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PE3IOME

AxtyanbHicTb. CygoBo-MeAuyHa OLjHKa SKOCTi MeAMYHOi AOMOMOrM € KPUTUYHO
BaXIMBUM 3aBAaHHAM [ANs MNOKPALeHHs AiSNbHOCTI ranysi OXOPOHW 3[0pOB’s.
Came xipypridHa npakTuka BKM4ae B cebe BMCOKI PU3UKM AN XKWTTS NauieHTiB,
ajke MNOEAHYe eTan nraHyBaHHA OMepaTMBHOMO BTPy4YaHHs, Ge3nocepegHe Woro
BMKOHaHHSA 3 3any4eHHsM aHecTesionora, nicnsionepaudiiHuii nepiog Ta noparnblue
BiJHOBMNEHHs. 3axXBOPIOBaHHS, ki NOTPeOyloTb NepLu 3a BCe XipypriYHOro BTPyYaHHSA
i BiACYTHICTb NiKyBaHHA SKUX MOXe Mpu3BecTW A0 CMepTi — Lie NaTonoris LUIyHKOBO-
KULIKOBOrO TpakTy. [opsia 3 TM, 300pOB’A Hauii BU3Ha4YaeTbCA piBHEM 340POB’A AiTewn
Ta nignitkis, agxe Le OCHOBA EKOHOMIYHOTO Ta COLianbHOTO XWUTTS Ta PO3BUTKY
Aepxasu B Uinomy. AHarni3 netanbH1X BUNaaiB MOMepnux Bif 3axBOPIOBaHb LLUMYHKOBO-
KULLKOBOIO TPaKTy € OnocepenkoBaHUM MapKepoM SIKOCTi XipypriYHOi MeauyvHol
Aornomorn aitam.

MeTta po6otu — aHania guHaMmiku BUMAOKIB HEHACWUMbHULBKOI AMTSYOI CMEpPTHOCTI
Bil 3aXBOPIOBaHb LUIYHKOBO-KMLLKOBOTO TPaKTy 3a AaHWMU Cy[OBO-MeAWYHOI 3BiT-
HOCTi, Ky dopmye [lepxaBHa cnyxba YkpaiHn «lonosHe 6topo CynoBO-meanyHoOl
ekcneptnan MinictepcTBa oxopoHu 3popoB’s Ykpainu» (OCY I'B) 3a 7 pokiB Sk
onocepeaKkoBaHOro Mapkepa SKOCTi XipypriYHOi MeANYHOT OMOMOrN AiTAM.

Matepianu Ta metogu. OG’ekTOM JOCnimpKeHHA Oynu BuNagku CyLOBO-MeOUYHUX
€eKCnepTu3 HeHaCUIbHULBKOI AMTAY0i CMEpTHOCTI BiA 3axBOPKOBaHb  LUMYHKOBO-
KWLLKOBOTO TPaKTy, 3ararnibHa KiflbKiCTb HEHaCWIbHULBKOI CMEPTHOCTI Ta B LinoMmy
CMEpTHICTb Bifj 3aXBOPIOBaHb LLTYHKOBO-KULLKOBOIO TpakTy npotarom 2016-2022 po-
KiB B YkpaiHi. IHbeKUinHi, yponoriyHi, nereHesi, iHWi 3axBOPIOBaHHS, OHKOMNATOIOris,
Ty6epKynb0o3, WO CTanu MPUYMHOK HEHACUNbHULILKOI CMepTi, Oynu BUKIOYEHI.
[na ouiHKM KiNbKICHUX MOKa3HWKIB BMKOPWUCTOBYBanu BiACOTKOBE BupaxeHHs (P),
SiKe po3paxoByBanM SK 4acTKy BapiaHTiB, WO MawTb AOCMiAKyBaHi O3Haku (n),
Ao ix 3aranbHoro yucna (N). Okpim Toro, BU3Hayanm noMunky penpeseHTaTmsHocTi (mP)
3 gosipuum iHTepanom (Cl) Ha piBHi 95%.

PesynbraTt. AHania cmepTenbHMX BUMNaAKIB 3aXBOPHOBAHb  LLTYHKOBO-KULLKOBOIO
TpakTy y Aaiten, wo 6ynm o06’eKTOM [OCNISKEHHSA CyOOBO-MEOUYHWUX EKCrepTiB,
CBiguMTb Mo ix 3HayHe konuBaHHs Big 0,00 o 9,3% B 3anexHOCTi Big Biky Ta poky
no BiAHOLIEHHIO A0 CMEepTHOCTI BiA AaHOI maTonorii, Wo B CepefHbOMY CTaHOBUTb
0,27 + 0,02% Big 3aranbHOrO pPiBHA HEHACWUIbHULbKOI cMepTi. [OCnimMXeHHs AaHoro
nokasHuKa 3 ypaxyBaHHSAM BiKy AiTel BUSBMNO Hambinbll BpasnuBi BiKOBi rpynu
12-18 pokis Ta 1-6 pokiB, Lo NoTpebytoTb 0cobnMBOi yBaru nikapis-xipypris. Hatomictb
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AAS LUTYBAHHS:

BikoBa rpyna 7—11 pokis y NonoBuHi JOCNigKyBaHOro nepiogy AeMOHCTpyBana HyrboBi
NOKa3HWKM CMEPTHOCTI, LU0 CBiAYMTb NPO AOCTaTHIN piBEHb MEANYHOT 4OMNOMOTH.
BucHoBkU. BusiBneHHs cepen nomepnux Bif 3axBOPHBaHb  LUMYHKOBO-KULLKOBOIO
TpakTy, wo 6ynu npegmeToM OOCHIMXEHHsSI CyOOBO-MeAWMYHUX eKcrnepTiB, HanbinbLu
BpasnuBux BikoBux rpyn 12—18 pokiB Ta 1-6 pokiB BKa3ylTb Ha HeobXigHiCTb 0co6-
NMBOI yBarn A0 NiKyBaHHA TSHKKMