# 4(12,9)

IMpumimku / Notes:

" HopmoepriuHa (I TMn) — 36inblueHHs aiameTpa nneyosoi aptepii Ha 10-20% nicnsa oknio3ii,

2 TinoeprivnHa (Il TvN) — BiACYTHICTb peakuii Nne4oBoi apTepii Ha oknto3ito abo 36inbLueHHs giameTtpa Ao 10%,

3 inepepriynHa (1l TMN) — 36inbLIEHHs aiameTpa nneyoBoi apTepii Ha 20—40% nicns oknto3ii,

4 MapapgokcanbHa (IV Tin) — 3aMeHLLeHHs AiameTpa nneyvoBoi apTepii nicns oknosii,

*— pi3HMUS BiporigHa y NOPIBHAHHI 3 NOKA3HMKOM Y rpyni 30OpoBuUX OiTew,

# — pisHMUA BiporigHa nNpu NOpPIBHSAHHI 3 MokasHukoM Yy rpyni Aiten 3 FOIA 6es yBeiTy.

" Normoergic (type |) — an increase in the diameter of the brachial artery by 10-20% after occlusion,

2 Hypoergic (type Il) — lack of response of the brachial artery to occlusion or an increase in diameter of up to 10%,
3 Hyperergic (type Ill) — an increase in the diameter of the brachial artery by 20-40% after occlusion,

4 Paradoxical (type 1V) — reduction in the diameter of the brachial artery after occlusion,

*— the difference is significant compared to the indicator in the group of healthy children,

# — the difference is significant when compared with the indicator in the group of children with JIA without uveitis.

BcraHoBneHo, WO y AiTer 3 yBEiTOM BiporigHO yacTile
BUSIBNANMCH FiNOEPriYHniA Ta napagokcanbHUM TUNu nicnsio-
KMO3iNHOI peakuil, HiX y OiTen, SKki He Manu ypaxXeHHs! o4en.
lnoepriyHnin TVN peakuii y Bcix fiten 3 yseitom (06uaBi
rpynu) 3yctpidascs B 11 Bunagkax (28,94%), wo 6yno
BOBIYI pidLle, HibK 3a BigCyTHOCTI yBeiTy (Tabn. 2). Mapa-
[JoKcanbHUA TUN BUSBNeHWUN y 12 fiten i3 BCix 44 nauieHTiB
3 yeeitom (31,57%), wo Oyno BTpudi 4yacTiwe, Hix 6e3
yBeiTy (12,9%). Y rpyni 300poBux AiTen napagokcanbHUm
TWN NICASIOKMIOSINHOI peakLii He crnocTepiraeca.

KopenauiiHnii aHania BUSIBUB 3B'A3KM MK HasiBHICTHO
AvcTpodii poriBKM Ta KiHLEBOK AiaCTOMIYHOK LUBUAKICTIO
kpoBoToky (r=0,55, p<0,01) Ta MakcumanbHOK LIBUA-
KICTIO KPOBOTOKY B YCi nepiogn BumiptoBaHHs (r =-0,58 —
r =-0,64, p<0,01). OTpumaHi pesynsrat NigTBEPOXKYIOTb,
LLIO 3MEHLLEHHs1 06’eMy KPOBOMOCTa4aHHsi CMPUSIE PO3BUTKY
ONCTPOiYHMX npoueciB. AHanoriyHa TeHOeHUis Bigmi-
YeHa y NavujieHTiB 3 KatapakTol Mpy BU3HAYEHHi kKopensuii
3 AiacTonivyHoK LWBMAKICTIO KpoBOTOKY (r=0,49, p<0,01).
BigmidveHa npsma KopensuiiHa 3anexHiCTb  KinbKOCTi
npeuuniTatis y nepegHLOMy BiApi3Ky OKa Ta AiaCTomniyHol
LUBMAKOCTI KPOBOTOKY Ha 7- xB. BuMiptoBaHHsA (r=0,66,

According to the received data, children with uveitis
are more likely to have hypoergical and paradoxical
types of afternoon reaction according to an occlusive
test than in children who did not have eye damage. The
hypoergical type of reaction in all children with uveitis
(both groups) occurred in 11 cases (28.94%), which was
twice less frequently as in the absence of uveitis (Table 2).
The paradoxical type was found in 12 children from all
44 uveitis patients (31.57%), which was three times more
often than without uveitis (12.9%). In a group of healthy
children, the paradoxical type of afternoon is not observed.

The direct dependence of the presence of the corneal
dystrophy on the final diastolic velocity of blood flow
(r = 0.55, p<0.01) and the maximum blood flow rate
at all period periods was revealed: R was -0.58 to
-0.64, p<0,01 The results obtained confirm that the
decrease in the volume of blood supply contributes to the
development of dystrophic processes. A similar tendency
is observed in patients with cataract (r = 0.49, p<0,01 in
determining correlation at diastolic blood flow). The direct
correlation dependence of the number of precipitates
in the anterior segment of the eye (r = 0.66, p<0,01)
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p<0,01), a Takox BusABNEHHs ibposy cknonogibHoro Tina
Ta AiaCToNiYHOI LWBMAOKOCTI KPOBOTOKY Ha 3-1, 5-1 Ta 7-1 XB.
(r=0,73; 0,67 Ta 0,71 BignosigHo, p<0,01). NpoTe He BusAB-
NEeHO B3aEMO3B'AI3KY (PyHKLii eHOoTenito Ta MaKynsipHoOro
HabpsiKy CIiTKIBKM, PO3BUTKY PETUHOBACKYMITY Ta ypaXeHHs
nepeaHbLOro Bigpi3ka oka. MoxHa BBaXaTw, LLIO BOHY € nepe-
BaXKHO pPe3yrnbsTaTtoM iMyHHOIO MeXaHi3My YPaXKEeHHs1 CyaUH.

BwmicT reMorno6iHy KopentoBaB 3 iHAEKCOM PE3NCTEHT-
Hocri (r=0,43-0,53, p<0,01), cuctono-giactoniyHum cnis-
BigHoweHHAM (r=0,60-0,77), piacToniyHOW0 LIBWAKICTIO
kpoBoToky (r=-(0,54-0,56), p<0,01) Ta 3 ycepeaHeHow
MakcUManbHOW LWBMAKICTIO kpoBoTOKy (r=0,56-0,67,
p<0,01), wo BKadyBarno Ha [AOA4ATKOBWUWA HeraTUBHUN
BMMMB LIMPKYNATOPHOI FiNOKCIii Ha OyHKLit0 eHaoTenito.

BwmicT BiTamiHy [1 B 06CTEXEHMX XBOPUX 3BOPOTHLO
KOpernoBaB 3i LWBMAKOCTAMM KPOBOTOKY B Aiactony (r Big
-0,44 po -0,46 p<0,1) Ta 3 NOKa3HWKaMu ycepeaHEeHOI
MaKCMManbHOI LWBUAKOCTI KpoBOTOKY (r=0,47, p<0,01) Ha
5- xBunuHi BuMiptoBaHHA Ta r=0,56, p<0,1) Ha 7-1 XxB.
BU3HAYEHHS).

AKTUBHICTb 3ananbHoro npouecy (3a LWOE ta CPB)
HeraTMBHO BiA3Ha4anacst Ha OyHKUii eHgoTenito y naui-
EHTIB 3 ayTOiMyHHMMK xBopobamu. bBinblwotw mipoto
3pocTaHHs piBHA CPB cnpusino 3HmkeHHo iHaekcy pesnc-
TEHTHOCTi Ta 3pPOCTaHHI0 CUCTOMIYHOI MIKOBOI LUBMAKOCTI
KpoBoToKy (r gopiBHioBaB -(0,63—0,67) ta 0,56 Bigno-
BioHO, p<0,1). HanbinbLw BupasHi 3aMiHM BigMiYeHi B rpyni
nauieHTiB i3 OAHOYACHMM YpPaXKeHHsIM CyrrnobiB Ta o4ei.
He Bu3HayeHO 3amexHOCTi MapkepiB eHgoTernianbHol
ONCAYHKLIiT 3a OKMNO3iNHOK NpoboKo Big NO3UTUBHOCTI
3a HLA B27 Ta TUTpiB aHTUHYKNEapHUX aHTUTIN y XBOPUX
3 ycix 06CTEXEHMX rpyr.

OBrOBOPEHHS

BrB4eHHA eHpoTenianbHoOi AMCYHKLIT NpoBOAUIOCH
paHiwe, 0cobnMBO MNpU BMBYEHHI MapkepiB akTusaLii
eHOOoTenNil0 — MKKMITUHHUX Momnekyn agresii npu remo-
pariyHmx Backynitax. [lokasaHo, wWo npu rocTpin dasi
3ananbHOro NpoLecy NiABULLYETLCS PiBEHb 30BHILLHBOKI-
TUHHUX Monekyn agresii (ICAM-1), BHYTPILLHBOKIITUHHWX
monekyn agresii (VCAM-1), VEGF, L-cenektuHy, a npwu
peunanBHUX Ta XpoHiyHmx npouecax — ICAM-1, VCAM-1.
MigBULLIEHHA PIBHSA MDKKNITUHHUX MOmnekyn agresii, ski
30epiratoTbCsa Nig Yac KNiHIYHOT pemicii, Moxe cBigunTK
Mpo 3aroCTpeHHs XxBopobu abo nepexig y XpoHiuHy hopmy
[27]. BumiptoBaHHsi NOTOKO3aNeXHOI Aunatawii nne4yosoi
apTepii BBaXa€TbCA «30MOTUM» CTaHAAPTOM Y BUBYEHHI
eHpoTenianbHoOi yHKUii cyauH [28]. ABTopun Bigmiyanu,
Lo came CTaH eHOoTenilo BU3Ha4ae xapaktep nepebiry
CYOVHHMX YPaXXeHb NpU 3aXBOPKBAHHAX SIK peBMaTuy-
HOro, TaK i HepeBmaTn4Horo npodinto. OTpumani B 4aHoOMy
OOCMiHKEHHI pesynbTath, AKi NiATBEPKYOTb HasBHICTb
PaHHIX CyAWHHUX AUCKYHKUIA y AiTen i3 ayTOIMyHHUMMU
xBopobamu, TakoX MigPecrnioTb AOLUIMbHICTE 3acToCy-
BaHHSA OKIIO3IMHOI Npobu ANnst BUSIBMEHHS CYOKMiHIYHMX
3MiH eHagoTenianbHOI YHKLIT B L KOrOpTi NaLLieHTIB.

Takox BigMi4eHa NPOrHOCTUYHA Porb eHAoTeNianbHoI
ONCAYHKLIT AN OLiHKM NPUCKOPEHHS nepebiry 3ananbHmX
MEXaHi3MmiB, LLO NnexaTb B OCHOBI Pi3HUX PEBMAaTUYHUX
3axBoptoBaHb [29]. [QuHamika 3MiH MOKasHMWKIB, OTpU-
MaHUX Yy XBOPUX AiTEN, OO3BOMSAE BBaXaTu MOXIMBUM

of diastolic blood flow rate for 7 min is noted. Measurement,
as well as detection of fibrosis of the vitreous and
diastolic flow rate of blood at 3y, 5th and 7th min. (R is
0.73; 0.67 and 0.71 respectively, p<0,01). However, the
effect of endothelial function on the macular edema of the
retina, the development of retinated vasculitis and lesions
of the anterior segment of the eye were not revealed,
which indicates that they are mainly a consequence of the
involvement of the immune mechanism of damage.

The hemoglobin content correlated with the resistance
index (r = 0,43-0,53, p<0,01), systole-diastolic ratio
(r = 0.60-0.77), diastolic blood flow rate (R =-(0.54-0,56,
p<0,01) and with time-averaged maximum blood flow
velocity (r=0.56—-0.67, p<0.01), indicating an additional
negative impact of circulatory hypoxia on endothelial
function.

The content of vitamin D in the examined patients
reversely correlated with blood flow rates in diastole (r from
-0.44 to -0.46, p<0,1) and with indicators of the average
maximum blood flow rate (r = 0.47, p<0,01 at 5th minute
measurement and R = 0.56, p<0,1 on 7th min. definition).

The activity of the inflammatory process (ESR and
SRB) was negatively noted on the function of endothelium
in patients with autoimmune diseases. To a greater extent,
the increase in the level of CRB contributed to the reduction
of the resistance index and the growth of systolic peak
blood flow rate ( R was equal to -(0.63-0.67) and 0.56,
p<0,1 respectively). The most distinct changes are noted
in the group of patients with concomitant joints and eyes.
The dependence of markers of endothelial dysfunction
by occlusal breakdown on the detection of HLA B 27 and
titers of antinuclear antibodies in patients of all surveyed
groups is not determined.

DISCUSSION

Endothelial  dysfunction has been investigated
previously, particularly through the study of endothelial
activation markers — intercellular adhesion molecules —
in hemorrhagic vasculitis. It has been shown that during
the acute phase of the inflammatory process, levels
of extracellular adhesion molecules (ICAM-1), vascular
cell adhesion molecules (VCAM-1), VEGF, and L-selectin
increase, while during recurrent and chronic processes,
ICAM-1 and VCAM-1 remain elevated. An increase
in intercellular adhesion molecules persisting during
clinical remission may indicate either disease exacerbation
or progression to a chronic course [27]. Flow-mediated
dilation of the brachial artery is considered the “gold standard”
for assessing vascular endothelial function [28]. The authors
have noted that endothelial status largely determines the
course of vascular involvement in both rheumatic and
non-rheumatic diseases. The results obtained in this study,
which confirm the presence of early vascular dysfunction
in children with autoimmune diseases, also emphasize the
relevance of using the occlusion test to detect subclinical
endothelial dysfunction in this patient cohort.

The prognostic role of endothelial dysfunction
in assessing the acceleration of inflammatory mechanisms
underlying various rheumatic diseases has also been
noted [29]. The dynamics of the parameters obtained
in the affected children suggest that this method may
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BMKOPUCTaHHSA 4aHOro MeToAy Ans MOHITOPUHrY nepebiry
yBeITY, L0 nexaTb B OCHOBI Pi3HMX peBMaTUYHUX ayToi-
MYHHMX 3aXBOPOBaHb.

Mpu KOIA 'y piTe eHgoTenianbHa ANCAYHKLIA cnocTe-
piranacs npubnusHo y 27% nadieHTiB (cnasm nnevoBoi
aptepii npu npobi Ha eHaoTenin3anexHy aunatadiio),
i Byna acouinoBaHa 3 Mapkepamu 3anasnbHOi aKTUBHOCTI
(piBHeM C-peakTuBHoOro 6inka ta cepomykoigis) [30].

XpoHizauisas  cyGkniHiYHOro  3ananbHOro  mpoecy
B CYAMHHI 0OO0MOHLi OKa ayTOiIMyHHOro XxapakTepy 3anu-
LWAETbCA HaMbINbLL akTyanbHOK NPobnemMoo nikyBaHHS
yBeiTiB Ha cydacHomy etani [31]. lNMponoHrauia yseiTy
XapakTepusyeTbCcs 3MiHamMu B CyaMHax y BUMSAAI iHDinb-
Tpauii 3ananbHUX KNITUH y340BX CTIHOK CyOUH Ta MOXe
NpU3BOAMTM [0 Pi3HMX MPOSBIB iwemii Ta/abo cyauHHOT
HepocTaTHOCTI [32]. ToMy BUSABMEHI NOPYLUEHHS, @ TakoX
BCT@HOBITEHUA [OOCTOBIPHWUA 3B’A30K CTYMEHA eHpoTe-
nianbHOT ANCKYHKLiI 3 MOKasHWKamu 3ananbHOi akTuB-
HOCTi Ta MapkepamMun ayTOiMyHHOI akTuBaLii (Hanpuknag,
piBHem C-peakTuBHOro 6inka) [OBOAATL BaXIUBICTb
MeToAy OUiHKM eHAoTenianbHOT PYHKLIT B CNOCTEPEXEHHI
fiTen 3 ypaKeHHsIM CyAMHHOI 0OOMOHKM OYelt, B nepLuy
yepry ayToiMyHHOrO XapakTepy.

BusBneHa eHpgotenianbHa AUCAYHKLIA y AiTewn 3 igiona-
TUYHMMY yBeiTamMu Ta yBeiTamu Ha i FOIA ckopille 3a Bce
NpU3BOAMTL [0 MOPYLUEHHS MIKpOreMoauHaMiku B CTPYK-
Typax okKa, LLO MOTEHLIAHO MOXe CMPUSITV NPOMOHTYBaHHIO
3ananbHOro NpoLecy, NOTipLUEHHIO 30py OUTVHW i BINNBaTH
B ModanbLUOMy Ha SKiCTb il xuTTa. Ha 4yac gocnimkeHHs
npoBedeHNn KOPEensauiiHN aHani3 MNoKasHWKIB eHaoTe-
nianbHOI (PyHKUii HEe BWABMB B3aEMO3ANEXHOCTI NOKas-
HUKIB eHgoTenianbHOI PYHKLUT Ta MOKa3HMKIB SIKOCTi XUTTS
XBOPWX AiTe, ane Taki 3MiHW MOXYTb 3'SBUTUCh NpW GinbLu
TpvBanomy nepebiry ypakeHHs opraHa 30py.
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be useful for monitoring the course of uveitis associated
with various rheumatic autoimmune diseases.

In children with JIA, endothelial dysfunction was
observed in approximately 27% of patients (manifested
as brachial artery spasm during the endothelium-
dependent dilation test) and was associated with
markers of inflammatory activity (C-reactive protein and
seromucoid levels) [30].

The chronicity of the subclinical autoimmune
inflammatory process in the uveal tract remains one
of the most critical challenges in the treatment of uveitis
at present [31]. Prolonged uveitis is characterized
by vascular changes, including inflammatory cell infiltration
along the vessel walls, which may lead to various
manifestations of ischemia and/or vascular insufficiency
[32]. Therefore, the identified abnormalities, as well as the
established significant association between the degree
of endothelial dysfunction and markers of inflammatory
activity and autoimmune activation (such as C-reactive
protein levels), underscore the importance of assessing
endothelial function in the follow-up of children with uveal
involvement, particularly of autoimmune origin.

The detected endothelial dysfunction in children with
idiopathic uveitis and JIA-associated uveitis is likely to lead
to impaired microhemodynamics in ocular structures,
which may potentially contribute to the persistence
of the inflammatory process, deterioration of the child’s
vision, and subsequently affect their quality of life. At the
time of the study, correlation analysis of endothelial
function parameters did not reveal any relationship
between endothelial function and quality-of-life indicators
in affected children; however, such associations may
emerge with a longer duration of ocular involvement.
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Yy XBOPUX 3 ayTOIMYHHUMW ypaXKeHHsIMU CyrnobiB i oven
yacrTile, HiK y 300pOoBMX AiTel, BigMiYaeTbca napa-
OOKCanbHWA Ta TNOEPriYHUA TUM  OKMH3INHOT Npobu,
NprvyoOMy Y4acToTa BUSIBAIEHHS MapafokcanbHOI peakuil
3pocTaEe y BMNagKkax 3 ypaxeHHsMm opraHa 3opy. Buss-
NEeHHs 3a3Ha4yeHVX MopyLleHb CBiAYUTb MPO  MOXIKW-
BiCTb 3aCTOCYBaHHsI OKMO3iHOT NPOOK A1 MOHITOPUHTY
i NporHo3y nepebiry ayToiMyHHVX YBEITIB y AiTEN.

Y piten 3 aytoimyHHUMu yBeitamu (17,4%) Biamiva-
€TbCS NOPYLUEHHS (PYHKLiT eHOoTenito, WO CyrnpoBOAXY-
€TbCS 3BY)KEHHSIM cepeaHboro aiamerpa cyavH (33,2%),
3MeHLeHHsaM oro npupocTty (40,2%), 36inblueHHAM
nynbCOBOro iHAeKcy (46%) i 3MEHLLEeHHAM iHAeKCy pesunc-
TEHTHOCTI (46,4%). 3a3HaueHe cnpwusie BipOrigHOMY 3MeH-
LUEHHIO LUBMAKOCTI KPOBOTOKY B AiacToni Ta PO3BUTKY
rinokcii TkaHuH (57,3%), Wwo, BiporigHo, noripwye nepebir
3ananbHOro MpoLecy B OopraHi 3opy i Moxe dopmyBaTu
MOPOYHE KOO MiATPMMAHHS 3ananeHHs.

Y xBopux 3 HOIA Ta KOlA-acouiioBaHMM yBeiTOM napa-
[OKCanbHWIA TN OKMH3iNHOT Npobu Busensasca y 25,8 %
Ta 15,4 % nadientiB BignoBigHO, nopiBHAHO 3 0 %
y 3pgoposux giten (p<0,05). MNnoepriyHnin TMN cnoctepi-
raBcsiy 22,6 % piten 3 HOIA T1a 15,4 % piten i3 FOIA+yBeiT,
TOAi SIK y KOHTPOMbHIN rpyni BiH He dikcyBaBca (p<0,05).
YacTtoTa napagokcanbHOi peakuii 3pocTae y Bunagkax
ypaKeHHs opraHa 30py.

In children with autoimmune uveitis, endothelial
dysfunction is more  pronounced, manifested
by a reduction in the mean vessel diameter, decreased
vasodilatory response, increased pulsatility index, and
reduced resistance index. These changes contribute
to a significant decrease in diastolic blood flow velocity and
tissue hypoxia, which may exacerbate the inflammatory
process in the eye and create a vicious cycle sustaining
inflammation.

The study demonstrated that children with autoimmune
involvement of the joints and eyes more frequently
exhibit paradoxical and hypoergic types of the occlusion
test compared to healthy controls, with the frequency
of paradoxical responses increasing in cases of ocular
involvement. Detection of these abnormalities indicates
the potential utility of the occlusion test for monitoring and
predicting the course of autoimmune uveitis in children.

Specifically, among children with autoimmune
uveitis, endothelial dysfunction was observed in (17.4%)
of patients, associated with a reduction in mean vessel
diameter (33.2%), decreased vasodilatory response
(40.2%), increased pulsatility index (46%), and decreased
resistance index (46.4%). These changes were associated
with a reduction in diastolic blood flow velocity (57.3%)
and tissue hypoxia, likely worsening the course of ocular
inflammation and potentially forming a self-perpetuating
cycle of inflammation.
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3acTocyBaHHA OKMNO3iiHOI NPOBbK MOXe BUKOPUCTO-
BYBaTUCb 111 MOHITOPUHIY i nporHody nepebiry ayToi-
MYHHUX YBEITIB y AiTen.

B3aemoszanexHictb nopyweHb  eHgoTenianbHoi
oyHKLUIT Ta aKTMBHOCTI 3ananbHOro npouecy npu ayTo-
iIMYHHUX XBOpobax, a TakoX iX BNAMB Ha SAKICTb XUTTS
XBOpUX AiTen NOTpebyoTb NOAANbLLLIOTO BUBYEHHS.
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In patients with juvenile idiopathic arthritis (JIA)
and JIA-associated uveitis, paradoxical occlusion test
responses were observed in 25.8% and 15.4% of patients,
respectively, compared to 0% in healthy children
(p<0.05). Hypoergic responses were observed in 22.6%
of children with JIA and 15.4% of those with JIA+uveitis,
while no such responses were recorded in the control
group (p<0.05). The frequency of paradoxical responses
increased in cases with ocular involvement.

Overall, the occlusion test may be applied for
monitoring and predicting the course of autoimmune uveitis
in children. The interrelationship between endothelial
dysfunction and inflammatory activity in autoimmune
diseases, as well as their impact on the quality of life
of affected children, warrants further investigation.
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Prospects for Further Research

The identified abnormalities suggest the potential

application of the occlusion test for monitoring and
predicting the course of autoimmune uveitis in children.
This underscores the need for further in-depth analysis
of the impact of endothelial dysfunction on the activity
of inflammatory processes in autoimmune diseases and
on the quality of life of affected children.
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KOHMAIKT iHTepecis

ABTOpM 3asBNATb NPO  BiACYTHICTb  (HaKTUYHOTO
Y/ MOTEHUINHOIO KOHNIKTY iHTepeciB, MNOB’A3aHOro0
3 pesyneratamu uiei pobotu. XXopgHa dhapmaueBTUYHa
KOMMaHisi, BUPOOHUK GioMeanyHMX MPUCTPOIB UM iHLWa
opraHisauisi, npogykuis, nocnyru abo diHaHcoBa
nigTpymka skmx mornu 6 6yt noe’A3aHi 3 NpeaMeToMm
OOCTiIKEHHA, He Opanu y4acTi y BUKOHaHHI, aHanisi
uYn NigroToBLi AaHoi nybnikadii.

AOTPUMAHHS €TUMHUX HOPM

ABTOPWU pyKOMUCY CBIOOMO 3acBigyylOTb, WO [OCHI-
[PKEHHS  MPOBOAWMMNOCH 3  BMKOPUCTAHHSIM  OaHMX
NepPBUHHOT MEAUYHOT JOKYMEHTALii Ta BKIKOYANOo KNiHiYHi
CMOCTEPEXEHHs1 3a nauieHTamu. [ocnigjkeHHs npose-
OEeHOo BIignoBigHO A0 €TUYHMX cTaHaapTiB [enbCiHCbKoT
neknapauii BcecBiTHbOI MeguMyHOI acouiauii Npo eTU4HI
NPVHUMNY NPOBEAEHHST HAYKOBUX MEANYHUX OOCHIIKEHD
3a yyacTio NIOAVHW, OVPEKTUBU €BPOMNENCHKOro ToBapu-
ctBa 86/609 npo yyacTb nogen y meamko-6ionoriyHmnx
OOCNIOXKEHHSX, a Takox Hakady MiHicTepcTBa OXOpPOHM
3popoB’st Ykpainm Ne 690 Big 23.09.2009 p. IHdopmo-
BaHa 3rofja Ha ydyacTb y AoCnimpkeHHi Oyna oTpumaHa
BifJ YCiX y4YacHWMKIB nicns HagaHHs iM 3p0o3yMinoi, NoBHOI
Ta [OCTYNHOI iHdopmauii Npo MeTy, An3anH i MeToao-
norito AOCNIMKEHHS, NOro MOTEHUiHI PU3MKK, O4iKyBaHi
nepesarn Ta MOXNMBI anstepHaTMBu. YCi y4acCHWMKK
niaTBepanny cBo JoOPOBINbHY y4acTb LWNAXOM nNignu-
CaHHA AOKyMeHTa npo iHdopMoBaHy 3roay. [locnigkeHHs
cxBarneHe Kowmicieto 3 nuTaHb eTukn Ta GioeTukn meguy-
Horo chakyneTeTy HauioHanbHOro yHiBEPCUTETY OXOPOHU
3gopos’s Ykpainu im. M.J1. Wynuka MiHictepcTBa ocBiTh
i Haykn YkpaiHn (Butar 3 npotokony Ne3 Big 10 nucrto-
naga 2023p.). (Mpotokon Ne3 Big 10.11.2023 p.).

BUKOPUCTAHHS LUTYHHOrO iIHTEAEKTY

ABTOpPW pyKOMMCy CBIAOMO 3acCBiA4vyHOTb, LLO Y NpoLeCi
NpoBeAeHHst AOCNIMKEHHS Ta NiATOTOBKM LibOro PyKOnucy
He BMKOPWCTOBYBAmM XOAHMX IHCTPYMeHTIB abo cepsaicis
reHepaTMBHOrO LWTY4HOro iHTenekTy (LI) Ans BUKOHaHHA
Oyab-aKMX 3aBAaHb, nepenivyeHnx y TakcoHowmil Aenery-
BaHHS 3aBdaHb TFeHepaTUBHOMY LUTYYHOMY iHTENeKTy
(GAIDeT, 2025 p.). Yci etann poboTtu — Big KOHUeNTyarni-
3auii 4o diHanbHOro pegaryBaHHs — BUKOHaHi 6e3 3any-
YeHHs reHepaTtusHoro LI, Brkno4HO aBTopamu.

MepBUHHI AGHi Ta maTepiaAu

ABTOpK pyKonucy CBIJOMO 3acBigvytoTb, WO Y poboTi
BMKOPUCTAHO pesynsTaTyt BRacHWX KNiHIYHWX AOCNiOXEHb,
o Bynu cuctemaTvM3oBaHi Ta NpoaHani3oBaHi aBTopamu.
[MepBWHHI gaHi BKMOYalOTh y3aranbHEHi MOKa3HWKW naLi-
€HTiB, nabopaTopHi pesynbraTy, NPOTOKONM Ta OTpPUMaHi
KINbKiCHI  xapakTepuctukn. Bci matepiann 36epexeHi
B apxiBi AOCMIiAHWLBKOI rpynyM Ta MOXyTb OyTn HapaHi
3a 0Or'pyHTOBaHVM 3anMUTOM [0 aBTOPa-KOPECMNOHAEHTA,
3 ypaxyBaHHsIM BUMOT KOHIAEHLUIMHOCTI Ta ETUYHUX HOPM.
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PE3IOME

AkTyanbHicTb. OfHMM 3 HanbinbL NepCnekTUBHUX LUMAXIB CTBOPEHHS HOBWX MOTEH-
LiHUX nikapcbkux 3acobiB € NoeAHaHHs ioHIB MeTaniB 3 GioniraHgamu, Wo € NoXigHUMM
npupoaHix meTaboniTi, 30Kpema opraHiyHMx KucrnoT. Lle Moxe cynpoBomKyBaTWChb
36inblIEHHAM diana3oHy (hapmakomnoriyHux eqekTiB, BUHWKHEHHIO B3aEMHOIO MOTEH-
LitoBaHHA edekTiB Ta 3MEHLUEHHsI iX TokcuyHocTi. Came Takum YMHOM paHiwe 6yno
CMHTE30BaHO TapTpaTorepMaHaTyi MarHito Ta niTito — KOOPAUHALINHI COMYKN repMaHito
3 BMHHOO KMCMOTOW Ta MarHiem abo nitiem. Y nonepeaHix JocnigKeHHs Oyno BCTaHOB-
NIeHO cefaTMBHY, aHKCIONITUYHY Ta aHTUAENPECUBHY Ail0 LNX CMONYK.

MeTa po60oTU — BMBYEHHSI TOKCMKOMOMYHOrO MNpPOifto TapTpaTorepMaHaTtiB fiTito
Ta MarHito, K1 BKIOYae napameTpyu TOKCUYHOCTI AN TBAPUH Ta OpraHiaMy NIOAUHN.
Matepianu Ta meToau. BUBYEHHSI rOCTPOI TOKCMYHOCTI BiONOriYHO aKTUBHUX PEYOBUH
BMKOHaHO Ha LWypax-camusx fiHii Bictap macoto 180-220 r. BuB4anu roctpy TOKCWUY-
HICTb 3a TpaauUiHUMKU MeToAamu, BU3Hayvanu NnokasHukvM Hebesneku roctporo oTpy-
€HHs1. EkcTpanonsiyito oTpyMaHux napaMeTpiB Ha NoAUHY NPOBOAMIN 3 BUKOPUCTAHHAM
KOHCTaHT 6ioNnoriyHoi akTUBHOCTI.

PesynbraTtun. BcTaHoBneHo, WO TapTpatorepmaHaTr MarHilo BiJHOCUTBCA A0 Mpak-
TUYHO HETOKCUYHUX PEYOBUH, knac V, LD, =2836,97+382,38 mr/kr, a TapTpartorepmaHar
nNiTito — 4O MasnoTOKCUMYHMX cnonyk, knac IV, LD, =832,42+132,02 mr/kr. 3amiHa marHito
Ha niTin npvBena Ao 36iNbleHHs TOKCUYHOCTI B 3,4 pasy. 30HM TOKCUYHOI Aii cnomyk
MatoTb LUMPOKUIA iHTEpPBan, LLO CBiAYMTbL NPO Ge3neyvHicTb NpY NapeHTepanbHOMY 3acTo-
CyBaHHi Ta BiACYTHICTb Hebe3nekn roctporo oTpyeHHs. [lani BapiabenbHOCTi (byHKLUis
KyTa Haxuny 1,61 ta 1,89) nokasyoTb, WO 0OMABI CMNOMYKU HE MalTb MOTEHLIAHOT
Ta peanbHOI 3arpo3v BUHMKHEHHSI CMEPTENbHOIo OTPYEHHS, LLO BiANOBiAaE napameTpam
abcontoTHOT Ta rocTpOoi TOKCUYHOCTI, CyMapHOMY MOKa3HUKY TOKCUYHOCTI.

AHani3 pesynbraTiB eKCTpanonsLii JaHWX Ha NI0AMHY NoKasaB, Lo CMONyKU € HeLUKia-
nuBMMM abo Mano LWKIANMBUMK ONs NIOAUHW, Ansi TapTpatorepmaHaTty MarHito
LD,,=446,71£60,21mr/kr, a TapTpatorepmanary nitito LD, =131,07+20,79 wmr/kr. [aHi
KOPernoTb 3 NoKasHMKaMu Hebesnekn rocTporo OTPYEHHS AN MoAvHW. Tepanes-
TUYHWUIA iHAEKC TpaHKBinisytodoi Aii (cnieeigHowenHi 3 LD, ) — 80,0 Ta 79,96 cBiguntb
npo 6e3neKy BUKOPUCTaHHS Ta HU3bKWUIA PUCK BUHMKHEHHST HebaxkaHnX edekTiB.
BucHoBku. OTpyMaHi AaHi TOKCMKOMOriYHOro Npodinto TapTpatorepMaHary Marito Ta TapTpa-
TorepmaHary MiTito CBigYaTh NPO HELLKIAMUBICTL abo Mary TOKCUYHICTb crionyk Ta 6esneky
BMKOPUCTaHHSA OIS LypiB Ta noavHu. MepcnekTuBHiCTb crnonyk nepenbadae HeobxiaHicTb
NnoJanbLIOro BUBYEHHS hapMaKonoriYHMX BIAaCTUBOCTEN Ta XPOHIYHOI TOKCUYHOCTI.
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ABSTRACT

Background. One of the most promising ways for development of new potential
medical agents is to combine metal ions with bioligands that are derivatives of natural
metabolites, in particular organic acids, which may be accompanied by an increase
in the range of pharmacological effects, the occurrence of mutual potentiation of effects,
and decreasing of their toxicity. This is a route how magnesium and lithium tartrate
germinates — coordinated compounds of germanium with tartaric acid and magnesium
and lithium, were previously synthesized. Previous studies have shown that these
compounds have sedative, anxiolytic, and antidepressant effects.

Purpose — was to study of the toxicological profile of lithium and magnesium tartrate
germanates, which includes toxicity parameters for animals and the human body.
Materials and Methods. The study of acute toxicity of biologically active substances
(BAS) was performed on Wistar rats male weighing 180-220 g. Acute toxicity was
studied using traditional methods, and the hazard indices of acute poisoning were
determined as well. Extrapolation of the obtained parameters to humans was carried out
using constants of biological activity.

Results. It was found that magnesium tartrate germanate belongs to almost non-toxic
substances (class V) with LD, =2836.97+382.38 mg/kg, while lithium tartrate germanate
belongs to low-toxic compounds (class 1V) with LD, =832.42+132.02 mg/kg. Thus,
replacing magnesium with lithium led to an increase in toxicity by 3.4 times. The toxic
zones of the compounds have a wide range, which witnesses’ safety in case of parenteral
administration and the absence of the risk of acute poisoning. Variability data (slope
function was 1.61 and 1.89) show that both compounds do not have a potential and real
danger of fatal poisoning, which corresponds to the parameters of absolute and acute
toxicity, the total toxicity index.

Analysis of the results of extrapolation of experimental data on humans showed that the
compounds are non-toxic or minor toxicity for humans, for magnesium tartrate germanate
LD,,=446.71£60.21 mg/kg, and for lithium tartrate germanate LD, =131.07+20.79 mg/
kg. The data correlate with the indicators of acute poisoning hazard for humans. The
therapeutic index of tranquilizing action (relative to LD, ) was 80.0 and 79.96 that showed
safety of usage and low risk of undesirable effects development.

Conclusions. The obtained data of the toxicological profile of magnesium tartrate
germanate and lithium tartrate germanate showed non-toxicity or low toxicity
of the compounds as well as safety of their usage for animals and humans. The
promising characteristics of the compounds underlines the necessity of further study
of pharmacological characteristics and chronic toxicity.

Shemonayeva KF, Rozhkovskyi YaV, Antonenko PB, Kiriluk AO, Strechen SB. Toxicological profile of new biologically
active substances — lithium and magnesium tartrategermanates. The Journal of V.N. Karazin Kharkiv National
University. Series Medicine. 2025;33(4(55)): 539-549. DOI: https://doi.org/10.26565/2313-6693-2025-55-04

BCTYN

INTRODUCTION

®apmakoTepanis nepegbadae MakcumanbHy edek-
TUBHICTb Ta BIiACYTHICTb HebaxaHMX eqeKTiB NiKapCbKmx
3acobiB, TOMy MOCTIHO BedeTbCs MOLUYK HOBMX edek-
TUBHMX Ta Ge3neyHux npenapatis. OgHWUM i3 HanpsaMmkis
MOLLYKY € LinecnpsMoBaHUA XiMiYHWUIA CUHTE3 BionoriYHo
akTuBHMX peyoBuH (BAP), sikmin GasyeTbcst Ha Cy4acHUX
HayKkoBMX OOCAIMKEHHAX (HaKOMWYeHHi [AaHuX npo
aKTMBHICTb | MOXIMBY TOKCUYHICTb BUXIOHUX CrOMYyK,
BIOKPUTTAX €HOOreHHUX TiraH4iB, HempoMoaynsiTopis,
HOBMWX peLenTopis ToLwo). NoganbLnin CUHTE3 Ta CKPUHIHT
BAP no3Bonsie y noganbLUoMy BUSBUTWU CMONyKU-nigepu,
BMBUMTU iX (DapMakoKIHETUYHI Ta dhapmMaKoguMHaMiYHi
BMACTMBOCTI, FOCTPY Ta XPOHiIYHY TOKCUYHICTb. Ocobnusy
yBary npuainsioTb o00paHH  niraHaiB, ski - OyoyTb

Pharmacotherapy should show maximal effectiveness
and the absence of undesirable effects in medicines,
therefore, a persistent development of novel effective
and safe drugs is provided. One of the promising
direction of research is the targeted chemical synthesis
of biologically active substances (BAS), which is based
on modern scientific data (accumulation of data concerning
the activity and putative toxicity of the initial compounds,
revealing of endogenous ligands, neuromodulators,
new receptors, etc.). Further synthesis and screening
of BAS allows to identify leading compounds, their
pharmacokinetic and pharmacodynamic characteristics,
acute and chronic toxicity. Particular attention is paid
to the choice of ligands that will be harmless and will affect
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Hewkianvemmn i 6yayTb BNAMBATU Ha KOHKPETHY MillieHb
i BUSIBNATM NEeBHY dhapMaKororiyHy akTuBHICTb [1].

Hocutb yacto ans cuHTesy HoBux BAP sk niraHam BuKo-
PUCTOBYHOTb MPUPOAHI PEYOBUHM, LLIO BMNMBaKOTh Ha qidi-
OIOriYHI MpoLEecH B OpraHi3aMi NMOANHW, PerynioTb 0bMiH
peYoBUH (MIKPO- Ta MakKpOeneMeHTU, BiTaMiHW, OpraHiyHi
kucnotn). OcobnmBy Ta JOCUTL BaXMBY pornb B 3abesne-
YeHHi HopManbHOro PYHKLOHYBaHHS OpraHi3My BigirpaloTb
meTanu. BoHn BxoaaTb 4O cknagy KIovoBUX (hEPMEHTIB,
B3aEMOZilOTb 3 €HAOreHHUMU niraHgamu (opraHiyHMMu
KMcrotamu,  amiHokucnotamu, — noninentugamu) - [2].
Barato pocnigHukiB BkasyloTb Ha Te, LWIO MOPYLUEHHS
6anaHcy GiomeTaniB MOXyTb CMNPUYUHWUTM MATONOMYHUN
npouec Ta/abo obTskyBaTK 1oro nepebir. LLnsaxom Bupi-
LWeHHs1 Npobnemn € Kopekuis MeTano-niraHgHoro rome-
0CTa3y 3 BUKOPUCTaHHAM KOOPAUHALIHNX CMONyK MeTanis
3 niraH4aMn NpUPOZHOro MOXOMKEHHS [2, 3]. YTBOpeHHs
KOMMMEKCHNX Cnonyk 3 6iomeranamu npMeoamTb A0 36inb-
LWEHHS Aianas3oHy Ta Pi3HOMaHITHOCTI hapMaKkomnoriYHmnX
edeKTiB, BUHUKHEHHIO B3AEMHOIO NOTEHLiOBaHHS €hEKTIB
Ta 3MEHLLEHHS! IX TOKCUYHOCTI [4].

Ha TakMx npuHUMNax CUHTE30BaHO Uiny HU3KY
MOHO- Ta GiMeTanbHUX cnomnyk 3 GioniraHoamu, 3okpema
Ha OCHOBI repMaHito Ta iHWK1X MeTanis — MarHito, ornosa,
kobanbTy, niTito, Migi Towo Ta npupogHux GioniraHgis,
Hanpvknag opraHiyHMx KUCnoT (BMHHA, FMMOHHA
kucrnota). BuBYeHHs1 chapmakomnoriyHux BnacTUBOCTEN
[03BONWMO 3p00UTM BUCHOBOK, WO Taki BAP matoTb
LUMPOKNA  CNeKTp  hapMakoIoriyHMX  BNacTUBOCTEN
(HeMpOTPOMHI, aHTUMIKPOOHI, MPOTMBIPYCHI, renaTonpo-
TEKTOpHI Ta iH.), AKi 3anexarb Big Aosu [2, 5, 6].

MonepenHe ekcnepuMeHTanbHe BUBYEHHSI dhapma-
KOMOriYHMX BMACTMBOCTEN TapTpaTorepmaHaTiB MarHito
Ta niTito (KOOpAMHALIMHOI CMOMyKW repmaHito 3 BMHHOM
KUCINOTOKD Ta MarHiem Ta KOOpAMHAUIMHOI  CronyKu
repMaHito 3 BUHHOKO KUCIMOTOK Ta MiTiem) nokasano,
wo obuasi BAP y posax 1/80 LD, nepeBaxHO YnHWN
ranbMiBHU/A BMMAMB Ha LEHTPanbHy HEPBOBY CUCTEMY,
BUSIBMANM CeAaTVBHY Ta aHKCIONiTUYHY Aito, a TapTpaTo-
repmaHat marhito fosoto 1/135 LD, noaaTkoBo NposiBrss
aHTUZenpecuBHy Aito [7]. 3Baxatoum Ha OTpMMaHi AaHi Npo
HEeMPOTPOMNHY aKTUBHICTb HOBUX CMOSYK, BUHMKITA HEOOXia-
HICTb HACTYMHOIO BUBYEHHS FOCTPOI TOKCUYHOCTI CMOMYyK.

MeTa po60TH — BUBYEHHS TOKCUKOMOMYHOIo Npogointo
TapTpaTtorepMaHaTiB fiTil0o Ta MarHito, SKMA BKIO4Yae
napamMeTpu TOKCUYHOCTI Ta Hebeanekum roctporo oTpy-
€HHS ONs OpraHiaMy IOAVHW, BUBHAYEHHS TepaneBTuy-
HOro iHAEeKcCy.

MATEPIAAU TA METOAU AOCAIAXXEHHA

EkcnepumeHTanbHe BUBYEHHS FOCTPOT TOKCUYHOCTI BAP
BMKOHaHO Ha LLlypax-camusx niHii Bictap macoto 180-220 r
TpaguuinHummn  mMetogamun [8]. TBapvHam ekcnepumeH-
TanbHOi rpynn Beoaunu BAP y pisHux gosax; TBapuHam
KOHTPOMbBHOI rpynu BBOAWMM i30TOHIYHWUIA PO34MH Xropuay
HaTpito B aHanoriyHnx o6’emax. 3aranom anst 4oCHimKeHHs
6yno 3anyyeHo 120 wypis-camuiB. Ha nepLuomy etani BusiB-
NANKW iHTepBany 03, WO He BYKNMKanu 3arvberni TBapuH
Ta [fianasoH 003, B AKX 3Haxoputbes LD, («npuctpi-
noYHa cepis»). Ha 2-my eTani (B OCHOBHIl cepii) TBapWHU
Oynun posnogineHi Ha okpemi rpynu (n=6). BAP BBOaMNUCA
BHYTpIiLLHbOOYEPEBMHHO (B/0) ¥ BUMAAi 1%, 5% i 10 %

a specific target and exhibit a certain pharmacological
activity [1].

Quite often, the natural substances that affect
physiological processes in the human body and regulate
metabolism (micro- and macroelements, vitamins,
organic acids) are used as potential ligands for the
synthesis of new BAS. Metals play a special and very
important role in ensuring the normal functioning of the
body. They are the essential part of key enzymes, could
interact with endogenous ligands (organic acids, amino
acids, polypeptides) [2]. Many researchers point out that
disturbance of biometals balance can cause a pathological
process and/or aggravate its course. The way to solve
the problem is to correct metal-ligand homeostasis using
coordinated compounds of metals with ligands of natural
origin. [2, 3]. The formation of complex compounds with
biometals leads to an increase in the range and diversity
of pharmacological effects, the appearance of mutual
potentiation of effects and a decrease in their toxicity. [4].

Based on such principles, a certain number of mono-
and bimetallic compounds with bioligands have been
synthesized, in particular based on germanium and other
metals — magnesium, tin, cobalt, lithium, copper, etc., with
natural bioligands, such as organic acids (tartaric, citric
acid). The study of pharmacological properties allowed
us to conclude that such BAS have a wide range of dose-
dependent pharmacological properties (neurotropic,
antimicrobial, antiviral, hepatoprotective, etc.) [2, 5, 6].

Apreliminary experimental study ofthe pharmacological
properties of magnesium and lithium tartrate germanates
(coordinated compound of germanium with tartaric acid
and magnesium; coordinated compound of germanium
with tartaric acid and lithium) revealed that both BAS
atdoses of 1/80 LD50 mainly inhibit central nervous system
with sedative and anxiolytic effects, and magnesium
tartrate germanate at a dose of 1/135 LD50 additionally
caused an antidepressant effect [7]. Considering
previously obtained data of the neurotropic activity of new
compounds, there was a necessity for further study of the
acute toxicity of the compounds.

Objective — was study of the toxicological profile
of lithium and magnesium tartrate germanates, which
includes parameters of toxicity and danger of acute
poisoning for the human body, determination of the
therapeutic index.

MATERIALS AND METHODS OF RESEARCH

Experimental study of acute toxicity of BAS was
performed on male Wistar rats weighing 180-220 g
using traditional methods [8]. Experimental animals were
administered BAS in different doses; control animals
were administered isotonic solution of sodium chloride
in similar volume.

Totally 120 male rats were involved in the research.
At the first stage, the dose range that did not cause the
death of the animals as well as dose range in which the
LD,,, was found («preliminary series»). At the second
stage (in the main series), the animals were divided
into separate groups (n=6). BAS were administered
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BOOHMX pO34uMHIB (Boga Ans iH'ekuii (AT «JapHuusy,
YkpaiHa). 3Baxatoum Ha HeoOXiaHICTb BBEAEHHSI BENMKOTO
06emy piguHun (0o 5-6 mn), cnonyku BBOAUNMCH B AEKiNbKa
NPUNOMIB AN 4OCArHEHHSI He0bXiaAHOT 403U, KOHTPONbHUM
rpynam TBapuH yBoaunu 0,9 % posvmH Xnopugy HaTpito
(BAT «OapHuua», YkpaiHa). 3a TBapvHamu cnocrepiranu
2 TwxHi (1- geHb nicnst BBEAEHHS TBapuHW Ge3nepepsHO)
nicns BBEOEHHSI PO34MHY.

CnocTepiranu 3a 3aranbHUM CTaHOM TBapuH, ocobnu-
BiCTIO NOBEAiHKM, XapaKTepOM PyXOBOi akTUBHOCTI, BUHUK-
HEHHsIM CydOM Ta iX XapaKTepoM, KOOpAUHaLE pyxXiB,
XapaKkTepoM OUXaHHS!, 30BHILLHIM BUIMSIAOM BOMOCSIHOTO
i LIKIpHOrO MOKPMBY, 3MiHOK 3abapBreHHs CrM30BKX
0BOSOHOK, MOMOXEHHAM XBOCTA, HAsIBHICTHO, KiMNbKiCTHO
i KOHCUCTEHLUI€e dekanbHUX Mac, YacTOTOK CeYoBUMyC-
KaHHS i 3abapBrneHHs cedi Ta iHLWi NOKa3HMKK, SKi MOXYTb
OyTV BUKOPUCTaHi ANs BUSBMEHHSA TOKCUYHOTO edekTy [8].
PikcyBanu HasiBHICTb Ta BUPA3HICTb TOKCUYHOI Ail, BUXK-
BaHICTb TBapWH Ta Yac HaCTaHHsI NeTanbHOro Hacnigky.
ToKCUYHUI edeKT BCTAHOBMIOBaNM 3a 3MiHaMu 3ararb-
HOrO CTaHy i noBefiHkn TBapuH, LD,, — 3a BUXMBaHICTIO
Ta TepMiHaMu HacTaHHA neTanbHux pesyneratis. Obpa-
xoByBanu LD,  3a MeToOOM HalMeHLIMX KBafpartis Ans
npobiT-aHanisy KpuvBUX mneTanbHOCTI 3a [OMOMOro
nporpamu «BioStat-2008 v 5.01»; Takox po3paxoByBanu
nokasHukm LD, , LD, LD,, LD,  [8-10]. Knac Tokcud-
HOCTi BM3HaAYanu 3rigHO 3 OTpUMaHUMKU pesyrbratamu
BiAMNOBIAHO A0 Knacudikauii pe4oBMH 3a TOKCUYHICTHO [8].

[na netanbHOI TOKCUKOMETPUYHOI OLLIHKM BU3HaYanm
NMOKa3HMKN Hebe3nekn: BEenuuUMHY, 3BOPOTHK CepeaHbOo
cMepTenbHin Aosi (abcontoTHa TokeuyHicTb) — 1/LD,,
JianasoH cMmepTenbHUX [03 (30Ha [OCTPOi TOKCWY-
HoCTi) — LD, /LD, dyHKUitO KyTa Haxuny (BapiabenbHicTb
CMepTenbHUX [403), CYMapHWI MOKa3HUK TOKCUYHOCTI —
(1/(LD,, - S), S — kyT Haxuny (BapiaberbHicTb cmep-
TenbHUX [03) 3a dpopmynoto: S=(LD, /LD, + LD /LD, ,):2.

EkcTpanonsuiio oTpyMaHux napameTpiB Ha NOAUHY
NnpoBOAWMM  3aranbHOBIAOMUM METOAOM 3  BUKOpUC-
TaHHAM KOHCTaHT BionoriYHoi akTMBHOCTI Ta Cy4acHUMU
ysiBneHHammn [11-16]. CtatuctuyHy obpoOKy npu nopis-
HSIHHI eKCMepuMeHTanbHUX OaHuX pobunu Ha OCHOBI
OOHOAKTOPHOroO  AMCNEPCIHOrO — aHanisy, Kputepiis
CtblogeHTa, HetomeHa—Kennca.

PE3YABTATU

TapTpaTorepmaHaT MarHito Ta TapTpaTorepmaHar
niTito BBOAMNM ogHopasoBo B/o y BumsaAai 10 % BogHoro
PO34MHY B LUMPOKOMY Aiana3oHi o3 Big 1000 go 3000 mr/
kr (pasa nonepedHbOr0 BU3HAYEHHS [AianasoHy [A03),
noTim GinbL By3bkoMy, 3 iHTepBanom 100, 50 mr/kr ToLo
(«yTo4HOBanbHa asa»). Ha ocHoBi pesynbraTtiB oTpu-
MaHUX OaHUX EKCMepuMeHTy 3armbeni LiypiB 3anexHo
BiJ BBeAeHOi Ao3un byna nobyaoBaHa KpvBa NneTanbHOCTI.

Y pasi nonepegHbOro BM3HAYEHHsT Adiana3oHy [03
BM3HAYEHHs TOCTPOi ToKcMYHOCTi BAP cnoctepiranu
3a 0COGMMBOCTAMY 30BHILUHLOMO BUIMMSAAY Ta MOBELiHKM
TBAPVIH Nig BNMBOM UMX Crnionyk. BusiBneHo, wwo npu B/o
BBeAEeHHi 30ypKeHHS HacTynano Wweunako (Yepes 2—4 xs),
Tpueano 10-12 xB Ta xapakTepr3yBanocs nigBULLEHHSAM
aKTMBHOCTI, TBapuvHU nigiiManucst Ha 3afHix narkax,
BigMiYaBCsl rpyMmiHr (Qormsg 3a XyTpoM, nigTpYMaHHS
YMCTOTK TiNa TBApPWHWU, OCOONMBO FONMOBM Ta BEPXHLOI

intraperitoneally (i.v.) in the form of 1%, 5% and 10%
aqueous solutions (water for injection (ZAT Darnytsia,
Ukraine). Control groups of animals were administered
0.9% solution of sodium chloride (ZAT «Darnytsia»,
Ukraine). The animals were observed for 2 weeks
(1st day after the animal was injected continuously)
after the injection of the studied solution.

The general condition of the animals, their behavior,
motor activity, occurrence of seizures and their
characteristics, coordination of movements, breathing,
hair and skin abnormalities, change in color of mucous
membranes, position of the tail, presence, quantity and
consistency of fecal masses, frequency of urination, urine
color as well as other indices were observed [8]. The
presence and severity of toxic effects, animal survival and
time of lethal outcome were recorded. The toxic effect
was determined by changes in the general condition
and behavior of animals, LD, , survival and time of lethal
outcome. LD,, was calculated by the least squares
method for probit analysis of lethality curves using
the program «BioStat-2008 v 5.01»; LD,,, LD,,, LD,,
LD,,, indexes were also calculated [8-10]. The toxicity
class was determined according to the results obtained
in accordance with the classification of substances
by toxicity [8].

For detailed toxicometric assessment, following
hazard indices were determined: the magnitude, the
inverted average lethal dose (absolute toxicity) — 1/LD,
the range of lethal doses (acute toxicity zone) — LD,,/
LD,,. the slope angle function (variability of lethal doses),
the total toxicity indicator — (1/(LD,, - S), S — slope angle
(variability of lethal doses) according to the formula:
S = (LD, /LD,, + LD, /LD ):2.

Extrapolation of the obtained parameters to humans
was carried out by a well-known method using biological
activity constants and modern concepts [11-16].
Statistical conclusions when comparing experimental data
were made on the basis of one-way analysis of variance,
Student's and Newman—Keuls criteria.

RESULTS

Magnesium tartrate germanate and lithium tartrate
germanate were administered one time intraperitoneally
(i.p.) as a 10% aqueous solution in a wide dose range
from 1000 to 3000 mg/kg («preliminary» phase), then
in a narrower range, with an interval of 100, 50 mg/kg,
etc. («clarification phase»). Based on the results of the
relationship of experimental data of the rats’ mortality and
administered dose, a lethality curve was constructed.

At the «preliminary phase» of determining the acute
toxicity of BAS, the outward appearance and behavior
of animals under the impact of these compounds
were observed. It was found that with intravenous
administration, the excitation occurred quickly (after
2—4 min), it lasted 10-12 min and was characterized
by increased activity, the animals rose up on their legs,
and grooming was noted (care for the fur, maintaining
the cleanliness of the animal's body, especially the head
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YacTMHW Tyny6a). Y TBapuH YacTiwano OWXaHHS, BOHU
METYLUMIUCS, PYyXU CTaBanu MeHL! KOOpAWHOBaHVUMMU.
BcTtaHoBneHo, wWo HacTynHa casa nicnsa 36inblueHHs
BBEEHOI 03N XapakTepuayBanacs crnabdkicTi, COHMu-
BICTIO, BIACYTHICTIO peakuii Ha 30BHilWHI NOAPAa3HUKK,
crocTepiraBcs Tpemop, nojanblle 30inblUeHHA 0031
npvM3BOAMIO [0 neTanbHoro Hacnigky. BcrtaHoBneHo,
Lo nicng BBeAEHHsI TapTpaTorepMaHary niTito nosefiHka
TBapuH 3 CaMOro Mno4yaTtKy XxapakTepusyBanacs MNpurHi-
YeHHAM (DyHKLi LleHTpanbHoi HepsoBoi cuctemu (LUHC).
3anexHo Big yBeAeHOT [03M CroyaTKy CroBiNbHIOBanacs
pyxoBa akTMBHICTb, CrocTepiranacb 3aranbMOBaHICTb,
NOTIM BUHMKANM cygomu, 30inblUeHHA 403U NpU3BOAUNO
[0 neTansHoro Hacrnigky.

Micna dasn nonepegHbOro BU3HAYEHHS AianasoHy
no3 BAP BBogunu B/o pgos3amu, AKi JO3BONUMNKM BU3Ha-
4yuTK 3HadveHHa LD, Ta BU3HAYanm roctpy TOKCUYHICTb.
[ns uboro peectpyBanv 3anexHiCTb BMXMBaHHS LUYpiB
Big yBegeHunx no3 BAP, notim gaHi BBoannu oo nporpamu
«BioStat-2008 v 5.01», 3 gonomorot Kol ob4ucntoBa-
NMCb MOKa3HMKM TOKCUYHOCTI (HaBeaeHi B Tabnumui 1).

and upper body). The animals’ breathing became more
frequent, they became restless, their movements became
discoordinated. It was found that, after increasing of the
administered dose the next phase appeared that was
characterized by weakness, drowsiness, lack of reaction
to external stimuli, and tremors; further increase in the
dose led to a lethal outcome. It was found that after
the administration of lithium tartrate germanate, the
behavior of animals was characterized by suppression
of the central nervous system (CNS) function from the
beginning. Depending on the administered dose, motor
activity was initially slowed down, inhibition was observed,
then convulsions occurred, and an increase in the dose
led to a lethal outcome.

After the «preliminary phase», BAS were administered
i.p. in doses, which allows determining the LD, values
and acute toxicity. For this purpose, the dependence
of rat survival on the administered doses of BAS was
recorded, and then the data was entered into the program
«BioStat-2008 v 5.01», which was used to calculate
toxicity indicators (table 1).

Tabnuus 1. [locTpa TOKCMYHICTb TapTpaTorepMaHaTamy MarHito
Ta TapTpaTtorepmaHary niTito nicns BHYTPILLHbOOYEPEBNHHOTO BBEAEHHS LLypaM (nokasHuku LD B Mr/kr)
Table 1. Acute toxicity of magnesium tartrate germanate
and lithium tartrate germanate after intraperitoneal administration in rats (LD indexes, mg/kg)

Moka3HWK TOKCUYHOCTI MI/KT Baru LLypis TapTpatorepMmaHaTt MarHito TapTpartorepmaHar niTito
Toxicity indexes, mg/kg of rats body weight Magnesium tartrate germanate Lithium tartrate germanate
LD,, 2 836,97 832,42
CraHpapTHa noxu6ka LD, / Standard error LD, 382,38 132,02
HwxHs mexa LD, (LD, LCL
Lower range LD:: ((LD:: LCL)) 2039,34 559,31
BepxHsa mexa LD, (LD,, UCL
pupper 0. (Lsfgs(o 02l ) 3 634,59 1105,52
LD,, 1248,85 246,24
LD, 1 597,93 375,09
LD,, 4 076,00 1289,75
LD, 4 695,52 1518,41
PiBeHb 3HauyLocTi / Significance level 0,05 0,05

Bucoki nokasHukm LD, cBig4aTh Npo HU3bKY TOKCUY-
HICTb CnomyK, WO AoChigXyBanucb. AHania oTpYMaHmx
[aHuX BMBYEHHHA rOCTpOi TokcuyHocTi BAP nokasas,
Wwo TapTpatorepMmaHat marHito (TI'M), 3rigHo 3 knacudi-
Kauiato BAP 3a TokcuuHicTio [7], BigHOCUTLCA OO Mpak-
TUYHO HETOKCUYHMX peyoBuH, knac V (1001-3000 mr/kr),
LD,,=2836,97+382,38 mr/kr ana wiypis, a Taptparorep-
maHat niTito (TITT) — Ao ManoTokcMyHuX cnonyk, knac 1V
(101-1000 mr/kr) LD,,=832,42+132,02 mr/kr.

[opiBHSAHHA OTPUMaHUX NapaMeTPiB roCTPOI TOKCUY-
HocTi BAP B yMOBax TOKCUKOMOMYHOMO eKCnepumeHTy
BUSIBUIIO 3HAYHY PIi3HWLIO MiX BEMMYMHAMU CepeaHbo-
cmepTenbHUX A03 And obox crnonyk. [py NOpiBHSHHI
napameTpis BAP BusaBunocs, Wo cepefHbOCMepTernbHa
nosa TI'M B 3,4 pagsy GinbLua B NOPIBHSAHHI 3 TakuM nokas-
Hukom TTT1, a cmepTenbHa — B 3,1 paay.

BcTtaHoBneHo, o 30HM Tokcu4Hoi Aii BAP matotb
LUMPOKMIA iHTepBan, WO CBiAYMTb NMpo Ge3neyHicTb npu
napeHTepanbHOMY 3acTOCyBaHHi Ta BiACYTHICTb Hebes-
MeKu rocTporo OTpyeHHs. MNpu LbOMY 3aMiHa B KOOpAUHa-
LiMHIN cnonyui MarHito Ha niTin npyasena Ao 36inbLeHHs
TOKCUYHOCTI.

High level of LD, revealed low toxicity of the
studied compounds. Analysis of the obtained data
concerning the study of acute toxicity of BAS showed
that magnesium tartrate germanate (MTG), according
to the BAS classification according to the toxicity [8],
belongs to almost non-toxic compounds (class V)
(1001-3000 mg/kg), LD,,=2836,97+382,38 mg/kg for
rats. In the same time, lithium tartrate germanate (LTG)
belongs to compounds with minor toxicity (class IV) (101—
1000 mg/kg) LD, ;=832,42+132,02 mg/kg.

Comparison of the obtained parameters of acute
toxicity of BAS under the conditions of toxicological
experiment revealed a significant difference between
the values of the median lethal doses (LD, for both
compounds. When comparing the parameters of BAS,
it turned out that the median lethal dose (LD, ) of MTG
is 3.4 times higher than the same index of LTG, and the
lethal dose (LD, ,) is 3.1 times higher.

It was found that the toxic zones of BAS have a wide
range, which indicates safety in parenteral administration
and the absence of the danger of acute poisoning.
At the same time, the replacement of magnesium in the
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BinbwicTe AocnigHWKIB BBaXae, WO BU3HAYEHHS
cepefnHbOCMEPTENbHUX [03 HeOOCTaTHbO AN OLHKK
Hebe3nekn kceHobioTukiB. BMHUKae HeobxigHiCTb po3pa-
XyBaTu napameTpu, Lo A03BONsTb BCeBIYHO XapakTe-
pu3yBaTh CTyniHb Hebe3nekn Ans eKcrepuMeHTanbHUX
TBapwH Ta 3arpo3n BUHUKHEHHS OTpyeHHst BAP. Podpaxo-
BaHi JaHi HaBedeHo B Tabnuui 2.

coordination compound with lithium led to an increase
in toxicity.

Most researchers believe that determining the median
lethal dose (LD, is not enough to assess the danger
of xenobiotics. There is a necessity to calculate indexes that
allow comprehensively characterizing the degree of potential
hazard to experimental animals and the risk of poisoning
by BAS. The calculated data are given in the table 2.

Tabnuus 2. MapameTpu, Lo XapakTepuayoTb CTyMiHb NOTEHLIAHOI Ta peanbHoi Hebe3neku rocTporo
CMepTenbHOro OTPYEHHS TapTpaTorepmaHaTamMu fiTito Ta MarHito Ans LWypiB Nicns BHYTPiLIHbOOYEPEBUHHOTO BBEAEHHS
Table 2. Indexes characterizing the degree of potential and actual danger of acute lethal poisoning
by lithium and magnesium tartrate germanates for rats after intraperitoneal administration

MokasHuk TapTpartorepmaHar marHito TapTpatorepmaHar niTito
Indexes Magnesium tartrate germanate | Lithium tartrate germanate
A6contoTHa TokenyHicTb (1/ LD,,) A 103
Absolute toxicity (1/ LD, ) 3,510 1,210
3oHa rocTpoi TokecuuHocTi (LD,,/ LD ()
Zone of acute toxicity (LD,,/ LD, ) 2,58 344
DyHKUISA KyTa Haxuny (BapiabenbHICTb cMepTenbHUX 403, S)
. S=(LD,, /LD * Ll?sol.l_‘Dm):Z 161 1,89
Function of the slope angle (variability of lethal doses, S)
S=(LD, /LD, + LD_ /LD ):2
CymapHuin nokasHuk TokemyHocTi(1/(LD,, - S) 1 4
Total toxicity score (1/(LD, - S) 2,210 6,310
PII?!eH.b' 3HavyLOCTI 0,05 0,05
Significance level

3’'coBaHo, WO OTpuMaHi AaHi BapiabenbHOCTI
(cbyHkuia kyTa Haxuny 1,61 Ta 1,89), ceiguatb npo Te,
wo obuasi BAP He malTb MOTEHLUiIMHOI Ta pearnbHOl
3arpo3n BUHUKHEHHSI CMEPTENbHOro OTPYEHHs. Lium
nokasHukam BignoBigaTb napameTpu  abconoTHOT
Ta rocTpoi TOKCUYHOCTI, CyMapHUIN NOKa3HUK TOKCUYHOCTI.

BussneHo, o abcontoTHa Tokcu4HicTb TIM maike
B 3 pa3un MeHLwa B NopiBHsAHHI 3 TIJ1, Wwo Kopentoe 3 nokas-
HVYKamMy CyMapHOi TOKCUYHOCTI.

KiHLeBMM Ta OCHOBHMM pe3yrbTaToM BMBYEHHA TOKCU-
konoriyHoro npodpinto BAP € nokasHuku 6esnevyHocTi Ans
noanHn. MiXBUOoBuMIA nepepaxyHoK eKCrepUMeHTarnbHMX
MOKa3HMKIB TOKCUYHOCTI TBapWH ON1s1 NOAMHU € OOCUTb
CKITaiHMM, BMpaxyBaHHSA 403 NMPOBOAUTLCS 3a JOMOMOroH
mMaTtemaTu4HMX popmyn. Takui nigxig BpaxoBye BigMIHHOCTI
B NIIOLLi NOBEPXHi Tina Ta Macw Tina TBapyH Npu ekcTpano-
nsauii o3 BAP mix Bugamu, BUOOBY ONIPHICTb Ta KOHCTaHTU
GionoriyHoi akTUBHOCTI ANs NModen Ta ekcnepuMeHTanbHUX
TBapyH. OTpMMaHi po3paxyHKOBI AaHi rOCTPOI TOKCUYHOCTI
BAP pns nioguHu HaBeageHo B Tabnuui 3.

It was found that the obtained variability data
(function of slope angle 1.61 and 1.89) demonstrate that
both BAS do not have a potential and real risk of fatal
poisoning. These indexes correspond to the parameters
of absolute and acute toxicity as well as the total toxicity
index. Additionally, the absolute toxicity of MTG is almost
3 times lower than that of LTG, which correlates with the
indicators of total toxicity.

The final and main result of studying the toxicological
profile of BAS is the safety indicators for humans.
Interspecies conversion of experimental animal toxicity
indices for humans is quite complex, and the calculation
of doses is carried out using mathematical formulas. This
approach takes into account differences in body surface
area and animal weight when extrapolating BAS doses
between species as well as species resistance and
biological activity constants for humans and experimental
animals. The obtained calculated data concerning acute
BAS toxicity for humans are given in Table 3.

Tabnuusa 3. MNapameTpu rocTpoi TOKCUYHOCTI TapTpaTorepMaHarTiB fiTiko Ta MarHito
ONs NoaVHY, ogepXXaHnX METOA0M eKcTpanonsuii ekcnepnuMeHTanbHUX AaHux (nokasuukm LD B mr/kr)
Table 3. Acute toxicity parameters of lithium and magnesium tartrate germanates
for humans, obtained by extrapolation of experimental data (LD indices, mg/kg)

Moka3HWK TOKCUYHOCTI TapTpartorepmaHar marHito TapTpartorepmaHar niTito
Indexes of toxicity Magnesium tartrate germanate | Lithium tartrate germanate
LD, 446,71 131,07
CraHpaptHa noxubka LD, / Standard error LD, 60,21 20,79
HuxHa mexa LD, (LD, LCL) / Lower limit of LD, (LD_ LCL) 321,11 88,07
BepxHsa mexa LD, (LD,, UCL) / Upper limit of LD_ (LD,, UCL) 572,30 174,07
LD,, 196,64 38,77
LD, 251,61 59,06
LD,, 641,80 203,08
LD, 739,35 239,09
PiBeHb 3HavywocTi / Significance 0,05 0,05
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OTpumaHi po3paxyHKM TOKCUYHOCTI ANs JOOUHU
[03BONSATb 3p00UTU BUCHOBOK, WO BAP € mano Tokcuu-
HUMUW Ansa noguHn. Po3paxoBaHi AaHi kopenioTb 3 napa-
MEeTpaMu TOKCUYHOTO Npodinto Ans WypiB Ta He MakTb
NPVHUMNOBUX BiAMIHHOCTEN, WO CBiAYNTbH MPO BMCOKUN
CTyNiHb BipOrigHOCTI Moka3HukiB. 3’sicoBaHo, Wwo TI'M mae
Ginbw 6e3nevyHnin  TOKCUKOMNOriYHMI nNpodinb B MNOpiB-
HAHHI 3 TITJ1, OCKiNbKM MOKa3HUK cepeaHbOCMEepPTENbHI
0031 BigpPi3HAETBCS Make B TpU pasu.

Hani B poboti 6yno pospaxoBaHO napamMeTpu, siKi
XapakTepusylTb CTyniHb MOTEHUINHOI Ta peanbHoi
Hebe3neKkn rocTporo CMepTenbHOrO OTPYEHHST TapTpaTo-
repMaHatamu niTito Ta marHito ans nioguHu. MNapametpu
abConTHOT TOKCUMYHOCTI, 30HM TOCTPOi TOKCUYHOCTI,
BapiabenbHiCTb CMepTENbHNX J03 Ta CyMapHUIA MOKa3HMK
TOKCUMYHOCTI HaBeaeHo B Tabnuui 4.

The obtained calculations of toxicity for humans
allows to conclude that BAS have low toxicity for humans.
The calculated data correlate with the parameters
of the toxic profile for rats and do not have fundamental
differences, which indicates a high degree of reliability
of the indicators. It was revealed that MTG has a safer
toxicological profile compared to LTG, since the median
lethal dose (LD,) differs by almost three times.

Further in the work the indices, which characterize
the degree of potential and real risk of acute lethal
poisoning by lithium and magnesium tartrate germanates
for humans were calculated. The parameters of absolute
toxicity, acute toxicity range, variability of lethal doses and
total toxicity index are given in the table 4.

Ta6nuus 4. MNapameTpu, siki XapakTepu3yoTb CTYMiHb NOTEHLiINHOT Ta peanbHol Hebesneku
roCTPOro CMepTenbHOro OTPYEHHS TapTpaTorepMaHaTaMu niTito Ta MarHito Ans noamHu (nokasHuku LD B mr/kr)
Table 4. Indices characterizing the degree of potential and real risk
of acute fatal poisoning of lithium and magnesium tartrate germanates for humans (LD values in mg/kg)

Moka3Huk TapTpatorepMmaHaTt MarHito TapTpatorepmaHar niTito
Indexes Magnesium tartrate germanate | Lithium tartrate germanate
ABConTHa TOKCUYHICTb
(1/LDy,) 2,2:10°% 7,6-10°
Absolute toxicity (1/ LD, )
3oHa rocTpoi TokcuuHocTi (LD,,/ LD ()
Zone of acute toxicity (LD,,/LD,,) 2,55 3,44
PyHKUis KyTa Haxuny (BapiabenbHiCTb cMepTenbHUX 403, S) 161 189
Function of the slope angle (variability of lethal doses, S) ’ ’
CymapHui NOKA3HWK TOKCU4HOCTI 1.4-10% 4.0-10-3
Total toxicity score
PI?EH.b. 3HaYyLLOCTi 0,008 0,008
Significance level

BcTaHoBneHo, WO po3paxoBaHWiA MOKa3HWMK abco-
MOTHOI TOKCUYHOCTI ANt TTM 3Ha4YHO HUXKYMI B MOPIBHSAHHI
3 TIT1 (npnbnusHo B 3 pa3n) Ta KOPErtoe 3 3HAYEHHSIMU
JianasoHy cMepTernbHYX 03, CyMapHOro Ta iHTerpansHoro
MOKa3HWKIB TOKCUYHOCTI. OTpuMaHi po3paxyHKoBi napa-
METPU TOKCMKOMNOFMYHOrO Npoqinto Ans MO4MHU CBigYyaTh,
wo obuasi BAP € ManoToKCUYHUMK OIS NIOAMHU Ta He
SABNAOTb ICTOTHOI 3arpo3n PO3BUTKY OTPYEHHS.

OBrOBOPEHHS

Ona BAP (noTeHuiiHMX nikapCcbknx 3acobiB) Ayxe
BaXKITMBUM MOKA3HMKOM € CriBBiAHOLLEHHSI Mi>K JO30t0 BUSIB-
NEHOT TOKCUYHOI Alil Ta 403010, WO BUKITUKAE TEpPaneBTUYHY
Aito. Llew nokasHuk Mae HasBy «TepaneBTUYHWIA iHAeke Tl»
(iHoekc Brock Tta Schnesder), ue BigHOLWIEHHSA cepeaHbOi
netanbHOI 403 [0 CepedHbOl TepaneBTUYHOI: TI=LD50/
ED,,. fe LD,,— netanbHa fosa, sika Buknmkae sarmbers 50%
TBapuH, ED,, — edbexkTnBHa [03a, sAika BUKIMKAE hapmako-
noriyHmn edpekt y 50% TtBapuH. Bucokuin Tl roBopute npo
BMCOKYy Ge3neky BAP npu BukopucTaHHi. BusasnenHsa Tl gk
MOXHa paHilLe — HaiBaXnuBiLLle 3aBAaHHS, No CyTi e BigHO-
LLUEHHSI Mi>k edpeKTUBHICTIO Ta 6e3nekoto [15].

[na BW3HAYEeHHs1 TepaneBTUYHOIO IHOEKCY BUMKO-
pucToByBanu 3HadeHHs ED, TpaHkBinisyto4oi Aii, Bu3Ha-
YeHOoro nonepegHiMn AoCniAXeHHAMN [6]. BcTaHoBNEHO,
Wo obuAasi CNONykM BUABNANW Pi3HY CUMY TPaHKBIni3y-
toyoi aii. Po3paxyHku TepaneBTuyHoOro iHgekcy ans BAP
HagaHo B Tabnuui 5.

It was revealed that the calculated absolute toxicity
index for MTG is significantly lower comparatively to LTG
(approximately in 3 times) and correlates with the values
of the lethal dose range, total and integral toxicity indices.
The calculated parameters of the toxicological profile
for humans indicate that both BAS are of low toxicity
to humans and do not pose a significant risk of poisoning.

DISCUSSION

For BAS as potential medical agents, the ratio
between the dose of the detected toxic effect and the
dose that causes a therapeutic effect is a very important
indicator. This indicator is called the «therapeutic index,
Tl» (Bhosk and Schnesder index). It is the ratio of the
median lethal dose to the median therapeutic (effective)
dose: Tl = LD, /ED,,, where LD, is the lethal dose that
causes the death of 50% of animals, ED, is the effective
dose that causes a needed pharmacological effect in 50%
of animals. A high Tl witnesses a high safety of the BAS.
Detecting of Tl as early as possible is the most important
task that can reflect a relationship between effectiveness
and safety [15].

To determine the therapeutic index, the ED, index
of the tranquilizing effect studied previously has been
used [6]. It was found that both compounds exhibited
different strengths of tranquilizing effect. Calculations
of the therapeutic index for BAS are given in Table 5.
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Tabnuusa 5. Po3paxyHKOBi AaHi TepaneBTUYHOIo iHAEKCY TPaHKBINi3yto4oi Aii TapTpatorepMmaHaTy marHito
Ta TapTpaTtorepMaHaTy niTito Nicns BHYTPILUHLOOYEPEBVNHHOIO BBEAEHHS LLlypam (MOKa3HUKV B MI/Kr)
Table 5. Caluclated therapeutic index for the tranquilizing effect of magnesium tartrate germanate
and lithium tartrate germanate after intraperitoneal administration in rats (mg/kg)

BAP
BAS ED,, LD, Tl
™

VTG 35,46+4,78 2836,97+382,38 80,0
T

TG 10,411,65 832,42£132,02 79,96

BusBneHo BMCOKi NOKa3HMKN TepaneBTUYHOrO iHAEKCY
ans o6ox BAP, wo cBigunTb Npo ix 6e3ne4HiCTb Npu BUKO-
pUCTaHHI B SIKOCTI TpaHKBinisytoumx cnonyk. Tl ogHoro
1 Toro X BAP mMoxe 3miHoBaTUCS 3aneXxHo BiA Tiel 4o3u,
B KM BiH BUSBMSE NeBHY apmakonoriyHy gito. BAP
3 BY3bKMM TepaneBTUYHMM [Jiana3oHoM  (HEeBEenvKo
Pi3HMLEI MiXX TOKCMYHOK | TepaneBTUYHOK [A03aMu)
MatoTb BUCOKMI PU3NK BUHMKHEHHS TOKCUYHOI Aii Ta BUMa-
raloTb MOHITOPUHIY A03 Ta iX Kopekuii. BcTaHosneHo,
wo BupaxysaHi Tl ans gocnigxeHux BAP (80,0 ta 79,96)
CBigYaTb NPO AOCTaTHLO LLUMPOKMIA Aiana3oH 6e3neku BAP,
HU3bKWIA PiBEHb PU3UKY BUHUKHEHHST MOBIYHMX edhekTiB.

BUCHOBKHU

TapTpaTtorepmaHar MarHito BigHOCUTbCS 10 MPAKTUYHO
HETOKCMYHMX peYoBuH (knac V) (LD, =2836,97+382,38 mr/
Kr Baru LWypiB), a TapTpatorepmaHar niTito — 40 mano-
ToKcuuHUMx cronyk (knac 1V) (LD,,=832,42+132,02 wmr/
kr). 3amiHa B cTpykTypi BAP marHhito Ha niTin npussena
00 30inbLUeHHs nokasHMKa TOKCUYHOCTI B 3,4 pasy.

EkcTpanonsuis oTpumaHux [OaHux Ha  JOOUHY
nokasana, wo BAP € mano Tokcu4HMMKM AN NIOOVHU:
LD,,=446.71£382.38 Mr/kr [Ons TapTpaTtorepmaHary
martito i LD, =131.07+382.38 mr/kr ans Taptpartorepma-
HaTy niTito.

[Moka3HWKn TepaneBTUYHOrO iHAEKCY LWOoAo TPaHKBI-
nigytoyoi Aji ceig4aTb NPO OOCTaTHBLO LUMPOKUN Tepane-
BTUYHMI AianaszoH obox BAP (TepaneBTWYHMI iHOEKC
6nn3bko 80) i HU3bKUI piBEHb PU3UKY BUHMKHEHHS
nobiyHnx edekTiB.

OTpvMaHi AaHi  TOKCUKOMOriYHOro npodpinto  CBia-
YaTb MPO NEePCNeKTUBHICTb Ta HEOBXIAHICTL NOAANbLLIOro
BMBYEHHSI XPOHIYHOT TOKCMYHOCTI, KYMYNSITUBHUX BNacTu-
BOCTeN Ta hapmakogmHamikm HoBux BAP.
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High level of therapeutic index were found for both
BAS, indicating their safety as potential tranquilizers.
The Tl of the BAS may vary depending on the dose
at which it exhibits a certain pharmacological effect.
BAS with a narrow therapeutic range (small difference
between toxic and therapeutic doses) have a high risk
of toxic effects and require accurate dose monitoring and
adjustment. It was found that calculated Tls for the studied
BAS (80.0 and 79.96) indicate a sufficiently wide safety
range of BAS, a low risk of side effects development.

CONCLUSIONS

Magnesium tartrate germanate belongs to almost
non-toxic substances (class V) (LD, =2836.97+382.38 mg/
kg), and lithium tartrate germanate belongs to low-toxic
compounds (class V) (LD,=832.42+132.02 mg/kg).
Substitution of magnesium by lithium in the structure
of BAS led to an increase in toxicity by 3.4 times.

Extrapolation of the obtained data on humans
revealed that the studied BAS has low toxicity:
LD,,=446.71+£382.38 mg/kg for magnesium tartrate
germanate and LD, =131.07+382.38 mg/kg for lithium
tartrate germanate.

Therapeutic index concerning tranquilizing action
revealed a sufficiently wide therapeutic range of both
BAS (therapeutic index of about 80) and a low risk of side
effects.

The obtained toxicological profile data indicate the
prospects and necessity of further study of chronic
toxicity, cumulative properties and pharmacodynamics
of new BAS.
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HaykoBux Uuinax Big 18 6epesHs 1986 p., [dupektunsu
€Bponericbkoro naprnameHTy Ta Pagm €C 2010/63/€C Big
22 BepecHs 2010 p. Npo 3axuUCT TBApWUH, AKi BUKOPUCTO-
BYIOTbCSl ANsi HAyKOBUX Linen, Hakady MO3 Ykpainu Big
14 rpyoHa 2009 p. Ne 944 «[Mpo 3aTBepokeHHs Nopsaaky
NPOBEAEHHA AOKMIHIYHOrO BUBYEHHSA NiKapCbkMx 3acobiB
Ta eKkcnepTuan matepianis AOKNIHIYHOrO BUBYEHHS Mikap-
Cbkux 3acobiB», 3akoHy YkpaiHu Big 21 ntotoro 2006 p.
Ne 3447-IV «[1po 3axuCT TBapWH Bif KOPCTOKOrO MOBO-
DKEHHsI» Ta iH.). MeTogn 3HeboneHHA Ta no3baBneHHsA
XUTTS TBAPUH Y3rodpkytoTbesl 3 «lpaBunnaMum BUKOHAHHS
poGIT i3 BUKOPUCTAHHAM €KCMEepPUMEHTaNbHUX TBApPUHY,
3atBepaxeHnmn MOS Ykpainn. KepyBanucsa Takox meTto-
OVNYHUMK pekoMeHgauismu [epxaBHoro dapmMakornoriy-
Horo ueHTpy MO3 Ykpainu [8].

BMKOpMCTdHHﬂ WTYy4YHOro iHTeAeKTY

ABTOpM pyKONucy CBiAOMO 3aCBiAYYyHOTb, L0 Y NPOLECi
NpoBeAEeHHsI [OCNIOKEHHS Ta NiATOTOBKM LibOrO PyKOMUCY
He BMKOPWUCTOBYBAmM XOAHMX iIHCTPYMEHTIB abo cepBiciB
reHepaTMBHOTO LTYYHOro iHTenekTy (L) ans BrkoHaHHS
Oyab-9KMX 3aBAaHb, nepenivyeHnx y TakcoHoMmii aenery-
BaHHA 3aBOaHb reHepaTUBHOMY LUTYYHOMY iHTEMEKTYy
(GAIDeT, 2025 p.). Yci etanu poboTtu — Big KoHUeNTyarni-
3auii o (iHanbHOro pefaryBaHHsi — BUKOHaHi 6e3 3any-
YeHHs reHepatueHoro LI, BMKkNOYHO aBTOpamu.

MepBuUHHI AGHi Ta MmaTepiaAu

ABTOpPY pyKOMuUCy CBIAOMO 3acBig4vytoTh, WO Yy poboTi
BMKOPUCTAHO pe3ynkTaT BMACHUX eKCrnepuMeHTanbHUX
JocnigxkeHb, Wo 6yny cuctemaTn3oBaHi Ta NpoaHaniso-
BaHi aBTopamu. NepBuHHI AaHi BKMOYaOTh y3aranbHeHi
NnokasHukK, nabopaTopHi pe3ynsraTi, eKCnepuMeHTarbHi
NMPOTOKONWN Ta OTPWUMAaHI KinbKiCHI xapaktepuctuku. Bci
maTtepianu 36epexeHi B apxiBi [oCnigHMLBKOT rpynu
Ta MOXyTb OyTu HapgaHi 3a OOrpyHTOBaHMM 3anuTom
0O aBTOpa-kOPECNOHAEHTa, 3 YypaxyBaHHAM E€TUYHUX
HOPM Ta NPaBOBUX OOMEXKEHb.

IHcbopmauis npo hiHaAHCYBAHHS

[ocnigxeHHs npoBoauIocs 3 iHiliaTMBn aBToOpPIB | HE
diHaHCyBanocs >XogHUM AXXepenom.
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LLlemoHaeBa KaTtepuHa PegopiBHa — KaHAMAAT MeONYHUX
HayK, JOLEHT, AOLEeHT kacdbeapu 3aranbHoi i KniHiYHoOT hapmako-
norii Ta dapmakorHosii Ofecbkoro HalioHanbHOro MeanyHoro
yHiBepcuTeTy MiHicTepcTBa OXOPOHU 300POB’A YKpaiHu;
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scientific purposes approved on March 18, 1986, Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals used
for scientific purposes, Order of the Ministry of Health
of Ukraine of 14 December 2009 No. 944 «On approval
of the Procedure for conducting preclinical studies
of medicinal agents and evaluation of results for preclinical
studies of medical agents», Law of Ukraine dated February
21, 2006 No. 3447-1V «On the Protection of Animals from
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Performance of Work Using Experimental Animalsy,
approved by the Ministry of Health of Ukraine. We were
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KAo40Bi cAoBa: PE3IOME

CYOMHHWUIA KCEeHOMpOTe3, ynbTpacoHorpa- — AKTyanbHiCTb. PeKOHCTPYKTMBHI BTpyYaHHs Ha MaricTpanbHUX cyauHax 3anuiia-
diyHe  focnifkeHHsl, TPOMOOreHHiCTb,  HOTbCA OAHIE0 3 HaMbINbl CKNagHWx npobrnem cyyacHoi cyAuHHOI Xipyprii. Tomy

TpuBane 36epiraHHsi NpoTe3iB. Y KMiHIYHIN NpakTuui 3pocTae iHTepec Ao 6ionoriyHnx CyaMHHUX rpaddTiB, 30Kpema ano-
Ta KCEHOTpaHCNIaHTaTIB, siki AEMOHCTPYHOTb KpaLly 6iocyMiCHICTb Ta noTeHuian Ao iHTe-
AAS KOPECMNOHAEHLLT: rpauii B TKaHUHU peuynieHTa.
MeTta po60TH — OLIHWUTY dPYHKLiOHaNBbHY NPUAATHICT KCEHOrEHHNX CYANHHMX NPOoTe3iB
Yk Mukona Onekcinosuy nicns 24-mics4HOro KpioKOHCepBYBaHHS, 3 aHani3oM CTaHy cepLeBO-CyANHHOI CUCTEMU
IHCTUTYT npo6riem kpioBionorii i kpio-  Ta TPOMGOreHHOro NoTeHLjasy B eKCNEePUMEHTI Ha KPOSIsX.

mMeauumHy HauioHanbHoi akagemii Hayk Martepianm Ta metoan. EkcnepumeHTarnbHi JOCMIMKEHHA npoBedeHi Ha 28 Kponsx
Ykpainu, Biaain ekcnepumeHTanbHoi kpio-  nopoan LuHwmna, macoto Tina 32004500 r. O6pobreHi kpiopagiauiiHum crnocobom

MeauLIMHU; apTepii a. thoracica interna CBWHI BUKOPUCTOBYBanNM SK CyAWHHI NpOTE3n Yepe3 2 poku
Byn. Mepescnascbka, 6ya. 23, M. Xapkis,  Nicna 36epexeHHs iX y napax piakoro asoTy. IMnnaHTauito CyaMHHNX NMPOTESiB AOBXHOW
YkpaiHa, 61016; 2-7 cM npoBoaMnu B AiNsHLi YepeBHOTro Biaainy aoptu kponis Hag Gidypkauieto aopTu.
e-mail: n.chizh@ukr.net CoHorpadhiyHe [OCHIMKEHHS CYAMH, 30Kpema YepeBHOro BiaAiny aopTu, 34iicHIoBanu

3a JOMOMOroK yrnbTpa3BykoBOro exotomockona «CoHomen 500» (BUpoOOHMK — «Cnek-
© LllesyeHko €.B., Yux M.O., Tpomeny, YkpaiHa) y BD-pexumi 3 BUkopucTaHHaM niHiiHoro gatyuka 7,5L38 i3 poboyoro
J1sdosa T.I., MameeeHko M.C., yacrtotot 7,5 MI'y. JocnimpkeHHs cepus 3aiicHioBanu B B- Ta M-pexuvmax. MNpu BUBYEHHI
madkux @.B., 2025 NMOKa3HWKIB 3ropTaHHsA KPOBi BU3HA4anu: NpoTpoMOGiHOBMIA Yac, MiKHaApoaHe HopMani3o-

BaHe BigHowweHHs (MHB), AYTB, Tpomb6iHOBMIA Yac Ta ibpuH NNasmm Kposi.

Pesynbratn. CyavHHI KCeHOMpoTesu micnst TpyvBanoro 36epiraHHs NPOAEMOHCTPY-
Banu Jobpy yHKUiIOHanNbHICTb, BIACYTHICTE TPOMOOreHHOCTI Ta ageKkBaTHy iHTerpawito.
HesBaxatoum Ha Bapiauilo JOBXMHW TpaHCMNMaHTOBaHUX npoTesiB (2—7 cM) cepen
yCiX TBapuH rocTpi TpoM6031n abo KriHiYHO 3HaYyLLi CTEHOTUYHI 3MiHW He Bynu BusB-
neHi. Ynpogoex 360 ai6 giameTtp kceHorpadTy 36inbwmeea Ha 19%, wo cknapgano
3,8 £ 0,2 MM, a WBKUAKICTb KPOBOTOKY B rpadpTi 3MmeHwwmnacb Ha 25% (51,7 £ 7,6 cm/c),
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AAS LUTYBAHHS:

P1-1,3 £ 0,24. Lle nigTBepaxye BigCYTHICTb MOro KPUTUYHOI AnnaTauii Ym CTeHo3y, Xxo4a
MOXINBE (POPMYBaHHS HE3HAYHOTO aHEBPU3MATUYHOTO PO3LLUMPEHHS.

[emoaMHamiyHi napameTpu MPOTSAroM POKy MiCst TpaHCMnaHTauii CyaMHHOro nportesa
3anuwanucsa ctabinbHMuK, 6e3 NaTonoriYHnX 3MiH y cepui 4m cyauHax. Ha Bcix eTanax
(30, 180, 360 noby) napameTpu MiBOrO LUMyHOuKa (AiaMeTpu, TOBLUMHK CTiHOK, YacToTa
cepueBux ckopoueHb, EF, FS) sanuwanucs B mexxax Hopmn — 6e3 o3Hak gunaTtaduii.
emaTtonoriyHi TeCTOBi MOKa3HWKM MOKa3anu KOPOTKOYACHY KoarynonaTito 3 MOBHUM
BiIHOBMNEHHSAM 4O HOpMarnbHUX 3HaveHb Ha 14—30 Oo6y, Lo CBiAYMTb NPO BiAHOBMNEHHS
romeocTtady. Ha etanax 180—-360 ni6 nokasHWku He Bigpi3HSANUCS Big HOPMK — MiaTBEp-
DXKEHHs1 KOMMEHCAUiNHOI peakuii cucTtemMu 3ropTaHHsA KpoBi, 6e3 o3Hak rinepTpodii,
AMCAYHKLT abo nepeBaHTaXeHHs cepLs.

BucHoBku. [ocnifkeHHS npoAeMOHCTpyBano BWMCOKY 6GiocymicHicTb Ta cTabinb-
HICTb (PYHKLIOHaNbHMX BMACTUBOCTEN CYOMHHUX KCEHOMpPOTe3iB nicnsa 24-MicA4HOro
KpiokoHcepByBaHHs1. [MpoTe3n 3abesnevyBany agekBaTHUI KpoBOTik 6e3 Tpomb6osis
4YM KPUTUYHMX CTEHO3iB, 30epirann MopdornoriyHy LiMiCHICTb Ta He CMPUYMHANKU naTo-
NOriYHMX 3MiH Yy CepLeBO-CYOUHHIA CUCTEMI MPOTArOM POKY CMOCTepexeHHs. Nokas-
HWKN reMoAMHaMikn Ta dyHKUiT Miokapda 3anuwanucsa B Mexax qisionoriyHoi Hopmu,
a KOPOTKOYACHI NOPYLLUEHHST koarynsuii BigHOBMOBanucs 4o 6a30BUX 3HAUYEHb YNPOAOBXK
nepworo Micsusa. OTpuMaHi pesynstati MiATBEPOXYOTb MNEPCNEKTUBHICTb BUKOPU-
CTaHHSA TaknMxX KCeHorpadTiB Y PEKOHCTPYKTUBHIW CYAUHHIN Xipyprii.

LLleBueHko €.B., Yk M.O., Nsposa T.1., MateeeHko M.C., Magkux ®.B. BuBYeHHs1 yHKLiOHANBbHOCTI Ta TPOMOOreH-
HOCTI CyQMHHMX KCeHOMPOTE3iB nicns Tpusanoro 36epiraHHsi. The Journal of V. N. Karazin Kharkiv National University.
Series Medicine. 2025. T. 33. Ne 4(55). C. 550-566. DOI: https://doi.org/10.26565/2313-6693-2025-55-05
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ABSTRACT

Background. Reconstructive interventions on major blood vessels remain among the
most challenging issues in contemporary vascular surgery. Consequently, clinical
practice shows growing interest in biological vascular grafts, particularly allografts and
xenografts, which exhibit superior biocompatibility and a greater potential for integration
into recipient tissues.

Purpose — to evaluate the functional suitability of xenogeneic vascular prostheses after
24 months of cryopreservation, with a comprehensive assessment of cardiovascular
status and thrombogenic potential in an experimental rabbit model.

Materials and Methods. Experimental studies were performed on 28 Chinchilla rabbits
weighing 3200-4500 g. Cryoradiation-treated segments of the porcine a. thoracica interna
were used as vascular prostheses after 2 years of preservation in liquid-nitrogen vapor.
Implantation of vascular grafts measuring 2—7 cm in length was carried out in the abdominal
segment of the rabbits’ aorta, proximal to the aortic bifurcation. Sonographic examination
of the vasculature, including the abdominal aorta, was conducted with a «<Sonomed 500»
ultrasonic echotomograph (manufacturer: «Spectromed», Ukraine) in BD-mode using
a 7.5 L38 linear probe operating at a frequency of 7.5 MHz. Cardiac evaluation was
performed in both B- and M-modes. For assessment of blood coagulation parameters, the
following were measured: prothrombin time, international normalized ratio (INR), activated
partial thromboplastin time (aPTT), thrombin time, and plasma fibrin concentration.
Results. Vascular xenografts after prolonged storage demonstrated good functionality,
absence of thrombogenicity, and adequate integration. Despite variation in the length
of the transplanted prostheses (2-7 cm), no acute thrombosis or clinically significant
stenotic changes were detected in any of the animals. Over a 360-day period, the
xenograft diameter increased by 19%, reaching 3.8 + 0.2 mm, while blood flow velocity
within the graft decreased by 25% (51.7 + 7.6 cm/s), with a pulsatility index (PI) of 1.32 =
0.24. These findings confirm the absence of critical dilatation or stenosis, although the
formation of a minor aneurysmal enlargement remains possible.

Hemodynamic parameters during the year following vascular graft transplantation
remained stable, with no pathological changes detected in the heart or vasculature.
At all observation points (days 30, 180, 360), left ventricular indices — including chamber
diameters, wall thicknesses, heart rate, ejection fraction (EF), and fractional shortening
(FS) — remained within normal limits, with no evidence of dilatation.

Hematologic test results revealed a transient coagulopathy with complete normalization
by days 14-30, indicating restoration of hemostasis. At 180-360 days, all coagulation
parameters did not differ from normal values, confirming a compensatory response of the
coagulation system and showing no signs of cardiac hypertrophy, dysfunction, or overload.
Conclusions. The study demonstrated high biocompatibility and stable functional
properties of vascular xenografts following 24 months of cryopreservation. The
prostheses provided adequate blood flow without thrombosis or critical stenosis,
preserved morphological integrity, and induced no pathological changes in the
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cardiovascular system during one year of observation. Hemodynamic parameters and
myocardial function remained within physiological limits, while transient coagulation
disturbances returned to baseline values within the first month. These findings confirm
the promise of such xenografts for application in reconstructive vascular surgery.

For citation:

Shevchenko YeV, Chyzh MO, Liadova Tl, Matvieienko MS, Hladkykh FV. Study of the functional properties and
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BCTYN

PeKOHCTPYKTUBHI BTPY4aHHS Ha MaricTpanbH1X CyanHax
3anvLIaTbCs OAHIE 3 HaWbInbl CKMagHUX npobnem
cyyacHol cyauHHoi Xipyprii. BoHn 3acTtocoBytoTbCs y NiKy-
BaHHi aHEeBPW3M, OKIHO3iNHO-CTEHOTUYHUX YPaXKeHb, TpaB-
MaTUYHUX YLWKOKEHb Ta iHMEKLIMHUMX npoueciB, Komu
BiOHOBIEHHSA MPOXIOHOCTI CYAUHW € XXUTTEBO HEOOXiAHUM
Ans 36epexxeHHst opraHa Ym KiHUiBK1. BUKOpUCTaHHS CUHTe-
TUYHWUX NPOTESIB (NOniTETPadTOPETUNEHOBUX, 4AKPOHOBUX
Ta iH.) obmexeHe Yepe3 puanK IHPEKUIMHMX YCKNaaHEHb,
Tpombo3iB Ta BigdaneHoi fereHepadii matepiany [1, 2].
Tomy y KniHiYHI NpakTui 3pocTae iHTepec Ao GionoriyHmx
CYOMHHUX rpadpTiB, 30KPEMA ano- Ta KCEHOTPAHCNIIaHTaTIB,
SKi AeMOHCTPYITb Kpally 6iocymicHICTE Ta noTeHuian
[0 iHTerpauii B TkaHWHM peumnieHTa [3].

[MepeBarm cyouHHMX  KceHorpadTiB  nonsraloTb
y NPUPOAHIV aHaTOMIYHIN CTPYKTYPI, Ska cnpusie gisiono-
rYHOMY BiZHOBIEHHIO reMoAMHaMIKW, @ TakoX Y MOXMu-
BOCTi OTPUMAHHSI TpaHCMNaHTaTiB HeobxigHoro giameTpa
Ta AOBXWHW. BogHoyac Kn4OBMM BUKMMKOM 3anuiua-
eTbCA 3abe3neyeHHs TXHbOI JOBroTpuBanoi yHKLio-
HanbHOCTI, MexaHi4Hoi cTabinbHOCTI Ta GiocymicHoCTI,
ocobnuBo nicns  TpuBanoro 30epiraHHa Ta 00po6KM
hi3nyHMMK hakTopamu, TakKMMK SiK HU3bKOTEMMEpaTypHe
3aMOpPOXYBaHHS 1 iOHi3yBanbHe ONpoMiHEHHS [4—6].

OnHuM i3 HamBaxNMBILWKX eTaniB y niarotosLi Giono-
rYyHMX TpaHcnnaHTaTiB € iX goBroTpusane 3bepiraHHs.
CyyacHUM CTaHOapTOM BBaXKaETbCS KPIOKOHCEPBYBaHHS
y naposiv casi pigkoro asoty (-150...-180 °C), wo 3abes-
nevye 36epexeHHst MOpPAONOriYHOI CTPYKTYPU CYAUHHOI
CTiHKW, BiOMEXaHIYHMX XapaKTepuUCTVK i PyHKLiOHaNbHUX
BMacTUBOCTEN YNPOJOBX KiMbKOX pokiB [7]. JocnigXeHHs
nokasanu, Lo KPiOKOHCEPBOBaHi TpaHcnnaHTatn 36epi-
raloTb afeKkBaTHy MeXaHi4YHy MILHICTb, HWU3bKy aHTUreH-
HIiCTb Ta 34aTHICTb 40 eHgoTenisauii nicns imnnanTauii [8].

Baxxnneoto nepeBaroto BionoriYHmMX rpadoTiB € 3HKEHHST
PU3VKY IHPEKLHMX YCKNaaHEHb Y NMOPIBHAHHI 3 CUHTETWY-
HUMW npoTe3amn. 30kpema, Npu 3amileHHi iHiKkoBaHNX
LiNSHOK aopTu Y1 BENUKNX apTepili KPIOKOHCEPBOBaHI ano-
Ta KceHorpadTvi NPOAEMOHCTPYBanU KpaLly Pe3VCTEHTHICTb
[0 iHdeKLii Ta cTabinbHi pesynsraTv y cepeiHbo- Ta Bigaa-
neHomy nepiogi [9]. Kpim Toro, JoCnigpKeHHS Ha ekcnepu-
MEHTaNbHUX MOLENSAX i KMiHIYHUX cepisx nigTBepaunu,
Lo TpaHCcnnaHTauis Taknx rpadTie 3abesnevye 3a40BInbHY
NPOXiOHICTb Ta BiACYTHICTb iCTOTHUX MOPYLUEHb CepLEeBO-
CYOMHHOT (PYHKUT Y BiAAaneHoMy CrnocTepeXeHH.

Pasom 3 TuM, He3Baxaruu Ha 3Ha4dHi yCrixu, HU3Ka
nMTaHb 3anuLLIAETbCA BigKpUTOL. 30Kpema, HeAOCTaTHbO
OaHuX OO0 BNNMBY TPaHCMaHTaTiB TpuBanoro (noHazg
24 wmicaui) 36epiraHHa Ha MOPGOMYHKLIOHaNbHUA CTaH
Miokapaa Ta CMCTEMHY remoguHamiky. binbLicts ony6ni-
KOBaHUX [OCMifMKeHb OOMeXyeTbcs TepMmiHamMu .o

INTRODUCTION

Reconstructive interventions on major blood
vessels remain one of the most challenging problems
in contemporary vascular surgery. They are employed
in the treatment of aneurysms, occlusive—stenotic
lesions, traumatic injuries, and infectious processes when
restoration of vessel patency is vital for the preservation
of an organ or limb. The use of synthetic prostheses
(polytetrafluoroethylene, Dacron, and others) is limited
by the risk of infectious complications, thrombosis,
and late material degeneration [1, 2]. Consequently,
there is growing clinical interest in biological vascular
grafts, particularly allografts and xenografts, which
demonstrate superior biocompatibility and greater
potential for integration into recipient tissues [3]. The
advantages of vascular xenografts lie in their natural
anatomical structure, which promotes physiological
restoration of hemodynamics, as well as in the ability
to obtain grafts of the required diameter and length.
At the same time, a key challenge remains ensuring
their long-term functionality, mechanical stability, and
biocompatibility, particularly after prolonged storage and
processing by physical factors such as low-temperature
cryopreservation and ionizing irradiation [4—6].

One of the most critical stages in the preparation
of biological grafts is their long-term preservation. The
current standard is cryopreservation in the vapor phase
of liquid nitrogen (=150 to —-180°C), which ensures
maintenance of the vascular wall's morphological
structure, biomechanical characteristics, and functional
properties for several vyears [7]. Studies have
demonstrated that cryopreserved grafts retain adequate
mechanical strength, low antigenicity, and the capacity for
endothelialization following implantation [8].

An important advantage of biological grafts is the
reduced risk of infectious complications compared with
synthetic prostheses. In particular, when replacing
infected segments of the aorta or major arteries,
cryopreserved allo- and xenografts have demonstrated
greater resistance to infection and stable outcomes
in both the mid- and long-term periods [9]. Moreover,
studies in experimental models and clinical series have
confirmed that transplantation of such grafts ensures
satisfactory patency and the absence of significant
cardiovascular dysfunction during long-term follow-up.

Despite significant advances, a number of questions
remain unresolved. In particular, there are insufficient data
on the impact of grafts subjected to long-term storage
(exceeding 24 months) on the morphofunctional state
of the myocardium and on systemic hemodynamics. Most
published studies are limited to follow-up periods of up to
360 days, whereas in the routine practice of vascular tissue
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360 fi6, Toai K y NpakTUYHIN 4isNbHOCTI CYAMHHUX GaHKiB
TpaHcnnaHTaTn MoXyThb 36epiratucs pokamu. Came Tomy
aKTyanbHUM € BUBYEHHSI 6€3MeYHOCTi Ta PyHKLiOHanbHOT
cTabinbHOCTIi  GiONOriYHMX CYAMHHUX NpPOTE3iB nicns
[OBroTPUBANoro KpioKOHCEPBYBAHHS, WO Mae Gesnoce-
penHE 3HAYEeHHSA 9K Ansl eKcnepuMeHTanbHoI, Tak i ons
KNiHIYHOI CyauHHOI Xipypril.

MeTa po60Tu — OLIHUTU hyHKLIOHANBHY NPUAATHICTb
KCEHOreHHUX CyaAMHHUX npoTesiB nicna 24-mics4Horo
KpiOKOHCEpPBYBaHHS, 3 aHani3oM CTaHy CepLeBO-CyANHHOT
cMCTeMM Ta TPOMOOreHHOro noTeHujiany B eKCnepuMeHTi
Ha KponsiX.

MATEPIAAU TA METOAU AOCAIAXXEHHA

ExkcnepumeHTanbHi - gocnigpkeHHa npoBedeHi  Ha
28 kponsax nopoau WuHwwmna, macoto Tina 3200-4500 ,
AKi yTpUMyBanucb y CTaHAapTHUX YMOBax BiBapilo.
TeapuH noginunu Ha 2 rpynu. lNMepa rpyna — iHTaKTHi
TBapuHKW (N=7) Ta gpyra — ekcnepumeHTarnbsHi (n=21).

O06pobneHi kpiopagiauiiHum cnocobom apTepii a.
thoracica interna CBWHI BWUKOPWCTOBYBanu $K CYOWHHI
npoTesn yepes 2 pokM Micns 30epexeHHs ixX y napax
pigkoro asoTy. IMnnaHTauilo  CyaMHHWX  npoTesiB
OOBXMHOK 2-7 CM MpoBOAUNW B AiNSAHLUI 4YepeBHOro
Bioainy aoptu kponis Hag Gidypkaduieto aoptu [10, 11].

KomnnekcHy nporpamy [OChigXeHb pPO3rMsHYTO
Ta norogxkeHo Komitetom 3 GioeTukn IHCTUTYTY npobrem
Kpiobionorii i kpiomeguunHn HauioHanbHOI akagemii
Hayk Ykpainn (Butar 3 [Mpotokony Ne 2 Big 25 ciyHs
2012 p.). MpoTtokon po3pobrneHo Ha OCHOBI «3aranbHuX
NPUHUMNIB E€KCMEPUMEHTIB Ha TBapUHax», YXBaneHux
Il HauioHanbHMM KoHrpecom 3 Gioetukn (Kuis, 2007),
Ta rapMOHi30BaHO 3 BMMOramm « EBpONencbKoi KOHBEHLi
Npo 3axucT XpebeTHMX TBapwH, LU0 BMKOPUCTOBYKOTHCS
B €KCMeprMeHTanbHMX Ta iHWKX HaykoBux Linax» (CTpa-
cbypr, 1986), [Oupektnsn Pagnm €sponn 86/609/EEC
(1986), 3akoHy YkpaiHu Ne 3447-1V Big 21.02.2006 «[po
3aXUCT TBApWH BiJ )KOPCTOKOTO MOBOXEHHSI».

YAbTpacoHorpagivyHi AOCAIAXKEHHSA

4YepeBHOro BiAAIAy AOpTH

CoHorpadiyHe JOCHiMKEHHSA CyaVH, 30KpeMa YepeBHOIO
BiAAiny aopTu, 34iNCHIOBanNy 3a AOMOMOIOK YrsTPa3ByKOBOMO
exotomockona «CoHomen 500» (BupobHuK — «Cnektpomen,
YkpaiHa) y BD-pexumi 3 BUKOPUCTaHHAM NiHIMHOMO Aatyvka
7,5L38 i3 pobouoto yactototo 7,5 M. lNpu npoBeneHHi
KOMbOPOBOrO  AOMMINEPIBCLKOrO KapTyBaHHA  BisyaridyBanm
MOTIKKPOBI. Y NpoLeci AOCHiMKEHHS BU3HaYanu giaMeTp CyavH
(D, MM), cepenHto LUBUAKICTb KPOBOTOKY (Vav, cm/c) 3anexHo
BiO, AiNSHKN OOCNIMKEHHS (MPOKCMMaribHO 0 NpoTesa, Y 30Hi
npoTesa Ta AWCTanbHO Bif HLOrO), MyrbcauinHuni iHgeke (PI),
a TaKoX 4aCTOTy CepLIEBMX CKOPOYEHb (YA/XB).

YAbTpacoHorpadpidHi AOCAIAXKEHHA cepus

[ocnigxeHHs cepust 3gincHioBann B B- Tta M-pe-
XUMax.  YnbTpasBykOBE  CKaHyBaHHS  BUKOHyBanu
y NMOWWHI, NEpPneHAVKYNSAPHIN A0 MOBEPXHi rpyaHOI
KNiTKK, 3 NapacTtepHanbHOro 4OCTyny B3OOBX AOBrOi BiCi
cepus. Y pexumi M-mogansHOro ckaHyBaHHS MpoBOAMIN
BMMIpIOBaHHS CTPYKTYp CEpLEBUX MOPOXHWUH, 30Kpema
OiamMeTpiB i BigCTaHewn: KiHUEBO-AiacTonivyHoro AdiameTpa

banks graftsmaybe storedforyears. Therefore, investigation
of the safety and functional stability of biological vascular
prostheses after prolonged cryopreservation is highly
relevant, holding direct significance for both experimental
and clinical vascular surgery.

Objective — To evaluate the functional suitability
of xenogeneic vascular prostheses after 24 months
of cryopreservation, with analysis of the cardiovascular
system and thrombogenic potential in an experimental
rabbit model.

MATERIALS AND METHODS OF RESEARCH

Experimental studies were conducted on 28 Chinchilla
rabbits weighing 3200-4500 g, maintained under
standard vivarium conditions. The animals were divided
into two groups: Group 1 — intact controls (n=7) and
Group 2 — experimental subjects (n=21).

Cryoradiation-processed segments of the porcine
a. thoracica interna were used as vascular prostheses
after two years of preservation in liquid-nitrogen vapor.
Implantation of vascular grafts measuring 2-7 cm
in length was performed in the abdominal portion of the
rabbits’ aorta, proximal to the aortic bifurcation [10, 11].

The comprehensive research protocol was reviewed
and approved by the Bioethics Committee of the Institute
for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine (extract from
Protocol No. 2 dated January 25, 2012). The protocol was
developed in accordance with the «General Principles
of Animal Experimentation» adopted by the Il National
Congress on Bioethics (Kyiv, 2007) and harmonized with
the requirements of the «European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes» (Strasbourg, 1986), the
Council of Europe Directive 86/609/EEC (1986), and the
Law of Ukraine No. 3447-IV of February 21, 2006 «On
Protection of Animals from Cruelty».

Ultrasonographic Examination of the

Abdominal Aorta
Sonographic evaluation of the vasculature, including
the abdominal segment of the aorta, was performed
using a «Sonomed 500» ultrasonic echotomograph
(manufacturer: «Spectromed», Ukraine) in BD mode with
a 7.5 L38 linear transducer operating at 7.5 MHz. Color
Doppler mapping was employed to visualize blood flow.
During the examination, the following parameters were
measured: vessel diameter (D, mm), mean blood-flow
velocity (Vav, cm/s) depending on the study site (proximal
to the graft, within the graft zone, and distal to it), pulsatility

index (PI), and heart rate (beats/min).

Ultrasonographic Examination of the Heart

Cardiac studies were performed in both B- and
M-modes. Ultrasonographic scanning was carried
out in a plane perpendicular to the chest wall using
a parasternal long-axis approach. In M-mode scanning,
measurements of intracardiac structures were obtained,
including: left ventricular end-diastolic diameter (LVEDD,
mm), left ventricular end-systolic diameter (LVESD, mm),
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nisoro wnyHouka (KOA, DD, mMm), KiHLEeBO-CUCTOMIYHOMO
diametpa niBoro wnyHouka (KCO, DS, mm), TOBLUHK
MDXLLTYHOYKOBOI neperopogkm B giactony (TMIMA4, 1VSD,
mm) Ta B cuctony (TMIC, IVSS, mm), a Takox TOBLUMHU
3a[HbOI CTiHKM niBOro LwnyHoyka y piactony (T3CAO,
PWDD, mm) Ta cuctony (T3CC, PWDS, mm).

lMicnsa npoBeAeHHS BUMIpIOBaHb aHAaTOMIYHUX CTPYKTYP
y aBTOMaTUYHOMY PEXUMI EXOTOMOCKON 34jiICHIOBaB po3pa-
XYHOK OCHOBHMX MOKa3HUKIB 06'E€MHO-LUBUAKICHUX Xapak-
TepUCTUK cepud. [Jo HUX BigHOCUNW: KIHLEBO-AiaCToNIYHUI
o6’em (KOO, EDV, mn), kiHueBo-cuctoniyHmm o6’em (KCO,
ESV, mn), yoapHuii o6'em (YO, mn), XBUMUHHWIA 06’em
(XO, SV, mn/xs), pakuito Bukmay (PB, EF, %). JogatkoBo
BM3Ha4YanM napameTpu, L0 XapaKTepu3ytTb CKOPOTNMBY
dbyHKLjt0 MiBOrO LNYHOYKa: ppakLito ckopodeHHs (PC, FS,
%) Ta macy Miokapga nisoro wnyHouka (MJ1LW, Lvmass, r).

BuBYEHHS NOKA3HMUKIB 3ropTAHHSA KPOBI

BusHauyeHHA npoTtpombGiHOBoro 4acy. [lpoTpowm-
6iHoBu vac (MTY) € meTogoMm AocnigXeHHs1 dyHKLio-
HanbHOI aKTMBHOCTI 30BHILLIHLOMO Kackagy nrnasMoBOro
remocTady. [lokasHuK BM3HaAYaeTbCA y CeKyHaax i Bigo-
Opakae yac 3ropTaHHsl MnasMu KpoBi Micnsa goAaBaHHs
TPOMOONNacTUH-KanbLieBoi CyMiLLli.

MixHapogHe HopmanizoBaHe BigHoweHHa (MHB)
3aCTOCOBYETbCA  §IK  CTaHOAPTU30BaHWMN  MOKA3HUK
NPOTPOMBIHOBOIO iHAEKCY. VIoro 3HaYeHHs He 3anexuTb
BiO METOAY BM3HA4YeHHS NPOTPOMBIHOBOIO Yacy Ta YyTnu-
BOCTi BUKOPUCTAHMNX peareHTiB, OCKiflbkM BOHO 6a3yeTbCs
Ha 3iBCTaBMeHHI iHAUBIAYyanbHUX MOKa3HWKIB NPOTPOMOi-
HOBOrO iHAEKCY NauieHTa 3 pesynbratamu, OTpUMMaHUMu
3a JOMOMOrOK CTaH4APTU30BaHMX TECT-CUCTEM.

Memoduka eusHa4eHHsi. KpoB 36upanu y npobipky
3 3,8% po3unHOM umTpaTy Hatpito. MNnaamy iHkybyBanu npu
Temnepatypi 37 °C, nicnsa 4yoro gogasanv TKaHUHHUIA TPOM-
bonnactuH Ta xnopua kanbuito CaCl2. Yac Big MOMeHTy
BHECEHHSI peareHTiB [0 YTBOPEHHS (hibpMHOBOMO 3rycTka
peecTpyBanu sik NokasHuk NpoTpom6iHoBoro Yacy [12].

Bu3Ha4eHHsa TpombBiHOBOro Yacy

Tpom6GiHOBMIA Yac BM3HAYanu 3aBASKM TECT CUCTEMI
Dia-TT. Dia-TT — ue niodini3oBaHW peareHT, SKUin BUKO-
PUCTOBYETLCA AN BU3HAYEHHS TpombBiHoBOro Yacy. Dia-TT
peareHT PO3YMHSIIOTb OUCTUIIBOBAHOK BOAOK YMNPOOOBXK
30 xB o BignoBigHoro po3eeneHHs. ObepexHo y ropu-
30HTanbHOMY MOMOXEHHI MOKPYYyOTh peareHT 5-10 pasis,
He 300BTytOuUM 1Oro. YekaroTb MOKM peareHT [ocsrHe
pobouyoi Temnepatypu. lNMpouenypa TectyBaHHA: 1. ona-
BaHHS 3paska y kioseTy 100 Mkn y KoaryrnopumeTp. 2. IHKy-
Gauis 3paska 2 xB. 3. [logaBaHHs peareHTa TY y kioBeTY
100 mxkn. 4. OgHoYacHe 3anyckaHHs Tanmepa ~ 1 xB [12].

Bu3Ha4eHHs ¢pibprHY NAA3MM, T/A

lMposedeHHsi aHanisy 1. Y KoBeETy KoaryrnomeTpa
BHocunu 0,2 MmN po3BedeHOi OOoCriaXyBaHOiI nnasmu.
2. InkybyBanu npu Temnepatypi 37 °C npotsrom 1 xB.
3. B 1y x koBety gopgasanu 0,1 mn pobo4oro posdmHy
TpoMOiHY, WO Mae KiMHaTHy Temnepatypy 18-25°C
i noynHanu BiAnik Yacy 3ropTaHHs. OuiHka pesynbraris:
3a3BMyall Yac 3ropTaHHA po3BedeHOi AoCnigKyBaHOI
nnasmu ctaHoBuTb 4—40 c.

Bu3HayeHHs1 MOKa3HWKIB CUCTEMMW 3ropTaHHsl KpOBi
npoBogunu Ha 7-my, 14-ty, 30-Ty, 180-Ty Ta 360-Ty 106y,

interventricular septal thickness in diastole (IVSd, mm)
and in systole (IVSs, mm), as well as left ventricular
posterior wall thickness in diastole (LVPWd, mm) and
in systole (LVPWs, mm).

After automated measurements of the anatomical
structures, the echotomoscope automatically calculated
the principal volumetric and flow-rate indices of cardiac
function. These included: end-diastolic volume (EDV, mL),
end-systolic volume (ESV, mL), stroke volume (SV, mL),
cardiac output (CO, mL/min), and ejection fraction (EF, %).

Additionally, parameters reflecting left-ventricular
contractile performance were assessed: fractional
shortening (FS, %) and left-ventricular myocardial mass
(LV mass, g).

Assessment of Blood Coagulation Parameters

Determination of Prothrombin Time. Prothrombin
time (PT) is a laboratory test used to evaluate the
functional activity of the extrinsic pathway of plasma
hemostasis.

International Normalized Ratio (INR) is used
as a standardized indicator of the prothrombin index.
Its value is independent of the specific method used
to determine prothrombin time or the sensitivity of the
reagents, as it is based on comparing the patient’s
individual prothrombin index with results obtained using
standardized test systems.

Method of Determination. Blood was collected into
atube containing a 3.8% sodium citrate solution. The plasma
was incubated at 37 °C, after which tissue thromboplastin
and calcium chloride (CaCl,) were added. The interval from
the addition of the reagents to the formation of a fibrin clot
was recorded as the prothrombin time [12].

Determination of Thrombin Time

Thrombin time was measured using the Dia-TT test
system. Dia-TT is a lyophilized reagent employed for
the determination of thrombin time. The reagent was
reconstituted with distilled water for 30 minutes to the
specified dilution. It was then gently rotated in a horizontal
position 5-10 times without shaking and allowed to reach
operating temperature. Testing Procedure. 1. Addition
of the sample into the cuvette 100 uL in the coagulometer.
2. Incubation of the sample for 2 min. 3. Addition of the
TT reagent into the cuvette 100 pL. 4. Simultaneous start
of the timer ~ 1 min [12].

Determination of Plasma Fibrin, g/L

Analysis Procedure. 1. Into the cuvette of the
coagulometer, 0.2 mL of diluted test plasma was
introduced. 2. Incubation was carried out at 37 °C for
1 min. 3. Into the same cuvette, 0.1 mL of working
thrombin solution at room temperature (18-25 °C) was
added, and the clotting time measurement was started.

Evaluation of Results. Normally, the clotting time
of the diluted test plasma is 4—40 s.

Determination of Blood Coagulation Parameters
was performed on days 7, 14, 30, 180, and 360, and
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a yneTpacoHorpadivHi gocnigxeHHs — vepes 30, 180 Ta
360 fi6 nicns TpaHcnnaHTauii cyauHHoro npoTesa.

CTaTMcTM4Ha o6po6Ka pe3yAbTATIB

CratuctnyHy 06poBKy ofepaHux pesynbrariB
NpoBeAEHO 3 BUKOPWCTaAHHAM MapameTpu4HuX Ta Hena-
pameTpudHnx Metogis. lpu HopmanbHOMY po3noAini
He3anexHWx BenUYuH BIOMIHHOCTI MK rpynamu BU3Ha-
yanu nonapHo 3a t-kputepieM CmbrodeHma. Lindpposi
OaHi HasepeHi y Burnagi «M+my» (M+SE), ne M — cepegHe
apudmeTnyHe 3HadeHHs, m (SE) — ctaHgapTHa noxmnbka
cepeaHboro apnumMeTnyYHoro.

Mpv HeHopManbHOMY PO3NOAINi NPUHANMHI OAHIET 3 rpyn
He3aneXxHUX BeNWYUH BIOMIHHOCTI MK HMMW BMU3Ha4anu
nornapHo 3a HenapameTpuyHum H-kputepiem Kpackena—
Yonnica (Kruskal-Wallis). OaHi npegctaBneHo y BWUMsALi
Me [LQ; UQ], oe Me — megiaHa, [LQ; UQ] — BepxHst Mexa
HWXKHBOTO (MepLuoro) keapTuns (lower quartile — LQ) Ta HUXXHSA
MeXa BepXHLOro (TPeTboro) kBaptuns (upper quartile — UQ).

PE3YABTATU

Yci TpaHcnnaHToBaHi GiororiyHi rpadt ekcnepumeH-
TanbHoI rpynu 36epiranv CBo YHKUIOHAMNBHICTb Yy MOBHOMY
o6casi. Moctpi TPOMBO3M Ta KNIHIYHO 3HauyLli CTEHOTWYHi
3MiHM Ha paHHIX Ta BigdaneHux TepMiHaxX CrMOCTEPEXEHHS,
CMPVYMHEHI BNacTUBOCTSMYM NpoTe3a, Oynu BiacyTHi. Mpoone-
poBaHi TBapuHK 36epiranu ¢idionoriyHy aKTUBHICTb Y MOBHOMY
06¢A3i, PYHKLIT Ta30BUX OpraHiB He MOPYLLYBanmcs.

Yepes 30 gi6 nicns iMnnaHTauii cyaMHHOro nportesa
nig 4ac ynbTpasByKOBOrO [OOCHIMKEHHs Oyno BCTaHOB-
NEHO, Lo NpoTe3 YiTKO BidyanidyeTbCsi, Ma€ PiBHI KOHTYpW,
a NpoKCUMAanbHWA | AUCTanbHWUM aHacToMo3u Jo6pe BU3Ha-
yaroTbes. KpoBOTiK y Mexax npoTte3a 30epexeHuid, 1noro
MOKa3HWKW He BiAPI3HSIOTECA Bif MOKa3HMKIB Hopmm [13].

3rigHo 3 gaHMmu Tabnuui 1, giameTp aopTy B AiNsHUi
npotesa crtaHoBuB 3,410,3 MM, cepedHs LUBMAKICTb
kpoBoToky (Vav) — 65,4 + 3,6 cm/c, a nynbcauiiHun
iHoekc (Pl) — 1,42 + 0,34. Lli pe3ynsrati nigTBEpOXXyHOTh
dyHKUiOHanbHy nNpuAaTHICTL MpoTe3a 3abesnedvyBaTtu
afeKBaTHMIN KPOBOOOIr 6e3 03HaK 3HAYHOro MiABULLEHHSI
nepudepnyHoro onopy. KomnbopoBe ponnnepiscbke
KapTyBaHHA OEMOHCTPYE PiBHOMIPHWI PO3MOAin KpoBO-
TOKY 3a BCi€0 JOBXWUHO npoTe3a (Tabn. 1, puc. 1).

the entire length of the prosthesis (Table 1, Fig. 1).

ultrasonographic examinations were carried out on days
30, 180, and 360 after vascular graft transplantation.

Statistical Analysis of Results

Statistical processing of the obtained data was
performed using both parametric and nonparametric
methods. For independent variables with a normal
distribution, intergroup differences were assessed
pairwise using Student's t-test. Numerical data are
presented as «M £ m» (M £ SE), where M is the arithmetic
mean and m (SE) is the standard error of the mean.

When at least one group of independent variables
demonstrated a non-normal distribution, pairwise
differences between groups were assessed using
the nonparametric (Kruskal-Wallis) H test. Data are
presented as Me [LQ; UQ], where Me is the median,
and [LQ; UQ] indicates the upper limit of the lower (first)
quartile (lower quartile — LQ) and the lower limit of the
upper (third) quartile (upper quartile — UQ).

RESULTS

Alltransplanted biological grafts in the experimental group
maintained full functional integrity. No acute thromboses
or clinically significant stenotic changes attributable to the
properties of the prosthesis were observed at either early
or long-term follow-up. The operated animals preserved
complete physiological activity, and the functions of the
pelvic organs remained intact.

Thirty days after vascular prosthesis implantation,
ultrasonographic examination demonstrated that the
prosthesis was clearly visualized with smooth contours,
and both the proximal and distal anastomoses were well
delineated. Blood flow within the prosthesis was preserved,
with parameters not differing from normal values [13].

According to the data in Table 4.1, the aortic diameter
at the site of the prosthesis was 3.4 £ 0.3 mm, the mean
blood flow velocity (Vav) was 65.4 + 3.6 cm/s, and the
pulsatility index (Pl) was 1.42 + 0.34. These results confirm
the functional suitability of the prosthesis to provide
adequate circulation without evidence of significant
elevation in peripheral resistance. Color Doppler mapping
demonstrates a uniform distribution of blood flow along

% s 5 R T, L

Puc. 1. YnerpacoHorpama YepeBHOro Bigdiny aopTu Kpossi B KONMbOPOBOMY pexumi D yepes 1 mic nicns imnnaHTauii kceHonpoTesy.
A — npokcumanbHui Bigain; B — npotes, C — anctanbHui Biggin aoptu
Fig. 1. Ultrasonogram of the abdominal aorta of a rabbit in color Doppler mode (D) one month after xenograft implantation.
A — proximal segment; B — prosthesis; C — distal segment of the aorta
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Tabnuus 1. NapameTpu KPOBOTOKY YepPEBHOIO BiAAiNy aopTu KpoMiB nicnsa TpaHcnnaHTauii

Table 1. Blood flow parameters of the abdominal aorta in rabbits after transplantation

Micnsa onepauii / After surgery

Heart rate, beats/min

[o onepauii YepeHui Bigain aoptv / Abdominal aorta segment
MapameTpu / Parameters Before 1surgery S ——— npoTes "
M Proximal Graft Distal
(2) (3) (4)
1 mic / 1 month
39 3,4 3,0[2,9;3,2]
iameTp, Mm ’ 3,2;3,5 =0,0518
lg:ilameteﬁ', mm 32[3,1:34] [3;1(;3é?1]81 pL =0,26]45 g: =0,0629
P12~ p,,=0,3013 p, ,=0,0523
703 65,4 74,5[64,9;75,4]
CepepgHs WwBKUakicTb kpoBoToky (Vav), cm/c 69,8 65 4_’75 4] [60,4;72,4] p,,=0,4428
Average blood flow velocity (Vav), cm/s [61,2;73,4] T p, .=0,5653 p, ,=0,7981
p, ,=0,8480 -3 24
-2 p, ,=0,2496 p, ,=0,0845
149 1,42 1,53 [1,46;1,59]
MynbcauivHun iHgexkc, Pl 1,49 1 37’_1 53] [1,37;1,53] p,,=0,2764
Pulsatility index (PI) [1,34;1,53] RO p, ,=0,7489 p,_,=0,3051
p, ,=0,9489 -8 24
-2 p, ,=0,7976 p, ,=0,4428
Mynbc, ya/xs
Heart rate, beats/min 259+15 272416
6 mic / 6 month
31 3,6 3,2[2,9;3,3]
HOiameTp, Mm 3,2 3 Oi3 3] [3,2;3,8] p,,=0,5592
Diameter, mm [3,1;3,4] o =0 1’478 p, ,=0,1059 p, ,=0,6032
=2 p, ,=0,0594 p, ,=0,0711
726 59,7+5,6 79,2 [54,6;82,3]
CepepgHs WBKUAKICTb KpoBOTOKY (Vav), cm/c 69,8 (64 2,’77 4] [54,8;63,4] p,,=0,7494
Average blood flow velocity (Vav), cm/s [61,2;73,4] QU p, .=0,0636 p, ,=0,8480
p, ,=0,6547 -3 24
-2 p, ,=0,0548 p, ,=0,1792
1,48
1,29 )
MynbcauinHun iHgekc, Pl 1,49 1 217’§1359] [1,19;1,49] [1’31617’32]1
Pulsatility index (PI) [1,34;1,53] RPN p, ,=0,1094 p*-“_ ’
p,,=0,8477 -0.1408 p, ,=0,8477
Py ™0 p, ,=0,1248
Mynec, ya/xs
Heart rate, beats/min 259£15 279219
12 mic / 12 month
3,1
3,8 ’
HiameTp, MM 3,2 3f3 [3,2;3,9] [2?’3’5]
Diameter, mm [3,1:3,4] [3,1:3,6] b. . =0,0821 P,,=0,6041
s » 159, P, =0,4758 1-3 =0,1984 D, =0,3663
P =0, p, ,=0,5452
67.4 51,7 [54864-684 8]
CepegHs wBuakicTe kpoBoToky (Vav), cm/c 69,8 ! [46,4;59,7] PO
. ) [58,9;72,4] ’ " p, ,=0,3374
Average blood flow velocity (Vav), cm/s [61,2;73,4] T p, ,=0,0180 -
p,,=0,4062 =0 0636 p, ,=0,2769
Py =5 p, ,=0,0472*
1,43
1,32 -
MynbcauiiHui iHgekc, Pl 1,49 1 317"51662] [1,19;1,49] [1’2:7616182]5
Pulsatility index (PI) [1,34;1,53] B p, ,=0,0733 p“‘_ ’
p,,=0,2496 =0.0297* p, ,=0,2233
Pz P, ,=0,1589
flynec, ya/xa 259+15 26312

MpumiTtka / Note: * — BigMiHHOCTi CTAaTUCTUYHO 3HAYYLLi NOPIBHAHO 3 KOHTponeM, p<0,05;
* — differences are statistically significant compared with the control, p < 0.05.
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Yepes 180 pi6 nicng iMnnaHTauii XapakTepucTuku
KPOBOTOKY 3anuLialTbCs B Mexax pisionoriyHoi Hopmu.
YnbTpa3BykoBe [OCHIMKEHHA [OEMOHCTPYE CTabinbHy
CTPYKTYpy npoTe3a Ta aHacToMosiB 6e3 o3Hak Tpombo3y
uyn cTeHosy. [liameTp aopTn B AiNsHLUi NpoTe3a CTaHOBUB
3,6 £ 0,3 MM, WO Oewo nepeBuLLye MOKa3HUK, 3adik-
COBaHWM y neplmin Micsilb CMNOCTEPEXEHHA Ta HOpPMU
(p, ,=0,1059 ta p, ,=0,0594 BianosiaHo) (Tabn. 1).

CepenHa  wBwmakictb  kposoToky  (Vav) cknana
59,7 £ 5,6 cm/c, LLO € TPOXM HKYMM MOPIBHSAHO 3 none-
peaHiM eTanom, NpoTe He Mae KIiHIYHO 3HaYYLUX BigXxu-
neHb. Mynbcauiinun iHgekc (Pl) ctanosmB 1,29 + 0,27,
WO € AeLo HWKYMM 3a 3HAYEeHHH Yy MPOKCUMAanbHOMY
Ta AucTanbHOMY Bifinax, ane 3anuaeTbCst Y Mexax
Hopmm (p, , =0,1408 Ta p, , =0,1248 BignosigHo). Taki
3MiHW MOXYTb CBiQYMTM MpPO MOCTyrNoBe ajanTtauinHe
3HWXKEHHS CyAVHHOrO OMnopy B 30Hi iMnnaHTaLii.

Mpotarom poky nicna TpaHcnnaHTauii 3a AaHumu
YNETPa3BYKOBOIO AOCHIMKEHHS BiA3HAYEHO He3HaYHe 36inb-
LLEHHs giameTpa npotesa 4o 3,8 + 0,2 MM 3 4OCTOBIPHICTIO
P,_, =0,0821 no BigHOLWEHHI0 A0 HOpMK. Lle Moxke cBigunTH
npo OpMyBaHHA aHEBPU3MATUYHOTO PO3LUMPEHHS, SIKe
X04a 1 3anuwaeTbca MiHiManbH1M, NpoTe noTpebye AnHa-
MIYHOrO KOHTPOIIO Y BigAarneHii NepcnekTmBi.

CepeaHs LWBNAKICTb KPOBOTOKY B 30Hi MpoTe3a CTaHo-
Buna 51,7 + 7,6 cm/c, wo npubnmsHo Ha 15% Hmk4de Big
NMOKa3HWKIB y HaTUBHIN CyauHi, WO AOCTOBIPHO 3 Biporia-
HicTio p, ,=0,0180 niaTBEPAXKYE NOCTYNOBI reMOANHAMIYHI
3MiHn. MynbcauinHni ingekc (Pl) gopisHioBas 1,32 + 0,24,
Lo [AOCTOBIPHO HWkYe 3 BiporigHicTio p, , =0,0297 3a
3HAYEHHs1 Y NPOKCMMAribHOMY CErMeHTi, L0 MOXe CBia-
UnTU NpPo (POPMYBaHHS AINAHOK 3i 3HVXEHUM nepude-
PVYYHMM OMOPOM Y 30Hi TpaHcnnaHTaTa.

YacToTa cepLEeBNX CKOPOYEHb 3anuLuanacs CTabinbHo
Ha piBHi 263 + 12 ya/xB. KonbopoBe gonnnepiecbke KapTy-
BaHHSI NPOAEMOHCTPYBaro CcTabinbHMIN KPOBOTiK 6e3 03Hak
CTEHO3y 4K TPOMOO3y, Lo MIATBEPMAKYE 3340BINMbHUN CTaH
npote3a Ha 360 Joby cnocTepexeHHs (amB. Tabn. 1).

OCHOBHVMM  3aBAaHHAM  YynbTPa3BYKOBOrO  [OCHIi-
DKEHHs1 cepus Oyno BCTaAHOBMEHHS MOXIMBUX 3MiH
Yy MOPGOMETPUYHMX Ta remMoavHaMIYHUX MOKa3HMKaX
cepusi, 3okpema — y yHKUii MiBOro LWyHoYKa, Hka
€ KITHOYOBMM €N1eMEHTOM CepLeBOi HACOCHOI AiANbHOCTI.
BpaxoBytouun, WO TpaHCMnaHTauid B 4epeBHUN Bioain
aopTu MNOTEHUINHO MOXe 3MIHUTU Onip Yy CUCTEMHOMY
KPOBOTOLi, @ TakoX BMKIMKATW KOMMEHCaToOpHi nepeby-
0OBU y cepui, exokapgiorpadisi BUCTynae o6 eKTUBHUM
METOAOM KOHTPOI TaKMX 3MiH.

3a oTpMMaHMMu  pesynbratamu  BCTAHOBMEHO,
LLIO YNBTPa3BYKOBI NapamMeTpy cepLeBoi OisnbHOCTI KponiB
yepe3 30 fi6 nicna TpaHcnnaHTauii cyaMHHOro nmpoTesa
Yy YepeBHWM BIOAIN aopTu 3anuwianucs B Mexax qisio-
noriyHoi Hopmu. [iameTp niBOro LwnyHodka y pgiactony
(17,7 £ 0,8 mm) Ta y cucrony (12,3 £ 0,4 Mm) NpakTU4HO
He BIOPI3HABCS BiA KOHTPOMbHWX 3HaYeHb. TOBLUMHA
MDKLLITYHOUKOBOI MeperopofkM Ta 3afdHbOi CTiHKUM NiBOro
LUNyHOYKa Takox 36epiranacst Ha ctabinsHomy pisHi (IVSD —
15,0 £ 2,8 mm; PWDD - 2,48 + 0,95 mm) (amB. Tabn. 2).

Yactota cepLeBux CKOpPOY€Hb cTaHoBMIa
269 + 18 ya/xB, WO BiAMoBigae BUOOBUM MOKa3HWKaM.
®pakuisa Bukmay (EF) gopisHiosana 60,4 £ 2,7%, ynapHun
ob’em — 6,12 + 0,81 mn, a pakuis ckopoyeHHs (FS) —
29,8 £ 0,3% (Tabn. 2).

At 180 days after implantation, blood flow
characteristics remained within the physiological range.
Ultrasonographic examination demonstrated a stable
structure of the prosthesis and anastomoses without
signs of thrombosis or stenosis. The aortic diameter
at the site of the prosthesis measured 3.6 £+ 0.3 mm,
which was slightly greater than the value recorded during
the first month of observation and the normal reference
(p,, =0.1059 and p, , = 0.0594, respectively) (Table 1).

The mean blood flow velocity (Vav) was
59.7 + 5.6 cm/s, which is slightly lower compared with
the previous stage but shows no clinically significant
deviations. The pulsatility index (Pl) was 1.29 = 0.27,
somewhat lower than the values in the proximal and
distal segments, yet remaining within the normal range
(p,, = 0.1408 and p,, = 0.1248, respectively). Such
changes may indicate a gradual adaptive reduction
of vascular resistance in the implantation zone.

During the one-year follow-up after transplantation,
ultrasonographic examination revealed a slight increase
in the prosthesis diameter to 3.8 £ 0.2 mm, with statistical
significance of p, , = 0.0821 relative to normal. This
finding may indicate the development of an aneurysmal
dilatation which, although still minimal, requires long-
term dynamic monitoring. The mean blood flow velocity
in the prosthesis zone was 51.7 £ 7.6 cm/s, approximately
15% lower than that in the native vessel, which based
on a significance level of p, , = 0.0180 confirms gradual
hemodynamic changes. The pulsatility index (Pl) was
1.32 = 0.24, significantly lower (p, , = 0.0297) than the
value in the proximal segment, which may indicate the
formation of areas with reduced peripheral resistance
within the graft region.

Heart rate remained stable at 263 + 12 beats/min.
Color Doppler mapping demonstrated steady blood
flow without signs of stenosis or thrombosis, confirming
the satisfactory condition of the prosthesis at 360 days
of follow-up (Table 1).

The primary objective of cardiac ultrasonography was
to identify potential changes in the morphometric and
hemodynamic parameters of the heart, particularly in left
ventricular function, which is a key component of cardiac
pumping activity. Considering that implantation into the
abdominal aorta may potentially alter systemic vascular
resistance and trigger compensatory cardiac remodeling,
echocardiography serves as an objective method for
monitoring these changes.

According to the obtained results, ultrasonographic
parameters of cardiac function in rabbits 30 days after
vascular prosthesis implantation into the abdominal
aorta remained within the physiological range. The left
ventricular diameter in diastole (17.7 £ 0.8 mm) and
systole (12.3 + 0.4 mm) showed minimal deviation from
control values. The thickness of the interventricular
septum and the posterior wall of the left ventricle also
remained stable (IVSD — 15.0 + 2.8 mm; PWDD -
2.48 £ 0.95 mm) (Table 2).

Heart rate was 269 + 18 beats/min, corresponding
to species-specific values. The ejection fraction (EF) was
60.4 £ 2.7%, stroke volume (SV) 6.12 + 0.81 mL, and
fractional shortening (FS) 29.8 £+ 0.3% (Table 2).
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OTpuMaHi pesynsTaT cBigyYaTb NpPo  36epexeHHs
MOBHOLIHHOT cucToniYHOT dPyHKLii cepusi 6e3 o3Hak remo-
ONHaMIYHOro nepeBaHTaXEHHS Y KOMMEHCATOPHUX 3MiH.

These results indicate the preservation of full systolic
cardiac function without signs of hemodynamic overload
or compensatory changes.

Tabnuua 2. YnesTpa3syKoBi MOKa3HUKM CepLis KPOniB Micns TpaHcnnaHTawii YepeBHoro Bigainy aoptu, (Mtm)
Table 2. Ultrasonographic parameters of the heart in rabbitsafter abdominal aorta transplantation (M £ m)

n H TepMiH cnocTepexeHHs1, Mic
OkasHukm opma Observation period, months
Parameters Normal
1 6 | 12
NiHiAHI BUMipKM aHaTOMIYHUX CTPYKTYP
Linear measurements of anatomical structures
A~p NIlll & aiacrony, mm DD 18,240,6 17,740,8 18,4£0,7 18,940,9
LV diameter in diastole, mm DD T e i e
[O-p N B cucrony, mm DS
LV diameter in systole, mm DS 12,640,3 12,310,4 12,740,5 13,140,8
P—p MXXI B giactony, mm IVSD
IV septum thickness in diastole, mm IVSD 15.3£2.4 15.0£2,8 16,1£2,7 16,3£2.9
P—p MXXT1 B cuctony, mm IVSS
1V septum thickness in systole, mm IVSS 18,4£2,7 17,9431 19,231 19,8135
P—p 3CJILW B giactony, mm PWDD
Posterior LV wall thickness in diastole, mm PWDD 2,5620,84 2,4840,95 2,7420,44 2,8420,74
P—p 3CJIW B cuctony mm, PWDS
Posterior LV wall thickness in systole, mm PWDS 3,8810,86 3,75£0,92 3,9210,85 4,0120,96
YCC ya/xs HR
Heart rate, beats/min — HR 27219 269+18 281+15 27118
06’eMHO-LUBUAKICHI XapaKTepUCTUKN
Volumetric and flow characteristics
O6’em J1LL B giactony, mn EDV
Left ventricular end-diastolic volume, EDV 10,2205 9,2£0,7 10.,7£0,7 1,1£0,5
O6’em 1L B cucTony, mn ESV
Left ventricular end-systolic volume, ml ESV 3,9:0,7 3,70.9 41208 3.920,9
YAapHuit oG'em JILL, mn SV 6,21£0,71 6,1240,81 6,5240,64 6,87£0,34
Left ventricular stroke volume, ml SV
O6’em kposi 4/3 JILU, mn/xB
) ) 18101234 17904342 19341340 19751310
Cardiac output, ml/min
Ppakuia Bukngy, % EF
Ejection fraction, % EF 61,1£2,6 60,4427 60,9+2,8 60,1+3,2
Moka3HuKK ckopoTnNUBOI (pyHKLiT Miokapaa
Myocardial contractile function parameters
Ppakuis ckopodeHHst, % FS
Fractional shortening, % FS 30,1+0,2 29,8+0,3 31,1+0,4 31,5+0,4
Maca ILll, r Lvmass 5,02+0,84 4,95:0,54 5,06+0,59 5,000,96
Left ventricular mass, g LVMass

Mpumitka / Note: * — BigMiHHOCTi CTAaTUCTUYHO 3HAYYLLi MOPIBHSHO 3 KOHTponeM, p<0,05;
* — differences are statistically significant compared with the control, p < 0.05.

Ha 180 poby nicnsionepauiiHoro nepiogy NoKasHUKK
CepueBOoi  OiAnbHOCTI 3anuwanucsa cTabinbHuMmM Ta He
BiAPI3HANMCA BiA KOHTPONbHMX 3HaYeHb. [iameTp niBoro
LUNyHouYKa y giactony ctaHosuB 18,4 + 0,7 MM, y cuctony —
12,7 £ 0,5 mm. ToBLUMHA MDKLLAYHOYKOBOI Neperopoaku
Ta 3a4HbOI CTiHKM MiBOrO LWMNyHoYka nepebyBana B Mexax
Hopmu (IVSD — 16,1 £ 2,7 mm; PWDD — 2,74 + 0,44 mm).

YacTtota cepueBux ckopodeHb (281 + 15 ya/xB)
i bpakuis Bukngy (60,9 + 2,8%) csigyatb Npo 36epexeHHs
afekBaTHOi HacocHoi GyHKLUii cepus. O6’€MHI MOKa3HUKK
(EDV — 10,7 + 0,7 mn; ESV — 4,1 £ 0,8 mn) Ta ygapHun
o6’em (6,52 + 0,64 mn) BinobpaxatoTb epeKkTNBHY reMo-
OvHamiky 6e3 O3HaK nepeBaHTaXeHHs (auB. Tabn. 2).
Ppakuis ckopoyveHHs ctaHosuna 31,1 + 0,4%, wo nigTeep-
[)Ky€e HopMarbHU piBEHb CKOPOTIMBOCTI Miokapaa.

Uepes ogumH pik nicnsg TpaHcnnaHTauii  cyauH-
HOro npoTe3a AOCTOBIPHO 3HaYyLUMX 3MiH Yy CTPYKTYpi

At 180 days postoperatively, cardiac function
parameters remained stable and did not differ from
control values. The left ventricular diameter in diastole
was 18.4 + 0.7 mm and in systole 12.7 £ 0.5 mm. The
thickness of the interventricular septum and the posterior
wall of the left ventricle remained within normal limits
(IVSD — 16.1 £ 2.7 mm; PWDD - 2.74 + 0.44 mm).

Heart rate (281 + 15 beats/min) and ejection fraction
(60.9 + 2.8%) indicate the preservation of adequate
cardiac pumping function. Volumetric parameters (EDV —
10.7 £ 0.7 mL; ESV - 4.1 £ 0.8 mL) and stroke volume
(6.52 + 0.64 mL) reflect effective hemodynamics without
signs of overload (Table 2). Fractional shortening was
31.1 £ 0.4%, confirming a normal level of myocardial
contractility.

One year after vascular prosthesis transplantation,
no statistically significant changes in cardiac structure
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4K PyHKUIOHaNbHOMY CTaHi cepus He BusBreHo. [iametp
niBoro wnyHouka y giactony craHosus 18,9 £ 0,9 mm,
y cuctony — 13,1 + 0,8 mm. BigaHavanacs nerka, ctatuc-
TWUYHO HELOCTOBIPHA TeHAEHLA A0 36iNbLUEHHS TOBLUUHW
MiXLWTyHoukoBoi neperopoakn (IVSD — 16,3 + 2,9 mm)
Ta 3agHbOI CTiHKM niBoro wrnyHoyka (PWDD -
2,84 + 0,74 mwm), Wwo, NMOBIpHO, Bigobpaxae cTabinbHi
aganTauiviHi npouecu miokapaa.

YacTtoTta cepueBux ckopodeHb (271 + 18 ya/xs),
dpakuis Bukugy (60,1 £ 3,2%) Ta dpakuis CKOpoYeHHS
(31,5 +0,4%) 3anuwanucs Ha ctabinbHomy piBHi. O6’eMHi
napametpu nisoro wnyHoyka (EDV - 11,1 £+ 0,5 mn;
ESV -3,9+0,9 mn; SV —6,87 + 0,34 mn) nigTBepoXXytoThb
36epexeHHst afeKkBaTHOI HacocHOoT dyHKuii. Maca nisoro
LUITYHOYKa TakoX 3anuiianacsi 6e3 icToTHUX 3MiH i cTaHo-
Buna 5,09 + 0,96 r (gmB. Tabn. 2).

[ocnioXeHHss cucTeMu 3ropTaHHSa KpoBi Mpu TpaH-
cnnaHTauii cyanHHOro kceHorpadTy B YepeBHWUW Bigain
aopTM Mae BaXIMBE 3HAYEHHsI Ans OuUiHkM K 6e3ned-
HOCTI, TaK i yHKLUiOHanbHOI ePeKTUBHOCTI iMnnaHToBa-
Horo Giomatepiany. Y gaHOMy eKCNepuMEHTi BUMBYEHHS
remMokoarynsuiiHoro cratycy TBapuH Oyno oaHiewo
3 KITHOYOBMX 3a4ady, L0 A03BOJSISE KOMMMEKCHO OUIHUTK
peakuito OpraHiaMy Ha TpaHCNaHTaT i BU3HAUYUTU PUSKKU
PO3BUTKY TPOMBOTUYHNX abo remopariyHnx ycknagHeHsb.

3a pesynsratamu nokasHWKIB 3ropTaHHs KpoBi BCTa-
HOBMEHO, WO Yepes 7 OHiB nicns onepauii Big3HavYanocs
noJoBXeHHs npoTpombiHoBoro yacy (MTY), wo npose-
nanocd nigsuweHHam INR Ta 3HWXKeHHsaM npoTpoMGiHo-
Boro iHagekcy (M1). Lle cBigunTb npo TMmM4YacoBe NpuUrHi-
YEHHS LINSXIiB 3ropTaHHA, UMOBIPHO 3yMOBIIEHE BTPATOD
cdakTopiB koarynsuii abo ix HagMipHOKW akTuBauiero
y BignoBigb Ha onepauifiHy TpaBmy.

MapanenbHe 36inMbLUEHHS aKTMBOBAHOMO 4acTKO-
BOro TpombonnactuHoBoro yacy (AYTY) — Big = 32 go
52 ¢ — BKasye Ha NOpYLUEHHS BHYTPILLHLOIO LUNAXY 3rop-
TaHHA. Y CYKYMNHOCTI Lii 3MiHN XapakTepusyoTb PO3BUTOK
3aranbHoi Koarynonartii y paHHbOMY nicrisionepauinHomy
nepiogi (tabn. 3).

or function were observed. The left ventricular
diameter in diastole was 18.9 £ 0.9 mm and in systole
13.1 £ 0.8 mm. A slight, statistically non-significant trend
toward increased thickness of the interventricular septum
(IVSD - 16.3 + 2.9 mm) and the posterior wall of the left
ventricle (PWDD — 2.84 + 0.74 mm) was noted, likely
reflecting stable adaptive myocardial processes.

Heart rate (271 + 18 beats/min), ejection fraction
(60.1 = 3.2%), and fractional shortening (31.5 + 0.4%)
remained stable. Left ventricular volumetric parameters
(EDV - 111 + 0.5 mL; ESV — 39 + 0.9 mL; SV —
6.87 + 0.34 mL) confirm the preservation of adequate
cardiac pumping function. Left ventricular mass also
remained unchanged at 5.09 £ 0.96 g (Table 2).

The study of blood coagulation parameters during the
transplantation of a vascular xenograft into the abdominal
aorta is crucial for assessing both the safety and
functional efficacy of the implanted biomaterial. In this
experiment, evaluation of the animals’ hemostatic status
was one of the key objectives, allowing a comprehensive
assessment of the organism’s response to the graft
and the identification of potential risks for thrombotic
or hemorrhagic complications.

Based on blood coagulation parameters, 7 days
postoperatively, a prolongation of prothrombin time (PT)
was observed, manifested by an increase in INR and
a decrease in the prothrombin index (Pl). This indicates
a temporary suppression of the coagulation pathways,
likely due to the loss of coagulation factors or their
excessive activation in response to surgical trauma.

The simultaneous increase in activated partial
thromboplastin time (aPTT) — from approximately 32 to
52 s — indicates impairment of the intrinsic coagulation
pathway. Taken together, these changes characterize
the development of general coagulopathy in the early
postoperative period (Table 3).

Ta6nuua 3. [Noka3HMKM 3ropTaHHs KPOBI y KPOMiB Micns TpaHcnnaHTawii YepeBHoro Biaainy aoptu, (M+m)
Table 3. Blood Coagulation Parameters in Rabbits after Abdominal Aorta Transplantation (M + m)

[obGa
MokasHukm Hopwma Day
Parameters Normal
7 14 30 180 360
MporopomGikoau# uac, ¢ 11,0£1,4 | 15,20,5* | 13,2:0,8 | 12,0£0,6 | 11,5¢+1,0 | 11,241,4
Prothrombin time, s
MHB (INR mixHapogHa HopmaniszoBaHa ognHULSA) 0,9240,03 | 1,31+0,02* | 1,01+0,05 | 0,95+0,04 | 0,94+0,05 | 0,92+0,06
. o o
FpoTpomGitoBui Haeke, % 96,8:2,8 | 90,1+1,8" | 93,743, | 957423 | 972+24 | 97,132
Prothrombin index
TpombiHosu#t wac, ¢ 11,410,5 | 14,2:06* | 12,0:02 | 11,0:0,6 | 11,8:0,6 | 11,4205
Thrombin time, s
AYTY (akTMBOBaHWI YaCTKOBUIA
TpombonnacTMHOBWI Yac), ¢ 32,5+2,3 | 52,4+7,1* | 32,5+2,2 32,0+1,5 33,1£1,5 32,1+1,8
aPTT (activated partial thromboplastin time), s
iBputr nnaau, rin 31205 | 2,7¢04 | 35403 | 23%04 | 32:05 | 3,004
Plasma fibrin, g/L

Mpumitka / Note: * — BigMiHHOCTi CTaTUCTUYHO 3HAYYLLi MOPIBHAHO 3 KOHTponeM, p<0,05;
* — differences are statistically significant compared with the control, p < 0.05.
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Ha 7-my poby nicnsa onepadii Big3Havanocs ictotHe
NOOOBXEHHST TPOMBGIHOBOrO 4acy, Lo Bka3lye Ha Mnopy-
WeHHa npouecy KoHBepcii ibpuHoreHy y ibpuH,
3yMOBMEHE $K KifbKICHAMW, TaK i SKICHAMW 3MiHaMu
ibpuHoreHy. Lle nigTBEpMXYETLCS 3HMKEHHAM NOro
piBHA 0 2,7 /N NOPIBHAHO 3 MOYATKOBUM (HOPMaTVBHUM)
3HayeHHam 3,1 r/n (gue. Tabn. 3).

Yepes 14 pi6 GinblwicTb nokasHMKIB Habnwxkanucs
0o isionoriyHnx 3HaueHb, BKIOYHO 3 piBHEM hibpMHO-
reHy y nnasmi. IHriGiTopHi MexaHiamy nocTynoBo cnab-
wanw: MNT, A4TY i TY nosepTanucsa go Hopmu, INR 3HmXKy-
BaBcs, a [l nigsuwyBaBcs. Y noganbLuoMy, NOYMHAKUN
3 30-1 1obu Ta BNPOAOBXK YCbOro nepiogy CnoCTePEXEHHs!
(180-360 fi6), kniHi4Hi NnapameTpu 3anuwianucst ctabinb-
HAMW B MeEXaxX HOpPMM, WO CBiAYUTb MPO BiAHOBMEHHS
roMmeocTasy 3roptasnbHOi CUCTEMM.

OTpumaHi pesynbTaTh y3romKytTbCst 3 NniTepartyp-
HAMW JaHMMK  LWOAO BMIUBY  XipypriYHMX BTPYYaHHb
Ha koarynsauiviiui 6anaHc y Kponis: 30Kpema, OKmo3is
Ta penepdy3sis aopTN acoLioeTbCS 3i 3HWKEHHAM (DYHK-
LioHanbHOI aKTMBHOCTI KoarynsuiiHux 6inkiB i nopos-
XEeHHsIM Yacy 3ropTaHHsa [14]. Ak sigomo, MT, A4YTY i TY
BigoOpaxalTb CTaH EeKCTPMHCUYHOIO, BHYTPILIHLOIO
Ta CninbHOro LWNAXiB koarynsuinHoro kackagy [15].

TakMM 4YvMHOM, y paHHIn nicnsonepauiiiuii nepioj,
(7-ma pobGa) nicns TpaHcnnaHTauii aopTu y Kpornis
dhopmyeTbCst TpaH3UTOpHa Koaryronarisi, sika NposiBns-
eTbca nopgoBxeHHsiM [1TYH, INR ta AYTY, 3HMKEHHAM
Ml Ta piBHa ¢ibpuHoreny. Oo 14-30 pi6 6GinbwicTb
napamMmeTpiB NOBEpPTAETbCS A0 HOPMM, LLO CBiAYUTb MPO
BIOHOBMEHHSA  (PYHKLiOHANbHOI  aKTUBHOCTI  cucTemu
3ropTaHHs. Y [OBroTpvBarnomy nepiofi CrocTepexXeHHst
(180-360 pi6) BCi Noka3HMKM 3anuLwanTbes y Mexax disi-
OOTiYHNX 3HAYEHb, JEMOHCTPYIOYN e(PeKTUBHI KOMMEH-
caTopHi MexaHi3Mu perynsii remocrasy.

OBrOBOPEHHS

OTpuMaHi pe3ynbTaTv NigTBEPAXKYIOTb €DEKTUBHICTD
Ta BioCyMICHICTb KCeHonpoTe3a y KOPOTKO- Ta CepefHbo-
cTpokoBil nepcnekTugi. MNpoTtarom 360 #id6 nicng imnnaH-
Tauii He Oyno 3adhikcoBaHO O3HaK TpPoMOO3y, CTEHO3Yy
4K CYTTEBUX NOPYLLUEHb reMOANHAMIKM.

BiocyTtHicTe Tpom603iB Ta cTabinbHMX MOKa3HMUKIB
Pl i Vav cBiguaTb, Wwo koMbiHaujis Kkpioobpobkn Ta onpo-
MIHEHHS, WMMOBIPHO, cCrpusie OOPMYBaHHIO BiocyMiCHOT
BHYTPILUHBOI MOBEPXHi 3 HU3bKMM PiBHEM aKkTuBaLiji TPOM-
oouuTiB. MNoaibHi BUCHOBKM HaBedeHi y pobotax [16, 17],
ae KkceHorpadTi 3 MiHiManbHUM 3anULLKOBUM KITITUHHUM
BMICTOM JEMOHCTPYBaInu BUCOKY reMOCYMICHICTb HaBiTb 6e3
3aCTOCYBaHHSI MEIMKAMEHTO3HOI NPOiNakTK1N TPOMOO3IB.

BaxnMBMM CMOCTEPEXEHHAM € TaKoX He3HavyHe
aHeBpu3mMaTuyHe posmrpeHHsa npote3a (0,6 mm 3a pik),
sike He CYMpPOBOOKYBANocs KPUTUYHUM  3HUKEHHSM
LLBUAKOCTI KPOBOTOKY. BignoBigHO 40 Cy4YacHMX KNiHIYHNX
OaHUX, Takuin piBeHb gunnartaLii BBaXaeTbCs NPUAHATHUM
i He notpebye XxipypriyHoi kopekuii [18]. MynbcauinHun
iHOEKC NpY LIbOMY 3anuvLLIaBCa B MEXax HOpMMU, LLO CBif-
YnTb Npo 306epexeHHs afeKkBaTHOro remMoguHamiYHOro
CTaHy B 30Hi iMnaHTawii.

TpaHcnnaHTauis CyQuHHOro npoTtesa Yy 4YepeBHUN
BiOZiN aopTu KporniB He CynpoBOAXyBanacsi pO3BUTKOM
HeraTMBHMX 3MiH 3 OOKy CepLeBO-CYOMHHOI cuctemu

On the 7th day postoperatively, a significant
prolongation of thrombin time was observed, indicating
an impairment in the conversion of fibrinogen to fibrin,
caused by both quantitative and qualitative changes
in fibrinogen. This is confirmed by a decrease in fibrinogen
level to 2.7 g/L compared with the baseline (normal) value
of 3.1 g/L (Table 3).

By day 14, most parameters approached physiological
values, including plasma fibrinogen levels. Inhibitory
mechanisms gradually weakened: PT, aPTT, and
TT returned to normal, INR decreased, and the prothrombin
index (Pl) increased. Subsequently, from day 30 and
throughout the entire observation period (180-360 days),
clinical parameters remained stable within the normal
range, indicating the restoration of hemostatic homeostasis.

The obtained results are consistent with literature
data regarding the impact of surgical interventions
on coagulation balance in rabbits: specifically, aortic
occlusion and reperfusion are associated with a reduction
in the functional activity of coagulation proteins and
prolongation of clotting times [14]. As is well known, PT,
aPTT, and TT reflect the status of the extrinsic, intrinsic,
and common pathways of the coagulation cascade,
respectively [15].

Thus, in the early postoperative period (day 7) after
aortic transplantation in rabbits, a transient coagulopathy
develops, characterized by prolongation of PT, INR, and
aPTT, along with a decrease in the prothrombin index (PI)
and fibrinogen levels. By days 14-30, most parameters
return to normal, indicating the restoration of functional
activity of the coagulation system. During long-term
follow-up (180-360 days), all parameters remain within
physiological ranges, demonstrating the effectiveness
of compensatory mechanisms regulating hemostasis.

DISCUSSION

The obtained results confirm the efficacy and
biocompatibility of the xenograft in the short- and mid-term
follow-up. During 360 days after implantation, no signs
of thrombosis, stenosis, or significant hemodynamic
disturbances were observed.

The absence of thrombosis and the stable values of Pl
and Vav suggest that the combination of cryotreatment
and irradiation likely promotes the formation
of a biocompatible luminal surface with minimal platelet
activation. Similar conclusions have been reported
in studies [16, 17], where xenografts with minimal residual
cellular content demonstrated high hemocompatibility
even without pharmacological thrombosis prophylaxis.

Another important observation is the slight aneurysmal
dilatation of the prosthesis (0.6 mm over one year), which
was not accompanied by a critical reduction in blood
flow velocity. According to current clinical data, this level
of dilation is considered acceptable and does not require
surgical correction [18]. The pulsatility index remained
within normal limits, indicating the preservation of adequate
hemodynamic status in the implantation zone.

Transplantation of a vascular prosthesis into the
abdominal aorta of rabbits was not associated with
any adverse changes in the cardiovascular system
throughout the observation period (30, 180, and 360 days
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npoTAroM ycboro nepiody crnoctepexeHHs (30, 180 Ta
360 poba nicns onepadii). NokasHUkM ynbTPa3ByKOBOT
Kapaiorpadii — giameTpyu niBOro LUyHOYKa B CUCTOMY
Ta [fiacTtony, TOBLUMHA MDKLLITYHOYKOBOI Meperoponku
i 3aHbOI CTiHKM, YacToTa CepueBUX CKOPOYeHb, dpakuil
BMKMAY Ta CKOPOYEHHS — 3anuanucsa y mexax disio-
noriyHoi Hopmu. Lle cBig4MTb Npo BIACYTHICTL remoau-
HaMi4YHOrO nepeBaHTaXeHHs, 30epeXeHHs afekBaTHOI
HaCcoCHOI YHKLIT cepus Ta HOpMarnbHUIA piBEHb CKOPOT-
nmBocTi Miokapga. O3Hak CUCTEMHOI reMOAMHaMIYHOI
HecTabiNbHOCTI UM PO3BUTKY KNiHIYHOI Ta CyOKniHiYHOT
cepLeBOoi HeAOCTATHOCTI He BUSIBMEHO.

CnocTtepexyBaHi pe3ynbraTi y3rooXyTbes 3 nitepa-
TYPHUMMW JAaHMMK, e 3a3HavYeHo, L0 KPOIUKM, SIK eKcre-
pYMeHTanbHa MOAenb, XapakTepuaylTbCs CTabinbHUMK
exoKkapgiorpagidyHumMm napameTpamu y BifCyTHOCTi naTo-
noriyHmx BnnuBiB. [1ogibHI 3Ha4YeHHs dpakuii BuKMAY
(~ 60%) Ta yactoTu cepueBux ckopoueHb (270-280 ya/xs)
BBaXXalOTbCA TUMOBUMW ONA AAHOTO BUAy TBapWH i BiOo-
OpaxaloTb HopMarbHWIA PiBEHb CUCTONIYHOT doyHKUIT [13].

BaxnuBuM € ToW (pakT, WO HaBiTb Yepe3 360 Aid
nicna iMnnaHTauii He BUSIBNEHO AOCTOBIPHMX 3MiH Macu
NiBOrO LUMAYHOYKA, WO CBiAYUTb MPO BIACYTHICTb rinep-
TpodpiyHMX abo  KOMNeHCcaTOpHO-peMOoAentoBanbHMX
npoueciB y miokapgi. BusBneHa TeHAeHUis OO He3Hau-
HOro 30iNnblUeHHST TOBLLMHM MDXLLMYHOYKOBOT nepero-
poAKM Ta 3adHbOl CTIHKW MNiBOro LUMyHOYKa He Mmana
CTATUCTMYHOI 3HAYyLWOCTi Ta, MMOBIpPHO, Bigobpaxae
(pizionorivyHi aganTauiviHi MexaHismu.

Lle cBiguMTb, WO TpaHCcNNaHTauid KCEHOreHHUX
rpadrTiB, 36epexxeHnx y napax pigkoro asoTy MpoTSirom
24 wmicAuiB, He YMHUTb HEraTMBHOMO BMNUBY Ha MOpPAO-
yHKUIOHanbHUN CcTaH Miokapga Ta cepueBO-CYAUHHY
CcUCTEMY B LiNomy.

[eTtanbHuUn  aHania paHHbOro nicrnsionepauiiHoro
nepiogy (mepwi 7 gi6 nicna TpaHcnnaHTauii cermeHTa
aopTu) MokasaB HasBHICTb TPaAH3UTOPHOrO MOPYLUEHHS
KoarynsginHoro  romeoctady. BoHo  nposiBnsinocs
y BUMMAAI NOOOBXEHHSA npoTpoMbiHoBoro yacy (MTY),
MixXHapogHoro HopmanizoBaHoro BigHoweHHs (INR)
Ta aKTMBOBAHOIO YaCTKOBOro TPOMOOMIACcTUHOBOIO Yacy
(A4YTY), a TakoX 3HWXKEHHS NPOTPOMBIHOBOrO iHAEKCY
(M) i koHueHTpauii cibpuHoreHy y nnaami. Taki 3ako-
HOMIPHOCTi Y3roKytTbCsl 3 JAaHUMU NPO PaHHK nicns-
onepauinHy Koaryrnonarilo nicng Benukux onepawiu,
30KpeMa aopTanbHux, Ae Ha 1-wy aoby BiaMivalTb
3HWkeHHs daktopi Il, VII, X Ta iH., a 3 2-i nobu — TpeHA,
[0 3pocTaHHsA (PibpUHOreHy; Npu LboMy rnobanbHi TecTn
(MT/AYTY) MOXyTb 3MiHIOBAaTUCA He 3aBXAu Mponop-
LiHO GioXiMiYHMM 3pYyLUEHHSIM, WO BigoOpaxae ckrnagHy
B3a€EMO/0 3ananeHHs i koarynauii [19].

MexaHiCTUYHO Ui 3MiHWU NIATPUMYIOTBCS YLLKOOPKEHHAM
€HOoTeNilo, aKkTMBAUIEd KOMMMEMEHTY, BUBINIbHEHHAM
TKaHuWHHOro dpaktopa Ta DAMP-curHanis, wo nigcu-
MNOKTb KOArynauinHUin kackag i 3MiHoTb 6anaHc aHTu-
KoarynsiHTis/ibpuHoniay [20].

[nsa aoptanbHOi Xipyprii TakoX nokasaHo, W0 HN3bKUI
piBeHb ibpuMHOreHy B paHHbOMY Mepiodi acouito-
€TbCSA 3 KPOBOTEYet/TpaHcdysiamun, a uinecnpsimoBaHa
KOpekKLis (Hanpuknag, KOHUeHTpaTtom ibprHoreHy) mae
KOPOTKOYaCHWUI, ane KNiHiYHO 3HadyLwmnin edpexT [21].

Y npomixHuii nepiog (14-30-ta goba nicns onepadii)
GinbLicTb NoKasHuKiB nocTynoBO nosepTanucs

postoperatively). Echocardiographic parameters
including left ventricular diameters in systole and diastole,
interventricular septum and posterior wall thickness, heart
rate, ejection fraction, and fractional shortening remained
within physiological limits. This indicates the absence
of hemodynamic overload, preservation of adequate
cardiac pumping function, and normal myocardial
contractility. No signs of systemic hemodynamic instability
or the development of clinical or subclinical heart failure
were detected.

The observed results are consistent with literature data
indicating that rabbits, as an experimental model, exhibit
stable echocardiographic parameters in the absence
of pathological influences. Similar values of ejection
fraction (~60%) and heart rate (270-280 beats/min) are
considered typical for this species and reflect a normal
level of systolic function [13].

Importantly, even 360 days after implantation,
no significant changes in left ventricular mass were
observed, indicating the absence of hypertrophic
or compensatory remodeling processes in the
myocardium. The observed trend toward a slight increase
in the thickness of the interventricular septum and posterior
wall of the left ventricle was not statistically significant and
likely reflects normal physiological adaptive mechanisms.

This indicates that the transplantation of xenogeneic
grafts, preserved in liquid nitrogen vapor for 24 months, does
not have a negative impact on the morphofunctional state
of the myocardium or the cardiovascular system as a whole.

Adetailed analysis of the early postoperative period (the
first 7 days after aortic segment transplantation) revealed
the presence of a transient disturbance of coagulation
homeostasis. This was manifested by prolongation
of prothrombin time (PT), international normalized ratio
(INR), and activated partial thromboplastin time (aPTT),
as well as by a decrease in the prothrombin index (PI)
and plasma fibrinogen concentration. These patterns are
consistent with data on early postoperative coagulopathy
following major surgeries, particularly aortic procedures,
where a decrease in coagulation factors I, VII, X, and
others is observed on the first day, followed by a trend
toward fibrinogen increase from day 2. At the same
time, global tests (PT/aPTT) may not always change
proportionally to biochemical shifts, reflecting the complex
interplay between inflammation and coagulation [19].

Mechanistically, these changes are supported
by endothelial injury, complement activation, and the
release of tissue factor and DAMP signals, which enhance
the coagulation cascade and alter the balance between
anticoagulant and fibrinolytic pathways [20].

For aortic surgery, it has also been shown that low
fibrinogen levels in the early postoperative period are
associated with bleeding and transfusion requirements,
and targeted correction (e.g., with fibrinogen concentrate)
produces a short-term but clinically significant effect [21].

During the intermediate period (days
14-30 postoperatively), most parameters gradually
returned to reference values, indicating the restoration
of physiological balance between procoagulant and
anticoagulant mechanisms and the resolution of the acute
phase response. Similar trajectories have been described
in studies on vascular and major orthopedic/thoracic
surgery, showing a reduction in inflammatory-coagulation
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00 pedepeHTHUX 3HaYEHb, LLIO CBIAYNTb NPO BiAHOBMEHHSA
dhisionoriyHoro 6anaHcy Mixx NpokoarynsaHTHUMMK Ta aHTU-
KO@ryrnsHTHUMMU MeXaHi3aMaMUn | «BUMMKaHHSA» FOCTPOIl
asn. Taki TpaekTopii onucaHi B poboTax i3 CyanHHOI
Ta BenuKoi opToneanyHoi/TopakanbHOI Xipyprii (3MeH-
LLEHHS 3anarnbHO-KoarynsLuinHoi akTMBaLii, Hopmanisadis
ibprHoreHy 1 rmobanbHWX TECTIB y AMHaMiLi) [22].

Y BigganeHomy cnoctepexeHHi (180-360 fi6) napa-
METPWU CUCTEMM 3ropTaHHs 3anuiianuncst crTabinbHUMK
Ta He BUXOAMIU 3a MEXi HOpMU, LLIO NiATBEPOKYE (POpMy-
BaHHA e(PEKTMBHOI KOMMEHCATOPHOI perynsauii Ta BigcyT-
HICTb BigAaneHux MopyleHb reMocTasdy nicns TpaH-
cnnaHTauii. 3aranbHi ornsaamn Ta KniHiYHI cepii 3 BenuKnx
CYOVHHUX BTPYYaHHb He (hiKCYTb CUCTEMATUYHUX BiOXU-
neHb koarynsuii yepes 6—12 mic y nauieHTiB 6e3 iHekLii,
3nosKicHOCTi abo MOBTOPHMX onepadin [22].

OTpumaHi Hamu  KniHiko-nabopaTopHi  cnocTepe-
XKEHHS — paHHA TpaH3MTOpHAa KoarynonaTis 3 Mo4oB-
xeHHam  TTY/INR/AYTY i 3HWXKeHHAM  ibpuHoreHy,
noganslua Hopmanisauis Ha 14—-30-Ty noby Ta crabinb-
HicTb Ha 180-360-Ty 00Dy — MOBHICTIO Y3rogXykTbCs
3 Cy4YaCHMMU YSBMEHHSAMU MPO 3ananbHO-KoarynsuinHy
BiQMNOBIAb Ha BenuKi CyauHHI onepauii [19, 21, 22].

TakMum 4uHOM, posroTpuBane 36epiraHHs KCeHo-
rpadTiB y napax pigkoro a3oTy He Marno HeraTMBHOro
BNNMBY Hi Ha nepebir TpaHcnnaHTauii, Hi Ha dyHKLio-
HamnbHICTb CyAMHHMX NPOTE3iB Ta opraHiaMy 3aranom.

Pesynbratn [EMOHCTPYOTb NEPCMEKTUBHICTb BUKOPW-
CTaHHS aHOro TUMY KCeHOrpadoTiB A1 PEKOHCTPYKLT CyAUH,
WO BiOKpUBAE LNSAX A0 MNoganbLUMX OOKMHIMHMX [0CHi-
DkeHb. CTabinbHICTb cepLeBUX MOKa3HWKIB MPOTSrOM POKY
nicna onepawii € NO3NUTUBHUM MPOrHOCTUYHUM (PaKTOpPOM,
SIKWIA JO3BONSIE PO3MNsiAaTV NOAIOHI iIMNNaHTL Sk NOTEHLIMHO
6e3neyHi 4ns OBroTp1Banoro BUKOPUCTaHHS.

BUCHOBKHU

Pesynstatn gocnigkeHb cBig4atb Npo BUCOKY Giocy-
MICHICTb i CTabinbHICTb (YHKUiOHaNBLHNX BMACTUBOCTEN
cyouHHMX kceHorpadpTiB. CyamHHI  KceHonpoTeau Micns
TpuBanoro 36epiraHHA NPOAEMOHCTPyBanu Oo0py dyHK-
LioHanbHICTb, BiACYTHICTb TPOMOOreHHOCTi Ta afeKBaTHy
iHTerpaujto. HesBaxawoum Ha Bapiauito OOBXMHU TpaH-
CnnaHToBaHWUX NpoTesiB (2—7 cM), cepea yCiX TBapWH rocTpi
TpoM603r abo KNiHIYHO 3HaYYLLi CTEHOTUYHI 3MiHM He Oynu
BusiBNeHi. Ynpogorx 360 fi6 giameTtp kceHorpadoTy 36inb-
wmBca Ha 19%, wo cknagano 3,8 + 0,2 MM, a WBUAKICTb
KPOBOTOKY B rpadpTi 3meHwmnack Ha 25% (51,7 £ 7,6 cm/c),
Pl — 1,32 £ 0,24. Le nigTBepaxye BiACYTHICTb 1Oro
KPUTMYHOI QunaTtauii Ys CTeHo3y, Xo4a Moxnmee PopMy-
BaHHS1 HE3HAYHOTO aHEBPU3MATUYHOIO PO3LLMPEHHS.

[emogmvHamivHi napameTpu MpOTAroOM pPOKy Micns
TpaHCnnaHTauii  CyaMHHOro npoTe3a  3anuvLianucs
cTabinbHYMK, 63 NaTonoriYHNX 3MiH y CepLi Yn cyauHax.
Ha Bcix eranax (30, 180 ta 360 gi6) napameTpu nisoro
LUITYHOYKa (JiaMeTpu, TOBLUMHM CTIHOK, YacToTa CepLeBUX
ckopoyeHb, EF, FS) 3anuwanuncs B mexax Hopmu — 6e3
03HaK gunarauii, rineptpodii, AucdyHKLii abo nepeBaH-
TaxeHHsi cepud. CepueBa HacocHa yHKLiS 3anviianach
cTabinbHoto — yaapHuin ob’em, dpakuii Ta 06’eMHi nokas-
HWKM BigNOBI4alOThb (pi3ionoriyHMM HopmMam BUAOBOrO
cTaHgapTy, To6TO, xipypriiHe BTpyYaHHSI HE BUKIUKaNo
CUCTEMHOTO HEeraTMBHOIO BNAMBY Ha (YHKLiO cepus,

activation and normalization of fibrinogen levels and
global coagulation tests over time [22].

In long-term follow-up (180-360 days), coagulation
system parameters remained stable and within
normal limits, confirming the development of effective
compensatory regulation and the absence of late
hemostatic disturbances after transplantation. General
reviews and clinical series of major vascular interventions
report no systematic coagulation abnormalities at
6—-12 months in patients without infection, malignancy,
or reoperations [22].

Our clinical-laboratory observations early transient
coagulopathy with prolongation of PT/INR/aPTT and
decreased fibrinogen, followed by normalization by days
14-30 and stability at 180-360 days are fully consistent
with current understanding of the inflammatory-coagulation
response to major vascular surgery [19, 21, 22].

Thus, long-term storage of xenografts in liquid nitrogen
vapor had no negative impact on either the course
of transplantation or the functionality of the vascular
prostheses and the organism as a whole.

The results demonstrate the promising potential of this
type of xenograft for vascular reconstruction, paving the
way for further preclinical studies. The stability of cardiac
parameters throughout one year postoperatively
represents a positive prognostic factor, supporting the
consideration of such implants as potentially safe for
long-term use.

CONCLUSIONS

The study results indicate high biocompatibility
and stability of the functional properties of vascular
xenografts. Vascular xenoprostheses, even after long-
term storage, demonstrated good functionality, absence
of thrombogenicity, and adequate integration. Despite
variations in the length of the transplanted grafts
(2—7 cm), no acute thromboses or clinically significant
stenotic changes were observed in any of the animals.
Over 360 days, the graft diameter increased by 19%,
reaching 3.8 + 0.2 mm, while blood flow velocity within
the graft decreased by 25% (51.7 + 7.6 cm/s), and the
pulsatility index (Pl) was 1.32 + 0.24. These findings
confirm the absence of critical dilation or stenosis,
although the formation of a minor aneurysmal expansion
cannot be excluded.

Hemodynamic parameters remained stable throughout
one year after vascular prosthesis transplantation, with
no pathological changes observed in the heart or vessels.
At all time points (30, 180, and 360 days), left ventricular
parameters including diameters, wall thicknesses, heart
rate, ejection fraction (EF), and fractional shortening
(FS) remained within normal limits, showing no signs
of dilation, hypertrophy, dysfunction, or cardiac overload.
Cardiac pumping function remained stable stroke volume,
functional fractions, and volumetric parameters were
within species-specific physiological norms. This indicates
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a npoTe3 He CTaB TpWUrepom Ans CyAUHHO-CepLEeBUX
YCKMaaHEHb.

BHYTPpIiLLHA NOBEPXHS KCEHOMpOTe3iB, 30epexeHnx
y napax pigkoro as3oTy He Buknukana HebeaneyHoi
aKkTMBaUii 3ropTanbHOi cuctemu i go3eongana 3abeane-
UNTU HOPMAInbHUIN KPOBOTIK Yepe3 npote3 6e3 BUKOpU-
CTaHHSI MeanKaMeHTO3HOT aHTukoarynsuii. FemaTtonoriyHi
TECTOBi MOKa3HWKM MOKa3anM KOPOTKOYACHY Koaryrno-
naTito 3 MOBHUM BiHOBMEHHAM 4O HOpMasibHUX 3HA4YEeHb
Ha 14-30-Ty goby, Wo CBiAYMTb NPO BiOHOBIEHHSI rOMe-
octady. Ha etanax 180-360 AHiB MokasHuKM He Bigpi3-
HAMUCS Bi4 HOPMWU — MiATBEPMAXEHHSA KOMMEHCcaUinHOT
peakuii cuctemu 3roptaHHs Kposi. OTpuMaHi pesynsratu
pobnsiTb MEePCNeKTUBHUM MNofarnblle BUBYEHHS TakuMx
KCeHonpoTesiB And 3acTOCYBaHHA Y KMIHIYHIA pEeKOH-
CTPYKTUBHII CYOUHHIN Xipyprii.
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Editor's Choice — Cryopreserved Allografts for Arterial Reconstruction
after Aorto-lliac Infection: A Systematic Review and Meta-Analysis.
European Journal of Vascular and Endovascular Surgery. 2019. T. 58,
Ne 1. P. 120-128. DOI: https://doi.org/10.1016/j.ejvs.2019.03.003

10. CaHpomvpcbkuii B.MM., Buzos [O.B., Muxavnosa I.M1., Ta iH. Cnoci6
MiArOTOBKY KCEHOreHHUX apTepii AN CyAWHHOTO NpoTe3yBaHHs: nar.
68379 YkpaiHa: MIMK A61L 27/00, AOTN 1/02. 3asBHuK Ta naTeH-
ToBnacHuk IMKiK HAH Ykpainu; Ne u201110193; 3aasn. 19.08.2011;
ony6n. 26.03.2012, bion. Ne 6.

11. HuY.T., Pan X.D., Zheng J., MaW. G., Sun L. Z. In vitro and in vivo
evaluation of a small-caliber coaxial electrospun vascular graft loaded
with heparin and VEGF. International Journal of Surgery. 2017. Ne44.
P. 244-249. DOI: https://doi.org/10.1016/).ijsu.2017.06.077

12. BauapvHhuin P.A., Xomenko O.1O., CtagHik €.A., CmipHoBa K.C.,
Mrawekac FO. MeToauku BU3Ha4eHHst npoTpoMBiHOBOro Yacy 3a Keikom
Ta OBpeHOM: MOXIMBOCTI Ta obmexeHHs (ornsg nitepatypw). Medu-
yuHa HesioknadHux cmanie. 2024. Ne 20 (5). C. 409-416. DOI: https://
doi.org/10.22141/2224-0586.20.5.2024.1741

that the surgical intervention did not exert a systemic
adverse effect on cardiac function, and the prosthesis did
not act as a trigger for cardiovascular complications.

The luminal surface of xenografts preserved in liquid
nitrogen vapor did not induce dangerous activation of the
coagulation system and allowed for normal blood flow
through the prosthesis without the use of pharmacological
anticoagulation. Hematological test results indicated
a transient coagulopathy, with full restoration to normal
values by days 14-30, reflecting the reestablishment
of hemostatic homeostasis. At the 180-360 day time
points, parameters remained within normal limits,
confirming the compensatory response of the coagulation
system. These results highlight the prospective potential
for further investigation of such xenografts for use
in clinical reconstructive vascular surgery.
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Prospects for further research

The determination of morphological features
of xenografts after long-term preservation and
transplantation into the vascular bed is of further scientific
interest for establishing the timing of early vascular
calcification
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KOHBEHLIii Npo 3axmcT XpebeTHUX TBApUH, LLO BUKOPUCTO-
BYHOTbCS B €KCMEPUMEHTANBbHYX Ta iHLIMX HAYKOBUX LINsiX»
(Ctpacbypr, 1986), Oupektuen Pagu €sponu 86/609/EEC
(1986), 3akoHy Ykpainu Ne 3447-1V Big 21.02.2006 «[1po
3aXMCT TBapWH Bif, ’KOPCTOKOTO NMOBOPKEHHSI».

BUKOPUCTAHHS LUTYYHOrO iHTEAEKTY

ABTOPU PYKONUCY CBIAOMO 3acCBig4vytOTh, LLO Y NpoLeci
NPOBEAEHHA AOCMIOKEHHS Ta NiATOTOBKU LIbOrO PyKOMUCY
He BMKOPWCTOBYBAamM XOAHMX IHCTPYMeHTIB abo cepsaicis
reHepaTMBHOTO LUTYYHOrO iHTenekTy (LUI) ans BrkoHaHHSA
OyOb-sKMX 3aBAaHb, nepenivyeHnx y TakcoHoMii aenery-
BaHHS 3aBOaHb FeHepaTUBHOMY LUTYYHOMY iHTENEeKTy
(GAIDeT, 2025 p.). Yci etanu poboTtu — Big KOHUeNTyari-
3aLii o giHanbHOro pegaryBaHHs — BUKOHaHI 6e3 3any-
YeHHs reHepatusHoro LI, BuknioYHO aBTopamu.

MepBuUHHI AaHi Ta maTepiaau

ABTOpU PYKOMMCY CBIAOMO 3aCBigyytOTh, IO Y PO6OTI
BMKOPUCTaAHO pe3ynbsTaT BMAacHWX eKCrnepuMeHTanbHNX
JocrnigxeHb, Wo bynu cuctematu3oBaHi Ta npoaHarniso-
BaHi aBTopamu. [epBWHHI AaHi BKMOYaloTh y3aranbHeHi
nokasHuku, nabopaTopHi pe3ynbTraTv, eKkcnepuMeHTarsbHi
NPOTOKONN Ta OTPUMAaHi KifbKiCHIi XapakTepucTuku. Bci
mMaTepianu 3b6epexeHi B apxiBi AOCNIAHULBKOT rpynu
Ta MOXyTb OyTu HagaHi 3a OOrpyHTOBaHWM 3anuTom
0O aBTOpa-kOPECNOHAEHTAa, 3 YypaxyBaHHAM €TUYHUX
HOPM Ta NpaBOBUX OOMEXEHb.

IHdbopmaLiis Nnpo cbiHAOHCYBAHHSA
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HauioHanbHOI akagemii Hayk YkpaiHu «BnnvB HU3bKMx
Temneparyp Ta eKCTPaKTiB cepLd i CenesiHkn Ha npouecu
HeKkpoTu3auii i pereHepauii Miokapay, CyauH Ta xpswar,
HoMep pgepxkaBHoi peectpauii 0217U003336, TepmiH
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OOKTOp MeanyHuX Hayk, npodecop b.IN. CaHaoMupCbKui.
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PE3IOME

AkTyanbHicTb. Cy4acHuii eTan po3BUTKY MeaULMHN XapaKTepuayeTbCs (OOpMyBaHHAM
BinbLU BY3bKMX HanpsMKIB Pi3HUX AMCUMNIIH, 30Kpema 1 Xipyprii, Wo Aae MOXNUBICTb
KOHLIEHTPYBaTU HayKOBi [OCSATHEHHS, HabyTW Ha CbOroAeHHs AOCBIA AiarHOCTUKW,
nikyBaHHSA Ta NpodinakTMKM 3axBOPIOBaHb, i rOTyBaTW BUCOKOMPOMeCinHuxX daxisuis
3 4aHOro HanpsMKy MeguumHn. OgHUM 3 Takux NpUKNagiB € ecteTudHa Xipyprisi, ue cyTo
crneundiyHUn HaNPAMOK PO3BUTKY M HaZaHHSA NOCNYr, ane B Hii AOMIHYIOYMMY € OCHOBM
3aranbHoi Xipyprii i, ronoBHe, Ha AaHi MOCNyr CrocTepIraeTbCa NPOrpecyoye 3pOCTaHHS
nonuTy B yCbOMY CBITi.

BpaxoBytoun cneundiiky MeTn 3BEepHEHHS 3a eCTETUYHO MEeAUYHOK [0MOMOrolo,
YCKNafHEHHS, siKi MOXYTb PO3BVHYTUCh, MOTPEDOYIOTb BUPILLEHHS MEANYHUX i NCUXO-e-
MOLNHMX Npobnem.

MeTta po60oTu — aHani3 HaykoBOi NiTepaTypu LWOAO0 YacTOTW PO3BUTKY HaMBInbLL YacTux
yCKnafiHeHb paHHBLOrO MiCrsonepaLinHoOro nepiogy B €CTEeTUYHIW Xipyprii, iX ocobnu-
BOCTEW, NiKyBaHHS Ta NpoinakTuku.

Martepianu i metoau. Byno onpauboBaHO BiOKpWTI AXepena HayKoBOI niTepaTtypw,
3okpema Pub Med\MEDLINE, Scopus, Web of science 3a octaHHi 8 pokis, pe3ynbsratu
KNiHIYHUX JoCnigXeHb AN y3aranbHEHHs Ta aHanisy Bi4OMOCTEN LWOoAOo enigemionorii,
eTionatoreHesy 1 fikyBaHHI0 nicrisionepaLlinHnX yCKkrnagHeHb B €CTETUYHIN Xipypril.
PesynbraTty i o6roBopeHHs. [laHi 3Ha4HOT KinbKOCTi onpaLboBaHuX pobiT cBigvaTth npo
Te, WO B YCbOMY CBITi, 0COBNMBO B KpaiHax 3 BUCOKMM PIBHEM XXMWTTSI, NONUT Ha NpoBe-
[AEHHS eCTETUYHMX MEAUYHUX NOCMYT BNEBHEHO 3pocTae. Ane pa3oM i3 Lym cnocTepira-
€TbCA 30iMbLUEHHSA YacTOTU PO3BUTKY yCKNaAHEHb NIiCNsA NPOBeAEHHS AaHUX MeaNYHUX
npoueayp, He BUKIIOYaK4YM XipypridyHi MeTogm Kopekuii. HanyacTiwe po3suBaroTbCcs
Taki ycknagHeHHs siK 3ananbHi iHineTpaTh i iHdeKuis B 30Hi nicnsonepauinHoi paHu,
cepoma, nepudepiiHa apTepianbHa OKM3isl, HaAMIPHE CKOPOYEHHST Ta HEKPO3 LUKipK,
$ibpo3 NigLLKIPHO-XXMPOBOI KNITKOBMHK, MOLUKOMXEHHS HepBa, rinepTpodiyHi pyobui.
ETionorisa Ta natoreHe3 faHuX ycknagHeHb MatoTb 3HAYHi BIAMIHHOCTI, Tpurepamu ons
X pO3BUTKY € MICLIEBI 11 3arasibHi, 30KpeMa i ayToiMyHHi bakTopu, LLO 3yMOBIIOE 3aCTO-
CyBaHHS Pi3HNX METOAIB MiKyBaHHA Ta NPOdIiNakTUKK.

BucHoBkW. Ha ocHOBi gaHux, NpeacTaBneHnx y HayKoBil nitepaTypi, MOXHa 3pobuTu
BMCHOBOK NPO 3HayHe 30iMblUeHHS KiMbKOCTi €CTETUYHMX OnepaTMBHUX BTPy4aHb
NPOTArOM OCTaHHBLOrO AECATUPIYYS, i Liel (haKkT NMOSCHIOE CyTTEBE 3POCTaHHSA YacToTu
po3BUTKY MicrsionepauinHux ycknagHeHb. BpaxoBytoun ocoGnmBocTi Ta BigMiHHOCTI
eCTeTUYHOI Xipyprii, HayKoBi AOCNiOXeHHA B po3pobLi HOBUX MeTOAIB MpodinakTuku
Ta nikyBaHHS nicnsonepauiiHiX yCKnagHeHb € BKpaw akTyanbHUMU W BXKIMBUMU.

LlieHko O.l., Cbomaka PA. YcknagHeHHs B eCTETUYHIN xipyprii. MoxnmBocTi npodinaktuku Ta nikyBaHHSA. BicHUK
Xapkigecbko2o HauyioHannbHo20 yHigepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa. 2025. T. 33. Ne 4(55).
C. 567-583. DOI: https://doi.org/10.26565/2313-6693-2025-55-06
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ABSTRACT

Background. The modern stage of medicine development is characterized by creation
of special surgery departments that makes sence in concentration of scientific research
and the experience of diagnostic treatment and prevention health problems and
preparation highly qualified specialists this deparment of medicine. One of the field
of medicine is plastic surgery that is specific and has it s own peculiarities where the basis
principles came from general surgery and we can observe the rise demand worldwide
every year in consumption of aesthetic operations and procedures. Nevertheless
considering a specific mindset patients who wants to undergo aesthetic procedures
the complications that could take place may need to solve medical and psychological
problems.

Purpose — to evaluate scientific literature in order to make a review of a prevalence
most frequent early postoperative complications in plastic surgery and peculiarities
of treatment and prevention.

Materials and methods. Open sources of scientific literature were processed
(MEDLINE, Pub Med, Scopus, Web of science) for the last 8 years; clinical trails
to analyse epidemiology pathogenesis and treatment early postoperative complications
in plastic surgery.

Results. The date of the most popular resourses worked out worldwide shows that
demand in aesthetic procedures and operations are rising in popularity especially
in the countreis with high living standarts. But as a matter of fact we have rising rate
of complications after performing aesthetic surgery.

Most prevalent we can observe inflammatory infiltrates, postoperative wound infections,
seroma, peripheral arterial occlusion, skin contraction, skin necrosis, subcutaneous tissue
fibrosis, nerve injury, hypertrophic scars. Etiology and pathogenesis of this complications
are different, the triggers forcing their development have local common and autoimmune
mechanisms that determines various methods prevention and treatment.

Conclusions. On the basis of date, presenting in scientific literature we can conclude
about significant increase aesthetic operations and procedures during last decades, that
may explain rising the frequency of complications. Taking in account special peculiarities
and differences plastic aesthetic surgery procedures and operations, scientific research
and development new methods of treatment and prevention complications are very
actual and essential.

Tsivenko OI, Somaka RA. Complications in aesthetic surgery. Possibilities for prevention and treatment.
The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025;33(4(55)):567-583. DOI:
https://doi.org/10.26565/2313-6693-2025-55-06

BCTYN

INTRODUCTION

BypxnuBun posBUTOK MeauuUMHU Ta Xipypril xapak-
TEPU3YIOTLCSA  BMPOBAMKEHHSAM Yy KIiHIYHY MPaKTUKY
He TiNbKN HOBMX METOZIB NiKyBaHHS, @ i 3Ha4HUM po3LLK-
PEHHSIM MOXIMBOCTEN B XipypriyHii Kopekuii nato-
noriyHux ctaHiB. OgHMM 3 Takux HanpsMKiB CydYacHol
Xipyprii, a KOpeKTHiWwe ckasaTth, MynsTUAMCUMnniHap-
HOro BMpILLEHHA nNpobnemMun € ecTeTuyHa MeauuMHa,
B SKiN XipypriyHi BTpyYaHHs € nposigHumu. Mu € cBia-
KaMu 3pOoCTaloyoro MOMnUTY Ha eCTETUYHI MEeAUYHI BTPY-
YaHHS He TifMbKWM N0 MeQUYHUM NMOKa3aHHSIM, a rONOBHUM
YUMHOM HECTPUMHUM BakaHHSIM foael 0 4OCKOHANOCTI,
BUMPAaBIieHHs1 MOXMOOK MaTiHKKM npupoan W BignoBia-
HOCTi Cy4aCHUM «CTaHapTam Kpacuy», sik Ha ocobucty
OYMKY nauieHTa, Tak i MakcumanbHO OOBromy nepiogy
30epexeHHss MonofdocTi, NpuBabnmBOCTI Ta Ccekcyanb-
HOCTI. | e CTOCyeTbCA SK XKIHOYOI TaK i YonoBivoi nony-
nauin [1-3]. Wo i 3ymoBntoe 3pocTatoumnii NONUT Ha AaHi
nocnyrm Ta CTUMYMOE NoAdanbluMi PO3BUTOK OAHOro
Hanpsamky MeguumHKu. CbhorogHi cdopMyBanucs Tpu
NPOBIOHWX CTpaTerii PO3BUTKY €CTETUYHOI MeAMLUMHMU,
a came — y CLUA pobuTbCcsa akLUeHT Ha BMCOKOTEXHOMO-
riYHMM gornag i giarHOCTMKY 3a AOMOMOrOK LUTYYHOro

Rapid development medicine and surgery as a fact
characterizes implementation in clinical practice not
only new methods of treatment, but extending new
possibilities of surgical disorders correction. One of the
modern surgery direction is plastic aesthetic surgery.
We could be a witnesses of gaining this kind of medicine
in popularity for the medical prescribtions but mostly
as a desire people to the complete perfection and
to correct «natures mistakes». Seeking changes that can
help person to be in top fashion look, to keep youthfulness,
attractiveness, sexuality as long as possible are the
consequence of easy undergoing aesthetic operations.
Rising demand for the ladies and gentlemen in aesthetic
medicine is taking place today worldwide, that stimulate
further development industry [1-3].

Today, three leading strategies in the development
of aesthetic medicine have emerged: in the United
States, the focus is on high-tech care and diagnostics
using artificial intelligence; in Europe, nano-fat grafting,
bioremodeling, eco-friendly solutions, and the rapidly
growing popularity of male aesthetics are taking the lead,;
in the UAE, there is a combination of luxury and advanced
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iHTenekTy; y €Bponi — HaHO-XMPOBI TpaHcMnaHTaLii,
GiopemMopentoBaHHsl, €KOSOriYHi pilUeHHsl, 1 BUCOKMMM
Temnamu HabyBae MONynspHOCTI YONOBiYa eCcTeTUKa;
B OAE — noegHaHHsi PO3KOLLi Ta NepenoBMX TEXHOSOTIN
3 WMpOKMM BrKopucTaHHaM 3D Bisyanisdauii Ta Tepanito
36arayeHot0 NNasmoto.

3a octaHHi 10 pokiB y BCbOMY CBITi, @ TaKOX
i B YKpaiHi, cnocTepiraetbCsl 3Ha4YHEe 3pOCTaHHS KifbKOCTi
eCTETUYHMX OnepaLiii Ta npouenyp, NoB’a3aHnX 3 KOpek-
i€t 30BHILLHOCTI [2—4]. 3a ocTaHHi gecaTupivdsi 3Ha4HO
36inbLIMnachk KinbKicTb KNiHIK MAacTUYHOT Xipyprii | Kocme-
TONOTii M BITYN3HAHMX MAACTUYHMX XipYPriB, WO 3yMOBUMIO
nosiBy HOBOI NiKapCbKOi creuianbHOCTi B HOMEHKNaTypi
npodecin «Xipypria nnactnyHa» Ta BiAnNoBiAHO KBanidi-
KaLiMHKUX BUMOT i cneLiani3adii.

[cuxonoriyHni  BNNMB  coujanbHUX Mepex Mpu3BiB
[0 TOro, WO MNauieHTn pi3HOro BiKy Ta CTaTi 3 JErkicTio
NpuXoaaTb B KMiHIKM €CTETUYHOI MeouuMHU Ta BUMa-
ratoTb Big Xipypra 3MiHUTU 30BHILLHICTb abo MOBEPHYTU
MOIOAICTb, BTpayeHy 3 pokamu. [lauieHTn HanonsrawTb
Ha MPOBEOEHHI ECTETUYHMX orepaLi, BBaXatoun iX He
CKNnagHUMKU — BOHU AiNCHO B BinbLLOCTI BUMNaakKiB € MiHiiH-
Ba3VBHMMMU, HE BPAXOBYHOUM TOW haKT, L0 A1 €CTETUYHOT
Xipyprii npuTamaHHi Taki X yCKnagHeHHs SK i Ans 3aranbHoi
xipyprii. [NaujieHTn 6e3 ocobnuemx BaraHb Ta [OBIUX
po3dyMiB NsratoTb Ha onepauiviHuiA CTif, Ae Ha HUX OYiKye
4YacTo [OBrOTpUBanUiA HapKo3 Ta CEPo3HEe BTPyYaHHSsI
B CMCTEMW romeocTaldy opraHiamy. CborogHi icHye 6eaniy
MeToZiB Ta 3acobiB 3MiHW 30BHILLHOCTI B NNACTUYHIN Xipypril
Ta KOCMeTororii, Wo po3pobneHi 3apybikHUMKN Ta yKpaiH-
CbKVMU Xipypramu, ki NOCTIMHO BAOCKOHAIOIOTHCS.

Ha nepLunii nornsg GinbLuicTs ycknagHeHs NNnacTuyHol
Xipyprii He HecyTb 3arpo3y XMWTTIO Ta 340POB’0 NauieHTa,
ane 3Ha4yHO BMNMBAKOTb HA MCUXIYHUI CTaH, couianisauito
Ta npauesgatHicTe. | HaBnakm — poboTa nikaps ecte-
TUYHOI MeauUMHW, BUKOHaHa Ge3 ycknagHeHb, 30epirae
Ta NOKpallye CTOCYHKU MOAPYXOKA nauieHTa, rapMOHisye
iHTUMHI CTOCYHKM Ta HOpMarni3ye MCUXOMOriyHy aTtmoc-
depy B poauHi, BucTynatoum obeperom. Y toHUX naui-
€HTIB — MiABMLLYE CaMOOLIHKY Ta IiKye Aenpecito, Tak
3BaHa «MCUXOJIONYHa KOPEKLUis ckanbnenemy, nokpailye
couianisadito Ta cTaTyc cepeq OOHONMITKIB.

BignosigHo 00 UbOro, 3pocTae KinbKiCTb YCKnagHeHb
[4, 5]. Ha BigmiHy Big 4MCneHHMX MeTodiB onepaTUBHUX
TEXHIK Ta crnocoliB, onucaHux B OGaraTboX CTaTTsX
Ta MOHorpadisix, MetodiB npodinakTukM Ta niKyBaHHSA
YCKNagHeHb, siki 6 BpaxoByBanv 0COONMBOCTI €CTETUYHMX
onepavuin, po3pobneHo He [OCTaTHbO, TaKOX CYTTEBO
Bpakye 1 anropuTMiB GiarHOCTUKMN TOMO YW IHLLIOTO yCKnaa-
HeHHS. OTXe 3annwaeTbCs 3Ha4YHa KinbKiCTb HEBUPILLEHNX
nUTaHb Ta AUCKyTabenbHUX TOHOK 30pY LLOAO AiarHOCTUKK,
NiKyBaHHA Ta NPOodinakTUKM TOro Ym iHLIOro YCKNagHEHHS.

MeTta po6oTu — aHani3 HaykoBOi niTepaTtypu LIOAO
YacTOoTM  PO3BMTKY Hambinbll YacTUx YCKNagHEeHb
paHHbLOro nicnAonepauinHoro nepiogy B E€CTETUYHIN

MATEPIAAU TA METOAU AOCAIAXEHHSA

Byno onpauboBaHoO BiAKpUTI [xepena HayKoBoi fniTe-
patypu, 3okpema Pub Med\MEDLINE, Scopus, Web
of science 3a KnO4YOBMMM CrOBaMW: «rinepTpodiYHMI

technologies, with extensive use of 3D visualization and
platelet-rich plasma therapy.

For the last decade globally particular in Ukraine
we can observe significant growth quantity of aesthetic
operations and procedures [2—4]. The fact of increasing
numbers of Ukrainian plastic surgeons and special
aesthetic clinics has noticed for the last 10-15 years. Anew
medical profession appeared in Ukrainian nomenclature
of specialty and as a consequence qualifications
requirements «Plastic Surgery» respectively.

Psychological influence of social media resulted
easy undergoing plastic operations for people different
ages and various comorbidities who come to the clinics
demanding from surgeons to change their look, to turn
the back time and to restore youthfulness. Patients insist
to perform different aesthetic procedures and operations,
taking in mind easiness and simpleness, concerning them
completely safe.

Actually most aesthetic operations and procedures are
minimally invasive and have short rehabilitation period,
but sometimes have the same serious complications
as a general surgery. Patients often without hesitations
are ready to undergo aesthetic operations and general
anesthesia not thinking about risks and deeply intervention
in body homeostasis.

Today we have a lot of methods and technics for
face and body perfection that are constantly developing
in Ukrainian European and American plastic surgery.

Atfirst sight most complications in plastic surgery do not
threaten people’s life and health but always have powerful
psychological impact, socialization and public adaptation.
And otherwise doctors performance in aesthetic medicine
that has done without complications with high professional
level, improve relationship between marriage, harmonize
sexual life and satisfaction, enhancing psychological
understanding each other in couple. In young patients
increases self-esteem, decreases depression level as it
calls «psychological scalpel correction» and improves
adaptation between age — mates.

According to this we have a rise rate of complications
[4, 5]. Nevertheless, among numerous of books about
methods and tricks in plastic surgery performance, there
is serious lack of tutorials about treatment and prevention
complications. Algorithms of diagnostic side effects
and unwanted complications in aesthetic surgery are
insufficient too. As a conclusion, we have many unsolved
debatable questions and necessity to make further
clinical research to develop more sophisticated protocols
of diagnostic, prevention and treatment complications
after aesthetic plastic surgery.

Objective — to analyze the scientific literature weather
to find out the prevalence of most popular postoperative
complications in aesthetic surgery, to understand
the etiology and pathogenesis early postoperative
complications, their peculiarities treatment and prevention.

MATERIALS AND METHODS OF RESEARCH
Open sources of literature for the last 8 years from

Scopus, Web of science, MEDLINE, Pub Med that contain
scientific clinical research of epidemiology, pathogenesis,
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pybeupb», «kenoig», «cepomay, «iHdekuis nicnsonepa-
LiHOI paHny, «nepedbepinHa apTepianbHa OKNH3isy,
«HEKpO3  LUKipU», «HaAMIpHE CKOPOYEHHST  LUKipW»,
«hibpo3  NigLIKIPHO-KMPOBOI  KNITKOBUHMY»,  «MOLUKO-
[PKEHHs1 HepBay 3a OCTaHHi 8 pokiB, pe3ynsraTyt KNiHIYHNX
JocrnifXeHb ONsi y3aranbHEHHA Ta aHanisy BijomMocTewn
Lwoao enigemionorii, eTionatoreHesy N Cy4acHUX MeToais
nikyBaHHS nicnsonepuinHux ycknagHeHb Ta ix npodinak-
TUKWN B €CTETUYHIN Xipypril.

PE3YABTATU

MpoTsarom Bciei icTopii po3BUTKY Xipyprii ronoBHUMM
3aBAaHHAMU, SIKi HEOOXiOHO BUPIWNTU MPU BUKOHAHHI
OonepaTMBHOIO BTPYYaHHS € PO3CIHEeHHA Ta 3'€OQHaHHs
po3cCiYeHNX abo YLUKOMKEHMX TKaHUH. Po3ciyeHHs 3abes-
nedyye OocTtyn abo YCyHEHHs1 maTosfioriyHOro ocepenka,
a 3'eQHaHHsA TKaHWH — BIAHOBIEHHSA aHATOMIYHOI Linic-
HOCTi ¥  Di3ionoriyHoi  CNPOMOXHOCTI.  Hessaxatoun
Ha Bpaatodi, HaBiTb PEBOMIOLIVHI AOCATHEHHS Y PO3BUTKY
Xipyprii, i cborogHi, HaBiTb M4 Yac NPoBeAeHHS onepauii
Hazcy4YacHol poboTM30BaHOK CUCTEMOID, eTanu pos3ci-
YeHHS Ta 3’€AHaHHA TKaHVH 3anvLalTbCs HEBIA' EMHUMM
nig yac BTpyYaHHs. HakonuueHwh OOCBIO Ta YUCIEHHI
OOCriAXeHHA AoBEeNn 3HaYHy 3anexHiCTb NpoueciB 3aro-
€HHS1 paHu Big obpaHoro metoay Aucekuii. Yum meHwe
TPaBMYHUUA YUHHUK, TUM BinbLl CnpuaTIvBI YMOBUW Ansi
nepebiry penapaTnBHMX npoueciB. Lle 3ymoBntoe nowuyku
«ifeanbHOro ckanbnensi», skuii 6u poscikae TKaHUHK 6e3,
abo 3 HaMeHLUUM naTtepanbHUM YLLIKOMKEHHAM i 3abes-
nevyeaB koarynsuito, wob kpai paHu 6ynu HeyLikogxe-
HMMM Ta Byna BiacyTHst kpoBoTeva. OTpMMaHi Ha CbOroaHi
[aHi NepeKkoHNNBO A0BOAATD, LU0 YHIBEPCANbHOIO METOAY
isnyHoOi aucekuii Ta koarynsuii Hemae. HesanexHo
Big meTogy abo Tuny eHepreTMyHoi YCTaHOBKWM B OCHOBI
PO3CIYEHHSI NEXUTb MOLUKOPKEHHSI TOHKOI 30HWM ©Oiono-
rYHOI TKaHWMHWU Nig BNAMBOM BWUCOKMX Temnepatyp abo
MexaHivyHoi eHeprii [4, 6-8]. Mpobnema aTpaBMaTUYHOrO,
6€e3KPOBHOIO PO3CIYEHHS TKAHUH € KIMHOYOBUM 3aBLAAHHAM
Xipyprii, ockinbku ii BMpilleHHA 3abe3neunTb HanbinbLL
CnpuATAMBI ymoBM Ans nepebiry penapaTMBHUX NPOLECIB.

Mpouec 3aroeHHs paH Oyxe CKNnagHum i 3anexuTb
Big TiCcHOI B3aemogii 6aratbox pakTopiB. BesymoBHO
Li npouecy 3Ha4yHO BIOPI3HAKTLCA B PI3HMX TKaAHWHAX
Ta MaloTb CBOi 0cobnmBocTi. B gaHin poboTi Mun 3pobunm
aKUeHT Ha nicnaonepauinHnx paHax Lwkipu. HopmanbHe
3aroeHHs LWKIPHMX paH BigOyBaeTbCsl BHACIAOK CKNaaHOI
i baraToCcTyneHeBOi B3aEMOAIi MiX iIMyHHOK CUCTEMOIO,
KepaTuHoLuMTaMn Ta AepManbHUMK KriTuHamun. KoxHun
TUN KMITUH BHOCUTb CUTHAmMM, siki KepyTb HOpManbHUMK
dazamm 3aroeHHs paH. Lli cdasm BknovawTb remoctas
(xBununHW abo rogmHKM nicnsa onepawinHoi TpaBmu), 3ana-
neHHs (gHi 1-3), nponidepalito Ta 3aroeHHs (aHi 4—21) Ta,
HapeLuTi, pemogentoBaHHA paHn-pybus (aHi 21-365) [8].
MopyweHHsa perynauii Oyab-Akoi 3 UMX NOg4IN MOoXe
NPU3BECTM [0 YMNOBINIbHEHOrO 3aroEHHS paH Ta NOTEeHLi-
HOro YTBOPEHHS1 XPOHIYHMX BUPa3oKk Ta/abo HagmipHOro
pybutoBaHHA. OTpuMaHi pe3ynsTati iMyHOMCTOXIMIYHNX
JOCriKeHb Mokasanu, Lo K4YoBa Touvka Mepexopy
NeXunTb MK 3ananbHOK Ta nponidepatnsBHoo dasamu,
came B LUeN nepiog 3HA4YHO 3pOCTalOTb PU3MKU Ans
PO3BUTKY PIi3HMX YCKNagHeHb nepebiry penapaTuBHUX
npouecis [9-11].

diagnostic, prevalence and treatment of the early
postoperative complications in plastic surgery with a key
words: hypertrophic and keloid scar, seroma, surgical
site infection, peripheral arterial occlusion, skin necroisis,
excessive skin contraction, fibrosis of subcutaneous fat
tissue, nerve damage have been worked out.

RESULTS

During all the history of surgery development, the
prevalence task that should be done, is to dissect tissues,
to manipulate and finally to connect the tissues. Without
dissections it's impossible to solve the pathological
problem, and the connection is logical end of the operation
in order to restore anatomy and physiology of the tissues.
Although today we have highly advanced technologies
including robot’s surgery, artificial intelligence, we still
have the main rule — to dissect, to manipulate and
to connect the tissues.

Accumulated experience and numerous of clinical
researches have proved the meaningful correlation
healing processes from the dissection method that has
been chosen. The less trauma — the better environment
for healing. That moves surgeon to search for the «ideal
scalpel» with minimum or without traumatization tissues
at all when dissect and as additional option — to coagulate
bleeding. Nevertheless scientific date, collected today
evidences that we do not have the ideal dissector and
coagulator tissues in contemporary surgery. No matter
which method or energy devise we can choose to cut the
tissues we always destroy the biological structures under
the influence of high temperatures or mechanical energy
[4, 6-8]. The problem of non-traumatic, bloodless tissues
dissection in surgery is a crucial point to conduct further
research that could provide most favorable environment
for reparation processes.

Wound healing is a very complicated mechanism
that dependent of close cooperation of many factors.
Normal skin healing takes place as a result of multistage
cooperation between immune system, keratinocytes
and fibroblasts. Every type of cells secretion the
signaling molecules that regulate stages of normal
healing. It stages includes homeostasis from first
second during several hours after trauma), inflammatory
stage (1-3 days), proliferation stage (4-21 days) and
remodeling stage (21-365 days) [8]. Irregularity any
of this stages could lead to slowing wound healing and
potential chronical ulcer or pathological scar formation.
The received immunohistochemical research showed
that the key transforming point is between inflammatory
and proliferation stage. Precisely at this stage significantly
rises risks for developing various complications
of reparation processes [9—11].

Any surgical procedure, including plastic surgery,
carries the risk of complications. The patient must
understand that although the likelihood of such outcomes
is minimal, it still exists, and they are consciously
accepting a certain level of risk. It is important to note that,
in the vast majority of cases, these are healthy individuals
undergoing surgery not because it is the only or most
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Byab-saka xipypriyHa npoueaypa, 3okpema nnactudHa
onepauid, Mae pu3nkn yckrnagHeHb. lauieHT mae posy-
MITH, LLO MOXIUBICTb TAKOrO PO3BUTKY MO, XOM i MiHi-
MarbHa, ane icHye, i BiH CBiZOMO e Ha LESKUA PU3KK.
HeobxigHO mMaTtn Ha yBasi, WO B NepeBaxHin OinbLIoCTi
Le 300pOoBi Moau, ski ifyTe Ha onepadito He TOMy Lo Le
€aVHUIN MeTop, NikyBaHHS, abo Hanbinbl edeKkTUBHUMN,
a ToMy Lo MatoTb BaxkaHHs No30yTUCS SKMXOCb Baf, siKi
He BNNMBaTh Yy BiNbLIOCTI BUNAAKIB Ha 3aranbHUiA cTaH
300poB’si. ToOMy Ayxe 3HauvyLlol B nicrsionepauiiHomy
nepiodi € ncMxoemouiiHa cknagoea, 60 nauieHT y CBOiIN
ysiBi BXe Mae obpa3 KiHLEeBOro pesynbraTy, BMXOOS4YM
i3 CBOEI ysABM Kpacu Ta OOCKOHaNOoCTi i B NiACBIAOMOCTI
HemMae Micusl HaBiTb HAMMEHLLMM HeraTUBHUM Hacnigkam,
a TuMm Oinble ycknagHeHHsM. [o HanowwmpeHiwmnx
MiHYCiB MIacTU4HOI Xipyprii MOXHa BigHECTU Hepeanic-
TUYHI OYiKyBaHHSA MauieHTa CTOCOBHO pe3yrbraTiB onepa-
TMBHOrO BTPyYaHHs. Lle 3ymoBnioe HeobxigHICTb npose-
OeHHa B goonepauiiHoMy nepiofi PO3'iCHEHHSI BCiX
MOXIMBMX cueHapiiB. Jlikap i nauieHT MatoTb 06roBopuTH
BCi acnekTn ManbyTHbOI onepaLuii, pa3om CnporHo3yBaTu
ouikyBaHU edekT Big XipypridHOi Kopekuii. B iHwomy
BMMAAKy OTPUMaHUIA pe3yrnbTaT MOXe Npu3BecTy Ao Heba-
)KaHOro posyapyBaHHS NalieHTa Ta 3Ha4YHUX npobnem.

Bce BuKknageHe mae Haa3BuMYalrHy akTyarnbHICTb Ang
NPOBEAEHHST BTPyYaHb i, FONOBHE, OTPMMaHHSA GaxaHux
pesynbTaTiB XipypriyHOi KOpeKLUil B eCTEeTUYHIN MeguLUnHI.
ApKe OfHUM i3 rOfIOBHMX NPUHLIMNIB €CTETUYHOI Xipypril
€ Te, WO BCi onepaTtuBHi 1 KOHCepBATUBHI Aii B micnso-
nepawifiHomy nepioai HanpaeneHi Ha HIBENIOBaHHA cnifis
iHBasii, o6 CTBOPUTU BPaXKEHHS — Kpaca i JOCKOHarniCTb
€ NPUPOAXKEHMMM, a He HacnigKoMm MancTepHOCTI Xipypra
i eheKTMBHOCTI Cy4acHMX KOCMeTuYHMX npoueayp. OTxe
SKi - nmicnsionepauinHi - ycknagHeHHs nepebiry penapa-
TMBHMX NPOLECIB HANYacTille CTaloTb Ha 3aBagi BTINIEHHIO
CUHepriYHnx GaxaHb ecTeTMYHOro Xipypra Ta nauieHTa?
HanvacrTilwe B npakTuui 3ycTpivatoTbCs: rinepTpodiyHi,
a B nofarnbLUOMy MOXINMBA iX TpaHcopMaLisd B KenoigHi
pybui, cepomu, iHdeKUia nicnsonepauinHoi paHu, nepu-
depiriHa apTepianbHa OKMt03is, HEKPO3 LLKIipKW, HaaMipHe
CKOPOYEHHS LKipW, iBpo3 MiALKIpHO-KMPOBOI  KMiT-
KOBVHW, MOLUIKOMKEHHA HepBa [9-12]. 3HaHHs ocobnu-
BOCTeW eTionaToreHesy AaHuX yCckrnagHeHb € NigrpyHTam
Ans NpodinakTvkn Ta iX NikyBaHHS B NnacTU4Hin xipypril
Ta KocmeTonorii.

rinepmpogbiyHuti ma kenoidHUld pybui. Bbyaob-ske
XipypriyHe BTpyYaHHs nwuwae nicna cebe pybeup,
ue € HEeMUHyYMM HacnigkoM po3pidy MOBEPXHi LUKipK
3 noganblWMMU MaHinynauiamu i ylumsaHHaM padun. Ane
B NnacTu4Hin Xxipyprii Burnag pybus, noro posmip mae
pagvkanbHe 3Ha4YeHHs. IHKoNM BTPyYaHHS He NpOBO-
OWTbCS, OCKINMbKM MOXe 3anuwntu nicnga cebe pybelb,
O PU3MKYE 3iNCyBaTW eCTETUYHWIA pesynbraT onepawii.
KoXHOro poky B EKOHOMIYHO PO3BUHYTUX KpaiHax 6nm3bKko
100 mnH niogen cTpaxpawTb Big nosiBuM pybuiB, ki
He BignNoBigalTb €CTETMYHUM 3anutam i gisionoriyHnm
cTaHam [2, 3, 5]. lNepw 3a Bce Le CTOCyeTbCA rinepTpo-
iyHOI | KenoigHoi ix TpaHcdopmaLin.

Mpouecn 3aroeHHsA paHU NOYMHAKTLCS 3 PEMOoAENto-
BaHHS 4epe3 OeKinbka TWKHIB MiCNsi PO3Ci4EeHHSA TKaHWH
i MOXYTb TpMBaTU OO OAHOrO Poky. Lle 3HayHo Mipoto
3yMOBMeHo  Miodibpobnactamn, siki  pO3BUBAOTLCS
3 ¢hibpobnacTiB y BiANOBiAb K HA MeXaHiYHy Hanpyry, Tak

effective treatment method, but because they wish
to eliminate certain imperfections that, in most cases,
do not affect their overall health.

Therefore, the psycho-emotional component plays
a crucial role in the postoperative period. The patient
already envisions the final result based on their personal
perception of beauty and perfection and subconsciously
leaves no room for even the slightest negative outcomes
let alone complications. One of the most common
drawbacks of plastic surgery is the patient’s unrealistic
expectations regarding the outcome of the procedure.
This highlights the importance of thoroughly discussing
all possible scenarios during the preoperative period.

The doctor and patient must discuss every aspect
of the upcoming surgery and collaboratively predict the
expected outcome of the surgical correction. Otherwise,
the actual result may lead to unwanted disappointment
and significant issues.

All of this is highly relevant for both performing
the intervention and achieving the desired outcomes
in aesthetic surgery. After all, one of the key principles
of aesthetic surgery is that all surgical and non-surgical
actions in the postoperative period are aimed at eliminating
traces of invasion to create the impression that beauty
and perfection are natural, not the result of a surgeon’s
skill or modern cosmetic procedures.

So, what postoperative complications in the course
of reparative processes most often hinder the realization
of the synergistic goals shared by the aesthetic surgeon
and the patient?

Most of all we can observe in practice: hypertrophic
scar, or keloid, seroma, postoperative infections, periferial
arterial occlusion, skin necrosis, skin contraction,
subcutaneous tissue fibrosis, nerve injury [9-12].
Knowing peculiarities of etiology and pathogenesis this
complications is the key point in prevention and treatment
their successfully in aesthetic medicine.

Hypertrophic and keloid scars. Any surgical
intervention, including plastic surgery, inevitably leaves
a scar. This is an unavoidable consequence of incising
the skin surface, followed by manipulation and suturing.
However, in plastic surgery, the appearance and size
of the scar are critically important. In some cases,
a procedure may be avoided entirely if there’s a risk the
resulting scar could compromise the aesthetic outcome.
Every year, about 100 million people in economically
developed countries experience scarring that does not
meet aesthetic or physiological expectations [2, 3, 5],
particularly in cases of hypertrophic and keloid scars.

Wound healing begins with the remodeling phase a few
weeks after tissue incision and may continue for up to
a year. This process is largely driven by myofibroblasts,
which evolve from fibroblasts in response to mechanical
tension and TGF-f3 signaling. These cells are responsible
for wound contraction and mark the transition from
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i Ha curHanisauito TGF-B, i BianoBigaoTb 3a CKOPOYEHHS
paHu Ta 3HaMeHyloTb coboK nepexid Big rpaHynsuyinHol
TKaHWHK 80 pybLs, Lo BKIOYAE YMNOBINbHEHHS aHTioreHesy
Ta esontouito konareHy Il Tuny y rpaHynauiviHin TKaHWHI
Ha Ginbl MiLHUA Ta enacTuyHMIi KomareH | Tuny. Takox
BCTAHOBMEHO, O MOBHICTIO 3pini pybui noeepTalTbCA
nvwe fo 80% cBoei NepsiCHOI MiLHOCTI Ha po3pus [12].
Yactota BWHWUKHEHHS1 rinepTpodivyHoro pybus 30-90%
[13, 14]. Ane cnig 3a3HaunTK, WO B 3aranbHil Xipypril rinep-
TPOogi4HMI pybeLb B BinbLUOCTI BUNaAKiB He po3rMsaacTbCst
SK YCKIMaAHEHHs, TOMY L0 y MaujeHTa € po3yMiHHS Heob-
XiOHOCTI OYiKyBaHHS BiAMOBIOHOIO YacoBOro MPOMIXKY, LLOO
MOCNIAOBHO MPONMLINM yCi eTanu 3aroeHHs/popMyBaHHS
pybusi, a ue Moxe OyTu JOCUTb TpuBanuiA nepiod, iHKomu
Jekinbka Micauis. B ectetuyHin xipyprii cutyauia iHwa —
y GinNbLUOCTI NaUieHTIB Mae MicLe O4iKyBaHHS NiCrns 3HATTS
nos'askn 100% pesynsraty (MakcuManbHUA eCTETUYHWN
ecbekT 6e3 )ogHoro cnigy BTpyYaHHs).

FinepTpodiyHi pybLi CTBOPIOOTL CYTTEBI KOCMETUYHI
M cyHKUiOHanbHI npobnemn — Taki Sk pyOLOBI KOHTp-
aKkTypu, iHkonu 6o0nboBi BiAYYTTA, 3yd, WO 3HAYHOH
Mipoto BnnMBae Ha qidionoriyHi yHKLUiT, SKICTb XUTTA
Ta MCWXOMNoriYyHe 300poB’s nauieHTiB  [2]. PosBuTtok
rinepTpodiyHmx pybuiB nos’dAsaHuin 3 Garatbma dakTo-
paMn — NoYMHaKYM 3 TUNY LLUKIPW, PacoBOi HarnexXHoCTi,
XapakTepuCTUK TpaBMmylo4oro areHta Ta iHwe [13, 14].
Ane X §IKk NpPaBWIO BOHW BWHMKAKTb MPU MOPYLUEHHSAX
npoLecy 3aroEHHS paHu nicnsg TpaBmMu, ocobnvBo nicns
TepMiyHoi. [ly>ke BaxnuBo focartv 6anaHcy B ycix dhasax
3aroeHHst TkaHvH. CuHTe3 Ta Aerpajauis ekcTpauento-
NAPHOrO MaTPUKCy MaroTb OyTV BPIBHOBaXKEHUMM, iHaKLLE
npouec 3aroeHHs Oyae 3aTpyMMaHui 1 MOPYLUEHWN,
i, IK HACMiOOK, MOXe BUHUKHYTU rinepTpodiyHuin pybeLlb.
lMponoHroBaHa Ta HagMipHa 3ananbHa peakuis Npu3Bo-
OUTb 00 nNigBULIEHHS akTMBHOCTI pibpobnacrTiB, 4ki
npoaykylTb 3abarato ekCTpauentonsapHOro MaTpuKey.
B uin dasi gerpaHynsauis TpombounTiB cnpusie cekpeuii
Ta akTtuBauii TpaHcdopmyroHoro haktopa  pocTy
R (TGF-B), ocobnueo TGF-R 1, TGF-B 2, TpombouunT-
acouinosaHoro ¢paktopa pocty PDGF, iHcyniHonogiGHoro
dakTtopa pocty (IGF-1), eninepmansHoro daktopa pocty
(EGF). CyanHHui engotenianbHumn coaktop pocty (VEGF),
O NpOoAyKYyETbCA enigepManbHUMK KNiTUHaAMK, € No3u-
TUBHVMM PETYNSiITOPOM aHrioreHesy, ToMy MigBuLLEHa Oro
eKCnpecis NpM3BOAUTb A0 HAAMLLKIB KaninspHOro pocTy
Ta 3aBMLLEHOrO CUHTE3y konareHy 1 Tuny, i K Hacmifok,
[0 hopMyBaHHS HaANMLLKOBOI pyOLEBOi TKaHHM [14].

IMyHHa cucteMa Takox 6epe y4acTb Yy 3aroeHHi
paH. T-xennepu (CD4) € ronoBHWMM perynaTopHUMM
KniTnHamu B Ubomy npoueci. CD4 Th—1 knitTuHu npogy-
KylOTb iHTepdepoH, ramMmarnobyniH i iHTepnenkiH IL-12,
Wwo 3paTtHi nocnabntosatn dibporeHes. IL-4, IL-5, IL-6,
IL-13 3pgaTHi nocuntoBatn pibponponicdepauio, B ToWn
yac, gk IL-10 e aHTunponidepatmBHum. Lli uuTOKIHM
€ HEeBIA’EMHOID YaCTMHOK PErynsaTOPHOrO MeXaHi3My
nponicpepadii ibpobnacTiB, cuHTE3y ekcTpaLentonsp-
HOro MaTpuKCy, aHrioreHe3y Ta peenitenisadii [9, 12—14].
PoaonHa wmatpukcHux metanonpoteiHad (MMP) Takox
Bidirpae BaxxnuBy ponb y perynsuii popmyBaHHs ekcTpa-
LenonsapHOro MaTpuKCy, peMoaentoBaHHi Ta gerpagadii
konareHy | Ta Ill Tunis. MMP 3gaTHi 3ameHwyBaTtn casy
3ananeHHs B MPOLECi 3arOEHHs!, 3HWDKYHOYM aKTUBHICTb
XeMOKiHiB [14].

granulation tissue to scar tissue. This involves slowing
angiogenesis and converting type Il collagen into
stronger, more elastic type | collagen. Mature scars regain
only about 80% of their original tensile strength [12].

The incidence of hypertrophic scarring ranges from
30% to 90% [13, 14]. In general surgery, hypertrophic scars
are not usually considered complications, as patients
understand that scar maturation is a lengthy process that
may take several months. In aesthetic surgery, however,
patients often expect a perfect result immediately after
the dressing is removed maximum aesthetic effect with
no visible signs of intervention.

Hypertrophic scars can cause significant cosmetic
and functional problems, including contractures, pain,
and itching, which affect physiological functions, quality
of life, and psychological well-being [2]. The development
of such scars is linked to various factors, including
skin type, race, characteristics of the injury, and more
[13, 14]. Typically, they result from impaired wound
healing, especially after burns.

Achieving balance in all phases of tissue healing
is crucial. Extracellular matrix synthesis and degradation
must be well-regulated; otherwise, healing is delayed
and disrupted, leading to hypertrophic scars. Prolonged
and excessive inflammation increases fibroblast activity,
causingoverproduction ofextracellularmatrixcomponents.
During this phase, platelet degranulation activates and
secretes growth factors such as TGF-31, TGF-2, PDGF,
IGF-1, and EGF. Epidermally produced VEGF, a positive
regulator of angiogenesis, when overexpressed, leads
to excess capillary growth and excessive type | collagen
synthesis, contributing to excessive scar formation [14].

The immune system also plays a role in wound
healing. T-helper cells (CD4) are key regulatory cells
in this process. CD4 Th1 cells produce interferon,
gamma globulin, and IL-12, which suppress fibrogenesis.
IL-4, IL-5, IL-6, and IL-13 promote fibroproliferation,
whereas IL-10 is antiproliferative. These cytokines regulate
fibroblast proliferation, extracellular matrix synthesis,
angiogenesis, and reepithelialization [9, 12—14].

Matrix  metalloproteinases (MMPs) also play
an important role in regulating extracellular matrix
formation, collagen remodeling, and degradation.
MMPs reduce inflammation during healing by lowering
chemokine activity [14].

Research has identified several etiopathogenetic
factors that affect reparative skin processes, such
as decorin a proteoglycan component of the dermal
matrix. Its levels are reduced in hypertrophic and keloid
scars. By binding TGF-f3, decorin neutralizes it, reducing
collagen, fibronectin, and glycosaminoglycan synthesis.
Due to its antiproliferative properties, decorin shows
promise as a future treatment for hypertrophic scars.
Periostin, a protein synthesized in the extracellular matrix,
is found in higher concentrations in hypertrophic and
keloid scars compared to normal tissue. Microcirculation
disorders and resulting hypoxia are also associated with
hypertrophic and keloid scar formation [12, 13, 15, 16].

Promising modern approaches to the prevention and
treatment of hypertrophic scars include photodynamic
therapy (laser, IPL), local injections and applications
of regenerating agents (hyaluronic acid, polynucleotides,
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lMpoBedeHi AocnigXeHHs BUSIBUNM HU3KY eTionarto-
FEHETUYHNX YMHHUKIB, Siki Ge3nocepenHbO BMNMBAOTb
Ha nepebir penapaTvBHUX NPOLECIB Yy LUKipi, a cawme:
OEKOpPUH — MPOTEOrTiKaHOBUA KOMMOHEHT AepMaribHOro
maTpukcy. KinbkicTb MOro 3HwKeHa y KenoigHux Ta rinep-
TpodiuHMX pybusax. 3e’a3ytoumnce 3 TGF- 3, BiH HenTpanisye
MOro i, TMM CaMuUM, 3MEHLLUYE CTUMYNSLIO CUHTE3y Kona-
reHy, ibpoHeKTUHy i rmiko3amiHornikaHis. AHTMNponide-
paTvBaHi BMacTUBOCTI AEKOPUHY pobnsTe Oro nepcrek-
TUBHUM Yy ManbyTHbOMY Sk cyOcTaHUito Onst nikyBaHHi
rinepTpodpiyHnx py6uiB. MNepiocTMH — NpoTeiH, Wo cuHTe-
3yETbCS EKCTPaLENONAPHUM MATPUKCOM, TaKOX BUSBIIS-
€TbCA Y NIABULLEHIN KiNbKOCTI B rinepTpodiyHnX Ta Keno-
ioHUX pybusaX MOPIBHSHO 3 HOpMarbHUMW TKaHWHaMW.
MopyLeHHs npoueciB MiKpoUMpKynsLii Ta, SK Hacrigok
LbOro — rifoKcid, acoLiloeTbCs 3 POPMYBaHHAM FinepTpo-
dhivHMx Ta kenoigHux pybuis [12, 13, 15, 16].

Ha cborogHi nepcnekTMBHUMKU HanpsiMkamu B npodi-
nakTuui Ta nikyBaHHi rinepTpodiyHmx pybuis € doTo-
OuHamiyHa Tepania (nasep, IPL), iH'ekuii Ta annikauil
pereHepaHTiB MicLeBO (rianypoHoBa kucnoTa, noniHykne-
oTuauW, NENTUAN), BUKOPUCTaHHSA BoTynoTepanii, MicLese
3aCTOCYBaHHA CUIIKOHOBMX nNnactupis [17-22].

Ha TenepiwHin yac npoBegeHo Hebarato pocni-
[KeHb, NpucBSYeHUX npobriemi 3anobiraHHA PO3BUTKY
M nikyBaHHK rinepTpodiyHux pybuiB y ecTeTUYHIN
xipyprii. CepefHili nepiof, CNocTepexeHHs B MpoaHa-
nizoBaHnx pobotax (n = 14), B AKMX BWKOPUCTOBYBa-
nacs kombiHoBaHa iHTpanesioHanbHa Tepania (TAC-X),
cTaHoBMB NpmbnusHo 11 micauis (gianasoH 1-24 micsaui).
[iana3oH 3apeecTpoBaHMX 4YacTOT peuuamBiB CTAHOBUB
7,5-23,3%. LicTb gocnigkeHb 3 BUKOPUCTAHHSM Pi3HNX
KOMGIHOBaHMX BHYTPILLUHLOOCEPEOKOBMUX CXEM MOBiJO-
munu npo 0% peuvamBiB MpoOTArom nepiogy crnocrepe-
xeHHsa (TAC-5FU, TAC-BTX, TAC-BLM, TAC-CRY). Tpu
OOCTiIKEHHA He NOoBIAOMWUNM MPO 4acToTy peLuauBiB.
Xoya edpekTMBHICTL KOMBGiIHOBaHOI Tepanii 3a3Buyan
OLjiHIOBanacbL 3a [onomoroto Lkan pyobuis, ane ouiHka
peumamBy B OOCNIOKEHHSIX KOMBIHOBaHOI Tepanii Henoc-
nigoBHa Ta HeajekBaTHa, 3 YKOPOYEHUMW nepiogamu
cnoctepexeHHs. Ockinbkn peunans pyous mMoxe 3'aBu-
TUCHA NPOTArOM OLHOrO POKy MiCrns NikyBaHHSA, HEOOXiOHO
[OBrOCTPOKOBE criocTepexeHHs (18-24 micaui) ansa
XapakTepUCTVKN peumamnBy Npu nikyBaHHI NaTornoriyHoro
pybLs 3 BUKOPUCTAHHSAM Pi3HMX BHYTPILLHLOOCEPEOKOBUX
areHTiB. AKTyarnbHO TaKOX CyBOpE BWKOHAHHA PEXUMY
HOCIHHS1 KOMMpPECIHOT BiNn3HK NavieHTamu Bigpasy nicrns
onepadii NPoOTAroM Micaus, WO 3HAYHO 3HWXKYE BiLCOTOK
ycknagHeHb. CTaH4apTM30BaHi Nepioan CnoCTEpPEXeHHs!
Ta 3BiTW NPO YaCTOTYy PeLNINBIB € HEBIA EMHOK YaCTUHOO
noJanbLLOro po3yMiHHS LIX METOZIB MikyBaHHs Ta nokpa-
LLeHHs gornsay 3a naudieHtamu [23, 24].

Cepoma. Lle ppyre 3a 4acToOTOK pPO3BUTKY YyCKNaf-
HEHHs1 1 BOHO BUHUMKae y 10,9-12,8% nauieHTiB y nicns-
onepadinHomy nepiogi [9, 10, 25, 26]. MNMepwi yacu nicns
onepadii MOXyTb NpWU3BECTM OO iHiuiauii opmMyBaHHs
cepomMu, ocobnuBo pu3nku ii pO3BUTKY 3pOCTalTb Mpu
3HaYHIN NAOLLi paHK, Ta BUKOPUCTaAHHA PO34KHIB KnanHa
y BENVKIN KinbKoCTi Ansa rigponpenapyBaHHs. Len etan
onepadii CynpoBOMKYETbCA MOLLUKOAXKEHHAM Kaninspi.,
ApibHMX nimdpaTMyHMX cyauMH Ta B3arani KnituH, Sk
hopMYyHOTb TKaHUHY, LLIO PO3CIKaeTbCs N Yac BUKOHAHHS
po3pi3y, Ta NPU3BOAUTL 4O NOTPANSISHHS N HAKOMUYEHHS

peptides), botulinum toxin treatments, and the use
of silicone patches [17-22].

Currently, few studies focus specifically on preventing
and treating hypertrophic scars in aesthetic surgery.
Among 14 analyzed studies using combined intralesional
therapy (TAC-X), the average follow-up was approximately
11 months (range: 1-24 months). Reported recurrence
rates ranged from 7.5% to 23.3%. Six studies using
different combinations (TAC-5FU, TAC-BTX, TAC-BLM,
TAC-CRY) reported 0% recurrence during follow-up.
Three studies did not report recurrence rates. Though
the efficacy of combination therapy is typically evaluated
with scar rating scales, recurrence assessments were
often inconsistent and inadequate, with short follow-up
periods. Since scar recurrence can occur within one year
after treatment, long-term monitoring (18-24 months)
is necessary to accurately evaluate outcomes.

It is also important for patients to strictly follow
post-op care instructions, such as wearing compression
garments continuously for one month after surgery,
as this significantly reduces complications. Standardized
follow-up periods and consistent reporting on recurrence
rates are essential for further understanding and
improving patient care [23, 24].

Seroma. This is the second most common
postoperative complication, occurring in 10.9% to 12.8%
of patients during the postoperative period [9, 10, 25, 26].
In the early days following surgery, seroma formation can
be initiated, particularly when the wound area is large
or when significant volumes of Klein’s solution are used
for hydrodissection. This phase of surgery is associated
with damage to capillaries, small lymphatic vessels,
and tissue cells that are disrupted during the incision
process, which results in fluid accumulation within
the surgical cavity.

Ornsg nitepatypu

573

Literature review



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MegnumHa. 2025. T. 33 Ne 4(55). C. 567-583
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):567-583

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

piavHN y NOPOXHUHI paHu. OT e cepomMa — Lie NokanbHe
HaKOMUYEHHS1 PaHOBOrO €eKcyaaTy, SKUA CKIagaeTbes
3 KpOBi, NiMKN, BHYTPIWHbO- Ta MDKKNITUHHOT PigUHW.
Hanbinbll 4acTo BOHa PO3BMBAETLCS SIK YCKNaAHEHHS
nicna ycix BuAiB MamonnacTtuku, abgomiHoNNacTukuy,
PEKOHCTPYKTUBHMNX BTpy4YaHb, Ninocakuii B Tak 3BaHWX
«MepTBUX NPOCTipax» Ta «KULIEHSIX», SKi € pe3ynsraTom
posLapyBaHHS TKaHUH y xofi onepadii. Cepoma BUHUKae
y BUNafKy, KOnu ApeHyBaHHs onepauiiHol paHu Hepdo-
cTaTHe N He edekTMBHe, abo BiacyTHe B3arani [25-27].
BuHukae y nepui 2—3 TvxkHi nicna onepauii, HanyacrTiwe
JiarHocTyeTbcsl popMyBaHHA cepomu Ha 11 geHb nicna
onepauiii [26, 27]. BUHUKHEHHS CEPOMU, K TPaBUIIO, MOXEe
NPU3BECTM [0 3aTAryBaHHsi NPOLECY 3aroeHHs nicnsione-
pauinHOi paHu, 3Ha4YHO NiABULLYE PU3KK iHpeKUiT, a y pasi
iMMnaHT-acouiioBaHoi  Xipyprii — MOXe npu3BecTu
[0 BTpaTtu iMnnaHTiB. MauieHTu, Wo nanatb Ta MawTb
3amBy Macy Tina, 6inbLl CXMIbHi 40 BUHVKHEHHSI CEPOMU,
TakoX nigBULLEHWA PU3MK MaloTb MauieHTn 3 6inb-
LWMMM po3MipamMn iMNNaHTIB rpyaHOl 3anosu [27-29].
JlikyBaHHs cepomn nepenbayae nyHKUilo Ta acnipadito
piovHW Ta ApeHyBaHHS NOPOXHNHW. B okpeMunx Bunagkax
npv peuuamBax BUKOHYETbLCA MOBTOPHE OnepaTuBHE
BTPYYaHHSA 3 PEBI3IE0 paHW Ta 3akpUTTAM «MepTBUX
NPOCTOPIB» Ta KKULLEHbY. 3PO3yMifo, LLIO PO3BUTOK LibOro
YCKMagHeHHs1 Ta ocobnmBocTi i nepiog, HeobxiaHWM ans
NPOBELEHHST TiKyBaHHsi, MOXYTb MPU3BECTU HE TiMbKK
0O BiATEpPMiHyBaHHA OTPMMAaHHS KiHLUEBOro pesyrb-
Taty, a N CTaTu MPUYMHOK HE3a[OBINbHOMO eCcTeTuy-
Horo pesyneraTty. Tomy npodinakTuka po3BUTKY CepomMu
nonarae y [AOTPUMAaHHI TakuMx nNpaBun: afeKkBaTHUN
M HadinHWIA remocTas — onepadiiHe none NoBUMHHO ByTu
«CYXMM», OOTPUMAHHS MPUHLMMIB aHaTOMIYHOCTI Mpu
YWKMBAHHI paHn 3 nikBigauielo «MepTBMX MPOCTOPIB»
Ta «KUWEHb» i NPOBEAEHHS adeKBAaTHOro APEHYBaHHS,
a B paHHbOMY nicngonepauinHomy nepiogi o6os’sa3kosa
anapartHa 1, 3a NokKasaHHAMM, iIHCTpYMEeHTanbHa pes.isis
paHun. [lepcnekTMBHMMKU HanpsMKamu NpodinakTukm
€ MOHITOPUHI Yy paHHbOMY micnsonepauinHoMmy nepiogi
(Y3[ 30HM onepalii NOBEpXHEBUM [ATYMKOM), YAOCKO-
HaneHHs MeTogiB ApeHyBaHHA. CyyacHUM MeToaoMm
nNiKyBaHHS € MyHKUis nig koHTponem Y3[ 3 noganblumm
OpeHyBaHHAM 3  MIATPUMAHHSIM  HEraTMBHOMO  TUCKY
Ta GaHaaxyBaHHs1 30HM onepadii/nicnsionepadiiHoi paHu
pisHMMK cnocobamm [26—29].

IHgbekuisi nicnsionepauitiHoi paHu. TpakTU4HO BCi
BTPYYaHHA B eCTETUYHIN Xipyprii BiOHOCATbCA OO0 Tak
3BaHMX «4YUCTMX» oOrnepauii, TOOTO BOHW He nepea-
6ayaloTb MaHinynauin Ha opraHax, WO MICTATb YMOB-
HO-NaToreHHy Mikpodropy. YvMcneHHi gocnigkeHHs, sKi
NPUCBSAYEHi BUBYEHHIO 4aHOMO YCKMaAHEeHHs B XipypriyHin
npakTuLi, Ta NpoBeAeHi B Pi3HMX KpaiHax CBIiTYy, CBia4aThb,
LLIO HaBITb 3@ CyBOPOro JOTPMMaHHS NPUHLMMIB aCenTUKN
MOBHICTIO YHVUKHYTW KOHTaMiHaLii XipypriyHUX paH nig yac
onepadii He BoaeTbcd. [loBeaeHo, Wo po3BUTOK iHAPeKLii
B paHi 3anexuTb He TiNbKK Bia HasiBHOCTI 6akTepianbHOro
UYMHHUKA, a N Big HU3KM MiCLEBMX Ta 3arafibHUX hakTopiB.
Pu3nkn BUHWKHEHHS MicnsionepauinHoi iHdekLii, He3Ba-
)Kawuu Ha CTepusbHI YMOBWU NPOBEAEHHST ONepaTUBHOMO
BTPYYaHHS, CyyacHi aHTMcenTu4yHi 3acobu Ta npose-
OEHHS aHTUBIOTMKONMPOMINaKTUKK, BCE X Taku iCHYHOTb
B MNNACTUYHIN Ta PEKOHCTPYKTUBHIWA Xipyprii i cTaHoB-
naTe npubnuaHo 3% [4, 5, 30, 31]. MNMpu MiHiiHBa3BHMX

Aseromaiis alocalized accumulation of wound exudate
composed of blood, lymph, and intracellular/interstitial
fluids. It most frequently develops as a complication after
all types of mammoplasty, abdominoplasty, reconstructive
surgeries, and liposuction particularly in so-called «dead
spaces» or «pockets» created by tissue separation during
the procedure. Seromas tend to form when postoperative
wound drainage is insufficient, ineffective, or entirely
absent [25-27].

Seromas typically appear within the first 2 to 3 weeks
after surgery, with the most common diagnosis occurring
on the 11th postoperative day [26, 27]. Their presence can
delay the wound healing process, significantly increase
the risk of infection, and in implant-associated procedures,
may even result in implant loss. Smokers and overweight
patients are more prone to developing seromas, as are
those with larger breast implants [27-29].

Treatment of seromas involves aspiration of the fluid
via puncture and drainage of the cavity. In recurrent
cases, surgical revision is performed to inspect the
wound and close off any «dead spaces» or «pockets».
Clearly, the development of this complication and the
treatment period it requires can not only delay achieving
the final result but may also lead to an unsatisfactory
aesthetic outcome.

Therefore, prevention of seroma formation includes
adherence to the following principles: achieving adequate
and reliable hemostasis to ensure a «dry» surgical field;
anatomical wound closure that eliminates «dead spaces»
and «pockets»; and effective drainage. In the early
postoperative period, instrumental and device-assisted
wound inspection is mandatory where indicated.

Promising preventive approaches include: early
postoperative monitoring (e.g., ultrasound of the surgical
area using a superficial probe) and improvement
of drainage methods. Amodern treatment method involves
ultrasound-guided aspiration followed by drainage with
negative pressure, along with compression of the surgical
or postoperative area using various techniques [26-29].

Surgical Site Infection. Virtually all interventions
in aesthetic surgery fall under the category of «clean»
procedures, meaning they do not involve manipulation
of organs that contain conditionally pathogenic microflora.
Numerous studies conducted worldwide on this
complication in surgical practice have shown that even
with strict adherence to aseptic principles, complete
avoidance of surgical wound contamination during
operations is not achievable. It has been proven that the
development of wound infections depends not only on the
presence of bacteria but also on a number of local and
systemic factors.

Despite sterile surgical conditions, modern antiseptics,
and the use of antibiotic prophylaxis, the risk of postoperative
infection still exists in plastic and reconstructive surgery and
is estimated at approximately 3% [4, 5, 30, 31]. In minimally
invasive procedures such as the use of injectable fillers this
rate varies from 0.04% to 0.2% [31].
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XipypriYHux MaHinynsauisx, Hanpuknag npy BUKOPUCTaHHI
iH'eKUiMHMX doinepis, Lier NOKa3HMK KONMBAETLCSA B MEXax
0,04-0,20% [31]. YacTo ue noe’sA3aHO 3 TUM, IO B XOZi
UMX OnepaTUBHWX BTpy4YaHb BiAOyBaeTbCA NigBuMLLEHE
PO3TAryBaHHSA TKaHWH, TUCK Ha HUX, ab0 3MeEHLUEHHS
apTepianbHOro XMBMEHHS, BEHO3HOro Ta nimdaTtnyHoro
BiATOKY, 0COBNMMBO y BMNaAKy npenapysBaHHsA abo rigpo-
npenapyBaHHsi, BUAINEHHI LWKIPHUX Ta LUKIpHO-anoHEeBPO-
TUYHUX KknanTiB. Lle B cBo Yepry npu3BoauTb A0 iuemil
Ta MOPYLUEHHST KPOBOOBIry 1 Tpodpikn nicnsonepauinHmx
30H paHW, NIOBULLYIHOYM PU3NKU OOBrOTPMBANIONO 3aro-
EHHA Ta pO3BUTKY IiHMEKUinHNX ycknagHeHs [30, 32].
BvHWKHEHHSA nicnsonepauinHoi rematomu, (PopMyBaHHS
CEepoMM MOXe CTaTh MPUYNHOK IHAPEKLINHMX YCKaaHEHb,
OCKIiNbKM B €CTETUYHIN Xipypril HaMararoTbCA He 3MOBXU-
BaTW Koaryrsuieto i He 3anuwaTu niraTypuy B paHi 3 METO
reMocTasy, OCKiflbkv Lie Np13BOAWTb 40 HAOPSKiB Ta JOBroO-
TpvBanoro peabiniTauinHoro nepiogy, a TakoX 4acTo
[0 He3adoBOreHHs nauieHTa eCTETUYHMM pe3yrbTaToM.
Puaukn, sik npaBuno, 3pocTatoTb Yy BUMNAAKY MPUCYTHOCTI
XPOHIYHUX OcepedKiB iH(eKuUir, Yy nauieHTiB 3 iMyHOCY-
npecieto, LyKpoBUM [fiabeToM, rinepToHIYHOK XBOPOOOHD
Ta CepueBOK HEAOCTATHICTIO, XPOHIYHUMW 3aXBOPHOBAH-
HAMW LIKIpW Ta NiGLLKIPHO-XMPOBOiI OCHOBW, NPU MPUIAOMI
OesiknX MegukaMeHTiB Ha TpuBarni abo MOCTIiNHIN OCHOBI
(aHTMKOarynsHTK, HecTepoigHi npoTu3ananbHi 3acobw,
IMHOKOKOPTUKOILN, MOHOKMOHArbHI aHTUTING).
[MpocpinakTnka po3BUTKY iHQIKYBaHHA nicnsione-
pauifiHOi paHW T'PYHTYETbCA Ha pETEnbHIA NigroToBLi
0O onepadii, aHanisi gaHux aHamHesy, TMM4YacoBil
BiOMIHI npenaparis, SKi MalTb IMYHOCYNPECUBHY Lito.
BaxnuBMM HanpsIMKOM € BUSIBIEHHS Ta CBOEYacHa
caHauis XpoHiYHMX ocepedkiB iHdekuil nepen BTpy-
YaHHAM. PetenbHo nigibpaHa M KOPEKTHO npoBedeHa
aHTMbioTMKOMpodinakTika o, nig Yac Ta nicnga onepadii
abo npoueaypu TakoX LO3BONSAKTb MiHIMI3yBaTu pU3NKK
po3BuTKY iHdekuii [30-32]. MNepcnekTnBHMM € po3pobka
AHTMCENTUYHMX 3acobiB, L0 MiHIMaNbHO NOApPa3HITb
TKaHWHW Ta MakcMManbHO edEKTUBHO MoNepe;KatTb
PO3BUTOK iH(PEKLii, TAKOX BUKOPUCTAHHSA MiCLIEBO-iH EK-
UiMHMX 3acobiB, AKi akTMBYHOTb iMyHiTET ©6e3noce-
penHbo Yy 30Hi, Ae MraHyeTbCA BTPyYaHHs, 40 onepauii
i B paHHbOMY nicnsonepawinHomy nepiogi.
lMepugpepuyHa apmepianbHa  okMO3is.  IHekuil
ayTororiyHoro Xwupy, nnasmorernto, dinepiB Ha OCHOBI
rianypoHOBOI  KMCNOTW,  Kamnblilo  rigpokcianatuty
3 METOK OMONOMKEHHST € HaMBINbLl NOMyNSAPHUMU METO-
JamMn B eCTEeTMYHIN MeOuUUHI CborofeHHs. [sakyoun
HecknagHuM MeTogam BBEAEHHHA Ta KOPOTKUM Nepiogaom
peabinitauii, BOHM BBa)katoTbCA 4OCTAaTHbO Ge3ne4YHUMU
3acobamMun B ecTeTu4HIl Xipyprii Ta kocmeTonorii, ane
pV3UK PO3BUTKY YCKMagHEeHb OaHOro MarloiHBa3MBHOIO
BTPYYaHHS iCHye, i Ha/yacTile po3BMBAETLCS Ccame
nepudepnyHa apTepianbHa OKMi3is, TOMy WO came
iH’EKLiNHEe BBEOEHHs 3yMOBIIOE 3arpo3y MoTpanfsHHA
CTOPOHHIX pPEevYoBMH Y MpOCBIT apTepil. 3a AaHumu
JocnigkeHb AaHe ycknagHeHHst 3yctpivaeTtecsa y 0,02%
BMMNAAKIB i MOXe NpUBECTWN 4O TSXKKMX Hacnigkis [31, 32].
TakoX BpPaxOBYKYM MOCTiiHE 3POCTaHHA MOMNYNSPHOCTI
TakMx npoueayp Ta onepauii — Ui yCcKnagHeHHs Haby-
BaloTb Bce O6inbLioi akTyansHocTi. 3rigHo 3 MixHa-
pogHoto CninbHoTol EcTeTnyHmx lMnactuyHmx Xipypris
(ISAPS) iH’ekuii ayTOnoriYHOro Xupy B OinsiHKy obnuyys

This is often related to increased tissue stretching,
pressure, or compromised arterial supply and impaired
venous and lymphatic drainage, especially during
dissection or hydrodissection, and during the mobilization
of skin or skin-aponeurotic flaps. These conditions may
lead to ischemia and impaired blood flow and trophism
in postoperative wound areas, increasing the risk
of delayed healing and infectious complications [30, 32].

Postoperative hematoma or seroma formation may also
contribute to infectious complications. In aesthetic surgery,
surgeons tend to minimize the use of coagulation and
avoid leaving ligatures in the wound for hemostasis, as this
may cause swelling, prolonged recovery, and, frequently,
patient dissatisfaction with the aesthetic outcome.

The risks typically increase in the presence of chronic
infection foci, in immunosuppressed patients, and
in individuals with diabetes, hypertension, heart failure,
chronic skin and subcutaneous tissue diseases, or those
taking long-term or permanent medications such
as anticoagulants, nonsteroidal anti-inflammatory drugs,
glucocorticoids, and monoclonal antibodies.

Prevention of postoperative wound infections is based
on thorough preoperative preparation, comprehensive
history analysis, and temporary discontinuation
of immunosuppressive medications. An important aspect
is identifying and timely treating chronic infection foci prior
to surgery. Properly selected and correctly administered
antibiotic prophylaxis before, during, and after the procedure
also helps to minimize the risk of infection [30-32].

Promising directions include the development
of antiseptic agents that are minimally irritating to tissues
but highly effective at preventing infections, as well as the
use of local injection-based products that stimulate
immunity directly in the planned surgical area, both before
and during the early postoperative period.

Peripheral Arterial Occlusion. Injections of autologous
fat, plasma gel, hyaluronic acid-based fillers, and calcium
hydroxyapatite for rejuvenation are currently among the
most popular methods in aesthetic medicine. Thanks
to their relatively simple administration techniques and
short recovery periods, these interventions are considered
fairly safe in aesthetic surgery and cosmetology.
However, the risk of complications still exists—most
notably peripheral arterial occlusion. This is because
the injection process itself carries the risk of introducing
foreign substances into an artery. According to research,
this complication occurs in approximately 0.02% of cases
and can lead to severe consequences [31, 32].

With the growing popularity of such procedures,
these complications are becoming increasingly relevant.
According to the International Society of Aesthetic Plastic
Surgery (ISAPS), facial autologous fat injections rank
seventh in popularity among all aesthetic procedures and
surgeries worldwide [2, 3, 34].
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3aimaloTb 7 Micue 3a NOonynsipHiCTIO cepeq eCTETUYHUX
npouenyp Ta onepadin B ycbomy cBiTi [2, 3, 34]. OnucaHi
BUNAaZKN BUHUKHEHHS HEKPOTUYHMX 3MiH TKAHWUH 0bnnyys
npu okniozii a. facialis Ta ii rinok (a. labialis inferior,
a. labialis superior, a. angularis, a. darsalis nasi) Takox
a. supratrochlearis, a. supraorbitalis. Ha npusenukui
Xanb onucaHo Bunagku oknosii a. ophthalmica nig 4ac
BMKOHAHHS J@HOro BTPYYaHHS, WO NPU3BOAMTL 4O Nopy-
WweHHs 3opy abo go cninotu v iHBanigusauii. 3ycTtpiva-
I0TbCSl BMMNAAKM PO3BUTKY HEBPOMOTNYHUX CHUMMTOMIB,
TakMx K BTpaTa CBiAOMOCTI, adpasis, napes, roroBHUN
0inb, napecTesis. B geskvx Bunagkax BUHUKAOTb 3arpos-
NMBI AN XWUTTA YCKNagHEHHs Yy BUMMAA4i ilLeMivyHoro
iHcynbTy, Tpomboembonii nereHeBoi apTtepii i HaBiTb
CMepTi nicns BBeAEHHS inepiB Ha OCHOBI rianypoHOBO(
KMCIOTU Ta ayTosoriyHoro »upy. binbwicte ycknag-
HeHb BMHMKAKOTb MpU BBEAEHHI binepa 3a [OMOMOrow
ronkun — 64,7%, MeHLe — NpyY BUKOPUCTAHHI TYMOKIHLEBOT
kantoni —35,3% [34]. YacTiwe cumnTOMuM yCKnagHeHHs
3'aBnsaTbCA 6e3nocepenHbLO Micnsi BBEAEHHS NMPOTAroM
opHiel roagnHn(66%), y NpoMixKy Yacy Big 2 0o 23 rogunH
(24%), nicna 24 roguH (10%) [33, 34]. lMpodinakTuka
Ta NiKyBaHHS apTepianbHMX OKIHO3i Mae NOYMHATUCS BXEe
Ha eTani KOHCynbTaui nauieHTiB: 3 peTenbHOro Biabopy,
BpaxyBaHHs1 MPOTUMOKa3aHb Ta CyMyTHIX 3axXBOPHOBaHb,
TapreTHoro BMbopy MicLis i METOAly BBEAEHHS, iIHCTPYMEHTY
ONa MPOBELEHHS1 BTPYYaHHsl, BU3HAYeHHs ob’emy pedyo-
BWHW, SKy NraHyeTbcs BBOAWUTW. HeobxiaHo yHukatn Hebes-
NeYHMX AiNsSHOK 3 MaricTpanbHUMU CyAMHHO-HEPBOBMMMU
Kommnekcamu, BiggaBaTM nepesary MeHWUM ob’emam
npenapary, BUKOPUCTOBYBATU MO MOXIMBOCTI TYMOKIHLEBI
KaHtoni. [MNpu cknagHMx cuTyauisx BBaKaeMo 06OBA3KOBUM
npoBefeHHs ponnneporpadii Ans TOYHOMO BU3HAYEHHS
nokanisauii CyauHHO-HEepBOBUX CTPYKTYp i CyBOpe AOTpu-
MaHHS! TEXHIKVM MPOBEAEHHS BTPyYaHHS. Bxxe npu CymHIBHIN
nosiBi CMMMTOMIB sIKOMOra LUBMALIE HaAaTM HeobxigHy
[onomMory: Macax, Tenri KOMnpecwu, rianypoHigasa (MicLeBo
N CUCTEMHO), CTPEnTOKiHa3a, CyAMHOPO3LLMPIOOYI MiLeBi
Ta CUCTEMHi 3acobu, TPOMOONMITVKKM, Ae3arperaHTy Ta nNpsimi
i HENPSAMI @aHTUKOAryrnsAHTU, @ TAKOXK CUMMNTOMAaTUYHI METOAN
nikyBaHHSA. 3a MOKa3aHHAMM MNPOBOAMTLCA PETPOOYIb-
OapHe BBeaeHHs rianypoHrigasn [34, 35]. TobTo HaBiTb Take
MaroiHBas3uBHe BTpy4YaHHA noTpebye peTenbHoi niaro-
TOBKM M MakcvManbHOI iHAvBigyanisauji. NepcnekTmBHUM
€ po3pobka anroputMy 3 BMKOPUCTaHHSIM HEBIOKMaaHoO!
apTepiorpaddii Ta MUTTEBOTO BBEAEHHS TPOMOOMITUYHUX
3acobiB, WO [03BOMUTL YHUKHYTU HE3BOPOTHIX HaCMiakiB
Ta MiHIMi3yBaTy Nepiof, BiGHOBIEHHS.

BesnocepenHbo 3 nepudepryHO  apTepianbHO
OKIIO3IEI0 MOB’A3aHUIN PO3BUTOK HEKPO3Yy WKipu. Y nnac-
TUYHIR  Xipyprii Ta ecTeTU4YHIW KOCMeTomnorii  Hekpos3
wkipyn (4actota BUHWKHEHHs A0 0,02%) moxe BUHM-
KaTu $K Hacnigok HecBoeyacHoi abo HeedeKTUBHOI
Tepanii apTepianbHUX OKIHO3iN, BUKMMKAHUX BBEOEHHSM
dinepis [34] 1 ayTonoriyHoro xwupy, abo Ak camocTinHe
YCKNaAHEHHS, OCKifbKM LKipa nig 4ac npoBeaeHHs
onepauin Moxe nigaaBaTMCA TakUM  MaHiNynsaTUBHUM
npuoMam $K HagMmipHe po3TAryBaHHS, TUCK, nepe-
po3nogin i KpWUTUYHE MOPYLUEHHS KPOBOMOCTa4YaHHS
Ta BEHO3HOro i niM(aTtuyHOro BUTOKY, (HOPMYBaHHS
KnanTiB Ha CyAUHHIN HiXUi. Lle 3BnyaiHo CTBOPIOE 3HAYHI
NMopyLUEHHS KpOBOODIry LUKIpM B paHHbOMY Ta Mi3HbOMY

There have been documented cases of necrotic tissue
changes in the face due to occlusion of the facial artery and
its branches (inferior and superior labial arteries, angular
artery, dorsal nasal artery), as well as the supratrochlear
and supraorbital arteries. Unfortunately, there have also
been reports of ophthalmic artery occlusion during such
procedures, which canleadtovisualimpairment, blindness,
or permanent disability. Some patients have developed
neurological symptoms such as loss of consciousness,
aphasia, paresis, headache, and paresthesia. In severe
cases, life-threatening complications such as ischemic
stroke, pulmonary embolism, and even death have
occurred following the injection of hyaluronic acid fillers
or autologous fat.

The majority of complications (64.7%) occur when
fillers are injected using a needle, and less frequently
(35.3%) when a blunt-tipped cannula is used [34]. Most
symptoms appear within one hour after the procedure
(66%), between 2 and 23 hours (24%), or after 24 hours
(10%) [33, 34].

Prevention and treatment of arterial occlusions
should begin at the consultation stage through careful
patient selection, consideration of contraindications and
comorbidities, targeted selection of injection sites and
techniques, proper choice of instruments, and precise
determination of the injection volume. It is essential
to avoid high-risk areas with major neurovascular bundles,
prefer smaller volumes of injectable substances, and use
blunt-tipped cannulas whenever possible.

In complex cases, Doppler ultrasound should
be performed to accurately locate vascular and nerve
structures, and strict adherence to injection technique
is crucial. At the first sign of suspicious symptoms,
immediate intervention is required: massage, warm
compresses, hyaluronidase (locally and systemically),
streptokinase, vasodilators (local and systemic),
thrombolytics, antiplatelet agents, and direct or indirect
anticoagulants, along with symptomatic therapy.
Retrobulbar hyaluronidase injection is indicated when
necessary [34, 35].

In  summary, even such minimally invasive
interventions demand thorough preparation and
maximal individualization. A promising development

would be the creation of a protocol involving emergency
arteriography and immediate thrombolytic administration,
which could prevent irreversible outcomes and shorten
the recovery period.

Skin Necrosis. Peripheral arterial occlusion is directly
associated with the development of skin necrosis.
In plastic surgery and aesthetic cosmetology, skin
necrosis (with an incidence of up to 0.02%) may occur
as a consequence of delayed or ineffective treatment
of arterial occlusions caused by the injection of fillers [34]
or autologous fat. It can also develop as an independent,
non-mediated complication. During surgery, the skin
is often subjected to manipulation such as excessive
stretching, pressure, redistribution, and critical impairment
of arterial blood flow, as well as venous and lymphatic
drainage. This includes flap creation on vascular
pedicles, which disrupts skin circulation during both the
early and late postoperative periods. Postoperative tissue
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nicngonepauinHnx nepiogax (4bOMy A0AATKOBO CrpUSiE
nicnsonepauiiHuin HabpsiKk TKaHWH) | 3HAYHO MiaBULLYE
PY3UKN PO3BUTKY HEKPO3Y 1 CENTUYHUX YCKMNaOHEHb.

Y poboTtax onvcaHo BUNaaku HeKpo3y AiNsHKM—peLu-
nieHTa npu conikynspHii TpaHcnnaHTauii Boroccs [36].
TakoX MOXINUBI HEKPOTWUYHI 3MiHWM LUKipWM nicna arpe-
CUBHUX, BENUKMX 3a oO0’eMOoM ninocakuin, ocobnueo
3 BUKOPUCTAHHSIM YNbTPa3BYKOBUX METOAIB NPOBEAEHHS
onepaduii [37-39].

[epcnekTnHMM € fiarHocTuKa paHHiX NposiBiB 3a 4OMNOo-
MOrOK  iH(ppa4yepBOHOro Tepmorpadpa, LWo BUSBUTb
Ta cdhopMye NokasaHHs AN PaHHLOIO NPOBeAeHHS Tepanii
CYLOMHOPO3LUMPIOYMMY  MpenapaTaMmu, AesarperaHtamu,
aHTUKOArynsiHTamMu, pereHepaHTamu, Ta 6apokamepoto.

HadwmipHe ckopoyeHHsi wkKipu. Lle ycknagHeHHs
He € 3arpo30l0 AN XUTTSA Ta He CYNPOBOKYETLCS NOpY-
LWEHHAM 300pOB’'st nauieHTa. Y 3BUYaKHin Xipyprii BOHO
HaBiTb He 3aBXOW BBaXaeTbCA 3a YCKNagHeHHs. Ane
B MMaCTWUYHIA Xipyprii HeodikyBaHe 1N HagMipHe CKOpo-
YeHHS LIKipK nicnsa onepadii MOXe 3BeCTU Ha Hymnb YCi
3ycunng  daxiBua MOKpaWMTX  30BHILLHICTL NauieHTa,
a HaBnaku 3po0OUTU HEECTETUYHMM BUMMSA TiET UM iHLIOT
OinsHkM obnuuya abo Tina, B TakoMy BMNagky BTpa-
YaeTbCs CeHc camoi onepadii. OgHUM i3 Takux ycknaga-
HEHb € HaIMIpHE CKOPOYEHHS LLKIpK Nicns YepesLuKipHoT
HWXHbOT BriecbaponnacTukuy, sike Npu3BoAMTbL OO EKTPO-
nioHy, YacTtoTa BUHUKHEHHS sikoro cknagae 0,24% [40].
TakoX [0 eKTPOoMioHy MOXe npPU3BEeCTU arpecuBHUn
rMUOOKUA MiNiHF 00nMY4Ysl, BUKOHAHWI 3a [0MOMOroH
CO, nasepa, abo kombGiHauielo peHony 3 KPOTOHOBOK
onieto  [41-43]. TpodinakTMKo HaAMIPHOrO CKOpO-
YeHHs LWKipM nicns JepesLwkipHoi GnedaponnacTukm
€ YiTka po3miTka nepep ornepadieto y nauieHta cuasauu,
aons Toro wob 3b6epiranocb NpUpoAHE MOMOXEHHA
MOBIiK, TaKOX BaXKMIMBO MOMIPHO BUCIKaTW 3amMBy LLKIPY
HVKHBOI MOBIKM | BUKOPWUCTOBYBaTK KaHTonekcito. [eski
aBTOPW PEKOMEHAYHTb BUCIKaTM He 6Ginblwe 4-6 Mm
wkipy nosik ansa 3anobiraHHa ekTponioHy [40]. CyyacHi
MeToAM NPOMINakTUKM nongdraTb B AeTanbHin goone-
pauiiHin po3miTui/MogentoBaHHi hparMeHTy LUKIpW, KU
niansarae BUCIHEHHIO y Pi3HNX MOMOXEHHSIX Tina nauiexHTa,
ypaxyBaHHi 0COOMCTUX BNaCTUBOCTEW/XapaKTepPUCTUK
LUKipW, nonepeaHbOMY YLLINIbHEHHIO LLUKIPW MOBIK, NigBW-
LLeHHIo T enacTUYHOCTI 3a AOMOMOror MiCLLeBUX iH' EKLin
3 BMKOPUCTaHHSIM pereHepaHTiB (rianypoHoBa KucnoTa,
nenTuau, noniHykneotTuan).

@ibpo3  nidwWKipHO-Xupoegoi  KnimkosuHu.  [aHe
YCKMNaAHEHHS TaKOX HE XapaKTepuayeTbCs 3arpo3or Ansi
300pPOB’A Ta XUTTA nauieHTa, ane B eCTETUYHIN Xipyprii
MOX€e MNPU3BECTM [0 MOTipLIEHH €CTETUYHOrO BUMSAY
[iNsiHKX Ha SKi NpoBOAMINOCE BTPYYaHHSA. YacToTa BUHUK-
HeHHs1 0,01—-1,00%, 00 TOro X BiH BBa)Ka€TbCS HErATUBHUM
pe3ynsTaToMm nicrns onepawii abo npoueaypu B €CTETUYHIN
xipyprii. Le ycknagHeHHs nposBNAETbCA HEepPiBHUMU
KOHTYpamu LUKipW, MiAWKIPHAMKW TsHkamy Ta BnagmHamu,
WO 3'9BMSIOTLCA SK Y PaHHbOMY, Tak i Mi3HbOMY Micnsio-
nepauinHomy nepiogax. ManbnaTtopHoO — uUe YLUiNbHEHHS
NiOLWKIPHO-KMPOBIN KMNITKOBWHI, BYrpucCTiCTb, Tsbki, noae-
KyAu BysroBarTi yTBOpeHHHA. YacrTile 3a Bce Taki ycknag-
HEHHS BUHMKAIOTb nicnsa ninocakuii [3, 4, 37, 38], ockinbku
poboTa KaHINeKw HaHOCWUTb TpaBMy MiALLKIPHO-KMPOBOT
KNITKOBMHW, 3aroeHHs sikoi MoXe BigbyBaTucs HepiBHO-
MipHO. OcobnMBo Lie CTae NOMITHO Y MaUiEHTIB 3 TOHKUM

edema further exacerbates this condition and significantly
increases the risk of necrosis and septic complications.

Cases of skin necrosis in the recipient area during
follicular hair transplantation have been reported
in the literature [36]. Necrotic skin changes are also
possible following aggressive, high-volume liposuction
procedures—particularly when ultrasonic liposuction
methods are used [37-39].

A promising diagnostic tool for early detection
of necrosis is infrared thermography, which allows for
timely identification of at-risk areas and guides early
intervention. This may include treatment with vasodilators,
antiplatelet agents, anticoagulants, regenerative agents,
and the use of hyperbaric oxygen therapy.

Excessive Skin Contraction. This complication is not
life-threatening and does not affect the patient’s overall
health. In general surgery, it is not always even classified
as a complication. However, in plastic surgery, unexpected
and excessive skin contraction after an operation can
completely negate a specialist's efforts to enhance
a patient’s appearance, and instead make certain facial
or body areas look unaesthetic—thus defeating the
purpose of the surgery.

One such complication is excessive skin contraction
following transcutaneous lower blepharoplasty, which
can lead to ectropion. The incidence of ectropion after
this procedure is approximately 0.24% [40]. Ectropion
can also result from aggressive deep facial peels using
a CO, laser or phenol combined with croton oil [41-43].

Prevention of this complication specifically, excessive
skin contraction after transcutaneous blepharoplasty
requires precise preoperative marking while the patient
is in a seated position to preserve the natural alignment
of the eyelids. Itis also important to excise only a moderate
amount of lower eyelid skin and to use canthopexy when
necessary. Some authors recommend removing no more
than 4-6 mm of eyelid skin to prevent ectropion [40].

Modern prevention methods include detailed
preoperative marking and modeling of the skin fragment
to be excised, assessed in different patient positions,
taking into account individual skin characteristics.
Preoperative skin conditioning is also beneficial improving
eyelid skin firmness and elasticity using local injections
of regenerative agents such as hyaluronic acid, peptides,
and polynucleotides.

Fibrosis of Subcutaneous Fat Tissue. This complication
is also not life-threatening or hazardous to the patient’s
health, but in aesthetic surgery, it can significantly impair
the aesthetic appearance of the area where the procedure
was performed. Its incidence ranges from 0.01% to 1%.
It is considered an unsatisfactory outcome following
surgery or a procedure in aesthetic practice.

The complication typically presents as uneven skin
contours, subcutaneous bands, and depressions that may
appear both in the early and late postoperative periods.
On palpation, these manifest as areas of induration in the
subcutaneous fat layer, nodularity, or the presence of firm
bands and sometimes nodular formations.

Such complications most frequently occur after
liposuction [3, 4, 37, 38], as the action of the cannula
causes trauma to the subcutaneous fat, and healing
can occur unevenly. This is especially noticeable
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(MeHwe 2,5 cm) WwapoM MiaLwKipHO-XMPOBOI KNITKOBUHMW.
Takox ¢pibpo3, Lo Bi3yaniyeTbCsi, MOXEe BWHUKATK
nicns iH'ekuin dinepiB Ha OCHOBI KanbLito rigpokciana-
TUTY. YCKNagHeHHsa y BUmMaai opmyBaHHS MigLWKIpHMX
BY3ITOBMX YTBOPEHb CMoCTepiranocsa nicrns BBeOEHHS
noniMornoYHoi kucnotu [43, 44].

BinbLicTb ycknagHeHb MiKyeTbCS KOHCEPBATUBHO
3a JonomMorol oisioTepaneBTUYHUX METOAIB Ta iH'eKuin
npenapariB Ha OCHOBI rianypoHigasu Ta [OKOKOPTU-
KocTepoifiB. Ane He 3aBXAW BOAETbCA AOCAITU 3afo-
BiNbHWX pe3ynbraTiB NikyBaHHSA. Baxnueuii npaBnnbHUN
BiAOIp NauieHTiB 4na NpoBeAEeHHS NinocakLii, BpaxyBaHHS
npoTMnokKasaHb Ta akTopiB PU3NKY (NaniHHA LuMrapok
Ta 3MOBXWBAHHS ankorornem). TexXHIYHO — BaXIMBO
pobuTK BUGIp Ha KOPUCTb KaHMi 3 MEHLUNM AiaMeTpomMm,
YHUKaTV finocakyii B NMOBEPXHEBUX AiNsiHKaX, BUKOPUCTO-
BYBaTW «nepexpecHy TexHiky» [37, 38].

lNowkoOxxeHHs1 Hepea. TpaBMa HepBa MOXe CyNnpoBO-
OKyBaTun Oyab-sKy ecTeTuyHy npouenypy abo onepadito.
BoHa MOXe BWHWKHYTM $IK TUMYacoOBE MOPYLUEHHS
4YyTrnMBOi abo MOTOPHOIT (OYHKLiT HEPBA, ane MoXe cTaTucst
noBHa BTpaTa qyHKLUii HepBa. Bce 3anexuTb Big CTyneHs
NOLUKOMKEHHS. [ig yac BUKOHAHHSA paTUAEKTOMIi MOLUKO-
DKeHHs rinok n. facialis 3yctpivaetbca 0,69-1,85%.
Ane y 6nusbko 80% ycix BUNagKiB NOLIKOOAXEHb HEPBIB
crocTepiraeTbCa  BIAHOBMNEHHS 1X PyHKUil npoTarom
6 wmicauiB nicnsonepuinHoro nepiogy [30]. 3 nosiBoto
BinbLU arpecMBHUX Ta CKNaAHUX TEXHIK BUAINEHHS KnanTs
SMAS, dikcauii SMAS, BipOrigHICTb MNOLUKOMKEHHSI
rinok Hepsa BignosigHo 3pocna [30]. Tomy cknagHi BTpy-
YaHHe, aucekuis sub — SMAS notpebye Big Xxipypra
GinbLoro Aoceigy, rMWOOKOro 3HaHHs TonorpadiyHol
aHaToMii, Haa3BUYanHO AenikaTHoi poboTK 3 TKAaHMHaMK
Ta MOBHOrO Bi3yanbHOrO KOHTPOMK Haj paHow — Taki
YMOBW [03BOMSATb MiHIMI3yBaT PU3NKU MOLUKOOXKEHHS
rinok Hepsa iHTpaonepauinHo. Y Bunagky pyobuLoBMX
3MiH TKaHWH 0BnuyYs, CPUYMHEHNX YUCMEHHUMW None-
pedHiMmi npouenypamn 3 BUKOpPUCTaHHAM dinepis, Tak
3BaHNX KOMNareHoCTUMynaTopiB, abo aeskux disioTepa-
NeBTUYHMX npoueayp (ynbTpassByKoBui NidpTuHr), abo
MOBTOPHI MiATSDKKM  0BNMYYS — PU3KMK  MOLLKOOXKEHHS
HepBa 3pocTae [45, 46].

JlikyBaHHs napanivy HepBa Ha Cy4acHOMY eTari Moxe
BKIHOMATU KOHCEPBATUBHE MiKyBaHHS (MegukaMeHTO3He
Ta (pisioTepaneBTNYHE), BUKOPUCTAHHSA  XipypridyHMX
METOAIB  BiQHOBMEHHS  iHHepBauii (BUKOPWUCTOBYHOTb
MOTOPHY TifiKy iHLIOro HepBa ANs iHHepBaLii, M’A30BUN
TpaHcdhep — BUKOPUCTAHHS iHLWOro m’s3a Ans iHepBauii
NOLLKOMKEHOro). TakoX MOXnMBE BUKOPUCTaHHSA 60Tyno-
Tepanii Ans kKoMneHcaTtopHoi 6nokagu, Wo6 [OCArHyTU
cUMeTpIT 06nuyys [47]. MNMepcnekTMBHUM MeTo4oM Npodi-
NaKkTVKM Ta NiKyBaHHA € BUKOPUCTAHHS HENPOTPOMHMX
3acobiB y paHHbOMY nicnsgonepadinHomy nepiogi.

MnactnyHa xipypria B XWTTi CydacHOI MIOOUHU BXe
He € YMMOCb BMHATKOBUM i 3aiBumM. CycninbCTBO OpiEH-
TOBaHe Ha [OTPMMaHHS 3[40POBOro Crnocoby XWTTs,
NigTPUMKY XopoLUoi isnyHOi bopmu, NpaBunbHe xapyy-
BaHHA. | TakoX Mae 3HaYeHHs eCTEeTUYHUI 30BHILUHIN
Burnsa. lnactvyHa  xipypria mMoxe OyTu  MOTYXXHUM
iHCTPYMEHTOM ANSA NOKpaLLeHHS (Di3UYHOro i NCUXonoriv-
HOro CTaHy NMoANHW, He3a40BONEHOI CBOEK 30BHILLHICTIO,
Jonowmararouu i Big4yTn cebe komdopTHiLLe.

in patients with a thin subcutaneous fat layer (less than
2.5 cm). Additionally, visible fibrosis may occur following
the injection of calcium hydroxyapatite-based fillers.
Subcutaneous nodular formations have also been
observed after the injection of polylactic acid [43, 44].

Most of these complications are managed
conservatively using physiotherapy and injections
of hyaluronidase and corticosteroid-based medications.
However, achieving satisfactory treatment outcomes
is not always possible.

Proper patient selection for liposuction is essential,
with attention to contraindications and risk factors
such as smoking and alcohol abuse. From a technical
standpoint, it's important to choose smaller-diameter
cannulas, avoid superficial liposuction, and use a «cross-
hatching technique» [37, 38].

Nerve Damage. Nerve injury can accompany
any aesthetic procedure or surgery. It may present
as a temporary disturbance of sensory or motor nerve
function, but in some cases, it can lead to complete loss
of nerve function. The outcome depends on the degree
of damage.

During rhytidectomy, injury to branches of the facial
nerve (n. facialis) occurs in approximately 0.69% to
1.85% of cases. However, in around 80% of all nerve
injury cases, functional recovery is observed within six
months postoperatively [30].

With the advent of more aggressive and complex
SMAS flap dissection and fixation techniques, the likelihood
of nerve branch injury has increased accordingly [30].
Therefore, complex procedures involving sub-SMAS
dissection require the surgeon to have significant
experience, deep knowledge of topographic anatomy,
extremely gentle and delicate tissue handling, and full visual
control of the surgical field—conditions that significantly
reduce the intraoperative risk of nerve damage.

In cases where scarring of facial tissues has occurred
due to multiple previous procedures involving fillers
(especially collagen stimulators), some physiotherapeutic
treatments (e.g., ultrasonic lifting), or repeated facelifts,
the risk of nerve injury increases [45, 46].

Treatment of nerve paralysis currently may include
conservative therapies (medication and physiotherapy),
surgical restoration of innervation (e.g., using the motor
branch of another nerve or muscle transfer to reinnervate
the affected area), and botulinum toxin therapy for
compensatory facial symmetry by blocking opposing
muscle activity [47].

A promising method for prevention and treatment
includes the early postoperative use of neurotropic agents.

Plastic surgery is no longer something exceptional
orunnecessary in the life of a modern person. Society today
is oriented toward maintaining a healthy lifestyle, staying
in good physical shape, and following proper nutrition.
Aesthetic appearance also plays an important role.

Plastic surgery can be a powerful tool for improving
both the physical and psychological well-being
of individuals who are dissatisfied with their appearance,
helping them feel more comfortable in their own skin.

Ornsg nitepatypu

578

Literature review



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MegnumHa. 2025. T. 33 Ne 4(55). C. 567-583
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):567-583

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

BUCHOBKHU

Y pesynbrati NpoBeAeHOro aHanidy nitepatypu BcTa-
HOBMEHO, WO npobrnema ycknagHeHb y MracTUYHin, ecTe-
TUYHIN Xipyprii, € AOCUTb akTyarnbHOK, 0CcobnMBO Bpaxo-
BYHOUM (paKTU 3pOCTaHHA 3BEpPHEHb 3a MPOBEAEHHAM
eCTETUYHOI KOopeKLUii | Ay>Ke BUCOKMUX BUMOT A0 NiJCYMKOBUX
pe3ynbraTiB il BUKOHaHHA. He3Baxaroun Ha Te, Wo Ans
BinNbLIOCTi yCcKNagHeHb BXe po3pobneHo meTtoau ix npodi-
NaKTVKN Ta NiKyBaHHA, ONpaLbOBaHO NPOTOKONW HaAaHHS
ponomoryn, 6arato ycknagHeHb HeOoCTaTHbO BUBYEHI,
Ta He MalTb YiTKMX anropuTMiB HayKoBO OGr'PYHTOBaHMX
NpOTOKOMiB MNiKyBaHHA. BinbLUicTe MeTodiB 3ano3vyeHo
i3 3aranbHoOI Xipyprii, ane BoOHW MatoTb OyTK 4iTkO aganTo-
BaHi 4O NNacTUYHOI Xipyprii, OCKINbKM OEesKi yCKNagHEHHs,
O MOXYTb PO3BMBATUCA MICMS €CTETUYHMUX, NNAaCTUYHUX
BTPyYaHb, i IX BBaXalOTb 3a katacTpoddivHi, B 3aranbHin
Xipyprii npunycTuMi, a iHKonM B3ararni He po3rnsgatTbest
SIK ycknagHeHHs. [Jo TOoro >, LOpOKY 3'ABMSAOTHCA HOBI
METOAM OMOSIOKEHHST Ta KOPEKLii B eCTETUYHIN Xipypril,
3 Ppi3HUM CTyrMeHeM pu3NKy PO3BUTKY YCKIMafHEHb,
O 3YMOBIIOE MOCTINHE BUBYEHHS Ta PO3POOKY HOBWX
MPOTOKONMIB NPOMINaKTUKN Ta KOPEKLi.
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CONCLUSIONS

Based on the literature analysis, it has been established
that the problem of complications in plastic and aesthetic
surgery is highly relevant-especially considering the
increasing demand for aesthetic correction procedures and
the extremely high expectations placed on their outcomes.

Although methods for preventing and treating
many complications have already been developed and
protocols for care have been outlined, many issues still
remain insufficiently studied. Clear, scientifically validated
treatment algorithms are often lacking.

Most of the existing methods have been borrowed
from general surgery, but they must be carefully
adapted to the context of plastic surgery. This is crucial
because complications that are considered catastrophic
in aesthetic surgery may be acceptable — or not even
considered complications — in general surgery.

Furthermore, new methods of rejuvenation and
correction continue to emerge every year, each with
varying degrees of complication risk. This calls for
ongoing research and the development of new protocols
for complication prevention and correction.

REFERENCES

1. Montaruli A, Castelli L, Mulé A, Scurati R, Esposito F,
Galasso L, et al. Biological Rhythm and Chronotype: New
Perspectives in Health. Biomolecules. 2021;11(4):487-91. DOI:
https://doi.org/10.3390/biom 11040487

2. American Society of Plastic Surgeons. Plastic Surgery Statistics.
American Society of Plastic Surgeons. Accessed December 8, 2023.
URL: https://www.plasticsurgery.org/news/plastic-surgery-statistics

3. Bay CC, Wirth PJ, Shaffrey EC, Thornton SM, Rao VK. A 16-Year
Analysis of Aesthetic Surgery Volume and Its Association With
US Economic Performance. Aesthetic Surgery Journal Open Forum.
2024;6. DOI: https://doi.org/10.1093/asjof/ojae019

4. Toropov OA. Influence of placental cryo-extract on reparative
processes after maxillofacial surgical procedures
depending on patient chronotype. Actual Problems of the
Modern Medicine. Bulletin of the Ukrainian Medical Dental
Academy. 2022;22(3-4):142-7. (in Ukrainian). DOI:
https://doi.org/10.31718/2077-1096.22.3.4.142

5. Seago M, Shumaker PR, Spring LK, Alam M, Al-Niaimi F,
Anderson RR, et al. Laser Treatment of Traumatic Scars and
Contractures: 2020 International Consensus Recommendations.
Lasers in Surgery and Medicine. 2020;52(2):96-116. DOI:
https://doi.org/10.1002/Ism.23184

6. Sorg H, Sorg CGG, et al. Skin Wound Healing: Of Players, Patterns,
and Processes. European Surgical Research. 2023;64(2):141-57.
DOI: https://doi.org/10.1159/000528271

7. Khvorostov ED, Tsivenko Ol, Bychkov SO, Cherkova NV, Dushyk LM.
Effect of electrocautery, cryo- and ultrasound treatment of gallbladder
bed on liver ultrastructure after experimental cholecystectomy.
Problems of Cryobiology and Cryomedicine. 2020;30(2):178-87.
(in Ukrainian). DOI: https://doi.org/10.15407/cryo30.02.178

8. Tsivenko Ol, Kozachenko AV, Shmorgun VV. Features of immune
responses in gastrointestinal tract tissues and their influence
on reparative processes depending on physical dissection methods.
Karazin Journal of Immunology. 2024;7(2(14)):175-82. (in Ukrainian).
DOI: https://doi.org/10.26565/3083-5615-2024-14-06

9. Vu R, Dragan M, Sun P, Werner S, Dai X. Epithelial-mesenchymal
plasticity and endothelial-mesenchymal transition in skin wound
healing. Cold Spring Harbor Perspectives in Biology. — 2023;
15(12):a041237. https://doi.org/10.1101/cshperspect.a041237

10. Wang P, Jiang LZ, Xue B. Recombinant Human Endostatin
Reduces Hypertrophic Scar Formation in Rabbit Ear Model Through
Down-Regulation of VEGF and TIMP-1. African Health Sciences.
2016;16(2):542-53. DOI: https://doi.org/10.4314/ahs.v16i2.23

11. Lee HJ, Jang YJ. Recent Understandings of Biology, Prophylaxis
and Treatment Strategies for Hypertrophic Scars and Keloids.
International Journal of Molecular Sciences. 2018;19(3):711. DOI:
https://doi.org/10.3390/ijms 19030711

Ornsg nitepatypu

579

Literature review


https://doi.org/10.3390/biom11040487
https://www.plasticsurgery.org/news/plastic-surgery-statistics
https://doi.org/10.1093/asjof/ojae019
https://doi.org/10.31718/2077-1096.22.3.4.142
https://doi.org/10.1002/lsm.23201
https://doi.org/10.1159/000528271
https://doi.org/10.15407/cryo30.02.178
https://doi.org/10.26565/2617-409X-2024-2-14-23
https://doi.org/10.1101/cshperspect.a041237
https://doi.org/10.4314/ahs.v16i2.23
https://doi.org/10.3390/ijms19030711
https://doi.org/10.3390/biom11040487
https://www.plasticsurgery.org/news/plastic-surgery-statistics
https://doi.org/10.1093/asjof/ojae019
https://doi.org/10.31718/2077-1096.22.3.4.142
https://doi.org/10.1002/lsm.23184
https://doi.org/10.1159/000528271
https://doi.org/10.15407/cryo30.02.178
https://doi.org/10.26565/3083-5615-2024-14-06
https://doi.org/10.1101/cshperspect.a041237
https://doi.org/10.4314/ahs.v16i2.23
https://doi.org/10.3390/ijms19030711

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MegnumHa. 2025. T. 33 Ne 4(55). C. 567-583
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):567-583

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

12. Ellis S., Lin E.J., Tartar D. Immunology of wound healing. 12. Ellis SR, Lin EJ, Tartar D. Immunology of Wound Healing.
Current Dermatology Reports. 2018. Vol. 7. P. 350-358. DOI: Current Dermatology Reports. 2018;7(4):350-8. DOI:
https://doi.org/10.1007/s13671-018-0234-9 https://doi.org/10.1007/s13671-018-0234-9

13. Joglar A., Song J., Golovko G., Jay J., Wolf S., El Ayadi A. Comparing 13. Joglar A, Song J, Golovko G, Jay J, Wolf S, El Ayadi A. Comparing
the effectiveness of glucocorticoids in preventing hypertrophic scar the effectiveness of glucocorticoids in preventing hypertrophic
diagnosis in burn patients. Medicina. 2023. Vol. 59. P. 1970. DOI: scar diagnosis in burn patients. Medicina. 2023;59:1970. DOI:
https://doi.org/10.3390/medicina59111970 https://doi.org/10.3390/medicina59111970

14. Barone N., Safran T., Vorstenbosch J., Davison P.G., Cugno S., 14. Barone N, Safran T, Vorstenbosch J, Davison PG, Cugno S,
Murphy A.M. Current advances in hypertrophic scar and keloid Murphy AM. Current Advances in Hypertrophic Scar and
management. Plastic Surgery. 2021. Vol. 35, No. 3. P. 145-152. DOI: Keloid Management. Plastic Surgery. 2021;35(3):145-52. DOI:
https://doi.org/10.1055/s-0041-1731461 https://doi.org/10.1055/s-0041-1731461

15. Chang C.S., Wallace C.G., Hsiao Y.C., Huang J.J., Chen Z.C,, 15. Chang CS, Wallace CG, Hsiao YC, Huang JJ, Chen ZC, Chang CJ,
Chang C.J., et al. Clinical evaluation of silicone gel in the treatment et al. Clinical evaluation of silicone gel in the treatment
of cleft lip scars. Scientific Reports. 2018. Vol. 8. P. 7422. DOI: of cleft lip scars. Scientific Reports. 2018;8:7422. DOI:
https://doi.org/10.1038/s41598-018-25697-x https://doi.org/10.1038/s41598-018-25697-x

16. Won P., Cooper M., Gillenwater T.J., Yenikomshian H.A. Treatment 16. Won P, Cooper M, Gillenwater TJ, Yenikomshian HA. Treatment
of hypertrophic burn scars with laser therapy: a review of adverse of Hypertrophic Burn Scars with Laser Therapy: A Review of Adverse
events. Annals of Plastic Surgery. 2023. Vol. 91, No. 6. P. 715-719. Events. Annals of Plastic Surgery. 2023;91(6):715-19. DOI:
DOI: https://doi.org/10.1097/SAP.0000000000003712 https://doi.org/10.1097/SAP.0000000000003712

17. van Baar M.E. Epidemiology of scars and their consequences: 17. van Baar ME. Epidemiology of Scars and Their Consequences:
burn scars. In: Textbook of Scar Management. 2020. DOI: Burn Scars. In: Textbook of Scar Management. 2020. DOI:
https://doi.org/10.1007/978-3-030-44766-3_5 https://doi.org/10.1007/978-3-030-44766-3_5

18. Voloshyna L., Toropov O.A., Boyko 1V., Yatsenko P.I, 18. Voloshyna LI, Toropov OA, Boyko IV, Yatsenko PI, Steblovskyi DV,
Steblovskyi D.V., Bukhanchenko O.P., et al. Comparative Bukhanchenko OP, et.al. Comparative characteristics
characteristics of clinical indicators of the condition of scar tissue of clinical indicators of scar tissue condition of facial skin
of the facial skin at different stages of the postoperative period at different postoperative stages depending on chronotype.
depending on the chronotype of the person. Wiadomo$ci Lekarskie. Wiadomosci Lekarskie. 2022;75(6):1569-72. URL:
2022. Vol. 75, No. 6. P. 1569-1572. URL: https://surl.li/skremo https://surl.li/skremo

19. Aljodah M.A., Alfeehan M.J., Al-Zajrawee M.Z. Outcome of recurrent 19. Aljodah MA, Alfeehan MJ, Al-Zajrawee MZ. Outcome
auricular keloid treatment with a combination of surgical excision of recurrent auricular  keloid treatment with  surgical
and perioperative corticosteroid injections. Journal of Cutaneous excision and perioperative corticosteroid injections. Journal
and Aesthetic Surgery. 2021. Vol. 14. P. 392-396. DOI: of Cutaneous and Aesthetic Surgery. 2021;14:392-6. DOI:
https://doi.org/10.4103/JCAS.JCAS_186_20 https://doi.org/10.4103/JCAS.JCAS_186_20

20. Chen Z.,, Chen Z., Pang R., Wei Z., Zhang H., Liu W., et al. The 20. Chen Z, Chen Z, Pang R, Wei Z, Zhang H, Liu W, et al. The
effect of botulinum toxin injection dose on the appearance effect of botulinum toxin injection dose on the appearance
of surgical scar. Scientific Reports. 2021. Vol. 11. P. 13670. DOI: of surgical scar. Scientific Reports. 2021;11:13670. DOI:
https://doi.org/10.1038/s41598-021-93203-x https://doi.org/10.1038/s41598-021-93203-x

21. Obiezu F.l., Myesha M., Vardanian A.J. Surgical scar management 21. Obiezu FI, Myesha A, Vardanian AJ. Surgical Scar Management
and outcomes in racial/ethnic minorities: a systematic review. and Outcomes in Racial/Ethnic Minorities: A Systematic Review.
Plastic and Reconstructive Surgery Global Open. 2025. DOI: Plastic and Reconstructive Surgery Global Open. 2025; DOI:
https://doi.org/10.1097/GOX.0000000000006669 https://doi.org/10.1097/GOX.0000000000006669

22. Haranuyk B.1., YopHonuwyk P.M., Ximiy C.[., Hasapuyk O.A., Bypkos- 22. Nahaichuk VI, Chornopyshchuk RM, Khimich SD, Nazarchuk OA,
cbkuii M.1., Bo6eno A.C. ImyHonoriyHi kpuTepii ecpeKTMBHOCTI cUcTeM- Burkovskyi MI, Bobelo AS. Immunological criteria of efficacy
HOro BMKOPUCTAHHS iMyHOMOZYNATOpa MypaminnenTuaHoro psgy npv of systemic use of muramyl peptide-series immunomodulator in burn
nikyBaHHi XBOpWX 3 onikamwu. Xapkigcbka XipypeidHa wkona. 2021. patients. Kharkiv Surgical School. 2021;2:72-9. (in Ukrainian). DOI:
Ne 2. C. 72-79. DOI: https://doi.org/10.37699/2308-7005.2.2021.14 https://doi.org/10.37699/2308-7005.2.2021.14

23. Rimmer S.N., Chandy R.J., Khan D., Feldman S.R. Recurrence rates 23. Rimmer SN, Chandy RJ, Khan D, Feldman SR. Recurrence rates
in the treatment of keloids and hypertrophic scars with intralesional in the treatment of keloids and hypertrophic scars with intralesional
triamcinolone combined with other intralesional agents. Archives triamcinolone combined with other intralesional agents. Archives
of Dermatological Research. 2023. Vol. 315, Ne 10. P. 2757-2767. of Dermatological ~Research. 2023;315(10):2757-67. DOI:
DOI: https://doi.org/10.1007/s00403-023-02662-x https://doi.org/10.1007/s00403-023-02662-x

24. lanhez M., Freire G.G.E.S., Sigrist R.M.S., Colpas P.T., de Faria |.A,, 24. lanhez M, Freire GGS, Sigrist RMS, Colpas PT, de Faria IA, Parada
Parada M.O.A.B., et al. Complications of collagen biostimulators MOAB, et al. Complications of collagen biostimulators in Brazil:
in Brazil: description of products, treatments, and evolution of description of products, treatments, and evolution of 55 cases.
55 cases. Journal of Cosmetic Dermatology. 2024. Vol. 23, No. 9. Journal of Cosmetic Dermatology. 2024;23(9): 2829-35. DOI:
P. 2829-2835. DOI: https://doi.org/10.1111/jocd.16343 https://doi.org/10.1111/jocd.16343

25. Di Martino M., Nahas F.X., Kimura AK., Sallum N., Ferreira L.M. 25. Di Martino M, Nahas FX, Kimura AK, Sallum N, Ferreira LM.
Natural evolution of seroma in abdominoplasty. Plastic and Natural evolution of seroma in abdominoplasty. Plastic
Reconstructive Surgery. 2015. Vol. 135, No. 4. P. 691e-698e. DOI: and  Reconstructive  Surgery.  2015;135(4):691e-8e.  DOI:
https://doi.org/10.1097/PRS.0000000000001122 https://doi.org/10.1097/PRS.0000000000001122

26. Sforza M., Husein R., Atkinson C., Zaccheddu R. Unraveling factors 26. Sforza M, Husein R, Atkinson C,. Unraveling factors
influencing early seroma formation in breast augmentation surgery. influencing early seroma formation in breast augmentation
Aesthetic Surgery Journal. 2017. Vol. 37, No. 3. P. 301-307. DOI: surgery. Aesthetic Surgery Journal. 2017;37(3):301-7. DOI:
https://doi.org/10.1093/asj/sjw196 https://doi.org/10.1093/asj/sjw196

27. Manuk C.B., Ocinoe O.C. [licnsonepauiliHi paHo8i ycKnadHeHHs 27. Malik SV, Osipov OS. Postoperative wound complications
Y X80pUX i3 OXUPIHHSAM: ¢hakmopu pu3uKy, rnpoginakmuka, paHHs in obese patients: risk factors, prevention, early diagnosis. Kharkiv:
diazHocmuka. XapkiB: Bugaseub O.A. MipowHuyeHrko, 2018. 104 c. O.A. Miroshnychenko Publisher. 2018;104 pp. (in Ukrainian). ISBN:
ISBN: 978-617-7618-05-7 978-617-7618-05-7

28. Rosen A.D., Gutowski K.A., Hartman T. Reduced seroma risk 28. Rosen AD, Gutowski KA, Hartman T. Reduced seroma risk
in drainless abdominoplasty using running barbed sutures: a 10-year, in drainless abdominoplasty using running barbed sutures: a 10-year
multicenter retrospective analysis. Aesthetic Surgery Journal. 2020. multicenter retrospective analysis. Aesthetic Surgery Journal.
Vol. 40, No. 5. P. 531-537. DOI: https://doi.org/10.1093/asj/sjz238 2020;40(5):531-7. DOI: https://doi.org/10.1093/asj/sjz238

29. Radu M.A,, Blidaru A. Persistent seroma, a threat to implant-based 29. Radu MA, Blidaru A. Persistent seroma: a threat to implant-based
breast reconstruction. Chirurgia (Bucur). 2021. Vol. 116, No. 2. breast reconstruction. Chirurgia (Bucur). 2021;116(2):201-8. DOI:
P. 201-208. DOI: https://doi.org/10.21614/chirurgia.116.2.201 https://doi.org/10.21614/chirurgia.116.2.201

30. Woodard C.R. Complications in facial flap surgery. Facial Plastic 30. Woodard CR. Complications in facial flap surgery. Facial
Surgery Clinics of North America. 2013. Vol. 21, Ne 4. P. 599-604. Plastic Surgery Clinics of North America. 2013;21(4). DOI:
DOI: https://doi.org/10.1016/j.fsc.2013.07.009 https://doi.org/10.1016/j.fsc.2013.07.009

31. Ferneini E.M., Beauvais D., Aronin S.I. An overview of infections 31. Ferneini EM, Beauvais D, Aronin Sl. Infections associated with
associated with soft tissue facial fillers: identification, prevention, and soft tissue facial fillers: identification, prevention, and treatment.
treatment. Journal of Oral and Maxillofacial Surgery. 2017. Vol. 75, Journal of Oral and Maxillofacial Surgery. 2017;75(1):160-6. DOI:
No. 1. P. 160-166. DOI: https://doi.org/10.1016/j.joms.2016.09.004 https://doi.org/10.1016/j.joms.2016.09.004

Ornsp nitepatypu 580 Literature review


https://doi.org/10.1007/s13671-018-0234-9
https://doi.org/10.3390/medicina59111970
https://doi.org/10.1055/s-0041-1731461
https://doi.org/10.1038/s41598-018-25697-x
https://doi.org/10.1097/SAP.0000000000003712
https://doi.org/10.1007/978-3-030-44766-3_5
https://surl.li/skremo
https://doi.org/10.4103/JCAS.JCAS_186_20
https://doi.org/10.1038/s41598-021-93203-x
https://doi.org/10.1097/GOX.0000000000006669
https://doi.org/10.37699/2308-7005.2.2021.14
https://doi.org/10.1007/s00403-023-02662-x
https://doi.org/10.1111/jocd.16343
https://doi.org/10.1097/PRS.0000000000001122
https://doi.org/10.1093/asj/sjw196
https://doi.org/10.1093/asj/sjz238
https://doi.org/10.21614/chirurgia.116.2.201
https://doi.org/10.1016/j.fsc.2013.07.009
https://doi.org/10.1016/j.joms.2016.09.004
https://doi.org/10.1007/s13671-018-0234-9
https://doi.org/10.3390/medicina59111970
https://doi.org/10.1055/s-0041-1731461
https://doi.org/10.1038/s41598-018-25697-x
https://doi.org/10.1097/SAP.0000000000003712
https://doi.org/10.1007/978-3-030-44766-3_5
https://surl.li/skremo
https://doi.org/10.4103/JCAS.JCAS_186_20
https://doi.org/10.1038/s41598-021-93203-x
https://doi.org/10.1097/GOX.0000000000006669
https://doi.org/10.37699/2308-7005.2.2021.14
https://doi.org/10.1007/s00403-023-02662-x
https://doi.org/10.1111/jocd.16343
https://doi.org/10.1097/PRS.0000000000001122
https://doi.org/10.1093/asj/sjw196
https://doi.org/10.1093/asj/sjz238
https://doi.org/10.21614/chirurgia.116.2.201
https://doi.org/10.1016/j.fsc.2013.07.009
https://doi.org/10.1016/j.joms.2016.09.004

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia MegnumHa. 2025. T. 33 Ne 4(55). C. 567-583
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):567-583

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

PO3BUTKY,

Clark N.W., Pan D.R., Barrett D.M. Facial fillers: relevant
anatomy, injection techniques, and complications. World Journal
of Otorhinolaryngology - Head and Neck Surgery. 2023. Vol. 9, Ne 3.
P. 227-235. DOI: https://doi.org/10.1002/wjo2.126

Olds C., Spataro E., Li K., Kandathil C., Most S.P. Postoperative
antibiotic use among patients undergoing functional facial plastic and
reconstructive surgery. JAMA Facial Plastic Surgery. 2019. Vol. 21,
Ne 6. P. 491-497. DOI: https://doi.org/10.1001/jamafacial.2019.1027
Moellhoff N., Kuhimann C., Frank K., Kim B.-S., Conte F., Cotofana S.,
et al. Arterial embolism after facial fat grafting: a systematic literature
review. Aesthetic Plastic Surgery. 2023. Vol. 47. P. 2771-2787. DOI:
https://doi.org/10.1007/s00266-023-03511-y

Galadari H., Krompouzos G., Kassir M., Gupta M., Wollina U.,
Katsambas A., et al. Complication of soft tissue fillers: prevention and
management review. Journal of Drugs in Dermatology. 2020. Vol. 19,
No. 9. P. 829-832. DOI: https://doi.org/10.36849/JDD.2020.5084
Chen J.,QuQ., Guo Y., HuZ, Li X,, Fan Z., et al. Recipient site scalp
necrosis: a rare postoperative complication of hair transplantation.
Journal of Cosmetic Dermatology. 2024. Vol. 23, No. 2. P. 622-629.
DOI: https://doi.org/10.1111/jocd.16017

Comerci A.J., Arellano J.A., Alessandri-Bonetti M., Mocharnuk J.W.,
Marangi G.F., Persichetti P., et al. Risks and complications rate
in liposuction: a systematic review and meta-analysis. Aesthetic
Surgery Journal. 2024. Vol. 44, Ne 7. P. NP454-NP463. DOI:
https://doi.org/10.1093/asj/sjae074

Wu S., Coombs D.M., Gurunian R. Liposuction: concepts, safety,
and techniques in body-contouring surgery. Cleveland Clinic
Journal of Medicine. 2020. Vol. 87, No. 6. P. 367-375. DOI:
https://doi.org/10.3949/ccjm.87a.19097

Kim J.,, Han M.W., Hong K.Y. Prospective clinical trial for
predicting mastectomy skin flap necrosis with indocyanine green
angiography in implant-based prepectoral breast reconstruction.
Aesthetic Plastic Surgery. 2024. Vol. 48. P. 4937-4944. DOI:
https://doi.org/10.1007/s00266-024-04106-x

Cheng T., Yang B., Zhang Y., Tang S. Temporary ectropion
caused by blepharoplasty for the lower eyelid: a case report. Asian
Journal of Surgery. 2021. Vol. 44, No. 9. P. 1186-1188. DOI:
https://doi.org/10.1016/j.asjsur.2021.05.051

Patel A., Wang Y., Massry G.G. Management of postblepharoplasty
lower eyelid retraction. Facial Plastic Surgery  Clinics
of North America. 2019. Vol. 27, No. 4. P. 425-434. DOI:
https://doi.org/10.1016/j.fsc.2019.07.014

Fife D.J., Fitzpatrick R.E., Zachary C.B. Complications of fractional
CO, laser resurfacing: four cases. Lasers in Surgery and Medicine.
2009. Vol. 41, Ne 3. P. 179-184. DOI: https://doi.org/10.1002/lsm.20753
Dailey R.A., Gray J.F. Rubin M.G. Hidebrand P.L,
Swanson N.A., Wobig J.L., et al. Histopathologic changes
of the eyelid skin following trichloroacetic acid chemical peel.
Dermatologic Surgery. 1998. Vol. 24, No. 1. P. 17-21. DO
https://doi.org/10.1097/0000234 1-199801000-00003

Kadouch J.A. Calcium hydroxylapatite: a review on safety and
complications. Journal of Cosmetic Dermatology. 2017. Vol. 16,
No. 2. P. 152—-161. DOI: https://doi.org/10.1111/jocd. 12326
Roostaeian J., Rohrich R.J., Stuzin J.M. Anatomical considerations
to prevent facial nerve injury. Plastic and Reconstructive
Surgery. 2015. Vol. 135, No. 5. P. 1318-1326. DOI:
https://doi.org/10.1097/PRS.0000000000001244

Azizzadeh B., Lu R.J. Facial nerve considerations for the deep plane
facelift and neck lift. Facial Plastic Surgery. 2024. Vol. 40, No. 6. P.
531-539. DOI: https://doi.org/10.1055/s-0043-1777801

Garcia R.M., Hadlock T.A., Klebuc M.J., Simpson R.L., Zenn M.R.,
Marcus J.R. Contemporary solutions for the treatment of facial nerve
paralysis. Plastic and Reconstructive Surgery.2015.Vol. 135,No.6.P.
1025e-1036e. DOI: https://doi.org/10.1097/PRS.0000000000001273

MepcnekTMBM NOAQABLUMX AOCAIAXKEHb

[MponoBXeHHs1 BUBYEHHS €TionaTtoreHe3y Ta Tpurepis
METOAIB  paHHbLOI  AiarHOCTWKW, NiKyBaHHS

Ta npodpinakTukK nicnsionepawiiHux ycknagHeHb B ecTe-
TUYHIW, NNACTUYHIN Xipypril € NepCneKTUBHUM Y Cy4acHUX
yMOBax 3pOCTaHHSA MOMUTY Ha OTPMMAaHHS AaHol, Ayxe
crneundivyHoT MeanyHoi 4ONOMOTN.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Clark NW, Pan DR, Barrett DM. Facial fillers: relevant anatomy,
injection  techniques, and complications. World  Journal
of Otorhinolaryngology-Head and Neck Surgery. 2023;9:227-235.
DOI: https://doi.org/10.1002/wjo2.126

Olds C, Spataro E, Li K, Kandathil C, Most SP. Postoperative
antibiotic use among patients undergoing functional facial
plastic and reconstructive surgery. JAMA Facial Plastic Surgery.
2019;21(6):491-7. DOI: https://doi.org/10.1001/jamafacial.2019.1027
Moellhoff N, Kuhimann C, Frank K, Kim BS, Conte F, Cotofana
S, et al. Arterial embolism after facial fat grafting: a systematic
literature review. Aesthetic Plastic Surgery. 2023;47:2771-87. DOI:
https://doi.org/10.1007/s00266-023-03511-y

Galadari H, Krompouzos G, Kassir M, Gupta M, Wollina U, Katsambas A,
et al. Complication of soft tissue fillers: prevention and management
review. Journal of Drugs in Dermatology. 2020;19(9):829-32. DOI:
https://doi.org/10.36849/JDD.2020.5084

Chen J, Qu Q, Guo Y, Hu Z, Li X, Fan Z, et al. Recipient site scalp
necrosis: a rare postoperative complication of hair transplantation.
Journal of Cosmetic Dermatology. 2024;23(2):622-9. DOI:
https://doi.org/10.1111/jocd.16017

Comerci AJ, Arellano JA, Alessandri-Bonetti M, Mocharnuk JW,
Marangi GF, Persichetti P, et al. Risks and complications
rate in liposuction: a systematic review and meta-analysis.
Aesthetic ~ Surgery  Journal. 2024;44(7):NP454-63. DOI:
https://doi.org/10.1093/asj/sjae074

Wu S, Coombs DM, Gurunian R. Liposuction: concepts,
safety, and techniques in body-contouring surgery. Cleveland
Clinic ~ Journal ~ of  Medicine. =~ 2020;87(6):367-75.  DOI:
https://doi.org/10.3949/ccjm.87a.19097

Kim J, Han MW, Hong KY. Prospective clinical trial for
predicting mastectomy skin flap necrosis with indocyanine
green angiography in implant-based prepectoral breast
reconstruction. Aesthetic Plastic Surgery. 2024;48:4937—-44. DOI:
https://doi.org/10.1007/s00266-024-04106-x

Cheng T, Yang B, Zhang Y, Tang S. Temporary ectropion
caused by blepharoplasty for the lower eyelid: a case
report. Asian Journal of Surgery. 2021;44(9):1186-8. DOI:
https://doi.org/10.1016/j.asjsur.2021.05.051

Patel A, Wang Y, Massry GG. Management
of postblepharoplasty lower eyelid retraction. Facial Plastic
Surgery Clinics of North America. 2019;27(4):425-34. DOI:
https://doi.org/10.1016/j.fsc.2019.07.014

Fife DJ, Fitzpatrick RE, Zachary CB. Complications of fractional
CO, laser resurfacing: four cases. Lasers in Surgery and Medicine.
2009;41(3):179-82. DOI: https://doi.org/10.1002/Ism.20753

Dailey RA, Gray JF, Rubin MG, Hildebrand PL, Swanson NA,
Wobig JL, et al. Histopathologic changes of the
eyelid skin following trichloroacetic acid chemical
peel. Dermatologic Surgery. 1998;24(1):59-63. DOI:
https://doi.org/10.1097/00002341-199801000-00003

Kadouch JA. Calcium hydroxylapatite: a review on safety and
complications. Journal of Cosmetic Dermatology. 2017;16(2):152—
61. DOI: https://doi.org/10.1111/jocd.12326

Roostaeian J, Rohrich RJ, Stuzin JM. Anatomical
considerations to prevent facial nerve injury. Plastic and
Reconstructive Surgery. 2015;135(5):1318-27. DOI:
https://doi.org/10.1097/PRS.0000000000001244

Azizzadeh B, Lu RJ. Facial nerve considerations for the deep plane
facelift and necklift. Facial Plastic Surgery. 2024;40(6):642-9. DOI:
https://doi.org/10.1055/s-0043-1777801

Garcia RM, Hadlock TA, Klebuc MJ, Simpson RL, Zenn MR, Marcus JR.
Contemporary solutions for the treatment of facial nerve paralysis.
Plastic and Reconstructive Surgery. 2015;135(6):1025e—-36e. DOI:
https://doi.org/10.1097/PRS.0000000000001273

Prospects for further research

Continuing to study the patterns and characteristics

of reparative processes depending on etiological factors,
local specifics, the presence of comorbidities, and other
factors in abdominal organ pathologies requiring surgical
intervention holds promise in the context of the growing
number of patients with gastrointestinal diseases.
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KOHMAIKT iHTepecis

ABTOpPU PYKOMUCY CBIAOMO 3acBigyylOTb BIACYTHICTb
akTM4HOro abo MOTEHLIMHOrO KOHMIIKTY iHTepeciB Wwoao
pesynbTaTiB L€l poboTu 3 hapMaLEeBTUYHYMK KOMMaHISMW,
BMPOOHMKaMM BiOMEANYHMX MPUCTPOIB, IHLLIMMK OpraHi-
3auisgMu, Yui NpPOAYKTW, MOCnyry, iHaHcoBa MigTpUMKa
MOXYTb ByTV MOB’A3aHi 3 MPeAMETOM HaJaHuX Marepiarnis
abo ski cnoHcopyBany NPOBeAEHI AOCHIMKEHHS.

AOTpMMOHHSl €TUYHUX HOPM

ABTOpM pyKOMMCy CBIAOMO 3acBig4vykoTb, WO Nigro-
TOBKa PYKOMWCY 3AiMCHIOBaNachb BWKIKOYHO HA OCHOBI
BiOKpUTO onybrikoBaHWX HayKkoBuMX mkepen. Y pobori
He BMKOPUCTOBYBanMCb NepCcoHithikoBaHi AaHi NauieHTiB,
pe3ynbTaTyi NePBUHHMX KMiHIYHKMX abo AOKMiHIYHUX Jocni-
DKeHb. Y 3B’A3KY 3 UMM OTPUMMaHHS CXBareHHs1 KOMicil
3 nuTaHb GioeTUKM He BUMaranocb. [JocnigXeHHst BUKO-
HaHe 3 [OTPMMaHHAM MPUHLUMMIB HaNeXHOI HayKoBOI
NpakTUKX Ta BiAMNOBIOHO A0 MiKHAPOAHMX ETUYHMX CTaH-
[aprTiB, 30kpeMa pekomMeHaauin Komitety 3 nybnikauinHoi
etnkm « COPE» (Committee on Publication Ethics).

BUKOPUCTAHHS LUTYYHOrO iHTEAEKTY

ABTOpM pyKONUCy CBiJOMO 3acBiA4yHOTh, LLO Y NPOLECI
NpoBeAeHHst JOCNIOKEHHS Ta NiAFOTOBKM LibOro PyKOMNucy
He BMKOPWCTOBYBAmM >OAHMX IHCTPYMEHTIB abo cepsiciB
reHepaTMBHOrO LWTYYHOro iHTenekTy (L) ons BrkoHaHHSA
OyOb-AKMX 3aBAaHb, nepenivyeHnx y TakcoHoMii genery-
BaHHS 3aBdaHb rEHepaTVBHOMY LUTYYHOMY iHTEMEeKTy
(GAIDeT, 2025 p.). Yci etann poboTtu — Big KOHUeNTyari-
3auii 4o iHaNbHOro pegaryBaHHs — BUKOHaHi 6e3 3any-
YeHHs reHepatumsHoro LI, Bukno4YHO aBTopamu.

MepBUHHI AGHI Ta maTepiaAu

ABTOpKY pykonucy CBigOMO 3acBiguyloTh,
WO NepBMHHA MeAMYHA AOKYMEHTauid Ta CTaTUCTUYHI
6a3n gaHux y poboTi He BMKOPWUCTOBYBanucsl. Yci TBep-
[KEHHs1 Ta y3aranbHEHHsl MigKpinneHi nocunaHHAMN
Ha neplompkepena, AOCTYMHI y BIiOKPUTOMY AOCTyMi
abo 4yepe3 HaykoBi 06ibnioteuHi pecypcu. [opaTkoBi
MaTepianu, WO CTOCYKTbCA npouecy Biabopy mxepen
uymn getanisauii metogonorii aHanisy, MoXyTb ByTn HagaHi
aBTOPOM-KOPECMOHAEHTOM 3a 06r'pyHTOBaAHMM 3annToOM.

IHdbopmaLis Nnpo chiHAOHCYBAHHSA

diHaHcyBaHHA Buaatkamu  [lepxaBHOro  GromkeTy
YkpaiHn. Crtarta € dparMeHTOM MraHoBOI HayKOBO-
pocnigHoi poboTtn kadeapw XipyprivHnx xsopob Xapkis-
CbKOro HauioHanbHoro yHisepcutety iMmeHi B.H. KapasiHa
MinicTepcTBa ocBiTu i Haykun YkpaiHu «BruB4eHHs ocobnu-
BOCTel 3ananeHHsa n nepebiry penapaTtuBHOro npouecy
npu XipypriyHii naTtomorii B 3anexXHOoCTi Big eTionoriy-
HOro YMHHMKa Ta po3pobka MeToaiB KopeKLil ycknagHeHb
3a [0MOMOrol0 MiHiiHBa3MBHUX XIPYPriYHUX TEXHOMOTin»,
Homep aepkaBHoi peecTpauii 0124U003337, npuknagHa,
KEpiBHMK — 3aBigyBad kadegpw XipypridHmx XxBopob
MELMYHOrO (oakynbTeTy XapKiBCbKOro HaLioHanbHOro
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PE3IOME

AkTyanbHicTb. CTpec, O4uH 3 KIOYOBUX KOMMOHEHTIB AOCBIAY NIOAWHW, € OOHUM
3 chakTopiB PU3NKY Ta NporpecyBaHHsA CepLieBO-CyAMHHNX 3axBOptoBaHb. BoeHHUI cTaH
Ta aKkTUBHI 6OMOBI Aii cNpMYNHATL 36iNbLUEHHS PiBHS CTpecy Y nonynsuii, i, BignosigHo,
B Takuii CMoci® BMNMBalOTh HA iIXHE BMHUKHEHHS Ta NPOrpecyBaHHsl, @ TOMY MUTaHHS
BMBYEHHS CTPECY € aKTyanbHUM Ha AaHui nepiog yacy.

MeTta po60Tu — npoaHaniayBaTv cTaH HasiBHUX AOCMIIXEHb LOAO BUCBITIIEHHS Mexa-
Hi3MiB, sIKi NOB’A3YI0Tb CTPEC i3 PO3BUTKOM CEPLIEBO-CYAMHHMX 3aXBOPIOBaHb, Ta BU3HA-
YUTW HaNpPsSIMKY NofAanbLUMX AOCHIgKEHb.

Matepianu Ta meToau. byno B1UBYEHO Ta NpoaHanisoBaHo AaHi aHrNOMOBHOI fiTepaTypu,
oTpumaHi 3 6a3 gaHnx MEDLINE/PubMed, Google Scholar Ta Web of Science. lNpoBe-
[O€EHO MOLLYK MiTepaTypHUX [MKepen 3a Kn4voBuMmM cnoBamu: «cardiovascular diseasesy,
«psychological distress», «stress», «risk factors», «stress questionnaire». AsTopammu
BMBYEHO pe3toMe cTaTei Ta BUKIMKYEeHo nybnikauii, siki He BignoBiaarTb KpUtepiam gocni-
DKeHHs. HanvacTiwe 6ynu BukopucTtaHi mxepena nitepatypu 2014-2024 pp.
Pesynbratu. Byno BusBNEHO, WO CTpPeCc € CYTTEBUM YWMHHUKOM, SIKMIA BMNUBae
Ha PO3BUTOK CEPLEBO-CYANHHUX nogin. 3rigHo 3 pocnimkeHHam INTERHEART, niosu-
LLIEHHs1 MO0 PiBHA NPM3BOAUTL A0 30iMbLUEHOro pu3nky iHdapKTy Miokapga. Foctpui
CTpec, Lo crnocTepiraBcs nig Yac katactpod), Npu3BOAMB 40 KOPOTKOTEPMIHOBOTO 36inb-
LLIEHHS1 YaCTOTM BUHMKHEHHS1 Ta CTYMeEHs TSHKKOCTI cepLeBO-CyAMHHMX nogin. MMig yac
YemnioHaty 3 cyTbony, NpPoTAromMm MaTuiB, B sikux rpana HimeudmHa, cnocrtepiranocs
36iNbLUEHHST YaCTOTW KOPOHAPHUX CUHAPOMIB Y HiMeLbkMX BOOniBanbHUKIB. XPOHIYHMI
CTpec Moxe noripLlyBaTh nepebir cynyTHIX 3axBOpIOBaHb, TakuMxX K LlyKpOBUI Aiaber,
a TakoX acoLljioBaTUCs 3 NiABULLIEHOK YacTOTO NarliHHS.

BucHoBku. CTpec € BaxnuBMM i HEBIJ'EMHUM SIBULLEM Yy HaLLIOMY XWUTTi, @ TakoxX
CyTTEBUM (PaKTOPOM BMIIMBY Ha PO3BUTOK PIZHOMAHITHUX 3axBOPIOBaHb, 30KpeMa —
cepueBo-CyanHHNX. BiriHa, npupoaHi katacTpodu, CNOPTUBHI NOAT Ta iHLLI ABMLLA MOXYTb
CnpusATU 30iNbLUEHHIO CTYNEHS CTPECy Ta, BiANOBIAHO, NPU3BOAUTU A0 BUHUKHEHHSI abo
noripLeHHs nepebiry cepLeBO-CYAMHHUX 3axBOpHOBaHb. BTpyyaHHsi, Wo cnpsiMoBaHe
Ha NOM’SAKLLEHHS BNAMBY CTPECY, MOXE MOTEHLINHO 3HU3UTU CEPLEBO-CYOUHHUIA PU3NK.

Akosnesa J1.M., lMeTioHiH 1.0. CTpec sk hakTop pU3MKy CepLieBO-CYAVHHUX 3axBOpoBaHb. BicHUK XapKiecbkoeo
HayioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa. 2025. T. 33. Ne 4(55). C. 584-598. DOI:
https://doi.org/10.26565/2313-6693-2025-55-07

Keywords:

acute and chronic stress, pathophysiology,
risk factor, cardiovascular diseases,
stress questionnaire.

ABSTRACT

Background. Stress is a key component of the human experience and depends on the
frequency and intensity of exposure. Martial law and active hostilities cause an increase
in the level of stress in the population and affect cardiovascular diseases, therefore the
issue of studying stress is relevant for this period of time.

Purpose — based on the study of literary sources, the state of existing research was
analyzed to highlight the mechanisms that link stress to the development of cardiovascular
diseases and to highlight the modern concept of its influence.
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Materials and Methods. Data from the English-language literature obtained from the
MEDLINE/PubMed, Google Scholar, and Web of Science databases were studied and
analyzed.

A search of literature sources was conducted using the following keywords:
«cardiovascular diseases», «psychological distress», «stress», «risk adjustment», and
«risk factors». Abstracts of articles were examined and publications that did not meet
the research criteria were excluded. The most frequently used literature sources were
dated 2014-2024.

Results. As a result of the analysis of articles devoted to various sources of stress and
their correlation with the incidence and severity of cardiovascular diseases, it was found
that stress is a significant factor influencing them.

According to the INTERHEART study, increased stress levels lead to an increased
risk of myocardial infarction. Acute stress observed during disasters led to a short-term
increase in the occurrence and severity of cardiovascular diseases. During the football
championship, during matches in which Germany played, an increase in the frequency
of coronary syndromes was observed in German fans.

Chronic stress can worsen comorbidities such as diabetes and may be associated with
increased smoking rates (with all the associated consequences).

Stress contributes to dysregulation of the body’s systems, which leads to the development
of comorbidities and an increased risk of developing or worsening of cardiovascular diseases.
Conclusions. Stress is an important and integral phenomenon in our lives, as well
as a significant factor influencing the development of various diseases, including
cardiovascular diseases. War, natural disasters, sporting events and other events
can contribute to an increase in stress levels and lead to the occurrence or worsening

of cardiovascular diseases.

cardiovascular risk.

For citation:
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BCTYN

CepueBo-cyauHHi  3axBoptoBaHHA (CC3) 3anuwwa-
I0TbCSt OAHUMMW 3 OCHOBHUX Y CTPYKTYpi 3aXBOPIOBAHOCTI
HaceneHHs Ta noOTpebyloTb HOBMX UiNenm Ans iXHbOT
npodinakTukn. poTsarom octaHHix 5-10 pokiB noea-
HaHHSI JaHUX y Mera-AoCHiIXeHHAX CrpUsitoTb Nporpecy
y OOCRioXeHHi CcTpecy Sk ¢hakTopa pu3uKy Ta nporpe-
CyBaHHSl CepLeBO-CyAMHHMX XxBopob. CTpec € ogHum
3 KITHOYOBMX KOMMOHEHTIB AOCBIAY NMoAMHU, yHOAMEH-
TanbHUN KOMMOHEHT XUTTS, 3aNeXHO Bif YacTOTK Ta CUnun
BMMMBY BiH Ma€ rocTpy (Big cekyHA 00 TUXHIB) Ta XPOHiYHY
(micsaui-poku) doopmu. 3rigHo 3 BU3HA4YEHHAM BcecBiTHBOT
opraHisauii oxopoHu 3gopos’a (BOOS), cTpec — Ue cTaH,
SKAN BUHWKAE, KONMW MoAMHA BiOYYyBa€E HamnpyXeHHs
abo 3aHenoKOEHHsI Yepe3 peanbHi abo ysBHI 3arposu.
Lle npupogHa peakuisi opraHiamy Ha 3MiHU Ta BUKMMKWU,
WO MOXYTb OyTW SIK MO3UTUBHUMMW, TaK i HEraTUBHUMMU.
IrHOpyBaHHA hakTy CTpecy MarTb BaXKNUBI NATOMNOriYHi
Hacnigku, WO BKOYaoTh BUHUKHEHHS Ta po3BuTok CC3.

Byob-siki  ncuxiyHi  @bo  MCUMXONOTiYHI  CTUMYMK,
WO pO3pMBalOTb FOMEOCTa3, MPU3BOAATb OO0 BiAMNOBIAi
Ha cTpec. Taki CTMMynu Ha3uBaTb CTpecopamu, a Ncuxo-
noriyHi Ta nNoBefiHKOBI 3MiHM € BIOMNOBIAAK Ha CTpec,
sika 3yMOBIIEHA KOMMIEKCOM B3a€EMOAii HEPBOBMX,
€HOOKPUHHMX Ta IMYHHMX MEXaHi3MmiB, LU0 aKTUBYKTbCS
cuMmnato-agpeHano-megynspHoto  (CAM),  rinotana-
Mo-niTyiTapHo-agpeHanosoto (IT1A) Bicamu, Ta iMyHHOIO
cuctemoro. BignoBigb Ha cTpec € aganTtauieto ans nigro-
TOBKW OpraHiamy noavHU 0O NPOTUCTOSIHHA BHYTPILLHIM
Ta 30BHiLLHIM BUKNnKam. Hanpuknaga, disionorivyHa Bigno-
BiAb Tifa Ha TpaBMy Ta iHBa3WBHe XipypriyHe BTPyYaHHS
CNpYSiE€ 3MEHLLEHHIO NMOAANBLUIOIO NMOLUKOAXKEHHSI TKAHUH.

INTRODUCTION

Cardiovascular diseases (CVD) remain one
of the main causes of morbidity in the population and
require new targets for their prevention. Over the past
5-10 years, the cumulation of data in mega-studies has
contributed to progress in the study of stress as a risk
factor and progression of cardiovascular disease. Stress
is one of the key components of human experience,
a fundamental component of life and depends on the
frequency and strength of impact — it has acute (seconds
to weeks) and chronic (weeks — years) forms. According
to the definition of the World Health Organization (WHO),
stress is a state that occurs when a person feels tense
or anxious due to real or perceived threats.This is the
body’s natural reaction to changes and challenges,
which can be either positive or negative. Ignoring the
fact of stress has significant pathological consequences,
including the occurrence and development of CVD.

Any mental or psychological stimuli that disrupt
homeostasis result in a stress response. Such stimuli
are called stressors, and psychological and behavioral
changes are a response to stress, which is caused
by a complex of interactions of nervous, endocrine and
immune mechanisms activated by the sympatho-adrenal-
medullary (SAM), hypothalamic-pituitary-adrenal (HPA)
axes, and the immune system. The stress response
is an adaptation to prepare the human body to confront
internal and external challenges. For example, the body’s
physiological response to trauma and invasive surgery
helps reduce further tissue damage. Let's assume that the
impact of the stressor is actually oris perceived as intense,
repetitive (repeated acute stress), or long-lasting (chronic
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Mpunyctumo, wWwo BNNMB cTpecopa Hacnpaegi € abo
CMPUAMAETBLCS SIK IHTEHCUBHUIN, MOBTOPIOBaHWUA (NOBTO-
plOBaHUA rocTpuii cTpec) abo TpuBanum (XPOHIYHWN
cTpec). Y Takomy BuUMagKy BiAMoBiOAb Ha CTpec € Aesa-
[anTMBHOMO i (hi3ioNnoriyHo WKianMBo. Bnnme XpoHiyHMX
CTpecoBuX (aKTOpiB MOXE CMpUYMHUTU Oe3adanTUBHI
peakuii, BKMo4aum genpecito, TPMBOrY, KOTHITUBHI NOpy-
LUEHHS Ta CepLEBi 3aXBOPIOBaHHS.

He Bci dopmu ctpecy — wkignuei. [deski cTpecosi
haKkTopy € NPUEMHVMMU, CTUMYTHOOYUMMN Ta HAANXaKUMMU.
Lli nosnTuBHI cTpecopw, siki Ha3uMBaloOTbCS eycTpecopamu,
MOMOBHIOKOTb HALLly EHEPrito, NiACUNIOITL CEPLIEBO-CYANHHY
cucTeMy, MiABULLYIOTb BUTPUBAMICTb Ta 3aroCTPHOOTb KOMHi-
TUBHI pyHKLUIi. EycTpec cripysie po3ymoBili rocTpoTi Ta MOTU-
Baujl. Ha npotuBary LbOMY, OUCTPEC XapaKTepusyeTbCs
HECNpUATIIMBMM BMIIMBOM Ha Tiro Ta po3yM.

Meta po60OTM — Ha OCHOBI BMBYEHHS NiTEPaTypHUX
[oKepen npoaHanidyBaTu CTaH HasiBHUX O0ChigKeHb
OO0 BMCBITMIEHHST MEXaHi3MiB, siKi MOB’A3YyHOTb CTpec
i3 possutkoM CC3 Ta HagaTu CydacHy KOHUEMUio Noro
BNMBY. TAKOX BU3HAYUTU KITHOYOBI HANPSMKM NopanbLUmnx
DOCrimpKeHb, 30kpema B YKpaiHi, afpke limpokomacLutabHe
BTOprHeHHsi Pocii B YkpaiHy CnpyUYMHUIO BUCOKMIA PiBEHb
CTPeCy Ta NCUXOSOrYHOIO HAaBaAHTAXXEHHS Y HACENeHHS.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Byno BMBYeHO Ta NpoaHanizoBaHO AaHi aHrOMOBHOI
niTepatypw, OTpUMaHi B pe3yrnbTaTti eNeKTPOHHOIO MOLLYKY
B 6asax paHux MEDLINE/PubMed, Google Scholar
Ta Web of Science. Ha nepwomy etani nposogunu
MOLUYK NiTepaTypHUX [Xepern 3a KI0YOBUMK CrOBaMu:
«cardiovascular diseases», «psychological distressy,
«stressy», «risk adjustmenty, «risk factors». Ha gpyromy
eTtani BUWBYANMCb pes3loMe CcTaTer Ta BUKIIHYaNUCb
ny6nikadii, ki He BigNoBiAany KpUTEpISM OOCHIAKEHHS.
OcobrnuBa yBara npuainanacb OOCMIAXEHHAM, B SIKUX
po3rnaganvcb NUTaHHS BMMUBY CTPECcy Ha CcepueBo-Cy-
OVHHI nogii B 30Hax 30poMiHUX KOHMMIKTIB. Ha TpeTboMy
eTani BMBYanu noBHi TEKCTU BigibpaHux cTaTen Ha Bigno-
BiOHICTb KpUTEPIAM BKIMIOYEHHS OO Mepeniky niteparypu
Ta peneBaHTHICTb AOochifpkeHb. Y CTaTTi HanyacTiwe
6ynu BukopucTaHi pxepena nitepatypu 2014-2024 pp.

PE3YABTATU TA IX OBTOBOPEHHS

3 ornagy Ha Te, WO HaceneHHs YkpaiHv nepebysae nig
BNMMBOM CTPeCy BHAcCnifoOK BilHW, PO3YMIHHA HaCMiaKis
CTpecy, NOB’A3aHOro 3 NOMISAMM, LU0 3MIHUMW XUTTS Minb-
MOHIB Ntofen, ctano BKpan BaxnmBuM. Y LbOMY Ormsgi
Hallia ocobnvBa yBara NpyKyTa came MexaHiamam, 3a 4orno-
MOIOK SIKMX CTpec Moxe onocepeakoByBat CC3. 3rigHo
3 gaHumuy Garatbox AOCHigKEeHb, CTPEC NigBULLYE AMOBIp-
HICTb MpeBasntoBaHHS Ta TSXKKICTb LINOro nepeniky Aeskux
dakTopiB puanky CC3, Takux Sk apTepianbHa rinepreHsis
(AIN), uykposuin giabet (L) Ta oxwupiHHs. HaBiTe nicns
KOPUryBaHHs 3a iHWMMW bakTopamy pUsuKy CTPec MOXe
OyTV OCHOBHMM YMHHWUKOM Yy po3BuTKy CC3 [1-5].

MNaTodpisiororis cTpecy

Po3yMiHHA MexaHi3miB, WO MNOB’A3YI0Tb XPOHIYHWUIA
CTPEeC i3 3aXBOPIOBAHHSIM, NOMYHO BUXOONUTb 3 LEHTParnbHOI
HepBOBOI cuctemn. Mo30oK BMPOOMSiE MOCTIMHWIA MOTIK

stress). In this case, the stress response is maladaptive
and physiologically harmful. Exposure to chronic stressors
can cause maladaptive responses, including depression,
anxiety, cognitive impairment, and heart diseases.

Not all forms of stress are harmful. Some stressors
are pleasant, stimulating, and inspiring. These positive
stressors, called eustressors, replenish our energy,
strengthen our cardiovascular system, boost endurance,
and sharpen cognitive function. Eustress promotes
mental acuity and motivation. In contrast, distress
is characterized by adverse effects on the body and mind.

Objective — based on the study of literary sources,
analyze the state of existing research on the mechanisms
that link stress to the development of CVD and provide
a modern concept of its impact. Also identify key areas
for further research, particularly in Ukraine, as Russia’s
large-scale invasion of Ukraine has caused high levels
of stress and psychological strain among the population.

MATERIALS AND METHODS OF RESEARCH

Data obtained from the English-language
literature as a result of an electronic search in the
MEDLINE/PubMed, Google Scholar, and Web of Science
databases was studied and analyzed. At the first stage,
a search for literary sources was conducted using
the following keywords: «cardiovascular diseases,
«psychological distress», «stressy», «risk adjustmenty,
«risk factors». In the second stage, abstracts of articles
were studied and publications that did not meet the
research criteria were excluded. Special attention
was paid to studies that examined the impact of stress
on cardiovascular events in armed conflict zones. At the
third stage, the full texts of the selected articles were
studied for compliance with the criteria for inclusion in the
literature list and the relevance of the studies. The article
most often used literature sources dated 2014—-2024.

RESULTS AND DISCUSSION

Given that the population of Ukraine is under the
stress of war, understanding the effects of stress
associated with events that changed the lives of millions
of people has become extremely important. In this review,
our attention is focused specifically on the mechanisms
by which stress may mediate CVD. According to many
studies, stress increases the likelihood of prevalence and
severity of a whole list of certain CVD risk factors, such
as arterial hypertension (AH), diabetes mellitus (DM), and
obesity. Even after adjusting for other risk factors, stress
may be a major factor in the development of CVD [1-5].

Pathophysiology of stress
Understanding the mechanisms linking chronic stress
to disease starts with the central nervous system. The
brain produces a constant stream of sensory stimuli and
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CEHCOPHMX CTUMYMIB Ta aKTUBHO BUOKPEMITIOE CNeLndIiYHI
CTUMYNU Anst fonaTtkoBoi 06pobku. Binblia vyacTtuHa uiel
06po6kn BiAOyBa€ETLCS Yy LEHTPax FOMIOBHOMO MO3KY, SKi
BiANOBIAAOTL 3a KOTHITMBHI Ta eMOLiHI pyHKUIT. KpuTnyHy
dyHKUilO Yy UpOMYy npoueci 3anmae nimbiyHa cuctema
Ta murganenogioHe Tino [6].

[nsa aktuBisauii Bignosigi Ha cTpec murganenofibHe
TiNO WNsAxoM edepeHTHNX HENPOHIB CNPSAMOBYE rinoTa-
namyc Ans NOCUMEHHs CUMMNaTU4HOI HEPBOBOI CUCTEMU
(CHC) Ta 3HWXKeHHs aKTMBHOCTI MapacuMmnaTUyHOI
HEpBOBOI CUCTEMM, a TaKOX iHiLjiaLiio HeMporopmoHarnb-
HOro BUKMAY Yepes rinotanamo-nitTyitapHo-agpeHanoBy
(FMA) Bicb. [lMpedpoHTanbHa kopa 4Yepes KOrHITUBHY
OLiHKY CTUMYIIB MOXe HagaTu perynsaTtopHi curHanu, siki
nocnabntolTb BiANOBIAb HA CTPEC Yepes Tak 3BaHy pery-
nsujto 3Bepxy BHU3 (top-down regulation). IMi3Hi npoekuii
npedpoHTanNbHOT KOpKX BKOYaTh MUraanenogioHe Tino
i CTOBOYp rormoBHOrO MO3KY, SKi PEeryroTb aKTUBHOCTI
asToHoMmHoI Ta 'TIA oci [7].

[onaTtkoBi curHanu 3 nepeaHbLol YaCTUHU NOSICHOT KOpK
Ta rinokamna cnpusioTb akTUBHOCTI HEPBOBOI CUCTEMMW,
MOB’A3aHOI 3i CTPpecoM. 3a YMOBW 3arpo3fiMBMX 30BHILLHIX
oOCTaBMH USA aKTUBHICTb Hece afanTuMBHY BiONOBIOb
y BUMSAAI CTpaxy Ta TPUMBOXHOCTI, SiKi CyNpOBOOAXKYHOTbCS
Bianosiaato «6un abo Gixkmy (fight or flight response) [8].

[inotTanamiyHa akTuBaUis, BWKNMKaAHA CTPECOM,
3anyckae Kackaf, Lo BKIOYae NiTyiTapHy i aapeHanosy
3ano3su, Takox Bigomi gk IMIA Bicb. Y cTpecoBux ymoBax
rinoTanamyc CMHTE3ye KOPTUKOTPOMHUIA PUMi3nHI-chakTop
(KP®) Ta BasonpecuH. KPP cTmyntoe nepeaHio YacTuHy
rinogiza 3 metoto BugineHHa AKTI (agpeHOKOpTUKO-
TPOMHUI TOPMOH), SIKUA CTUMYIIOE agpeHarnoBy Kopy
Ha npegmeT nNpoAyKuil rroKokopTukoigis. B Tonm 4vac
SIK FTFOKOKOPTMKOIAM BifirpatoTb BaXKNMBY KOHTP-peryns-
TOPHY ponb (Hanpuknaa, 3HWXYTb piBeHb akTuBauii [MA
Yepes HeraTvBHUIN 3BOPOTHIN BIATYK), BOHW TaKOX NPU3BO-
OATb A0 NiABULLIEHHS PiBHSA XXMPOBMX BigknageHb, rinep-
TeH3sii Ta iHCcyniHope3ncTeHTHocTi [9].

BuknukaHi ctpecom 3miHm CHC Tta napacumna-
TWYHOI HEPBOBOI CUCTEMW MNPU3BOAATH A0 3HAYYLLMX
disionoriyHux edpektiB. Ctumynsauia CHC npussBoautb
[0 Ba30KOHCTPUKLiI Ta nigBuLLEeHOI nepudepansbHoi
CYAVHHOI PE3NCTEHTHOCTI, WO B CBOI Yepry Npu3BoAUTb
00 BULLOro apTepianbHoro Trcky Ta YCC, a Takox HUXKYOT
BapiabenbHocTi YCC. AkTrBaUis WKIPHOrO CMMMNaTUYHOIO
LWNAXY BWKMMKAE CMITHIHHA Ta MNOYEepBOHIHHA. binblie
Toro, aktmBauis CHC agpeHanoBoi Menynu BUKNVKae
CUCTEMHE BWAINEHHS eniHedpuHy Ta HopeniHedpuHy,
o we binblue nigcunoe cumnaTuyHy Bignosige [10].

OaHum 3 Knto4oBMX i3ioNorivYHNMX HacniakiB XpPOoHiy-
HOro cTpecy € ausperynauig iMyHHoi cuctemu. Kinbka
LnAXiB, MOB'A3aHMX 3i CTPEecoM, BMMMBalOTb Ha TpaH-
CKPUMLUIitO TeHiB iMyHHOI BiaMoBiai, BKMOYHO 3 toll-nopid-
HuMmn peuenTtopamu TMP Ta Takumu, WO perynioTbes
NF-kB (HykneapHun daktop kanna-6eta) [11].

CTpec TakoX nigBuWYE piBEHb NENKONOETUYHOT
nponidepadii KiCTKOBOro MO3Ky Ta BWUAINEHHS LMUTOKIHIB
(Hanpuknag, iHTepnenkiHy-6) u4epes [-agpeHepriyHe
CUrHartoBaHHSA 3a paxyHOK NigBULLEHHS HOpeniHe(pUHY
Ta [(3-agpeHepriyHMX peuenTopiB Ha MPOreHITOPHUX
3anarnbHUX KniTuHax Ta Mmakpodparax [12—15].

Lli HewogaBHO BUMBINbHEHI  3ananbHi  KNITUHKW
€ roToBUMW [0 MposBYy NiABULLEHOI eKCrnpecii reHis

actively isolates specific stimuli for further processing. Most
of this processing occurs in the brain centers responsible
for cognitive and emotional functions. The limbic system
and amygdala play a critical role in this process [6].

To activate the stress response, the amygdala, via
efferent neurons, causes the hypothalamus to increase
sympathetic nervous system (SNS) activity and decrease
parasympathetic nervous system activity, as well as initiate
neurohormonal release through the hypothalamic-pituitary-
adrenal (HPA) axis. The prefrontal cortex, through cognitive
appraisal of stimuli, can provide regulatory signals that
attenuate the stress response through so-called top-down
regulation. Late projections of the prefrontal cortex include
the amygdala and brainstem, which regulate autonomic
and HPA axis activity [7].

Additional signals from the anterior cingulate cortex
and hippocampus contribute to stress-related nervous
system activity. Under threatening external circumstances,
this activity carries an adaptive response in the form
of fear and anxiety, which are accompanied by a «fight
or flight» response [8].

Hypothalamic activation caused by stress triggers
a cascade involving the pituitary and adrenal glands, also
known as the HPA axis. Under stressful conditions, the
hypothalamus synthesizes corticotropin-releasing factor
(CRF) and vasopressin. CRF stimulates the anterior
pituitary gland to secrete ACTH (adrenocorticotropic
hormone), which stimulates the adrenal cortex to produce
glucocorticoids. While glucocorticoids play an important
counter-regulatory role (e.g., reducing HPA activation
through negative feedback), they also lead to increased
levels of adiposity, hypertension, and insulin resistance [9].

Stress-induced changes in the SNS and parasympathetic
nervous system lead to significant physiological effects.
Stimulation of the SNS leads to vasoconstriction and
increased peripheral vascular resistance, which in turn leads
to higher blood pressure and heart rate, as well as lower
heart rate variability. Activation of the cutaneous sympathetic
pathway causes sweating and flushing. Moreover, activation
of the adrenal medulla SNS causes systemic release
of epinephrine and norepinephrine, which in turn further
enhances the sympathetic response [10].

One of the key physiological consequences of chronic
stress is dysregulation of the immune system. Several
stress-related pathways affect the transcription of immune
response genes, including toll-like receptors (TLRs) and
those regulated by NF-kB (nuclear factor kappa beta) [11].

Stress also increases bone marrow leukopoietic
proliferation and cytokine release (e.g., interleukin-6)
through B-adrenergic signaling by upregulating
norepinephrine and f3-adrenergic receptors on progenitor
inflammatory cells and macrophages [12—-15].

These newly released inflammatory cells are primed
to display increased expression of pro-inflammatory
immune response genes and mechanisms for their
release by feeding forward [16]. Subsequently, elevated
levels of norepinephrine combine with bone marrow
stromal cells via $3-adrenergic receptors to attenuate
the production of CXCL12 (C-X-C chemokine ligand 12),
which normally functions to keep leukocytes within the
bone marrow [12, 17—-19]. This stress-induced provoking
of immune cell responses and cytokine production
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nposananbHOI iIMYHHOI BIANOBIAI Ta MeXaHi3MiB IXHbOro
BMBINbHEHHA wnaxoMm nogadi Bnepen (feed-forward)
[16]. Hagani nigBuweHWn piBeHb HopeniHedpuHy noea-
HYETbCSA 3i CTPOMarnbHMMK KNiTUHaMK KiCTKOBOMY MO3KY
3a paxyHoK [3-agpeHepriyHnx peuenTopiB Ans nocna-
oneHHa npogykuii CXCL12 (C-X-C xeMokiH niraHg 12),
AKMN 3a3BuYan PyHKUIOHYE AnA Toro, LWo6 3anuntm
nevikounTn BCepeauHi kicTkoBoro Mmosky [12, 17-19].
Lle nigkpecneHe cTpecoMm npoOBOKyBaHHSA BigMNOBIAi
IMYHHUX KNITUH Ta MNpOAYKLUiS LMTOKIHIB MOTeHUioe
atepocknepos [20, 21]. BogHoyac, CTpec 3HWXY€E aHTUBI-
panbHy aKTUBHICTb [22].

[MIOKOKOPTMKOIAN NPUTHIYYIOTL aHTUBIpanbHi reHHi
nporpamun (Taki sk iHTepdepoH-peryntotodi  dakTopu),
Ta KaTexonamiHW MpUrHivyTb IHTEepdepOoH-peryntowYi
haKkTopy LUNISAXOM CTUMYMAUIT NTeNKoUMT-aapeHepriYHnX
peuenTopiB, BCe Ue MiABULLYE PU3MK 3aXBOPHBAHHS
Ha BipyCHi iHdeKuii [23].

Takum  ynHOM, iIMyHHa  Au3perynsuis,  cnpuyu-
HeHa CcTpecoM, npu3BOAWUTL [0 OinNblIOro 3ananeHHs
3i  3HMKEHWM iIMYHOKOHTPOMIEM, LIO 3roA0M Crpusie
PO3BUTKY KifIbKOX CYMYTHIX 3axBoptoBaHb. BHacnigok
BMIMBY HA HEVPOrOPMOHASIbHY aKTUMBHICTb Ta 3anareHHs,
XPOHIYHUI CTPeC TakoX MOB’A3aHWMN 3 eHAoTenianbHOK
OVCOYHKUIED,  3MIHEHOK  CyAMHHOK  pEaKTUMBHICTIO
Ta nigBuLEHHAM Kkoarynsauii. Ha gogady, Hewmporopmo-
HanbHUN Ta 3ananbHUN edeKkTU CTpecy BUKIUKaTb
OinblUe aTepockrepoTUYHe 3ananeHHs. Pasom ui daktopu
MOTEHLIOI0Tb  aTEPOCKNEPOTUYHUIA  PU3MK  Ta  MaloTb
3HaYHWI BNNMB Ha Noro 3B’A3ok 3 CC3 [3, 23-25].

Y pocnipxeHHi INTERHEART nokasaHo, Wo nigsu-
LeHn piBeHb CTpPecy acouitoBaBcs 3 Oinbll HiX yaBidi
BULUM PU3NKOM IHGAPKTY Miokapda nicns Kopekuil
3a iHWKMK akTopamum puanky CC3 [26].

Y nopanbLloMy Taka acouiauisi 6yna He3anexHow Big
COLIIOEKOHOMIYHOTO CcTaTycy Ta hakTopamm crnocoby XUTTS.
AHanori4Ho, XpOHIYHMI CTPEC acoLitoBaBCs 3 MiABULLEHUM
PU3NKOM iHCYNBTY Ta HecnpuaTNnBUM nporHoszom CC3 [27].

[ocTpuin cTpec, skMn JocnigkyBaBcs Mig Yac pisHo-
MaHITHMX KaTacTpod abo emouiiHMX nogii, acouito-
BaBCH 3 MiABULLEHUM KOPOTKOCTPOKOBMM puankom CCS3,
0cobnMBO cepep TUX, XTO BXe MaB Oyab-akuin 3 hakTopis
pusuky. 3emnetpyc, wo Biabysca y 2004 y Hoptpuaoxi,
npv3BiB A0 NiOBMLIEHONO0 PU3WMKY panToBOI CepLeBoil
cmMepTi npnbnuaHo y 3,5 pasy y AeHb, konu cTascs [28].

Y 2006 poui, nig 4ac ¢yTOONBHUX MaT4yiB MiKHa-
pogHoi acouiauii dytoony World Cup y HimeuunHi,
YyacToTa rocTpuMx KOPOHapHWUX CMHAPOMIB y MiCLi npoBe-
OeHHa MaTyviB nmigsuwmnace y 2,7 pasy, Konv KomaHaa
HimeuunHn 6pana yyactb y matyax Ta y 6 pasis, Konu
HimeuunHa Bubyna 3 irop. Llikao, wo y gHi, konu Himey-
YMHa He rparna, NigBULLEHHS PIBHS FOCTPUX KOPOHaPHMX
nogin He Bigbyeanocsb [28].

[ocTpuii cTpec Takox € OaKTOPOM PUNKY CUHOPOMY
Takouy6o [29].

LLllono xpoHiyHOro ctpecy, iCHye B3aEMO3B'A30K MiX
HUM Ta CC3 3 no3uin Toro, Wo BiH € TPUrepOM He3[0po-
BOrO XapyyBaHHS Ta 30iMblUEHHS MacK Tina, rinepTexsii
Ta oXkupiHHA [30-32].

Y TOW e Yac XpOoHiYHUiA cTpec niasuye pusuk LI ta
noripLUye KOHTponb rnikemii cepen giabetukis [33].

CTpec-3anexHi CTaHuM acouilolTbCsa 3 MNigBULLEHOD
YacToTo naniHHA [34, 35].

potentiates atherosclerosis [20, 21]. At the same time,
stress reduces antiviral activity [22].

Glucocorticoids suppress antiviral gene
programs (such as interferon-regulatory factors), and
catecholamines suppress interferon-regulatory factors
by stimulating leukocyte adrenergic receptors, thus
increasing the risk of viral infections [23].

Thus, stress-induced immune dysregulation leads
to greater inflammation with reduced immunosurveillance,
which subsequently contributes to the development
of several comorbidities. Due toits effects on neurohormonal
activity and inflammation, chronic stress is also associated
with endothelial dysfunction, altered vascular reactivity, and
increased coagulation. In addition, the neurohormonal and
inflammatory effects of stress cause more atherosclerotic
inflammation. Together, these factors potentiate
atherosclerotic risk and have a significant impact on its
association with CVD [3, 23-25].

The INTERHEART study showed that elevated
stress levels were associated with more than twice the
risk of myocardial infarction after adjusting for other
CVD risk factors [26]. Subsequently, this association
was independent of socioeconomic status and lifestyle
factors. Similarly, chronic stress was associated with
an increased risk of stroke and poor CVD outcomes [27].

Acute stress, which was studied during various disasters
or emotional events, was associated with an increased
short-term risk of CVD, especially among those who
already had any of the risk factors. The 2004 Northridge
earthquake led to an increased risk of sudden cardiac
death of about 3.5 times the day it occurred [28].

In 2006, during the FIFA World Cup in Germany,
the incidence of acute coronary syndromes at the
venues increased 2.7-fold when the German team was
participating and 6-fold when Germany got eliminated.
Interestingly, on days when Germany did not play, there
was no increase in the rate of acute coronary events [28].

Acute stress is also a risk factor for Takotsubo
syndrome [29].

Regarding chronic stress, there is a relationship
between itand CVD in that it is a trigger for unhealthy eating
and weight gain, hypertension, and obesity [30—32]. At the
same time, chronic stress increases the risk of diabetes
and worsens glycemic control among diabetics [33].

Stress-related conditions are associated with
increased smoking rates [34, 35].

Matsumura K., et al., 2023, investigated the level
of stress on the K6 scale, 26 was considered psychological
stress, in a national study based on the Japanese
population with and without CVD.Older patients with CVD
were more likely to experience psychological distress
compared to patients without CVD. Multiple factors,
including clinical, socioeconomic, and lifestyle variables,
have been associated with psychological distress [36].

Batty G.D., et al., 2021, tested the hypothesis that
individuals who reported persistent stress throughout their
lives would experience the most adverse levels of CVD risk
factors, including measures of inflammation, metabolism
of glucose and lipids, some of which are also important
health indicators on their own. The main finding was that
the experience of persistent episodes of psychological
stress during the early life cycle showed only weak
associations with selected biomarkers in midlife, which
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Matsumura K. Ta cnisaer., 2023, gocnigXysanu piseHb
CcTpecy 3a wWwkanoi K6, =6 BBaxanocsi MCUXOOoriYyHUM
CTPEecoM B HaLjioHanbHOMY AOCHiMKEHHI, Wwo 6a3yBanocb
Ha nonynsauii Anowii, 3 Ta 6e3 CC3. Ctapwwi nauieHT 3 CC3
YyacTille mMarnu NcyxororiYHM CTPeC y NOPIBHSHHI 3 NaLieH-
Tamn 6e3 CC3. MHOXMHHI chakTopw, BKIIHOYaOYM KIiHIYHI,
COLi0OEKOHOMIYHI Ta NepeMiHHi, MoB’A3aHi 3 00pa3oM XUTTS,
Oynu acouifnoBaHi 3 NCMXoNoriYHMm cTpecom [36].

Batty G.D. Ta cniBaBT., 2021, nepeBipunu rinotesy
npo Te, LWO 0cobu, AKki MNOBIGOMMAANM NPO MOCTIMHWIA CTPeC
MPOTArOM XUTTS, 3a3HaloTb HAWHECTPUATIMBILLMX PIBHIB
dakTopiB pusunky CC3, BKIOHAKOUM MOKA3HUKA 3anareHHs,
MeTaboni3M rMKo3n Ta Ninian, AesiKi 3 AKX TaKoX € BaXKn-
BMMW TMOKasHMKaMu 300poB’st caMi no cobi. OcHOBHUM
BMCHOBKOM Oyrno Te, Lo JO0CBIg NOCTIHMX eni3odiB ncmxo-
MOTYHOrO CTPEecy MPOTATOM PaHHbLOTO JKUTTEBOTO LIMKITY
nokasaB nue crnabki 38’s3kv 3 BUOpaHmMn Biomapkepamu
y cepedHbOMY BiLli, LLIO He NiATBEPMKYE rinoTesy npo LuKig-
NMBUIA BNIUB HAKOMNMUYEHHs cTpecy [37].

El-Sayed Awaad A. Tta cnigaBT., 2023, ouiHunu
i3NYHY aKTUMBHICTb Ta Xap4yoBi 3BUYKW, @ TaKOX BUMI-
PSiny piBEHb NCUXOJONYHOro CTPEeCy y MalUMHICTIB Noi3aiB
€rmnTy. PoboTa MalumHicTa noizaa HesanexHo noe’s3aHa
3 OXKMPIHHAM Ta NCUXONOriYHMM cTpecom [38].

HocnimpkeHHa Zhang L. Ta cniBaBt., 2022, 6yno
HanpaBreHe Ha aHani3 NnoLIMPEeHOCTi Ta haKTopu PU3MKY
CCS3 Ta ncmxonoriyHoro CTpecy y HayKkoBWLb Ta TEXHIKUHb
y Kutai. MNMapameTpu ouiHk/ B LbOMY OOCHIOXKEHHI BKIHO-
yanu B cebe BiK, CTaTb, CIMENHWIA CTaH, OCBITY, NPUOYTOK
3a MicsLb, FOQUHM CHY, TPOGremMun Npy 3aCUHaHHI, NaniHHS,
BXMBAHHSA ankoronto, CTpec, MOoB’A3aHuin 3 pobBoTolo,
poboye BUropaHHsl, cepueBO-CyauHHi cumntomu, CCS3,
CiMEMHWA aHaMHe3 Ta CUMNTOMW fenpecii Ta TPUBOX-
HocTi. Lle gocnigkeHHs COKYyCOBaHO Ha OaHWMX XKIHOK.
Byrno BCTaHOBMEHO, WO MOMpu 3BWYHI HaKTOpU PU3NKY,
HEKOHTpornboBaHe poboye BUropaHHH, CUMNTOMMU Aenpecii
Ta TPUBOXHOCTI Bynn noe’asaHi 3 Buwmm pusmkom CC3
y XIHOK; GE3COHHS1, HaABUCOKUIA CTPeC y poBOTi, HEKOHTP-
onboBaHe BuropaHHst Ta CC3 6ynu nos’s3aHi 3 BULLMM
PV3NKOM  OEMPECUBHMX CUMMTOMIB Ta TPUBOXHOCTI;
OE3COHHS, HAABUCOKUI CTpec npu pobOoTi Ta HEKOHTPO-
nboBaHe BUropaHHa 6ynu noe’s3aHi 3 CC3 y noegHaHHi
3 cumnTomMamu pAenpecii Ta Tpwsoru. 3rigHO 3 gocni-
DPKEHHSIM, MatoTb BYTV NPUIRHATI Mipy AN 3aXUCTy HayKo-
BMUb Ta TexHikvHb Big CC3 Ta ncuxonoriyHoro ctpecy [39].

Mommersteeg P.M.C. Ta cniBaBt., 2024, gocnigunu
PU3MKN TMCMXOCOLianbHOrO CTPECy, BKIOYHO 3 0cobu-
cricio tuny D (Type D personality), genpecvsHumu
CYMMTOMaMW, TPUBOXHICTIO, MO3UTUBHUM HACTPOEM,
BOPOXIiCTHO Ta CTAaTyCOM 3[10pPOB’Sl, BTOMO Ta 3ararbHot0
i cneumdivyHO ONS 3aXBOPKOBAHHA SKICTIO XUTTS Ons
3Ha4yHMX MOBIYHMX CcepLeBO-CyauHHUX edekTiB (major
adverse cardiovascular event — MACE) y nauieHTiB
3 HeoOCTPYKTUBHOK XBOPOGOK KOPOHApPHWUX apTepin
(HXKA). Y nauienTiB 3i BTOMOW, BukNunkaHot HXKA,
HU3bKUM PIBHEM MO3UTUBHOINO HACTPOK Ta HUKYUM
disnyHUM  obmMexeHHsIM, pesynsTaT OyB NOB’A3aHMN
3 MACE, 0e3 BigMiHHOCTEN 3a CTaTeBOH O3HaKOH0.
OcobuctocTi Tuny D, ncuxocouianbHi hakTopu Ta ctatyc
300pOB’st He AaBann MOXITMBOCTI CNPOrHo3yBaTh NOBIYHI
pesynsTaTi. 3MEHLLEHHS PIBHSA NCUXOCOLianbHOro CTpecy
€ BarigHoOK METOK came Mno cobi, xo4a BOHO 3 MEHLLOK
nvosipHicTio Bnnmnae Ha MACE y nauienTiB 3 HXKA [40].

does not support the hypothesis of a detrimental effect
of accumulated stress [37].

El-Sayed Awaad A., et al., 2023, assessed physical
activity and dietary habits, and measured the level
of psychological stress in train drivers in Egypt. Train
driver work is independently associated with obesity and
psychological stress [38].

The study by Zhang L, et al., 2022, aimed to analyze
the prevalence and risk factors of CVD and psychological
stress in female scientists and engineers in China.The
assessment parameters in this study included age,
gender, marital status, education, monthly income, hours
of sleep, trouble falling asleep, smoking, alcohol use,
work-related stress, burnout, cardiovascular symptoms,
CVD, family history, and symptoms of depression and
anxiety.This study focuses on women’s data. It was
found that, despite the usual risk factors, uncontrolled
job burnout, symptoms of depression and anxiety were
associated with a higher risk of CVD in women; insomnia,
excessive work stress, uncontrolled burnout, and
CVD were associated with a higher risk of depressive
symptoms and anxiety; insomnia, excessive work stress,
and uncontrolled burnout were associated with CVD
in combination with symptoms of depression and anxiety.
According to the study, measures should be taken
to protect female scientists and technicians from CVD
and psychological stress [39].

Mommersteeg PM.C., et al., 2024, examined the
risks of psychosocial stress, including type D personality,
depressive symptoms, anxiety, positive mood, hostility
and health status, fatigue and general and disease-
specific quality of life for major adverse cardiovascular
event (MACE) in patients with non-obstructive coronary
artery disease (NOCAD). In patients with fatigue caused
by NOCAD, low levels of positive mood and lower physical
limitation, the result was related to MACE, without any
differences related to gender. Type D personalities,
psychosocial factors and health status did not allow
accurate adverse outcomes prediction. Reducing
psychosocial stress is a valid goal in itself, although it is
less likely to affect MACE in patients with NOCAD [40].

Gomes M.A,, et al., 2020, evaluated 551 women
with non-obstructive coronary artery disease who were
included in the study Women's Ischemia Syndrome
Evaluation (WISE). Psychological stress was assessed
in both this study and WISE-cardiovascular disease (CVD).
Only one question was used, which was validated in the
study INTERHEART: about the frequency of stress at work
and/or at home during the past year. Responses in the
WISE study included the following: 1 — never, 2 — at some
moment, 3 — a few times, 4 — constantly felt stress during
the last year and 5 — constantly feel stress during the
last 5 years. Among women without obstructive coronary
artery disease, psychological stress was associated with
coronary heart disease symptoms and their risk factors.
The prevalence and predictive level of physiological stress
in this population supports the suggestion that the inclusion
of stress assessment should be implemented in future
studies of coronary heart disease [41].

The data known in the literature on military conflicts
and their impact on the frequency of cardiovascular
events, morbidity, and mortality from CVD should
be considered. Armed conflicts have a devastating impact
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Gomes M.A. Ta cnieaBT, 2020, ouiHoBanu 551 XiHOK
3 HEOOCTPYKTUBHUM YLLUKOOXXEHHAM KOPOHAPHUX CYOWH,
sKki Oynu BknodeHi y gocnigkeHHss Women's Ischemia
Syndrome Evaluation (WISE). TNcuxonoriyHuii ctpec
OUuiHIOBanNM K y UbOMYy AocnimkeHHi, Tak i y WISE-
cardiovascular disease (CVD). BukopucrosyBanu nuiie
OfHe NUTaHH4, wWo 6yno BaniaM3oBaHO Y AOCHIAXEHHI
INTERHEART, npo 4acTtoTy cTpecy Ha poboTi Ta/abo
BOOMA NPOTArOM MUHYMOro poky. Bignosigi y AocnigkKeHHi
WISE Bkntoyanu HacTynHi: 1 — Hikorm, 2 — Oyab-Konu,
3 — kinbka pasiB, 4 — NOCTIHO Big4yBalo CTPEC MPOTAroMm
MWHYMOTO POKy Ta S — MOCTINHO BigYyBal CTpec
NpoTAroM ocTaHHix 5 pokie. Cepep xiHOk 6e3 o6CTpyk-
TMBHOIO YLUKOAXXEHHSI KOPOHAPHMX CYAWH NMCUXOMNOriYHNI
CTpec acoLitoBaBCsl 3 CUMNTOMaMM KOPOHAPHOi XBOpoOM
cepus Ta ixHiMM dakTopamu pusnky. [NpeBantoBaHHs
Ta NPEeAVKTOPHUW piBeHb pisionoriyHoro crpecy y Ui
nonynsauii  NigTPUMYE NPUNYLLUEHHS, WO BKMOYEHHS
OLliHKM CTpecy MOBWHHO BMpOBadXyBaTUCb Yy MamnbyTHi
[OcCriaXeHHs KopoHapHoi xBopobu cepus [41].

OKpeMuUM NUTaHHAM cnifg, Po3rnsHYTW BigoMi y niTe-
patypi AaHi WoAO0 BOEHHMX KOHMMIKTIB Ta iXHbOro
BMMMBY HaA YacTOTy BWHUKHEHHSA CepLEeBO-CYAMHHUX
nogin, 3axBOPOBaHICTb, cMmepTHiCTb Big CC3. 36ponHi
KOH(MNIKTU MarTb HULLIBHWIA BNMAMB Ha 340POB’A Hace-
NEHHSs1, CaMOMnoYyTTS, BUKIUKAKOTb HEBIAKNaAHi CTaHw.
CrtpaxgatoTb CiM’i, cycninbCcTBa, YCTaAHOBM, [OOBKINNs.
BiiHa nosHayae HacunbLCTBO, NEPEMILLEHHS HaceneHHs,
3HULLIEHI IHCTUTYUIT Ta iIHbpacTpyKTypy, aTtakn Ha npode-
cioHaniB Ta yctaHoBu. lNepemileHi UMBINbHI, 3Haxoas-
4YNCb Y NepeHaceneHnx Micusx, 3 NiMiTtoBaHMM AOCTYNOM
[0 4yucToi Boau, iXi, caHiTapii, NoTeHuitHO € 06’ekToM
HecnpuATAMBUX HAcniAKiB NoAi BOEHHOro yacy [42, 43].

lMpokonie M. Ta cnieaBTt., 2024, BuB4yanu enige-
Mionorilo  LepebpoBackynaApHUX MOAiN  Ta  iHCYmnbTy
B pe3ugeHTiB Kuesa Ta KuiBcbkoi obnacTi. YyacHuku
OOCNiAHMLBKOT  KOMaHAW  MOPiBHIOBaNM  CTaTUCTUYHI
JaHi ctocoBHo nepiogy 3 2007 no 2023 pp. BussneHo
3HWXKEHHS Yy MpeBasioBaHHi 3axBOPIOBAHOCTI Ha uepe-
OpoBackynsapHi nogii cepen gopocnux KuiBwmHKM y nepe-
ABoeHHuN nepiod. Cepen dakTopiB pu3nKy BpaxoByBanmu
rinepTeHsito, KOpoHapHy XBOPOOy cepus, AiabeT, noraHi
3Buukn. Ceped AOCHIOKYBAHMX YMHHUKIB CneumdidHO
He BMBYaNM CTPeC 3 BUKOPUCTAHHSAM OMUTYBasbHUKIB
(onst ob’ekTuBI3auil CTyneHst Ta xapakTepa MnokasHuka),
TOMY Cnif nvle NpunycTUTX NOro 3pOCTaHHA 3 noyartky
2022 poky. Y nepLuni pik BiliHW YacToTa uepebpoBacky-
NAPHUX MOAIN Ta iHCYNbTYy B YKpaiHi 3HWXyBanucb, ane
3 noyaTtky Apyroro poky 3pocrtana Ha 15 ta 22% Bigno-
BigHO. Y 2022-2023 pp. cMepTHICTb Bif LepebpoBacky-
nsapHux nogin 3pocna y Kuesi. Pesynbratn gocnigjkeHb
€ 40Ka3oM TOoro, Lo BMMMB BilNHW Ha enigemionorito uepe-
BGpoBackynspHNX 3axBOpPtOBaHb OyB HeraTuBHUM [44].

Boos C. 1a cniBaBt, 2019, npoaHnanidyBanu AaHi
wono 26 JocnimKeHb, $Ki CTOCYBanuCb BUBYEHHS
3B’A3Ky TPaBMaTUYHOIO YLLUKOAXXEHHSI BETEPaHIB BOEHHMX
KOH(MNIKTIB 3 NiABULLEHUM CepLeBO-CYAUHHUM PU3UKOM
3 NepiogoM CnocTepexeHHs 3a nauieHtamn 1—43,6 poky.
OTpuMaHi nig Yac 36pOorHMX KOHMIKTIB TpaBMK acoui-
IoBanMcb 3 AOCTOBIpPHO nigBueHnm pusnkom CC3
Ta panToBOK KOPOHapHOK cmepTio. LlikaBo, Wwo B nai-
€HTIB 32 HASIBHOCTi TPABMaTUYHOTO YLLKOPKEHHS!, CNOCTe-
piranacb Hu3bka LLOE, o cBig4nno npo H1U3bkuii piBeHb

on the health and well-being of the population, causing
emergency conditions. Families, societies, institutions,
and the environment suffer. War means violence,
population displacement, destruction of institutions and
infrastructure, attacks on professionals and facilities.
Displaced civilians, being in overcrowded areas with
limited access to clean water, food, and sanitation, are
potentially exposed to the adverse effects of wartime
events [42, 43].

Prokopiv M. et al., 2024, studied the epidemiology
of cerebrovascular events and stroke in residents of Kyiv
and Kyiv region. The researchers compared statistical
data for the period from 2007 to 2023. A decrease in the
prevalence of cerebrovascular events among adults in the
Kyiv region in the pre-war period was found. Risk factors
included hypertension, coronary heart disease, diabetes,
and harmful habits. Among the factors studied, stress
was not specifically investigated using questionnaires (to
objectify the degree and nature of the indicator), so we
can only assume its growth since the beginning of 2022.
In the first year of the war, the incidence of cerebrovascular
events and stroke in Ukraine decreased, but since the
beginning of the second year it increased by 15 and 22%,
respectively. In 2022—-2023 mortality from cerebrovascular
events increased in Kyiv. The results of the research provide
evidence that the impact of the war on the epidemiology
of cerebrovascular diseases was negative [44].

Boos C., et al., 2019, analyzed data from 26 studies
examining the association of traumatic injury in veterans
of military conflicts with increased cardiovascular risk with
a follow-up period of 1-43.6 years. Injuries sustained
during armed conflicts were associated with a significantly
increased risk of CVD and sudden coronary death.
Patients with traumatic injury had low ESR, indicating
a low level of inflammation in them, which ruled out the
influence of inflammation on subsequent cardiovascular
events. Conflict participants without traumatic injury had
a marginal, low-strength risk of cardiovascular death
compared with a control group of participants who were
not directly involved in armed conflict [45].

The study by Jawad M., et al, 2019, analyzed
65 studies that covered 23 conflicts. Sixty-six percent
of them were conducted with poor quality. The authors
found evidence that armed conflict was associated with
increased risk of CVD, endocrine diseases, elevated
blood pressure, lipids, alcohol and tobacco use. Such
associations were more typical for mortality from chronic
ischemic heart disease or non-specific heart disease,
elevated systolic blood pressure, and tobacco smoking.
Associations between armed conflict and other events
showed no differences or were of unknown origin [46].

Korinek K., et al., 2020, reported results from the
Vietnam Health and Aging Study (VHAS). VHAS — is an
international research, financed by National Institutes
of Health/National Institute of Aging (R01 AG052537),
and allows to investigate the mechanisms of relationships
between various influences of armed conflicts during
the Vietnam War and multiple measurements of health
in elder population. In terms of VHAS, data were
collected on 2,447 Vietnamese adults aged 60 and older
to examine life course, social, health-related, and mortality
transitions in a population of war survivors. A survey
in terms of VHAS was conducted from May to August
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3ananbHoro NpoLecy B HUX, a Lie BUKITKYarno BNnvBe 3ana-
NeHHs Ha nofanbLui cepueBo-CyAMHHI nogdii. B yyacHuki
KOHnikTy 6e3 TpaBMaTWYHOIO YLUKOMKEHHS CcrocTe-
piraBcsi rpaHUYHUIN, 3 HMU3bKOK CUIIOK [O0Ka3iB, PU3UK
CepLeBO-CyAVHHOI CMePTi Y MOPIBHSAHHI 3 KOHTPOMbHOI
rpynoro yvacHukis, aki 6esnocepegHbo He Bpanu yyacTtb
y 36pONHMX KoHMiKTax [45].

Y pocnigxeHHi Jawad M. Ta cnigasr., 2019, npoaHaniso-
BaHO 65 focnimpKeHb, Y SKvx 6yno BUCBITNEHO 23 KOHMNIKTY.
LLictaecaT wicTb BiACOTKIB 3 HUX Oyrv NpoBeAEHi 3 HA3bKOH
SKICTIO. ABTOPU BUSIBUNM O0Ka3W TOro, WO 30ponHui
KOHCPNIKT acouitoBaBcs 3 nigsuwleHM pusmkom CCS3,
€HOOKPUHHNX 3aXBOPKOBaHb, MNiABULLEHUM apTepianbHUM
TUCKOM, NiNidiB, BXMBaHHSIM arnkorono Ta Tabaky. Taki
acoujauii 6ynu 6Ginbly XapakTepHi Ans CMepTHOCTI Big
XPOHIYHOI iLleMiYHOT XBOpPOOU cepusi abo HecneumdivyHOro
3aXBOPHOBAHHA CepLsi, NABULLEHOrO CUCTOMIYHOMO apTepi-
anbHoro TUcky Ta TabakonaniHHs. Acouiauii Mixk 36ponHUM
KOHCPNIKTOM Ta iHLUMMW NOAIsSIMU He NoKa3anu BiAMiHHOCTEN,
abo Manu HeBigome NOXomKeHHs [46].

Korinek K. Ta cnieaBT., 2020, fonosinu pesynsratu
B’eTHamMCbKOro [OOCnigXeHHsI 3[00pOB’st Ta CTapiHHA
(Vietnam Health and Aging Study (VHAS)). VHAS —
ue MikHapogHe AOChiMKeHHsl, ske byno diHaHcoBaHe
HauioHanbHumn [HcTuTyTammn 3gopos’s/HauioHansHum
IHctutyTom CrapiHHa (R01 AG052537), Ta gosBsonsie
JOCMniAUTU  MEeXaHi3Mu  3B’A3KY MDK Pi3HOMaHITHUMU
BMnMBaMy 30pPOMHUX KOHGMIKTIB Mig 4Yac B’eTHamcbKoi
BiiHW Ta MHOXWHHMMW BMMipamMu 300POB’St y nonynsAuii
noxunoro Biky. B pamkax VHAS, 6yno 3sibpaHo AaHi
npo 2447 B’€THaMCbkMX Aopocnux, Bikom 60 Ta craplue
3 METO OLiHKN (hbakTopiB, AKi BNMMBAOTL HA MOKA3HWUKK
300pOB’st Ta CMEPTHICTb Y OCI0, sIKi BVXXMNU Nif, Yac BilHW.
OnutyBaHHA B pamkax VHAS 6yno npoeefeHe 3 TpaBHsI
no cepnexb 2018 p. BoHo Bknioyano B cebe npnbnunsHo
2,5-rognHHe ocobucte (1 Ha 1) iHTepBt0 Ha Jgomy
i 36ip 6iomapkepi npotarom 30 xBunuH. Pesynstatu
OLiHKM GioMapkepiB 4O3BOMANM NPOBECTM OLHKY Giono-
MYHMX LWNSAXiB, NOB’I3aHUX 3 TpaBMaTUYHUM CTPECOM,
XPOHIYHUM CTPEeCcOoM, NoAissMu, NOB’A3aHNMM 3i 300POB’AM
Ta (isionoriyHMm cTapiHHAM. 3aranom, y4yacTb B KOMMO-
HeHTi «36opy GiomapkepiB» AocniaXeHHs 6yna BUCOKOH.
Mamxe 96% y4acHwkis norogunuck Ha 3abip 6iomapkepis.
OnutyBanbHuk VHAS ouiHIOBaB 4acToTy Ta BUPaXEHICTb
KOXXHOTO sIBMLL@ Ha LUKani BMfuBY CTPEcy, NMOB’S3aHOro
3 BiHOW. Lle gocnigpkeHHs Hagae Ookasu 3 YHikanb-
Horo 6asoBaHOro Ha nonynsuii onUTyBanbHWKA, SKWN
CBidYNTb, WO CTpecoBi akTopu, MOB’A3aHi 3 BIiNHOM,
AKi Manu B CBOEMY >XWUTTi OCOBW 3 KOropTW CTapLumx
popocnux (60+pokiB), AEMOHCTPYIOTb 3HAYHUI 3B’A30K
3 [Jiana3oHOM CepLEeBO-CYOUHHUX CTaHiB y CTapLluomy
Bili. Cepen pecnoHgeHTiB VHAS, cTpec, acouiioBaHui
3 BillHOIO, 3HAYHMM YMHOM cxoxui Ha MTCP cumntomu,
WO Mpu3BOAUTbL OO MiABULLEHHA WMMOBIPHOCTI Aucnini-
Aewmii, cepueBuX 3aXBOPKOBaHb i IHCYNLTIB Y CTapLlOMy
Bili. B LbOMYy CeHCi y4yaCHWKM OOCRIMKEHHs, Ymni icTopil
KUTTA MaloTb PiSHOMAHITHUA BMAMB BiNHW Ta BINCLKOBOIT
Cny>x0K1, OEMOHCTPYITb 3B’SI30K MK BMIVMBOM  BiliHM
Ta CepueBO-CYOUHHVMMM 3axXBOPKOBAHHAMM, 3 BMNIMBOM
MTCP, akuin neBHOK MIpOK CMiBBIAHOCUTLCS 3 MONYns-
uieto BeTepaHris CLUA, sky yacto gocnigxyioTs [47].

OocnigpxeHHa Loutati R. 1a cniBaBT., 2024, nnaHy-
Banocb $IK OOHOLEHTpPOBe obOcepBaliiHe KOropTHe

2018. It included approximately 2.5 hours of in-person
(1-on-1) interviews at home and 30 minutes dedicated
to biomarker collection. The results of the biomarker
assessment allowed the assessment of biological
pathways associated with traumatic stress, chronic stress,
health-related events, and physiological aging. Overall,
participation in the «biomarker collection» component
of the study was high. Almost 96% of participants agreed
to have biomarkers collected. The VHAS questionnaire
assessed the frequency and severity of each
phenomenon on the war-related stress impact scale. This
study provides evidence from a unique population-based
questionnaire that suggests that war-related stressors
experienced by individuals in a cohort of older adults
(60+ years) demonstrate a significant association with
a range of cardiovascular conditions in older age. Among
VHAS respondents, war-associated stress significantly
resembles PTSD symptoms, leading to increased odds
of dyslipidemia, heart disease, and stroke in older age.
In this sense, study participants whose life histories have
varied exposure to war and military service demonstrate
a link between war exposure and cardiovascular disease,
with the impact of PTSD correlating to some extent with
the US veteran population that is often studied [47].

The study by Loutati R. et al., 2024, was planned
as a single-center observational cohort study conducted
in an Intensive Coronary Care Unit (ICCU) of the Shaare
Zedek medical centre — a tertiary central hospital and one
of the two largest medical centers in Jerusalem, which
annually treats more than 1,000 patients with various
cardiovascular diseases. The study population consisted
of unselected consecutive patients admitted to the
emergency department during the first three months of the
Israel-Hamas conflict (October 7, 2023 — January 7, 2024)
who were prospectively enrolled. The first three months
of the conflict were studied, as the most intense hostilities
occurred during this period. The second group of patients
included in the study consisted of those admitted to the
ICCU during the relevant period in 2022 (October 7, 2022 —
January 7, 2023), and who were retrospectively included
for comparative purposes. All patients admitted to the
department during the study were also included in the
study. All patients admitted to the ICCU during the first
three months of the Israel-Hamas conflict (2023) were
included and compared with patients admitted to the
department during the same period but in 2022. The
main outcome under evaluation was in-hospital mortality.
Overall, 556 patients were included (184 women [33.1%)])
with an age median of 70 (IQR 59-80). 295 (53%) were
admitted to the emergency department during the first
three months of the conflict. During this time, fewer Arab
patients and more patients with ST-segment elevation
myocardial infarction (STEMI) were admitted during the
conflict period (21.8% vs. 13.2%, p < 0.001, and 31.9%
vs. 24.1%, p = 0.04, respectively), while patients with
non-ST-segment elevation Ml (NSTEMI) were admitted
more frequently than during the year before the conflict
(19.3% vs. 25.7%, p = 0.09). In-hospital mortality
was similar in both groups (4.4% vs 3.4%, p = 0.71;
HR 1.42; 95% CI1 0.6 — 3.32, p = 0.4). In line with previous
studies, a significant correlation has been demonstrated
between cardiovascular disease (CVD) and periods
of armed conflict, which can potentially be attributed
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OOCNIDKEHHS, siIKe MPOBOAMIIOCS Y BiaAini iHTEHCUBHOrO
kopoHapHoro pgornsgy (Intensive Coronary Care Unit
(ICCU)) meguuHoro ueHTpy Shaare Zedek — TpeTMHHOrO
LEHTPanbHOro LWNMTanko i OgHOrO 3 ABOX HanbInbLUnX
MEAVYHMX LEHTpiB B €pycanvMi, SKMA LIOPIYHO nNiKye
GinbLue Hixx 1000 nauieHTiB 3 pi3HOMaHITHUMU CepLEBO-CY-
OVNHHUMK  3axBoproBaHHsMU. [lonynauis  gocnigkeHHs
ckrnaganacb 3 HeBMOpaHMX MNOCNIOOBHUX MaLieHTiB,
WO noctynanu [o BiAAiNeHHs HeBigknagHoi A0NoMoru
NPOTAroM NepLUMX TPbOX MiCALiB KOHMIKTY MiX I3painem
i Xamac (7 »oBTHsA 2023 p. — 7 ciuHga 2024 p.), skux Oyno
NMPOCMEKTUBHO BKIOYEHO. BuByanucb nepui Tpu micsui
KOHMIKTY, OCKiNbKM 3a Len nepiog cranucs HambinbLu
iHTEHCUBHI BOeHHI Aii. [pyra rpyna nauieHTiB, BKoYeHa
y OOCNiOXEeHHs, ckrnaganach 3 Tux, XTo noctynue go ICCU
npotaroMm BignosigHoro nepiogy B 2022 p. (7 OBTHSA
2022 p. — 7 ciyHa 2023 p.), i 9KMX PETPOCNEKTUBHO BKIHO-
YK 3 NOPIBHANBHOK MeToto. Bei nauieHTu, axi notpanunu
00 Bigainy nig yac AOCRiOXeHHs, TakoX Oynun BKIOYEHI
y pocnimkeHHs. Bci nauieHTtn, ski notpanunu go ICCU
BMPOAOBX MepLUMX TPbOX MicAUIB KOHMMIKTY MiX |3pa-
enem i Xamac (2023 p.) 6ynu BKMOYEHi | NOpiBHAHI 3 nai-
€HTaMu, Lo MoTpanunu O Biadiny y Ton camuii nepiog,
ane y 2022 p. ['onoBHUi pesynsTaT, SKWi OLiHIOBaBCS —
BHYTpIiLLHbOWINUTaNbHa CMepTHiCTb.  3aranom  6yno
BKIto4eHo 556 nauieHTiB (184 >iHkn [33,1%]) 3 BikoBOIO
megiaHoto 70 (IQR 59-80). 3 Hux 295 (53%) notpanunu
[0 BiOAineHHs HeBigKNagHOi AONMOMOr MPOTAroM NepLUnX
TPbOX MiCALB KOH(MIKTY. 3a Len Yac 3BepHyrocs MeHLle
apabcbkmx nauieHTiB Ta 6Ginble ocid, Wo nepeHecnu
iHcpapkT miokapga (IM) 3 nigiomom ST-cermeHTta (STEMI)
nig yac nepiogy koHdnikty (21,8% npotn 13,2%, p <
0,001, Ta 31,9% npotn 24,1%, p = 0,04, BinnosigHo), B TON
yac gk nauieHTu 3 IM 6e3 enesauii cermeHta ST (NSTEMI)
nocTyrmanu 4acrTille, HiK nig 4Yac pPoKy A0 KOHQMIKTY
(19,3% npotun 25,7%, p = 0,09). BHyTpilHbOWNUTaNLHA
cMepTHiCTb Byna nogibHoto B 06ox rpynax (4,4% npotu
3,4%, p = 0,71; HR 1,42; 95% CI 0,6 — 3,32, p = 0,4).
BignoBigHo fo nonepeaHix gocnigkeHs, 6yrno npoaemMoH-
CTPOBaHO [OCTOBIpHY KOPENsuil MK CepLeBO-CyanH-
HMMKM 3axBoptoBaHHAMM (CC3) Ta nepiogamu 36pOMHNX
KOHMIKTIB, WO MOTEHLUINHO MOXHa BigHECTM OO MCUXO-
NOriYHOro CTPECy, XxapakTepPHOMY B TaKMX yMOBaX. Takox,
OyB BUSIBNEHUIA TPEHA, KOTPUIA BUKINKAE 3aHEMOKOEHHS:
3MEHLLEHHS KiNMbKOCTi Ntoger 3 apabcbKoi nonynsuii, ki
3BepTanucs o MeauyHy 4OMOMOry, WO MO0 NpU3BecTy
0o HebaxaHux pesynbraTi.  [MigBuweHa vacToTa
IM 3 eneBauieto ST (STEMI) Ta apuTmivi 6ynu odeBmaHi nig
Yyac nepiogy KOHMNIKTY y NOPIBHSAHHI 3 (pa3ok KOHTPOIO.
Monpw i cnocTepexeHHs1, He Byno BUSIBNEHO 3HAYHUX 3MiH
Yy BHYTPILUHbOLUNUTAmMNbHI CMEPTHOCTI M Yac KOHQNIKTY.
[poTarom nepLumx TPbOX MICALIB KOHMMIKTY MeHLUe naui-
€HTIB 3 apabcbkoi nonynsuii i Ginbwe nauieHTiB 3i STEMI
Oynu ywinuTaneHi 4o BiaAiNeHHsa HeBiAKnagHO! 4OMOMOrU.
TUM He MeHL, BHYTpilUHbOWNUTanbHa CMepTHICTL Byna
nogibHoto B 06ox rpynax [48].

Al-Makhamreh H. Ta cniBaBT., 2021, npogemoH-
CTpyBanu >KOPCTKUA B3AaEMO3B'A30K MK CTpecom
Ta iHapKTOM Miokapaa. Y AOoCHiaAXeHHi NpoaHanisoBaHo
CKNnagHiCTb KOpOHapHOi XBOpobu cepus cepen cupin-
Cbkux BixeHUIB, SKi 3BepHynMCb A0 lopaaHCcbKoro yHiBep-
CUTETCbKOro rocnitanto y 3B’si3Ky 3i CTpeCoM, NOB’A3aHUM
3 BiliHO. [locnigxeHHs 6yno peTpocnekTUBHUM, B HBOMY

to the psychological stress typical of such conditions. Also,
a worrying trend was identified: a decrease in the number
of people from the Arab population seeking medical care,
which could lead to undesirable outcomes. Increased
incidence of ST-elevation MI (STEMI) and arrhythmias were
evident during the conflict period compared with the control
phase. Despite these observations, no significant changes
in in-hospital mortality were found during the conflict.
During the first three months of the conflict, fewer patients
from the Arab population and more patients with STEMI
were admitted to the emergency department. However,
in-hospital mortality was similar in both groups [48].

Al-Makhamreh H. et al., 2021, demonstrated a strong
relationship between stress and myocardial infarction.
The study analyzed the severity of coronary heart
disease among Syrian refugees who presented to Jordan
University Hospital due to war-related stress. The study
was retrospective, using the SYNTAX | scale to assess
all participants who underwent coronary catheterization
during their hospital stay from May 2014 to December
2017. As a result, significant associations were observed
between war stressors and high scores on the SYNTAX
(SX) scale. The strongest correlations between
war-related stress and the degree of coronary artery
damage were observed in those refugees who crossed
the «green line». Regression analysis demonstrated that
war stressors were predictors of increased SX score even
after adjusting for common coronary heart disease risk
factors — none of which were associated with SX score.
The findings suggest that exposure to war-related
stressors may increase the severity of coronary heart
disease in Syrian refugees [49].

Ahmed T, et al., 2023, showed that approximately
30% of 700.000 Gulf War veterans suffered from
chronic symptoms of war-related illnesses. Among these
was exposure to toxic substances, which contributed
to morbidity, metabolic dysregulation, and dyslipidemia.
The study examined associations between war-related
stress and atherosclerotic cardiovascular disease,
diabetes, hyperlipidemia, and hypertension in veterans
of the Persian Gulf War (1990-1991). The data obtained
was collected from 2014 to 2016. from the National
Registry of Persian War Veterans (n = 942) and the
Veterans Health Administration electronic database
(n = 669), meaning those who already had any chronic
disease at the time of the war. A multivariate logistic
regression model was used to test associations
between CVD incidence, diabetes, hyperlipidemia, and
hypertension in veterans. It turned out that the incidence
was associated with hypertension (adjusted odds ratio
[aOR], 1.67 [95% CI, 1.18 — 2.36]), hyperlipidemia (aOR,
1.46 [95% CI, 1.03-2.05]), and CVD (aOR, 2.65 [95% ClI,
1.56 — 4.51]). In veterans from the electronic database
of the healthcare organization — with documented
diabetes mellitus (OR, 2.34 [95% CI, 1.43 — 3.82]) and
hypertension (OR, 2.84 [95% CI, 1.92 — 4.20]). That is,
Gulf War veterans without concomitant chronic disease
had a higher incidence of hyperlipidemia, hypertension,
diabetes, and CVD [50].

A number of questionnaires have been found
in the available literature that can be used to objectify
the level of stress. Among them — Perceived Stress
Scale (PSS) [51], DASS questionnaire, grouped into
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BukopuctoyBanu Lwkany SYNTAX | ons ouiHkm ycix yyac-
HVKIB, SKMM MpOBOAMMAcb KaTeTepu3alisi KOpOHapHUX
CyOuH npoTaroM nepebyBaHHA Yy rocnitani 3a nepiog
3 TpaBHAa 2014 p. no rpyaeHb 2017 p. Ak pesynbrat —
crnocTepiranucb OOCTOBIPHI acouialii Mk cTpecopamu
BiiHM Ta BMCOKMM cTyneHem wkanu SYNTAX (SX).
HancunbHiwi kopenauii Mk CTpecom, Lo 3yMOBIEHUN
BiIHOKO Ta CTyNEeHeM MOLUKOMKEHHS KOPOHAPHWUX CYAVH,
cnocrepiranuck y TUx BiXeHUIB, siKi NepeTHYNn «3eneHy
niHito». PerpeciiHuii aHania npogeMoHCTpyBaB, Lo CTpe-
copu BilHW Oynu nNpegukTopamu MigBULLEHOTO CTYNeHs
wkanu SYNTAX HaBiTb nicrns Kopekuii 3a 3BMYanHUMU
hakTopamu pusmKy KOpoHapHOI XBOpOOK cepus — XoaeH
3 HUX He acouitoBaBcs 3i ctyneHeM wkanu SYNTAX.
3Haxigkv BYEHUX MpUMyCKakTb, LIO BMNMMB CTPECOpIB,
3YMOBMEHMX BINHOK, MOXYTb MiABULLYBaTU TSXKKICTb
KOpOHapHOi XBOPOOU cepus y cupincbknx bixeHuis [49].

Ahmed T. Ta cniBaBrT., 2023, nokasanu, o npubnmaHo
30% 3 700000 BeTepaHiB BinHW y Nepcbkin 3aToui notep-
nanu Big XPOHIYHMX CUMMTOMIB 3aXBOPHOBaHb, 3YMOB-
neHux BinHow. Cepep HMX ByB BNIMB TOKCUYHUX PEHOBUH,
LLIO CNpUANO 3aXBOPHOBAHOCTI, MeTabomiyHi ansperynsuii
Ta gucninigemii. Y pocnimkeHHi BuBYanu acouiauii Mixk
CTPecoMm, 3yMOBMIEHVMM BiNHOI, Ta aTepPOCKIEPOTUHHIMMU
cepLeBO-CyAMHHUMM 3aXBOPIOBaHHAMMU, Aiabetom, rinep-
ninigemieto, rinepTeHsielo y BeTepaHiB BiMHW Yy [lepcbkin
3atoui (1990 — 1991 pp.). daHi, wo otpumaHi, 6yno
3ibpaHo 3 2014 no 2016 pp. 3 HauioHanbHoro peectpy
BeTepaHiB lNepcbkoi BiHM (N = 942) Ta enekTpOoHHOI 6a3u
paHux Veterans Health Administration (n = 669), To6TO,
TMX, B KOO Ha MOMEHT BillHW BXe iCHyBano Oyab-sike
XpOHiYHe 3axBoploBaHHSA. [na TecTyBaHHs acouiauin
3axBoptoBaHocTi Ha CCS3, pgiabert, rinepninigemito, rinep-
TEH3iI0 Yy BeTepaHiB BUKOpUCTanNM MyInbTUBapiaHTHY
MoZernb JoriCTUYHOI perpecii. BusBunocs, Lo 3axBoproBa-
HiCTb acouitoBanach 3 rinepTeHsieto (adjusted odds ratio
[aOR], 1.67 [95% CI, 1.18 — 2.36]), rinepninigemieto (aOR,
1,46 [95% CI, 1,03 — 2,05]), Ta CC3 (aOR, 2,65 [95% ClI,
1,56 — 4,51]). Y BeTepaHiB 3 enekTpoHHoi 6a3u opraHi-
3aLlii OXOPOHW 30POBS — i3 3aLOKYMEHTOBaHVM LIyKPOBUM
piabetom (OR, 2,34 [95% CI, 1,43 — 3,82]) Ta rinepTen-
sieto (OR, 2,84 [95% CI, 1,92 — 4,20]). To6T0, y BeTepaHiB
BilHW y MNepcbkin 3aToui 6e3 cynyTHLOI XPOHIYHOT XBOPOGU
crocTepiranacb Oinbll BWcOka 4acToTa rinepninigemi,
rinepTeHsii, uykposoro aiabety Ta CC3 [50].

Y [OCTynHin niTepaTtypi 3HaNOeHO HU3KY OnuTyBarb-
HUKIB, 3a [OOMOMOrOH SIKMX MOXIMBO 06’eKTMBI3yBaTU
piBeHb cTpecy. Cepen Hux — Perceived Stress Scale (PSS)
[51], onuTyBanbHuk DASS, sk HagiiHO 3rpynoBaHuWi
y Tpu wkanu: (a) — genpecis (DASS-D), (B) — TpuBOX-
HicTb (DASS-A), (c) — ctpec (DASS-S). Lkana penpecii
BKITHOYAE CUMMTOMMW, O BigoOpaxarTb ANCEHOPUYHMIA
HacTpii (Neyanb abo MapHiCTb), LUKana TPUBOXHOCTI —
isnyHe 30ymKeHHS, CTpax, NaHiyHi ataku (TpemTiHHA abo
6nigicTb), WKana cTpecy — HanpyXeHiCTb, ApaTiBNMBICTb,
CXMUIbHICTb 10 HAATO FOCTPOro pearyBaHHsS Ha CTpecopu
[52, 53] Ta iHWi. NS oLiHKK piBHS CTPECY MOXIMBO obpaTtu
OyOb-sIKMIA 3i 3HAMOEHUX Yy niTepaTypi ONUTYBarnbHUKIB —
MOGINbHI  AOCTYNHI TEXHOMOrii LbOro MNpouecy MOXyTb
cTaTu y Harogi Anst NPOCMNeKTUBHOIO OOCIIAKEHHS OLHKM
CTpecy nonynsuji B peanbHOMy Yaci.

three scales: (d) — depression (DASS-D), (a) — anxiety
(DASS-A), (s) — stress (DASS-S). The depression scale
includes symptoms reflecting dysphoric mood (sadness
or worthlessness), the anxiety scale includes physical
arousal, fear, panic attacks (tremor or pallor), the stress
scale includes tension, irritability, tendency to overreact
to stressors [52, 53] and others. To assess stress
levels, it is possible to choose any of the questionnaires
found in the literature — mobile available technologies
for this process may be useful for a prospective study
of population stress assessment in real time.
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BUCHOBKHU

CTpec € BaXIMBUM i HEBI'EMHMM SIBALLEM B HALLOMY
XKWUTTI, @ TAKOX CyTTEBMM (PAKTOPOM BMIMBY Ha PO3BUTOK
Pi3HOMaHITHMX 3axBoploBaHb, B TOoMy umcni — CCS.
Lle npvpogHa peakuisi opraHiamy Ha 3MiHW Ta BUKMWKW,
WO MOXYTb OYyTW SK MO3UTUBHUMW, TaK i HEraTUBHUMMU.
BirtHa, npupopHi katactpodu, CNOPTUBHI NOAIT Ta iHLUI
SBULLA MOXYTb CMpUATK 36iNbLUEHHIO PiBHSI CTpecy Ta,
BiQMNOBIAHO, MPU3BOANTY 0O BUHUKHEHHS ab0 noripLueHHs
nepebiry CC3. OuiHKy NCUXOMNOriYHOro cTaHy nauieHTta
MOXIMBO iHTErpyBaTtu y 3aknagax nepBUHHOI Jonomoru
Ta BMKOpUCTaTW ANA nependadveHHs MOXIMBUX cepLie-
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3HU3NTK CEPLEBO-CYANHHUIN PU3SUK.
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CONCLUSIONS

Stress is an important and integral phenomenon
in our lives, as well as a significant factor influencing the
development of various diseases, including cardiovascular
diseases. It is the body’s natural reaction to changes and
challenges, which can be both positive and negative.
War, natural disasters, sporting events and other events
can contribute to increased stress levels and, accordingly,
lead to the occurrence or worsening of CVD. Assessment
of the patient’'s psychological state can be integrated
into primary care settings and used to predict possible
cardiovascular complications. Interventions aimed
at mitigating the effects of stress can potentially reduce
cardiovascular risk.
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MepcnekTMBU NOAQABLUMX AOCAIAXKEHb

Pesynbratv aHanidy gaHux nitepaTtypHux Oxepen
3YMOBIIOOTb HEOOXIAHICTb K  OUiIHKM piBHA CTpecy
B YMOBax BillHW B YKpaiHi, Tak i BUBYEHHS MOro Moaymnto-
I04Oro BMAMBY LIOAO MaToreHesy OCHOBHMX (hakTopiB
PU3VKy CepLieBO-CYANHHUX 3aXBOPIOBaHb.

KoHAIKT iHTepecis

ABTOpPU pyKOMMCY CBIAOMO 3acBi4uyylOTb BiOCYTHICTb
hakTnyHoro abo NOTEHLINHOTO KOHMMIKTY IHTEPECIB LWOA0
pe3ynbrariB i€l poboTy 3 hapmaueBTUYHUMM KOMMNAHIgMK,
BMpPOOHMKaMK GioMeanyHMX MPUCTPOIB, IHLLIMMKU OpraHi-
3auismu, yni NpogykTw, nocnyru, diHaHcoBa MigTPUMKa
MOXYTb ByT1 NOB’A3aHi 3 NpegMeToM HagaHux matepianis
abo ski cnoHcopyBanu NpoBeAeHi AOCNIOKEHHS.

AOTPUMOAHHS €TUMHUX HOPM

ABTOpPX pYyKOMUCY CBIOOMO 3acBigyylTb, WO Nigro-
TOBKa PYKOMUCY 3AifCHIOBanach BUKITKOYHO HA OCHOBI
BiOKkpUTO oOnybnikoBaHuMx HaykoBuUX mxepen. Y pobori
He BMKOPUCTOBYBanMCb NepCOoHidikoBaHi AaHi NauieHTiB,
pe3ynsTaTy NEPBUHHMX KNiHIYHMX abo AOKMiHIYHKX Jochi-
DKeHb. Y 3B’A3KY 3 LMM OTPMMAaHHS CXBareHHsi KOMiCii
3 NMuTaHb GioeTMKM He BMMaranoch. [JOCnimKeHHSA BUKO-
HaHe 3 [OTPUMAaHHSAM MPUHUMNIB HANEeXHOI HayKoBOI
NpPakTUKM Ta BiANOBIAHO A0 MiKHAPOAHUX ETUYHUX CTaH-
[apTiB, 30Kpema pekomeHaadin KomiteTy 3 nybnikauiiHol
etukm «COPE» (Committee on Publication Ethics).

BUKOPUCTAHHS LUTYHHOrO iIHTEAEKTY

ABTOpM pyKONucy CBiAOMO 3aCBiAUYHOTb, L0 Y NPOLECi
npoBeAeHHs AOCNIAXEHHS Ta NiArOTOBKM LibOro PyKOnucy
He BMKOPWCTOBYBAIM XOAHMUX IHCTPYMeHTIB abo cepsaiciB
reHepaTMBHOrO LWTYy4HOro iHTenekTy (LUI) Ans BUKOHaHHA
OyOb-AKVX 3aBAaHb, nepernivyeHnx y TakcoHoMii genery-
BaHHS 3aBAaHb TFeHepaTUBHOMY LUTYYHOMY iHTENeKTy
(GAIDeT, 2025 p.). Yci etanu poboTtu — Big KoHUeNTyarni-
3auii o (iHanbHOro pegaryBaHHsi — BUKOHaHi 6e3 3any-
YeHHs reHepaTtusHoro LI, BrknovHO aBTopamu.

MepBUHHI AGHi Ta MmaTepiaAu

AsTOpUY pykonucy CBiAOMO 3acBigyyoThb,
WO MNEepBMHHA MeAMYHa [OOKYMEHTaUiss Ta CTaTUCTUYHI
6a3n gaHux y poboTi He BMKOpPUCTOBYBanucs. Yci TBep-
[KEHHs1 Ta y3aranbHEHHsl MigKpinneHi nocunaHHAMN
Ha neplogxXepena, OOCTYMHI Yy BiOKPUTOMY AOCTYMi
abo 4yepe3 HaykoBi 6ibnioteuHi pecypcu. [ogaTkoBi
martepianu, WO CTOCYHTbCS MNpouecy Bigbopy mxepen
un getanisadii meTogonorii aHanidy, MoxyTb OyTv HagaHi
aBTOPOM-KOPECMOHAEHTOM 3a 06r'pyHTOBaHMM 3anmnToM.

IHdbopmaLiis npo cbiHaOHCYBAHHSA

Cratta € dparmMeHToM gucepTauiiHoi  po6oTu
Ha 3000yTTa CTyneHst goktopa dinocodii B ranyasi
OXOPOHW 300POB’A 3a crneujanbHicTio «MeguumHay acni-
paHTa XapKiBCbKOro HauiOHANbHOro YHIBEPCUTETY iMEHi

Prospects for further research

The results of the analysis of data from literary
sources determine the need to both assess the level
of stress in the conditions of war in Ukraine and study its
modulating effect on the pathogenesis of the main risk
factors for cardiovascular diseases.
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PE3IOME

AxTyanbHicTb. [liarHOCTVKa IHTEpCTULIMHMX 3aXBOPIOBaHb JlereHb YCknagHeHa BiACyTHICTIO
creumgiyHMX CUMNTOMIB | HEMOBHOTOK 3HaHb MPO nartoreHes. lNMonpu HeBenuky noLumpe-
HICTb, Lli CTaHM YacTo OyBaroTb BCTAHOBIEHI i3 3aMi3HEHHAM, Lo noripye nporHo3. CyyacHi
nigxoau niaKpecrniowTs NoTpedy Yy MynbsTUMOAANbHOMY MEHEMKMEHTI 3 MOedHaHHAM
KMiHIYHOT OLjiHKM, BigyanisaLii, hyHKLiOHamnbHMX NereHeBmx TECTIB i, 3a NoTpebu, Gioncii.
MeTa po6oTn — oxapakTepusdyBaTu CyvacHi Migxogu A0 LOiarHOCTUKU IHTEPCTULINHMX
3aXBOPOBaHb fereHb 3a AaHWMK BIOKPUTMX JKepen.

Marepianu Ta metoam. [lpoBedeHO cUCTEMATUYHWUIA MOLUYK Yy MIKHApOOHUX Haykome-
TPUYHKUX 6asax Ta iHpopMaLLiHO-NOLLYKOBMX cucTeMax 3 hOKyCOM Ha nybnikaLyii nepeBaxHO
OCTaHHiX M'ATW pokiB. Binbip 3airicHioBany 3a BianoBigHicTO MeTi Ta 3aBAaHHSAM Ornsy.
Pe3ynisraTy. Knio4oBrM BUKITMKOM € reTEePOreHHICTb i BiACYTHICTb YHiBepcarnbHMX Giomap-
KepiB. HanbinbLl NepcnekTMBHMM € MynbTUMOAANbHUIA Niaxig, WO iHTErpye reHeTUYHUN,
€nireHeTUYHUIA, TFICTONOTMYHUIA Ta PagioNorivYHUIA aHanian Ans onTumisauii anropuTMmis.
EdbeKkTnBHICTE AEMOHCTpPYe KOoMGiHaLis: OuiHKa noniMopdi3MiB reHiB TerloMepasHoro
KOMMMeKCy Ta MyLMHY, BU3HA4YEHHS CMpPOBAaTKOBMX BiomapkepiB (30kpema cypdpakTaHTHi
6inkn A i D, aHTuTina go cneumndivyHmx BGinkiB BPOMKEHOro iMyHITETY), aHania Mikpopu-
BoHykneiHoBux kucnoT (Hanpuknag miR-101 i miR-21), a TakoX BUKOPUCTaHHSA KOMIMT'to-
TepHOi Tomorpadii BUCOKOI po3AifibHOI 3AaTHOCTI 3 padiomikoto (3okpema FibroScore).
BucHoBKkuW. IHTerpauis reHeTU4YHOro, enireHeTUYHOro, ricTONOMYHOro Ta PagionoriYHoOro
piBHIB NiABULLYE TOYHICTb AiarHOCTUKWN, 3MEHLLYE NMOMWIKW, MOKpallye cTpaTudikadio
nauieHTiB i NPOrHo3yBaHHSA NporpecyBaHHsA ibpoasy. Lle yaropkyeTbes 3 uinmio 3 «3abes-
NeynTn 300POBUIA CMOCIO XUTTS Ta CnpusiTy 4o6pobyTy Ans Bcix ntoaei B Byab-skoMy
Billi» KOHUeNUii «CiMHaguATK Linen ctanoro po3BuTKy», siKky BnpoBamkye OpraHisauis
O6’egHannx Hauin. TpboxeTanHuii anroput™M (FeHETUYHUIA CKPUHIHT — emnireHeTnyHa
ouiHka — papiornoriyHa cermeHTauisl) NiATPMMYeE NepcoHanisoBaHy Tepanito i paHHe
npusHa4yeHHs aHTUGIOPOTUKIB, LLIO MOKPALLYE NPOrHO3.

PomaHiok A.M., Kptouko C.O., CmisH O.l. MynsTumoganbHa AiarHOCTUKa iHTEpCTULianbHUX 3axXBOPIOBaHb fereHb:
iHTerpauis Giomapkepis, MikpoPHK i KT-pagiomikn. BicHuk Xapkiecbko20o HauioHanbHO20 yHigepcumemy iMeHi
B.H. Kapasina. Cepis Meduyura. 2025. T. 33. Ne 4(55). C. 599-617. DOI: https://doi.org/10.26565/2313-6693-2025-55-08

Keywords:
biomarkers, high-resolution computed
tomography, interstitial lung diseases,
micro ribonucleic acids, histological

examination.

PE3IOME

Background. The diagnosis of interstitial lung diseases is complicated by the absence
of specific symptoms and incomplete understanding of pathogenesis. Despite their
relatively low prevalence, these conditions are often identified with delay, which
worsens the prognosis. Contemporary approaches emphasize the need for multimodal

Ornsg nitepatypu

599 Literature review


mailto:kryuchkosergey@gmail.com
https://doi.org/10.26565/2313-6693-2025-55-08
https://orcid.org/0000-0002-2245-3364
https://orcid.org/0000-0002-2245-3364
mailto:a.romanyuk@med.sumdu.edu.ua
https://orcid.org/0009-0006-4481-8631
https://orcid.org/0009-0006-4481-8631
mailto:kryuchkosergey@gmail.com
https://orcid.org/0000-0001-8225-0975
https://orcid.org/0000-0001-8225-0975
mailto:o.smiyan@med.sumdu.edu.ua
https://orcid.org/0000-0002-2245-3364
https://orcid.org/0000-0002-2245-3364
mailto:a.romanyuk@med.sumdu.edu.ua
https://orcid.org/0009-0006-4481-8631
https://orcid.org/0009-0006-4481-8631
mailto:kryuchkosergey@gmail.com
https://orcid.org/0000-0001-8225-0975
https://orcid.org/0000-0001-8225-0975
mailto:o.smiyan@med.sumdu.edu.ua
https://doi.org/10.26565/2313-6693-2025-55-08

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.
Cepia Megnumna. 2025. T. 33 Ne 4(55). C. 599-617

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):599-617

For correspondence:

Kriuchko Serhii Olehovych

Medical Institute of Sumy State University
Ministry of Education and Science
of Ukraine, Department of Pediatrics;

31 Sanatorna Str., Sumy, Ukraine, 40018;
e-mail: kryuchkosergey@gmail.com

© Romaniuk A.M., Kriuchko S.O.,
Smiyan O.l., 2025

management combining clinical assessment, imaging, pulmonary function testing, and,
when indicated, lung biopsy.

Purpose — to characterize current approaches to the diagnosis of interstitial lung
diseases based on open sources of information.

Materials and Methods. A systematic search was conducted in international bibliometric
databases and information retrieval systems, focusing primarily on publications from the
past five years. Studies were selected according to their relevance to the aims and
objectives of the review.

Results. The key challenges are disease heterogeneity and the lack of universal
biomarkers. The most promising strategy is a multimodal approach integrating genetic,
epigenetic, histological, and radiological analyses to optimize diagnostic algorithms.
Demonstrated effectiveness includes a combination of genetic polymorphism assessment
in telomerase-complex and mucin genes, measurement of serum biomarkers (including
surfactant proteins A and D, antibodies to specific innate immunity proteins), analysis
of micro ribonucleic acids (e.g., miR-101 and miR-21), and the use of high-resolution
computed tomography with radiomics (including FibroScore).

Conclusions. Integrating genetic, epigenetic, histological, and radiological levels
improves diagnostic accuracy, reduces errors, enhances patient stratification, and
supports prediction of fibrosis progression. This aligns with Goal 3, «Ensure healthy lives
and promote well-being for all at all ages», of the «Seventeen Sustainable Development
Goals» promoted by the United Nations. A three-stage algorithm (genetic screening —
epigenetic assessment — radiological segmentation) enables personalized therapy and

early initiation of antifibrotic treatment, thereby improving patient prognosis.
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BCTYN

IHTepcTUUiHiI 3axBoptoBaHHsA nereHb (I131) 3anuwa-
I0TbCSl [JOCUTb CKIaAHOK naTomnorielo Ans AiarHOCTUKU
B YMOBaX YCTaHOB 3aranbHOro npoginto. Yactora BUHUK-
HeHHs |31 carae 70-80 sunaakie Ha 100000 HaceneHHs.
Mpuyomy BUCOKOK 3anuLIAETbCS YacToTa BUHUKHEHHS
I3J1 gk cynyTHbOi natonorii —y 15% nauieHTiB 3 peBMaTto-
ioHMm apTtputoMm, 30-45% nauieHTiB 3 CUCTEMHOK CKIle-
poaepmieto, 65% nauieHTiB 3 AepMaToOMio3UTOM. Takum
ynHoMm, pocnigxkeHHs I3J]T moxe MaTu 3HayHy UiHHICTb
ONs KNiHILUCTiB pisHoro npodinto, AocnigHukKiB i naui-
EHTIB, CMPUSTUME T[MUOLIOMY PO3YMIHHIO MaToreHesy
[aHoi Ho3ormorii Ta nporpecy B ii nikyBaHHi. [iarHoc-
Tvka I3J1 3a3Hae 3Ha4yHOI eBoONMOLIl 3aBOAKM BMNpoOBa-
[PKEHHIO Cy4acHUX MiAXoAiB, CMNpPsAMOBaHMX Ha MiaBu-
LLIEHHA TOYHOCTI Ta PaHHbOrO BUSIBMIEHHS LMX CKIagHUX
3axBoploBaHb. TpaguuinHo AaiarHo3 13J1 rpyHTyBaBCs
Ha NoefHaHHI KMiHIYHOT KapTuHU, OaHUX OYHKLIOHANbHNX
JocnigkeHb nereHb Ta pe3ynbraTiB BUCOKOPO3AiNbHOT
komm’totepHoi Tomorpadii (BPKT) rpyaHoi kniTkn. OgHak,
HecneumdidyHICTb CUMMNTOMIB | pagionoriyHi - 03HaKu
pisHmx I3J1 ycknagHiooTb AndepeHuiansHy AiarHOCTUKY.
CyuacHi nmigxogou akueHTylTb yBary Ha MynbTvaucum-
nniHapHOMy nigxopdi, Wo noegHye MnyrnbMOHOMOrIB, pagi-
onorie, natoMopdororis Ta KniHiYHUX iMyHOMoriB Ang
KOMMIEKCHOI OLiHKM nauieHTa. Po3WwmnploeTbest 3acTocy-
BaHHA Kpiobioncii nereHi, Wo 4O3BONSAE OTPMMATH BENUKI
3pasky TKaHWHW Ta NOKPaLUMTK FiCTONOrYHY AiarHOCTUKY,
30KpeEMa 3 BUKOPWUCTAHHAM iMYHOTICTOXIMIYHUX METOAIB.
PosBuBatoTbca HOBI MeToam Bidyanisauii, Taki sk napa-
MeTpuyHa pekoHcTpykuia BPKT Ta dyHKuioHanbHa
MPT nereHb Ansa Ginbl TOYHOI XapakTepUCTUKU naTo-
noriyHmx 3miH. Kpim Toro, gocnigxyeTtbca ponb Giomap-
KepiB y cupoBartLi KpoBi Ta BpOHX0anbBEONSAPHIA pianHI

INTRODUCTION

Interstitial lung diseases (ILDs) remain challenging
to diagnose in non-specialized healthcare settings.
The incidence of ILD is estimated at 70-80 cases
per 100,000 population. The prevalence of ILD
as a comorbidity is also considerable: approximately 15%
in patients with rheumatoid arthritis, 30—45% in those with
systemic sclerosis, and up to 65% in dermatomyositis.
Accordingly, the study of ILD is of substantial value for
clinicians across specialties, researchers, and patients,
fostering a deeper understanding of pathogenesis and
advancing therapeutic strategies.

ILD diagnostics are undergoing significant evolution
with the adoption of contemporary approaches aimed
at improving diagnostic accuracy and facilitating
early detection. Traditionally, ILD diagnosis has relied
on integrating clinical presentation, pulmonary function
testing, and high-resolution computed tomography
(HRCT) of the chest. However, the nonspecific nature
of symptoms and overlapping radiologic features across
different ILDs complicate differential diagnosis. Modern
strategies emphasize a multidisciplinary approach
uniting pulmonologists, radiologists, pathologists, and
clinical immunologists to achieve a comprehensive
patient assessment.

The wuse of Ilung cryobiopsy is expanding,
enabling acquisition of larger tissue samples and
improving histopathological evaluation, including via
immunohistochemical methods. Novel imaging techniques
are being developed, such as parametric HRCT
reconstruction and functional lung MRI, to more precisely
characterize pathological changes. In addition, serum
and bronchoalveolar lavage fluid (BALF) biomarkers
are being investigated to differentiate ILD phenotypes
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ans gudepeHuiauii pisHux dopm 1311 Ta MOHITOpUHrY
edeKTUBHOCTI NiKyBaHHSA. [eHeTUYHe TeCTyBaHHSA TakoX
Habupae 3Ha4YeHHs y fgiarHocTuui cnagkosux cgopm 13J1
i MOXe BNNMHYTM Ha BUGIp TepaneBTWMYHOI CTparterii.
HesBaxatoum Ha [OOCATHYTUIA Mporpec, AiarHocTuka
I3J1 3anuwaeTbca cknagHMM 3aBAaHHAM, WO MoTpedye
noganblunxX AOChiAXeHb Ta po3pobkM HOBUX AiarHOC-
TUYHUX anropuTMIB.

Meta poboTtu — cuctemaTnsyBaTy CyyacHi migxoam
00  MynbTUMOAanbHOi  AiarHOCTUKM  IHTEpCTULianbHUX
3axBoptoBaHb nerexb (13J1) 3 akueHTOM Ha poni Giomap-
kepiB, MikpoPHK Ta pagiomikv BUCOKOPO3AiNbHOI KOMMT't0-
TepHoi Tomorpadii (HRCT), a Takox 3anponoHyBaTtu
TPbOXETanHUM anropuTM MOKPALLEHHS  AiarHOCTUYHOT
TOYHOCTI Ta cTpaTudikauii nauieHTis 3 I3J1.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Mig6ip ny6nikauin BuMkoHaHO 3a 6asamu AaHuX
PubMed (https://pubmed.ncbi.nim.nih.gov/), Web
of Science (https://www.webofscience.com/), Scopus
(https://www.scopus.com/), Google Scholar
(https://scholar.google.com/) Ta ResearchGate
(https://www.researchgate.net/), y sikux BucCBiTNoOBanmcb
BIJOMOCTI NpO Cy4acHi NiAXoau OO AiarHOCTUKM iHTepCTuU-
LianbHKX 3axBoptoBaHb nereHb (13J1).

Ha nepwomy etani npoBoaunu Mowyk fitepaTypHuX
kepen 3a knodoBMMKn cnoBamu. OCHOBHY yBary npui-
NANU HAayKOBMM Nyorikauisim (CTaTTsam, ornsggam), onyoniko-
BaHUM NPOTHArOM OCTaHHIX MATU POKIB, AN aHanisy HawHo-
BILUMX AaHMX Ta TeHAeHUin. Ha apyromy eTani BMBYanNucb
pestoMe 3HanaeHuX cTaTen Ta BUKIodanucs nyonikawii, sxi
He BignoBigany MeTi JOCNIMKEHHS Ta He XapaKTepuayBanu
cyyacHi nmigxoam go giarHoctuku I3J1. Ha tpetbomy etani
BMBYANM MOBHI TEKCTU BIigibpaHMx cTtaten Ha BigNOBIAHICTb
KpUTEPISIM BKIMIOYEHHS A0 Ornsdy Ta peneBaHTHICTb METI
M 3aBdaHHAM gaHoi pobotu. Kputepii BKNoYeHHs nyoni-
Kaui Jo BUbipkK, sika nignsirana aHanisy, Oynu taxi:

1. BUCBITNEHHA CyyYacHMX BiAOMOCTEN WOAOo AiarHoc-
TUKW iHTEPCTULiaNbHMX 3aXBOPHOBaHb NEreHb.

2. BignoBigHicTb gocnigXeHb KNOYOBUM 3acagam
HayKOBOi MEeTOAONOrii Ta AOKA30BOI MEAULNHN.

3. HagaBHicTb gocTyny 4O MOBHOTEKCTOBOI CTaTTi ANd
NpOBEeAEHHS aHanidy 3MmicTy.

My6nikauis gaHux, ogep)XaHWxX B XOAi OOCHIIKEHHS
npoBoAuMnacb BIOMOBIAHO A0 NPUHUMNIB  GioeTuKK
Ta 3aKOHOAaBYMX HOPM Ta BMMOr LIOAO MNPOBEOEHHSsI
GiomeanyHuX gocnimkeHb, a came: enbCiHCbKOI Aekna-
pauii (2000), KoHcTtuTyuii (1996) Ta LimeinsHoro kogekcy
YkpaiHn (2006), OcHoB 3akoHogaBcTBa YKpaiHu npo
0XopoHy 3a0poB’s (1992), 3akoHy YkpaiHu «[po iHdop-
mauito» (1992) (i3 3miHamMmuM Ta JOMOBHEHHAMW, BHece-
HMMK cTaHom Ha 01.12.2021).

PE3YABTATU TA OBTOBOPEHHS

Bu3sHa4YeHHs Ta OCHOBHI

MUTAHHA NPOBAEMATHKM I3A

3aranom BCHO NereHeBy MaTomoriko MOXHA NOAINUTA
Ha TOMiYHi rpyny 3axBOPKOBaHb B 3aneXHOCTi Big Tuny
MOP(OMOriYHOrO YPaXKEHHS Ta MOro NpuYmnH [1]:

- 3aXBOPIOBaHHSA NEereHeBnX ANXanbHUX LNSAXIB;

and monitor treatment response. Genetic testing is also
gaining prominence in diagnosing hereditary forms
of ILD and may inform therapeutic decision-making.
Despite this progress, ILD diagnosis remains complex
and necessitates further research and the development
of new diagnostic algorithms.

Objective — to systematize current approaches to the
multimodal diagnosis of interstitial lung diseases (ILDs),
with an emphasis on the roles of biomarkers, microRNAs,
and HRCT radiomics, and to propose a three-stage
algorithm to enhance diagnostic accuracy and patient
stratification in ILD (objective proposed as formulated
herein).

MATERIALS AND METHODS OF RESEARCH

Publications were identified through the databases

PubMed (https://[pubmed.ncbi.nim.nih.gov/), Web
of Science (https://www.webofscience.com/),
Scopus (https://www.scopus.com/), Google Scholar

(https://scholar.google.com/), and ResearchGate
(https://www.researchgate.net/) that reported on contempo-
rary approaches to the diagnosis of interstitial lung
diseases.

Stage 1: A keyword-based literature search was
conducted. Priority was given to scientific publications
(original articles and reviews) published within the past
five years to capture the latest data and trends.

Stage 2: Abstracts of the identified records were
screened, and publications that did not meet the
study objective or did not address modern diagnostic
approaches to ILD were excluded.

Stage 3: Full texts of the selected articles were
reviewed for eligibility according to predefined inclusion
criteria and for relevance to the aims and objectives of the
present work.

Inclusion criteria for publications were as follows:

1. Coverage of contemporary information on the
diagnosis of interstitial lung diseases.

2. Adherence to fundamental principles of scientific
methodology and evidence-based medicine.

3. Availability of full-text access to enable content
analysis.

The dissemination of data obtained in the course
of this study complied with the principles of bioethics
and applicable legal standards for biomedical research,
namely: the Declaration of Helsinki (2000), the
Constitution (1996) and the Civil Code of Ukraine (2006),
the Fundamentals of Health Legislation of Ukraine
(1992), and the Law of Ukraine «On Information» (1992),
as amended as of 01 December 2021.

RESULTS AND DISCUSSION

Definition and Key Issues in ILD
In  broad terms, pulmonary pathology can
be categorized topographically according to the type
of morphologic injury and its cause [1]:
- Diseases of the airways;
- Diseases of the lung parenchyma, including the
alveolar apparatus and perialveolar interstitium;
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- 3aXBOPIOBaHHS rnereHeBoi TKaHNHW, 30KpeMa anbBe-
ONSIPHOrO anapaTy Ta nepianbBeOosIIPHOO IHTEPCTULLiIO;

- 3aXBOPHOBAHHS NEreHeBuX CyauH;

- 3aXBOPKOBaHHS NNeBpu.

I3J1 — reTeporeHHa rpyna 3axBoptoBaHb, LLIO XapakTe-
pU3yTbCA 3ananeHHsaM Ta idbpo3om iHTepcTtuuito. Mato-
disionoriyHo I3]T marTb Aekinbka Kro4oBUX BRacTu-
BOCTEW, AKi NOeaHYI0Tb Y cobi 3ananbHi npouecw, gibpo3
Ta NOPYLUEHHS ra3o0bMiHy.

[eTeporeHHiCTb [AaHoi rpynuM HOMoO30ri  CyTTEBO
YTPYAHIOE PO3pPOOKY YHiBEpcanbHOI cucTemMun knacudi-
Kauii. Takum YMHOM, €OMHUM MPUHUUMNOM, WO o6’eaHye
haHi  xBopobu, € ibpo3ytodi npouecu Yy nereHsix,
pelwTa — 3yMOBMeHa KMiHIYHOI Ta naToreHeTU4HOo
crneundikor KOHKPeTHOT XxBopobu. [locnimxeHHs, npoBe-
neHe y Benukobputanii y 2024 poui, Hagae BcebidHuiA
ormnsag cyvacHux 3HaHb npo |13J1 Ta cuctematmsye nigxogm
00 Knacuaikauii 4aHoi rpyny HO30Morin. Y CBOiM knacu-
dikauii aBTopn cnMparTbCsA Ha eTIONOTI Ta KiiHIYHO-Na-
TomnoriyHi ocobnueocTi [2].

Focrpi/nigrocrpi
-Weupkonporpecyroye
1311 (andysHa
anbBeonfApHa KposoTeya
npu ANCA-Backyniri)

Miprocrpi/xporiusi
-13/1 acoujiioBaHe 3 CUCTEMHUM
YPaKeHHAM COMy4HOI TKAHUHU
(CYB, aHTu-MDAS Mio3uT)
-XpoHiuHe ANCA-acouifoBaHe
YPaXeHH: NereHb
AyToimyHHI

XpoHiuHi
-lgionaTnyHKi nereHesnin
ibpos
-lgionarnyHmuA
HecneumdivHuit
HTEPCTULIAHMIA NHEBMOHIT
-[lecksamaTuBHa
iHTepCTULiiiHA NHEeBMOHIA
-IMneBpo-napeHxiManbHui
¢i6poenacros

-Hexnacndikosai
¢$opmu 1311

|pionatnuHi &

Nigroctpi Focrpi
-KpunrorenHa -Toctpa
opranisyioya iHTepeTMiiiHa

MHEBMOHIs NHEBMOHIf

Acute/Subacute/
Chronic

Acute/Subacute
-Rapidly progressive ILD
(diffuse alveolar

hemorrhage in ANCA

Subacute/Chronic et

-ILD associated with systemic
connective tissue damage (SLE,
anti-MDAS myositis)
-Chronic ANCA-associated
lung damage:

Autoimmune 1

Chronic -Unclassified ILD
-diopathic pulmonary forms
fibrosis
-Idiopathic nonspecific
interstitial pneumonitis
-Desquamative interstitial
pneumonia
-Pleuro-parenchymal
fibroelastosis

Idiopathic ¢

Subacute Acute

-Cryptogenic -Acute
organizing pneumonia i  interstitial
pneumonia

TocTpmit/
niarocTpuit/
XPOIHYHM#

Capkoifo3

IHTEPCTULIIVAHI
3AXBOPIOBAHHS!
JIETEHb

- Diseases of the pulmonary vasculature;

- Diseases of the pleura.

Interstitial lung diseases (ILDs) are a heterogeneous
group of disorders characterized by inflammation
and fibrosis of the interstitium. Pathophysiologically,
ILDs combine several core processes: inflammation,
fibrogenesis, and impairment of gas exchange.

The heterogeneity of this group of nosologies
substantially complicates the development of a universal
classification system. In essence, the only unifying
principle is fibrosing processes within the lungs;
the remaining features are dictated by the clinical
and pathogenetic specifics of each disease. A study
conducted in the United Kingdom in 2024 provides
a comprehensive overview of current knowledge on ILDs
and systematizes classification approaches. The authors
base their classification on etiology and clinicopathologic
features [2].
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Puc. 1. Cxema knacudikauii 13J1
Fig. 1. ILD classification scheme
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TakvM YMHOM, NEPBUHHO XBOPOBY NOAINSAIOTLCS 3rigHO
3 eTionoriyHMMKN akTopamu, BTOPUHHO — 3@ CTYMeHeM
roCTPOTW KNiHiYHUX nposiBiB (puc.1). MNepBuHHO pocni-
PKEHHS BUAINSE AeKinbka rpyn eTionoriyHmx akTopis:

- Aymoimyrni  13/1. Usa rpyna Bkmioyae B cebe
YPaXEHHS Nerexb, WO NoB’A3aHi 3 CUCTEMHUM YEPBOHUM
BOBYaKOM (CYB), pepmaromiosuTom BHaCnNIAoK
aHTn-MDAS5 anTtutin, ANCA-acouiioBaHi Backynitu,
cucTeMHa cknepoaepmis, cuHapom LerpeHa.

- 13/1 noe’a3aHi 3 capkoido3om.

- 18/1 3 kicmo3Hum KomroHeHmomMm abo 3arosHe-
HHSIM  [108IMPSIHO20 IPOCMOpPY, [0 HUX BiAHOCHATLCS
KICTO3HE yparkeHHS nereHb npu nimdaxrionenomMiomaTtosi
Ta JlaHrepraHc-KniTUHHWIA FiCTIOUMTO3.

- 13/1 onocepedkosaHi cmopoHHiM ernueom. Bknovae
B cebe BCi hpopMM MHEBMOKOHIO3iB, HAPKOTUYHO-OMOCEe-
peakoBaHi I13J1, ibpo3 BHacNigoK rinepyyTnMBOro nHeB-
MOHITY, pecnipaTopHoro OpoHxioniTy, Ta iHWi dopmu
nocTiHdekuiiHoro  ibposy (pibposHi 3miHM nereHb,
O PO3BMHYINUCH SIK HacCMiAOK MepeHeceHuX BipyCHUX
iHcbekuin, 3okpeMa cnpuynHeHnx Bipycom SARS-CoV-2).

- IHwi emionoeiyHi ¢hakmopu I3/1, WO BKMHOYAKOTb
B cebe MeauMKaMeHTO3HO-iHAYKOBaHi, 3MOsiKiCHIi chopmu
I3J1 (Ak NpaBmMno BHaCMiAOK NereHeBoro KapLumMHoMaTo3y)
Ta XPOHIYHY €03NHOMINbHY MHEBMOHIIO).

- IdionamuyHi emionoeaiyHi ghakmopu 13/1.

3rigHo 3 NpoBeAeHUMM enigemionoriYHUmM OOCNigKeH-
HSIMW MpPOrHO30BaHa 3axBoproBaHiCcTb Ha I3J1 cknapgae
30 Bunagkis Ha 100.000 HaceneHHs Ha pik [3-5], a nowwn-
peHictb — 80,9 Ha 100000 cepen 4vonosikiB Ta 67,2 Ha
100000 cepepq XiHOK. | nMOLIMpPEHICTb, i 3aXBOPIOBAHICTb
€ npakTn4Ho Ha 20% BuLLIOIO cepen YoroBikiB. HanbinbLwu
nowmnpeHoo dopmoto 13J1 € igionaTuyHMIn nereHeBuUin
ibpos, sakun cknapgae noHaz 40% ycix 13J1 (46,2% cepen
yonogikiB Ta 44,2% cepen XHOK). Y [OCHIOKEHHAX
wono enigemionorii 13J1 HaronowyeTbes, WO Ui natonorii
pocuTb pigko € 6e3nocepegHbO MPUYMHOK CMepPTi NaLi-
€HTa, BHACMiAOK YOro BOHM 3anuLLIaTbCs HEBUSIBIIEHUMMU
nicns aytoncii. 3 LUbOro BUMNMUBAE, WO NoLMpeHicTb 13]1
€ CYTTEBO HEOOOLHEHOK, Ta MOXEe CsiraT 3Ha4yHoro
OiNbLUMX 3HAYEHb, HiXX 3aranbHONPUAHATI OaHi.

3araAbHi NMTAHHA naToreHesy I3A

Ak npaBuno kn4oBMM acnektom naTtoreHesy [3J1
€ MOpYLUEHHS afeKBaTHOI iMyHHOI BignoBigi, o 6esy-
MOBHO MOXe BKa3yBaTW Ha ayTOiMyHHY npupogy AaHoi
rpynu Hosonorin. OgHak Le He 3Ha4YNTb, LLIO BCi 63 BUHSTKY
I3]T makTb ayToiMyHHWI reHe3, Hanpwknag PO3BUTOK
KPUNTOreHHOT OpraHi3yto40i MHEBMOHIT 3Ha4YHOK Mipoto
MoB’A3YH0Tb 3 BMSIMBOM arpeCUBHOIO areHTa Ha NereHeBy
TKaHWHy [3, 6]. ETionorisi nepeBaHoi 6inbLUOCTi HO30MOril
3 [aHoi rpynu BUYEPNHO He JocnigXeHa, OfHaK KOXHa
3 HMX Ma€ OfJHY KIMYOBY NaHKy natoreHesy, Aka Biapi3Hse
OOHYy HO30rOrit0 AaHoi rpynu Bif iHWOI. XpoHiYHe 3ana-
NEeHHA TKaHWH OuxanbHUX LWAsXiB, onocepeakoBaHe
BUAINEHHSM BENMKOI KifTbKOCTi 3ananbHUX iHTepmeiaTis,
OinkiB Ta epMeHTiB Npu3BOAUTL OO0 MOPAONOriYHNX
3MiH, LLO BUABASKTLCA MPU riCTONOMNYHOMY OOCHIIKEHHI
[7, 8]. Micna TpvBanoro NOBTOPEHHSA 3ananbHUX LKMKNIB
Ui GiNKM akTUBYIOTb HAKOMWUYEHHSI CMOMYYHOI TKaHWHMU.
Takum 4nHOM, posbupatoun natoreHes I3J1 Ha npuknagi
inionatnyHoro nereHesoro ibposy (IJ1d) i nocunatoumcs
Ha pocnigpkeHHs The Netherlands organisation for Health

Accordingly, diseases are primarily sorted by etiologic
factors and secondarily by the acuity of clinical
manifestations (Fig. 1). The etiologic categories identified
include:

- Autoimmune  ILDs:  pulmonary  involvement
associated with systemic lupus erythematosus (SLE),
dermatomyositis driven by anti-MDAS antibodies, ANCA-
associated vasculitides, systemic sclerosis, and Sjogren’s
syndrome.

- Sarcoidosis-associated ILDs.

- ILDs with cystic components or airspace filling,
including cysticlung disease inlymphangioleiomyomatosis
and Langerhans cell histiocytosis.

- Exposure-mediated ILDs: all forms
of pneumoconiosis, drug-induced ILDs, fibrosis
secondary to hypersensitivity pneumonitis, respiratory
bronchiolitis, and other forms of post-infectious fibrosis
(fibrotic lung changes developing after viral infections,
including SARS-CoV-2).

- Other etiologies: drug-induced forms, malignant
forms (generally due to pulmonary carcinomatosis), and
chronic eosinophilic pneumonia.

- Idiopathic ILDs.

Epidemiological studies estimate the annual incidence
of ILD at approximately 30 cases per 100,000 population
[3-5], with prevalence of 80.9 per 100,000 among men
and 67.2 per 100,000 among women. Both prevalence
and incidence are roughly 20% higher in men. The most
common form of ILD is idiopathic pulmonary fibrosis
(IPF), accounting for over 40% of all ILDs (46.2% in men
and 44.2% in women). Studies of ILD epidemiology
emphasize that these conditions are infrequently the
immediate cause of death and therefore often remain
undetected at autopsy. Consequently, the true prevalence
of ILDs is likely substantially underestimated and may
be considerably higher than commonly cited figures.

General Issues in ILD Pathogenesis

A central aspect of ILD pathogenesis is dysregulation
of the immune response, which may point to an
autoimmune component in many entities. However, not
all ILDs are autoimmune; for example, the development
of cryptogenic organizing pneumonia has been linked,
in large part, to injurious exposures to pulmonary
tissue [3, 6]. While the etiologies of most ILDs remain
incompletely defined, each entity has a key pathogenetic
link that differentiates it from others. Chronic inflammation
of airway and parenchymal tissues, mediated by the
release of numerous inflammatory intermediates,
proteins, and enzymes, leads to the morphological
alterations observed on histopathology [7, 8]. With
repeated inflammatory cycles, these mediators drive the
accumulation of connective tissue.

Using IPF as an exemplar and referring to findings
reported by The Netherlands Organisation for Health
Research and Development (2023), several key
pathogenetic links can be highlighted (Fig. 2) [9]:
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Research and Development, 2023 moxHa BUAINMTK Aeski
KntoyoBi naHku (puc. 2) [9]:

- He BuKknvkae CyMmHiBIB, LIO FreHETUYHa CXWUIbHICTb
3annWwaeTbCa OOHUM 3 KIOYOBUX (PaKToOpiB pPO3BUTKY
IN®. [ocnimkeHHss OeMOHCTPYHTb BUCOKY KOpensiuito
MK po3BuTkom IJ1® Ta reHeTn4HMMKM abepauismu reHis
TERT, TERC, TOLLIP, MUCSb. o dyHKUioHany AaHux
reHiB MOXHa BiOHEeCTU perynsuito 3aknagku rnereHeBol
TKaHWHW, Nponidepalito GibpobnacTis, NepBMHHOI NTAaHKK
iMyHHOI BignoBiai Ta agresii KNiTuH.

- HacTynHoO naHkow € ypaKeHHs1 anbBeOonsipHUX
enitenianbHux KknitnH (AEK), wo € tpurepom sk 110,
TaK i 6inbwocTi I13J1 3aranom. Ha kniTMHHOMY piBHi nicns
YPaXeHHs1 BU3HaA4YaeTbCA aTpoqis Tenomepis, nopy-
LLIEHHS NpoTeocTasy, AMCHYHKLIA MITOXOHAPIN, NpULWBUA-
LEHHS CTapiHHS Ta YUCINEHHI enireHeTUYHI 3MiHN.

- Micna  ywkomkeHHss AEK nounHaeTbca naHka
iMyHHOT BiAnoBiai. Moro ocHOBHI mposiBU — akTuBaLlis
makpodaris (nepesaxHo nigtunn M1 ta M2), xemoTak-
CUYHWUIA PEKPYTUHr MakpodariB, nigBuLLEeHa eKcKpeLis
UMTOKIHIB, akTuBauia nimdouuTis (Th1, Th2, Th9, Th17),
hopMyBaHHsI TPETUHHMX fiMdaTudHnx cTpykTyp (TLOs)
riraHTOKNITUHHMX CKyn4yeHb T- Ta B-nimdouunTie, makpo-
dharis, obMexeHnx rpaHynauisMu Ta 34INCHIOKYMX LMTO-
TOKCUYHY fito.

- Oani gie naHka aktueauii miodibpobnacTis. Pibpo-
6nactn MirpytoTe B YLUKOMKEHI AinsHKW, oTouyoTb TLOs,
iHOYKyOTb iX AndpepeHuiauiio y miodibpobnactn, dopmy-
BaHHS (DIOPO3HMX BOTHULL, TiNEepnpoayKLit0 NO3aKMiTMHHOIO
MaTpUKCy, MOPYLLEHHS NPOLIECiB anonTo3y Ta penapadii.

- OcKinbkvM HagnuLIKOBa iMyHHa BIiAMNOBiAb HE 3HUXY-
€TbCS, [OaHWA LMK MOBTOPHETBCH  CUCTEMATUYHO,
WO hopMye XPOHIYHE 3anarieHHsi, NPorpecytoye Hallapy-
BaHHS CMOMy4YHOI TKAHWHW Ta MOPYLLUEHHS LIMTOapXITEKTOHIKM
nereHb 3 hopMyBaHHSM HE3BOPOTHOIO fiereHeBoro ¢hidbpoay.

~8
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- Genetic susceptibility is a pivotal factor in IPF
development. Studies demonstrate a strong correlation
between IPF and genetic variants in TERT, TERC,
TOLLIP, and MUC5B. These genes participate in lung
development, fibroblast proliferation, innate immune
responses, and cell adhesion.

- Injury to alveolar epithelial cells (AECs) is a proximate
trigger in IPF and many ILDs. At the cellular level,
injury is associated with telomere attrition, proteostasis
disruption, mitochondrial  dysfunction, accelerated
senescence, and multiple epigenetic alterations.

- Subsequent immune activation includes
macrophage activation (notably M1 and M2 subsets),
chemotactic recruitment of macrophages, heightened
cytokine secretion, activation of lymphocytes (Tht,
Th2, Th9, Th17), and formation of tertiary lymphoid
structures (TLOs) aggregates of T and B lymphocytes
and macrophages with cytotoxic potential.

- Activation of myofibroblasts follows: fibroblasts
migrate to injured regions, aggregate around TLOs,
undergo myofibroblastic differentiation, form fibroblastic
foci, overproduce extracellular matrix, and exhibit

disordered apoptosis and repair.

- Because the excessive immune response fails
to resolve, this cycle repeats, culminating in chronic
inflammation, progressive deposition of connective tissue,
and disruption of lung cytoarchitecture with development
of irreversible pulmonary fibrosis.

3Minmy
mikpoGiomi

Changes in
microbiome

,4 Awdepenyiayin Myofibroblast
miodiGpobnacrie differentiation

Nponigepayin
¢i6pobnacrie

Fibroblast
proliferation

Puc. 2. Cxema natoreHesy /10 [9]
Fig. 2. Pathogenesis Scheme of ILD [9]
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MUTAHHSA KAIHIYHOI AiarHocTukm I3A

Takui piarHo3, sk I3J1, pigko moxe 6yt BcTa-
HOBMEHO TPYHTYIOUYUCh NWLWIE Ha KIiHIYHUX O3HaKax.
Lli 3axBoptoBaHHA MOXYyTb MaTtu MOBIMbHUNA PO3BUTOK
Ta cnabko BupaxeHi nposBu. CTaHOapTHa KniHiYHa
KapTuHa y nauieHTiB 3 I13J1 BkMoYae 3aguLLKy, 3anamo-
POYEHHS, CTinKe 3HWXKEeHHS caTypauii. Hepigko ui 3axso-
ptoBaHHS KOMBIHYHOTLCS 3 IHLIMMYK HO30MorisMK pecnipa-
TOPHOT CUCTEMM: XPOHIYHOK OBCTPYKTMBHOK XBOPOOOHD
nerenb (XO3J1), GpoHxianbHoto acTtmoto (BA), ayToi-
MYHHOK NaTosori€0, Takow SK CUCTEMHWUA YEepBOHMUN
BOBYaK, CUCTEMHA CKNepoaepMmisi, aHTUCUMHTETa3HUn
cuHapom [10, 11]. MNpwu kniHiMHOMY AOCRiAXEHHI XBOPOro
3 13]1 BaxxnNnBO BpaxoByBaTK CTaTb (YOMOBIKM XBOPIilOTb
yacTille), HasiBHICTb B aHaMHe3i KypiHHA (CTillka kope-
nsuis), NpodecinHMX Ta eKonoriYyHnx YMOB (npausi
Ha LWKiaNuMBMX BUPOOHMLTBAX, KOHTAKT 3 ApibHoamcnep-
CHMM MWMOM, MiKpoYacTUHKaMK, BUMNAPOBYBaHHAMM
Towo) [12, 13]. Mpu ornsai nauieHta Ha GinbL MNi3HIX
cTajiax 3axBOpHBaHHA HeoOXiAHO 3BepTaTu yBary
Ha LUiaHO3 LWKIpHMX TMOKPUBIB, O3HaKy «bapabaHHuX
nanuyok», 36inbLIeHHs MiXXpebpoBuX NPOMIXKiB, NpeBa-
MOBaHHA TUMMAHIYHOrO 3BYKY NPW MNEpKyCii NnereHb.
Y pocnigxenHi Mayo Clin Proc 6yB onucaHuin xapak-
TEePHWI aycKynbTaTUBHUIA naTepH: Velcro-noaibHi xpunu
npu J1® [14]. Y Takux nauieHTiB TakoX cnocTepiraeTbcs
CTiVike 3HWXeHHSA caTypauii npyu nynbcokcumeTpii. Mpu
cnipomeTpii Ha Ginbl Mi3HIX CTagisix cnocTepiraloTbes
NopyLUEeHHSA YHKLii 30BHILLHLOrO AWXaHHSA 3a PecTpuK-
TUBHUM TUMOM i3 XapakTepHMMMW natepHamu 3MiHu
nokasHukis (puc. 3) [2].

Clinical Diagnosis of ILD

ILD is seldom diagnosed on clinical grounds alone.
These diseases may evolve insidiously and present with
subtle manifestations. A typical clinical picture includes
dyspnea, dizziness/lightheadedness, and persistent
oxygen desaturation. ILDs frequently co-occur with other
respiratory and systemic conditions, such as chronic
obstructive pulmonary disease (COPD), asthma, and
autoimmune disorders including SLE, systemic sclerosis,
and anti-synthetase syndrome [10, 11].

The clinical assessment should consider sex (higher
prevalence in men), smoking history (strong correlation),
and occupational/environmental exposures (hazardous
industries; exposure to fine particulate dust, microparticles,
fumes, etc.) [12, 13]. On examination in later disease
stages, note cyanosis, digital clubbing, widening
of intercostal spaces, and predominance of a tympanitic
percussion note. The Mayo Clinic Proceedings reported
a characteristic auscultatory pattern in IPF: «Velcro-
like» crackles [14]. Patients typically exhibit persistently
reduced oxygen saturation on pulse oximetry. Spirometry
in later stages demonstrates a restrictive ventilatory
defect with characteristic parameter changes (Fig. 3) [2].
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Puc. 3. Cxema ouiHku cnipomeTpii B Hopmi Ta npwu [3]1
Fig. 3. Flowchart for spirometry interpretation in normal conditions and in ILD
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MUTAHHSA BUSBAEHHS

AQaBGopaATOpHUX Mapkepis I3A

Cnpobu BuABMTU Oyab-Akuin - cneuudiyHun  nabdo-
patopHuii mapkep 13J1 6ynv HeBoanummn 4yepes MHOXWH-
HiCTb X nposBiB. Hanpuknag, Ans capkoigosy xapak-

TEPHUM € MNiABULLEHHS KOHUEHTpauil aHrioTeH3uH
nepersoptotodoro  epmeHty  (AlP),  iHTepnenkiH
2-po3dnHHOro peuentopa (slL-2R), ramma-iHTepde-

poHy (IFN-y), anbda-chakTopa Hekpody nyxnuH (TNF-a)
Ta P-komnoHeHTa cupoBaTkoBoro aminoigy (SAP)
[15—-17]. B Tom xe 4ac, JocnigXeHHs nabopaTopHMX
Ta TFiCTOXIMIYHMX MapkepiB 3BUYANHOI IHTEPCTULINHOI
nHeBMoHii (UIP) y poboTtax Lee JH Ta cniBaBT. janu Taki
pesynbTatn: BUsiBNeHO kopensuito mix UIP Ta nigsu-
LWEHHAM PiBHS  MYLMHO3HOrO rnikonpoteiHy MUCH1,
wo oTtpumaB cneuudiyHy HasBy KL-6 i yacTkoBO BUKO-
PUCTOBYETBLCS SK MPOrHOCTUYHMI MapKep panigHnx opm
UIP [18]. Kpim uboro, y nauieHTis 3 UIP BuaBneHo kope-
AU MK NigBULLEHHAM piBHSA cypdakTaHTux Binkis A Ta
D (SP-A; SP-D) Ta cnieBigHoweHHA SP-A Ta docdoni-
nigie y 6poHxianbHoMy nasaxi [19, 20]. Takox B ornsgi
Chandra D Ta cniBaBT. Npy AOCAIAXKEHHI rinep4yTnnBoro
nHeBMoHiTy (IT1) Oynu BusBNeHi nesHi nabopaTopHi
ricTOXiMiYHI Mapkepu LbOro 3axsoptoBaHHs [21]. Humu
MOXYTb BUCTYNaTV NpuHUMNITUHM (OKpema dpakuis |g-G
aHTuTIN), niMounTo3 i3 HU3BbKMM CMiBBIQHOLLIEHHAM
CD4:CD8 nimdouunTiB y 6poHX0anbLBEOsIIpHOMY naBaxi.
Bapto 3ragatu Okcdopaceky ny6nikaudito 2022 poky
3a aBTopcTBOM Shen N Ta cniBaBT., Aka BKa3ye Ha BUCOKY
Kopensuito MK MigBMLLEHOI eKCrpecielo  MenaHo-
Ma-acouinosaHoro audepeHuinHoro reHa 5 (MDA-5)
Ta Oinbw MakMMm nepebirom I3J1, MeHW BupaxeHUm
(ibpo30M Ta MEHLUOK CXUIbHICTIO A0 panigHux 3]
(RPILD) y nauieHTiB 3 AepmaTomio3ntom [22]. HaBnpoTw,
y nauieHTiB 3 aHTU-MDA-5 aHTUTInamMn BU3HAYaeTbCS
3Ha4yHO Oinbw Tskkui nepebir 311, wo niaTBepaXy-
€TbCS KNiHIYHO, FICTONOMYHO Ta PEHTrEHONOrYHO. Y Lin
e nybnikauii 4onyCcKaeTbCA MOXIUBICTb BUKOPUCTOBY-
BaHHS aHTU-MDA-5 aHTUTIN SK NPOrHOCTUYHOIrO Mapkepa
RPILD. OgHieto 3 cpyHkuii MDA-5 € peryndauis npogykuii
iHTepnenkiHy-1 (IL-1), wo Bkasye Ha ponb IL-1 y cynpecii
arpecuBHoro ¢ibposy npu 13J1. PeTpocnektusHe gocni-
DkeHHst 2021 poky ony6nikoBaHe Lee JH Ta cniBaBT.
NPOMOHYE PO3MMSAHYTU ponb  iHTepnenkiHy-6  (IL-6)
B SIKOCTi NPOrHOCTUYHOro Giomapkepa, Wo Moxe Bigirpa-
BaTWU CYTTEBY pOrib Y nependayeHHi 3aroCTpeHHst y naui-
eHTiB 3 nigTBepaxeHum 131 [18]. OnTmansHe noporose
3HayeHHs IL-6 ctaHosuno 25,20 nr/mn. II1-6 € nnewo-
TPOMHMM LMTOKIHOM, WO NiATPMMYE roctpy casy 3ana-
NEHHS, a TaKoX 4Yepe3 akTuBaLilo TpaHCHOPMYHYOro
daktopa pocty-B (TGF-B) nigTpumye GesnepepBHUN
HEKOHTpOnboBaHu  pibpo3. [ocnigKeHHs nauieHTiB
i3 @HTUCMHTETa3HUM CUHAPOMOM, NITBEPAXKEHUM HasiB-
HicTio aHTuTin po rictnami-1-TPHK-cuHtetasn (Jo-1),
BKa3ye Ha BMCOKY KOPErsLilo MiX HasiBHICTIO J4aHOT rpynu
aHTuTin Ta po3sutkoMm 131 (90%) [23]. MNpwn ouiHui gaHoT
HO30510rii BUKOPUCTOBYBABCSA MYNLTUNPOMINbHUIA TECT
Multiplex assay, WO B CBOW Yepry KifbKiCHO Ta SKIiCHO
OLiHIOE CUPOBATKOBY KPOB Ha HasiBHICTb C-peakTMBHOrO
6inka (CPB), sananbHux xemokiHiB CXL9 Ta CXL10,
MaTpUKCHUX MeTanonpoteiHada MMP-7 ta MMP-8 Ta
iHTepnenkiHy-12 (IL-12). 3a pesynsratamy MeTaaHa-
nigy Jo-1 aHTuTina MoXyTb Matu BUCOKY MPOrHOCTUYHY

Serological Biomarkers in ILD

Attempts to identify any specific laboratory marker for
ILD have been unsuccessful due to the multiplicity of their
manifestations. For example, sarcoidosis is characterized
by elevated concentrations of angiotensin-converting
enzyme (ACE), soluble interleukin-2 receptor (slL-
2R), interferon-gamma (IFN-y), tumor necrosis factor-
alpha (TNF-a), and serum amyloid P component (SAP)
[15-17]. At the same time, studies of laboratory and
histochemical markers of usual interstitial pneumonia
(UIP) by Lee JH et al. have yielded the following results:
a correlation was found between UIP and an elevated
level of the mucin glycoprotein MUC1, designated
KL-6, which is partially used as a prognostic marker for
rapid forms of UIP [18]. Furthermore, in patients with
UIP, a correlation has been identified between elevated
levels of surfactant proteins A and D (SP-A; SP-D) and
the ratio of SP-A to phospholipids in bronchoalveolar
lavage fluid [19, 20]. Additionally, in a review by Chandra
D et al., certain laboratory and histochemical markers
of hypersensitivity pneumonitis (HP) were identified [21].
These may include precipitins (a specific fraction of IgG
antibodies) and lymphocytosis with a low CD4:CD8 ratio
in bronchoalveolar lavage fluid.

Worthy of mention is a 2022 Oxford publication
by Shen N et al., which indicates a high correlation
between increased  expression of  melanoma
differentiation-associated gene 5 (MDA-5) and a milder
course of ILD, less pronounced fibrosis, and a lower
propensity for rapidly progressive ILD (RPILD) in patients
with dermatomyositis [22]. Conversely, patients with
anti-MDA-5 antibodies exhibit a significantly more severe
course of ILD, which is confirmed clinically, histologically,
and radiologically. The same publication posits the
possibility of using anti-MDA-5 antibodies as a prognostic
marker for RPILD. One of the functions of MDA-5 is
the regulation of interleukin-1 (IL-1) production, which
leads to the idea of a role for IL-1 in the suppression
of aggressive fibrosis in ILD.

A 2021 retrospective study published by Lee JH et
al. proposes to consider the role of interleukin-6 (IL-6)
as a prognostic biomarker that may play a significant role
in predicting exacerbations in patients with confirmed ILD
[18]. The optimal threshold value for IL-6 was 25.20 pg/
mL. IL-6 is a pleiotropic cytokine that supports the acute-
phase inflammatory response and, through the activation
of transforming growth factor-p (TGF-B), sustains
continuous, uncontrolled fibrosis.

Research on patients with anti-synthetase syndrome,
confirmed by the presence of antibodies to histidyl-tRNA
synthetase (Jo-1), indicates a high correlation between
the presence of this antibody group and the development
of ILD (90%) [23]. In the assessment of this nosology,
a multiplex assay was used, which quantitatively
and qualitatively evaluates serum for the presence
of C-reactive protein (CRP), the inflammatory chemokines
CXCL9 and CXCL10, matrix metalloproteinases
MMP-7 and MMP-8, and interleukin-12 (IL-12). According
to the results of a meta-analysis, Jo-1 antibodies may
have high prognostic value in predicting the development
of fibrotic lung conditions, and individual components
of the multiplex assay panel may have significant
diagnostic value in the differential diagnosis of specific
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LiHHICTb B NpeauKLii po3BUTKY (DiBPO3HMX CTaHIB Nnerexb,
a okpeMi enemeHTV naHeni Multiplex assay MOXxyTb matu
CYTTEBY [iarHOCTUYHY LiHHICTb Y AndepeHUinHin aiarHoc-
Tnui okpemmx 1311 [23]. KombiHauisa 6iomapkepia CXCL10,
MMP-7 n IL-12 Bka3sye Ha I3]1, noB’a3aHnii 3 aHTUCKHTE-
TasHuMm cuHgpomom, i 3 100% TouHicTio audbepeHLitoe
noro 3 igionatnyHum nereHesnm ibposom (I/1P). OuiHka
GiomapkepiB CXCL10 Ta MMP-8 posoBonsie andepeH-
LitoBaTU aHTUCUHTETa3HU cuHApomom Ta Ab+ miosuT.
Okpemoto cceporo B agocnimkeHHsix 13J1 € BuMBYEHHSs
BnnunBy Mikpo-PHK Ha ¢ibposHi npouecn y nereHsx.
Takum yuHom, y orngaai Huang C Ta cniBaBT. BKasylTb
Ha 3anexHicTe Mix ekcnpecieto MikpoPHK-101 (miR-
101) ta possutkom J1® [24]. miR-101 cynpecmBHO
BMnvBae Ha nponidpepadito idbpobnacTiB i Ha cUrHanbHi
wnsxu NFATc2, TGF-B, Smad2/3. 3HmxeHa ekcnpecis
miR-101 cnocTepiraetbecsa y nadieHTie 3 /1P, a B ekcne-
PUMEHTANbHMUX MOZENSAX Ha MUAx 3 iHOYKOBaAHUM
nereHeBum pibpo3oM Npu NPoBeAEHHI afeHOoBIpYyC-0mno-
cepeakoBaHoi reHeTnyHoi Tepanii miR-101 cnoctepi-
raetbcsi perpecia ¢ibpo3dy. Takum uymHOM, MikpoPHK
mMiR-101 MoXe MaTu sK NPOrHOCTUYHY LIHHICTb Yy naui-
eHtiB 3 IO, Tak i YMHWUTM TepaneBTUYHUI edeKT.
AHanoriyHn edekT cnocTepiraeTbCs Npy 3acToCyBaHHI
MikpoPHK-21 (miR-21) [25]. eTanbHnin aHani3 HayKoBmx
JKepen WoAo NUTaHHS BUSIBNIEHHSI NabopaTopHo-ricTo-
XiMiyHMX MapkepiB 13J]1 HaOYHO OEMOHCTpYE CKNagHicTb
LUbOro MUTaHHA Ta HEMOXNMBICTb PO3POOKU EOMHOIO
NMPOrHOCTUYHOIO MapKepa HO30rOrii, MOB’A3aHnX 3 nere-
HeBUM iGpo3oM. OpHak, 3aCHOBYHUMCb Ha AeTanb-
HOMY [OOCHiZXEHHI BWLLEBKa3aHOi iHopMaLii, MOxHa
3anponoHyBaTh LUMPOKO O6’'€EMHY AiarHOCTUYHY MaHensb,
o Oyae BKNOYATK BENUKY KinbKiCTb BGiomapkepi, Taknx
sIK cupoBaTkoBi 6inku, aHTuTina Ta MikpoPHK, yyTtnmneux
Ta cneumndivHmx y BusaBneHHi 131 3 ypaxyBaHHSAM iHAMBI-
AyanbHux ocobnMBoCTel NaLieHTa Ta pisHOMaHiTTa narto-
reHEeTUYHMX MEXaHi3MiB AaHoi rpynu NaTonorin.

MUTAHHSA BUSBAEHHS MAPKepiB

I3A npu ricTOAOT4YHUX AOCAIAXEHHSAX

HarBuwy uwytnueicTe Ta cneumdivHicte go 13/
BUSABMAKOTL caMe TiCTONOoriyHi gocnigpkeHHs. Hanbinbw
ONTUManbHUM € MeToA KpioBioncii rHyYKUM KPiO30HAOM,
OXONOoMXKEeHUM pigkMM as3oToM npu Temnepatypi -89°C,
LLIO 3aBOAMTLCSA Kpi3b BpOHXOCKON Nig KOHTponem dnoo-
pockonii [26]. [Jo OCHOBHMX O3HaK NereHeBoro ibposy
MOXHa BigHecTu (puc. 4):

- 36inNblUEHHsT  KINbKOCTI  KOnareHoBmX
B IHTEPCTULLIIHOMY NPOCTOPI NereHb;

- YepryBaHHs LiNstHOK NaTOMOriYHOI Ta HOpMarnbHOI
TKaHWHM 3a «reorpadiyHuM» TUMOM;

- Arperatu tibpobnacris/miocibpobnacris,
LLIO NPOAYKYKTb HAA MLLIOK NO3aKMNiTMHHOTO MaTPUKCY;

- Brpata anbBeonspHOi CTPYKTypW, YTBOPEHHS
KICTO3HUX NMOPOXHUH;

- [HbinbTpauia 3ananbHUMKM  KAITUHaAMK:  AiMdoL M-
Tamu, MOHoLMTamMu, Makpodaramu;

- FinepTpodisa rmagkmnx m’ssie;

- linepnnasisa Ta meTannasis nHeBmoumTiB Il nopsaaky;

- TpakuinHa 6poHxoekTasis.

BKITHO4EHb

ILDs [23]. The combination of biomarkers CXCL10,
MMP-7, and IL-12 is indicative of ILD associated with anti-
synthetase syndrome and differentiates it from idiopathic
pulmonary fibrosis (IPF) with 100% accuracy. The
assessment of biomarkers CXCL10 and MMP-8 allows
for the differentiation of anti-synthetase syndrome and
Ab+ myositis.

A separate field in ILD research is the study of the
influence of microRNAs on fibrotic processes in the lungs.
Thus, a review by Huang C et al. indicates a relationship
between the expression of microRNA-101 (miR-101) and
the development of IPF [24]. miR-101 has a suppressive
effect on fibroblast proliferation and on the NFATc2, TGF-§3,
and Smad2/3 signaling pathways. Reduced expression
ofmiR-101is observed in patients with IPF, and in experimental
models in mice with induced pulmonary fibrosis, adenovirus-
mediated gene therapy with miR-101 results in fibrosis
regression. Thus, microRNA miR-101 may have both
prognostic value in patients with IPF and exert a therapeutic
effect. An analogous effect is observed with the application
of microRNA-21 (miR-21) [25].

A detailed analysis of scientific sources concerning
the identification of laboratory and histochemical markers
for ILD clearly demonstrates the complexity of this issue
and the impossibility of developing a single prognostic
marker for nosologies associated with pulmonary
fibrosis. However, based on a detailed study of the
aforementioned information, it is possible to propose
a broad, comprehensive diagnostic panel that would
include a large number of biomarkers, such as serum
proteins, antibodies, and microRNAs that are sensitive
and specific in detecting ILD, taking into account the
individual characteristics of the patient and the diversity
of pathogenetic mechanisms of this group of pathologies.

Issues in the Identification

of ILD Markers in Histological Studies
Histological examinations demonstrate the highest
sensitivity and specificity for ILD. The most optimal method
is cryobiopsy with a flexible cryoprobe cooled by liquid
nitrogen to a temperature of -89°C, which is introduced
through a bronchoscope under fluoroscopic guidance
[26]. The main signs of pulmonary fibrosis include (Fig. 4):

- An increase in collagen deposits in the interstitial
space of the lungs;

- Alternation of pathological and normal tissue
in a «geographic» pattern;
- Aggregates of fibroblasts/myofibroblasts that

produce excess extracellular matrix;

- Loss of alveolar structure, formation of cystic
cavities;

- Infiltration by inflammatory cells:
monocytes, macrophages;

- Smooth muscle hypertrophy;

- Hyperplasia and metaplasia of type Il pneumocytes;

- Traction bronchiectasis.

lymphocytes,
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Puc. 4. 3pasku rictTonoriyHoro AOCnifKeHHs, OTPMMAaHOrO nicrns kpiobioncii,
y naujieHTiB 3 nimcpaHrionenomiomaTo3om (a) Ta rictouutosom JlaHrepraHca (B) [26]
Fig. 4. Histological specimens obtained by cryobiopsy
from patients with lymphangioleiomyomatosis (a) and Langerhans cell histiocytosis (B) [26]

®ibpo3 nereHb 3 TiCTOMOrYHOI TOYKM 30pYy PO3BU-
BAETbCA 3a CXOXUMW MaTepHamu: MepLli Moro nposisu
MOXHa crnocrtepiraty napanneBpanbHO y 6GasanbHux
Big4iNax, sIKUA MOLUMPIOETLCA AOBEpXy Ta MeAdianbHo.
€OUHUM BUHATKOM 3 LbOro npasuna € pibposHi 3amiHM
npu capkoigosi: B UboMy BuUnNagky idbpo3 noynmHaeTbes
i3 3ananeHux nNepuxinapHUX nNiMGOBY3riB Ta pyxaeTbCs
i3 KopeHiB nereHb Ao nepudepii. binbw geranbHo
MOXHa po3ibpaT ricTonoriyHi 0cobnMBOCTI  OKpPEMMX
Ho3onorin. Hanpuknaa, 3Bu4anHa iHTepCTUUiiHa MHEB-
MoHis (UIP) xapakTepun3yeTbCcs NpOCTOPOBOIO reTeporeH-
HicTio, BMpaxeHoto ¢ibposHoto TpaHcdopmauieto, nepe-
BaXKHO y cybnneBpanbHuX i napacenTtanbHUX LinsHKax,
«M’SIKOKO» XPOHIYHOK 3ananbHOK iHdinbTpauieto. [Ona
MOPIBHAHHA HecneuudiyHa iHTepcTMLianbHa NHEBMOHIS
(NSIP) xapakTepu3yeTbca cnabko BupaxeHow rnag-
KOM’SI30BOI0 rinepnnasield Ta MpakTUYHO HEMNOMITHUMMU
ibpobnacTtHumn dokycamu, ane 6Ginbll BUPAKEHOH
3ananbHol iHdinbTpauieo [27]. A AnNa KpUATOreHHol
opraHigyto4oi nHeBMoHii (COP) xapakTepHe YTBOPEHHS
nonino3Hnx idbpobnacTHux «npoboK», siKi 3aNOBHIOKOTb
auctanbHi - BpoHxionu, NpUCYTHIM  MiKpOBACKYNAPHWUIA
Tpom603, npuyomy hibpo3Hi 3MiHM 3HAYHO MEHLL BUpa-
XKEeHi, a UMTOoapXiTEKTOHIKa Ha paHHiX cTagisx 30epi-
raetbcsa. B 3amnexHocTi Big TOro, 3 sAKOK HO3OJIOriEH0
MW Maemo cripaBy, riCTONOriYHi MeToan OyayTb BUSBNATU
BapiabenbHy 4yTnMBICTb Ta cneuundiyvHicTb. Hanpuknag,
IJ1® BM3HauaeTbes 3 vyTnuBicTio 85% Ta cneumdidHicTo
90%. Ons paHHix cTagin ibpo3y xapakTepHa YyTnmBIiCTb
He GinbLe 70%. Lo ctocyeTbea NSIP, uen giarHo3 gocutb
BaXXKO BigandepeHLitoBaTh Bif iHLIXX TUMIB, | NOrO OLujiHKa
ricTonorivHnMy metogamu aemMoHctpye 70% cneumdiv-
HocTi. OgHak BapTo 3a3Ha4MTK, O HA CbOrOAHI He iCHye
Ginbw YyTnuBoro metogy BusiBneHHs 13J1 Hix rictono-
riyHe JOCnigXeHHS, BCi iHLII MeToAM AaloTb 3HAYHO ripLuy
ctatucTuky. OctaTodHuin giarHo3 npo Oyap-siky iHTepcTu-
LinHy XBOpOOYy NoBUHEH ByTn BCTaHOBMNEHWIA naTomMopdo-
noriyHo. Ane faHi iHTepBeHLUINHI MeTOAMKN AOCHigKEeHb

From a histological perspective, pulmonary
fibrosis develops according to similar patterns: its
first manifestations can be observed parapleurally
in the basal regions, from where it spreads upwards
and medially. The only exception to this rule is fibrotic
changes in sarcoidosis: in this case, fibrosis begins
from inflamed perihilar lymph nodes and moves from
the lung roots to the periphery. The histological features
of individual nosologies can be examined in more
detail. For instance, usual interstitial pneumonia (UIP)
is characterized by spatial heterogeneity, pronounced
fibrotic transformation, predominantly in subpleural
and paraseptal areas, and «mild» chronic inflammatory
infiltration. For comparison, nonspecific interstitial
pneumonia (NSIP) is characterized by weakly expressed
smooth muscle hyperplasia and practically inconspicuous
fibroblastic foci, but with a more pronounced inflammatory
infiltration [27]. And for cryptogenic organizing pneumonia
(COP), the formation of polypoid fibroblastic «plugs» that
fill the distal bronchioles is characteristic; microvascular
thrombosis is present, while fibrotic changes are much
less pronounced, and the cytoarchitecture, in the early
stages, is preserved.

Depending on the nosology being dealt with,
histological methods will exhibit variable sensitivity and
specificity. For example, IPF is identified with a sensitivity
of 85% and a specificity of 90%. For early stages
of fibrosis, the sensitivity is typically no more than 70%.
As for NSIP, this diagnosis is quite difficult to differentiate
from other types, and its assessment by histological
methods shows 70% specificity. However, it should
be noted that there is currently no more sensitive method
for detecting ILD than histological examination; all other
methods yield significantly worse statistics. The final
diagnosis of any interstitial disease must be established
pathomorphologically. But these interventional diagnostic
techniques also carry a number of disadvantages that
significantly complicate their implementation into clinical
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HeCyTb Yy COBi TakoX HU3KY HedoriKiB, AKi CyTTEBO ycKknaa-
HIOKOTb X iMANEeMeHTauito y KniHivHi npoTtokonu. MoxHa
BUAINUTY Taki Npobremu ricTonoriyHMx MeToAiB:

- [HBa3MBHICTb;

- TexHi4Ha cknagHicTb 3abopy ricTonoriyHoro mate-
piany;

- BapricTb rictonoriyHux peaktuBiB Ta obrnagHaHHs
ans kpiobioncii;

- OBMexeHiCTb Y KiMbKOCTI ricTonoriyHux nabopa-
TOPIV Ta Yy KINbKOCTI crevianicTib.

Takum 4MHOM, yCi nepepaxoBaHi hakTopu CyTTEBO
YCKMaOHIOTb  BNPOBAKEHHSA  FICTOMOMYHUX  METOAIB
y NOBCSAKOEHHY MPaKTUKy Ta pobnaTh iX abContoTHO Henpu-
OaTHUMW ONsi 3aCTOCYBaHHS B IKOCTi CKPUHIHI-METOLIB.

MUTAHHA peHTreHoAoriYHUX mapkepis I3A

B ymoBax obnagHaHOCTI NikyBanbHNX YCTaHOB anapa-
Tamy KOMM'IOTEPHOI  ToMorpadii BUCOKOI pO3AiNbHOI
3patHocTi (HRCT) came peHTreHonoriyHi metoam gocni-
[PKEHHsI movanu BigirpaBaTu KIiOYOBY POfb Yy BCTaHOB-
nexHi giarHosy I3J1. HRCT nokasye BUCOKY e(DEKTUBHICTb
y piarHocTtudi 1110 1a UIP (84% uvytnusictb, 62% cneuu-
divHicTb) [28]. Ockinbku nepeBakHa GinbLwicTb 13/1 MatoTb
nepebir 6e3 BMpaXeHOi CMMMNTOMATUKM, BOHM YacTo
€ BMNAAKOBUMW 3HaxigKamMuv Mpu PEHTreHOonoriYHOMy
CKPVHiHrY, abo npwv giarHocTuui iHWKX nereHeBux narto-
norin. ®ibposHi o3Hakn Ha HRCT matoTb 4OCUTb TUMOBI
naTepHu: 4O OCHOBHUX iX MPOSIBIB HamnexaTb 3HWXKEHHS
nHeBMaTtM3auii 3a TUMNOM «MaToBOro CKNnaw, IiHiAHI
ibposHi TAXi, NnepudepiviHi GpoHxoeKkTasn Ta yTBOPEHHS
TOBCTOCTIHHUX KICTO3HUX MOPOXHWH, LLO HALLAPOBYOTLCS
Ta npunsratTb ogHa Ao ogHoi (y nitepatypi [29, 30] uen
natepH 3BeTbcs «honeycombing» abo «mepoBi coTu»
i BiH € crneundidyHO 03HaKo nporpecyryoro ibposy)
(puc. 5). PeHTreHonoriyHi Mmetogm MoxXyTb ByTn KOPUCHI
He TiMbkW MpU AOCHIOXKEHHI ypaKeHUX 4acTuH nere-
HEBOi TKaHWHW, a i NPU OUiHLUi IHTAKTHOrO KOMMOHEHTa,
Wo HeobXxigHO Ans Kopekuii Tepanii Ta dopmyBaHHI
KNiHIYHOro NPOrHO3Y, OUiHKM OUHAMIKM MnporpecyBaHHs
3aXBOPIOBAHHS.
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protocols. The following problems with histological
methods can be highlighted:

- Invasiveness;

- Technical difficulty of obtaining histological material;

- Cost of histological reagents and equipment for
cryobiopsy;

- Limited number of histological laboratories and
specialists.

Thus, all the listed factors significantly complicate
the introduction of histological methods into routine
practice and make them completely unsuitable for use
as screening methods.

Issues of Radiological Markers in ILD

In the context of medical institutions being equipped
with high-resolution computed tomography (HRCT)
scanners, radiological examination methods have begun
to play a key role in establishing the diagnosis of ILD.
HRCT demonstrates high effectiveness in diagnosing IPF
and UIP (84% sensitivity, 62% specificity) [28]. Since the
vast majority of ILDs follow a course without pronounced
symptomatology, they are often incidental findings during
radiological screening or during the diagnosis of other
pulmonary pathologies. Fibrotic signs on HRCT have
quite typical patterns: the main manifestations include
decreased pneumatization of the «ground glass» type,
linear fibrotic bands, peripheral bronchiectases, and
the formation of thick-walled cystic cavities that layer
and adjoin one another (in the literature [29, 30] this
pattern is called «honeycombing» or «honeycomb
pattern» and it is a specific sign of progressive fibrosis)
(Fig. 5). Radiological methods may be useful not only
in examining affected parts of lung tissue, but also
in assessing the intact component, which is necessary
for therapy correction and clinical prognosis formation,
as well as assessment of disease progression dynamics.

Honeycomb type

ions
Reticulat deformation

s

X : . "
Idiopathic . Traction bronchiectasis

pulmonaryﬁl\\\\. \ <
fibrosis \\ i \, Reticulations
s \
Nonspecific a / ° \ Traction
pl’:z::g:z:s \\\\ / \\ bronchiectasis
Hypersensitivity [ \ Matte
pneumonitis —___ ] SRS — : Al traps
= D
Sarcoidosis / & Centrilobular
nodules

Cryptogenic
organizing
pneumonia

Traction
3 bronchiectasis
Honeycomb type
deformation

Perilobular
pattern

N
v >\ \ \ 4

{
\ /
5\ \ %
\ N\ /
. Lig
\ o,
& g

Consolidation — =
Knots

Perilymphatic
nodules

Puc. 5. CxemaTtnyHe 306paxeHHs KT-natepHiB gibpo3Hmx npouecis y nereHsx [2]
Fig. 5. Schematic depiction of CT patterns of fibrotic processes in the lungs [2]
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Y pocnigxeHHi €Bponencbkoro  pecnipatopHoOro
XypHany [2] 3a meTogukoto Salisbury et al. 6yno po3spo-
6neHo papgionoriyHy AiarHocTuyHy Mopgernb  «rule-iny,
o cneuianidyBanaca Ha BWSBMEHHI rinep4yTnnBoro
nHeBMoHiTy (I'T1). AsTop 3ibpaB rpyny nadieHtiB 3 13]1,
BukopucToBytoun aaHi HRCT, mogenb ouiHtoBana pagio-
noriyHi mapkepu [Tl (Taki gk Mo3aiyHa aTeHyauis, nos.i-
TPSHI NacTKW, HTpaHOOYNSAPHI cenTanbHi NOTOBLUEHHS
3a pPETUKYNAPHUM naTepHoM). Mpu ouiHL Ha 30BHILLHIN
KOropTi MauieHTIB giarHocTMYHa Mogernb Aasana Haas3su-
YariHO BWCOKI pe3ynbTaty giarHoctukm natonorii (90%
yytnueocTi Ta 95,8% cneundiyvHOCTI), WO NigTBEpOKYBa-
noc4 KriHiYHO Ta riCTONOrivHo.

B ocTtaHHi poKkM BUSIBNEHO HOBI METOAMKM TEXHIYHOI
piarHocTvkn I3J1, Taki sIK TEKCTYpHWI aHania nereHeBoil
napeHxiMm B AMHaMiLi, aHania o6’eMy rereHeBux CyauH,
MPT 3 rinepnonspu3oBaHnMu razamu  (KCeHOH  129)
IO [03BOMSIE aHamidyBaTy iHTpaauuHapHy Oundysiio rasy
[31]. MosuTpoHHO-eMmicinHa Tomorpacpia (MET) Takox Moxe
Oyt kopucHow B ouiHui I3J1, ockinbku ¢ibpo3Ha TkaHMHa
nereHb CxubHa 40 NPOFIOHIOBaHOro normmHaHHA 18F-cotop-
[E30KCUITIHOKO3M, LU0 BaXKNMBO BPaxoByBaTy Npu AndepeH-
LifHIn gjiarHOCTWL 3 3anarnbHUMKM NpoLecaMu Ta HOBOYTBO-
peHHsiMuK, a Takox MET Tpacepw, siki HauineHi Ha peuenTopu
comaTtocTaTuHy Ta konareHy | Tvny, i MoXyTb AaTh LUMPOKY
KapTWHy LLOAO CTyneHs nereHesoro ¢ibpoay [32].

Takum UMHOM, B Cy4aCHUX YMOBax pagiororiyHi
[iarHOCTUYHI  MEeToAMKM MatoTb Ge3ymMOBHy nepeBary
nepeg iHW1MK MeTogamu, Yepes CBOK BUCOKY PO3aiNbHY
30aTHICTb, HeIHBa3WBHICTb, YHIBEpPCarnbHICTb, LUMPOKY
OOCTYMNHICTb, LIBMAKICTb  AOCNIMKEHHS, MOXIMBICTb
OLiHKM OuHamiku. PeHTreHonorivyHi metogn MoxyTb 6yTu
KOPUCHUMM SIK B AiarHOCTULi PiaKiCHOT Ta HecneumdivHoT
naTonorii, Tak i B IKOCTi CKPUHIHM-4OCHiIOKEHHS.

MigcymoBytoun  BULLIE3a3HAYEeHe  MOXHA  OiATK
BMCHOBKY, LLIO NnpobnemMaTtuka iHTepcTulianbHNX 3axBopro-
BaHb NnereHb He nepenbayae byab AKUX O4EBUOHMX PilLEHb
LLIOAO NUTaHHS X AiarHOCTUKM Ta NiKyBaHHS, Lie 3yMOBIIEHO
reTeporeHHICTIO Ta HEOAHOPIAHICTIO JAHOT rPpynn 3aXBOPHO-
BaHb. Cnunpatouncb Ha OOCTYMHI HAYKOBI [Mxepena B AaHil
ctarTi Oyno BUCBITNIEHO BCHO MHOXMHHICTb MOXITMBUX
NiaxoAiB 40 AAHOI rPpyn HO30IMOrN 3 TOYKW 30pY KMiHIYHOI,
nabopaTopHOI, riCTONOrYHOT Ta PaAioNorivyHOI AiarHOCTUKN.
3rigHo 3 gocnigxeHHsm Lancet 2022 poky wopo iHTepcTu-
LirHOI naTonorii nereHb, Ha 6asi skoi 6yno cgopmMoBaHo
anroputM MeHegkMeHTy xBopux Ha 131 [5] (puc. 6).

Takox y ny6nikauji Frontiers in Medicine 3a 2024 poky
Oyno 3pobneHo cnpoby po3pobuTK yHihiKkoBaHY Cxemy
nikyBaHHs1 xBopux 3 I3]1 Ta 3anponoHOBaHO MPOMOHIO-
BaHW anroputM iX BeOEHHs1 i3 3aCTOCyBaHHSAM crneuu-
dhivHoI Tepanii, aHTUIBPOTHKIB, iIMyHOCYNpeCcHBHMX 3acobiB
Ta NPOrHO30BaHMX BigMoBiaew Ha Take nikyBaHHA (puc. 7) [2].

Micns petenbHOi cucTtemartm3adii oTpumaHoi iHdop-
MalLii MOXXHa 3anponoHyBaTW OKpeMi BapiaHTN OHOBMEHHS
nigxoay Ao AiarHOCTMKM Ta nikyBaHHs I3J1. Y nepuuy yepry,
neBHY ePeKTUBHICTb MOXe MaTu JOCHiAXeHHs kopensauil
nonimopdiamy reHis TERT, TERC, MUCS5B 3 ekcnpecieto
mMikpoPHK (miR-101 Ta miR-21) 3 MeTOl BUMKOPWUCTaHHS
iX 9K NpeguKTOpIB LUBMAKOCTI MporpecyBaHHs ibpoay.
Takox, OCKINbKu 3HMXEHHS ekcnpecii miR-101 kopentoe
3 akTmBauieto TGF-B/Smad2 curHanbHOro LWnsxy, icHye
MMOBIPHICTb MO0 BUKOPUCTaHHSI 3 METOK MOHITOPUHTY
Ta NPOrHo3yBaHHsI BiANOBIAi Ha aHTMIOPOTMYHY Tepanito.

In a European Respiratory Journal study [2] using the
methodology of Salisbury et al., a «rule-in» radiological
diagnostic model was developed that specialized in the
detection of hypersensitivity pneumonitis (HP). The author
assembled a group of patients with ILD, and using HRCT
data, the model evaluated radiological markers of HP
(such as mosaic attenuation, air trapping, intranodular
septal thickening in a reticular pattern). When assessed
on an external cohort of patients, the diagnostic model
yielded exceptionally high results in pathology diagnosis
(90% sensitivity and 95.8% specificity), which was
confirmed clinically and histologically.

In recent vyears, new technical diagnostic
methodologies for ILD have been identified, such
as dynamic textural analysis of lung parenchyma, analysis
of pulmonary vessel volume, MRI with hyperpolarized
gases (xenon-129) that allows analysis of intra-acinar gas
diffusion [31]. Positron emission tomography (PET) may
also be useful in ILD assessment, as fibrotic lung tissue
is prone to prolonged uptake of 18F-fluorodeoxyglucose,
which is important to consider in differential diagnosis with
inflammatory processes and neoplasms, as well as PET
tracers that target somatostatin and type | collagen
receptors and can provide a comprehensive picture
regarding the degree of pulmonary fibrosis [32].

Thus, under contemporary conditions, radiological
diagnostic methodologies have an undisputed advantage
over other methods due to their high resolution,
non-invasiveness, universality, = wide  availability,
examination speed, and the possibility of assessing
dynamics. Radiological methods can be useful both
in diagnosing rare and nonspecific pathology and
as screening examinations.

Summarizing the aforementioned, it can be concluded
that the problematic nature of interstitial lung diseases does
not presuppose any obvious solutions regarding issues
of their diagnosis and treatment, which is conditioned
by the heterogeneity and non-uniformity of this disease
group. Based on available scientific sources, this article has
iluminated the entire multiplicity of possible approaches
to this nosological group from the standpoint of clinical,
laboratory, histological, and radiological diagnosis. According
to a Lancet 2022 study on interstitial lung pathology, on the
basis of which an algorithm for the management of patients
with ILD was formulated [5] (Fig. 6).

Additionally, in a 2024 Frontiers in Medicine publication,
an attempt was made to develop a unified treatment
scheme for patients with ILD, and a prolonged algorithm
for their management was proposed utilizing specific
therapy, antifibrotic agents, immunosuppressive drugs,
and predicted responses to such treatment (Fig. 7) [2].

After careful systematization of the obtained information,
individual options for updating the approach to ILD diagnosis
and treatment can be proposed. First and foremost,
investigating the correlation between gene polymorphisms
of TERT, TERC, MUC5B and microRNA expression
(miR-101 and miR-21) may have certain effectiveness
for their use as predictors of fibrosis progression rate.
Additionally, since decreased miR-101 expression
correlates with TGF-B/Smad2 signaling pathway activation,
there is a probability of its use for monitoring and predicting
response to antifibrotic therapy.

Ornsg nitepatypu

610

Literature review



BicHuKk XapkiBCbKOro HaLioHanbLHOro yHiBepcuteTy imeHi B.H.
Cepia Megnumna. 2025. T. 33 Ne 4(55). C. 599-617

The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):599-617

ISSN 2313-2396 (Online)

KapasiHa.
ISSN 2313-6693 (Print)

AocnigXKeHHA ICTopIi XBopo6u
-Moyarok XBOpo6v Ta ICTOPIA NIKYBAHHA
-OuiHka ¢akTopis BnavBy
-MoTouHe NIKyBaHHA
-CiMeiHviA aHamHe3

KniHIbHI gocnig)KxeHHsa
-3aranbHe 06CTeXeHHA
-3aranbHul aHani3 Kposi
-PeTreHonorivuHe 06CTexeHHs
-@yHKLUOHaﬂbHI AVXanbHI TeCTn

-CTOPOHHI 3aXBOPHOBAHHA

MynbsTugucymnaiHapHe o6roBopeHHs

Yy MOXHA BCTAHOBUTYU AIArHO37?

3a NOKA3AHHAMMK
NpoBecTH cneyudIun!
ACCNIIKECHHA

OLUHMTM HEOGXIAHICTb CNIBCTABATH BUABACHI
-XIpypriyHoi 61oncii R
-TpaHCOPOHXIaNbHOI

Kpro6ioncii

-BpoHXx0anLBeoNApHOro

nasaxy
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3AXBOPIOBANNA
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Medical history research
-Onset of illness and treatment history
-Assessment of influencing factors

Clinical trials
-General examination
-Complete blood test

-Current treatment
-Family history
-Contraceptive diseases

-Radiological examination
-Functional respiratory tests

Multidisciplinary discussion
Can a diagnosis be made?

Assess the need
-Surgical biopsy
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cryobiopsy
-Bronchoalveolar
lavage
-Other specific
tests

Treat complications and
comorbidities

Compare the results
found

Conduct specific
studies as indicated

Assess severity

Treatment, monitoring, support

Key indicators for assessing the course of the

disease in ILD
-Forced vital capacity of the lungs
-Diffusing capacity of the lungs for carbon
monoxide
-High-resolution CT
-Reassessment of symptoms

Discrepancy to expected course of disease after

Puc. 6. Anroputm giarHoctuku I3J1 3anponoHoBaHui Wijsenbeek et al. [33]
Fig. 6. Diagnostic algorithm for ILD proposed by Wijsenbeek et al. [33]
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MoxHa 3anponoHyBaTW TPbOXETaMHUWA  anropuTMm
NPOrHO3YBaHHS:

1. OujiHka reHeTUYHUX hakTopiB, WO BKOYAE rEeHO-
TunyeBaHHa TOLLIP n MUCSB 3 meToto ouiHku panigHoro
nporpecyBaHHs;

2. OuiHka enireHeTUYHNX dakTopis, Taknx
sk miR-101 mikpoPHK y 6poHxoanbBeonsipHoMy naBaxi,
3 METOI MpOrHo3yBaHHA Bignosidi Ha dibponiTnyHi
3acobu Ta mogentoBaHHsA Tunis 13J1;

3. OuiHka pagionoriyHnx akTopiB 3 BUKOPUCTAHHSIM
MEeTOAIB pafioMikn 3 METOK CerMeHTauii Ta OLUiHKK
¢ibpo3Hnx BorHuw, Ha 6asi HRCT i3 3acTtocyBaHHsM
meToamkm FibroScore Ta nogansLLIOro MOHITOPUHIY AUHa-
MiKV 3aXBOPIOBaHHS.

A three-stage predictive algorithm can be proposed:

1. Assessment of genetic factors, which includes
genotyping of TOLLIP and MUC5B for the purpose
of evaluating rapid progression.

2. Assessment of epigenetic factors, such
as miR-101 microRNA in bronchoalveolar lavage, for the
purpose of predicting response to fibrolytic agents and
modeling ILD types.

3. Assessment of radiological factors using radiomics
methods for the purpose of segmentation and evaluation
of fibrotic foci based on HRCT with application of the
FibroScore methodology and subsequent monitoring
of disease dynamics.

Yu BupaneHuii aHTureH
260 noTeHWIAHMA
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InnGiropn mTOR
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CBePONIMYC)

ArTHGIGpOTHKA

Capkoifo3, CHCTEMHUA CKnepoy,
acoLponanmii 3 13N, cucTemmmit
MCPUOHMA DOBNAK, OPraHIZYIONa
NHEBMOHIA 360 3aNANLHO-
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narepu y xourexcr Gyan-axoro 13/

NpU3IHAYNTH AHTHUPIGPOTUUHY
Tepanio

noTpebu nawienTa?

NMonerweHHa cumnToMiB. flereHesa peaﬁlnltal.ua
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Puc. 7. YHicikoBaHuin anro

TPAHCNNAHTIUINO NereHs
Namarnexa gonomora

puTM nikyBaHHSA 13]1 [2]

Fig. 7. Unified treatment algorithm for ILD (interstitial lung disease) [2]
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met?

Symptom relief. Pulmonary rehabilitation
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Check indications and consider lung

transplantation Palliative care

Puc. 7. YHicikoBaHui anropuTtm nikyBaHHs 13]1 [2]
Fig. 7. Unified treatment algorithm for ILD (interstitial lung disease) [2]

BUCHOBKH

[HTepcTUUianbHi  3aXBOPIOBAHHS fereHb 3anuiua-
I0TbCA CKNaAgHOK Ans AiarHOCTWKWM TPynoto MaTororin,
Lo NoTpebyTb PaHHLOrO BUSBMEHHA Ta cTpatudikaui
PU3VKY AN NOKPALLEHHS MPOrHO3Yy.

MynbsTMMoganbHUM  nNigxia, WO MNOeaHYE  KIiHiYHi,
dYHKLiOHanbHi, MONEKyNSApHi Ta paaionorivyHi napameTpu,
€ KIMOYOBMM iHCTPYMEHTOM Y cy4acHii giarHocTtuui 1311

Biomapkepu (KL-6, SP-A, SP-D), mikpoPHK (3okpema
miR-21, miR-29, miR-101) Ta iHcTpymeHTU pagiomikn HRCT
AEMOHCTPYIOTb BUCOKY MPOTrHOCTUYHY LiHHICTE Ta MOXYTb
OyTu iHTErpoOBaHi y TpbOXETanHy AiarHOCTUYHY MOAErb.

3anponoHoBaHNn TPbOXETanHWM anropuTMm  (reHe-
TUYHWI/eNireHETUYHUIA CKPUHIHT — HeiHBa3uBHa Bi3ya-
nisauis — iHBa3MBHe MiATBEPOXKEHHS) MOXe MNiABULLMTY

CONCLUSIONS

Interstitial lung diseases (ILD) remain a diagnostically
challenging group of pathologies that require early
detection and risk stratification for improved prognosis.

A multimodal approach that combines clinical,

functional, molecular, and radiological parameters
is a key tool in contemporary ILD diagnosis.
Biomarkers (KL-6, SP-A, SP-D), microRNAs

(particularly miR-21, miR-29, miR-101), and HRCT
radiomics tools demonstrate high prognostic value and
can be integrated into a three-stage diagnostic model. mir

The proposed three-stage algorithm (genetic/
epigenetic screening — non-invasive imaging — invasive
confirmation) may enhance diagnostic accuracy, minimize
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TOYHICTb AiarHOCTUKK, MiHiMidyBaTn notpeby B 6Gioncii
Ta CnpusATM MepcoHanisoBaHoOMy niaxody A0 BeAeHHS
nauieHTie 3 13J1.
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Prospects for Further Research

Further research includes an in-depth study of the role

ofgenetic (TERT, TERC, MUC5B, TOLLIP polymorphisms)
and epigenetic (microRNAs miR-101, miR-21) markers,
their interrelationship with the aim of developing more
optimal approaches to detecting ILD, monitoring fibrosis
progression, and evaluating therapy response. Studying
key pathogenetic pathways (such as TGF-B/Smad2)
remains relevant for identifying new therapeutic targets.
Further validation of known (KL-6, SP-A/D, IL-6) and
search for new serum biomarkers and their combinations
for different ILD subtypes is necessary. This will allow
the development of personalized therapeutic strategies,
including early prescription of antifibrotics and monitoring
their effectiveness.
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KOoHAIKT iHTepecis

ABTOpK PyKOMUCY CBIAOMO 3acCBiAyytOThb BiOCYTHICTb
dakTM4yHoro abo MNOTEHUINHOro KOHMMIKTY iHTepecis
woao pesynbratiB Uiei pobotn 3 chapmaueBTUYHUMU
KOMnaHiamMu, BUpoOHMKaMK GiomMeanyHUX NPUCTPOIB,
iHLWMMK opraHi3auisMu, Yni NpodyKTu, nocryrn, diHaH-
coBa NiaTpUMKa MOXyTb OyTWM MOB’Ai3aHi 3 MpeameTom
HaJaHuX MaTepiani..

AOTPUMAHHS €TUMHUX HOPM

ABTOpPK pyKONUCY CBIOMO 3acBiAyylOTb, LIO Migro-
TOBKa PYKOMWCY 3AIMCHIOBaNachb BWKIIOYHO HA OCHOBI
BiOKpUTO oOnybrikoBaHWX HayKoBuUX mkepen. Y pobori
He BMKOPUCTOBYBanMCb NepCcoHithikoBaHi AaHi NauieHTiB,
pe3ynsTaTy NEPBUHHMX KNiHIYHUX abo AOKMiHIYHKMX gochi-
DKeHb. Y 3B’A3KY 3 UMM OTPUMMaHHSA CXBareHHst KOMicil
3 nuTaHb GioeTUKM He BUMaranocb. [ocnigXeHHs1 BUKO-
HaHe 3 [OTPMMaHHAM MPUHLUMMIB HaNeXHOI HayKoBOI
NpakTUKX Ta BiAMOBIOHO A0 MiKHAPOAHMX ETUYHMX CTaH-
[aprTis, 30kpeMa pekomMeHaauin Komitety 3 nybnikauinHoi
etnkn « COPE» (Committee on Publication Ethics).

BUKOPUCTAHHS LUTYYHOrO iHTEAEKTY

ABTOpM PYKOMMCY CBIiOOMO 3acBigyylOTb BUKOPU-
CTaHHA IHCTPYMEHTIB reHepaTUBHOIO LUTYYHOTO iHTENeKTy
(W) y npoueci nigrotoBkM Uporo pykonucy. BignosigHo
no TakcoHomii generyBaHHS 3aBOaHb reHepaTUBHOMY
wry4yHomy iHTenekty (GAIDeT, 2025 p.), 3a noBHOro
noacbKoro Harmnsaay 6yno AeneroBaHo 3aBOaHHS 3 BUYU-
TyBaHHS, pedaryBaHHs Ta nepeknagy. [ns uporo BUKO-
puctoByBaBcs ChatGPT-5 (OpenAl, Bepcia Big 4YepBHS
2025 p.). Yci pesynbraTtu, OTpUMaHi 3a 4OMNOMOrOK0 LIbOro
iHCTpyMeHTa, Oynu peTenbHO NepeBipeHi, BiagpeaaroBaHi
Ta 3aTBepayKeHi aBTopaMu, SiKi HeCyTb NOBHY BiAMNOBIAarb-
HICTb 3@ 3MICT i BUCHOBKM nyOnikauji. IHCTpyMeHTH reHe-
paTtuBHoro LI He 3a3HayalTbCa AK aBTOPU Ta HE HECYyTb
BiQMNOBIAanbHOCTI 3a KiHUEBi pe3ynsraTtu. Lis aeknapadis
He MOLUMPIOETBCS Ha BUKOPUCTaHHS 6a30BUMX iHCTpY-
MEHTIB NepeBipkn rpamatukun, opdorpadii ym odopm-
NEHHS NoCunaHb.

MepBUHHI AGHi Ta MmaTepiaAu

AsTOpUY pykonucy CBiAOMO 3acBigyyoThb,
WO MNEepBMHHA MeAMYHa [OOKYMEHTaUiss Ta CTaTUCTUYHI
6a3n gaHux y poboTi He BMKOpPUCTOBYBanucs. Yci TBep-
[KEHHs1 Ta y3aranbHEHHsl MigKpinneHi nocunaHHAMN
Ha neplogxXepena, OOCTYMHI Yy BiOKPUTOMY AOCTYMi
abo 4yepe3 HaykoBi 6ibnioteuHi pecypcu. [ogaTkoBi
martepianu, WO CTOCYHTbCS MNpouecy Bigbopy mxepen
un getanisadii meTogonorii aHanidy, MoxyTb OyTv HagaHi
aBTOPOM-KOPECMOHAEHTOM 3a 06r'pyHTOBaHMM 3anmnToM.

IHdbopmaLiis npo cbiHaOHCYBAHHSA

[aHe TeopeTnyHe OOCNIAXEHHSA He Marno (iHaHCOBOT
NiATPUMKN.
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PE3IOME

AkTyanbHicTb. KpuxoBo-kynpvkoBa TepaTtoMa € BiJHOCHO piAKiCHOK 3 HanbinbLu
3HAYyLLMX Ta KNHIYHO BaXKMBUX MNyXJIMH OWUTAYOrO BiKYy, MEPEBAKHO PO3rnsAacTbes
Y KOHTEKCTi AUTAYOI Xipyprii, HEOHaTOMOrii Ta NegiaTPUYHOI OHKOMOTii Yepes il MOTEeHLINHY
3M0SKICHICTb, BUCOKY 4acTOTy yCKnaJHeHb i 0COBNMBOCTI nicnsionepawiiHoro Kypcy.

Meta po6oTu — npoaHanisyBaTu BriacHi CMOCTEPEXEHHS Ta CyvacHi HayKoBi AaHi,
Lo ony6nikoBaHi y nepioa 3 1993 no 2025 pik, Woao KniHiko-enigemionoriyHmx ocobnu-
BOCTEW, 4acCTOTW, BIKOBUMX Ta CTaTEBUX XapaKTePWUCTUK, FiCTOMOrYHOI CTPYKTYpW,
baKTopiB pU3NKy, METOAIB AiarHOCTMKM, NiKyBaHHSA Ta MPOrHO3Y KPWXXOBO-KYMPUKOBUX
TepatoMm y AiTen.

Martepianu i metoan. [daHe pocnigxeHHs Mae oOrnsigoBui xapaktep i 6asyeTbes
Ha cUCTEMHOMY aHanisi HaykoBux nybnikauin, onybnikoBaHux y nepiog 3 1993 no
2025 pik, wo 6ynu BiaibpaHi 3 aBTOPUTETHMX MKEpen MiKHapOAHUX MEeAuYHUX 6a3
AaHux, 3okpema PubMed, Scopus, Web of Science, ScienceDirect Ta Google Scholar.
Pesynbratu. Y LUBeuii yactota BUSBMEHHS KPWPKOBOI KyMpWKOBOI TepaToOMWU CTaHo-
BuTb 7,1 Bunagky Ha 100 000 >xmBoHapomxeHux, y PiHnaHaii — 9,3 Ha 100 000, Togai
sk y Anowii Ta Kopei — Big 1 go 2 Bunagkis Ha 40 000. Y kpaiHax LieHTpanbHoi €Bponu,
Takux sk Yexis, yactota BUSIBMIEHHS € BHULLOI, LLO YacTKOBO MOB’SI3aHO 3 SKICHO opra-
HI30BaHOK MpeHaTanbHOK AiarHOCTUMKOKW — MnoHaf 77 % BunagkiB ineHTUIiKyroTbCs
LLle [0 HapomMKeHHs. Y BinbLIOCTi AOCNIAKEHMX KOTOPT BiAMIYAETLCS YiTke NepeBaXKaHHs
XiHoyoi cTaTi (70-75 %), o cBiAYMTb NPO BMCOKY CTaTeBy Avcrponopuit. BctaHos-
NEHO, O 3Ha4YeHHs CMiBBIOHOLLIEHHS 00’eMy NMyXNMHU A0 Macu Tina noHaa 27,4 Ta cnis-
BiJHOLLUEHHS AOBXWHM NYyXMWHWM A0 3pOCTY AWTUHM NoHapg 28,2 KopenwoTb i3 Biporia-
HICTIO MOBTOPHOIO XipypriYHOro BTPYy4aHHS, TOAi SK 3HA4YeHHS CniBBiAHOLLEHHS 06'eMy
nNyxXnUHW OO0 Macu Tina noHag 2,7 cBigunTb Npo NiABULLEHUA PU3NK nepionepauinHmx
ycknaaHeHb. OTpuMaHi y BnacHOMy AOCHiAKeHHI AaHi AEMOHCTPYOTb TUMOBY enigeMi-
OrOri4Hy CTPYKTYPY KPM>KOBO-KYMPUKOBOI TepaToMu, i3 YiTKOK nepeBaroto cepep Aisyar
Ta paHHiM Bikom MaHidecTauii. MNpodinb nauieHTiB i nikyBanbHi nigxoan ceigyaTb Npo
CBO€YaCcHy rocritaniaaito Ta B4acHe onepaTtmBHeE BTPYYaHHS, LLO 3HUXKYE PU3KK Nporpe-
CYBaHHS Ta PO3BUTKY YCKINafHEHb.

BucHoBKkW. KpwxoBi KynpuKOBi Tepatomu Yy AiTer 3anuwaroTbCa pigKicHOW0, ane
KNiHIYHO 3HaYyLLOK naTororieto, sika noTpebye paHHbOI AiarHOCTUKK, MpeHaTanbHOro
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AAS LUTYBAHHS:

MOHITOPUHIY Ta MyNbTUAUCLMNAIHAPHOIO MiKyBaHHsSI 3 ypaxyBaHHSAM iHAMBIAyanbHOro
nporHo3y. Pesynbrat aHanisy HaykoBol nitepaTtypu 3a 1993-2025 poku 3acsiguunu,
L0 NpeHaTarnbHa AjarHoCTUKa y MoeAHaHHI 3 BUKOPUCTAHHSIM NMPOrHOCTUYHMX napaMe-
TPIB BiAHOLIEHHSI JOBXMHW MyXJIMHW [0 3pOCTY AUTUHW [O3BOISIE CBOEYACHO OLIHUTK
PV3NKN Ta 3HU3NTU HACTOTY TSHKKUX YCKNaaHeHb. BuaHaveHo, Lo rictonoriyHa HespinicTb
NyXnuHK, Ti BeNMKa NpPOTSKHICTb, BUCOKA CyauHHICTb, Tun |V 3a knacudikauieto Altman,
incomplete resection Ta intraoperative spillage € npoBigH1Mn akTopamu pusmky peum-
AVBY Ta 3HVDKEHHS BUXUBAHOCTI.

Konomniubkuin B.C., Kopobko 10.€., Cactok A.l, Mwuxaneuyk T.I., Maciynnk O.B., Ay6 A.C. KpwkoBo-kynpu-
KoBa Tepatoma y aitein. CyyacHi normagm Ha naTonorilo Ta pesynbTaTh BAacHUX CrnocTepexeHb. BicHuk Xapkie-
CbKO20 HauioHanbHo20 yHieepcumemy imeHi B.H. KapasiHa. Cepis Meduyura. 2025. T. 33; Ne 4(55). C. 618-641.
DOI: https://doi.org/10.26565/2313-6693-2025-55-09
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ABSTRACT

Background. Sacrococcygeal teratoma is a relatively rare and clinically important tumor
of childhood, mainly considered in the context of pediatric surgery, neonatology, and
pediatric oncology due to its potential malignancy, high incidence of complications, and
peculiarities of the postoperative course.

Purpose — to analyze our own observations and modern scientific data published in the
period from 1993 to 2025 regarding the clinical and epidemiological features, frequency,
age and gender characteristics, histological structure, risk factors, diagnostic methods,
treatment and prognosis of sacrococcygeal teratomas in children.

Materials and methods.This study is a review and is based on a systematic analysis
of scientific publications published between 1993 and 2025, selected from authoritative
sources of international medical databases, including PubMed, Scopus, Web of Science,
ScienceDirect, and Google Scholar.

Results. In Sweden, the incidence of sacrococcygeal teratoma is 7.1 cases per
100,000 live births, in Finland it is 9.3 per 100,000, while in Japan and Korea it is 1 to
2 cases per 40,000. In Central European countries, such as the Czech Republic, the
incidence is higher, partly due to the high quality of prenatal diagnosis — more than 77%
of cases are identified before birth. In most of the studied cohorts, there is a clear female
predominance, with a proportion of 70% to 75%, indicating a high sex ratio. It was found
that the ratio of tumor volume to body weight over 27.4 and the ratio of tumor length
to child height over 28.2 correlate with the likelihood of repeated surgical intervention,
while the ratio of tumor volume to body weight over 2.7 indicates an increased risk
of perioperative complications. The data obtained in our own study demonstrate a typical
epidemiological structure of sacrococcygeal teratoma, with a clear predominance among
girls and an early age of manifestation. The patient profile and treatment approaches
indicate timely hospitalization and timely surgical intervention, which reduces the risk
of progression and development of complications.

Conclusions. Sacral-coccygeal teratomas in children remain a rare but clinically
significant pathology that requires early diagnosis, prenatal monitoring and
multidisciplinary treatment taking into account individual prognosis. The results
of the analysis of scientific literature for 1993-2025 showed that prenatal diagnosis
in combination with the use of prognostic parameters of the ratio of tumor length
to child height allows for timely assessment of risks and reduce the incidence of severe
complications. It was determined that histological immaturity of the tumor, its large extent,
high vascularity, type 1V according to the Altman classification, incomplete resection and
intraoperative spillage are leading risk factors for recurrence and reduced survival.

Mykhalchuk TI, Pasichnyk OV, Dub AS. Sacrococcygeal

teratoma in children: current perspectives on the pathology and results of our own observations. The

Journal of V.N. Karazin Kharkiv National University. Series Medicine.
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BCTYN

KpwxoBo-kynpukosi Tepatommn (KKT) € HanbinbL
TUMOBUMMW TE€PMIHOTEHH/MN HOBOYTBOPEHHAMMW Mepu-
HaTanbHOro nepiody, WO MalTb 3HAYEHHA He nuwe
K KniHiYHa, a W 9K emOpionoriyHa Ta OHKOMOoriYHa
npobnema. Li nyxnuHu dopmyroTbes 3 eMBpioHanbHMX

INTRODUCTION

Sacrococcygeal teratomas (SCTs) are the most
common germ cell neoplasms of the perinatal period,
which are of importance not only as a clinical but also
as an embryological and oncological problem. These
tumors are formed from embryonic germ cells and are
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repmiHanbHUX KNiTUH | XapakTepusylTbCa CKNagHo
riCTONOri4YHOK CTPYKTYPOIO, L0 MOXE BKIMHOYATU TKAHWHU
pi3HOro noxodXeHHsi. BoOHW 3a3Buyal nokanisytoTbcs
y 4ingHui  Kynpuka, MakwTb LMpoKe MopdonoridyHe
Ta KniHiYHe BapitoBaHHS — Big AOOPOSKICHUX, 3pinvx hopm
[0 arpecnBHUX, 3r0SKICHO TPAHCOPMOBaHMX HOBOYTBO-
PeHb i3 pu3nKom peumnansy abo metactasyBaHHs [1-4].

Xoua y 6inblIOCTi BUNaaKiB AiarHo3 BCTaHOBMOETLCS
nig 4yac npeHatanbHoOro obcTexeHHs abo npu Hapog-
XEHHi, He BCi NyXnWHW BUSABNATLCHA BYacHO. HecBo-
€4acHa JiarHoctvka nigBuLLYE pPU3NK  YCKMagHEHb,
BKIOYAO4M posnagn yHKUIM Ta3oBKX opraHiB Ta Heob-
XiQHICTb MOBTOPHOIO XipypriYyHOro BTpyYaHHs. Baxnmeum
3annWaeTbCs TakoX MUTaHHSA iHAWBIAYanbHOrO MPOrHo-
3yBaHHs nepebiry XBopobu, WO 3anexuTb Bifg, KMiHIYHMX,
MOPAOSOriYHUX | XipypriYHMX bakTopiB.

YNpoOoBXK OCTaHHIX pokiB HabyTO 3HAYHOrO Mporpecy
B PO3yMiHHI MaToOreHesy KpWHKOBO-KYMPUKOBUX TepaToM,
knacudpikauii  iX TUMiB, BMU3HAYEHHI KPUTEPIiIB PU3MKY
Ta BOOCKOHANEHHI MeTodiB  XipypriyHOro  mfikyBaHHS.
BopgHoyac y npakTuui autadoi xipyprii goci 36epiratotbes
CyMNepeyHOCTi Lwoao obcsary onepaTvBHOIO BTPYYaHHS, Biky
OUTUHW ONs NPOBEAEHHsT onepalii, poni npeHaTanbHOro
MOHITOPUHIY Ta anropuTmiB nicnsonepawiiHoro Harnsay [5].

Meta poboTtu — npoaHanidyBatu BRacHi crocre-
PEXEHHSI Ta CyyacHi HaykoBi [AOaHi, o onybnikoBaHi
y nepiog 3 1993 no 2025 pik, Woao KriHiko-enigemio-
NOriYHMX OCOONMBOCTEN, YacTOTU, BIKOBUX Ta CTaTeBMX
XapakTepucTuK, FiCTONOrMYHOI  CTPYKTypu, chakTopis
pV3UKy, METOAIB AiarHOCTMKW, NiKyBaHHA Ta MPOrHO3y
KPUXXOBO-KYMPUKOBUX TEPATOM Y AITEN.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

[aHe pocnigXeHHs Mae ornsaaoBuUii xapakrtep i 6asy-
€TbCS Ha CUCTEMHOMY aHanisi HaykoBux mny6nikauin,
ony6nikoBaHux y nepiog 3 1993 no 2025 pik, wo 6ynu Bigi-
OpaHi 3 aBTOPUTETHUX MKepen MiKHapPOAHMX MeaUYHUX
6a3 gaHux, 3okpema PubMed, Scopus, Web of Science,
ScienceDirect Ta Google Scholar. Y Biabip Bkntovanucs
nvwe MOBHOTEKCTOBI PeueH30BaHi CTaTTi, Sk MicTUnm
NMepBUHHI AaHi, aHaniTM4Hi BUCHOBKM abo y3aranb-
HEHHS, L0 CTOCYIOTbCA AiarHOCTUKM, NiKyBaHHS, 4acToTu,
NPOrHO3y i ycKnaaHeHb KPUXOBO-KYNPUKOBUX TepaToMm
y OiTel. AKLEHT 3po0neHo Ha AOCMiIAXEHHS, AKi OXOMIHo-
Banu BeNuKi KOropTu MauieHTiB, onpalboBaHi 3a nepiog
He MeHLUEe HiX 5 pokKiB, 3 YiTKUM BUCBITNEHHSAM BIiKOBWUX,
cTateBux, MOPMONOriYHMX i YHKLIOHaNbHUX XapakTe-
PUCTUK XBOPMX. 3aranomMm npoaHanisoBaHo noHag Tpuva-
USATb [pKepen, cepen skux HaniHopmaTUBHiLMMKU Byrnu
MacLTabHi koroptu 3 MiBgeHHoi Kopei, BenvkobpuTaHii,
AnoHii, Typeuunnn, LLseuii, Yexii, Kutato, a Takoxx okpemi
cepii BunagkiB i3 bocHii i MepueroBuHu. 3ibpaHi B Lux
ny6nikauisx AaHi 4O3BONUAN CUCTEMATU3yBaTU BiAOMOCTI
NpoO 4acCTOTy 3axBOPKOBAHHS, TUMU MyXJNH 3a Knacugi-
Kauieto Altman, rictonoriyHy cTpykTypy (3piny, Hespiny,
3r0SKICHY), YacTOTy peunamnBIB, nicnsonepawinHi ycknaa-
HEHHS, YHKLiOHanbHI HacnigkM Ta MoKasHWKWM BUXMBa-
HocTi. Okpemy yBary npuvaineHo napameTpam, siKi HUHI
aKTMBHO OOCMIAXKYHOTbCA SK NPEAMKTOPU TSXKKOro nepe-
6iry, 3okpema CniBBigHOLLEHHIO 06’EMY MyXMMHM A0 Macu
Tina, Ta CniBBIAHOLEHHIO JOBXUHW MyXMMHW OO 3pOCTY
HOoBOHapomxeHoro.  [ns NOPIBHANBHOIO  aHanisy

characterized by a complex histological structure, which
may include tissues of different origins. They are usually
localized in the coccyx region, have a wide morphological
and clinical variation — from benign, mature forms
to aggressive, malignantly transformed neoplasms with
a risk of recurrence or metastasis [1-4].

Although in most cases the diagnosis is established
during prenatal examination or at birth, not all tumors
are detected in time. Late diagnosis increases the risk
of complications, including pelvic organ dysfunction and
the need for repeated surgical intervention. The issue
of individual prognosis of the course of the disease, which
depends on a number of clinical, morphological and
surgical factors, also remains important.

In recent years, significant progress has been made
in understanding the pathogenesis of sacrococcygeal
teratomas, classifying their types, defining risk criteria,
and improving surgical treatment methods. However,
in pediatric surgery, there are still controversies regarding
the extent of surgical intervention, the age of the child for
surgery, the role of prenatal monitoring, and postoperative
care algorithms [5].

Objective — to analyze our own observations and
modern scientific data published in the period from 1993 to
2025 regarding the clinical and epidemiological features,
frequency, age and gender characteristics, histological
structure, risk factors, diagnostic methods, treatment and
prognosis of sacrococcygeal teratomas in children.

MATERIALS AND METHODS OF RESEARCH

This study is a review and is based on a systematic
review of scientific publications published between
1993 and 2025, selected from authoritative sources
of international medical databases, including PubMed,
Scopus, Web of Science, ScienceDirect and Google
Scholar. The selection included only full-text peer-
reviewed articles that contained primary data, analytical
conclusions or generalizations related to the diagnosis,
treatment, frequency, prognosis and complications
of sacrococcygeal teratomas in children. The emphasis
was on studies that included large cohorts of patients
studied over aperiod of atleast 5 years, with clear coverage
of age, sex, morphological and functional characteristics
of patients. In total, more than thirty sources were
analyzed, among which the most informative were large-
scale cohorts from South Korea, Great Britain, Japan,
Turkey, Sweden, the Czech Republic, China, as well
as individual case series from Bosnia and Herzegovina.
The data collected in these publications allowed us to
systematize information on the incidence of the disease,
types of tumors according to the Altman classification,
histological structure (mature, immature, malignant),
recurrence rate, postoperative complications, functional
consequences and survival rates. Special attention was
paid to parameters that are currently actively studied
as predictors of severe course, in particular the ratio
of tumor volume to body weight, and the ratio of tumor
length to the height of the newborn. For comparative
analysis, data on perinatal mortality, the frequency
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BMKOPWMCTOBYBANMCA AaHi Npo NepuHaTanbHy CMEpTHICTb,
4acToTy hyHKLUIOHaNbHNX NOPYLLEHb, TPMBAriCTb CNOCTe-
PEeXeHHS i YacToTy peunamnBiB Y Pi3HUX KpaiHax.

PE3YABTATU

3a ocTtaHHi 8 pokiB Nig HalMM CMOCTEPEXEHHSIM
3Haxogunocb 10 nauieHTiB 3 KPWXKOBO-KYMPUKOBUMM
TepaToMamu, MEAMYHY OKYMEHTaL o sikux Byno niggaHo
peTpocnekTuBHOMY aHanisdy. Cepea XBOpMX nepeBaxanu
pieyata — 8 i3 10 (80%), WO y3romxyeTbcsl 3 BiAOMUMU
enigemionoriyHuMmn  ocobnmMBOCTAMMU  AaHOI  NaTonorii,
fKa YacTile BUSIBNAETbCA Y MaLiEHTOK >XiHOYOI CTarTi.
Jinwe B 2-x BUMagkax 3axBOpOBaHHs Gyno AiarHocTo-
BaHO y xnonuis. CepeaHii Bik NponikoBaHUX MaLieHTIB
Ha MOMeHT rocnitanisauii craHoBus 2,0+0,2 TxHi. Micue
NPOXMBAaHHS XBOPMX PO3MOAINEHO MOPIBHY MK MeLLKaH-
uamu micta (5 Bunagkis) Ta AiTbMu 3 pavioHis. Lle cBia-
YNTb NPO edEKTUBHE perioHanbHe OXOMMEHHS AiarHoc-
TUKOK | edeKTMBHY MapLupyTM3aLilo Takux nauieHTiB,
a TaKoX NPO HasABHICTb HACTOPOXEHOCTI LLOAO MyXMMHO-
NoAibHMX YyTBOpPEHb BPOIKEHOrO r'eHe3y cepepd ikapis
NepBUHHOI NaHkn. TpuBanicTb nepebyBaHHA B cTauioHapi
BapitoBanacs Big 7 go 20 AHis, y cepegHboMy 6nm3bKo
18,5+1,5 gHi, Wo BigNOBigae cTaHAapTam HagaHHs Xipyp-
riYHOI Aonomory B ymoBax crewianizaoBaHOro AMTSYOro
3aknagy 6e3 po3BUTKY TSKKMX YCKNagHeHb. Y nepe-
BaXHi OinNbLIOCTI BUMNAAKIB NiKyBaHHS MpoBOAMIIOCS
y BiAOINEHHsX OHKoremartosnorii, wo Oyno 3ymMOBneHO
HeOoOXiOHICTIO MynbTUAUCUUNMIHAPHOIO MigXody, OHKO-
MNOMYHOrO Harnsgy, YTOYHEHHSA TiCTONOoriyHoi opmMu
NYXIMHW Ta OLHKM PU3MKY i ManirHisawii.

Y cTaTTi HaBOOUMO KIiHIYHWA BMNAQoOK  ycCnill-
HOro XipypriYyHoro nikyBaHHS HOBOHAPOOKEHOI AUTUMHU
3 BEMMKOK KPWKOBO-KYMPUKOBOK TepaTtobnacTtoMoro
KOMBiHOBAHOI 30BHILLHBO-BHYTPILUHLOI NOKanisadlii.

MauienTtka A., Bik 1,5 gobu, Hapogunacsa LWASXom
NnaHoOBOro KecapeBoro po3TuHy Ha 40-my TWXHI BariT-
HocTi. [lpn HapomXeHHi maca Tina AUTUHWM CTaHoBWUNaA
4300 r, poBXnHa — 51 cM, OKpYXHICTb ronosn — 33 cM,
rpygoHoi knitkm — 32 cm. 3a wkanoto Anrap — 7 6anis
Ha nepwin xBunuHi Ta 8 Ha n’ati. Monoru Biadynucs
y crneujianisaoBaHOMY NorioroBoMy LIEHTPi Nobnuay AnTayoi
XipypriyHoi KniHikn. Y matepi, 28-pi4HOi XiHKW, nig 4vac
BariTHOCTI crocTtepiranaca aHemis | CT., eposia Wuiikn
MaTKX Ta rectauinHi Habpsku. Ha 34-my TwxkHi rectauii
yNbTpasByKoBe  OOCTEXEHHS  BUSIBUNIO  aHOMallbHEe
YTBOPEHHA B AiNSHUi KpWXiB Ta Kynpuka. MonepeaHin
AiarHo3 MpuW Hapo[KEeHHI — KPWXOBO-KYMNpuKoBa Tepa-
Toma. Yepes 25 roguH nicnst HApOAXXeHHs AUTUHY Byno
HanpaBneHo Ao obnacHoi AuTAYoi nikapHi. 3aranbHuin
ctaH 6yB cTtabinbHuiA. Tig 4Yac Y3[, opraHu 4epeBHOI
MOPOXHUHW Manu HOPManbHi PO3MipU Ta CTPYKTYpY,
natonorii 3 60Ky HMPOK He BusBneHo. KoHtpactHa MCKT
BMSIBUNA MacVBHE HOBOYTBOPEHHS, Sike pO3TalloByBa-
noce Yy HWXKHIX BigAinax CnuHW Ta CIQHWYHUX AinsiHKax,
3 YiTKUMW MeXaMW Ta HEOOHOPILHOK CTPYKTYpo —
HasAABHICTIO YUCIIEHHUX KICTO3HMX MOPOXHUH. Po3mipun
nyxnuHun — 48x30x%15 cm. BusieneHo gedopmadito none-
PEKOBO-KPWKOBOTO Biadiny xpebTta 6e3 NowwKoaKeHHS Tin
xpebuis. CnocTtepiranocsa po3lmpeHe BEHO3HEe CyauHHE
pycrio 4o 3 MM y KyrnpukoBomy kaHani. [NyxnnHa KpoBo-
nocrayanacs 4epes niBy BHyTpilWHIO Kny6oBy apTepito

of functional disorders, the duration of observation
and the frequency of recurrence in different countries
were used.

RESULTS

Over the past 8 years, 10 patients with sacrococcygeal
teratomas have been under our observation, whose
medical records were subjected to retrospective
analysis. Girls predominated among the patients —
8 out of 10 (80%), which is consistent with the known
epidemiological features of this pathology, which
is more common in female patients. Only in 2 cases
was the disease diagnosed in boys. The average age
of the treated patients at the time of hospitalization was
2.0+£0.2 weeks. The place of residence of the patients
was equally distributed between city residents (5 cases)
and children from the districts. This indicates effective
regional coverage of diagnostics and effective routing
of such patients, as well as the presence of alertness
regarding tumor-like formations of congenital genesis
among primary care physicians. The duration of hospital
stay varied from 7 to 20 days, with an average of about
18.5+1.5 days, which corresponds to the standards
of surgical care in a specialized children’s institution
without the development of severe complications.
In the vast majority of cases, treatment was carried
out in oncohematology departments, which was due
to the need for a multidisciplinary approach, oncological
surveillance, clarification of the histological form of the
tumor and assessment of the risk of its malignancy.

The article presents a clinical case of successful
surgical treatment of a newborn child with a large
sacrococcygeal teratoblastoma of combined external-
internal localization.

Patient A., age 1.5 days, was born by planned cesarean
section at the 40th week of pregnancy. At birth, the child’s
weight was 4300 g, length — 51 cm, head circumference —
33 cm, chest — 32 cm. On the Apgar scale — 7 points
at the first minute and 8 at the fifth. The birth took place
in a specialized maternity center near the children’s surgical
clinic. The mother, a 28-year-old woman, had anemia
of the 1st degree during pregnancy, cervical erosion
and gestational edema. At the 34th week of gestation,
an ultrasound examination revealed an abnormal formation
in the sacrum and coccyx. The preliminary diagnosis at birth
was sacrococcygeal teratoma. 25 hours after birth, the child
was sent to the regional children’s hospital. The general
condition was stable. During ultrasound, the abdominal
organs had normal size and structure, no pathology
was detected on the part of the kidneys. Contrast MSCT
revealed a massive neoplasm located in the lower back and
gluteal regions, with clear boundaries and a heterogeneous
structure — the presence of numerous cystic cavities. The
tumor dimensions were 48x30%15 cm. Deformation of the
lumbosacral spine was detected without damage to the
vertebral bodies. An expanded venous vascular bed up to
3 mm in the coccygeal canal was observed. The tumor
was supplied with blood through the left internal iliac artery
with signs of active neoangiogenesis and an anatomical
anastomosis with the external iliac artery. The tumor
pressed on the rectal wall. The abdominal cavity was
without free fluid and other pathological changes (Fig. 1).
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3 gABMLLAMM aKTUBHOI HeoaHrioreHe3an Ta aHaTOMiYHUM
aHaCTOMO30M i3 30BHILLHLOK KryOOBOK —apTepieto.
YTBOPEHHSI TUCHYMO Ha CTiHKY NpsSMOi KuWKK. YepeBHa
NOPOXHNHA — 6€3 BiNbHOI PiAMHU Ta iHWMX NATONOrYHNX
3MiH (puc. 1).

Puc. 1. XBopa A., Bik 10 gi6. KoHTpactHa MCKT: A — ropusoHTanbHa npoekuisi, b — BepTukanbHa npoekLis
Fig. 1. Patient A., age 10 days. Contrast MSCT: A — horizontal projection, B — vertical projection

XipypriyHe BTpy4YaHHs npoBefeHo y Biui 12 fHis,
nicnsa crabinisauii BiTanbHUX NOka3HWKIB. Y xoai onepadii
MOBHICTIO BMAANEHO MyXfMHHE YTBOPEHHHA Ta BUKOHaHO
NNacTUKy KPYXOBO-KYNPUKOBOI 3B’A3kn. Maca BmuaaneHoi
nyxnuHu cknana 1600 r (puc. 2).

Surgical intervention was performed at the age of
12 days, after stabilization of vital signs. During the
operation, the tumor was completely removed and the
sacrococcygeal ligament was plasty. The mass of the
removed tumor was 1600 g (Fig. 2).

b

Puc. 2. XBopa A., Bik 12 gHis. [1-3: Kpy>XOBO-KynpuKoBa TepaTomMa: A — O OnepaTUBHOMO BTPYYaHHS;
b — nicnsonepauiiHa paHa 3alunta OKpeMUMY BY3MOBMMM LLIBAMM i3 APEHYBaHHAM M’SIKUX TKaHWH
Fig. 2. Patient A., age 12 days. D-z: sacrococcygeal teratoma: A — before surgery;

B — postoperative wound sutured with separate knotted sutures with soft tissue drainage

3a pesynsratamuy riCTOMNOrYHOro AOCHIMKEHHSA BCTa-
HOBMEHO AiarHo3 He3pinoi TepaTtomu.

HaBegeHun Buwe KNiHIYHWM  BMNAAOK  SICKpaBO
OEMOHCTPYE, WO CBOEYacHa npeHararnbHa AiarHocTuvka,
MyNbTUOUCUMNNIHAPHWIA  NIOXiA Ta paHHE XipypriyHe
BTPYYaHHA MOXYTb 3a0e3neyvMTu MO3UTUBHMIN MPOrHO3
HaBiTb Y BMNagkax cknagHux Ta 06’€MHUX BPOOKEHMX
HOBOYTBOPEHb, TaKMX $IK KPWKOBO-KYNpUKoBa Tepa-
TOMa 3i 3MmiwaHow fokanisauieto. Ller npuknag Takox
NiAKPECIIOE BaXXMMBICTb BUKOPUCTAHHS Cy4acHUX METOSIB
Bidyanisauii Ans TOYHOI OLIHKM CTPYKTYpPWU N CYAWHHOIO
KUBIMEHHST MyXJIMHW, PETENbHOro MraHyBaHHA onepa-
TUBHOI TaKTUKW.

Based on the results of histological examination,
a diagnosis of immature teratoma was established.

The above clinical case clearly demonstrates that
timely prenatal diagnosis, a multidisciplinary approach,
and early surgical intervention can provide a positive
prognosis even in cases of complex and bulky congenital
neoplasms, such as sacrococcygeal teratoma with
mixed localization. This example also emphasizes
the importance of using modern imaging methods for
accurate assessment of the structure and vascular supply
of the tumor, and careful planning of surgical tactics.
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OBrOBOPEHHS

AHaToMmo-dpisioAorivHi Ta emBpioAorivHi

acnekTu, eTioAorisi, pakTopu pUsUKy

Ta BikoBi 0COBAMBOCTiI KPUXKOBO-

KYNPUKOBUX TEPATOM Yy AiTeM

KpuxoBo-kynpukoBa [AifisiHKa € HWKHIM  MONoCoM
Tyny6a, aHaTOMiYHO CHOPMOBAHUM KPUXKOBUM i Kynpu-
KOBMM Bigainamu xpebta, Ski y HOBOHapOAXXEHUX CKna-
[alTbCA 3 HE3POLLEHUX CETMEHTIB i XapaKTepuayTbCa
BMCOKMM CTyneHem nractuyHocTi. Came B Ui AinsHUi
B npoueci emMbpioHanbHOro PO3BUTKY PO3TALLOBYETHCA
NepBUHHMN By30n — MPUMITMBHaA CMYyxka (primitive
streak), o 6epe y4acTb y hopMyBaHHi TPbOX 3apOAKOBMX
NUCTKIB: eKToAepMM, Me304epMU Ta eHToAEPMU . Y HOPMi
NPUMITUBHA CMYXKa 3HMKae A0 4-5-ro TWXHA recrauii,
ofHaK y pasi nopyLlieHHs il pegykuii 3anvkn emopio-
HanbHUX KNITUH MOXYTb NEPCUCTyBaTW Ta 3rogom TpaH-
cchopmyBaTUCA Yy MNYXAUHHI CTPYKTYpu. Llen mexaHiam
BBAXa€ETbCA KIOYOBMM Yy MNaTOreHesi KpuXOBO-Kymnpu-
KOBWX TepaToM, siki 3a CBOEH CTPYKTYPOIO YacTo MICTATb
€leMEHTM BCiX TPbOX 3apOAKOBMX JIUCTKIB: eniTenianbHi
BKIMHOUYEHHA, HEpPBOBY TKaHWHY, M’A3U, CYOMHU, XMUPOBY
TKaHWHY, XpsLi, KiCTKy, Bormoccs abo HagiTb 3y6u
MyxnnHa Mmoxe po3TalloByBaTMCS No3a Mexamu Tina abo
MOLLUMPIOBATUCH Y Ta30BY YN CMIMHHOMO3KOBY MOPOXKHUHY,
LLIO 3YMOBIIOE LUMPOKUIA CAEKTP KIiHIYHMX NposiBiB [6, 7].

3 nosuuii disionorii nnoga, picT NyxnnHW B Wi AinsgHui
nopywye HopmaneHy OyOoBy Mamnoro Tasa, BMnvBae
Ha opmyBaHHA Ce4YoBOro Mixypa, MPSMOI  KULLKK,
CcTaTeBUX OpraHiB, CyauH i HEepBOBMX CTPYKTyp. Benuki
abo CyoMHHO Hacu4eHi TepaToMu, BUSIBMEHI Ha cepef-
HbOMY TEPMiHi BariTHOCTi, MOXYTb BUWKIMKaTW rigponc
nnopa, cepueBy AeKOMMEHcaLilo Ta Haa IULWKOBE HaKo-
NMYeHHs HaBkomnonnigHux BoA. [laTtocpisionoriyHo Taki
3MiHM 3yMOBIeHi nigBULLEHM MeTaboniyHMM HaBaHTa-
KEHHSAM, PO3BMTKOM aHeMii Ta rinoBofemii, Wwo iCTOTHO
nigBULLYE PU3MK BHYTPILIHBOYTPOOHOI abo nepuHa-
TanbHoi 3armbeni. YcknagHeHHs TaKoX MOXYTb BUHUKATK
BHACMiQOK NOPYLUEHHS1 BEHO3HOIO BiATOKY Ta 3[aBfIEHHS
opraHiB Ta3a, Lo Hagani NposBnAeTbCA Y BUIMS4i Nopy-
LeHb cevyoBUNyCcKaHHs Ta aedekadii [8].

LLlogo etionorii, kKpnXXOBO-KYNpPUKOBI TepaTtoMu Hane-
XaTb 0O eMOpioHanbHUX MyXMuWH, | AOTenep He icHye
Cepen WMOBIPHMX YMHHWKIB PO3BMTKY pO3rMsaalTb
NOpYLUEHHSA Mirpauii repMiHOreHHUX KMiTWH, 36epexeHHs
3anuWKiB  NPUMITUBHOI CMYXKM Ta HeaudepeHLino-
BaHWX KNITUH Yy KaydanbHil YacTuHi embpioHa. Takox
OOCTiAXYETbCSA POfb FEHETUYHUX | enireHeTUYHUX 3MiH,
BKIIOYa4uM MyTauii abo nopylueHHs perynsdii ekcnpecii
reHiB, O KOHTPOIOOTL paHHE embpioHanbHe andepeH-
LitoBaHHSA. Y NOOOAMHOKMX BMMNaAKax OnmcaHo acouiaLito
3 cuHApomMansHuMn copmamu, xoda nepesaxHa Oinb-
WicTb BMNagkiB € crnopagnyHuMmm. XpoMOCOMHI aHoManii
TpannsawTbCs pigko, MNpOTe [HOAI  KPUXKOBO-KYNPUKOBI
TepaToMN MOEAHYHOTLCS 3 IHWUMW BagaMu PO3BUTKY —
CMMHHOMO3KOBUMM TpwXamu, MeHiHrouene abo areHe-
3ieto Kpwpkosoro Bigainy [9].

[o chakTopiB pn3nKy Hanexarb XiHo4a cTaTb, nepLia
BariTHICTb, CTapLUMI PenpoaykTUBHUIA Bik MaTepi, bara-
TOBOAAS, CiMeMHa icTopis HOBOYTBOPEHb, a TaKOX
0cobnmBoCTi embpioreHesy, WO CpuUsitoTb 36epexeHHIo

DISCUSSION

Anatomical and physiological aspects,
etiology, risk factors and age-related
characteristics of sacrococcygeal
teratomas in children

The sacrococcygeal region is the lower pole of the
trunk, anatomically formed by the sacral and coccygeal
spine, which in newborns consist of unfused segments and
are characterized by a high degree of plasticity. It is in this
area that the primary node is located during embryonic
development — the primitive streak, which participates
in the formation of three germ layers: ectoderm,
mesoderm and endoderm. Normally, the primitive streak
disappears by 4-5 weeks of gestation, however, in case
of a violation of its reduction, the remains of embryonic
cells can persist and subsequently transform into tumor
structures. This mechanism is considered key in the
pathogenesis of sacrococcygeal teratomas, which in their
structure often contain elements of all three germ layers:
epithelial inclusions, nervous tissue, muscles, vessels,
adipose tissue, cartilage, bone, hair or even teeth. The
tumor can be located outside the body or spread into
the pelvic or spinal cavity, which causes a wide range
of clinical manifestations [6, 7].

From the point of view of fetal physiology, tumor
growth in this area disrupts the normal structure of the
small pelvis, affects the formation of the urinary bladder,
rectum, genitals, blood vessels and nervous structures.
Large or vascularly saturated teratomas detected in the
middle term of pregnancy can cause fetal hydrops, cardiac
decompensation and excessive accumulation of amniotic
fluid. Pathophysiologically, such changes are due
to increased metabolic load, the development of anemia
and hypovolemia, which significantly increases the risk
of intrauterine or perinatal death. Complications can also
arise due to impaired venous outflow and compression
of the pelvic organs, which is further manifested in the
form of impaired urination and defecation [8].

Regarding etiology, sacrococcygeal teratomas
belong to embryonal tumors, and to date there is no
single generally accepted theory of their origin. Among
the probable factors of development, impaired migration
of germinogenic cells, preservation of remnants of the
primitive streak and undifferentiated cells in the caudal
part of the embryo are considered. The role of genetic and
epigenetic changes, including mutations or dysregulation
of the expression of genes that control early embryonic
differentiation, is also being studied. In isolated cases,
an association with syndromic forms has been described,
although the vast majority of cases are sporadic.
Chromosomal abnormalities are rare, but sometimes
sacrococcygeal teratomas are combined with other
developmental defects — spinal hernias, meningocele
or agenesis of the sacral region [9].

Risk factors include female gender, first pregnancy,
older reproductive age of the mother, polyhydramnios,
family history of neoplasms, as well as features
of embryogenesis that contribute to the preservation
of residual cells in the caudal end of the embryo. In the
age-related incidence structure, two critical groups are
distinguished: the first is newborns, in whom the tumor
is diagnosed in utero or immediately after birth, the second
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3anNuWKOBMX KNITUH Yy KaydanbHOMY KiHUi emb6pioHa.
Y CTpyKTypi BIKOBOI 3aXBOPKOBAHOCTI BUAINAIOTb ABi
KPUTWYHI  rpynu: MepLuy CTaHOBMATb HOBOHAPOMXEHI,
y SKMX MyxnvHa [iarHoCTYyeTbCA BHYTPILLIHBOYTPOOHO
abo oppady nicns HapoOMKEeHHS, ApYry — AiTU BiKOM
noHazg OAavH piK, Y AKX (IKCYIOTbCS Mi3HO BUSBMEHi abo
peunameHi opmMun. Y Aedkux Bunagkax nyxnvHa 3anu-
LIAeTbCA HEMNMoMITHOK A0 LUKiNbHOro abo HaBiTb nigniT-
KOBOrO BiKy, 0cO6n1MBO npw ii BHYTpilWHbOMY abo iHTpaTa-
30BOMY po3TailyBaHHi (Tvn IV 3a knacudikauieto Altman),
L0 yCKIagHoe il BUSIBNEHHS Ta AndepeHLuinHy aiarHoc-
Tuky [10]. ¥ Takux nauieHTiB Tepatoma MoXe imMiTyBaTu
iHWi CTaHW — XPOHIYHWIM 3aKper, eHypes, OU3YPUYHI
po3naau abo CMMNTOMW HEBPOrEHHOIO CEYOBOrO Mixypa.
Takum 4YMHOM, aHaTOMiYHi, eMOpionoriyHi Ta naTo-
gpizionoriyHi 0cobnMBOCTI KPMKOBO-KYMPUKOBOT  AiNSIHKM
besnocepenHbO BMMMBAKOTb HA CBOEYACHICTb AiarHoC-
TUKK, Nepebir 3axBoproBaHHS, BUGIp MiKyBanbHOT TaKTUKK
Ta TpvBanicTb cnoctepexeHHsd. KoMmnnekcHe posyMmiHHS
eTionaToreHesy, UMHHWKIB PU3NKY Ta BIKOBUX Xapak-
TEPUCTUK € KMYOBUM Ans (PopMyBaHHS edeKTUBHOI
CUCTEMM MEOUMYHOrO CynpoBOAYy Takux AiTew i3 3any-
YEHHAM MYNbBTUONCUMNNIHAPHUX KOMaHA — Bif nepuHa-
TanbHOro nepioAy Ao 3aBepLueHHs nybeptaty [12].

MaToreHes Ta MEXAHI3MU BUHUKHEHHS

[MaToreHe3 KpWXXOBO-KYMPUKOBUX Tepatom 6Gasy-
€TbCS Ha CKMagHOMy KOMIMIEKCi MOopyLleHb PaHHbOro
eMOpioHanNbHOroO PO3BUTKY, 30KpEMa Ha aHoMarsbHin
NepCUCTEHLT 3anuLLKiB MPUMITUBHOI CMY>KM, ika B HOPMI
3HUKae Ao 4-5-ro TwxHA rectadii . MpumiTmBHa cMyxka
€ KM4YoBMM emOpioHanbHUM YTBOpPEHHSIM, LWo Gepe
yyacTb y hopMyBaHHi 0CbOBOT Me3oaepmu Ta 3abeanevye
OndbepeHuialito KNiTUH, SKi 3rogoM CTaltoTb KOMMOHEH-
Tamy TKaHWH Pi3HOTO MOXOMXEHHS — eKTOAepMarnbHOro,
mMesodepmanbHOro Ta eHgodepmarnbHoro. Y Bunagkax,
KOnu peaykuis NPUMITUBHOI CMYXKW € HernoBHOK abo
3aTPUMaHO, MOXIMBA MEPCUCTEHLIS MITFOPUNOTEHTHUX
rEpMIHOreHHUX KMiTUH y KaydarnbHii YacTuHi embpioHa,
30KpeMa y AinsHui kynpuka. Lli knitTuHn 36epiratotb 34aTt-
HICTb 0O HEKOHTPOsiboBaHOI nponicepadii Ta Tpodob-
nacronoAdibHoi audepeHuialii, Wo 3yMOBME PO3BUTOK
TepaTomaTo3Horo KomrnoHeHta [9, 13]. Came wuen
heHOMEH BBaXKaeTbCsl LIEHTPArbHOK NTAHKOK NaToreHe3y
KPUXXOBO-KYMPWUKOBMX TEPATOM i MOSICHKOE NOMITKAHUHHWN
cknag nyxnvH — HasBHICTb Y HUX enigepmanbHuX, eHao-
JepmMarnbHUX i Me3ogepMarbHUX eNTEMEHTIB.

CyuvacHi gocnigkKeHHs niaTBepOXyloTb, WO Y Binb-
WOCTi BWMaAKiB NyxnuHa po3BMBAETLCA 3 KIiTWH,
Lo MalTb eMbpioHanbHe NOXOMXEHHS, i 3aaTHi hopmy-
BaTW TKAHWHU 3 Pi3HUM CTyneHeM 3pinocTi. Came cTyniHb
ONdepeHLitoBaHHS KNITUH Yy CKNagi NyXfvHU BU3Ha4ae
il mopcponoriyHmn TMn — 3pinui, Hespinui abo 3nos-
KICHMM. Y KMiHIYHIA npakTuui Tepatomu, cOpPMOBaHI
nepeBaxHoO 3 4OOPe opraHi3oBaHWX TKaHUH (Hanpuknag,
LLKipWY, XUPOBOT TKAHWHW, XpsiLlia, HEPBOBMX BOTOKOH abo
HaBiTb 3ybiB), MalTb foOposikicHUA nepebir [14]. Y Ton
yac §K NyxAvHU 3 AinsHKaMy Hespinoi embpioHanbHOI
HenpoekTogepmu abo eMOpioHanbHOro  Me3eHXiMy
MOXYTb BUSIBNATW BWCOKUWA NponidepaTtuBHUA NOTEH-
uian, wo 36inbLye puauk manirHisadii [2, 15, 16].

[ogaTkoBUM  YMHHMKOM, SIKMIA - Moripwlye  nepeoir,
€ Backynsapusauia nyxnuHW:  GaraTokpoBonocTayvaHi

is children over one year of age, in whom late-onset
or recurrent forms are recorded. In some cases, the tumor
remains unnoticed until school age or even adolescence,
especially with its internal or intra-abdominal location
(type IV according to the Altman classification), which
complicates its detection and differential diagnosis [10].
In such patients, teratoma can mimic other conditions —
chronic constipation, enuresis, dysuric disorders
or symptoms of a neurogenic bladder.

Thus, the anatomical, embryological and
pathophysiological features of the sacrococcygeal region
directly affect the timeliness of diagnosis, the course
of the disease, the choice of treatment tactics and the
duration of observation. A comprehensive understanding
of etiopathogenesis, risk factors and age characteristics
is key to forming an effective system of medical support
for such children with the involvement of multidisciplinary
teams — from the perinatal period to the end of puberty [12].

Pathogenesis and mechanisms of occurrence

The pathogenesis of sacrococcygeal teratomas
is based on a complex set of disorders of early
embryonic development, in particular on the abnormal
persistence of the remnants of the primitive streak,
which normally disappears by 4-5 weeks of gestation.
The primitive streak is a key embryonic formation that
participates in the formation of the axial mesoderm and
ensures the differentiation of cells that subsequently
become components of tissues of various origins —
ectodermal, mesodermal and endodermal. In cases
where the reduction of the primitive streak is incomplete
or delayed, the persistence of pluripotent germinogenic
cells in the caudal part of the embryo, in particular
in the coccyx region, is possible. These cells retain the
ability to uncontrolled proliferation and trophoblast-like
differentiation, which determines the development of the
teratomatous component [9, 13]. It is this phenomenon
that is considered the central link in the pathogenesis
of sacrococcygeal teratomas and explains the polytissue
composition of tumors — the presence of epidermal,
endodermal, and mesodermal elements in them.

Modern studies confirm that in most cases the tumor
develops from cells of embryonic origin, and is capable
of forming tissues with different degrees of maturity. Itis the
degree of differentiation of cells in the composition of the
tumor that determines its morphological type — mature,
immature or malignant. In clinical practice, teratomas
formed mainly from well-organized tissues (for example,
skin, adipose tissue, cartilage, nerve fibers or even teeth)
have a benign course [14]. While tumors with areas
of immature embryonic neuroectoderm or embryonic
mesenchyme may exhibit high proliferative potential, which
increases the risk of malignancy [2, 15, 16].

An additional factor that worsens the course is tumor
vascularization: multi-vascular teratomas cause fetal
hyperperfusion, hypoxia, development of hydrops and heart
failure, which, in turn, increases perinatal mortality [17].
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TepaToMM CNPUYMHSAIOTL rineprnepdysito nrnoaa, rinokcito,
pPO3BUTOK rigponcy Ta cepueBOi HeaoCTaTHOCTI, Lo,
B CBOIO Yepry, NiaBu1LLYE nepuHaTanbHy CMepTHICTb [17].

Takox Bi4OMO, WO MyxSiMHa MoXe MaTu pisHe po3Ta-
LUYBaHHS: €k30iTHe, TOOTO 30BHILLHE — No3a Tinom, abo
eHOOoMITHE — 3 MOLUMPEHHSIM Yy MOPOXHWHY Tasa, xpeb-
TOBUI KaHan 4Yv HaBiTb Ha piBEHb OpPraHiB 4epeBHOI
NOopoXHWHW. Lle 3HayHO ycknmagHwe  AiarHOCTUKY
Ta NiABULLYE PU3UK YLLIKOMKEHHS KPUTUYHUX CTPYKTYP Nif,
yac onepartmBHoOro BTpyyaHHa [18]. Kpim Toro, iHTpachi-
HanbHe abo iHTpaTa3oBe pO3TallyBaHHSA ACOLETLCSA
3 BMCOKOK YacTOTOK HEBPOMOriYHMX i YPOAUHaMIYHMX
yCcKnagHeHb y nicnsonepauinHomy nepiogi.

[MeBHy porb y naToreHesi BigirpatoTb TaKoX reHeTUYHi
M enireHeTUYHI NOpyLUEHHs, SKi e He MOBHICTIO ieHTU-
dikoBaHi, ane MMOBIPHO BNANBAKOTb HA KOHTPOIb MPorsii-
depauii KNiTUH 3anMLWKOBOT NPUMITUBHOT CMY>KKK [19].

Kaacudikauis KpuxKoBo-KynpUKOBUX TEPATOM

CydacHa kniHi4Ha Knacudikauis KpwKOBO-Kynpu-
KOBMX TepaToM 6asyeTbCsi Ha MNOegHaHHi aHaToMo-To-
norpaciyHoro, MopdosioriYyHOro Ta  MNPOrHOCTUYHOIO
nigxoais. HamGinbLu WMPOKO BU3HAHOK Y CBITOBIN Mpak-
Tuui € knacudikauis Altman, 3anponoHoBaHa AMepukaH-
CbKOIO akagemielo nediaTpuyHol Xipyprii, sika noginse
NyXMMHW Ha YOTUPUM TUMNM 3anexHo Big X nokaniszauil
Ta cTyneHsi nowwupeHHs [1, 6, 20]. Tun | Bknovae nepe-
BaXXHO 30BHILLUHBO PO3TALLOBaHI NYyXIIMHWU 3 MiHIManbHUM
abo BigcyTHIM Ta3oBUM koMNoHeHTOM. Tun |l xapakTepu-
3y€ETbCSA HAasABHICTIO 3HAYHOIO BHYTPILLHbOTA30BOr0 KOMMO-
HeHTa nopsif i3 30BHILLHIM, L0 BMMarae Binblu ckrnagHoil
xipypriuHoi Taktuku. Tun 1ll nepepbavae HasiBHICTb
BHYTPILUHBOTA30BO| MYXSIMHN 3 MiHIManbHUM 30BHILLHIM
KOMMOHEHTOM, L0 YacTO CYMpPOBOMKYETLCS KOMMPECIE0
TasoBuXx opraHiB. Tuvn |V Oxonmoe MOBHICTIO BHYTPILLHI,
peTpopekTarnbHi HOBOYTBOPEHHST 6€3 BUOAUMOrO 30BHILL-
HbOrO KOMMOHEHTa, SKi HancknagHile AOiarHOCTYHTbCA
" onepylTbCsl, YHacTO acoLitoTbCA 3 Ni3HIM BUSIBIEHHAM
i BUCOKMM puamkom peumamsis [1] (puc. 3).

It is also known that the tumor can have different
locations: exophytic, that is, external — outside the body,
or endophytic — with spread into the pelvic cavity, spinal
canal or even to the level of the abdominal organs. This
significantly complicates the diagnosis and increases the
risk of damage to critical structures during surgery [18].
In addition, intraspinal or intrapelvic location is associated
with a high incidence of neurological and urodynamic
complications in the postoperative period.

Genetic and epigenetic disorders also play a role
in pathogenesis, which are not yet fully identified, but
probably affect the control of proliferation of cells of the
residual primitive streak [19].

Classification of sacrococcygeal teratomas
The modern clinical classification of sacrococcygeal
teratomas is based on a combination of anatomical-
topographic, morphological and prognostic approaches.
The most widely accepted in world practice is the Altman
classification proposed by the American Academy
of Pediatric Surgery, which divides tumors into four types
depending on their localization and extent of spread [1, 6,
20]. Type | includes mainly externally located tumors with
minimal or no pelvic component. Type Il is characterized
by the presence of a significant intrapelvic component
along with the external one, which requires more complex
surgical tactics. Type lll involves the presence of an
intrapelvic tumor with a minimal external component, which
is often accompanied by compression of the pelvic organs.
Type IV includes completely internal, retrorectal neoplasms
without a visible external component, which are the most
difficult to diagnose and operate on, often associated with

late detection and a high risk of recurrence [1] (Fig. 3).

Tun I

Tun IV

Puc. 3. Knacudikauis Altman BignoBigHO 40 aHaTOMIYHOT KOHirypauii KpyxxXoBO-KyNprKOBUX TepaToM: Tun | — 4oMiHyrounii
30BHILLHIN Ta Manui BHYTPILLHI KOMNOHeHTU; Tun Il — raHTenenogibHa nyxnvHa i3 ogHakoBMMK 3@ PO3MiIpOM 30BHILWHIM. Tun Il —
OOMiHYIOUMI BHYTPILLHIA Ta Manui 30BHiLLHIA KOMMNOHEHTK; Tun |V — NOBHICTIO BHYTPILLHIN KOMNOHEHT, BiACYTHI 30BHILLHIN
Fig. 3. Altman classification according to the anatomical configuration of sacrococcygeal teratomas: Type | — dominant external
and small internal components; Type Il — dumbbell-shaped tumor with equal-sized external. Type Ill — dominant internal and small
external components; Type IV — completely internal component, no external one
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Kpim TOMnorpaciyHoi, BaxnuBvM € MOPAONOrivyHUiA
noain nyxnuH 3a cTyneHem andepeHLitoBaHHS TKAHUHHOTO
KOMMoHeHTa. BignosigHo [o rictonorivHol Knacudikaui,
PO3pi3HsAIOTL 3pini (4OOpPOsiKiCHI), He3pini (3 noTeHLianom
0O MmarirHisauii) Ta 3nogkicHi Tepatomu. 3pini nyxnvHu
ckragarTbes 3 4o6pe andepeHuinoBaHMX TKaHWH, Taknx
AK LLKipa, XMpoBa TKaHWHa, HepBOBa TKaHWHa, KicTka abo
Xpsil, i MawTb CNPUSTANMBMIA NPOrHo3. Hespini micTtaTb
enemMeHTM  emOpioHanbHOrO  HerpoekToaepMarnbHOro
TUMY, SIKi BU3HA4YaloTbCA 3a LUKano 3pinocTi, WO BKIOYae
rpagauito Big G1 go G3. 3nosikicHi TepaToMu xapakTtepu-
3YIOTbCA HASBHICTIO KOMMOHEHTIB eMOpioHanbHOI kapuu-
HOMMW, eHA0AEePManbHOr0 CUHYCHOTO MYXIMHHOIO eniTenito
abo xopiokapLUMHOMM Ta MatoTb BUCOKMIA piBeHb nponide-
paTMBHOI aKTMBHOCTI [2, 3].

Y KniHIYHIA NpakTuLi HabyBae 3HAYEHHS TaKOX (OYHK-
LioHanNbHO-NPOrHOCTMYHA Knacudikauis, wo 6asyeTbcs
Ha 3acTOCyBaHHi NPeauKTOpHWUX KoedilieHTiB, 3okpema
BiOHOLWEHHA 06’'eMy nNyxnuMHWM [0 Macu Tina nnoaa,
Ta CNiBBIOHOLIEHHS OOBXWHW MNyXMUHW [0 [OBXUHU
Tyny6a. 3HadyeHHs BuLe 2,7 BBaXaETbCs NPEAUKTOPOM
YCKMagHEHOro HeoHartanbHoro nepebiry, a mnokasHuK
noHapg 27,4 nos’a3aHui i3 NigBULLEHNM PU3UKOM NeTasnb-
HOCTi Ta XipypriyHmx TpygHouwis. CniBBiOHOLWEHHS
OOBXMHU NyXNWHW [0 3pOCTY AUTUMHWM noHapg 28,2 cBia-
4nTb NpO BIpOrigHICTE HEOoOXigHOCTI ypreHTHoro keca-
peBoro po3TuvHy abo onepaTvBHOrO BTPYYaHHsI B nepLui
rogvHn Xutta [21]. Y noegHaHHi 3 riCTONOrYHOK CTPYK-
Typoto i Tunom 3a Altman ui napameTpu [03BOMSOTH
dopmyBaTh cTpaTUdIiKoBaHi rpynu puanky, ONTUMI3ytoun
KMiHIYHY TaKTUKy, BKIIOYHO 3 TepMiHamu BTpyYaHHs,
obcsrom pesekLii Ta TpUBanicTio AUHAMIYHOTO Harnsay.

KAiHiYHG KapTHHA

KPUXKOBO-KYNPUKOBUX TEPATOM Yy AiTen

KniHiYHi  NposiBM  KPWKOBO-KYMPWUKOBUX — TepaToM
€ Haa3BM4YalriHO BapiabenbHUMM | BU3HAYalOTbCA HU3KOK
dakTopiB, Cepen SKUX HaMBaXNUBILLMMW € PO3MIp
NyXnuHK, i aHaToMiYHe poaTallyBaHHsS, MopdornorivyHa
OygoBa, CTyniHb BacKynspu3auii, a TakoX 4ac BUMsIB-
NEHHS HOBOYTBOPEHHS — NpeHaTanbHUi, NepyHaTanbHUn
abo noctHatanbHWM nepioA. [peHatanbHO nNyxnuHa
YacTo BUSBMSETbCS Nif Yac MMaHOBUX YNbTPa3ByKOBUX
CKPWHIHrIB, 3a3Bu4yan y OpyroMy TpUMECTPi BariTHOCTI,
y BUMsAi 06'eMHOro yTBOPEHHS B KaydamnbHi AingHui
nnoga 3 HeOAHOPIQHOK eXOCTPYKTYpPOto [22]. Y Bunagkax
BMCOKOI BacKynapusauii Ta BenuKkoro ob’emy nyxmnvHu
MOXITMBMIA PO3BMTOK CepLEeBOi HegoCTaTHOCTI nnoaa,
WO CYNPOBOMKYETLCA  Kappiomeranieto, rigporncom,
acuuTom i nonirigpamHioHom [23]. Lli ycknagHeHHs nosic-
HIOIOTbCA BUCOKMM CEPLEBMM BUKMUAOM, CrPUYUHEHUM
LWYHTYBaHHAM KPOBi Yepe3 CyauHU MNyXIMHWU, a Takox
NOPYLUEHHAMW FeMOAUHAMIKM, WO NigBULLYE MNepuHa-
TanbHy CMEpPTHICTb i HEraTMBHO BMMMBAaE Ha noganblumin
nporHo3 [19]. lNpeHatanbHa KhniHiYHa KapTvHa MOXe
TaKOX BKIHOMATW O3HaKM BHYTPILLHBOYTPOOHOI KpoBOTEMi,
aHemMmii, [MCeMiHOBaHOro BHYTPILLUHLOCYAUHHOIO 3rop-
TanbHOro Npouecy, ski NOTpebyTb IHTEHCUBHOIO MOHITO-
PVIHIy BariTHOCTi Ta CBOEYACHOrO MriaHyBaHHSA nosnoris [9].

Mig yac nonoriB KpPWKOBO-KyrNpukoBa TepaTtoma
3a3Buyall BUSBMASETLCA $SK MOMITHe M'sike abo Hanis-
TBEPAE YTBOPEHHSI B AiNSHUi Kynpuka, sike moxe OyTu
3HaYHMX PO3MIpIB i CTBOPHOBATU MeXaHiYHi nepeLikoam

In addition to topographic, the morphological division
of tumors according to the degree of differentiation
of the tissue component is important. According to the
histological classification, mature (benign), immature (with
the potential for malignancy) and malignant teratomas are
distinguished. Mature tumors consist of well-differentiated
tissues, such as skin, adipose tissue, nervous tissue,
bone or cartilage, and have a favorable prognosis.
Immature ones contain elements of the embryonic
neuroectodermal type, which are determined by the
maturity scale, which includes a gradation from G1 to G3.
Malignant teratomas are characterized by the presence
of components of embryonal carcinoma, endodermal
sinus tumor epithelium or choriocarcinoma and have
a high level of proliferative activity [2, 3].

In clinical practice, functional-prognostic classification
is also gaining importance, based on the use of predictor
coefficients, in particular the ratio of tumor volume
to fetal body weight and the ratio of tumor length to trunk
length. A value above 2.7 is considered a predictor
of a complicated neonatal course, and an indicator above
27.4 is associated with an increased risk of mortality and
surgical difficulties. The ratio of tumor length to the child’s
height above 28.2 indicates the likelihood of the need for
urgent cesarean section or surgical intervention in the
first hours of life [21]. In combination with the histological
structure and Altman type, these parameters allow the
formation of stratified risk groups, optimizing clinical
tactics, including the timing of intervention, the volume
of resection and the duration of dynamic surveillance.

Clinical picture
of sacrococcygeal teratomas in children

The clinical manifestations of sacrococcygeal teratomas
are extremely variable and are determined by a number
of factors, the most important of which are the size of the
tumor, its anatomical location, morphological structure,
degree of vascularization, and the time of detection of the
neoplasm—prenatal, perinatal or postnatal period. Prenatally,
the tumor is often detected during routine ultrasound
screenings, usually in the second trimester of pregnancy,
as a volumetric formation in the caudal region of the fetus
with a heterogeneous echostructure [22]. In cases of high
vascularization and large tumor volume, fetal heart failure
may develop, accompanied by cardiomegaly, hydrops,
ascites and polyhydramnios [23]. These complications are
explained by high cardiac output caused by blood shunting
through the tumor vessels, as well as hemodynamic
disorders, which increases perinatal mortality and
negatively affects the further prognosis [19]. The prenatal
clinical picture may also include signs of intrauterine
bleeding, anemia, disseminated intravascular coagulation,
which require intensive pregnancy monitoring and timely
delivery planning [9].

During labor, sacrococcygeal teratoma usually presents
as a prominent soft or semisolid mass in the coccyx region,
which may be large and may obstruct the fetus through the
birth canal. This often leads to complications such as tumor
rupture, massive hemorrhage, intrauterine asphyxia, and
the risk of infection. Aspiration syndrome may occur in the
newborn due to aspiration of blood or necrotic material into
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ONs NPOXOMXEHHA nnofa Yepes pogosi wnaxu. Lle yacto
NpU3BOAUTL OO0 YCKMNafAHEHb, TaKUX SIK PO3PUB MyXIINHMU,
MacvBHa KpOBOTeYa, BHYTpPIWHbOYTpoOHa acdikcis,
a TaKoX pU3KKY iHbikyBaHHA. MoXIiMBe BUHUKHEHHS acni-
pauifiHOro CUHAPOMY Y HOBOHAPOMKEHOro 4epes nona-
OaHHSA KPOBi YM HEKPOTMYHMX Mac y AMXarbHi LUNAXU.
Y peskux Bunagkax MyxfMHa YCKNagHE npupoaHe
PO3POMXKEHHS HACTIMNbKK, O KAIHILUMCT 3MYyLLUEHi BAaBa-
TUCA [0 EKCTPEHOro KecapeBoro po3TuHy. [lig 4ac
MONoriB ypPaXXeHHS BENUKOI MyXMMHU MOXE CMPUYMHATU
YLIKOXKEHHA M’'SIKUX TKaHWH, HEPBOBUX CTPYKTyp abo
BHYTPILLHIX opraHiB [9, 24, 25].

[MocTHaTanbHa KniHIYHA KapTMHA XapaKTepusyeTbesi
K NoKanbHUMK, Tak i CUCTEMHUMKM NposiBamKn. Handac-
Tiwe AMTUMHA Mae BUAMME YTBOPEHHS B KaydarnbHin
[OiNsHUi, SiKe MOXe BapiloBaTU Bif HEBENMWKOI KOHYCOMo-
[iOHOT NyXNMHM [0 TiraHTCbKOI Macu, Wwo aedopmye Tas
i HVXHIO YacTuHy Tyny6a. LLkipa Hag nyxnvMHoOK 4acTto
BUSIBNSIETLCA aTPOdiYHO0, 3 BMpaskamu abo Hekposamu,
WO € MNOTEHUiNHMMM BOpOTamm iHdpeKuii. Y Bunagkax
BHYTPILLUHBOTA30BOM0  PO3TallyBaHHS, WO XapakTepHO
ana tvnis Il Ta IV 3a knacudikauieto Altman, KniHivHi
NposiBM MOB’A3aHi 3 KOMMPECIE CeYOBOro Mixypa, cevo-
BOA4IB Ta MPSAMOI KULLKKW, WO Beae OO0 3aTPUMKM Cedi,
rigpoHedposy, YacTux iHMEKLN CEeYOBUBIAHUX LUMSXIB,
3akpeniB i NopyLleHHs KOHTponto gedekalii [14]. Yacto
y QOiTel CnocTepiraloTbCA HEBPOMOriYHi  NOPYLUEHHS
y BUMMSAAi rinotTpodii M'A3iB HUXKHIX KiHLIBOK, 3HMKEHHSI
pednekci, MOPYLIEHHS YyTAMBOCTI, LWO MOB’A3aHO
3 komnpecieto abo iHBasieto CNMHHOIO MO3KY Ta HEPBOBMX
KOPiHUiB MyxnuHOK. CKUCTEMHI CUMMATOMW BKIOYalOThb
iHTOKCUKaLiMHUI CUHOPOM, acTeHoBeretTaTuBHUM
CUHOPOM, SiKi MPOSIBMNAIOTLCA 3aranbHOK  CrnabKicTio,
3HWXKEHHAM aneTuTy, aHeMmiel, MiABULLEHHSM Temnepa-
Typu Tina, ocobnvMeo Npu He3pinux abo ManirHisoBaHux
dopmax nyxnuHu. Peuuamueum nicns onepadii cnocrepi-
ratlotecst y 6-50 % Bunagkis, WO nigkpecnoe HeobXxia-
HICTb TPMBAanoro AMHaMi4YHOro crnocTepexeHHs. MyxnuHa
Moxke OyTu acouinoBaHa i3 niaBULLEHHSAM PiBHA OHKOMap-
KepiB, 3okpema anbda-peTonpoTeiHy, WO Mae Baxnnee
JiarHoCTMYHe Ta NPOrHOCTUYHE 3HayeHHs [2, 15].

AiarHocTuka Kpu>XXoBO-KyNpPUKOBUX

TepaTom y Aiten

[iarHocTrka KpuXOBO-KYNPUKOBUX Tepatom Yy AiTen
nepenbayae KOMMMEKCHWU | GaraToeTanHun niaxig, SKun
BKMOYae nabopaTopHi, nNpeHaTanbHi Ta MNOCTHaTalbHi
iHCTpyMeHTanbHi metoam obctexeHHs. Lle possonse
CBOEYACHO Ta MakCMMaribHO TOYHO BCTaHOBUTU [iarHos,
BM3Ha4MTKU 0OCAr nyxnuHW, ii MopdoonoridHy ©Oyaosy,
BNNMB Ha Npunermni opraHy Ta CTPYKTYypU, a TakoX OnTu-
MarnbHO CnnaHyBaTy MikyBarnbHY TaKTUKY.

JlabBopatopHa fiarHocTvka y nauieHTiB i3 migo3poto
Ha KPWXOBO-KYNPWUKOBY TepaTtomy 0asyeTbCsl Ha BU3Ha-
YeHHi piBHS OHKOMapkepiB, nepw 3a Bce anbda-de-
TonpoteiHy (A®l1). Y HoBoHapoaxeHux piBeHb APl
i3ioNoriYyHO NiABULLEHNA: CepedHi 3Ha4YeHHs1 BapitoloTb
Big 20 000 go 100 000 Hr/mn y nepLi AHI XUTTA, nicns
YOro MOCTYMOBO 3HWXKYKTbCA [0 PedEepPeHTHUX HOPM
npnbnuaHo 5-10 Hr/mMn go 12 wmicauis. MNMokasHuk API]
noHag 100 000 Hr/mn, 0cobnMBO AKLLO BiH HE 3HUXKYETLCS
NPOTArOM NePLUNX MICALIB XUTTS, CBIQYNTb NPO HAsABHICTb
He3pinoi abo 3MnosikicHOI TepaToMX 3 BUCOKUM PU3MKOM

the respiratory tract. In some cases, the tumor complicates
natural delivery to such an extent that clinicians are forced
to perform an emergency cesarean section. During labor,
a large tumor may cause damage to soft tissues, nervous
structures, or internal organs [9, 24, 25].

The postnatal clinical picture is characterized by both
local and systemic manifestations. Most often, the child
has a visible mass in the caudal region, which can vary
from a small cone-shaped tumor to a giant mass deforming
the pelvis and lower trunk. The skin over the tumor is often
atrophic, with ulcers or necrosis, which are potential
portals of infection. In cases of intrapelvic location, which
is characteristic of types Ill and IV according to the Altman
classification, clinical manifestations are associated with
compression of the bladder, ureters and rectum, leading
to urinary retention, hydronephrosis, frequent urinary tract
infections, constipation and impaired bowel control [14].
Children often have neurological disorders in the form
of hypotrophy of the muscles of the lower extremities,
decreased reflexes, impaired sensitivity, which
is associated with compression or invasion of the spinal
cord and nerve roots by the tumor. Systemic symptoms
include intoxication syndrome, asthenovegetative
syndrome, which are manifested by general weakness,
decreased appetite, anemia, increased body temperature,
especially in immature or malignant forms of the tumor.
Recurrences after surgery are observed in 6-50%
of cases, which emphasizes the need for long-term
dynamic observation. The tumor may be associated with
an increase in the level of tumor markers, in particular
alpha-fetoprotein, which has important diagnostic and
prognostic value [2, 15].

Diagnosis of sacrococcygeal
teratomas in children

Diagnosis of sacrococcygeal teratomas in children
involves a comprehensive and multi-stage approach,
which includes laboratory, prenatal and postnatal
instrumental examination methods. This allows for timely
and accurate diagnosis, determination of tumor volume,
its morphological structure, impact on adjacent organs
and structures, and optimal planning of treatment tactics.

Laboratory diagnostics in patients with suspected
sacrococcygeal teratoma is based on determining the
level of tumor markers, primarily alpha-fetoprotein (AFP).
In newborns, the level of AFP is physiologically elevated:
average values vary from 20,000 to 100,000 ng/ml in the
first days of life, after which they gradually decrease
to the reference values of approximately 5-10 ng/ml by
12 months. An AFP indicator of more than 100,000 ng/ml,
especially if it does not decrease during the first months
of life, indicates the presence of an immature or malignant
teratoma with a high risk of progression. The level of AFP
is used as a biomarker to assess the effectiveness
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nporpecii. PiseHb A®I1 BUKOPUCTOBYETLCA AK Biomapkep
AN OUiHKM edEeKTUBHOCTI NiKyBaHHSA: MOr0 3HWXEHHSA
nicna pesekuii NyxnvHW CBIOYMTL NPO paguKanbHICTb
onepadii, a MOBTOpPHE MiABULIEHHA — MNP0 MOXIMBUI
peunamB. TakoX 3aCTOCOBYETbCA MOHITOPUHI [3-XOpio-
HiYHOro roHagotponiHy (B-XIT1), akuin moxe niaBuLLyBa-
TUCS MPW HasBHOCTI €NeMEeHTIB XOpiokapLuMHOMU, NpoTe
y BinbLlUOCTi BUNAZKIB KPXKOBO-KYNPUKOBKX TEPATOM Liel
NMOKa3HMK 3anuaeTbCcsa B Mexax Hopmu [7, 26].

OkpiM OHKOMapkepiB, NnabopaTopHe OOGCTEXEHHS
BKIIOYAE 3aranbHUA aHari3 KpoBi, SKMN MOXe BUSBUTU
0O3HaKkn aHeMmii — remornobiH Hmx4e 100 r/n, nenkounTo3
Buwe 12x10%n abo 3ananbHi 3MiHM — nMigBULLEHUI
piBeHb C-peakTuBHoro 6inka noHag 10 mr/n, WO Xxapak-
TEPHO ONSt HEKPOTUYHMX 3MiH Yy MyXnMHi abo BTOPUHHMX
iHgekuin. Koarynorpama 4yacto 4eMOHCTPYE NOPYLUEHHS
CUCTEMM 3rOpTaHHsi, 30KpeMa MOAOBXEHHSI MPOTPOMOGi-
HOBOrO 4acy noHag 15 cekyHa i NiABULLEHHA MiXHapoa-
Horo HopmanisoBaHoro BigHoweHHs (MHO) nonag 1,3,
O € HacnigKoOM OUCEMIHOBAHOIO BHYTPILLUHBOCYAUHHOIO
3ropTanbHOro MpoLecy, TUNOBOIO AN BENUKMX BacKyns-
pusoBaHux nyxnuH [20, 23].

MpeHatanbHa pgiarHocTuka 6a3yeTbca Ha  KOMM-
NEeKCHOMY  ynbTpa3ByKOBOMY  OOCTeXeHHi  nnoga,
WO [03BONSAE BUSABUTU NYXMMHY Y KaydanbHin AinsHui
3 OUIHKOK pO3MIipiB, €XOCTPYKTypu Ta Backynspusauii
3a [0MOMOroH KONbOPOBOro AOMMNMEPIBCHKOrO KapTy-
BaHHS. BnsHavaloTb Taki napamerpu, sk 06’em NyxXnuvHu
Ta CTyniHb MOPYLIEHHA remMogvHaMmikv nnoga, ki
€ BaXIMBMMUM ANA NporHoay. [NyxnuHu 3 po3amipamu noHag
5 cm y giameTtpi acouiiooTbCa 3 MiABULLEHUM PU3UKOM
cepueBOi HedoCTaTHOCTI nnoga i rigponcy. Yacto Buko-
pPUCTOBYIOTb MapaMeTp BiOHOWEHHS O6’eMy MNyXMHK
[0 macu Tina nnoga, npy 3HadveHHsax noHag 0,3 (30%)
LLIO CBIQYNTb NPO BUCOKUIA PU3UK NEpPUHATanbHUX YCKNaa-
HeHb. [loKa3HUK CMIBBIOHOWEHHS OOBXWHU MNyXIMHU
0o poxuHu Tynyba nnoga — Ginbwe 0,25 nos’asaHuii
i3 HeObOXiOHICTIO paHHBLOro ONepPaTUBHOMO BTPYyYaHHs [6].

YnbTpasByKoBUin Aonnnep-aHania 4o3BOMSE OLIHUTU
BaCKynapu3aLito MyxnnHW; NIABULLEHUA iHOEKC MiKOBOT
CUCTONIYHOI WBKUAKOCTI NoHaa 30 cM/C i 3HKEHHS pesunc-
TeHTHocTi (Rl < 0,5) Bka3yloTb Ha aKTUBHWUIA KPOBOTIK
i BUCOKMI PU3NK CEPLIEBOT MEepEBaHTaXXEHOCTi Nnoaa .

MarHiTHo-pe3oHaHcHa Tomorpacpis (MPT) BBaxa-
€TbCS1 30M0TUM CTaHZapTOM MpeHaTanbHoi Ta MnocT-
HaTanbHOi AgiarHocTukn. BoHa 3abesneyye BUCOKY
pO34inbHY 30aTHICTb, AO03BOMSE YiTKO BU3HAYUTU MEXI
NyXNWHK, Ti BHYTPILLUHIO CTPYKTYPY, B3AaEMOAI0 3 HEpBO-
BMMU CTPYKTypamu, Tas3oBMMW opraHamu Ta XpebTom,
a TaKoX HasIBHICTb BHYTpilWHbOTa30BUX abo iHTpacni-
HanbHUX KOMMOHEHTIB. Po3Mipy NyxnuvH npu  KpWXo-
BO-KYMPUKOBMX TepaTomMax KonvMBawTbCA Big 2 CMm
[o noHag 15 cm y Hanbinbwomy BuMmipi. Tunosa nokani-
3auia 3a MPT — B mexax 3—6 cMm Bif KpWKOBOro xpebusi
[0 Kynpuka, iHoAi NyXnuHa noLmploETbCS iHTpacniHansHo
Ha 1-3 cermeHTU. OUiHIOIOTL TaKOX CTYMiHb KOMMpecii
CEYOBMBIHNX LUNAXIB | NPAMOI KULKK, e NPU HasiBHOCTI
CTEHO3y CEe4YOoBOAY [AiamMeTp MPOCBITY 3MEHLUYETbCA A0
2-3 mm (Hopma — 5 mm i GinbLue) [9, 14].

Komm’totepHa Tomorpadpis  (KT) 3actocoByeTbest
pifle Yyepe3 NpOMeHeBEe HaBaHTaXEHHS!, ane Moxe OyTu
KOPUCHOI Ans Bidyanisauii KiCTKOBUX CTPYKTYp i Kanb-
undikauin y nyxnuHi. PeHTreHorpadis xpebTa i Tasa

of treatment: its decrease after tumor resection indicates
the radicality of the operation, and a repeated increase
indicates a possible relapse. Monitoring of B-chorionic
gonadotropin (B-hCG) is also used, which may increase
in the presence of choriocarcinoma elements, but in most
cases of sacrococcygeal teratomas this indicator remains
within normal limits [7, 26].

In addition to tumor markers, laboratory examination
includes a complete blood count, which may reveal signs
of anemia — hemoglobin below 100 g/l, leukocytosis above
12x10%1 or inflammatory changes — increased levels
of C-reactive protein above 10 mg/l, which is characteristic
of necrotic changes in the tumor or secondary infections.
Coagulogram often demonstrates coagulation system
disorders, in particular, prolongation of prothrombin
time above 15 seconds and increase in international
normalized ratio (INR) above 1.3, which is a consequence
of disseminated intravascular coagulation, typical of large
vascularized tumors [20, 23].

Prenatal diagnosis is based on a comprehensive
ultrasound examination of the fetus, which allows
detecting a tumor in the caudal region with an assessment
of the size, echostructure and vascularization using color
Doppler mapping. Parameters such as tumor volume
and the degree of fetal hemodynamic impairment are
determined, which are important for the prognosis.
Tumors with dimensions of more than 5 cm in diameter
are associated with an increased risk of fetal heart failure
and hydrops. The ratio of tumor volume to fetal body
weight is often used, with values over 0.3 (30%) indicating
a high risk of perinatal complications. The ratio of tumor
length to fetal trunk length — more than 0.25 is associated
with the need for early surgical intervention [6].

Doppler ultrasound analysis allows assessment
of tumor vascularity; an increased peak systolic velocity
index of more than 30 cm/s and decreased resistance
(RI'<0.5) indicate active blood flow and a high risk of fetal
cardiac overload.

Magnetic resonance imaging (MRI) is considered
the gold standard for prenatal and postnatal diagnosis.
It provides high resolution, allows for clear delineation
of the tumor boundaries, its internal structure, interaction
with nervous structures, pelvic organs, and spine, and the
presence of intrapelvic or intraspinal components. Tumor
sizes in sacrococcygeal teratomas range from 2 cm
to over 15 cmin the largest dimension. Typical localization
on MRI is within 3-6 cm from the sacral vertebra to the
coccyx, sometimes the tumor extends intraspinally to
1-3 segments. The degree of compression of the urinary
tract and rectum is also assessed, where in the presence
of ureteral stenosis the lumen diameter decreases to
2-3 mm (normal is 5 mm or more) [9, 14].

Computed tomography (CT) is less commonly
used due to radiation exposure, but may be useful for
visualizing bony structures and calcifications in the tumor.
X-rays of the spine and pelvis allow for assessment
of bony structures, especially the coccyx and sacrum,
which is important for planning surgical intervention.

During labor, a large tumor often complicates the
birth process. Cardiotocography is used to monitor the
fetal heart rate, which allows for early detection of signs
of hypoxia or heart failure. In case of complications,
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[03BOMSIE OUHUTM CTaH KiCTKOBUX CTPYKTYp, 0co6nvBoO
KyrnpuvKa i KpyXOBOro BigAiny, LU0 BaXnMBO ANS MNMaHy-
BaHHSA XipypriYHOro BTPyYaHHS.

Mig wac nonorie Benuka nNyxmnvHa 4acTo YCKrafHIoe
ponosui npouec. Kapgiotokorpadis BUKOPUCTOBYETHCS
AN MOHITOPUHIY CEpLEeBOro putMmy nrofa, LWo Aae 3mMory
BYaCHO BUSIBUTY O3HaKM rinokcii abo cepueBoi HegocTaT-
HOCTI. Y BMNaaKy ycknagHeHb, Taknx sk pO3puB NyXIMHU
abo KkpoBOTeva, MPOBOASATbL EKCTPEHi peaHimaLinHi
3axo4n HOBOHapo4KeHoro [25].

[NocTHaTanbHa AiarHOCTMKa BKIHOYaE KIiHIYHWUIA ornsa,
nabopaTopHi TECTV Ta iIHCTPYMEHTarbHi METOAN. YNTpassy-
KOBE [OCHIKEHHSA OpraHiB Marnoro Tasa i YepeBHOI MOPOX-
HVHW € MepLMM KPOKOM Y Bi3yanisauii nyxmnvHu, [03BO-
NS4 OUIHUTK Ti pO3MIpKU, CTPYKTYpPY, BacKynsipusaito
i BNAMB Ha cycigHi opraHn. MPT 3anuwwaeTbca Hankpamm
METOAOM OLHKM MUOWHM iHBa3ii NyxXnuHW, CTaHy XpebTa,
HEpPBOBMX CTPYKTYP i M'AKMX TkaHwH. [pu HeobXxigHOCTi
npoeoaaTb KT Ta peHTtreHorpadito [1, 22].

OTxe, [iarHOCTUYHMIA NPOTOKON KPUXKOBO-KYNMPUKOBUX
TepaToM Yy JAiTen Bknovae nabopatopHe BuM3HAYEHHSI
piBHs APl i3 ypaxyBaHHSIM HOpMaribHUX BiKOBMUX MoOKas-
HWKIB, MpeHaTanbHe KOMMEKCHEe yNbTpasByKoBe OOCHi-
[KEHHS i3 [OONnnepoMeTpietd, MarHiTHO-pe30HAHCHY
Tomorpadito K 30M0TUI CTaHAApPT Bidyanisauii, a Takox
3a notpebu KT i peHTtreHorpadito. Bei Ui meToam oo3eo-
NATb He nuwe NigTBEpAUTU AiarHo3, a W BU3HAYUTU
XapakTep, 06csr i CTyniHb BNNUBY MyXMWHW, LLO € KIO4YeM
[0 ycnilwHoro nikyBaHHe i peabinitauii giten [1, 9].

AudpepeHuinHa AiarHocTuka

KPUXXOBO-KYNPUKOBUX TEPATOM Y AiTen

OudbepeHuinHa pgiarHoctuka KKT € HagssumyanHo
Ba>KINMBOIO CKIaJ0BOK KOMMMEKCHOTO KIiHIYHOTO Miaxoay,
OCKiNbKM KayaanbHa AinsiHka nnoga i HOBOHAPOMXKEHOTO
MOXe ypaxaTuCs LUMPOKUM CMEKTPOM HOBOYTBOPEHb
i aHOManin po3BUTKY, KOXHa 3 SKUX BUMarae iHaMBIOY-
anbHOro nigxofdy A0 NiKyBaHHS i Mae BiAMIHHWUIA NPOrHO3.
Mpw BCTaHOBNEHHI AiarHo3y HeobxiaHO BpaxoByBaTK Taki
OCHOBHIi MaTONOriYHi CTaHW, 9K MEHiHrouene i mienowve-
HiHrouene, KynpuvkoBuA XoHApowm, dibpoma, Aynnika-
Typa NpsiIMOi KULLKW, AEPMOILHI KiCTM, TiraHTCbKa remaH-
rioma, ninoma KynpukoBOI AiNSHKX, NyXNIMHW HEPBOBOIO
rpebeHsi, a TakoX 3MOSIKICHI MyXMMHW, BKITIOYHO 3 HENPOO-
nacTomMoto Ta pabgomiocapkoMoto.

MeHiHrouene Ta MienloMeHiHrouene — Lue BPOMKEeHi
nedeKkTn HeBpanbHOi TPyOKM, L0 CynpOBOMXKYHOTHCHA
hopmyBaHHSIM KiCTO3HMX YTBOPEHb Y AiNsHL Kynpuka abo
KPWYXXOBOTO BiAAiNY, AKi HA BiAMIHY Bif TEpaTOMM HE MICTATb
NMOPUMNOTEHTHUX eMOpPIOHANBHMX TKAHWH. YNbTPa3ByKoBe
Ta MarHiTHO-pe30oHaHCHe JOCNISKEHHS [O3BONSAKTL YiTKO
ideHTUIKyBaTN CTPYKTYPW, LLO BUXOAATH i3 CIMHHOMO3-
KOBOIO KaHasny, BiACYTHICTb M’AKOTKAHWHHWX ENEMEHTIB,
XapakTepHUx AnA TepatoMmu, i HasBHICTb uepebpocni-
HanbHOI PigVHKW, WO NiOTBEPIKYE AiarHo3 MeHiHrouerne.
Kpim TOro, npu mienomeHiHrouene BUSBNAOTLCA AedeKTU
CMMHHOTO MO3KY Ta HEPBOBMX KOPIHLIB, L0 MaloTb Xapak-
TEPHi HEBPOSOriYHi NposiBM, Ha BIgMIHY Bi4 nepeBa)kHO
[obposikicHoro nepebiry Tepatom [26].

[epmoigHi KiCTW, IO YTBOPKOKOTLCH i3 3anULLKOBUX
embpioHanbHWX TKaHWH, iHOAI MatloTb nodibHe posTaluy-
BaHHSA i MOXyTb OyTu AudepeHuinoBaHi 3 TepaToMOoto
3a ricTonoriyHoo OyaoBOK, OCKINbKM MICTATb  nuLle

such as tumor rupture or bleeding, emergency neonatal
resuscitation measures are performed [25].

Postnatal diagnosis includes clinical examination,
laboratory tests and instrumental methods. Ultrasound
examination of the pelvic and abdominal organs is the first
step in visualization of the tumor, allowing to assess its
size, structure, vascularization and impact on neighboring
organs. MRI remains the best method for assessing
the depth of tumor invasion, the condition of the spine,
nervous structures and soft tissues. If necessary, CT and
radiography are performed [1, 22].

Therefore, the diagnostic protocol for sacrococcygeal
teratomas in children includes laboratory determination
of AFP levels taking into account normal age indicators,
prenatal comprehensive ultrasound examination with
Doppler, magnetic resonance imaging as the gold
standard of visualization, and, if necessary, CT and
radiography. All these methods allow not only to confirm
the diagnosis, but also to determine the nature, volume
and degree of tumor impact, which is the key to successful
treatment and rehabilitation of children [1, 9].

Differential diagnosis
of sacrococcygeal teratomas in children

Differential diagnosis of CCT is an extremely
important component of a comprehensive clinical
approach, since the caudal region of the fetus and
newborn can be affected by a wide range of neoplasms
and developmental anomalies, each of which requires
an individual approach to treatment and has an excellent
prognosis. When establishing a diagnosis, it is necessary
to take into account such basic pathological conditions
as meningocele and myelomeningocele, coccygeal
chondroma, fibroma, rectal duplication, dermoid cysts,
giant hemangioma, coccygeal lipoma, neural crest
tumors, and malignant tumors, including neuroblastoma
and rhabdomyosarcoma.

Meningocele and myelomeningocele are congenital
neural tube defects characterized by the formation
of cystic masses in the coccyx or sacrum that, unlike
teratoma, do not contain pluripotent embryonic tissue.
Ultrasound and magnetic resonance imaging clearly
identify structures emerging from the spinal canal, the
absence of soft tissue elements characteristic of teratoma,
and the presence of cerebrospinal fluid, which confirms the
diagnosis of meningocele. In addition, myelomeningocele
is characterized by defects of the spinal cord and nerve roots
with characteristic neurological manifestations, in contrast
to the predominantly benign course of teratoma [26].

Dermoid cysts, which arise from residual embryonic
tissue, sometimes have a similar location and can
be differentiated from teratoma by histological structure,
as they contain only tissues of ectodermal origin, including
hair, skin, and sebaceous glands, without other germ
layers. Ultrasound and MRI can reveal a homogeneous,

Bunagok i3 npakTukum 629

A case from practice



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33 Ne 4(55). C. 618-641
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):618-641

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

TKAHWHW  €KTOAEPMAaribHOro  MOXOMKEHHs,  30Kpema
BOJIOCCS, LLUKIpY Ta canbHi 3anosu, 6e3 iHLLnX 3apoaKoBmX
nucTkiB. YnbrpassykoBe pochnimpkeHHs Tta MPT posso-
NATb BUSIBUTU OfHOpiaHe, AoOpe BiaMexoBaHe YTBO-
peHHs 6e3 CKNnagHWX TKaHUHHMX KOMIMOHEHTIB, Xapak-
TEPHUX ONng TepaTom.

iraHTCBKI remaHriomm i NinomMy MOXyTb MaTu MacvBHe
po3TallyBaHHS B KaydanbHin AinsHui | KNiHIYHO HaragyBaTtu
TepaTtomy, NpoTe X KPOBOMOCTa4aHHs, BU3HaYeHe 3a J0mMo-
MOroto gonnneporpadii, Mae cneumiyvHi XxapakTepUCTUKK:
reMaHrioMy OEeMOHCTPYHOTb BUCOKWUIA KPOBOTIK i3 MOMITHOO
CYOVIHHOIO Mepexeto, ToAi SK NiNOMW — riNOexXoreHHi yTBo-
peHHs 6e3 3HayHOI Backynspusauii. [ictonoriyHe pocni-
[PKEHHs1 € BUpILLanbHUM AN NiATBEPKEHHS OiarHoay.

Helpobnactoma Ta pabaomiocapkoma € 3rosikiCHUMMU
NyxXnMHaMn OUTSYOro BiKy, SIKi TaKOX MOXYTb JlOKanisy-
BaTUCA B KayganbHi gingHui. Hempobnactoma 3assudain
BMHUKaE B NapaBepTebpanbHuX AinsHkax, Mae arpecMBHUN
KMiHIYHWIA Nepebir, a Ha BidyanisauinHnx MeTogax BUSIBNS-
€TbCH SIK TETEPOreHHe YTBOPEHHSI 3 HasIBHICTIO Kanbumdi-
Kauin, wo BigpisHse i Big Tepatomu. Pabaomiocapkoma
XapaKTepu3yeTbCH LUBUAKAM POCTOM i YacTUM iHBa3VMBHVM
MOLUMPEHHAM, a TaKOX MiABULLEHHAM CneundiYHNX OHKO-
MapkepiB, BIACYTHIX y Tepatomax. Ona umx nyxmuH Tvno-
BMMM € BinbLL paHHi NposiBu 60k, BUPaXXEHi HEBPOIONiYHI
nediumTi Ta 3aranbHUN IHTOKCHMKALUIMHWI cuHapoMm [25].

OynnikaTypa nNpsMOl KULLKW | KyNPUKOBUI XOHAPOM
3yCTpivaloTbCs pigLle i MatoTb YiTKO BigMEXOBaHI 03HaKM
npn iHCTPYMEHTanbHWUX AOCHIMKEHHSAX, SKi JO3BOMNSIOTb
andepeHuitoBatn ix Big Tepatomn. OcobnueBo BaXKNMBO
BUKIIOYATU HasiBHICTb aHaTOMiYHMX aHoMani Tasa,
WO MOXYTb CyMnpoBOOXyBaTW TepaToMy abo imiTyBaTtu
i cuMATOMaTUKY.

Takum YuHOM, AudoepeHuiiHa AiarHOCTUKa KpUKOo-
BO-KYMPUKOBUX TEPATOM BMMAarae KOMMIIEKCHOro nmigxoay,
LLIO BKIOYAE KMiHIYHWIM ornsaa, nabopaTtopHe BU3HaYeHHS
OHKOMAapKepiB, a TaKOoX MpeHaTanbHi i nocTHaTanbHi
BidyanisauinHi metogu 3 akueHToM Ha MPT. Tinbku noea-
HaHHSA UMX METOAIB O03BOMSE BiAPI3HUTU TepaTomy Bif
iHWMX HOBOYTBOPEHb | aHomarnini, Lo nokanisytTbecs
B KaydarnbHii AinsHui, Ta cdopmyBaTV afeKkBaTHUIN NnaH
NiKyBaHHA 3 ypaxyBaHHSAM MPOrHO3y KOXHOMO OKPeMOro
3axBOptoBaHHs [21].

AiKyBAHH$SI KPUXKOBO-KYNPHUKOBUX

TepaTom y aiteu

JlikyBaHHS KPUXKOBO-KYNMPUKOBUX TepaToM Yy nLiTen
€ KOMMSIEKCHUM i BUMAarae peTenbHOro MynbTUAMCLK-
nniHapHOro nigxody, SIKUA OXOMMKE npemeaukaLito,
KOHCEpBaTMBHY Tepanito y MeBHUX BuUMagkax, paau-
KanbHe XipypriyHe BTpyYaHHs i3 AeTanbHUM nonepeaHiv
niaHyBaHHAM, a TakoX noganblunii nicrsonepauinHumn
Harnsg i3 perynsapH1UM KOHTPOieM OHKOMapKepiB i iHCTpy-
MEHTarnbHOI AiarHoCTMKOoK. EMeKTUBHICTL nikyBaHHS
3anexuTb Bif NpaBUbHOrO NiA6opy TakTUKK, LLO BU3HA-
YaETbCH PO3MipamMn NyXAWHK, T FICTONOMYHUM TUMOM,
HasIBHICTIO iHTpacniHanbHUX abo iHTpaTa3oBUX KOMMO-
HEHTIB, BIKOM AWTUHM Ta cTaHOM ii 3gopoB’s [5, 12].

Mpemegukauia € HeobXigHUM eTanom nepen onepa-
Lieto, cnpssMoBaHUM Ha cTabinisauito yHKLUiOHanbHOro
CTaHy nauieHTa i MiHimi3aLilo onepauinHux pusmkis. BoHa
MOYMHAETLCS 3 KOMMSIEKCHOIO KIHIYHOrO OOCTEXEHHS,
LLIO BKIIKOYAE OLHKY reMoguHaMikv, OuxanbHoOT dyHKLUIT,

well-demarcated mass without the complex tissue
components characteristic of teratomas.

Giant hemangiomas and lipomas may be massive
in the caudal region and clinically resemble teratoma, but
their blood supply, determined by Doppler, has specific
characteristics: hemangiomas demonstrate high blood
flow with a prominent vascular network, while lipomas are
hypoechoic masses without significant vascularization.
Histological examination is crucial to confirm the diagnosis.

Neuroblastoma and rhabdomyosarcoma are
malignant tumors of childhood that can also be localized
in the caudal region. Neuroblastoma usually arises in the
paravertebral areas, has an aggressive clinical course,
and on imaging methods appears as a heterogeneous
mass with the presence of calcifications, which
distinguishes it from teratoma. Rhabdomyosarcoma
is characterized by rapid growth and frequent invasive
spread, as well as an increase in specific tumor markers
that are absent in teratomas. These tumors are typical for
earlier manifestations of pain, pronounced neurological
deficits, and a general intoxication syndrome [25].

Rectal duplication and coccygeal chondroma are less
common and have distinct features on imaging studies
that differentiate them from teratoma. It is especially
important to rule out pelvic anatomical abnormalities that
may accompany teratoma or mimic its symptoms.

Thus, the differential diagnosis of sacrococcygeal
teratomas requires a comprehensive approach that
includes clinical examination, laboratory determination
of tumor markers, as well as prenatal and postnatal imaging
methods with an emphasis on MRI. Only a combination
of these methods allows us to distinguish teratoma from
other neoplasms and anomalies localized in the caudal
region and to form an adequate treatment plan taking into
account the prognosis of each individual disease [21].

Treatment of sacrococcygeal
teratomas in children

Treatment of sacrococcygeal teratomas in children
is complex and requires a careful multidisciplinary
approach, which includes premedication, conservative
therapy in certain cases, radical surgery with detailed
preliminary planning, as well as further postoperative
surveillance with regular monitoring of tumor markers and
instrumental diagnostics. The effectiveness of treatment
depends on the correct selection of tactics, which
is determined by the size of the tumor, its histological type,
the presence of intraspinal or intrapelvic components, the
child’s age and health status [5, 12].

Premedication is a necessary step before surgery,
aimed at stabilizing the patient’s functional status and
minimizing surgical risks. It begins with a comprehensive
clinical examination, including assessment
of hemodynamics, respiratory function, hemoglobin
level, and blood coagulation system parameters.
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piBHA reMornobiHy Ta MOKasHWKIB CUCTEMMW 3ropTaHHS
KpoBi. BaxnmBo kopuryBaTh aHemito, MigTpMMYyUn
remorno6iH Ha piBHi 100-120 r/n, wo6 3abe3neunTn
[OCTaTHIN KUCHEBUI TPaAHCMNOPT i YHUKHYTM nicngone-
pauiiHnx ycknagHeHb [7]. OcobnuBy yBary npuainsioTb
cTabinizauii cepueBoi YHKLIi y AiTen i3 3Ha4HOK BaCKy-
nspusadieto NyXnnHu, Wo MOoXe NprM3BoaUTY 4O cepLeBoi
HegocTaTHOCTI. [Inst uboro npusHavawTb OiypeTuku,
30kpema cypocemig y gosax 1-2 mr/kr/noby, iHOTpOmnHi
npenapatu, Taki sk goOyTaMiH, SKWO Le HeobXxigHo,
a Takox 3acobu, Lo MOKpaLLyTb MiKpoUMpPKynsLio [6,
13]. MNpun HaABHOCTI 03HaK iHdEKL|i| NPOBOAATL EMMIPUYHY
aHTMBioTMKOTEpPanilo 3 BUKOPUCTaHHAM LiedpanocnopuHis
TPETLOrO MOKOMIHHA abo kapbaneHemiB, 3 HACTYMHOK
KOpekKLje 3a peaynbratamu bHakTepionoriyHoro [ochi-
DKeHHsi. [lopylieHHs Koarynsuii  yCcyBawTb  LUMSAXOM
NnepennBaHHs CBiKO3aMOPOXEHOI nnasMmu, TpoOMOOLMTIB
abo KoHLeHTpaTy haKkTopiB 3ropTaHHA KPOBI.

KoHcepBaTuBHe nikyBaHHS mMoxe OyTu 3acTocoBaHe
y AiTen i3 nyxnuHamum manoro posMmipy, WO He nepesu-
LWYyI0Tb 3 CM Y MakcumarnbHOMY AiaMeTpi, i FiICTONOrYHNM
BMCHOBKOM, LLO CBig4MTb Mpo 3piny AoOposikicHy Tepa-
TOMY, @ TaKOX BiACYTHICTIO KMiHIYHMX NPOSBIB KOMMpPECii
opraHiB manoro Tasa. B Takux Bunagkax AitM 3Haxo-
OATbCA N4 CYBOPUM AMHAMIYHUM  CMOCTEPEXEHHSIM,
WO BKIOYMAE peryrnsipHe YnbTpasBYKOBE OOCTEXEHHS
Ta nabopaTopHU KOHTPOmNb piBHA anbda-deTonpo-
TEiHy KOXHi oaunH-OBa Micsaui. 3adikcoBaHe 3pOCTaHHs
nyxnvHu abo nosiBa CUMMTOMIB KOMMPECIi € MOKa3aHHAM
0O onepaTMBHOrO nNikyBaHHSA. 3aCTOCyBaHHSA KOHCep-
BaTMBHOrO nigxody obmexeHe, OCKinbkM BinbLiCTb
KPUXXOBO-KYNPUKOBUX TepaTOM BMMaratTb XipypriyHOro
BUOANEHHS 4epe3 pU3NK 3MOSIKICHOTO MepepoKeHHs,
LIBMAKOIO POCTY Ta ycknagHeHs [16, 17].

XipypriyHe niKyBaHHSI € KIOYOBMM €Tanom Yy niky-
BaHHI KPVKOBO-KYNPUKOBKX TepaToMm y AiTen. BoHo cnps-
MOBaHe Ha MOBHE paauKarnbHe BUAANEHHA MNyXIMHU
i3 MakcMMarnbHOK KOHCepBali€l (YHKUI HepBOBOI
cuctemm i TasoBux opraHie [18, 21, 23]. Bubip onepa-
LirHOT MeToaMknm GasyeTbCcsl Ha krnacudikauii Altman,
siKa PO3NOAINs€e NyXAMHU Ha YOTUPU TUMU 3arNeXHO Bif
CMiBBiOHOLLEHHS X MO03aTa3oBOi i BHYTPILUHBOTA30BOI
yactuH. Mpn Tvnax | i |l nepeBaxkae 30BHILLHA YacTUHa
NyXNMHKW, WO [03BOMSiE 3acToCyBaTU OAHOMOMEHTHUN
kayganbHu poctyn. llig yac onepauiil AWTUHY ykna-
[atoTb Y MOSOXKEHHS Ha XXMBOTI abo Ha Ooui 3 NigHATUM
Ta3oM Ansi MOKPALLeHHs1 OOCTyny A0 AINSHKM Kynpuka
i HWXKHIX KpwxoBMX Xxpebuis. [poBoAATbL roOpM30H-
TaneHWM abo pagianbHUA Po3pi3 LUKIPU OOBXMHOKW Bif
LWeCTNn OO OEeCATM CaHTMMETPIB 3anexHo Big po3Mipis
nyxnuHu [1]. Micna nocnigoBHOro po3sLwapyBaHHS LLKipK,
nigWKipHOT KNiTKOBUHM Ta dacuin BiadyBaeTbcs MOOLi-
nizauis nNyxnvHW 3 peTenbHUM BiJOKPEMITEHHAM Bif
HaBKOMWLLHIX TKaHWH, 0COBnMMBO B MicCUsX, A€ NyXfvHa
WiNbHO Npunsarae A0 HepBOBUX MyYKiB i CyAuH. Kynpuk
060B’sI3KOBO PE3EKTYETLCS Y MeXax 340POBOI TKAHUHM,
WO CYTTEBO 3HWXKYE MMOBIPHICTL peumamsy. emocTas
[OCAraeTbCsl 3a AONOMOrOH Koarynsuii, niryBaHHs CyauH
Ta npu HeobxigHoCTi — TpaHcdysii kposi. Mo 3aBep-
LEHHI0 BMAANEHHS MyXNWHWM paHa YLWMBAETbCA MOLla-
POBO, i3 BCTAHOBMEHHAM ApeHaxy AN npodinakTuku
CKYM4YeHHS pianHu i kposi [2].

It is important to correct anemia by maintaining
hemoglobin at 100-120 g/l to ensure adequate oxygen
transport and avoid postoperative complications [7].
Special attention is paid to stabilizing cardiac function
in children with significant tumor vascularization, which
can lead to heart failure. For this, diuretics are prescribed,
in particular furosemide at doses of 1-2 mg/kg/day,
inotropic drugs such as dobutamine, if necessary, and
agents that improve microcirculation [6, 13]. If there
are signs of infection, empirical antibiotic therapy
is carried out using third-generation cephalosporins
or carbapenems, with subsequent correction based
on the results of bacteriological examination. Coagulation
disorders are eliminated by transfusion of fresh frozen
plasma, platelets, or coagulation factor concentrate.

Conservative treatment can be used in children with
small tumors, not exceeding 3 cm in maximum diameter,
and a histological conclusion indicating a mature benign
teratoma, as well as the absence of clinical manifestations
of pelvic compression. In such cases, children are under
strict dynamic observation, which includes regular
ultrasound examination and laboratory control of the
level of alpha-fetoprotein every one to two months.
Recorded tumor growth or the appearance of symptoms
of compression is an indication for surgical treatment.
The use of a conservative approach is limited, since most
sacrococcygeal teratomas require surgical removal due
to the risk of malignant degeneration, rapid growth and
complications [16, 17].

Surgical treatment is a key stage in the treatment
of sacrococcygeal teratomas in children. It is aimed
at complete radical removal of the tumor with maximum
preservation of the functions of the nervous system
and pelvic organs [18, 21, 23]. The choice of surgical
technique is based on the Altman classification, which
divides tumors into four types depending on the ratio
of their extrapelvic and intrapelvic parts. In types | and I,
the external part of the tumor predominates, which allows
for a single-stage caudal approach. During surgery, the
child is placed in a prone or lateral position with the
pelvis elevated to improve access to the coccyx and
lower sacral vertebrae. A horizontal or radial skin incision
is made, ranging from six to ten centimeters in length,
depending on the size of the tumor [1]. After successive
delamination of the skin, subcutaneous tissue and fascia,
the tumor is mobilized with careful separation from the
surrounding tissues, especially in places where the
tumor is tightly adjacent to nerve bundles and vessels.
The coccyx is necessarily resected within healthy tissue,
which significantly reduces the likelihood of recurrence.
Hemostasis is achieved by coagulation, ligation of vessels
and, if necessary, blood transfusion. After the tumor
is removed, the wound is sutured in layers, with drainage
installed to prevent fluid and blood accumulation [2].

For types lll and IV tumors with a significant intrapelvic
component, a combined surgical approach is used. The
first stage consists of a laparotomy through a midline
lower abdominal incision, which allows mobilization of the
bladder, rectum, vascular bundles and demarcation
of the tumor from the pelvic organs. This allows for
a clear definition of the resection margins, reduces the
risk of injury to surrounding structures and facilitates
subsequent tumor removal [4, 5]. The second stage
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Ona nyxnud tunis [l IV, gki MaloTb 3Ha4YHWUI BHYTPILL-
HbOTa30BUIA KOMIMOHEHT, 3aCTOCOBYETLCS KOMOiIHOBaHWM
xipyprivHui nigxig. lMepwwin eTan nondrae B nanapo-
TOMIi Yepe3 cepeauHHUA HWXKHI abgoMiHanbHUA pos3pis,
Lo [03BOMNSE MOBINi3yBaTU CEYOBUI MiXyp, MPSIMY KULLIKY,
CYOMHHI NyYKkM i po3MexyBaTh NyxXJNIMHY 3 opraHamu Tasa.
Lle nae 3mory YiTKO BM3HAUUTK MeXi pe3ekuii, 3MeHWNTH
pY3VK TPAaBMYBaHHS! HABKOJMLLHIX CTPYKTYP Ta MOnerLumnTu
noganblue BuAaneHHs nyxnuuau [4, 5]. Opyrun etan —
KaydanbHWIi 4OCTYI, 3a aHanorieto 3 onepawieto ansa Tmnis
Iill, mig Yac skoro BMOANSETbCA 30BHILLHA YaCcTUHA MYXIMHA
Ta Kynpuk. Llem kombGiHoBaHWI nigxig Aae 3mMory Makcu-
MarnbHO pafuKanbHO BUOANUTU MyXIUHY, arne B TON e Yac
CYNPOBOOXKYETLCA 3HAYHO IHBA3UBHICTIO Ta NOOOBXEHUM
nicrnsionepadinHum nepiogom BigHoBneHHs [9].

Y BMNagkax HasiBHOCTI iHTpacniHanbHMX abo iHTpagy-
panbHMX KOMMOHEHTIB MyXJIMHW, XapaKTEPHUX ONns Tunis
Il i 1V, 3acTocoByeTbCs HevpoxipypridHui nigxig. Maui-
€HTa YKragarTb Ha XMBIT, Nig 3aranbHUM HAapKO30M BUKO-
HYOTb NTaMiHEKTOMItO 3a[HiX Ayr KpuxoBoro Bigainy. Micns
BiIKPUTTSA CMMHHOMO3KOBOIO KaHany 34iiCHIOTb eKCTUp-
nawjto iHTpagypanbHOi YaCTUHW MyXIIMHA 3 MakCMMaribHO
KOHCepBaLi€l0 CMMHHOrO MO3Ky Ta HEPBOBUX KOPIHLIB,
WO 3MEHLUYE PU3UK MicrnsonepalinHuX HEBPOMOTiYHNX
YCKNafHeHb, TakMx sk napesn abo nopyLlueHHs yHKUT
TasoBux opraHiB [6, 21]. lMicna 3aBepLueHHA HEenpoxXipyp-
riYHOro eTany BMKOHYIOTb BUAANEHHS 30BHILLHBOT YaCTUHN
NyxJMHK Yepe3 KaydanbHuin gocTyn. Llen kombGiHoBaHMi
HEMPOXIPYPriYHWI | AUTAYO-XIPYPriYHWIA Nigxig nokpailye
36epexeHHss HeMPOYHKLT Ta AKICTb XUTTA nauieHTiB [9].

Ona peskvx BunNagkiB i3 BENVKUMU  NyxrnvHamu
i BUCOKOK BacKynsipusauieto nepern onepauiero npoBo-
OVTbCSl MONepefHs eHAoBacKynsipHa embonisauis cyauH
nyxnuHu. Lis npouegypa crnpsMoBaHa Ha 3MEHLUEHHS
KPOBOBTpaTK Mif Yac XipypriYyHOro BTPyYaHHHA i BMKOHY-
€TbCA B CreLiani3aoBaHuX LEHTpax i3 3anyYyeHHsM iHTep-
BEHUiHUX pagionorie. NonepeaHs embonisauisa cyguH
3HaYHO NOKpallye iHTpaonepauinHui reMocTas, 3HUXYeE
pU3UK reMoaMHaMIYHUX YCKNagHeHb Ta HeoOXiaHiCTb
TpaHcdysin kposi [8, 26, 27].

MicnaonepadinHe BegeHHs NauieHTIB BKIOYAE iHTEH-
CVBHUWI MOHITOPWHTI reMOANHaMIKN Ta AuxanbHOi PYHKLT,
npoinakTuky iHPeKUiiHMX  ycknagHeHb, KOHTPOIb
60MnbOBOro CUHAPOMY, MIATPUMKY BOLHO-EMEKTPONITHOrO
6anaHcy. OcobnuBy yBary nNpuAINAlTb PErynspHomy
BM3HAYEHHIO pPIBHA anbga-heTonpoTeiHy KOXHI  Tpu
MiCALLi MPOTSIrOM MEPLLOro POoKY, L0 A03BOSISE CBOEYACHO
BUSIBNATU MOXNUBI peunansu nyxnuHu [23, 24]. Bisya-
nisauinHi metogu, 3okpema MarHiTHO-pe3oHaHCHa TOMO-
rpachis Ta ynbTpasBykoBE AOCHIMKEHHS, NMPOBOASITHCS
yepes 3, 6 i 12 micauis nicns onepadii, a noTiMm nepio-
[OWYHO Y HACTYMHi POKK, 3 ypaxyBaHHSIM KriHIYHOT cuTyauii
[3]. PeunamnBm, sk npaBuIio, BUHUKaKOTb Y NepLUi ABa POKU
nicns onepaTMBHOIO MiKyBaHHS, TOMY CaMe Yy el nepiog
peKkoMeHO0BaHNN HanbinbLL peTenbHUA KOHTPOnb.

OnTumanbHUn TepMiH Ans NPOBEAEHHSA XipypriYHOro
BTPYYaHHS — NepLuUi ABa MiCALi XUTTS HOBOHAPOOXKEHOTIO,
O MOB'AA3aHO 3 KpaLlOoK pereHepaTuBHOK 3OaTHICTIO
TKaHWH i 3HWKEHHAM pU3WKY nicrisionepauinHmx ycknag-
HeHb [21]. Takun nigxig cnpusae NOKpaLLeHHIO 9K OHKOMO-
MYHUX, TaK i PYHKLIOHANBHWUX pe3ynbTaTiB NikyBaHHS.

[MepeBaramn 0 4HOMOMEHTHOT onepauii Npy NyxnmMHax
TvniB | i Il € MeHwa TpaBmaTM3auisi, CKOPOYEHHSA Yacy

is a caudal approach, similar to the operation for types
| and II, during which the outer part of the tumor and the
coccyx are removed. This combined approach allows for
the most radical removal of the tumor, but at the same
time is accompanied by significant invasiveness and
a prolonged postoperative recovery period [9].

In cases of intraspinal or intradural tumor components,
typical of types Il and |V, a neurosurgical approach
is used. The patient is placed on the stomach, and
a posterior sacral arch laminectomy is performed under
general anesthesia. After opening the spinal canal,
the intradural portion of the tumor is extirpated with
maximum preservation of the spinal cord and nerve roots,
which reduces the risk of postoperative neurological
complications, such as paresis or pelvic organ
dysfunction [6, 21]. After completing the neurosurgical
stage, the outer portion of the tumor is removed through
the caudal approach. This combined neurosurgical and
pediatric surgical approach improves the preservation
of neurofunction and the quality of life of patients [9].

For some cases with large tumors and high
vascularization, prior endovascular embolization of tumor
vessels is performed before surgery. This procedure
is aimed at reducing blood loss during surgery and
is performed in specialized centers with the involvement
of interventional radiologists. Prior vascular embolization
significantly improves intraoperative hemostasis, reduces
the risk of hemodynamic complications and the need for
blood transfusions [8, 26, 27].

Postoperative management of patients includes
intensive monitoring of hemodynamics and respiratory
function, prevention of infectious complications, pain
control, and maintenance of water and electrolyte balance.
Particular attention is paid to regular determination
of alpha-fetoprotein levels every three months during the
first year, which allows for timely detection of possible tumor
recurrences [23, 24]. Imaging methods, including magnetic
resonance imaging and ultrasound, are performed 3,
6, and 12 months after surgery, and then periodically
in subsequent years, taking into account the clinical
situation [3]. Recurrences, as a rule, occur in the first two
years after surgical treatment, therefore, it is during this
period that the most careful monitoring is recommended.

The optimal time for surgical intervention is the first
two months of a newborn’s life, which is associated
with better tissue regenerative capacity and a reduced
risk of postoperative complications [21]. This approach
contributes to improving both oncological and functional
treatment outcomes.

The advantages of single-stage surgery for types
| and Il tumors are less trauma, shorter anesthesia
time, less blood loss, and faster recovery of the child.
The combined approach allows for radical removal
of tumors with a large intrapelvic component, but
is accompanied by greater invasiveness, longer hospital
stay, and an increased risk of infectious and functional
complications. The neurosurgical stage for intraspinal
tumors is critically important for preserving nerve function,
but significantly complicates surgical intervention and
requires a highly skilled surgical team [6]. Integration
of modern technologies, such as intraoperative
neuromonitoring, preliminary endovascular embolization,
and multidisciplinary planning, increases the effectiveness
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Hapko3y, MeHLla KpOBOBTpaTa i LWBMALEe BiAHOBMEHHS
OnTuHKU. KomGiHOBaHWA JOCTYn Oae MOXMMBICTb paau-
KanbHOro BUAANEHHS NMyXIWH i3 BENMUKMM BHYTPILLHbOTa-
30BMM KOMMOHEHTOM, MPOTE CYNPOBOAXKYETHCSA BinbLUOK
iHBa3MBHICTIO, TpMBaniwymMm nepebyBaHHAM y cTauioHapi
Ta NiABULLEHUM PU3MKOM IHIEKLINHMX | (DYHKLIOHANbHMX
ycknagHeHb. HenpoxipypriyHin etan npu  iHTpacni-
HanbHUX MNyXNMHAX € KPUTUYHO Baxnueum Ans 306epe-
XKEHHS HepBOBOI (OYHKLUil, OAHAK 3HAYHO YCKMNagHE
XipypriyHe BTpyYaHHs i notpebye BMCOKOI KBanidikauii
XipypriyHoi 6puragm [6]. IHTerpauis cy4acHux TEXHOMOTIN,
TakMX $K iHTpaonepauinHUn HENPOMOHITOPWHN, none-
penHs eHgoBackynspHa embonisauis i MynsTuancumnii-
HapHe nnaHyBaHHS, NiABULLYE ePEKTUBHICTb NiKyBaHHS,
3HWXKYE PU3MKM | MOKpallye [AOBrOCTPOKOBWIA MPOrHO3
y OiTeN i3 KpMXKOBO-KYNPUKOBUMU TepaTtoMamu [25].

YCKAQAHEHHS KPUXKOBO-KYNPUKOBUX

TEepPATOM Y AiTEN: 3araAbHa XAPAKTEPUCTHUKA,

iHTpaonepauiiiHi Ta nicadsonepawinHi

YCKAQAHEHHS Ta iX eTioAoris

KpmKoBO-KynpuKoOBi  TepaToMu, MOMpu  JOCATHEHHSA
Cy4acHOi OuTSYOi  Xipyprii Ta MynsTMAMCLMNIIHAPHOTO
nigxogy OO TiKyBaHHS, 3anuvLLaloTbCA MNATosOriel, fka
4acTo CYMNPOBOMXYETLCS 3HAYHUM  PU3UKOM  PO3BUTKY
YCKMNaJHEHb Ha Pi3HUX eTanax 3axBOPIOBaHHSI Ta MiKyBaHHS.
3aranbHa KinbKiCTb YCKMagHEeHb 3anexuTb Bid Po3Mipy
NyXIMHW, i ricTonoriyHoi Oya0oBW, HAsiBHOCTI iHTpacniHamnb-
HOrO KOMTMOHEHTA, a TaKOoX Bif, Yacy i sIKOCTi MPOBEaEHOro
nikyBaHHSA [3]. OCHOBHVMMW YMHHVKaMW, WO MiABULLYIOTb
pU3NK yCKNaaHEeHb, € MNi3HE 3BEPHEHHSI MO MEAMYHY O0Mo-
MOry, 3Ha4yHa BacKynsapusauisi NyxmnvHu, il Benuki po3mipu,
MOLLUMPEHHS Ha BHYTPILLHI CTPYKTYpW Ta3a i xpebTa, a Takox
HasIBHICTb 3Mn0siKiCHOI TpaHcdopmalii [2, 12].

IHTpaonepauiiHi ycknagHEeHHst Mpy BUAANEHHI KPYDKO-
BO-KYMPUKOBMX TepaTOM HandacTille NoB’a3aHi 3 aHaTo-
MiYHOK CKMafHICTIO perioHy, BMPaXXeHOK BacKynsipusa-
Lieto NyxnuHW, agresisMu 4o CYCigHiX OpraHiB i HepBOBUX
cTpykTyp [7, 18]. OgHuM i3 HaNBINbL CEPNO3HNX IHTpao-
nepauiiHux ycknagHeHb € MacuBHa KpOBOTEYa, LLIO MOXe
NpY3BOAMTU OO0 reMOAUHAMIYHOI HecTabinbHOCTI, Heob-
XiOHOCTi eKCTpeHOi TpaHCcdysii KPOBi i HaBiTb PO3BUTKY
Wwoky. MNpuyunHOK LBbOro € Benuka KinbKiCTb CYAWH, SKi
XKMUBMSITb MYXIVHY, @ TAKOX MOXIMBE PYNHYBaHHSI BENUKNX
BEHO3HMX CMMeTiHb Yy AinsHui Kpyxosoro Bigginy [19].
BTpaTta KOHTpOMo 3a reMoCTa3oM YCKMaOHIETLCS TaKoX
yepes CKMagHiCTb AOCTYNy A0 MMMOOKMX LwapiB MyXnnHU
i HeQoCTaTHIO Bidyanisauito cyauH nig yac onepadii. Kpim
TOro, MpU BEMUKUX MNyXMIMHaX 4YacTo CrocTepiraeTbest
TicHa agresid A0 HepBOBUX KOPIHLIB i CMHHOMO MO3KY,
LLO CTBOPIOE PU3MK iX MOLUKOMKEHHSI Mig 4vac Mobini-
3auii nyxnuHm [13]. MNoLKOAXEHHA HEPBOBMX CTPYKTYp
MOXe NpV3BOAWUTU [0 iHTpaonepauiiHiX MopyLleHb
hyHKUiT Ta30BUX OpraHiB, BTpaTN PyXNMBOCTI KiHLIBOK abo
PO3BMTKY NOpyLUEHb YyTnueocTi [6, 19].

IHWi iHTpaonepauinHi  yCKNagHEHHS  BKIHOYalOTb
BMMAaZKoBy TpaBMy OpraHiB Marnoro Ta3a, TaKux
SIK CEYOBMI MiXyp, MpsiMa Kuwka abo BEnNuKi CyauHu,
L0 BeZe A0 A0LATKOBUX KPOBOTEM, iHGbeKUin Ta Heobxia-
HOCTi po3LUMpeHHs obcary onepaTtMBHOro BTpyyaHHs [10,
17]. Li ycknagHeHHs 4acTo BUHMKaKOTb Yepes aHaTOMIiYHI
0COBMNMBOCTI Ta MOLUMPEHHST MYXMMHU, @ TaKOX Y 3B’A3KY

of treatment, reduces risks, and improves the long-term
prognosis of children with sacrococcygeal teratomas [25].

Complications of sacrococcygeal teratomas
in children: general characteristics,
infraoperative and postoperative
complications and their etiology.

Sacrococcygeal teratomas, despite the achievements
of modern pediatric surgery and a multidisciplinary
approach to treatment, remain a pathology that is often
accompanied by a significant risk of complications
at different stages of the disease and treatment. The total
number of complications depends on the size of the tumor,
its histological structure, the presence of an intraspinal
component, as well as the time and quality of the treatment
performed [3]. The main factors that increase the risk
of complications are late seeking medical care, significant
vascularization of the tumor, its large size, spread to the
internal structures of the pelvis and spine, and the presence
of malignant transformation [2, 12].

Intraoperative complications during the removal
of sacrococcygeal teratomas are most often associated
with the anatomical complexity of the region, pronounced
vascularization of the tumor, adhesions to neighboring
organs and nervous structures [7, 18]. One of the most
serious intraoperative complications is massive bleeding,
which can lead to hemodynamic instability, the need for
emergency blood transfusion and even the development
of shock. The reason for this is the large number
of vessels that feed the tumor, as well as the possible
destruction of large venous plexuses in the sacral region
[19]. Loss of control over hemostasis is also complicated
by the difficulty of access to the deep layers of the tumor
and insufficient visualization of the vessels during surgery.
In addition, large tumors often have tight adhesion to the
nerve roots and spinal cord, which creates a risk of their
damage during tumor mobilization [13]. Damage to nerve
structures can lead to intraoperative dysfunction of the
pelvic organs, loss of limb mobility, or the development
of sensory disturbances [6, 19].

Other intraoperative complications include accidental
trauma to pelvic organs such as the bladder, rectum,
or major vessels, leading to additional bleeding, infection,
and the need for surgical resection [10, 17]. These
complications often occur due to the anatomical features
and extent of the tumor, as well as the limited surgical
space in neonates and infants [4, 11].

Postoperative complications are multifactorial and
include purulent-septic processes, tumor recurrence,
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3 obmexeHnMm onepauiiHuM NpPOCTOPOM Y HOBOHApOA-
KEHUX Ta HemoBnAT [4, 11].

MicnaonepauinHi  ycknagHeHHs MalTb  MyMbTU-
aKkTOpHUIA  XapakTep | BKMOYaTb FHINHO-CENTUYHI
npouecu, peuvamBM MNyXAVHKU, MOPYLUEHHSA 3aro€HHs
paHu, QYHKUiOHanbHI po3naaM HepBOBOI CUCTEMMU
Ta opraHiB Tasa [3]. IH(eKuinHi yCKNnagHeHHs BUHK-
KalTb 4epe3 3HavyHWUii o0BCsAr onepaTMBHOIO BTPYYaHHS
B OiNsHLI, WO CXWnbHa A0 3abpyaHEHHS, a TakoxX Yyepes
TpuBarne BCTAHOBMEHHS ApeHaxiB i kateTepis. licnsone-
paLiiHi paHoBI iHGEKLii MOXyTb NporpecyBaTy 0o abcue-
OyBaHHSA, criermoHy abo cencucy, Wo 3Ha4yHO MoripLuye
NPOrHO3 naujieHTa i NogoBxXye rocnitanisauito [9, 13, 18].
Pu3nk iHEKUIHOroO yCcKnagHeHHs MiaABULLYETLCH Mpu
HefocCTaTHIN NpemeauKaLii, HAgBHOCTI CYnyTHIX iMyHoae-
GILMTHMX CTaHiB abo nopyLUeHHi NnpaBun acenTuku [15].

Peunave nyxnvHu € 04HMM i3 HaCEepPNO3HILWNX nicns-
onepauinHmx ycknagHeHb i 3yctpidaetbcs B 10-20%
BMNaKiB, 3anexHo Big riCTONOMYHOrO TUMy i MOBHOTU
pesekuii. Bwucokun pusnk peuuauBy  MOB’A3aHUN
i3 HEMNOBHUM BUAAMNEHHAM MYXINHU, BIOCYTHICTIO pe3ekLuil
Kynpuka abo iHTpacniHanbHMM KOMMOHEHTOM, WO 3anu-
wuBcA. Hespini i 3nosikicHi TepatoMu OEMOHCTPYHOTb
BinbLUy CXMMBHICTb A0 PeLMAMBYBaHHS, HiX 3pini hopmu
[20, 28, 29]. KniHi4HO peumanBu MOXYTb MPOSBAATUCA
NMOBTOPHUM 3BiNbLUEHHAM MNyXJIMHHOI Macu, G0onboBUM
CYHOPOMOM, MOPYLUEHHAMWN YHKUIT Ta3oBUX OpraHis
i 3MiHaM1 TabopaTopHMX MapKepiB.

MMopylleHHA  3aroeHHs  nicnsionepauiiHoi  paHu,
30Kpema hOpMyBaHHS CBUILLIB i FpUXK, MOB’A3aHi 3 BENUKUM
onepauinHiM  AeEeKTOM, HanpyXeHHAM TKaHWH npu
YLMBAHHI, @ TakoX MiCLEeBO iH(eKUien. YCcKknagHeHHs
y BUMSAA4i KicT i pybueBux 3MiH MOXyTb MPU3BOAUTU
[0 XpPOoHiYHOro 6onto i nopyLleHb pyxnmeocTi [15, 20].

PyHKUiOHaNbHI yCKNagHEHHS, WO BUHMKAKOTb Micna
onepadii, MalTb MEPEBAXKHO HENPOreHHi MexaHi3Mu.
[MOWKOMKEHHA HEepBOBUX CTPYKTYp nig 4ac pesekuil
NpU3BOAMTL A0 MOPYLUEHb KOHTPOMKO CEYOBMMYCKaHHS,
nedekauii, po3BUTKy napesiB abo napecTesint y HUXKHIX
KiHUiBKaX, WO 3HAYHO MOripLUYE SAKICTb XUTTS NauieHTIB
[21]. HenmpoxipypriyHnin nigoxig npy HasiBHOCTI iHTpacni-
HarnbHOrO KOMMOHEHTa NyXfMHW CNPSIMOBAHWIN Ha MiHiMi-
3aLil0 UMX yCKNagHeHb, ane MOBHICTIO BUKMIOYNUTU iX HE
3aBXAN MOXITUBO.

TakMM 4YMHOM, YCKMAOHEHHSI KPWKOBO-KYMPUKOBUX
TepatoM Yy Aiterr € 0GaratoakTopHUMKM i NOB’A3aHi
SK i3 MPUpPOAOI0 MyXNWHM Ta il aHaTOMiYHMM po3TaLly-
BaHHSAM, TakK i 3 0COBNMBOCTAMM XipypriYHOro nNikyBaHHS
Ta nicnsionepauiviHoro gornsagy. PetenbHe nepeponepa-
LiiHe NnaHyBaHHS, 3aCTOCYBaHHSI Cy4acHUX XipypriyHnx
i HeMpoxipypriyHMx MeToauK, iHTpaonepauinHuA Henpo-
MOHITOPUHI, a TakoX ajekBaTHa npemMegukadia i nicns-
onepauiiHe BEAEHHSA CMpPUSIOTb  3HKEHHIO 4acToTu
i TSKKOCTi yCKNafHeHb, MOKpaLlyloTb yHKUiOHaMNbHI
pesynsTaTty i NporHo3 naujieHTis [19].

MporHos y aiten

i3 KPMXKOBO-KYNPUKOBUMU TEPATOMAMM

MporHo3 y AiTen i3 KpWKOBO-KYMPUKOBMMU TepaTto-
mMamu € 6aratoakTOpHUM i BUSHAYaETHLCA LLiNOK HU3KOH0
KNiHIkO-MOpponoriyHMx Ta  XipypriYyHnx napameTpis,
cepeq sKMX KI4oBY posb BigirpatoTb riCTOMOMYHWUIA TUM
NyXMWHK, CTagia AiarHOCTUKKM, CTYMiHb AUdEPEHLil0BaHHS

impaired wound healing, functional disorders of the nervous
system and pelvic organs [3]. Infectious complications arise
due to a significant volume of surgical intervention in an
area prone to contamination, as well as due to prolonged
installation of drains and catheters. Postoperative wound
infections can progress to abscess formation, phlegmon
or sepsis, which significantly worsens the patient’s prognosis
and prolongs hospitalization [9, 13, 18]. The risk of infectious
complications increases with insufficient premedication,
the presence of concomitant immunodeficiency states
or violation of the rules of asepsis [15].

Tumor recurrence is one of the most serious
postoperative complications and occurs in 10-20%
of cases, depending on the histological type and
completeness of resection. A high risk of recurrence
is associated with incomplete tumor removal, lack
of coccyx resection, or a residual intraspinal component.
Immature and malignant teratomas show a greater
tendency to relapse than mature forms [20, 28, 29].
Clinically, recurrences may manifest as a repeated
increase in tumor mass, pain, pelvic organ dysfunction,
and changes in laboratory markers.

Postoperative wound healing disorders, including
fistula and hernia formation, are associated with a large
surgical defect, tissue tension during suturing, and local
infection. Complications such as cysts and scarring can
lead to chronic pain and mobility impairment [15, 20].

Functional complications that occur after surgery
have mainly neurogenic mechanisms. Damage to nerve
structures during resection leads to impaired control
of urination, defecation, the development of paresis
or paresthesia in the lower extremities, which significantly
worsens the quality of life of patients [21]. The
neurosurgical approach in the presence of an intraspinal
component of the tumor is aimed at minimizing these
complications, but it is not always possible to completely
eliminate them.

Thus, complications of sacrococcygeal teratomas
in children are multifactorial and are associated with
both the nature of the tumor and its anatomical location,
as well as with the characteristics of surgical treatment
and postoperative care. Careful preoperative planning,
the use of modern surgical and neurosurgical techniques,
intraoperative neuromonitoring, as well as adequate
premedication and postoperative management contribute
to reducing the frequency and severity of complications,
improving functional outcomes and patient prognosis [19].

Prognosis in children

with sacrococcygeal teratomas
The prognosis in children with sacrococcygeal
teratomas is multifactorial and is determined by a number
of clinical, morphological and surgical parameters,
among which the key role is played by the histological
type of the tumor, the stage of diagnosis, the degree
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KMNiTMH, PO3MipKU Ta Nnokarnisawis HOBOYTBOPEHHS, IHTpPao-
nepauiviHi 3Haxigku, BiK AUTUHW Ha MOMEHT IiKyBaHHS,
MOBHOTa pe3eKLuii Ta HasBHICTb abo BiACYTHICTb 3Mosi-
KiCHUX TpaHcdopMaLi. HanbinbLw cnpusTnMBuin NporHo3
MatoTb 3pini Tepatomu Altman |-l Tuny, BusiBneHi y nepui
TWKHI abo MicsLi XUTTA OUTUMHU Ta pagukanbHO BuAaa-
neHi i3 MOBHOW pesekKuie Kynpuka, 6e3 o3Hak 3ros-
KICHOroO nepepomXeHHs. Y Takux Bunagkax nm'satupivyHa
BWXUBaHICTb nepesBuwye 95-98%, a pusnk peunamsy
He nepesulye 5-10%, 3a yMOBM OOTPMMaHHS agekear-
HOro AMHaMIYHOro Harnsay i3 perynapHUM MOHITOPUHIOM
piBHA  anbda-eronpoTeiHy, MarHiTHO-Pe30HaHCHO
ToMorpadieto abo ynbTpa3ByKOBUM ODCTEKEHHSM.

BogHoyac y Bunagkax He3pinux abo 3nosikicHMX
TepaTtoMm, 0cobnuMBo i3 iHTpaTasoBumM abo iHTpacni-
HanbHUM KOMMOHEHTOM, MPOrHO3 € MEHLL CNPUATIIMBUM.
MyxnuHn Altman [1-1V Tuny, ki nowwmptoloTbes Brnnbd Tasa
abo MalTb CMMHHOMO3KOBE 3allyYeHHsl, 4acTo Cynpo-
BOXKYIOTBCA CKNagHOCTAMM Mif Yac XipypriyHoro rniky-
BaHHS, LLO YCKINaZHIOE NOBHY pe3eKLito i 36inbLuye pusmk
3anuLKoBOI MyXNMHHOT Macu [28]. Y Takux KriHIYHUX
cuTyauisx peunauB BuHuKae Yy 15-25% Bunagkis,
a yvactota MeTacTasyBaHHSl, MNEepeBaXHO Yy JereHi
Ta neviHky, moxe csaratn 10-15%, ocobnveo npu BUsB-
NEHHi enemMeHTiB eHgogepMarnbHOI CMHYCOBOI NMyXIUHU
abo He3pinux HeBpanbHuUx cTpykTyp [14]. HasBHicTb
MeTacTasiB iCTOTHO 3HWXXY€E JOBrOCTPOKOBY BVKUBAHICTb,
sika npw 3nosikicHomy nepebiry B cepeiHbOMy CTaHOBUTb
70-85%, 3anexHo Big BiANOBIAI HA aa’toBaHTHY XimioTe-
panito Ta CTyneHsi PO3NOBCIOIKEHHST NPOLIECY.

Okpemy rpyny pusmKy CTaHOBMATb MALEHTU, Y SKUX
XipypriyHe BTpyYaHHsi NPOBOAMMOCS i3 3aTPUMKOIO nicnsi
HapoxeHHs, abo y TuxX, y Koro onepakdisi 6yna HenoBHo
3 TEXHIYHUX YU @aHATOMIYHWUX MPUYMH. Y Takmx Bunagkax
HaBiTb 3pina nyxnMHa MOXe peuuaMByBaTu 4Yepes
3anuLLIKN TePMIHOTEHHUX KIITUH Y TKaHWHaX Kynpuka
abo Ha Mmexi pesekuii. PeTpocnekTuBHi AaHi, 3okpema
3 pgocnigxeHb, onybnikosaHux y CLUA, HimevuwnHi, ITanii
Ta AnoHii y 1993-2023 pokax, cBigyaTb, WO BIiACYT-
HICTb KYNPWKOTOMIi MiaBULLYE PU3MK peumamBy OinbLu
HDX yTpuyi. ToMy MOBHa pe3eKuid Kynpuka BBaXXaeTbCs
CTaHAAPTOM XipypriyHOro mnikyBaHHsi HaBiTb y BMMNagkax
[o6posKicHNX NyxnuH [3, 25].

[MpOrHOCTUYHO HECNPUATIIMBMMU € TaKoX CUTY-
auii, y SKMX BMHMKaKTb TSXKKI nicnsonepauiviHi ycknaa-
HEHHS1 — MOPYLLEHHS iHHepBaLjii Ta30BUX OpraHiB, CTIlKi
napesn HWKHIX KiHUIBOK, OM3YpPWYHi posnagn, 3aTprMka
disanyHoro abo HeMponcuxiYyHoro pos3BUTKY. Y AdiTen
i3 HeBponoriYyHnMKN gediumTamn, ki BAHUKNM BHACNIOOK
YLLIKOOXKEHHST KPUPKOBUX HEPBOBMX KOPiHLiB abo iHTpacni-
HanbHOrO KOMMOHEHTa MyXIMHW, HaBiTb 3a YMOB MOBHOI
pesekLUii MoXnmBe 30epeXeHHs iHBanianayumnx yHKLio-
HanbHUX HaCNIAKIB, LLIO 3HAYHO BMNIMBAE Ha AKICTb XUTTS.
BogHouac cBoevacHe XipypridHe BTpyyYaHHs 3 LOTpuU-
MaHHAM TEXHIKM HenpoxipyprivHoro erany Ta 3acTocy-
BaHHAM iHTpaonepauinHOro HeMPOMOHITOPUHTY JO3BONSAE
MiHiMi3yBaTW YacTOTY TaKuX YCKNaaHeHb [26].

[MporHocTMyHMMKM  Mapkepammn  TSXKoro nepebiry
KPWKOBO-KYMPUKOBMX TEPATOM Hapasi akTUBHO BUB4YaA-
I0TbCS  TaKi MOKa3HWKW, $K CniBBIOHOLIEHHS 06’eMy
NyXAMHW [0 Macu Tina HOBOHAPOMKEHOro, LWo npu
3HayeHHsx Buwe 0,12 BBaxaeTbcs (haKTOPOM Hecnpwu-
SATNMBOTO MPOTrHO3y 4Yepe3 BUCOKY BacKynspuaaLiio

of cell differentiation, the size and localization of the
neoplasm, intraoperative findings, the child’s age at the
time of treatment, the completeness of the resection and
the presence or absence of malignant transformation.
The most favorable prognosis is for mature Altman type
I-II teratomas, detected in the first weeks or months of the
child’s life and radically removed with complete resection
of the coccyx, without signs of malignant degeneration.
In such cases, the five-year survival rate exceeds 95-98%,
and the risk of recurrence does not exceed 5-10%,
provided that adequate dynamic surveillance is observed
with regular monitoring of the level of alpha-fetoprotein,
magnetic resonance imaging or ultrasound examination.

However, in cases ofimmature or malignant teratomas,
especially those with an intrapelvic or intraspinal
component, the prognosis is less favorable. Altman type
I1I-1V tumors that extend deep into the pelvis or have spinal
cord involvement are often accompanied by difficulties
during surgical treatment, which complicates complete
resection and increases the risk of residual tumor
mass [28]. In such clinical situations, recurrence occurs
in 15-25% of cases, and the frequency of metastasis,
mainly to the lungs and liver, can reach 10-15%,
especially when elements of an endodermal sinus tumor
or immature neural structures are detected [14]. The
presence of metastases significantly reduces long-term
survival, which in malignant cases averages 70-85%,
depending on the response to adjuvant chemotherapy
and the extent of the process.

A separate risk group is patients in whom surgical
intervention was performed with a delay after birth, or in
those in whom the operation was incomplete for technical
or anatomical reasons. In such cases, even a mature
tumor can recur due to the remnants of germinogen cells
in the tissues of the coccyx or at the border of resection.
Retrospective data, in particular from studies published
in the USA, Germany, ltaly and Japan in 1993-2023,
indicate that the absence of coccygotomy increases the
risk of recurrence more than threefold. Therefore, complete
coccygeal resection is considered the standard of surgical
treatment even in cases of benign tumors [3, 25].

Prognostically unfavorable are also situations in which
severe postoperative complications occur — disorders
of the innervation of the pelvic organs, persistent paresis
of the lower extremities, dysuric disorders, delayed
physical or neuropsychiatric development. In children
with neurological deficits that arose as a result of damage
to the sacral nerve roots or the intraspinal component
of the tumor, even with complete resection, it is possible
to preserve disabling functional consequences, which
significantly affects the quality of life. At the same
time, timely surgical intervention with compliance with
the technique of the neurosurgical stage and the use
of intraoperative neuromonitoring allows minimizing the
frequency of such complications [26].

Prognostic markers of severe sacrococcygeal
teratomas are currently being actively studied, such
as the ratio of tumor volume to newborn body weight,
which at values above 0.12 is considered a factor
of unfavorable prognosis due to high vascularization and
hyperdynamic load on the heart [22]. Another indicator
is the ratio of tumor length to child height, which at values
above 0.25 is also associated with a more severe clinical
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Ta rinepavHamiyHe HaBaHTaXeHHsA Ha cepue [22]. [Hwum
MOKa3HUKOM € CMiBBIOHOLIEHHS] OOBXWUHW  MyXJIMHU
[0 3pOCTY ANTUHU, SKUI NPpU 3HaYeHHsAX noHag 0,25 Takox
acouiloeTbCa 3 Oinbll TSKKMMM  KIiHIYHMM nepebirom,
nigBMLLEHOK KPOBOBTPATOH Mif Yac onepallii Ta BUCOKUM
pY3NKOM ycKnagHeHb [29].

TakMM 4YMHOM, 3aranbHUA MPOrHO3 MPU  KPWDKO-
BO-KYMPUKOBUX TepaToMax Yy [AiTel € CrhpusaTiInBum
3a YMOBWM pPaHHbOI AiarHOCTUKW, MOBHOI paauKarbHOI
pes3eKuii NyXNMHW pasoMm i3 KynpuKOM, perynsipHoro nicnsi-
onepauinHoro Harnsaay, Ta y pasi BigCyTHOCTI 3MOSAKICHOI
TpaHcdopmauii. TaTupiyHa BWXMBAHICTL NpW  3pinuX
dhopmax ctaHoBUTL NoHaA 95%, TOAi SiK Npu He3pinux abo
3nosikicHux — Big 70 oo 85%, 3anexHo Big cTagii 3axBo-
ptoBaHHs, CTyneHs AudepeHuitoBaHHS | edPeKTUBHOCTI
KOMMIEKCHOro NikyBaHHsA [3, 5, 13, 22]. CBoevacHe xipyp-
riYHe BTPYYaHHS y NepLUi TVXKHI XUTTS, MynbTMaUCUMNIi-
HapHWI NigXig, BUKOPUCTaHHS Cy4aCHUX METOAMK HEMpo-
Xipyprii Ta MOHITOPUHIY 3HA4YHO NOKPALLYIOTL pesynbraTu
Ta JOBroTpuBany siKiCTb XWUTTSA nauieHTiB [4].

BUCHOBKHU

TakMM 4YMHOM, OTPMMaHi y BMacHOMY LOCHIAKEHHi
OaHi  [eMOHCTPYIOTb TUMOBY €enigeMionoriYHy CTPykK-
TYPY KPWXXOBO-KYMNPUKOBOI TepaTtomu, i3 YiTKMM nepesa-
KaHHAM cepef, fiB4aT Ta paHHiM BiKOM MaHidecTauii.
[Mpochinb nauieHTiB i nikyBanbHi nigxoan ceig4atb Npo
CBOE€YaCHy rocnitanisadito Ta B4acHe onepatmMBHe BTpY-
YaHHS, WO 3HWXKYE PU3MK MPOrpecyBaHHS Ta PO3BUTOK
ycknagHeHb. KpuXOBO-KynpuKkoBi TepaTomu Yy fiTen
3anNULWIAaTLCA OAHIE 3 HANMOLLUMPEHILIMX MYXIIMH HOBO-
Hapo[XXeHoro nepiogy, Lo, nonpu nepesBaxHoO A00pos-
KiCHUA xapakTep y GinblIOoCTi BUNaakiB, MoXyTb NpU3BO-
OUTN OO0 TSXKKUX YCKMagHeHb 9K Yy MepuHaTtanbHOMY,
Tak i B nicnsgonepauinHomy nepiogi. MNposegexui ornsg
HaykoBoi nitepatypu 3a 1993-2025 poku J03BONVB BCTa-
HOBWTU, WO paHHE MpeHaTanbHe BUSIBNIEHHSI 3a [OMO-
MOFOK Cy4aCHUX METOAIB YMbTPasByKOBOI AiarHOCTUKK
Ta MarHiTHO-pe3oHaHCHOI ToMorpadii, cBoe4acHe nnaHy-
BaHHA OMepaTMBHOI TaKTWKKW, MyNbTUAUCUUMIHAPHE
XipypriyHe BTPYYaHHsI i3 MOBHOI pe3eKuicto NyXnuHu
pa3oM i3 KyrnpuKOM 3Ha4HO MOKpaLlyloTb AOBrotTpmsani
OHKOMOriYHi Ta PYyHKUiOHaNbHI pesynsraTy.

PeTenbHe OOTPUMaHHS KNiHIHOMO anroputMy AiarHoc-
TUKW Ta NiKyBaHHS [O3BOSSE 3HWM3WUTW YacTOTy peLuamnBiB,
sika Mpu MOBHIN pe3ekuii He nepesulye 5—10% y Bunagkax
[OBPOSIKICHNX MyXNWH. HaToMICTb HasBHICTb He3pinux abo
3MOSKICHUX KOMMOHEHTIB, iHTPacniHanbLHOrO MOLUMPEHHS,
iHbiNETPaTMBHOrO POCTy abo BiACTPOYEHOrO XipypriYHOro
BTPyYaHHS1 CyTTEBO MOripLUYOTb MPOrHO3 Ta 36iMnbLUyoThb
PU3VK YCKMaAHEHb, BKIHOYAOYN HEWPOreHHY AMCHYHKLLO
Ta30BMX OpraHiB, peunavByBaHHS MyXMWHW, iHTpaonepa-
LiHi KpOBOTeYi Ta iH(pekuiHi ypaxeHHs. [poBegeHHs
KOMBIHOBaHOro abo HEMpOXipypriYyHOro AOCTYMY Y CKIaaHUX
BMMazKax, Nornpy CBOK iHBa3WBHICTb, [J0O3BOSSE OOCATHYTU
MaKCUMarnbHOI paauvKanbHOCTI BTPyYaHHs 3 MiHiMizauieto
YP@XKEHHS XKUTTEBO BAXXKIMBMX CTPYKTYP.

IHTerpauisi cy4acHux nepegonepauinHmx NpeanKTopis
pV3unKy, 30Kpema MOKa3HWUKIB CriBBIAHOLEHHA 06’eMy
NyXnMHW [0 Macu Tina i CniBBIOHOWEHHS [OBXWHU
NYXIMHW [0 3pOCTY AUTUHW, € NEPCMNEKTUBHUM HAMPSIMKOM
KNiHIYHOrO aHanidy [Aans OuiHKM TSKKOCTI  nepebiry

course, increased blood loss during surgery and a high
risk of complications [29].

Thus, the overall prognosis for sacrococcygeal
teratomas in children is favorable provided that they are
diagnosed early, completely excised with the coccyx,
and undergo regular postoperative follow-up, and in the
absence of malignant transformation. The five-year
survival rate for mature forms is over 95%, while for
immature or malignant forms it is 70 to 85%, depending
on the stage of the disease, the degree of differentiation,
and the effectiveness of comprehensive treatment
[3, 5, 13, 22]. Timely surgical intervention in the first
weeks of life, a multidisciplinary approach, and the use
of modern neurosurgical techniques and monitoring
significantly improve the outcomes and long-term quality
of life of patients [4].

CONCLUSIONS

Thus, the data obtained in our study demonstrate
a typical epidemiological structure of sacrococcygeal
teratoma, with a clear predominance among girls and
an early age of manifestation. The patient profile and
treatment approaches indicate timely hospitalization
and timely surgical intervention, which reduces the
risk of progression and development of complications.
Sacrococcygeal teratomas in children remain one of the
most common tumors of the neonatal period, which,
despite being predominantly benign in most cases, can
lead to severe complications both in the perinatal and
postoperative periods. A review of the scientific literature
for 1993-2025 has shown that early prenatal detection
using modern methods of ultrasound diagnostics and
magnetic resonance imaging, timely planning of surgical
tactics, multidisciplinary surgical intervention with complete
resection of the tumor together with the coccyx significantly
improve long-term oncological and functional outcomes.

Careful adherence to the clinical algorithm of diagnosis
and treatment allows to reduce the recurrence rate, which
with complete resection does not exceed 5-10% in cases
of benign tumors. On the other hand, the presence
of immature or malignant components, intraspinal
spread, infiltrative growth or delayed surgical intervention
significantly worsen the prognosis and increase the
risk of complications, including neurogenic dysfunction
of the pelvic organs, tumor recurrence, intraoperative
bleeding and infectious lesions. Carrying out a combined
or neurosurgical approach in complex cases, despite its
invasiveness, allows to achieve maximum radicality of the
intervention with minimizing damage to vital structures.

Integration of modern preoperative risk predictors,
in particular the ratio of tumor volume to body weight and
the ratio of tumor length to the child’s height, is a promising
direction of clinical analysis for assessing the severity of the
disease and planning individualized surgical tactics. All
patients require long-term postoperative surveillance with
dynamic control of alpha-fetoprotein levels and periodic
instrumental studies, which allows for timely diagnosis
of recurrences and ensure a high level of survival.
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3aXBOPIOBAHHS | NNaHyBaHHA iHAUBIAYyani3oBaHOI Xipyp-
rivHoi TakTukW. YCi nauieHTn noTpebytoTb OOBroTpuBa-
noro nicngonepauinHoro Harnagy 3 AUHaMIYHUM KOHTpP-
onemMm piBHA anbda-peTonpoTeiHy Ta nepioguyHUMMK
IHCTPYMEHTanbHUMW  AOCHIMKEHHSAMM, WO [O03BOSNSAE
CBOEYACHO JiarHoCcTyBaTV peumamBu Ta 3abe3neunTtu
BMCOKMI PiBEHb BUXMBAHOCTI.

Takum 4uMHOM, cydacHa cTparteria BedeHHs naui-
EHTIB i3 KPWKOBO-KYMPUKOBMMMK TepaTtomMamu GasyeTbes
Ha paHHbOMY BUSBMEHHI, TOYHIAN NpeHaTanbHin giarHoc-
TULi, adeKkBaTHOMY MyNbTUOANCUMNIIHAPHOMY Xipypriy-
HOMY nigxodi, BpaxyBaHHi MOPMOMNOriYHMX XxapakTe-
PUCTUK NyXNMHU Ta OOOB’A3KOBOMY [OOBroTpUBanomMy
MOHITOPUHTY. YCi Ui YMHHWUKM Yy CyKyMHOCTI A03BOMSOTb
[OCSITHYTM BUCOKOI OHKOMoriyHoi 6e3neku, MiHiMizyBaTu
YCKIaAHEHHS | CyTTEBO MOKPALUUTU SAKICTb XUTTS OiTen
nicng 3aBepLUEHHS NiKyBaHHS.
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MepcnekTMBY NOAQABLUMX AOCAIAXKEHb

MepcnekTvBM noganbWmMx po3poboK Yy BUBYEHHI
Ta niKyBaHHI KpWKOBO-KYNPUKOBOI TepatomMu Yy fiTen
noB’A3aHi 3 Kinbkoma KM4YoBMMWU Hanpsmamu. Hacawm-
nepen akTyanbHOK € CTaHgapTu3auis AiarHOCTUYHO-II-
KyBanbHMX MapLUpyTiB: YOOCKOHaNeHHs1 npeHaTanbHol
niarHocTukn 3a gonomorot Y3 ta MPT, BU3HA4YeHHS
NMPOrHOCTUYHMX (PaKTOpIB POCTY MyXNUHM Ta po3pobka
anroputMiB  BUOOPY OMTUMAanbLHOrO 4Yacy W Crnocoby
po3poaXeHHs. BaxnuBuMm 3aBOoaHHAM  3anuvLIaeTbes
nowyk 6Ginblw 6e3nevyHnx Ta edeKTUBHUX XipypriYHMX
METOAMK, BKITHOYHO 3 BUKOPWUCTAHHSM iHTpaonepauinHoi
HaBirauii, ynbTPa3BYKOBOrO KOHTPOSO KpaiB pe3ekLuil
Ta ONTUMI3aUil TEeXHiKM TOTanbHOI KOKUMUrekToMii ans
3HWXKEHHS YacToTn peumameis. Ocobnusy yeary cnig
npuaInuTM aHecTesionoriyHoMy 3abesneyeHH0 HOBOHa-
POLPKEHNX, afpKe BENUKi MyXMMHU MOXYTb CYNpOBOOXKY-
BaTMCS MacMBHOK KPOBOBTPATOI Ta TSXKKMMU reMoauHa-
MIYHMMW nopyLueHHsaMW. [oganbLui AOCTigKEHHA MatloTb
OyTv cnpsAMOBaHi Ha BUB4EHHA Biomapkepis, 30kpeMa KiHe-
TUKM a-chbeTonpoTeiHy, ANs PaHHLOrO BUSABIEHHS 3anuLu-
KOBOI 4M peuuamBHOI XBOpPOOM, a TakoX Ha po3pobky
MOMEKYNSIPHO-TEHETUYHUX MiOXO4IB [0 MNPOrHO3yBaHHS
pU3MKy 3nosikicHOT TpaHcdopmadii. [lepcnekTBHUM
HanpsiMOM € YTOMHEHHS Moka3aHb [0 XiMioTepanii, agan-
Tauid iHTEHCMBHOCTI NiKyBaHHA 3anexHO Bif PU3NKY,
a TaKoX BMBYEHHS BigdaneHUX HacnifkiB 3 TOYKU 30py
hepTUnbHOCTI Ta SKOCTI XUTTS. He MeHWw Baxnnsum
€ aHani3 pyHKUioHanbHNX pe3ynbTarTiB, BKMYaym cTaH
Ta30BOro AHa, KOHTPOSb CEYOBUMNYCKaHHA W gedekalil,
CeKcyarnbHUA PO3BUTOK Yy MiASITKOBOMY Bili, a TakoX
OLiHKa NMCMX0EeMOLiHOI aganTauil giTen Ta iXHix cimen.
BnpoBagxeHHs umdpoBux TexHonorin — 3D-sisyani-
3auii, iHguBigyanbHOro MOAEMNBAHHS, @ TaKoX LUTYYHOrO
iHTeneKkTy Ans NporHo3yBaHHA PU3NKIB — BiAKPUBAE HOBI
MOXIIMBOCTI Ansi nepcoHanizoBaHoi meaunumHu. CTBO-
PEHHSA HauioOHanbHUX Ta MPKHapPOOHUX PEECTpiB 3 YHidi-
KOBaHMMUK KnacudikauisiMi i 4OBroTpMBanum crocrepe-
XEHHAM [03BONMUTb HaKoOMMYUTUM OG’EKTUBHY [O0Ka30BY
6a3y, a TakoX NepeBipnUTM pe3ynbTaTy BMaCHUX KIiHIYHMX
CMOCTEPEXEHDb Y MYIBTULEHTPOBUX YMOBaX. Y MiACYMKY,
peanisauis 3a3Ha4yeHnX HanpsMiB CNPUATUME 3HUKEHHIO
nepuHatanbHOi CMEpPTHOCTI Ta 4acToTM peuuauBiB,
MOKpaLLEeHHIO (DYHKLOHANbHUX i OHKOMOFYHWUX pesyrb-
TaTiB, @ TAKOX NiIABULLEHHIO SKOCTI XUTTS OiTEN i3 KPUXKO-
BO-KYMPUKOBOK TEPATOMOHO.

KOoHMAIKT iHTepecis

ABTOpY PYKOMUCY CBIOOMO 3acBig4vylThb BIACYTHICTb
hakTnyHoro abo NOTEHLINHOTO KOHMMIKTY IHTEPECIB WOoA0
pesyneraris Liei poboTu 3 hapmaueBTUYHUMMN KOMNAaHIAMMK,
BMpPOBOHMKaMM GioMeanyHMX MPUCTPOIB, IHLIMMKW OpraHi-
3auisgmu, 4ni NpodykTh, nocnyru, diHaHcoBa MiATPUMKa
MOXYTb ByTU NOB’A3aHi 3 MPeaMETOM HafaHUX mMaTepiarnis
abo sKi CnoHcopyBanu NpoBeaAeHi JOCIIKEHHS.

AOTpMMOHHSl €TUYHUX HOPM

ABTOpY pykonucy CBIAOMO 3acBigyyloTb, O AOCHi-
[PKEHHS1  MPOBOAWMIOCH 3  BMKOPUCTAHHSIM  AaHMUX

Prospects for further research

Future research and clinical development in the
management of sacrococcygeal teratoma in children are
linked to several key areas. First of all, the standardization
of diagnostic and treatment pathways remains highly
relevant, with advances in prenatal ultrasound and MR,
identification of prognostic factors of tumor growth, and
the development of algorithms to determine the optimal
timing and mode of delivery. Another important challenge
is the search for safer and more effective surgical
techniques, including the use of intraoperative navigation,
ultrasound-guided margin control, and optimization of total
coccygectomy in order to reduce recurrence rates. Special
attention should be paid to neonatal anesthesia, as large
tumors are frequently associated with massive blood loss
and severe hemodynamic disturbances. Future studies
should focus on biomarkers, particularly the kinetics
of alpha-fetoprotein, to detect residual or recurrent
disease at an early stage, as well as on molecular and
genetic approaches to predicting the risk of malignant
transformation. Promising directions also include refining
the indications for chemotherapy, adapting treatment
intensity according to risk, and studying long-term
outcomes with respect to fertility and quality of life. Equally
important is the evaluation of functional results, including
pelvic floor integrity, urinary and bowel control, sexual
development during adolescence, and the psychosocial
adaptation of patients and their families. The introduction
of digital technologies — 3D visualization, patient-specific
modeling, and artificial intelligence for risk prediction —
opens up new possibilities for personalized medicine.
The establishment of national and international registries
with unified classifications and long-term follow-up will
provide a robust evidence base and allow the validation
of our own clinical observations in multicenter settings.
Ultimately, these directions will help reduce perinatal
mortality and recurrence rates, improve functional and
oncological outcomes, and enhance the quality of life
of children with sacrococcygeal teratoma.
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NepBUHHOT MeQUYHOT AOKYMEHTAaLii Ta BKNHOYANo KNiHiyHi
CMOCTEPEXEHHs1 3a nauieHTamu. [ocnigpkeHHs npoBe-
[EeHOo BIiOnoBiOHO A0 €TUYHMX cTaHaapTiB [enbCiHCbKoT
aeknapauii BcecBiTHbOI MeguyHoi acouiauii npo eTuyHi
NPVHLMNN NPOBEAEHHST HAYKOBUX MEANYHUX OOCHIOKEHD
3a yyacTio NOANHW, AVPEKTUBU €BPOMENCHKOro ToBapu-
ctBa 86/609 npo yyacTb ntogen y meamko-6ionoriyHmnx
OOCTiAXKEHHAX, a TakoX Hakady MiHicTepcTBa OXOPOHU
3popoB’st Ykpainm Ne 690 Big 23.09.2009 p. IHdopmo-
BaHa 3rofda Ha ydacTb Yy [OCHigKeHHi byna oTpumaHa
Bif yCiX Y4aCHUKIB nicnsa HagaHHA iM 3pO3yMirnoi, MOBHOT
Ta [OCTYNHOI iHdopmauii npo MeTy, An3anH i MeToao-
norito AOCAIOKEHHS, NOro MOTEHUiHI PU3MKK, O4iKyBaHi
nepesarn Ta MOXNMBI ansTepHaTMBW. YCi y4YaCHUKU
niaTBepannM cBoto JOOPOBINbHY yYacTb LUNAXOM nignu-
CaHHs JOKYMeHTa npo iHpopmoBaHy 3rogy. JocnigxeHHs
cxBaneHe Komicieto 3 nuTaHb eTukK Ta 6ioeTukn BiHHNLb-
KOro HauioHanbHOr0O MEeAWYHOTO YHIBEpPCUTETY iMeHi
M. I. Mnporoea MiHicTepcTBa OXOPOHW 300POB’A YKpaiHu
(MpoTtokon Ne 73 Big 27 TpasHs 2025 p.).

BUKOPUCTAHHSA LUTYYHOTO iIHTEAEKTY

ABTOpM pyKONucy CBiAOMO 3aCBiAYyHOTb, WO Y NPOLECi
NpoBeAEeHHsI [OCNIOKEHHS Ta NiATOTOBKM LibOrO PyKOMUCY
He BMKOPWCTOBYBAmM XOAHUX IHCTPYMeHTIB abo cepsaiciB
reHepaTMBHOTO LUTYYHOroO iHTenekTy (LUI) ans BrkoHaHHS
Oyab-9KknX 3aBAaHb, nepenivyeHnx y TakcoHoMii genery-
BaHHS 3aBAaHb FeHepaTUBHOMY LUTYYHOMY iHTENEKTY
(GAIDeT, 2025 p.). Yci etanu poboTtu — Big KOHUeNTyari-
3aLii 4o (iHanbHOro pedaryBaHHs — BUKOHaHI 6e3 3any-
YeHHs reHepatueHoro LI, BMKknNoYHO aBTOpamu.

MepBuHHHI AGHi Ta MaTepiaAm

ABTOpM pyKONucy CBIJOMO 3acBiavytoThb, WO Y poboTi
BMKOPWCTAHO pe3ynbTaTyi BNacHWX KNiHIYHMX AOCNioKEHb,
Wwo Bynu cuctemaTv3oBaHi Ta MpoaHari3oBaHi aBTopamMu.
MepBWHHI OaHi BKMIOYaOTh y3aranbHEHi MOKa3HMKM naLi-
€HTIB, nabopaTopHi pesynsraTty, NPOTOKONW Ta OTPUMaHI
KinbkicHi xapakTepucTukn. Bci matepianu 36epexeHi
B apxiBi OOCMigHWLBKOI rpynyM Ta MOXyTb OyTu HapaHi
3a 06rpyHTOBaHMM 3anvMTOM [0 aBTOPa-KOPECMOHAEHTA,
3 ypaxyBaHHsIM BUMOT KOHIAEHLIMHOCTI Ta ETUYHMX HOPM.

IHcbopmauis npo hiHAHCYBAHHS

CratTa € hparMeHTOM NnaHoBOi HayKOBO-AOCMIAHOT
po60Tn BiHHMLBKOrO HauiOHANbHOrO MEAMYHOIO YHiBEp-
cuTeTy iM. M.I. Mnporosa MiHicTepcTBa OXOPOHU 300POB’S
YkpaiHn «Po3pobka cyvacHMX Ta BOOCKOHamneHHs iCHy-
IO4MX METOAiB AiarHOCTUKM, NiKyBaHHSA, NPOoMinakT1ku
Ta peabiniTauii xipypriyHoi natonorii y pitei», Homep
nepxaBHoi  peecTpauii:  0123U102436, npuknagHa,
TEPMiH BUKOHaHHSA: 2023—2027 pp., KepiBHUK — 3aBigyBay
kacbenpw outsyoi xipyprii, npodgecop B.C. KoHonniubkuia.

Committee of the National Pirogov Memorial Medical
University, Protocol Ne 73 dated 27.05.2025.

The authors of the manuscript consciously certify that
the study was conducted using data from primary medical
records and included clinical observations of patients.
The study was conducted in accordance with the ethical
standards of the World Medical Association Declaration
of Helsinki on the ethical principles of conducting
scientific medical research involving human subjects, the
European Society Directive 86/609 on the participation
of humans in biomedical research, as well as the Order
of the Ministry of Health of Ukraine No. 690 of September
23, 2009. Informed consent to participate in the study
was obtained from all participants after providing them
with clear, complete and accessible information about
the purpose, design and methodology of the study,
its potential risks, expected benefits and possible
alternatives. All participants confirmed their voluntary
participation by signing an informed consent document.
The study was approved by the Ethics and Bioethics
Commission of the National Pirogov Memorial Medical
University of the Ministry of Health of Ukraine (Protocol
No. 73 May 27, 2025).

Use of Arfificial Intelligence

The authors affirm that no generative artificial
intelligence (Al) tools or services were employed in the
course of this research or in the preparation of the
manuscript for any of the tasks outlined in the Generative
Al Delegation Taxonomy (GAIDeT, 2025). All stages
of the work — from conceptualization to final editing — were
carried out solely by the authors without the involvement
of generative Al.

Primary Data and Materials

The authors of the manuscript consciously certify that
the work uses the results of their own clinical studies,
which were systematized and analyzed by the authors.
Primary data include generalized patient indicators,
laboratory results, protocols and obtained quantitative
characteristics. All materials are stored in the archive of the
research group and can be provided upon reasonable
request to the corresponding author, taking into account
confidentiality requirements and ethical standards.
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PE3IOME

AkTyanbHicTb. BpoaeHi Bagu cepus — e rpyna CTPYKTypHUX aHoManih abo gedekTis
cepus, SKi HasiBHI Npu HapomkeHHi. Lli ctaHn mMoxyTb BapitoBaT Bif, reMogvHaMiqyHO
He3HavyLmMX AedEKTIB 40 THKKMX, 3arpo3nnBUX A1 XKUTTS aHOManin.

MeTta po6oTu — npeactaBuTH icTOPIt0 XBOPOOU YOTUPMPIYHOI AiBYMHKM Ta NpoaHanisy-
BaTW KMiHiYHUI BUNagok D-TpaHcno3auuii maricTpanbHyX apTepin i3 MHOXUHHUMY Aedek-
Tamu MiKLLITYHOYKOBOT MEeperopoaKm.

Martepianu Ta Mmetogum. lNicna megnyHoro ornady nauieHTkn Ta 36opy gaHux 6yno
NpoBeAEeHO KOMMIIEKCHY TpaHCTOpakarnbHy exokapgiorpadito 3a A0NoMOror yrnsTpassy-
KOBOro anaparta «SonoScape» 3 negiaTpU4H1M AaTYNKOM.

PesynbraTu. BctaHoBneHo HopmarnbHe po3TallyBaHHS BHYTPILLHIX opraHiB (situs solitus)
npu nesokapgii, BiACYTHICTb AedeKTy MiknepeacepaHoi Neperopoaku, Benvkmn aedext
MeMBpaHO3HOI AiNsSAHKA MiDKLLUAYHOYKOBOI Meperopoaky, HasiBHICTb BENUKOrO M’S30-
BOro anikanbHOro AedeKTy MKLLMTYHOYKOBOI Neperopoaku, HopMasbHe posTallyBaHHS
riereHeBMX BEH, HOpMarbHe pO3TallyBaHHSA CUCTEMHWX BEH, HOpMarbHi aTpioBEHTPU-
KynsipHi Ta BEHTpUKynoatpianbHi 3'€QHaHHS, HE3MIHEHI aTpPiOBEHTPUKYNAPHI Knanaxu,
CTYFKWU aopTu Ta fnereHeBol apTepii 3 NPaBUibHOK MOPMOIIOTiEt0, CTPYKTYPOIO Ta OYHK-
Ljiet0, PO3LLMPEHWIA NiBUIA LLUMYHOYOK 3i 36epexeHoto cuctoniyHo dyHkuieto (PB: 75%,
KOP JLU: 45 mm), rinepTpodoBaHy MiKLLITYHOUYKOBY NEPEropoAKy 3a TUMOM «LUBenuap-
CbKOro CMpY», BiACYTHICTb 0BCTPYKLUii BUXiAHOrO TpakTy NiBOro LUMyHOYKa, BiACYTHICTb
o6CTpyKUii BUXIQHOTO TpakTy MPaBOro LUMyHOYKa, BUXiA @OpTU 3 MPaBoro LUMyHoYKa
nosagy nereHeBoi apTepii, po3TalloBaHWI nonepeny aopTu i Po3LUMPEHUn CTOBOYp
nereHeBol apTepii, WO BUXOAUTb 3 MIBOrO LUSyHOYKA, 3 PO3LLUMPEHUMN TifikaMu, BiACyT-
HICTb BiAKPWTOI apTepianbHOI MPOTOKK, BiACYTHICTb KOapKTaLii aopTu, BiACYTHICTb nepu-
KapgianbHoro Bunoty. byno 3pobneHo BUCHOBOK Npo D-TpaHCcnoawuito mMarictpanbHuX
CYOMH, BEMUKNIA NepuMeMbpaHo3Huin edeKT MiXKLLMTYHOYKOBOI Neperopoaku, M'si30Buin
AedeKT MiKLLITYHOYKOBOT Neperopoaku 3a eHOTUNOM «LLBENLIAPCHLKOro CUPY» MKLLITY-
HOYKOBOI MEPEropoaKu.

BucHoBku. OnuncaHunin BUNagok ckrnagHoi Bpoa)keHoi Bagm cepus — kombiHauii D-TpaH-
cnosuii MarictpanbHUX CyAUH 3 MHOXWHHUMUK AedeKTaMn MiKLLITYHOYKOBOi nepero-
POAKW, SIKUIA AiarHOCTOBaHO B YOTUPMPIYHOMY Bili. [py ni3HbOMY BUSIBNEHHI natonorii
€AMHUM BapiaHTOM NiKyBaHHSA € CUMMTOMaTWUYHa Tepanis.

Hoykey [iomene HoxiHkyi, TaHtay Yymi XKak Kabpan. TpaHcnosuuis maricTpanbHUX CyauH y YOTUPUPIYHOT ANTUHM
B KamepyHi (kniHiYHWI BMNagok). BiCHUK XapKiecbko20 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa. Cepis
MeduyuHa. 2025. T. 33. Ne 4(55). C. 642—-651. https://doi.org/10.26565/2313-6693-2025-55-10
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ABSTRACT

Background. Congenital heart diseases are a group of structural abnormalities
or defects of the heart that are present at birth. These conditions can range from relatively
mild defects to severe, life-threatening anomalies.

Purpose — in this case report we present a four years old female with D transposition
of great arteries and multiple ventricular septal defects.

Materials and Methods. After medical physical examination of the patient and collection
of data, a comprehensive transthoracic echocardiogram was done using a nice
Sonoscape echocardiogram with a pediatric prob.

Results. The results showed an abdominal situs solitius in levocardia, no atrial septal
defect, large perimembranous ventricular septal septal defect, presence of muscular
large apical ventricular septal defect, normal pulmonary venous return, normal systemic
venous return, normal atrio-ventricular, ventriculo-atrial connections, not altered
atrioventricular valves, aortic and pulmonary artery cusps with good morphology,
structure and function, dilated left ventricle with good systolic function EF: 75%,
LVDD: 45 mm, hypertrophic and swiss cheese aspect of the interventricular septum,
no left ventricular outflow obstruction, no right ventricular outflow obstruction, aorta
posterior to the pulmonary artery coming from the right ventricle, dilated pulmonary
artery trunk situated anterior to the aorta taking from the left ventricle with branches
dilated, no patent ductus arteriosus, no coarctation of the aorta at left, no pericardial
effusion. The conclusion of D transposition of great vessels, a large perimembranous
ventricular septal defect, a muscular ventricular septal defect, an aspect of swiss cheese
interventricular septum was made.

Conclusions. Total transposition of great arteries although rare in the developed world
can still be seen in the developing world in older children. Symptomatic therapeutical

management is the only treatment option the late presentation of the pathology.

For citation:

Noukeu Diomede Njinkui, Tantchou Tchoumi Jacques Cabral. Transposition of great vessels in a 4 years old
child in Cameroon (a case report). The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2025;33(4(55)):642—651. DOI: https://doi.org/10.26565/2313-6693-2025-55-10

BCTYN

BpomxeHi Bagu cepus (BBC) 3anuwwatotbcs Hainowm-
PEHILLIMMK BPOOKEHUMU edekTamn y CBITi Ta NPOBIgHO
NMPUYNHOK CMEPTHOCTI Bif, HEiH(PeKLiNnHMX NpuynH cepes
oci6 Bikom 0o 20 pokiB, HEe3BaXKaruu Ha 3HAYHi ycCnixu
B AiarHocTuui Ta nikyBaHHi 3a ocTaHHi gecatunitta [1, 13,
14]. BBC moxyTb BapitoBaTu Bif BiHOCHO Merkmx, reMoau-
HaMi4YHO He3HauvyLMX AedeKTiB A0 TSHKKMX, 3arpo3nmBmX
ansa xutta aHomanin [2]. Binbwictb giten 3 BBC goxu-
BalOTb 4O AOPOCIIONo BiKY, O 3HAYHOK MIpOH MOB’A3aHO
i3 JOCSITHEHHSIMM B [jarHOCTULI Ta MiKyBaHHI 3@ OCTaHHi
Kinbka aecatunits [3]. FmobanbHi ouiHkK cBigYaTh, Lo Minb-
MoHn aiten xmByTb 3 BBC, npuyomy OCHOBHe HaBaHTa-
XKEHHS NpuNazae Ha PerioHn 3 HA3bKUM i HYXKYMM cepeaiHiM
piBHEM JoxoAy, Ae AOCTYn A0 creLiani3oBaHoi 40NoMOoru
obmexenun. Lli BigMiHHOCTI BMnMBaKOTb Ha OCOBGMMBOCTI
NposiBiB, CBOEYACHICTb BTPyYaHHs Ta BigdaneHi pesynb-
Tatu. Jlikapi NepBUHHOT NaHKN € BaXXNMBUMU NapTHepaMu
y BUSIBNEHHI Ta BEAEHHI LUMX MauieHTiB y HalloMy cyyac-
HOMY Meau4HoMy cepefoBuLli [3, 13, 14].

D-TpaHcnosuuia MmarictpanbHux aptepin  (d-TMA)
CTaAHOBUTb 3Ha4Hy 4acTKy uiaHoTMyHux BBC i BusHa-
YaeTbCs BEHTPUKYNoapTepianbHOK ONCKOpOaHT-
HiCTIO (aopTa BigxoAWTb MOPCONOriYHO Big MNpaBoro
LUMYHOYKa; NnereHeBa apTepisa — Big MOpdonoriYHo NiBoro
winyHodka). CyyacHi faHi ceigyatb nNpo YacToTy 6rnm3bKo
0,3 Ha 1000 HoBOHapomKeHMX. Y KpaiHax 3 BMCOKUM
piBHEM pecypciB CTaHOapTVM30BaHi HeoHaTarnbHi NpoTo-
Konu nepenbayaloTb 3aCTOCYBaHHA MpocTarnaHOuHy
E1 (PGE1) pgns nigTpumkn npoxigHOCTI  MPOTOKM,

INTRODUCTION

Congenital heart diseases (CHDs) remain the most
common birth defects worldwide and a leading cause
of under-20 non-communicable mortality despite major
gains in diagnosis and treatment over recent decades
[1, 13, 14]. These conditions can range from relatively
mild defects to severe, life-threatening anomalies [2]. Most
children with CHDs survive to adulthood, owing largely
to significant advances in the diagnosis and management
of CHDs over the past few decades [3]. Global estimates
suggest millions of children live with CHD, with the burden
concentrated in low- and lower-middle-income regions
where access to specialized care is limited. These disparities
shape presentation patterns, timeliness of intervention, and
outcomes. Primary care providers are essential partners
in the recognition and management of these patients in our
current medical environment [3, 13, 14].

D-transposition of the great arteries (d-TGA) accounts
for a substantial fraction of cyanotic CHD and is defined
by ventriculo-arterial discordance (aorta from the
morphologic right ventricle; pulmonary artery from the
morphologic left ventricle). Contemporary series report
anincidence near 0.3 per 1,000 live births. In resource-rich
settings, standardized neonatal pathways —prostaglandin
E1 (PGE1) to maintain ductal patency, balloon atrial
septostomy (BAS) to augment mixing when needed, and
early arterial switch operation (ASO) — have transformed
survival into the long term [14-16]. In contrast, late
presentation remains a persistent reality in resource-
constrained environments, with operability hinging
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6anoHHa artpiocenTocToMmis ANS MOKPALEHHSA 3Milly-
BaHHS KPOBIi 3a NoTpebu Ta paHHsi onepawis apTepianbs-
HOrO MEepEeKIOYEHHs!, WO [03BONsAe TpaHchopMyBaTu
BMWXKMBAHICTb Yy [OBrOCTPOKOBI nepcrnektusi [14—16].
HaBnaku, ni3HE BUSABMEHHS 3anULLIAETLCA MOCTIHOK
peanbHiCTIO B yMOBax 0BMexXeHuX pecypciB, Ae MOXnu-
BICTb OMepaTBHOIO MiKyBaHHS 3MEHLLYETLCH i 3aneXuTb
Bi iHAMBIQYanbHOro CTaHy NereHeBuX CyauH, FOTOBHOCTI
LUMAYHOYKIB Ta CynyTHiX ypaxeHb [17, 18].

MHOXWHHI  AedbeKkTn MDKLLITYHOYKOBOI Meperopoaku
(OMLLUT) — ocobnmBo PEeHOTUN «LLIBEWLL@PCLKOTO CUPY»
3 YMCMEHHUMU M’A30BMMU heHecTpauiaMn — ycknaga-
HIOKOTb K (Pi3i0NOriYHMIN PO3BUTOK CepLS, TaK i KOpekLito
BBC [19, 20]. BoHn MOXyTb nokpallyBaTi 3MillyBaHHS
KpoBi Mix konamu kpoBooOiry npu d-TGA Ha paHHix
eTanax XuTTs, ane pobnATb MOBHE 3aKpUTTS TEXHIYHO
CKIagHUM i MOXYTb CYNpOBOLKYBaTMUCS MPOrpecytoyoro
NereHeBo rNepTeHsIEl, WO BPEeLUTi-peLlT YHEeMOXIU-
BMKOE OCTATOYHY KOPEKLLiHO.

MeTa po6oTu — NpeacTaBuTK iCTOPIt0O XBOPOOKU YOTU-
pvpivHoi agiBumHkM NGG Ta npoaHanisyBatu KNiHIYHWN
Bunagok  D-TpaHcnosuuii  maricTpanbHux — apTepin
i3 MHOXWHHUMW AedeKTaMn  MDKLLNYHOYKOBOI nepero-
POAKM, O rocnitTanizoBaHa 3 NpuBOAY XPOHIYHOTO LjiaHO3y
Ta Jedopmauii rpyaHoi KNiTkM B ymMoOBax OOMEXeHMX
pecypciB. Mu y3aranbHEMO AiarHOCTUYHI AaHi, 06roBo-
PHOEMO, HYOMY OCTaTOYHa XipypriyHa KopekLisi Oyra Hemox-
NMBOIO, Ta OMMCYEMO MparMaTuyHy, CNpsiIMOBaHy Ha CUMIM-
TOMW CTpaTerito  NiKyBaHHS, NIOKPECTIOYN  pearbHi
OOMEXEHHS, 3 SKMMW [OBOAUTBCSA CTUKATUCS NiKapsim
NepBUHHOI Ta creLiani3aoBaHOI NaHK1 B NOAIGHMX yMOBaXx.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Batbku YOTUPUPIYHOI LiBYNHKM 3BepHynucs
3a KOHCymbTaujieto 3i ckapramu Ha HasiBHICTb Yy AUTUHU
CEepLEBOIO LLUYMY, 3aAMLLKN NPYU HaBaHTaXeHHi Ta aedop-
Mauii rpygHoi KniTkn. PaHiwe 6aTbkM HEOQHOPAa30BO 3BEP-
Tanucs Ao PisHNX MeanyHUX 3aKknafiB, OAHaK OCTaTOYHUI
fiarHo3 He OyB BCTAHOBMEHWI | TaKTUKy BeAEHHSA nauji-
€HTKM He BM3Ha4YeHo. Y 3B’A3Ky 3 BuLLe3a3HaYeHUM 6aTbkm
3BEPHYNMCA [0 HaLUOi KNiHiku ans nornubneHoro obcrte-
XKEHHS! Ta BU3HAYEHHS MOAANbLUOT TaKTUKM NiKyBaHHS.

3 aHamHe3y xBopoOu BiAOMO, WO CUMMTOMU 3'SIBU-
nmcsa 6rm3bKo 2-x pOKiB TOMY y BUIMAAi AUCTHOE, SiKe
3MEHLLUYBanocb Yy MOMOXEHHI HaBMOYIMKW, OPIEHTOBHO
B TOW caMui nepioa Bia3HayeHo hopmyBaHHA Aedop-
mauii rpygHoi kniTku. MauieHTka 6yna 6aratopa3oBo ornsi-
HyTa pisHUMUK cneuianictamu. NpoBeaeHe ynesTpassBykoBe
pocnigkeHHs (Y3[) cepus nokasano BenuWkui nepu-
MeMOpaHO3HWIN AedeKT MIKLLITYHOYKOBOI Meperopoaku,
po3wmpeHuin ctoBOyp nereHeBoi apTepii Ta rineptpodo-
BaHy Neperopoaky.

BaxnuBo 3asHauMTW, WO AiBYMHKA Hapoaunacs
BYaCHO, peaHimauis npu HapoOKeHHi He MpPOoBOAMNAach,
ofHak Oyna rocniTanisoBaHa 3 MpUBOAY HeOHaTanbHOI
OakTepianbHOI iHeKUiT 3 MO3UTUBHOK OUHAMIKOK JliKy-
BaHHA. Y Bili TpbOX MicAuiB 3i cniB 6aTbkiB NOABMIIOCH
LIYMHe AMXaHHS Nig Yac rpyaHoro BUrogoByBaHHs. Hagani
nauieHTKa mana YucrieHHi rocnitanisauii Yepes iHdekuil
BEPXHIX AuxanbHUX LwWnsxie. [ogaTtkoBo AiarHOCTOBaHO

on individualized assessment of pulmonary vascular
disease, ventricular preparedness, and associated
lesions. Even where surgery is feasible, outcomes are
tightly linked to perioperative resources and institutional
experience; nevertheless, carefully selected late cases
can achieve acceptable results [17, 18].

Multiple ventricular septal defects (VSDs) — particularly
the «Swiss-cheese» phenotype of numerous muscular
fenestrations —complicate both physiology and repair. They
can enhance intercirculatory mixing in d-TGA early in life
yet render complete closure technically challenging and
may coincide with progressive pulmonary hypertension
that ultimately precludes definitive correction [19, 20].

Against this background, we report a 4-year-old girl
with d-TGA and multiple VSDs presenting with chronic
cyanosis and thoracic deformity in a resource-limited
setting. We summarize diagnostic findings, discuss
why definitive surgery was not feasible, and outline
a pragmatic, symptom-directed management strategy —
highlighting real-world constraints that primary and
specialty providers must navigate in similar contexts.

Objective — of this case report is to present a four
years old female with D transposition of great arteries and
multiple ventricular septal defects.

MATERIALS AND METHODS OF RESEARCH

NGG is a child of 4 years, female coming to consult
presenting with a heart murmur, shortness of breath
on exertion and deformation of the thorax. She consulted
in many places where nothing was said concerning her
pathology and the way forward, reason why she came
to our clinic for evaluation as final resort.

In the history of the disease we notice that the
symptoms started 2 years ago, mainly shortness of breath
relieved by squatting. The deformation of the chest wall
started almost at the same time with many consultations
too. The last cardiac ultrasound done showed a large
perimembranous ventricular septal defect, a dilated
pulmonary artery trunk and a hypertrophic septum.

Important to mention that NGG was delivered
normaly, no reanimation was done at birth, was admitted
for a neonatal bacterial infection with good evolution,
noisy breathing at the breastfeeding time, since three
months. She had many admissions for upper respiratory
tract infections. Scoliosis was diagnosed not long ago,
an orthopedic treatment going on now. She has never
operated neither transfused. On Captopril 12,5 mg
bid, Lasix 5 mg od. Vaccination was respected. Took
exclusively breast milk till 6 months, first in a family of two,
the younger brother without any chronical pathology.

On physical examination NGG is very ill looking,
afebrile, light central cyanosis, good orientation in time
and space, not pale, S1S2 regular, tachycardia with
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CKONio3, 3apa3 MNpOXOAMTb opToneauyHe miKyBaHHS.
Onepadin Ta nepenueaHb KpoBi He Byno. [o 6 micsuis
OTpMMyBana BUKIOYHO [pyaHe Moroko. [iB4nHka —
nepwa guTtMHa B CiM’i 3 OBOX, MOMOALWNA BpaT He Mae
XPOHIYHNX 3aXBOPIOBAHb.

Ha MomeHT oOCTexeHHs [AiBYMHKA npuiaMae
kantonpun 12,5 mMr ABivi Ha geHb, Nasukc 5 mMr oamH pa3s
Ha geHb. BakumHauis npoBefeHa 3rigHo 3 KaneHaapeM.

Mpu disnkansHOMY ormnsAgi CTaH NauiEHTKU TSKKUN,
[obpe OpieHTYETbCS B Yaci Ta NpocTopi, Temneparypa
Tina B Mexax HopmanbHux 3HadveHb (37,2°C). [Mopy-
WEeHU i3n4HUIN po3BMTOK, Mae Micue aedopmadis
rpyaHoi KniTkn «pectus excavatumy», nanbLiB 3a TUMNOM
«bapabaHHMX nanuyok», ckonio3, mMaca Tina 14,8 «r,
3pict — 111 cwm.

LWkipa He Gniga 3 nNerkMm LeHTpanbHUM LjiaHO30M.
Nerei yucti, Sa0, — 62-74% npu OMXaHHi NOBITPAM,
yactoTa AmxaHHs 25 Ha xBunuHy. ToHu cepusa S1S2 pery-
napHi, Taxikapgia (nynsc — 112 ypapiB Ha XBWUIWHY)
3 rOfIOCUCTONIYHMM LLUYMOM Y MBI YaCTUHI rPYAHOT KNiTKN
Maiixe y BCiX TOYKax ayckymnbrauii iHTeHcuBHiCTO 3/6,
2/6 no nisoMy kpato rpyaHuHu, AT — 80/48 mm pT. CT.

Kusit M'akui, npu nanbnauii 6e3 HOBOYTBOPEHb
Ta OONKYOCTi, HWXKHI KiHUiBKM ©6e3 HabpsikiB. 30BHILLHI
cTaTeBi OpraHu XiHOYOro Tumy.

JlabopaTopHi MoKasHWKM B MeXax HOpPManbHUX
3HayeHb, 3a BUHATKOM BWCOKOIO piBHSI reMornobiHy
(210 r/n) Ta epuTpoumTis (7,0 x 10%2/n).

MauieHTUi npoBedeHO KOMMIEKCHe TpaHCcTopa-
kaneHe Y3[1 cepusi 3a [OMNOMOrol exokapgiorpada
«SonoScape» 3 negiaTpUyHUM OATHNKOM.

3 orngay Ha Mi3HE 3BEepHEeHHs Ta BiACYTHICTb Chpo-
MOXXHOCTi MICLIeBOro 3akrajy OXOpOHM 340pOB’S LIoAo
BMKOHaHHSA  KapAioXipypridyHOro  BTPyYaHHS,  [aHun
BUNagok posrnsHyto Mécénat Chirurgie Cardiaque
(MCC) — paHUy3bkol HeypsiiOBOK OpraHisadieto,
sika 3abesnedye 6esonnaTtHe XipypridHe nikyBaHHA BBC
B KpaiHax AdpuKkM Ta mMae 3Ha4YHUM OOCBIA NiKyBaHHS
KaMepyHCbKMX [AiTen. 3a pe3ynbraTtaMu  eKcriepTHol
OLiHKM BCTAHOBIEHO, L0 pagukarbHa XipypriyHa KopekLis
HEMOXNVBa BHACMIOAOK CKNagHoCTi i Tuny AedekTiB
(uiaHoTnyHa BBC), cragii gekomneHcadii. AptepianbHe
NePEKIOYEHHS i3 3aKpUTTAM AedeKTy MKLLITYHOYKOBOT
Neperopoakn € TEXHIYHO HEMOXITMBUM YePE3 MHOXMHHI
pedekt MLUM (Tyn «WwBenuapcbKoro cupy»), BAKOHaHHSA
onepadii PoHTeHa MpoTunokasaHe y 3B’sI3Ky 3 Mporpe-
CYIOYOK rereHeBoto rinepTeHsicto. OTxe, nauieHTka
OTPUMYE MeAMKaMEHTO3HyY Tepanito (iypeTuku, iHribitop
AlMN®), e remoamHamiyHO cTabinbHOlO, nepebysae nia
perynsipH1uM amobynaTopHUM HarnsiaoM.

Onwuc BvnNagKy niaroToBreHO 3a MMCbMOBOK iHAOpP-
MOBaHOH0 3rofoto 6aTbKiB i3 AOTPMMAHHAM E€TUYHUX HOPM
i NpaB MIOAVHMN.

PE3YABTATU

OCHOBHMM JocnimkeHHsM npu  giarHoctuui BBC
3anuwaeTbcsa gonnnepexokapaiorpadis 3 BU3HAYEHHS M
XapakTepy CTPYKTYPHMUX aHOMariv i nopyLeHb BHYTPILU-
HbOCEPLEBO| reMOAMHaMIKK. Y OiBYMHKU NPpY NMPOBEOEHHI
Y3l BCTaHOBMEHO HasBHICTb abgomiHanbHoOro situs
solitus 3a HasiBHOCTI Npu neBokapgii 6e3 aedekty mixne-
peacepaHoi Neperopoaky, BENUKMUIA NepuMeMOpaHO3HUI

a holosystolic murmur on the left thorax at almost all
auscultation points with 3/6 intensity, 2/6 at the left
sternal border. The lungs are clear, pectus excavatum
deformation of the chest, scoliosis, the external genitalia
of female type, the abdomen is soft no palpable masses,
no tenderness, lower limbs without oedema, clubbing with
light cyanosis. T: 37.2°C, Pulse: 112 b/min, Respiration:
25 c/min, O2Sat: 62 — 74 at open air, BP: 80/48 mmHg,
Weight: 14,8Kg, Height: 111 cm.

A comprehensive transthoracic cardiac ultrasound
was done using a Sonoscape echocardiograph with
a pediatric prob.

The laboratory tests were within the normal
range, only high Hb and red blood cells at 21 g/dl and
7 000 respectively.

Although so late, not having infrastructure and
equipment to surgically handle the case, NGG was
presented to Mecenat de chirurgie cardiaque (MCC). MCC
is a French non governmental organization dedicated
to the surgical management of congenital heart diseases
in African countries free of charge. They had operated
ahuge number of Cameroonian children with great success.
The conclusion was that the child is having a complexe
cyanotic congenital heart disease in decompensation that
cannot be corrected surgically. A switch with ventricular
septal defect closure could not be done due to the swiss
cheese aspect of the interventricular septum, FONTAN
DCPT could not also be feasible due to advanced
pulmonary hypertension. NGG is on medical therapy based
on diuretic and angiotensin converting enzyme inhibitors.
She is stable and coming for her regular appointed
evaluations. The report was done in accordance with
the written consent of the child’s parents and the ethical
principles with respect for human rights (following the
«Ethical Principles for Medical Research Involving Human
Subjects» and the «Universal Declaration on Bioethics and
Human Rights (UNESCO)»).

RESULTS

The cardiac ultrasound showed an abdominal
situs solitius in levocardia, no atrial septal defect, large
perimembranous ventricular septal septal defect (Fig. 1),
presence of muscular large apical ventricular septal defect
(Fig. 2), normal pulmonary venous return, normal systemic
venous return, normal atrio-ventricular, ventriculo-atrial
connections, not altered atrioventricular valves, aortic and
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aedbexkT MiXLWIIYyHOYKOBOI neperopogkn (puc. 1), HasB-
HICTb M’930BOrO BENMKOrO anikanbHOro AedekTy MiKLLITy-
HOYKOBOI Mneperopogku (puc. 2), HopMarbHe nereHese
BEHO3HE MOBEPHEHHS, HOpManbHe CUCTEMHE BEHO3He
NMOBEPHEHHS, HOpPMarlbHi aTpPiOBEHTPUKYMSIPHI, LUMYHOY-
KOBIi Ta LUITYHOYKOBO-NEpPeAcepaHi 3'€QHaHHS, HE3MIHEHI
aTpIOBEHTPUKYNAPHI KnanaHu, CTYfK1U aopTu Ta NereHeBo|
aptepii 3i 36epexeHol MOpdONoriYHOK CTPYKTYpPOH
Ta (yHKLUiED, PO3LUMPEHUIA NiBUIA LUNYHOYOK 3i 30epe-
)KEHOI CUCTOMIYHOK doyHKUiet (dpakuis Bukugy (PB):
75%, pvcTanbHa pAinsHka nisoro wnyHouka (OOJILW):
45 mm), rinepTpodito Ta 3MiHM 3a TUMOM «LIBenuap-
CbKOro CUpy» MiXKLLMYHOYKOBOI Neperopoaku, BiCyTHICTb
o6CTpyKLUii BUXiQHOrO TpakTy MiBOro LUMyHoOYKa, BiACYyT-
HiCTb 0OCTpYyKLUIi BUXIQHOrO TpakTy MpaBoro LUMyHOYKa,
aopTy no3agy fereHeBol apTepil, Wo BUXOAUTb 3 NPaBoro
LUITYHOYKa, PO3LUMPEHU CTOBOYp rnereHeBoi apTepil,
pO3TalLOBaHUIM nonepeay aopTu, WO BUXOAWUTb 3 NiBOro
LUMAYHOYKa, 3 po3LUMpeHnMu rinkamm (puc. 3), BioCyTHICTb
BiOKPUTOI apTepianbHOI NPOTOKM, BiACYTHICTb KoapkTauil
aopTu 3niBa, BIACYTHICTb NepukapAianbHoro BunoTy. byno
3pobneHo BUCHOBOK Npo D-TpaHcnosumuito maricTpanbHuX
CYOVH, BENVKUA nepumeMOpaHo3Hui AedeKT MiKLIy-
HOYKOBOI NEpPEeropoakn, M’A30BUMIN AedeKT MiKLUIYHOY-
KOBOI Meperopoakm, 3MiHN MiKLLITYHOUYKOBOI NeperopoaKu
3a TUMOM «LUBENLLAPCbKOro CUpy».

pulmonary artery cusps with good morphology, structure
and function, dilated left ventricle with good systolic
function EF: 75%, LVDD: 45 mm, hypertrophic and swiss
cheese aspect of the interventricular septum, no left
ventricular outflow obstruction, no right ventricular outflow
obstruction, aorta posterior to the pulmonary artery
coming from the right ventricle, dilated pulmonary artery
trunk situated anterior to the aorta taking from the left
ventricle with branches dilated (Fig. 3), no patent ductus
arteriosus, no coarctation of the aorta at left, no pericardial
effusion. The conclusion of a D transposition of great
vessels, a large perimembranous ventricular septal
defect, a muscular ventricular septal defect, an aspect
of swiss cheese interventricular septum was made.

298/350

1 Dist 267 cm

Puc. 1 Benvknii nepumemopaHo3Huin AedekT MiKLLITYHOUKOBOT Meperopoaku
Fig. 1. Large perimembranous ventricular septal defect

M6

BL
FHE0 /D123

P&

1 Dist 083 cm

Puc. 2 Benukuin anikanbHuUiA eeKT MiXXLIAYHOYKOBOI Neperopoaku
Fig. 2. Large apical ventricular septal defect
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Aorta

3

-

Pulmonary
;\rtery

Puc. 3 lNoyatok nereHeBoi apTepii Ta aopTn
Fig. 3. Origin of the pulmonary artery and the aorta

OBrOBOPEHHSA

TpaHcnosunuia BeNUKMX apTepin € NoLWMpPeHO Bpoa-
KEHOI BaJoK Cepusi 3 BMCOKUM PIiBHEM BWKUBAHHS
Ta [o6puM OOBrOCTPOKOBMM pe3ynbTaTtoM, 0COo6MnvMBO
3a YMOBM PaHHbOTO XipypriYHOro BTpyYaHHsi B HEOHaTarb-
HoMmy nepiogi [4, 5]. JlikyBaHHs Bkntovae H6anoHHy aTpioc-
enToCTOMIlO, iH(PY3ito NpocTarnaHavHIB Ta onepadito apTe-
pianbHOro NepeMuKaHHs NPOTAroM MepLUnX OHIB XUTTS.
Bucoka cmepTHICTb cepel HOBOHapOOXKEHVMX 3 [AaHOH
nartornorieio 3ymoBrneHa OOMeXeHUMM pecypciB yepes
Opak cyvacHWX AiarHOCTUYHWUX IHCTPYMEHTIB Ta nania-
TMBHOI gonomoru. poTe, B AesKUX PiAKICHUX BMNagkax
LiTY MOXYTb JOXMTW [0 JOPOCIOro Biky 6e3 XipypriyHoro
BTPYYaHHS [6]. Y ubomy BUNaAKy npu NisHbOMY 3BEPHEHHI
€OVHVM BapiaHTOM JliKyBaHHS € CUMNTOMAaTUYHa Meanka-
MEHTO3Ha Tepanis, To4i 9K i MpoBeAeHa NoBHa KOpeKLis
npv Ni3HbOMY 3BEPHEHHI y nauieHTiB 3 TeTpagoto danno
Marna Xxopowun pesynstat Yy [gesdkux Bunagkax [7].
[eski BpomaxeHi Bagu cepus BCe Lie MOXHa YCMilHO
nikysaty npwu nisHbOMY 3BEpHeHHi. Ha xanb, y naui-
eHTkn NGG uporo He crtanocs. [MoeaHaHHs LWMPOKOro
nedbexkTy MixnepeocepaHoi Neperopofky 3 iHTAKTHOR
MDKLLUTYHOYKOBOK NEPEropoaKo, MOXIUBO, CNpUSIO
TpUBarioMy BWXMBAHHIO 0e3 XipypriYyHOro BTPYYaHHS.
[o cakTopis, WO BU3HAYaTb MIXKLMPKYNATOPHE 3MiLly-
BaHHS Ta CUCTEMHE HaCUYEHHS KNCHEM, MOXHa BiJHECTU
BMCOKMI NEreHeBnn NoTiK, po3TallyBaHHA aHaTOMIYHOro
CMONyYeHHs, OOCTaTHA KOHLEHTpaLis remornobiHy ans
3abe3neyeHHs afeKkBaTHOro pPiBHS CUCTEMHOrO Ornopy
Ta peumpKynsLinHOro CUCTEMHOIO NOTOKY, @ TaKOoX Ni3Hin
PO3BUTOK NEreHeBO-CyaANHHOI rinepTeHsii [8].

Y npenctaBneHoMmy KMiHIYHOMY BUNAAKy MHOXUHHI
OedekT  MDKLLITYHOYKOBOI  MEeperopoakn,  MMOBIPHO,
[0 LbOro Yacy BUKOHYBaru porib 3aXMCHUX YMHHKKIB. [peHa-
TanbHa [iarHoCTVKa JoMoMarae B KOHCYILTYBaHHI, nnaHy-
BaHHi NOroriB Ta NicNsnornoroBoMy BeAeHHi Anst MEANYHNX
cnyx0, o matTb barato pecypciB. B ymoBax obMexeHux
pecypciB nicrnsnonorosa AiarHoCTuKa € BapiaHTOM HOPMMU.
CwmepTHiCTb Y nicnsonepauiiHiX Bunagkax y KpaiHax,
L0 pPO3BMBAOTLCH, Oyna MoB’si3aHa 3 HDKYMMU MOKa3HU-
Kamun mMacw Tina/inaekcy macu Tina ans Biky 3a knacudika-
Lieto BcecBiTHLOI OpraHisaLii OXopoHM 300POB’S Ta HXKYUM

DISCUSSION

Transposition of the great arteries is a prevalent
congenital heart defect with a high survival rate and
a good long-term outcome, especially if managed with
early surgical intervention during the neonatal period
[4, 5]. The management includes balloon atrioseptostomy,
prostaglandin infusion and the arterial switch operation
within the first days of life. Mortality is high in neonates
with the pathology in limited ressources setting due
to the lack of diagnostic tools and palliative procedure;
nevertheless some rare cases can live until adulthood
without surgery [6]. In this case with late presentation, the
only treatment option is symptomatic medicamentous,
meanwhile total correction was done in some cases
in late presentation with tetralogy of Fallot with good
results [7]. Some CHDs can still be handle with success
at late presentation. Unfortunately it was not the case
with NGG. The association with a wide atrial septal
defect with intact interventricular septum may have
contributed to the long survival without surgery. Factors
determining intercirculatory mixing and systemic oxygen
saturation may be the high pulmonary flow, the location
of the anatomic communication, sufficient hemoglobin
concentration to allow an adequate level of systemic
resistance and recirculated systemic flow, and the belated
development of pulmonary vascular disease [8].

In our case, the multiple interventricular septal defects
could have been the protective factors till now. Prenatal
diagnosis helps with counseling, planning delivery, and
postnatal management for resource-rich health services.
In a resource-limited setting, postnatal diagnosis is the
norm. Mortality in postsurgical cases in the developing
world was associated with lower World Health
Organization weight/body mass index-for-age percentile
and lower institutional volume of TGA repair [9].

Transposition of the great arteries (TGA), also
referred to as complete transposition, is a congenital
cardiac malformation characterised by atrioventricular
concordance and ventriculoarterial (VA) discordance. The
incidence is estimated at 1 in 3,500-5,000 live births, with
a male-to-female ratio 1.5 to 3.2:1. In 50% of cases, the
VA discordance is an isolated finding. In 10% of cases,
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obcsarom BrcokokBanidikaLuiiHux onepawivi 3 BifHOBMNEHHSI
MDKLLTYHOYKOBOI neperopoaku [9].

TpaHcnosuuia Benukux aptepii (TBA), Takox Bigoma
SIK MOBHA TPaHCMNO3WLUiA, — Le BpOMKeHa Bafa cepusd,
O XapaKTepu3yeTbCA aTpPiOBEHTPUKYNSAPHOK KOHKOP-
OaTHICTIO Ta LnyHKoBo-apTepiansHoto (LUA) anckopaaHT-
HicTio. YacTtota ouiHtoeTbess B 1 Ha 3500-5000 HOBOHa-
POMAKEHMX, 3i CMiBBIQHOLEHHSIM YOSIOBIKIB Ta XIHOK Big
1,5 no 3,2 Ha 1. Y 50% Bunagkie LA gnckopgaHTHICTb
€ i3onboBaHo 3Haxiakow. Y 10% sunagkie TBA nos’s-
3aHa 3 HecepLeBMMU BagaMu. 3B'S130K 3 iHLUMMKU BagamMu
cepus, TakMMy SK AedeKT MiKLIIYHOYKOBOI nepero-
pogkn (OMXIT) Ta obCTpyKuUis BMXIAHOMO TpakTy niBOro
LUYHOYKA, € BinbLL YacTUM | BU3Ha4Ya€e TEPMiH BUHUKHEHHS
Ta KNiHiYHY MaHidecTauito, sika ckrnagaeTbes 3 LiaHosy
i3 3aCTilHOK CepLeBOl0 HegocTaTHiCTiO abo 6e3 Hei [10].
MouaTok MaHicbecTalii Ta TSKKICTb NPOSBIB 3anexartb Big
aHaTOMIYHVX BapiaHTIB, SKi BNNMBAKOTb Ha CTYMiHb OKCUre-
HaLjii KpoBi MK ABOMa Konamu KpoBoobiry. AKWo Hemae
06CTPYKTUBHMX ypaxkeHb i € Benukuii MK, uiaHo3 moxe
3anMaTMcsa HeMoOMIYeHUM i MPOSIBNSTACA NuLe nig Yac
enizogie nnady abo 30ymkeHHs. My giicHo cnocTepiranu
U0 CUMMTOMATUKY Yy HaLIOMy KIliHIYHOMY BMMagKy, KOMu
nepeBaXxarTb O3HAKW 3aCTINHOI CepLEeBOi HEAOCTATHOCTI.

TouHa ertionoria BBC 3anuwaeTtbca HeBigoMoto.
Ak noTeHUinHO acouinoBaHi akTopy pU3uKy posrnsga-
I0TbCSl recTauiiHUiA LyKpOBUIA AiabeT, BNAVMB POAEHTU-
umnais i repbiumaie Ha MaTip, a TakoX MpUINOM MaTip'to
aHTMeninenTM4Hux npenaparis. Kpim uporo, 6yno noka-
3aHo, WO MyTauii B reHi daktopa andepeHuiadii pocty-1,
a came —reHHoro 6inka-2, noB’sA3aHOro 3 peLenTopoMm
FOPMOHIB LUMTONOAIOHOT 3ano3un, Ta B TeHi, L0 Koaye
KPUNTUYHWUIA BiNok, NoB’sidaHi 3 ANUCKOPOAAHTHUMMK 3B’A3-
kamu BA, ane BOHM NOSICHIOWTb MEHLLY YacTKy BUMNazkKiB
TMA. 3 embBpionoriyHOi TOYKM 30pY iCHYIOTb ABi OCHOBHI
Teopii: 1) aHOManbHa poTauis BOPOHKM Ta 2) aHomanis
aopTO-NereHeBoi Neperopoakn. i MoXHa  BKIOYUTM
00 naToreHeTuyHol rpynn JdedekTiB naTtepanbHOCTI
3aMiCTb KOHOTPYHKanbHUX aHoManin BHAcnigoK Mmirpauii
eKToMe3eHXiMmanbHOI TKaHuHM [12].

[iarHo3 BBC nigTBepmxyeTbcs exokapgiorpadieto,
sika TakoX Hagae MopdonoriyHi getani, HeobxigHi ons
ManbyTHbOro xipypridHoro nikysaHHs [11]. MpeHaTansbHa
JiarHocTMKa 3a gornomorot detanbHoi exokapgiorpadii
€ MOXIMBOK Ta GakaHOl, OCKiNlbKM BOHa MOXe Mokpa-
LWMTN paHHE HeoHaTarnbHe BEAEHHS Ta 3HUM3WUTU CMepT-
HicTb. [ndepeHuianbHa AiarHOCTMKa BKIKOYAE  iHLLUI
MPUYMHM LEHTPanbHOro HeoHatanbHOro uiaHosdy. [Mani-
aTMBHe niKyBaHHS npocTarnaHgnHom E1 Ta 6GanoHHa
nepeacepaHa CenTocTOMis, 3a3BM4al, 3aCTOCOBYHTLCS
HeBOOB3i NiCNs HAPOKEHHS. XipypriyHa KOpeKLisi MpoBO-
OnTbCA Ha nisHiwomy etani [4]. Bigomo, wo onepadis
apTepianbHOro nepekrnoYveHHs [kateHa € npouenyporo
BMOOpY. AKWO Ua onepauisd HeMOXnuBa, Crifg 3acTocy-
BaTW afeKBaTHUA anbTepHaTUBHUIM XipypridHWn nigxig.
3 NosIBOK HOBUX Ta BOOCKOHANEHUX XipypriYuHnx MeToamk
i micrnsonepauiHoi iHTEHCMBHOI Tepanii 4OBrocTpoKoBa
BWXMBaHICTb Y 15-piyHOMY BiLi CTaHOBUTL MPUONN3HO
90% [5, 9]. OgHak, isnyHa npauesgaTHiCTb, KOTHITUBHI
yHKUIT Ta SKICTb XUTTA MOXYTb ByTU NOPYLUEHI.

TGA is associated with noncardiac malformations.
The association with other cardiac malformations such
as ventricular septal defect (VSD) and left ventricular
outflow tract obstruction is frequent and dictates timing
and clinical presentation, which consists of cyanosis with
or without congestive heart failure [10]. The onset and
severity depend on anatomical and functional variants
that influence the degree of mixing between the two
circulations. If no obstructive lesions are present and
there is a large VSD, cyanosis may go undetected and
only be perceived during episodes of crying or agitation.
We really see this description in our case. In these
cases, signs of congestive heart failure prevail. The
exact aetiology remains unknown. Some associated
risk factors (gestational diabetes mellitus, maternal
exposure to rodenticides and herbicides, maternal
use of antiepileptic drugs) have been postulated.
Mutations in growth differentiation factor-1 gene, the
thyroid hormone receptor-associated protein-2 gene
and the gene encoding the cryptic protein have been
shown implicated in discordant VA connections, but
they explain only a small minority of TGA cases. The
diagnosis is confirmed by echocardiography, which
also provides the morphological details required for
future surgical management [11]. Prenatal diagnosis
by foetal echocardiography i possible and desirable,
as it may improve the early neonatal management and
reduce morbidity and mortality. Differential diagnosis
includes other causes of central neonatal cyanosis.
Palliative treatment with prostaglandin E1 and balloon
atrial septostomy are usually required soon after birth.
Surgical correction is performed at a later stage [4].
Usually, the Jatene arterial switch operation is the
procedure of choice. Whenever this operation is not
feasible, adequate alternative surgical approach should
be implemented. With the advent of newer and improved
surgical techniques and post operative intensive care, the
long-term survival is approximately 90% at 15 years of age
[5, 9]. However, the exercise performance, cognitive
function and quality of life may be impaired. From the
embryological point of view there are two main theories:
1) the anomalous infundibular rotation, and 2) the anomaly
of the aortico-pulmonary septum. It can be included
in the pathogenetic group of laterality defects instead
of conotruncal abnormalities due to ectomesenchymal
tissue migration [12].
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BUCHOBKHU

lMoBHa  TpaHCno3uuid  MaricTpanbHUX  apTepin

€ CKNagHOK BPOMXEHOK BaJol cepus, npu fkin Bigdy-

Ba€eTbCA

BEHTPUKynoapTepiancHa  AUCKOPAAHTHICTb.

Y KpaiHax i3 pO3BMHEHOK CUCTEMOK OXOPOHM 340pOB’S
MTMA ua Baga p[iarHOCTYeTbCHA Yy MepLli OHi XWUTTA
OVTUHW, @ pafuKanbHa XipypriyHa KOpeKList BUKOHYETbCA
B HeOHaTanbHOMY nepiodi. HaTomicTb, y kpaiHax i3 obme-
XXEHUM [OCTynoM [0 crewuiani3oBaHoi Kapaioxipyprii
MTMA Bce LLe MOoXe 3ycTpiyaTnucsa cepes CTapLumnx giTen.
Mpu nisHbOMY BUSIBNEHHI AaHOI naTonorii eguHUM Bapi-
aHTOM MNiKyBaHHSA € CMMNTOMAaTUYHa Tepanis.
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CONCLUSIONS

Total transposition of great arteries although rare in the
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Prospects for further research

It would be advisable to establish a congenital heart
disease registry with a minimum data set (age at diagnosis,
Sp0O,, defect type, key echocardiographic parameters,
assessment of operability, care/referral pathway and
12-month events) to identify bottlenecks in specialized care.
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PE3IOME

AkTyanbHicTb. XpOHiYHUIN pedpakTepHuii Binb cnocTepiraeTbCa Mamxe y MonoBUHU
oHkonauieHTiB IV cTagii, CyTTEBO 3HWXYHOUM SKICTb XUTTS Ta 3yMOBMHOYM MOTPEDdY
B HOBUX €(PEKTUBHUX Miaxonax A0 3HEOOMNEHHS.

MeTa po60Tu — peTpocnekT1BHa OLUiHKa e(PEKTUBHOCTI CENEKTUBHOI CTEPEOTaKCUYHOT
TpaHcHa3anbHoi TpaHcceHoiaanbHoI kpioabnsuii ageHorinogisa sik MeToay fnikyBaHHs!
pedpakTepHOro 60MbLOBOro CMHAPOMY Ta il BMAMBY Ha SAKICTb XXMTTA NaLEHTOK i3 aucemi-
HOBaHO/peLMarBHO MenaHomoto Lkipn 1V cTagii 3 HasBHUMM iHTpauepebpanbHumn
Ta BicLepanbHUMK MeTacTazamu.

Marepianu Ta Mmetogu. Y po6oTi NpoaHanisoBaHo ABa KNiHiYHI BUNagku pedpakTtep-
Horo 6onboBOro CMHAPOMY Y MauieHTok 44 Ta 52 pokiB 3 menaHomoto wkipu IV cragii
Ta MHOXMHHVMMW MeTacTasamu (iHTpauepebpanbHUMu, niMgaTUYHUMK, KICTKOBUMMU,
nneBpanbHUMK). 3 METOK 3MEHLLEHHS 3arpo3u XWUTTIO Ta AOCATHEHHS NMPOSIOHrOBaHOT
aHanbresii NpoBegeHO KPaHiOTOMIi 3 TOTanbHUM BWAANEHHSAM MeTacTasiB Ta MiKpo-
HenpoxipypriyHi BTpy4YaHHs. Onepadii BukoHaHo B 2012—-2015 pp. binb oujiHoBanmu
3a wkanoto NRS, sakicTb xuTTs — 3a MofudikoBaHoto ESAS-R; MoHiTopuHr npoBoannu
[0 Ta nicnsa BTpyYaHHs — Ha eTanax 6-12 rog, 3 gobw, 1, 3, 6, 12, 18, 24, 36 micsauis.
PesynbraTtu. [Jo BTpyYaHHs iHTEHCKBHICTb 6omto 3a Lwkanot NRS ctaHoBuna 6-8 6anis,
nicnsi MikpOHeNpOoXipypriYHoro BTpy4aHHs 3HwxKyBanack Ao 1-3 6anis y nepwi 12 roguH
i yTpumyBanace Ha piBHi 0—2 6anis 4o 36 MicauiB. MNokasHWKM AKOCTi XXUTTS 3a LLKaro
ESAS-R 3meHwmnuck 3 24—39 go 0—12 6aniB ynpogosx crnoctepexeHHs. 3adikcoBaHo
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PE3IOME

Background. Chronic refractory pain is observed in nearly half of patients with stage
IV cancer, significantly reducing quality of life and necessitating novel effective analgesic
approaches.

Purpose — to retrospectively assess the effectiveness of selective stereotactic transnasal
transsphenoidal cryoablation of the adenohypophysis as a treatment for refractory pain
syndrome and its impact on quality of life in female patients with stage IV disseminated/
recurrent cutaneous melanoma and existing intracerebral and visceral metastases.
Materials and Methods. This study analyzed two clinical cases of refractory pain
syndrome in women aged 44 and 52 with stage IV cutaneous melanoma and multiple
metastases (intracerebral, lymphatic, bone, pleural). To reduce life-threatening
risks and achieve prolonged analgesia, craniotomies with total metastasis removal
and microneurosurgical interventions were performed. Surgeries were conducted
in a neurosurgical clinic between 2012 and 2015. Pain was assessed using the
Numerical Rating Scale (NRS), and quality of life was evaluated using the modified
ESAS-R. Monitoring was performed pre- and post-intervention at 6-12 hours, 3 days,
and 1, 3, 6, 12, 18, 24, and 36 months.

Results. Before the intervention, pain intensity ranged from 6 to 8 points on the NRS.
Following microneurosurgical treatment, pain decreased to 1-3 points within the first 12 hours
and remained at 0-2 points for up to 36 months. Quality of life scores (ESAS-R) declined
from 24-39 to 0—12 points over the observation period. A sustained reduction in pain and
stable improvement in quality of life were observed throughout the 3-year follow-up.
Conclusions. Selective stereotactic cryoablation of the adenohypophysis provides
long-term pain relief and improves quality of life in patients with stage IV melanoma and
metastases refractory to standard therapy.

Tsyhankov OV, Chyzh MO, Matvieienko MS, Hladkykh FV. Cryoablation of the adenohypophysis in the
treatment of refractory pain syndrome in patients with intracerebral and visceral metastases (clinical cases).
The Journal of V. N. Karazin Kharkiv National University. Series Medicine. 2025;33(4(55)):652—666. DOI:
https://doi.org/10.26565/2313-6693-2025-55-11

BCTYN

INTRODUCTION

MenaHoma € 3nosiKiCHUM HOBOYTBOPEHHSIM 3 BKpau
arpecuBHuM nepbirom. |i xapakTtepuaye Bucoka nponi-
depatmBHa akTUBHICTb, CXWUIbHICTb A0 LWBWMAKOrMO peri-
OHapHOro Ta BigdaneHoro mMertacTasyBaHHA. BinbLu Hix
y 70% BunagkieB MenaHoma npu3BOAWTb [0 NeTanb-
Horo KiHUsA [1]. AMepuKaHCbKi OHKOMOrM MporHo3yThb,
wo o 2040 poky menaHoma wkipu (ML) 3arive neplue
MicLle y CTPYKTYpi 3axBOPIOBAHOCTI cepefn 4YOroBikiB
Ta YeTBepTe MiCLe Y XiHOK, NOCTYNaloyncCb paKy rpyaHoi
3ano3n, nerexis, eHpgometpia [2]. JlikyBaHHA Aucemi-
HOBaHOI MEnaHOMMW 3anuLIaeTbCA BaXKKUM 3aBAaHHSAM,
BOHA € COIigHOK MNyXSIMHOK 3 HaMBINbLUOK KinbKiCTHO
MyTauii i 3MOSAKICHI KMiTUHW nerko o6xoadTb iMYyHHY
cuctemy [3]. Yepe3 CBOK reTepoOreHHiCTb Ta BUCOKMM
noTeHuian MeTacTta3yBaHHA OuCeMiHOBaHa MenaHoma
npoTarom 6araTboX POKiB XapakTepu3yeTbcst 06MEXeHO0
BiQMNOBIAAK Ha XipyprivHi, e MeHLle NpoMeHeBi MeToau
niyBaHHA (NpomeHeBa Tepania ycboro Mo3ky (WBRT))

Melanoma is a malignant neoplasm with an extremely
aggressive clinical course. It is characterized by high
proliferative activity and a strong propensity for rapid
regional and distant metastasis. More than 70%
of melanoma cases result in a fatal outcome [1].
According to projections by American oncologists, by
2040, cutaneous melanoma (CM) will rank first among all
cancers in men and fourth in women, following breast,
lung, and endometrial cancers [2].

The treatment of disseminated melanoma remains
a major clinical challenge. As a solid tumor with one
of the highest mutational burdens, melanoma cells easily
evade immune surveillance [3]. Due to its heterogeneity
and high metastatic potential, disseminated melanoma
has long demonstrated limited responsiveness to surgical
interventions, and even less to radiotherapy—particularly
whole-brain radiotherapy (WBRT )—as well as to systemic
therapies, including immune checkpoint inhibitors (ICls)
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Ta CUCTEMHE MeLMKaMEHTO3HEe NiKyBaHHS, L0 BKIOYae
iHriGiTOpU IMYHHMX KOHTponbHWMX Todok (ICl), TapreTHy
Tepanito iHribitopamn BRAF ta MEK (metop nikyBaHHsi
paky, SiKMiA CNpSMOBaHWUA Ha NEBHi MOMNEKYNN B PaKOBUX
KniTvHax, a came Ha 6inku BRAF ta MEK) [4-6]. Maui-
EHTW, Y SKMX XipyprivHe BuAaneHHs meTtacTasiB ronos-
Horo mo3ky (MIM) sacTtocoByBanocb B SIKOCTi MepLuoro
BMOOpPY NiKyBaHHS, Manu Kpally 3aranbHy BUXWBaHICTb
(3B) — 10,9 wmic, Toai gk nauieHTu, siki otpumysanu WBRT,
Manu ripwni pesynesTaT WOAO0 3aranbHOl BUXKUBAHOCTI —
3,4 wmic. MNicnaonepauinHa cTepeoTakcuyHa pagioxipypris
(SRS - stereotactic radiosurgery) He nokpaulyBana
BWKMBAHHA YW JTOKaNbHUI KOHTPOSb NICrs XipypriYyHOro
BrganeHHa MI'M [7]. CuctemHy npoTUNYXNUHHY Tepanito
PEKOMEHOYHOTb MPOBOAUTU Yy XBOPWUX 3 HEBEMUKMMMU,
oescumntoMHUMU MIM. Y nauieHTiB 3 CUMMATOMHUMM
MIM nmpoTunyxnuHHy nikyBanbHy Tepanilo peKoMeHAo-
BaHO NpOBOAMUTM Yy KOMBiHAUii 3 TOKanbHUM NiKyBaHHAM
MIM. o nokanbHUX MeETOAIB IiKyBaHHS BiOHOCATb:
HeMpoxipypriyHe, OUCTaHUiHY MpoMeHeBy Tepanito,
CTepeoTakCUM4Hy pagioTepanito, ONpOMiHIOBaHHSA YCbOro
rofloBHOro Mo3ky. [ns nnaHyBaHHA NiKyBaHHSA MOTPiGHO
3HaTU po3MipyM MeTacTasiB, iX KiNnbKiCTb, rokanisawiio
Ta yHKLiOHaNbHMI CTaTyC XBOPOro 3a wwkanot KapHos-
cokoro abo ECOG [8]. HewpoxipypriyHe BuaaneHHs
MI'M posBonsie 3MEHWMWUTU HEeBPOSOriYHy CuUMNTOMa-
TUKy, 36epertv yHKUIOHanNbHUIA CcTaTyc, MOKpaLuTh
AKICTb XUTTA Ta 30inbwntn 3B xBoporo. MoxnuBicTb
BuaaneHHs MM 3anexuTb Big ix nokanisauii Ta keani-
dikauii Henpoxipypra. HewpoxipypridHe rnikyBaHHs y pasi
MHOXMHHUX MM B okpemMux BMnagkax gae noKpalleHHs
SIKOCTIi XXUTTSA, ane He 36inbwye 3B [5].

KombGiHauis pi3HMX BapiaHTIB flokanbHOI Ta CUCTEMHOI
Tepanii 4o3BOMnsE NIABUWMTN eDEKTUBHICTb MiKyBaHHS
nauieHTiB 3 MI'M. JlokanbHa npomeHeBa Tepanis y Noea-
HaHHi 3 cUCTeMHOK Tepanieio BuganeHnx MMM mena-
HOMM 3HWXYE 4YacToTy peumamsis. lNpu LbOMy cTaTyc
myTauii BRAF kopentoe 3 Hauripwmmu pesynstatamm [9].

HempoxipypriuHe BuganeHHs MIM 3Himae 3arposy
XWTTIO, HIBEMIOE 3aranbHO-MO3KOBi Ta fokarnbHi HeBpoO-
MNOTiYHi CUMMNTOMM y NauUi€HTIB, ane He rapaHTye siKicHe
xuTTA. BigciB meTtacTasiB y BicuepanbHi opraHu auce-
MiHOBaHOI menaHomu LWkipn IV ctagii, ocobnuso npwu
MeTacTasdyBaHHi MenaHoMmu Yy KicTku, Jae 60onboBui
CUHOPOM SIKMA CTae OCHOBHOK NpoGNeMol naujieHTa,
noro TypOye NOCTIiNHWIA, iHTEHCMBHMI Oinb. BonboBui
CVYHOPOM Yy OHKOMAUIEHTIB HE BUKOHYE HIiSIKOI 3aXMCHOI
dyHKUiT, BiH 3HMWYE aganTauilo, BUKIUKAE CTpec
Ta 3HAYHO 3HWMXKYE HAKICTb XUTTA. AMEepUKaHcbki daxisui
3anponoHyBanu Taki KpuTepii 3HeGONeHHs: nauieHT
He BigvyBae 6inb, Npy LbOMY BiH MOXe MiATPUMyBaTU
LWOAEHHY aKTUBHICTb 3arexHo Big 3aranbHoro isny-
HOro cTaHy, nobivHi edhekTn 3HeOOMYMX MiHIMI30OBaHO
(Hanpuknag, y [odaTok A0 OnioigHWX aHanbreTUKIB,
npu3HadeHi 3acobu Bif 3akpeny); Hemae 3anexHocCTi Bif
nikis [10]. OHoBneHi y 2018 poui pekomengauii BOO3
3i 3HeOONEeHHs NigKPECNOTb BAXXIMBICTb KOMMIEKCHOI
Tepanii. Kpim «CxogiB 3HebomnoBaHHAY, NCUXOMOTiYHOI,
couianbHOi Ta AyXOBHOI AOMOMOrM, MOTPIOHI TakoX iHLWi
MeToam Tepanii oHkonoriyHoro 6ornto [11].

Bnusbko 32% oHkonoriyHMX nauieHTiB BigyyBalTb
6inb, AKMN He NifAaeTbCs aOeKBAaTHOMY KymipyBaHHIO.
3a nigpaxyHkamn y 10-20% nauieHTiB i3 IV cragieto

and targeted therapies involving BRAF and MEK inhibitors
(therapies that specifically target BRAF and MEK proteins
within tumor cells) [4-6].

Patients who underwent surgical resection of brain
metastases (BM) as a first-line treatment showed better
overall survival (OS), with a median OS of 10.9 months,
compared to 3.4 months in patients who received WBRT
alone. Postoperative stereotactic radiosurgery (SRS) did
not significantly improve survival or local control after
surgical BM removal [7].

Systemic antitumor therapy is generally recommended
for patients with small, asymptomatic BM. In patients with
symptomatic BM, systemic therapy should be combined
with local treatment approaches. Local treatment options
include neurosurgical intervention, external beam
radiotherapy, stereotactic radiotherapy, and whole-brain
irradiation. Treatment planning should consider the
size, number, and location of metastases, as well as the
patient’s functional status according to the Karnofsky
or ECOG performance scale [8].

Surgical resection of brain metastases may alleviate
neurological symptoms, preserve functional status,
improve quality of life, and extend OS. However, the
feasibility of BM resection depends on their localization
and the neurosurgeon’s expertise. In select cases
of multiple brain metastases, neurosurgical intervention
may improve quality of life but does not necessarily
increase overall survival [5].

The combination of various local and systemic therapy
modalities enhances treatment efficacy in patients
with brain metastases (BM) from melanoma. Local
radiotherapy combined with systemic treatment following
surgical removal of melanoma BM reduces recurrence
rates. Notably, the presence of a BRAF mutation
is associated with poorer outcomes [9].

Neurosurgical resection of BM eliminates life-
threatening conditions and alleviates both general and focal
neurological symptoms; however, it does not necessarily
guarantee improved quality of life. In stage IV disseminated
cutaneous melanoma, visceral metastases—particularly
those involving bone-often result in severe pain, which
becomes the predominant concern for the patient. This
pain is persistent, intense, and no longer serves any
protective function. Instead, it impairs adaptation, induces
stress, and significantly reduces quality of life. American
experts have proposed specific criteria for effective cancer
pain management: the patient should be pain-free and
able to maintain daily activities according to their physical
condition; side effects of analgesics should be minimized
(e.g., prescribing laxatives along with opioids); and there
should be no psychological dependence on medication
[10]. The 2018 revision of the WHO guidelines for
cancer pain management emphasizes the importance
of comprehensive, multimodal therapy. In addition to the
traditional «analgesic ladder», supportive psychological,
social, and spiritual care—as well as other interventional
methods for treating oncologic pain—are recommended [11].

Approximately 32% of oncology patients experience
pain that is not adequately controlled. It is estimated
that in 10-20% of patients with stage IV disease and
multiple metastases, systemic analgesics and opioids
are ineffective for pain control. This type of pain
is known as refractory pain or refractory pain syndrome
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3aXBOPKOBAHHA Ta MHOXWHHUMW MeTacTa3aMu CUCTEMHi
aHanbreTMkn Ta Oonioian BUSABASIOTLCS HeedEeKTUBHUMU
[Onst KOHTporto 6onto. Takuii TMN Gonto BigoMui sik pedppak-
TepHu 6inb abo pedpakTtepHuin 6onbouii cuHapom (PBC).
OKpeMi KMiHILMCTM BBaXatoTb, LLO TPUPIBHEBI cxoam 3He6o-
neHHs, 3anponoHoBaHi BOOJ, He BignosigaTb Temnam
PO3BUTKY OHKOMOrii Ta JocnimpKeHb y cdepi 6onto. Komm
MeOUKaMEHTO3Ha Tepanis BUSBNSETbCS HeedeKTUBHOM
BMHUWKaE noTtpeba y YETBEPTOMY «iHTEPBEHLINHOMY» PiBHi,
SIKMIA BKITHOMAE Pi3HOMAHITHI METOAM 3HEDOMNEHHS, 30kpema
kpioabriauito [12]. Ha gymky Oesikux aBTOpiB 3a OCTaHHI
50 pokiB He Byno AOCArHYTO 3HAYHUX YCMiXiB Y MiKyBaHHI
OHKororiyHoro 6onto. 3acTocyBaHHSA B OHKOMOTii (i3NYHMX
MeTofiB, 30Kpema KpiogecTpykuii abo kpioabnsuii, ski
BNSMBAOTb SK HA NyXIIMHY Ta MeTacTasu, Tak i Ha opraHiam
y Uinomy, BBaxaetbCcsa BernbMu nepcnektmsHum [13]. Kpio-
OECTPYKLIIO Ta iHLWi BTPYYaHHS Ha rinodisi moyanu akTMBHO
3acToCOBYBaTU A5 NiKyBaHHA pedbpakTepHoro 6omnbo-
BOrO CUMHAPOMY Yy MaLi€HTIB 3i 3NMOsIKICHUMU HOBOYTBOPEH-
HaMKn Ha IV cTagii [14]. OTxe, pedpakTepHUii 6onbLoBMUI
CVHOPOM, L0 CYNPOBOPKYE NOLUMPEHi hopMM MENaHOMMU,
CYTTEBO MOTpLIYE SKICTb XWUTTA MauieHTiB. B ymoBax
HeeeKTMBHOCTI TPaAMUiNHOT aHanbresii 3pocTae akTy-
anbHiCTb 3aCTOCYBaHHS IHTEPBEHLINHMX METOZIB, 30KpemMa
Kpioabnsauii Sk NepcnekTMBHOTO HanpsMKy MOMinweHHs
naniaTMBHOI ZOMOMOIM TakuM XBOPUM.

MeTa po6GoTu — Ha npuknagi KniHiYHUMX BMNagkis
NpPOOEMOHCTPYBaTV e(EKTUBHICTb CENeKTUBHOI cTepe-
OTaKCWMYHOI TpaHCHa3anbHOI TpaHCCHEHOIAANbHOI Kpio-
abnauii ageHorinogiza (CCTTKA) gk meToay nikyBaHHs
pedpakTepHoro 60nbOBOr0 CUHAPOMY Ta ii BAAMBY
Ha SKICTb XMTTA MauieHTOK i3 AucemMiHoBaHoW/peLm-
OVBHOK MenaHomoto LWwkipu IV ctagii 3 HassBHUMM iHTpa-
uepebpanbH1MK Ta BicLepanbH1UMK MeTacTa3amu.

MATEPIAAU TA METOAU AOCAIAXXEHHA

3a nepiog 2012—-2015. pokiB gOCNigXEHHST METOA0M
CCTTKA 3 eHpockonietd npoonepoBaHO 2-X MauieHTOoK
BikoM 44 Ta 52 poku i3 AncemiHOBaHOW/peunanBHOK
mMenaHoMmor wkipyn IV cragii 3 HasBHUMU iHTpauepe-
OpanbHMMK Ta BicLepanbHUMKU MeTacTasamm y Henpo-
xipypriyHomy BigdineHHi 6asn kadenpw Hewpoxipyprii
XapkiBCbKOro HaLiOHanbHOr0 MeAWYHOro YHiBepcuTeTy
MiHicTepcTBa OXOpOHM 300pOB’A YKpaiHu.

Y nepegonepauinHoMy nepiogi XBopi NPOMLLAN CTaH-
[apTHe KoMMneKkcHe OOCTEeXeHHs: KIiHiyHe, nabopa-
TOpHe, (PyHKUiOHaNbHE Ta BU3HAYEHHS PiBHS FOPMOHIB
rinogiza y kposi. lNMauieHTkaM BMKOHaAHO KOMIMOTEPHY
ToMorpadpito  Ta  MarHiTHO-pe3oHaHCHy Tomorpadito
rOfTIOBHOIO MO3KY, PEHTIEHOSOrYHE JOCHiAXKEeHHS Npuaar-
KOBMX Ta OCHOBHOI nasyx. [lepenonepadiiHe ctepeoTak-
CVYHE MnaHyBaHHA OCepefkKiB KPIOAECTPYKLin 4O3BONSAE
YHUKHYTU HebakaHOro MOLUKOAXEHHS (PyHKLiOHanbHO
3HaYMMMX 30H MO3Ky. XBOpi nonepeaHbLO KOHCYNLTOBaHi
nikapsiMu — TepaneBTOM, HEBPOITOrOM, OTOSIaPUHTONOrOM,
OHKOJIOrOM, PEHTTEHONOroM, eHAOKPUHONOrOM Ta iMyHO-
norom. TepMiH Harnsay nicns onepadii 21-36 mic.

MeToguka MikpoonepaTMBHOIO BTPYYaHHS — Cenek-
TMBHOI CTEpPeOoTaKCUYHOI TpaHCHa3asnbHOI TpaHcCeHo-
iganbHoi Kpioabnauii rinodisza getanbHO NpeacTaBneHa
B HalLi nonepenHin poborti [14].

(RPS). Some clinicians argue that the traditional three-
step analgesic ladder proposed by the WHO no longer
meets the pace of advances in oncology and pain
research. When pharmacological therapy fails, a fourth
«interventional» step is required, which includes
various invasive pain management strategies, including
cryoablation [12]. According to some authors, little
progress has been made in the treatment of cancer-
related pain over the past 50 years. The use of physical
methods in oncology, particularly cryodestruction
or cryoablation-which affect both tumor/metastases
and the body as a whole—is considered highly promising
[13]. Cryodestruction and other interventions targeting
the pituitary gland have been increasingly used for the
treatment of refractory pain syndrome in patients with
stage IV malignancies [14]. Therefore, refractory pain
syndrome accompanying advanced forms of melanoma
significantly impairs patients’ quality of life. In cases where
conventional analgesia proves ineffective, the relevance
of interventional approaches—particularly cryoablation—
as a promising direction for improving palliative care
is growing.

Objective — to demonstrate, through a clinical case,
the effectiveness of selective stereotactic transnasal
transsphenoidal cryoablation of the adenohypophysis
(SSTTCA) as a method for treating refractory pain
syndrome and its impact on quality of life in female
patients with stage IV disseminated or recurrent
cutaneous melanoma accompanied by intracerebral and
visceral metastases.

MATERIALS AND METHODS OF RESEARCH

Between 2012 and 2015, two female patients aged
44 and 52 years with stage IV disseminated/recurrent
cutaneous melanoma and confirmed intracerebral and
visceral metastases underwent selective stereotactic
transnasal transsphenoidal cryoablation (SSTTCA)
of the adenohypophysis with endoscopic assistance.
The procedures were performed at the Neurosurgery
Department of the Military Medical Clinical Center
of the Northern Region (MMCC-NR), the clinical base
of the Department of Neurosurgery at Kharkiv National
Medical University.

In the preoperative period, all patients underwent
a standard comprehensive evaluation, including clinical,
laboratory, and functional assessments, along with
pituitary hormone level testing. Imaging studies included
brain computed tomography (CT), magnetic resonance
imaging (MRI), and radiographic examination of the
paranasal and sphenoid sinuses.

Preoperative stereotactic planning of cryoablation
targets was performed to prevent injury to functionally
significant brain areas. All patients were evaluated
by a multidisciplinary team, including a general physician,
neurologist, otolaryngologist, oncologist, radiologist,
endocrinologist, and immunologist. The postoperative
follow-up period extended 21-36 months.
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CrtaH nauieHToK (piBeHb 60nto) nepen BTpyYaHHAM
Ta 3HebOMIYNIA ePEKT BU3HAYANM 3a BidyarnbHO-aHano-
roBOK LMppoBoto LKanot ouiHku 6onto (Numeric rating
Scale for pain — NRS).

PE3YABTATU

KAiHiYHUI BUNaaok 1

Mauientka tO., 44 pokwn, rocnitanisoBaHa 4O HENpO-
XipypriYHOro BIOAINEHHS 3i cKapramy Ha BUPaXeHWUn
ronosHuii 6inb (NRS 7-8), HygoTy, noripleHHst 3opy
" nam’aTi, NOPYyLUEHHSA MOBIIEHHS, XUTKICTb XOA4M Ta cnab-
KiCTb Yy NpaBuX KiHUiBKax. 3aranbHui ctaH — ECOG 1-2.

AHamHe3 xuTTa — 6e3 cyTTeBnx 06TsKeHb. YoTupm
TUXKHI TOMY B OHKOLIEHTPI BUSIBNEHO MiALWKipHUIA MeTacTas
MenaHoMM niBoi BiYHOT NOBEPXHI LWKi, NNaHyBanocb Moro
BUOANEHHS, OHAK HEBPOSOriYHa CMMMNTOMAaTUKa LUBUAKO
nporpecysana.

AHamHe3 3axXBOPIOBaHHS: BCTAHOBMEHWA Ta Bepu-
hikoBaHWA AiarHo3 — puceMiHyoya/peunanBHa mena-
HOMa LWKipyn (cepedHbO-naTepanbHOi MOBEPXHi  Lni
3riBa) 3 MHOXVHUMW iHTpauepebpanbHuMu, BicLepanb-
HUMK MeTacTasamu. BicuepanbHi meTtacTtasu: RigLKipHi
wui 3niBa, perioHapHi nimdoBy3nu Wi, nNnespa 3risa
(linea mamillaris Ha piBHi 2-5 pebep); pebpa (2,3, linea
mamillaris — sternalis) 3niea; xpebet (C-7,Th-2,4); npaea
HagHupkoBa 3ano3a (T4N3M1a,b,c.R2).

Ha MOMEHT 3HaxOMKEeHHSA B HEMPOXiPYPrivHin KniHivi
y COMaTU4HOMY CTaHi criocTepirannca: nepioanyHi Konm-
BaHHS apTepianbHOro TUCKY, TemnepaTtypu Tina, enisogu
apuTMmii. Y HeBpOSoriYHoMy cTaTyci: piBeEHb CBiJOMOCTI
3a wkanot kom [masro (WWKI) — 12—-13 6anis; miHnvBa
aHi30Kopis cnpaBa Ta nape3 norngay OOoropu; INerkim
npaBobivYHUI reminapes. XBOPi BUKOHAHO MarHiTHO-pe-
30HaHCHY Tomorpadito ronosHoro mo3sky ('M). Y megio-
6asanbHOMy BiAAini CKPOHEBOI YacTKX 3niBa BM3Ha4anu
HOBOYTBOPEHHSA 3 03Hakamu Ha kposoBunme — 30 x 30 x
35 MM Ta 03HaKamun CKpOHEBO-TEHTOpIanbHOI Aucrokadii
M, y ginaHui nontoca niBoi NOTUNMYHOI YacTkn M Ha
Mexi cipoi Ta 6inoi pe4yoBUHM BUSBMEHO OKpYrie HOBO-
yTBOpeHHs — 30 MM y AdiameTpi.

NlikyBanbHa TakTMKa. HewnpoxipypriyHni  etan
(aeHb 1). TepmMiHOBO BWMKOHaHO [ABi CTaHAAPTHI KpaHi-
oTOMii (CKpoHeBa M MOTMNMYHA). 3i CKPOHEBOI 4acTku
TOTanbHO BuaaneHo 60 MM MeTacTaTUYHOI TKaHWHU
TEMHO-CUHIOLLHOMO  KOMbOpy; 3 MOTUNUYHOI — YTBIp
piametpom 30 MM ogHum 6nokom. Onepauisi TpvuBana
npnbnmaHo 10 roguH; nicnsgonepauinHo — perpec BHYTPILL-
HbOYEpEnHOI rinepTeHsii Ta ocnabneHHa HeBPOMOriYHNX
nposiBiB, 3a UMPpPoBY pentuHrosy Lwkany 6Gomo NRS
3HM3unacs go 3—4.

[na noganbluoro nikyBaHHS W aHanbresii nauieHTky
HanpaBneHo [0 XapkiBCbKOro obracHoro oHkoavcnaH-
cepy (aeHb 5).

HenpomopgyntoBanbHe BTpyyaHHs (micaup 1). Yepes
BiIHOBMNEHHS iHTeHcMBHOro 6onbosoro cuHapomy (NRS 7),
nonpwv eckanakdito onioigHoi Tepanii (MopdiH nepoparnbHUit
o 30 mr/goby + ap'toBaHTHa aHanbresis), byno nposegeHo

The technique of microoperative intervention—
selective  stereotactic  transnasal transsphenoidal
cryoablation of the pituitary gland—has been described
in detail in our previous work [14].

The patients’ condition (pain level) prior to the
intervention and the analgesic effect were assessed using
the Visual Analog Numeric Rating Scale for pain (NRS).

RESULTS

Case Report 1

A 44-year-old woman (Patient Y.) was admitted to the
neurosurgery clinic with complaints of severe headache
(NRS 7-8), nausea, visual and memory impairment,
speech disturbances, unsteady gait, and weakness in the
right limbs. Her general condition corresponded to ECOG
performance status 1-2.

Medical history was unremarkable. Four weeks
prior, a subcutaneous metastatic lesion of melanoma
was diagnosed on the left lateral side of the neck at the
oncology center. Surgical removal was planned, but
neurological symptoms progressed rapidly.

Disease history. The diagnosis of disseminated/
recurrent cutaneous melanoma (left mid-lateral neck
region) with multiple intracerebral and visceral metastases
was established and histologically confirmed.

Visceral metastases included: subcutaneous
metastases in the left side of the neck; regional cervical
lymph nodes; left pleura (linea mamillaris, ribs 2-5); ribs
2-3 (left, linea mamillaris—sternalis); vertebrae (C7, Th2,
Th4); right adrenal gland.

Clinical staging: T4N3M1a,b,c.R2.

At the time of admission to the neurosurgery
department, the patient presented with fluctuating blood
pressure and body temperature, as well as episodes
of arrhythmia.

Neurological examination revealed: Glasgow Coma
Scale (GCS) score of 12-13; intermittent anisocoria
on the right; upward gaze paresis; and mild right-sided
hemiparesis.

Brain MRI revealed a lesion with hemorrhagic
signs in the left medio-basal temporal lobe measuring
30%x30%x35 mm, along with signs of temporotentorial brain
displacement. An additional round lesion measuring 30 mm
in diameter was identified at the junction of gray and white
matter in the pole region of the left occipital lobe.

Treatment Strategy. Neurosurgical stage (Day 1).
The patient underwent urgent dual craniotomy (temporal
and occipital). A total of 60 mL of dark-bluish metastatic
tissue was resected from the temporal lobe, and a 30 mm
occipital mass was removed en bloc. The procedure
lasted approximately 10 hours. Postoperatively, there was
regression of intracranial hypertension and improvement
of neurological symptoms. Pain intensity, measured
using the Numeric Rating Scale (NRS), decreased to
3—4 points.

For further treatment and pain control, the patient was
referred to the Kharkiv Regional Oncology Dispensary
(Day 5).

Neuromodulatory intervention (Month 1). Due to the
recurrence of severe pain (NRS score of 7), despite
escalation of opioid therapy (oral morphine up to 30 mg/
day plus adjuvant analgesia), the patient underwent
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CCTTKA: TpaHcHasanbHo-TpaHccdeHoiaansH1in AoCcTyn,
OOVH UMK 3aMOpOXyBaHHA pigkum asotom (-196°C)
NPOTAroM = 2 XBWUIMH Nif, HENpPOHaBiraLieto.

Pesynbratv Ta nopganblimi nepe6ir. Jna cnocre-
PeXeHHs 3a AMHaMmikolo BOMbOBOrO CUHAPOMY Ta SIKOCTI
XUTTS MW BUKOPUCTOBYBANV LIMPPOBY PENTUHTOBY LKAy
oonto NRS Ta wkany skocti xuTTa ESAS-R y Hawin
moaudikauii. na 3pyyHocTi mu o6’egHanum Ui 2 onuTy-
BanbHUKK. [lnHamika perpecy 601to Ta 3MiHM AKOCTi XUTTS
[0 BTPYYaHHs Ta nicns Yepes 6—12 roauH i gani npoTsarom
36 micsuiB BinobpaxeHi Ha pucyHky 1 Ta Tabnuui 1.

Selective Stereotactic Transnasal Transsphenoidal
Cryoablation (SSTTCA) of the adenohypophysis. The
procedure involved a transnasal-transsphenoidal
approach with a single cryoablation cycle using liquid
nitrogen (-196°C) for approximately 2 minutes under
neuronavigation guidance.

Outcomes and follow-up. To assess pain dynamics
and quality of life, we employed the Numeric Rating
Scale (NRS) and a modified version of the Edmonton
Symptom Assessment System Revised (ESAS-R). For
convenience, we combined both tools into a unified
assessment. The dynamics of pain reduction and quality
of life improvements before the intervention, at 6—12 hours
postoperatively, and throughout the 36-month follow-up
are shown in Figure 1 and Table 1.
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Puc. 1. JuHamika cepepHix nokasHukiB 6onto 3a wkanoto NRS y nauieHtkn go ta nicna CCTTKA
Fig. 1. Dynamics of average pain scores on the NRS scale in the patient before and after SSTTCA

Micna BTpyYaHHS iHTEHCMBHICTL Gonto 3meHLmnacs
3 fyxe cunbHoro piBHs (7-8 6anis 3a NRS nepepn npoue-
Aypoto) oo nomipHoro abo nerkoro (1-3 6anu) Bxe y nepLui
6—12 roguH, a NPoTAroM HACTYMHWX TPbOX POKIB KOMNvBa-
nacs y mexax 0-2 6anie, WO BignoBigae MiHiManbHomy
abo enizognyHomy Gomto. Omioign Gyno BigMiHeHi ynpo-
OOBX 72 rof Micns BTPyYaHHs, NigTpuMmyBarnbHa Tepanis —
nvwe HecTepoigHi npoTtusananeHi npenapaty (HM3MMT)
3a notpebu. Yepes 36 micsauis — ECOG 0-1, 6onboBui
CYHAPOM MiHIManbHWI, NauieHTKa couianbHO akTUBHA.

[MauieHTka nosigomuna: «binb 3HUK Malke MOBHICTHO,
51 MOBEpPHYyrNacs A0 3BMYAMHOIO XWUTTS Ta CMiNIKyBaHHS
3 POAMHOIO».

BaranbHe camomno4vyTTa 3a iHTerpanbHOK  LUKanow
ESAS-R nokpaiumnocs 3 BupaxeHoro CMMnToMaTU4HOro
Taraps (24—39 6anis o kpioabnsauii) 4O NOMiIPHOro piBHS
(7—19 6aniB) 4epes 12 roauH nicnsa npoueaypu i yTpumy-
Banocsi Ha HMU3bKMX MOKa3HMKax — He Ginble 12 6aniB —
YMPOAOBX YCbOro 36-MiCAYHOrO NepioAy CrOCTEPEKEHHS,
LLIO CBIiAYUTb MPO CTilKe NOMerweHHsa CUMMTOMIB i 3Ha4YHe
NiaBULLEHHS AKOCTi XuUTTA (guB. Tabn. 1). YcknagHeHb
(rinoniTyiTapnam, HeLyKpoBuii AiabeT) He 3adhikcoBaHO.

Following the intervention, pain intensity decreased
from a severe level (7-8 points on the NRS prior to the
procedure) to moderate or mild (1-3 points) within the
first 6-12 hours. Over the next three years, pain levels
fluctuated within a range of 0—2 points, corresponding
to minimal or episodic pain. Opioid analgesics
were discontinued within 72 hours post-procedure;
maintenance therapy included only non-steroidal anti-
inflammatory drugs (NSAIDs) as needed.

At the 36-month follow-up, the patient had an ECOG
performance status of 0—1, minimal pain, and was socially
active.

The patient reported: «The pain almost completely
disappeared; | returned to normal life and communication
with my family».

Overall well-being, as assessed using the integrated
ESAS-R scale, improved from a severe symptom burden
(24-39 points prior to cryoablation) to a moderate level
(7-19 points) within 12 hours after the procedure and remained
consistently low—no higher than 12 points—throughout the
36-month follow-up period. This reflects sustained symptom
relief and a significant improvement in quality of life (Table 1).
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Tabnuus 1. InHamika noka3HukiB cMMnTOMIB nauieHTku FO. 3 gucemiHytodoto/peumnansHoo menaHomoto |V ctagii,
iHTpauepebpanbHUMK, BicLepanbHUMN MeTacTazaMu Ta pedpaktepHMM 60nbOBUM CUHAPOM 3a onuTyBanbHUkoM ESAS-R
Table 1. Dynamics of symptom scores in Patient Y. with stage IV disseminated/recurrent melanoma, intracerebral and visceral
metastases, and refractory pain syndrome, according to the ESAS-R questionnaire

. TepMiH criocTepexeHHs
CuMATOM Ro Kg;zs:””“ Observation period
Symptom cryoablation 6-12rop | 3 goba | 1 mic 3 mic 6 mic 12 mic 24 mic 36 mic
hour day | 1 month | 3 month | 6 month | 12 month | 24 month | 36 month
Binb 7-8 1-3 1-3 1-2 0-2 0-1 0-1 0-1 0-2
Pain
Broma 4-6 2-3 1-3 1-2 0-1 0-1 0-1 01 0-1
Fatigue
ConnusicTs 3-4 0-1 12 | 01 0-1 0-1 0-1 01 0-1
Drowsiness
Hynora 0-2 0-2 0-1 0-0 0-1 0-2 0-1 0-0 0-1
Nausea
SHWKeHHs anetuTy 3-4 0-3 0-3 | 0-1 0-0 0-0 0-1 0-1 0-2
Loss of appetite
3aguuwka
Shortmaes of breath 1-2 1-2 0-1 0-1 0-1 0-1 0-1 0-1 0-2
fenpecis 0-3 1-1 0-1 0-0 0-0 0-0 0-0 0-0 0-1
Depression
Tpusora 1-3 1-1 0-1 0-0 0-0 0-0 0-1 0-0 0-1
Anxiety
CamonodyTTs 5-6 1-2 0-2 | 0-1 0-2 01 0-1 0-0 0-0
Well-being
IHWe
other 0-1 0-1 0-1 0-1 0-0 0-1 0-1 0-1 0-1
3arankHui Gan 24-39 7-19 | 3-18 | 2-9 0-9 0-8 0-9 0-6 0-12
Total score

CCTTKA npogemoHcTpyBana LUBUOKUA Ta CTiNKWN
aHanbreT4yHN edekT y nauieHTkn 3 AMCEeMiHOBaHOM
MENaHoOMOK i MHOXMHHMMK MeTacTasamu LIHC, gosso-
NVBLUM BIAMOBUTUCH BiJ BMCOKUX [,03 OMiOIAIB i CyTTEBO
MOKPALLMTUN SKICTb XXUTTSI NPOTArOM TPbOX pokiB. Mexa-
Hi3M il MOBIpHO MOB’sI3aHWIA i3 MoaudiKauied eHao-
KPUHHO-HOLIMLENTUBHOI OCi (3HWMXeHHS cekpeuii AKTT /
B-eHpopdpiHy), opHak noTpebye noganbwmx nabo-
pPaTOPHMX AOCHIMKEHD.

KAiHiYHUI BUNaAOK 2

MauienTka K., 52 poku, 3BepHynacsa OO Hewnpoxi-
pypridHoro BigaineHHs y 6epesHi 2014 p. 3i ckapramu
Ha NOCTIHUIA, NPaKTUYHO HeKynipyBaHWi Ginb y AinsHui
Tasza Ta KPWXKOBO-KYNpuKOBOro Biadiny xpebra, iHTeH-
CVBHWUIA TOMOBHUIA 6inb, HyQOTy, MOripLWEHHS 30pY,
a Takox cnabkicTb i BTpaTy 60MnboBOI Ta TemMnepaTypHoi
YyTAMBOCTI B NiBWX KiHUiBKax. [lpoTarom nonepepHix
TPbOX MiCALIB Li CUMNTOMM LIBMAKO Mporpecysanu,
He3Ba)kaloumn Ha eckanauito onioigHoi aHanbresii (MopdiH
per os 60 mr/goby 3 ag’toBaHTamu). B aHamHesi — pagu-
KanbHe BuAaneHHs MenaHoMW MpaBoro CTerHa 3 naxo-
BMMU nimdpoBy3snamu (civeHb 2013 p.).

O6’exkTMBHO: CBIOOMICTb 3HWXeHa (12 6aniB 3a LK),
ECOG - 2. HeBpornoriyHO BM3Ha4Yanucsa nopyLleHHs
KOHBepreHuii Ta akomopgauii (D>S), niBobivHUIA remi-
napes (MRC 4/3), rinectesis Ta TepMoaHecTesis

No complications such as hypopituitarism or diabetes
insipidus were observed.

SSTTCA demonstrated a rapid and sustained
analgesic effect in a patient with disseminated melanoma
and multiple CNS metastases, allowing for discontinuation
of high-dose opioid therapy and a significant improvement
in quality of life over a three-year period. The mechanism
of action is likely associated with modulation of the
endocrine—nociceptive axis (reduction of ACTH and
B-endorphin secretion), although this requires further
investigation in laboratory settings.

Case Report 2

A 52-year-old woman (Patient K.) was admitted
to the neurosurgery clinic in March 2014 with complaints
of persistent, intractable pain in the pelvic and
sacrococcygeal regions, severe headache, nausea,
visual disturbances, and progressive weakness with loss
of pain and temperature sensation in the left limbs. Over
the previous three months, these symptoms had rapidly
progressed despite escalating opioid analgesia (oral
morphine 60 mg/day with adjuvant medications).

Her medical history included radical excision
of melanoma of the right thigh with inguinal lymph node
dissection in January 2013.

Clinical examination revealed decreased
consciousness (Glasgow Coma Scale score: 12), ECOG
performance status of 2. Neurological evaluation showed
impaired convergence and accommodation (right > left),
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nisopyd. MPT ronoBHOro MO3Ky BuSBMNa OKpYrnum
metactas giametpom 40 MM y AinsHUi CTUKY npa.oil
nobHoi Ta TIM'SIHOI YacToK i3 AMcroKalieto cepeanHHUX
cTpykTyp Ha 10 mm. MET/KT 3acBigumna metactaTuyHi
YPaKeHHs NaxoBWX Ta BHYTPILIHbOTA30BMX MiMdO-
BY3niB, CiOQHWYHOI N KNyBOBOI KICTOK Ta KPWXOBO-KYMNpw-
koBoro Biaainy xpebta. Ctagis xBopobu knacudgikoBaHa
gk TAN3M1a,c (R2).

Micns crabinisauii comaTtuyHOro cTaHy nauieHTui
BMKOHAHO CTaHAAPTHY KPaHIOTOMil0 Yy MOOHO-TIM SHIN
[OiNsHUi 3 TOTanbHUM BUAANEHHSIM MeTacTaay, Lo 403BO-
nWMo WBMAKO KymipyBaTV BHYTPILUHbOYEPEnHy rinep-
TEH3il0 Ta perpec 3aranbHO-MO3KOBOi CUMMMTOMATUKU.
Ockinbkn BupaxeHuin Ta3oBui Binb 3anuwaBcs pesuc-
TEHTHUM A0 chapmakoTepanii ogpasy npoBefeHO cernek-
TmBHy CCTTKA: 0oaMH UMK 3aMOPOXYBaHHSA PiaKUM
asoTtom (—196 °C) npoTarom 4BOX XBUITMH Mi HEMPOHAaBI-
rauiiHuM KOHTpOonem.

AHanbreTM4yHUn edekT HacTaB MPOTAroM nepLunx
6—12 roa: iHTEHCUBHICTb GOm0 3a LUMEPOBOIO LLKAIOH
NRS 3Husunaca 3 6-7 go 1-3 6anis, A03BOMUBLLYU
yepe3 72 roA MOBHICTO BiAMIHMTKM onioign W 3anu-
wutn Tinbkn niatpumysaneHi HIM3M y pasi notpebw.
lMopanblue cnocTepeXxeHHs MNpPOAEMOHCTPYBano CTinKy
pewmicito 60nNbOBOro CMHAPOMY: Yy nepiod Big O4HOrO A0
21 wmicaua nicna CCTTKA nauieHTka ouiHoBana 6inb
y Mexax 0-2 6anu. MNapanensHo cyTTEBO MoKpalyunacs
SKICTb XKUTTS: CymMapHMI nokasHuk ESAS-R 3ameHwmnBcs
315-32 6anis nepen BTpy4aHHsM go 6—20 yepes 12 roamH
Ta He nepeBullyBaB 9 MPOTArOM YCbOro HarnsgoBoro
nepiogy. JliBoGiYHMI reminape3 4acTKOBO perpecysas
(3o MRC 4+), o3Hak rinonityitapuaMmy 4u HeLyKpOBOro
niabety He BusiBneHo. [luHamika perpecy 0omto Ta 3miHu
SKOCTI XXUTTS OO0 BTPYYaHHsA Ta nicns yepes 6—12 yacis
i gani npotarom 21 micausa BigoOpaXeHi Ha PUCYHKY 2
Ta Tabnuui 2.

left-sided hemiparesis (MRC 4/3), hypesthesia, and
thermal anesthesia on the left.

MRI of the brain revealed a rounded metastasis
(40 mm in diameter) at the junction of the right frontal
and parietal lobes, with a 10 mm midline shift. PET/
CT confirmed metastatic involvement of the inguinal
and pelvic lymph nodes, ischial and iliac bones, and
the sacrococcygeal spine. The disease was classified
as T4N3M1a,c (R2).

After stabilization of the somatic condition, the
patient underwent standard frontoparietal craniotomy
with total resection of the brain metastasis, which
resulted in rapid resolution of intracranial hypertension
and regression of global neurological symptoms.
However, the patient continued to suffer from severe
refractory pelvic pain. Therefore, selective stereotactic
transnasal transsphenoidal cryoablation (SSTTCA) was
performed immediately thereafter: one cryoablation cycle
with liquid nitrogen (-196 °C) for two minutes under
neuronavigational guidance.

Analgesic effect was achieved within the first
6-—12 hours: pain intensity (NRS) decreased from 6-7 to
1-3 points, allowing complete discontinuation of opioids
within 72 hours, with only NSAIDs used as needed.

Follow-up revealed sustained remission of pain:
between 1 and 21 months post-SSTTCA, the patient rated
her pain within 0—2 points. Simultaneously, quality of life
significantly improved: ESAS-R total score decreased
from 15-32 before the procedure to 6-20 at 12 hours
post-intervention and remained below 9 during the entire
follow-up period. The left-sided hemiparesis partially
regressed (up to MRC 4+), and no signs of hypopituitarism
or diabetes insipidus were observed.
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Puc. 2. JuHamika cepenHix nokasHukie 6onto 3a wkanoto NRS y nauieHtkn K. go ta nicna CCTTKA
Fig. 2. Dynamics of average pain scores on the NRS scale in Patient K. before and after SSTTCA
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Tabnuusa 2. lnHamika noka3HukiB cMMnToMmiB nauieHTkun K. 3 gucemiHyovoo/peunamsHoto menadomoto IV ctagii,
iHTpaLepebpanbHUMK, BicLepanbHUMK MeTacTasamu Ta pedpakTepHum 601bOBMM CUHOAPOMOM 3a onuTyBansHMkom ESAS-R
Table 2. Dynamics of symptom scores in Patient K. with stage IV disseminated/recurrent melanoma, intracerebral and visceral

metastases, and refractory pain syndrome, according to the ESAS-R questionnaire

i0a6RsLil TepMiH crnocTepexeHHs
CumnTtom flo Kg;zr:m" Observation period
Symptom cryoablation 6-12 rog 3 noba 1 mic 3 mic 6 mic 12 mic 21 mic
hour day 1 month | 3month | 6 month | 12 month | 21 month
binb 6-7 1-3 0-3 1-2 0-2 0-1 0-1 0-1
Pain
Broma 4-5 1-3 1-2 0-2 01 01 01 0-1
Fatigue
Cornvsicte 2-3 1-2 1-2 0-1 01 0-1 0-1 0-1
Drowsiness
Hynora 0-2 0-2 0-1 0-0 0-1 0-1 0-0 0-1
Nausea
SHUXEHHR aneTuty 1-3 0-2 0-2 01 0-0 0-0 0-1 0-1
Loss of appetite
3aguuwka
Shortness of breath 0-1 0-2 0-1 0-1 0-0 0-0 0-0 0-1
flenpecis 1-3 1-1 0-1 0-0 0-0 0-0 0-0 0-0
Depression
Tpusora 1-3 1-2 0-1 0-0 0-0 0-0 0-1 0-1
Anxiety
CamonouyTTs 2-4 1-2 0-2 0-1 0-1 0-1 0-1 0-1
Well-being
IHWe
Oother 0-1 0-1 0-0 0-0 0-1 0-1 0-1
3araniHui 6an 15-32 6-20 216 1-8 0-6 0-6 0-7 0-9
Total score

XKutta 6e3 kniHiYHO 3Hauylworo OGonw TpuBano
21 micaup; y TpasHi 2016 p. nauieHTka K. nomepna Big
nporpecyBaHHs MenaHoMu 6e3 MOBEPHEHHS TSKKOro
6onto. OTpMMaHuin 4OCBIA CBIAYUTD, LLIO NOEAHAHHS KpaHi-
oTomii 3 CCTTKA moxe 3abe3neqnTy LUBUAKUA | TpuBanum
KOHTpPOSb pedpakTepHOro oHkonoriyHoro Gonto B naui-
€HTIB 3 OMCEMIHOBAHOK MEeNaHOMOK Ta MHOXWUHHUMMU
MeTacTa3aMu, CyTTEBO NiABULLYIOYN SKICTb XUTTS HaBiTb
Ha TepMiHanbHiIl cTagii 3axBOploBaHHS.

MauieHTn 3 menaHomotro wWkipu IV cTagii 3 MHOXUH-
HUMM iHTpauepebpansHYMK Ta BicuepanbH1MK MeTacTa-
3aMU Hanexatb [0 rpynu 3 BKpaW HECNpUATIMBUM
NPOrHO30M: MefjiaHa 3arasibHOI BMXKMBAHOCTI B Lii KOropTi
CTaHOBUTL Nnwe 3—6 micauis. [logaTkoBow npobrnemoto
€ BUPAXEHWUA OHKOMOTYHUIA Binb, SKUA 4acTo BUSIBNS-
€TbCS pedpakTepHUM 0 CTaHAapTHOI hapmakoTepanii.

3actocyBaHHA CCTTKA sk metogy BuGopy ANng Kyni-
pyBaHHS1 pedpakTepHoro 60MbOBOr0 CUHAPOMY Yy naui-
€HTOK i3 MenaHoMmolo Lwikipu [V cTagii gano 3amory cyTTeBo
3HM3NTK IHTEHCMBHICTL Oonto ¥ 3abesneunty TpuBani
6e300nboBi nepioan ax Ao KiHus xutta. Okpim nonin-
LWEHHSA SKOCTi XWUTTS, CMOCTEpiraBcst €eKCnnopaTyvBHUN
edbekT: TpMBanicTb XMTTA cArHyna 21 ta 36 micsuis, Togi
SIK MPOrHO30BaHO O4iKyBarnoch NuLLE Kinbka MicsLiB.

OBrOBOPEHHA

XPpOHiYHMIA  Binb, WO BTPaTUB CUrHaNbHO-3aXUCHY
dyHKUIO, OPMYETLCA BHACnigoK CKragHol  B3aemopil

The dynamics of pain reduction and quality-of-life
improvement before the intervention and at 6-12 hours
post-procedure, as well as during the 21-month follow-up,
are presented in Figures 2, and Table 2.

The period of life without clinically significant pain
lasted 21 months. In May 2016, the patient died due
to melanoma progression, without recurrence of severe
pain. This case demonstrates that combining craniotomy
with  SSTTCA may provide rapid and long-lasting
control of refractory cancer-related pain in patients
with disseminated melanoma and multiple metastases,
significantly improving quality of life—even in the terminal
stage of disease.

Patients with stage IV cutaneous melanoma and
multiple intracerebral and visceral metastases represent
a group with an extremely poor prognosis, with a median
overall survival of only 3-6 months. An additional
challenge is the presence of severe cancer pain, which
is often refractory to standard pharmacological treatment.

The use of SSTTCA as a treatment of choice for
managing refractory pain syndrome in patients with stage
IV melanoma resulted in a substantial reduction of pain
intensity and enabled extended pain-free periods until
the end of life. Beyond improving quality of life, a notable
exploratory finding was the unexpectedly prolonged
survival of 21 and 36 months, respectively, while the
expected prognosis had been only a few months.

DISCUSSION

Chronic pain that has lost its signaling and protective
function develops as a result of complex interactions
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nepudepuyHMX i LEHTpanbHUX MEXaHi3MiB  CEeHCUTU-
3auii. Y KniHiYHIM npakTuui Noro nikyBaHHA 3anuvLLaeTbCs
CEepro3Ho Mpobrnemoro, 0cobnMBO 3a YMOB PE3UCTEHT-
HOCTI 0 CTaHA4apTHOI hapmakoTepanii. EkcnepymeHTanbHi
Ta KniHiYHI JaHi cBigyaTh, L0 XPOHi3auis 6o 3ymoBneHa
3HWKEHHAM aKTUBHOCTI aHTMHOUMUENTUBHOI CUCTEMU —
Hacamnepen ANCHYHKLIE eHAoreHHOT onioiaHoI perynauii
Ta rinotanamo-rinogisapHo-agpeHanoBoi oci [15-17].

BaxnuByM nNaToreHeTUYHUM YMHHUKOM € nepude-
pyvYHa CEHCUTM3ALis, CMpuYMHEeHa Aielo npo3anarnbHUX
MefiaTopiB (NpocTarnaHAanHiB, OpaauKiHiHy, LIMTOKIHIB), SKi
3HVDKYHOTb MOPIr akTUBaLii HouuuenTopis. BHacnigok Lboro
3HKYETBCA Nopir  30ymKeHHs 60nboBUX  peLenTopis,
Lo Npu3BOAUTb A0 rinepanbresii. LleHTpanbHa ceHcntu-
3aLisi, y CBOK 4epry, nonsrae B MiABWLLEHIA 30yanmnBoCTi
HENPOHIB CMMHHOMO MO3KY Ta HaflCErMEHTapHMX CTPYKTYP.
Llen cTaH cynpoBOAKyETbCA 3MiHAMM Y CUHANTUYHIN Nepe-
[Oaui, 3okpema HagmipHoto aktuauieto NMDA-peuenTtopis
Ta BMBINIbHEHHAM rmyTamarty [15, 16, 18].

OAHMM i3 BaXXNMBUX HEMPOEHOOKPUHHUX MEXAHI3MIB,
SKi BMMUBaKOTb Ha CNPUWHATTS Oono, € yvacTb rino-
hiza Ta NOB’A3aHMX 3 HUM CTPYKTYp Y Mogynsuii Houm-
uenTuBHOI BignoBigi. lNnodiz 6epe yyactb y perynauii
CTpec-BignoBiai 4epe3 rinotanamo-rinodizapHo-agpe-
HanoBy BiCb, WO akTMBYE BWAINEHHS KOPTMKOCTEPO-
iniB, KOTpi MalTb NpoTM3ananbHU Ta aHanbreTUYHUI
edekTn. Kpim TOro, HempocekpeTopHa LisnbHICTb Fino-
(piza 3abe3nevye NpoayKLUito B-eHA0PdIHIB — EHOOTEHHNX
onioigie, WO B3aEMOAIOTbL 3 ONiOIAHMMK peLenTopamMu
LieHTparnbHOI HEPBOBOI CUCTEMMW Ta MPUTHiIYYIOTb 6OMLOBY
nepegayy [19].

Micna ekcnepumeHTanbHOI abo KniHIYHOT rinodizek-
TOMIi cnocTepiraeTbcs NiABULLEHHS PiBHIB B-eHO0OpPdiHIB,
OKCUTOLMHY, BasonpecuHy Ta AKTT, LWo Kopentoe 3 nokpa-
LLeHHAM aHanbresii y naniaTuBHUX XBOPUX 3 OHKONAaTomno-
rieto [20, 21]. KninivHi cnoctepexeHHs Takeda Ta cnieaBsT.
nokasanu, LWo rinodi3ekToMia CynpoBOAXKYETbCA BUpa-
KEHUM aHanbreTM4HUM edeKTOM HaBiTb Yepes Kinbka
TWXHIB nicnsa BTpyYaHHsA. EdekT nos’asytoTb i3 akTuBa-
Li€El0 MapaBeHTPUKYMSPHOrO Ta CynpaonTUYHOrO siaep
rinotanamyca, $Kki OEMOHCTPYOTb BWCOKY €KCMpecito
6inka c-FOS y BignoBiab Ha 6onboBy cTumynsuito [20].

Huska pgocnigxeHb, npoBeaeHnx y 1968-2018 pokax,
OUiHIOBanu CTepeoTakCUYHy pagioxipypriyHy rinodisek-
TOMItO Ans NiKyBaHHA XPOHIYHOrO OHKOJOriYyHoro 6ornto,
NPOAEMOHCTPYBaNM  KMiHIYHO  3HadyLle MOomnereHHs
He MeHW $K y 86% nauieHTiB. HamBuwly edeKkTBHICTb
BiA3HA4YeHO Npu MeTacTasax y KicTku, npu ubomy y bara-
TbOX XBOPWUX BUPaKEHE 3HWXKEHHSI IHTEHCUBHOCTI Gonto
dikcyBanocsa BXe MNPOTArOM KinbKOX AHIB nicns BTpy-
YyaHHs. [MobiyHi siBMWA, ki BKIOYanu, Hacamnepea,
rOpMOHarnbHi MOPYLUEHHS (BKMOYHO 3 TPaH3UTOPHUM
LeHTpanbHUM HELlKPOBUM AiabeToMm), Tpannanmcs pigko
Ta 3a3Buyain 6ynun Tumyacosumu [22—241].

HewopaBHin  cuctemaTmyHUin ~ ornsg — Mokasas,
wo xipypriyHe TapreTyBaHHs rinodiza acouieTbcs
3 nonerweHHsMm Gonto y 82,2% Bunagkis, Todi Sk npu
CTEepPEOTAKCUYHIN  pagioxipyprivHin  rinodisekTomii  Len
nokasHuk csarae 93,5% [25, 26].

Omxe, OpMyBaHHA XPOHIYHOro 6O0n 3yMOBNEHO
CKNagHOoI B3aEMOZIED NePUdEPUYHUX | LeHTparnbHUX
MeXaHi3MiB CeHCcMTU3auil, B $Ki aKTMBHO 3any4veHa
€HOOKpPUHHa cuctema. linogia Bigirpae He nuwe porb

between peripheral and central sensitization mechanisms.
In clinical practice, its management remains a significant
challenge, particularly in cases of resistance to standard
pharmacotherapy. Experimental and clinical data indicate
that pain chronification is largely associated with decreased
activity of the antinociceptive system—primarily due
to dysfunction of the endogenous opioid regulatory pathways
and the hypothalamic—pituitary—adrenal (HPA) axis [15-17].

A key pathogenic factor is peripheral sensitization,
triggered by the action of pro-inflammatory mediators
(prostaglandins, bradykinin, cytokines), which reduce
the activation threshold of nociceptors. As a result, the
excitability threshold of pain receptors decreases, leading
to hyperalgesia.

Central sensitization, in turn, is characterized
by increased excitability of neurons in the spinal cord and
supraspinal structures. This condition is accompanied
by changes in synaptic transmission, particularly
excessive activation of NMDA receptors and glutamate
release [15, 16, 18].

One of the key neuroendocrine mechanisms
involved in pain perception is the role of the pituitary
gland and associated structures in modulating the
nociceptive response. The pituitary participates in the
regulation of the stress response via the hypothalamic—
pituitary—adrenal (HPA) axis, which triggers the release
of corticosteroids—hormones with  anti-inflammatory
and analgesic properties. Moreover, the neurosecretory
activity of the pituitary gland ensures the production
of B-endorphins, endogenous opioids that interact with
opioid receptors in the central nervous system and inhibit
pain transmission [19].

Following experimental or clinical hypophysectomy,
elevated levels of B-endorphins, oxytocin, vasopressin,
and ACTH have been observed, correlating with
improved analgesia in palliative patients with oncologic
conditions [20, 21]. Clinical observations by Takeda et al.
demonstrated that hypophysectomy was associated with
a pronounced analgesic effect lasting several weeks
post-intervention. This effect has been attributed to the
activation of the paraventricular and supraoptic nuclei
of the hypothalamus, which exhibit high c-FOS protein
expression in response to nociceptive stimuli [20].

A series of studies conducted between
1968 and 2018 evaluated stereotactic radiosurgical
hypophysectomy for the treatment of chronic cancer pain
and demonstrated clinically significant relief in at least
86% of patients. The highest efficacy was noted in cases
of bone metastases, with many patients experiencing
a marked reduction in pain intensity within just a few days
after the procedure. Adverse events, primarily hormonal
disturbances (including transient central diabetes
insipidus), were rare and generally temporary [22—24].

A recent systematic review showed that surgical
targeting of the pituitary is associated with pain relief
in 82.2% of cases, whereas stereotactic radiosurgical
hypophysectomy achieves this in up to 93.5%
of cases [25, 26].

Thus, the development of chronic pain is driven
by a complex interplay of peripheral and central
sensitization mechanisms, in which the endocrine system
plays an active role. The pituitary gland functions not only
as a regulator of humoral balance but also as a modulator
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y rymMoparnbHiv perynsuii, ane 1 6epe yvacTb y npouecax
moaudikauii 6onboBux Big4yTTIB. 3 ornsgy Ha ue,
MOro uinecnpsiMoBaHe BKIMIOYEHHSI [0 KOHLENTyanbHUX
Modenen aHanbresii  BigkpvBae nNepcnekTMBu  Ons
pO3pobKM HOBMX JliKyBanbHUX CTpaTeriin, 30KkpeMa Aans
oHKkonauieHTiB. MNoganbLui AOCNioKEHHS eHOOKPUHHO-HO-
LUMLUENTUBHOI B3AaEMOAii MOXYTb CMpPUATU CTBOPEHHIO
nepcoHarnisoBaHUX nigxoiB A0 MNiKyBaHHA XPOHIYHOro
6onto, ocobnueo y BUNagkax, Konv TpaguuinHa Tepanis
BUSABIAETLCA ManoedekTuBHoOL [27].

3 KniHiYHOI TOYKM 30py NiKyBaHHA XPOHiYHOro 6o
mae Oytu GaratopiBHeBuM. Ha gogaTtok go chapmakono-
rivHoi Tepanii (HIM3I1, onioign, aHTuaenpecaHTu, aHTK-
KOHBYNbCaHTN) edEKTUBHUMU € HeNpOiHTEPBEHLNHI
meToau — Griokaaw, iHTpaTekanbHi iHdYs3ii, Helipoxipyp-
rivHi BTpydaHHsa [28]. CborogHi papgioxipypridyHa rinodi-
3eKTOMig cTarna nepcneKkTMBHUM HeiHBa3UBHMM MiAX040M
[0 NiKyBaHHS TSHKKOro 6omto npu paky.

MpencTtaBneHi  KMiHiYHI  BMNagkM  OEMOHCTPYHOTh,
O CerfekTMBHA padioToKCU4yHa rinodisekTomia moxe
3abesnevyBatv wWwBuaku (6—12 rog) i TpuBanuii (mo
36 mic) aHanbreTU4HNUIN eeKT i3 CYyTTEBNM NOKPaLLEHHAM
SAKOCTi XXMTTS Ta 3HWKEHHAM 3acToCyBaHHSA oOnioidis
y NauieHTOK 3 AMCEMIHOBAHOK MeNaHOMOW i pedpak-
TepHum 6onboBMM cuHApoMoM. OTpumaHi pesynsratv
y3rofpkytoTbes 3 nybnikauismu, ae rinodis, sk miweHb
aHanbreTU4HOro BTPYYaHHS, PO3MMsAAaeTbCs NS Marnoi,
arne KniHiYHO 3Ha4yLLoi KOropTy XBOPUX i3 pedppakTepHUM
bonewm, konu apmakoTepanis Buyepnana MOXIMBOCTI.
Y cyyacHux HactaHoBax (WHO, ESMO) iHTepBeHLUiliHi
MEeTOAU PO3rnsifaloTb SIK «HETBEPTUN PiBEHb» Y BMNAOKY
HeeEeKTMBHOCTI onioigiB/Ko-aHanbreTukie, NpoTe rinodi-
3EKTOMisl HEe HanNeXxuTb 40 CTaHAAPTHUX oMU i noTpebye
iHOMBIQYyanizoBaHOrO pilleHHs MYynbTUAMCLMANIHAPHOK
koMaHgoto [2, 11]. MNopiBHSAHO 3 ansTepHaTMBamu (iHTpa-
TekarnbHa Tepanid, Xop4oTOMid, CUMMaTUYHI HEMpOoriaun)
CCTTKA noteHuiiHO 3abesneyye CUCTEMHWUIA aHanbre-
TUYHWUIA BNNKB, ane mMae BY4y [oka3oBy 6a3y Ta BMMarae
FOTOBHOCTI 4O MOHITOPUHIY €HOOKPUHHUX NopyLUeHb [29].

Micna rinocpizekToMmii cnocTepiraeTbcs pednekTopHe
NigBULLEHHSA PiBHA [B-eHAOPMIHIB, SKi MOXyTb BMBINb-
HATUCS 3 HEMPOHIB rinotanamyca, rinodisa Ta HagHup-
KoBux 3arno3. Came Len edekT, K BBaXAETbCH, € OOHUM
i3 KMOYOBUX MexaHiaMiB MopdiHonoaibHoi aHanbresii,
onucaHoi nicnsa AecTpykuii rinodgisa oHkonatornorieto [20].

Micna kpioabnsauii rinodgiza MoOXnMBE BTOPUHHE
NiOBULLEHHST aKTMBHOCTI TIIOKOKOPTUKOIAIB, €HOOTEHHNX
onioifdiB Ta OKCUTOLMHY, SIKi CYMapHO 3HWXYIOTb aKTu-
BaLjito Mikpornii 1 HelposananeHy BianoBiab. Lle cnpusie
3MEHLLEHHIO LIeHTparnbHOI CeHCUTM3aLil, O € KIYOBUM
MeXaHi3MoM y chopMyBaHHi XpoHidyHoro 6ornto [15, 16].

MexaHiam aHanbresii nicnsa CCTTKA AMOBipHO NoB’s-
3aHMIA i3 aKTuBaUie €eHAOreHHoi onioigHoi cuctemu
(B-eHaopdiHN), NIABULLEHHAM pPIBHS KOPTUKOCTEPOIAiB
Ta OKCUTOLMHY, LLO CMPUSIE ranbMyBaHHIO LeHTparnbHOI
CeHCcMTU3aUIil Ta 3MEHLLEHHIO Hepo3anarneHHs.

Takmm umHom, CCTTKA noctae sk nepcrnekTuBHa
iHTEepBEHLiNHa cTpaTeris KOHTPON0 pedpakTEPHOr0 OHKO-
noriyHoro Gonto, i Mae OyTu iHTerpoBaHa B MynbTUANUC-
uunniHapHi  MaplpyTi naniatmeBHOi gonomoru. HassHi
KMiHIYHI CNOCTEPEXEHHS BKa3yOTb HA NOTEHLIHY KNiHIYHY
UiHHICT MeTody Y nauieHTiB i3 BuMpaxeHuM OGonboBUM

of pain perception. In this context, its deliberate inclusion
in conceptual models of analgesia offers promising
directions for the development of new treatment strategies,
particularly for patients with advanced cancer. Further
exploration of endocrine—nociceptive interactions may
contribute to the creation of personalized approaches
to chronic pain management, especially when conventional
therapies prove ineffective [27].

From a clinical perspective, the management
of chronic pain should be multimodal. In addition
to pharmacological therapy (NSAIDs, opioids,

antidepressants, anticonvulsants), neurointerventional
techniques—such as nerve blocks, intrathecal infusions,
and neurosurgical procedures—have proven effective
[28]. The use of neuromodulation technologies (spinal
cord stimulation, transcranial stimulation) significantly
expands the therapeutic arsenal. At the same time,
non-pharmacological approaches—including cognitive-
behavioral therapy, physical therapy, and rehabilitation—
remain critical components in the multidisciplinary
management of patients.

It is important to acknowledge that this study
is based on only two clinical cases, which substantially
limits the generalizability of the findings to a broader
patient population. Moreover, the lack of a control
group and the retrospective nature of the study prevent
a definitive attribution of the observed clinical outcomes
specifically to the selective stereotactic cryoablation
of the adenohypophysis (SSTTCA). Nevertheless, our
clinical observations in two advanced melanoma cases
suggest that SSTTCA may substantially reduce pain
intensity and provide long-lasting analgesia until the end
of life. In addition to the notable improvement in quality
of life, an exploratory survival benefit was observed: life
expectancy reached 21 and 36 months, far exceeding the
initially predicted few months [29].

Following hypophysectomy, there is often a reflexive
increase in B-endorphin levels, which may be released
from hypothalamic neurons, the pituitary, and adrenal
glands. This mechanism is considered one of the key
contributors to the morphine-like analgesic effect observed
after pituitary destruction in oncology patients [20].

Pituitary cryoablation may lead to a secondary
elevation in glucocorticoids, endogenous opioids, and
oxytocin—factors that collectively suppress microglial
activation and neuroinflammation. This contributes to the
reduction of central sensitization, a key mechanism in the
development of chronic pain [15, 16].

Therefore, the analgesic effect of SSTTCA is likely
mediated through activation of the endogenous opioid
system (B-endorphins), increased levels of corticosteroids
and oxytocin, and subsequent inhibition of central
sensitization and neuroinflammatory responses.

In summary, SSTTCA appears to be a promising
interventional method for the treatment of oncologic
pain. It warrants further investigation and integration into
clinical practice, particularly as part of a multidisciplinary
approach to palliative care in patients with refractory
cancer pain.
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CYHOPOMOM, OfHaK Ans NepeKkoHNMBOI Banigauii NoTpPiGHi
GinbLUi, METOAONOrNYHO OAHOPIAHI AOCHIOXKEHHS.

BUCHOBKHU

CenekTBHa CTepeoTakCMYHa TpaHCHa3arnbHa TpaHc-
cheHoiganbHa Kpioabnauia ageHorinodiza npogemoH-
CcTpyBana eeKTUBHICTb Yy KynipyBaHHi pedpakTepHoro
60MNbOBOro CMHAPOMY Yy NauieHTOK 3 AuceMiHoBaHow/
peuMaMBHOK  MernaHomow  wkipn. O6buaBa  KNiHiYHI
BUMAOKM MiATBEPMKYOTb MOXMMBICTb OOCATHEHHST CTili-
KOro aHanbreTu4yHoro edekTy npoTAroM TpMBanoro
nepiogy (21 ta 36 mic), L0 3HAYHO NEePEBULLYE OYiKyBaHy
MefiaHy BMXMBAHOCTI TakMx nauieHTiB (3—6 mic).

Y HaBedeHux KIiHIYHMX BUMNagKax MnpoBefeHHS
CCTTKA [03BONMIIO iCTOTHO 3HM3UTKM piBeHb ©Oonto
(3a wkanow NRS 3 6-8 go 0-2 6anis), nokpawmTtu
AKICTb XUTTA (3a ESAS-R), yHVKHYTM NOBiYHMX edekTiB
TpuBanoi onioigHoi Tepanii Ta [OCArTM naniaTMBHOIO
ecekTy 6e3 nporpecytoyoro 3He6onKYOro MegukamMmeH-
TO3HOIO HaBaHTaXEHHS.
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CONCLUSIONS

Selective stereotactic transnasal transsphenoidal
cryoablation of the adenohypophysis (SSTTCA) proved
effective in managing refractory pain syndrome in patients
with disseminated or recurrent cutaneous melanoma.
Both clinical cases demonstrate the potential to achieve
a sustained analgesic effect over a prolonged period
(21 and 36 months), significantly exceeding the expected
median survival for such patients (3—6 months).

In the presented clinical cases, SSTTCA markedly
reduced pain levels (from 6-8 to 0-2 points on the
NRS), improved quality of life (according to ESAS-R),
avoided the side effects of long-term opioid therapy, and
achieved a palliative effect without the need for escalating
pharmacological analgesia.

REFERENCES

1. Li X, Zhao Z, Zhang M, Guixia L, Zhang P. Research
progress of microneedles in the treatment of melanoma.
Journal  of Controlled Release. 2022;348:631-47. DOI:
https://doi.org/10.1016/j.jconrel.2022.06.021

2. Rutkowski P, Wysocki PJ, Nasierowska-Guttmejer A. Cutaneous
melanoma: ESMO clinical practice guideline for diagnosis, treatment
and follow-up. Annals of Oncology. 2025;36(1):10-30. DOI:
https://doi.org/10.1016/j.annonc.2024.11.006

3. Villani A, Potestio L, Fabbrocini G. The treatment
of advanced melanoma: therapeutic update. International
Journal of Molecular  Sciences. 2022;23(12):6388. DOI:

https://doi.org/10.3390/ijms23126388

4. Lopes J, Rodrigues CM, Gaspar MM, Reis CP. Melanoma
management: from epidemiology to treatment and latest
advances. Cancers (Basel). 2022;14(19):4652. DOI:
https://doi.org/10.3390/cancers 14194652

5. Interno V, Sergi MC, Metta ME, Guida M, Trerotoli P, Strippoli S, et al.
Melanoma brain metastases: a retrospective analysis of prognostic
factors and efficacy of multimodal therapies. Cancers. 2023;15:1542.
DOI: https://doi.org/10.3390/cancers15051542

6. Rozumenko V, Liubich L, Staino L, Egorova D, Dashchakovskyi A,
Malysheva T. Cytodestructive effects of photodynamic exposure
in primary cultures of malignant glioma cells. Innovative
Biosystems  and  Bioengineering.  2024;8(4):48-68. DOI:
https://doi.org/10.20535/ibb.2024.8.4.317985

7. Pedersen S, Mgller S, Donia M, Persson GF, Svane IM, Ellebaek E.
Real-world data on melanoma brain metastases and survival
outcome. Melanoma  Research. 2022;32(3):173-82. DOI:
https://doi.org/10.1097/CMR.0000000000000816

8. Tan XL, Le A, Lam FC, Scherrer E, Kerr RG, Lau AC, et al. Current
treatment approaches and global consensus guidelines for brain
metastases in melanoma. Frontiers in Oncology. 2022;12:885472.
DOI: https://doi.org/10.3389/fonc.2022.885472

9. Vasudevan HN, Susko MS, Ma L, Nakamura JL, Raleigh DR, Boreta L,
et al. Mutational status and clinical outcomes following systemic
therapy with or without focal radiation for resected melanoma
brain metastases. World Neurosurgery. 2023;170:e514-9. DOI:
https://doi.org/10.1016/j.wneu.2022.11.060

10. Swarm RA, Paice JA, Anghelescu DL, Are M, Bruce JY, Buga S, et al.
Adult cancer pain, version 3.2019, NCCN clinical practice guidelines
in oncology. Journal of the National Comprehensive Cancer Network.
2019;17(8):977-1007. DOI: https://doi.org/10.6004/jnccn.2019.0038

11. World Health Organization. WHO guidelines for the pharmacological and
radiotherapeutic management of cancer pain in adults and adolescents.
Geneva: World Health Organization; 2018. Licence: CC BY-NC-SA
3.0 IGO. URL: https://www.who.int/publications/i/item/978924 1550390

12. Sharma A, Thakur N, Thakur A, Bhardwaj N. Role
of interventional techniques in the management of cancer pain.
Asian Pacific Journal of Cancer Care. 2023;8(2):391-9. DOI:
https://doi.org/10.31557/apjcc.2023.8.2.391-399

Bunagok i3 npakTukum

663

A case from practice


https://doi.org/10.1016/j.jconrel.2022.06.021
https://doi.org/10.1016/j.annonc.2024.11.006
https://doi.org/10.3390/ijms23126388
https://doi.org/10.3390/cancers14194652
https://doi.org/10.3390/cancers15051542
https://doi.org/10.20535/ibb.2024.8.4.317985
https://doi.org/10.1097/CMR.0000000000000816
https://doi.org/10.3389/fonc.2022.885472
https://doi.org/10.1016/j.wneu.2022.11.060
https://doi.org/10.6004/jnccn.2019.0038
https://www.who.int/publications/i/item/9789241550390
https://doi.org/10.31557/apjcc.2023.8.2.391-399
https://doi.org/10.1016/j.jconrel.2022.06.021
https://doi.org/10.1016/j.annonc.2024.11.006
https://doi.org/10.3390/ijms23126388
https://doi.org/10.3390/cancers14194652
https://doi.org/10.3390/cancers15051542
https://doi.org/10.20535/ibb.2024.8.4.317985
https://doi.org/10.1097/CMR.0000000000000816
https://doi.org/10.3389/fonc.2022.885472
https://doi.org/10.1016/j.wneu.2022.11.060
https://doi.org/10.6004/jnccn.2019.0038
https://www.who.int/publications/i/item/9789241550390
https://doi.org/10.31557/apjcc.2023.8.2.391-399

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33 Ne 4(55). C. 652-666
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(4(55)):652-666

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Jennings J.W., Prologo J.D., Garnon J., Gangi A., Buy X., Palussiere
J., et al. Cryoablation for palliation of painful bone metastases: the
MOTION multicenter study. Radiology: Imaging Cancer. 2021. Vol. 3.
P. €200101. DOI: https://doi.org/10.1148/rycan.2021200101
Tsyhankov O.V., Chyzh M.O., Hladkykh F.V. Cryoablation of the
adenohypophysis in the treatment of chronic pain syndrome
in patients with stage IV malignant neoplasms. Ukrainian Journal
of Radiology and Oncology. 2023. Vol. 31, Ne 3. P. 303-314.
DOI: https://doi.org/10.46879/ukroj.3.2023.303-314

Latremoliere A., Woolf C.J. Central sensitization: a generator of pain
hypersensitivity by central neural plasticity. The Journal of Pain. 2009. Vol.
10, Ne 9. P. 895-926. DOI: https://doi.org/10.1016/j.jpain.2009.06.012
Woolf C.J., Salter M.W. Neuronal plasticity: increasing the gain
in pain. Science. 2000. Vol. 288, Ne 5472. P. 1765-1769. DOI:
https://doi.org/10.1126/science.288.5472.1765

IpuHb K.B., OenbBa M.KO. OnuTyBanbHuk wopo 6onto «paindetect»
B IKOCTi cnocoby 06’ekTuUBI3aLyii HeMponaTU4YHOro KOMMNOHEHTY 60nbo-
BOro cuHgpomy. Odecbkuli meduyHul xypHan. 2025. Ne 2(193).
C. 38-41. DOI: https://doi.org/10.32782/2226-2008-2025-2-6

Slynko I., Potapov O., Derkach Yu., Derkach V. Evaluation of clinical
results of surgical treatment of patients with metastatic tumors of the
spine. Eastern Ukrainian Medical Journal. 2024.Vol. 12,Ne 3. P.515-521.
DOI: https://doi.org/10.21272/eum;j.2024;12(3):515-521

Benarroch E.E. Endogenous opioid systems: current concepts and
clinical correlations. Neurology. 2012. Vol. 79, Ne 8. P. 807-814. DOI:
https://doi.org/10.1212/WNL.0b013e3182662098

TakedaF., Fujii T., UkiJ., Tozawa R., Fuse Y., Kitani Y., et al. Alterations
of hypothalamopituitary interaction and pain threshold following
pituitary neuroadenolysis. Neurologia Medico-Chirurgica. 1983. Vol.
23, Ne 7. P. 551-560. DOI: https://doi.org/10.2176/nmc.23.551.
Hayashi M. Hypophysectomy and pain relief in advanced cancer:
mechanisms and clinical outcomes. Journal of Neurosurgery. 2003.
Vol. 99, Ne 1. P. 147-152.

Enyew S., Wu B., Jackson C., Mukherjee R., Torroella J.R., LubelskiD.,
et al. Neuro-modulation for intractable pain from bone metastasis using
real-time adaptive motion management on a robotic radiation therapy
platform: a case report and review of the literature. Cureus. 2025. Vol.
17, Ne 6. P. e85421. DOI: https://doi.org/10.7759/cureus.85421
Ghoncheh M., Pournamdar Z., Salehiniya H. Incidence and mortality
of breast cancer and their relationship to development in Asia. Asian
Pacific Journal of Cancer Prevention. 2016. Vol. 17, Suppl. 3. P. 121-126.
Cohen S.P., Mao J. Neuropathic pain: mechanisms and their
clinical implications. BMJ. 2014. Vol. 348. P. f7656. DOI:
https://doi.org/10.1136/bmj.f7656

Balossier A., Soussi G., Régis J. Pituitary targeting for intractable
cancer pain: a systematic review and current recommendations.
Stereotactic and Functional Neurosurgery. 2025. P. 1-17. Advance
online publication. DOI: https://doi.org/10.1159/000547889

May J., Liscak R. Effectiveness of Leksell gamma knife hypophysectomy
on cancer-related intractable pain — a single-center experience.
Neuroendocrinology Letters. 2022. Vol. 43, Ne 5. P. 265-269.

Neale K., Alzate J.D., Zhou K., Shoemaker L., Chao S.,
Angelov L., et al. Stereotactic radiosurgery hypophysectomy for
palliative treatment of refractory cancer pain. Journal of Pain
and Symptom Management. 2025. Vol. 69, Ne 5. P. e487. DOI:
https://doi.org/10.1016/j.jpainsymman.2025.02.121

Larkin M.B., Karas P.J., McGinnis J.P., McCutcheon I.E.,
Viswanathan A. Stereotactic radiosurgery hypophysectomy for
palliative treatment of refractory cancer pain: a historical review
and update. Frontiers in Oncology. 2020. Vol. 10. P. 572557. DOI:
https://doi.org/10.3389/fonc.2020.572557

Hu Y., Zhang W., Chen Z., Wu X., Xue S., Mao Y., et al.
Hypophysectomy, pituitary neuroadenolysis and pituitary radiosurgery
for the treatment of refractory cancer pain: a historical review and
mechanism investigation. Frontiers in Neurology. 2025. Vol. 15.
P. 1529944. DOI: https://doi.org/10.3389/fneur.2024.1529944

MepcnekTUBU NOAAABLLUUX AOCAIAXKEHD

HakonunyeHHsa KniHiYHOrO JoCBigy CnpusSTUME ONnTu-

Misauii nigxogis y kom6iHOBaHOMY NiKyBaHHI MeTacTasis
MEeNaHOMM y FofloBHi Mo30k. HeobxiaHO npogoBxyBaTtu
[ocCnioKeHHs1 Anst kpaworo 3po3ymiHHs Bnnvy CCTKA
Ha pesynbTaty MiKyBaHHA Ta XUTTA TakuxX MauieHTIB.
[Mopanblue [OCRIMAXKEHHS LMX MexaHi3miB € nepcrnek-
TMBHUM HaMpPsIMKOM Y po3po6Lji HOBMX METOAIB MiKyBaHHS
XPOHIYHOro 60nMbLOBOIO CUHAPOMY.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Jennings JW, Prologo JD, Garnon J, Gangi A, Buy X, Palussiere
J, et al. Cryoablation for palliation of painful bone metastases:
the MOTION multicenter study. Radiology: Imaging Cancer.
2021;3:€200101. DOI: https://doi.org/10.1148/rycan.2021200101
Tsyhankov OV, Chyzh MO, Hladkykh FV. Cryoablation of the
adenohypophysis in the treatment of chronic pain syndrome
in patients with stage IV malignant neoplasms. Ukrainian Journal
of Radiology and Oncology. 2023;31(3):303-14. (in Ukrainian). DOI:
https://doi.org/10.46879/ukroj.3.2023.303-314

Latremoliere A, Woolf CJ. Central sensitization: a generator of pain
hypersensitivity by central neural plasticity. The Journal of Pain.
2009;10(9):895-926. DOI: https://doi.org/10.1016/j.jpain.2009.06.012
Woolf CJ, Salter MW. Neuronal plasticity: increasing
the gain in pain. Science. 2000;288(5472):1765-9. DOI:
https://doi.org/10.1126/science.288.5472.1765

Hryn KV, Delva MYu. PainDetect questionnaire as a way to
objectify the neuropathic component of the pain syndrome.
Odesa Medical Journal. 2025;(2(193)):38—41. (in Ukrainian). DOI:
https://doi.org/10.32782/2226-2008-2025-2-6

Slynko I, Potapov O, Derkach Yu, Derkach V. Evaluation of clinical
results of surgical treatment of patients with metastatic tumors of the
spine. Eastern Ukrainian Medical Journal. 2024;12(3):515-21.
(in Ukrainian). DOI: https://doi.org/10.21272/eum;j.2024;12(3):515-521
Benarroch EE. Endogenous opioid systems: current concepts
and clinical correlations. Neurology. 2012;79(8):807-14. DOI:
https://doi.org/10.1212/WNL.0b013e3182662098

Takeda F, Fujii T, Uki J, Tozawa R, Fuse Y, Kitani Y, et al
Alterations of hypothalamopituitary interaction and pain threshold
following pituitary neuroadenolysis. Neurologia Medico-Chirurgica.
1983;23(7):551-60. DOI: https://doi.org/10.2176/nmc.23.551
Hayashi M. Hypophysectomy and pain relief in advanced cancer:
mechanisms and clinical outcomes. Journal of Neurosurgery.
2003;99(1):147-52.

Enyew S, Wu B, Jackson C, Mukherjee R, Torroella JR, Lubelski D,
et al. Neuro-modulation for intractable pain from bone metastasis
using real-time adaptive motion management on a robotic radiation
therapy platform: a case report and review of the literature. Cureus.
2025;17(6):e85421. DOI: https://doi.org/10.7759/cureus.85421
Ghoncheh M, Pournamdar Z, Salehiniya H. Incidence and mortality
of breast cancer and their relationship to development in Asia. Asian
Pacific Journal of Cancer Prevention. 2016;17(Suppl. 3):121-6.
Cohen SP, Mao J. Neuropathic pain: mechanisms
their  clinical implications. BMJ. 2014;348:f7656.
https://doi.org/10.1136/bmj.f7656

Balossier A, Soussi G, Régis J. Pituitary targeting for intractable
cancer pain: a systematic review and current recommendations.
Stereotactic and Functional Neurosurgery. 2025;1-17. Advance
online publication. DOI: https://doi.org/10.1159/000547889

May J, Liscak R. Effectiveness of Leksell gamma knife
hypophysectomy on cancer-related intractable pain — a single-center
experience. Neuroendocrinology Letters. 2022;43(5):265-9.

Neale K, Alzate JD, Zhou K, Shoemaker L, Chao S,
Angelov L, et al. Stereotactic radiosurgery hypophysectomy
for palliative treatment of refractory cancer pain. Journal
of Pain and Symptom Management. 2025;69(5):e487. DOI:
https://doi.org/10.1016/j.jpainsymman.2025.02.121

Larkin MB, Karas PJ, McGinnis JP, McCutcheon |IE, Viswanathan A.

and
DOI:

Stereotactic ~ radiosurgery  hypophysectomy  for  palliative
treatment of refractory cancer pain: a historical review
and update. Frontiers in Oncology. 2020;10:572557. DOI:

https://doi.org/10.3389/fonc.2020.572557

HuY, Zhang W, Chen Z, Wu X, Xue S, Mao Y, et al. Hypophysectomy,
pituitary neuroadenolysis and pituitary radiosurgery for the treatment
of refractory cancer pain: a historical review and mechanism
investigation. Frontiers in Neurology. 2025;15:1529944. DOI:
https://doi.org/10.3389/fneur.2024.1529944

Prospects for further research

The accumulation of clinical experience will contribute

to the optimization of combined treatment strategies

for

melanoma brain metastases. Further research

is needed to better understand the impact of SSTTCA
on treatment outcomes and the quality of life in such
patients. Continued investigation of these mechanisms
represents a promising direction in the development
of new approaches to managing chronic pain syndrome.
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KoHMAIKT iHTepecis

ABTOpY PYKOMUCY CBIOOMO 3acBig4vylThb BIACYTHICTb
hakTnyHoro abo NOTEHLINHOTO KOHMMIKTY IHTEpeCIB WOoA0
pesyneraris Liei poboTu 3 hapmaueBTUHHUMM KOMNaHIgMK,
BMpOGHMKaMM GioMeanyHMX MPUCTPOIB, IHLLUMMW OpraHi-
3auisgmu, 4ni NpodykTh, nocnyru, diHaHcoBa MiATPUMKa
MOXYTb ByT NOB’A3aHi 3 NPeaMETOM HaZaHUX mMaTepiarnis
abo sKi CoHcopyBanu NpoBeaAeHi OOCIIKEHHS.

AOTpMMOHHSl €TUYHUX HOPM

ABTOpM pykonucy CBIAOMO 3acBigyyloTb, O AOCHi-
[PKEHHS  MPOBOAWMIOCH 3  BMKOPUCTAHHSIM  AaHMX
NepPBUHHOT MEQUYHOT JOKYMEHTALi Ta BKIKOYANO KIiHiYHi
CMOCTEPEXEHHS1 3a nauieHTamu. [ocnigpkeHHs npose-
OEeHO BiONOBIAHO A0 eTUYHMX cTaHaapTiB [enbCiHCbKoT
neknapauii BcecBiTHbOI MeguMyHOI acouiauii Npo eTU4HI
NPUHLMNY NPOBEAEHHS HAaYKOBUX MEAMNYHUX OOCNIOKEHb
3a y4acTio NIoanHU, OUPEKTUBM EBPOMNENCLKOrO ToBapu-
ctBa 86/609 npo yyacTb ntogen y meamko-6ionoriyHmnx
OOCNIOXKEHHSX, a Takox Hakady MiHicTepcTBa OXOpPOHM
3popos’s YkpaiHu Ne 690 Big 23.09.2009 p. Yci yqacHuku
niaTBepanny cBo OOOPOBINbHY y4acTb LWNAXOM nignu-
CaHHS JOKYMeHTa npo iHopMOBaHy 3roay.

BUKOPUCTAHHS LUTYHHOrO iIHTEAEKTY

ABTOpPWM pyKONWCy CBIAOMO 3aCBiAYYHOTb BUKOPU-
CTaHHS IHCTPYMEHTY reHepaTUBHOTO LUTYYHOIO iHTENEKTY
(W) y npoueci nigrotoBku Lporo pykonucy. BignosigHo
po TakcoHowmii generyBaHHs 3aBAaHb reHepaTUBHOMY
wry4yHomy iHTenekty (GAIDeT, 2025 p.), 3a noBHOro
NOACBKOro Harnsgay 6yno AeneroBaHo 3aBAaHHA 3 BUYU-
TyBaHHsI, pegaryBaHHa Ta nepeknagy. [ns uboro BUKO-
puctoyBaBca ChatGPT-5 (OpenAl, Bepcia Big 4epBHs
2025 p.). Yci pesynsratui, OTpYMaHi 3a JOMNOMOrOH LibOro
iHCTpyMeHTa, Oynun peTenbHO NepeBipeHi, BiapenaroBaHi
Ta 3aTBepaKeHi aBTOpamu, SKi HeCyTb MOBHY BiOMOBI-
AanbHICTb 3a 3MICT i BUCHOBKM nyb6nikauii. IHCTpymeHTn
reHepatmeHoro LI He 3asHavaloTbCca K aBTOpW Ta He
HecyTb BignNoBiAanbHOCTI 3a KiHUEBI pe3ynbraTu.

MepBUHHI AGHi Ta maTepiaAu

ABTOpPW pyKOMUCy CBIAOMO 3acCBifg4vyHOThb, WO Y poboTi
BMKOPUCTaHO pesynbTraTi BNacHUX KMiHIYHWUX AOCTiAXKEHb,
o 6ynn cuctemaTnsoBaHi Ta NpoaHaniaoBaHi aBTopamu.
Bci matepianu 36epexeHi B apxiBi 4OCMIAHULBKOI rpynu
Ta MOXyTb OyTW HapjaHi 3a OGrpyHTOBaHWM 3anuToM
[0 aBTOpa-KOPECMNOHAEHTa, 3 ypaxyBaHHAM BUMOT KOHI-
OEHUINHOCTI Ta €TUYHMX HOPM.

IHbopmaluis Npo PiHAHCYBAHHSA

®iHaHCcyBaHHA BuAaTkamy [lepxaBHOro GromKeTy
YkpaiHn. PoboTy BMKOHaHO B pamkax BifOMYOI HayKo-
BO-AOCHiAHOI poboTK BiAAiNy ekcnepvMeHTanbHoi Kpio-
MeaMUMHM IHCTUTYTY npobnem kpiobionorii i kpiomean-
unHM HauioHanbHoi akagemii Hayk Ykpainm «OcobnueocTi
nepebiry  AecTpykTMBHO-3amanbHWX Ta  penapa-
TUBHMX MNPOLECIB Mif BNMBOM HWU3bKMX Temneparyp
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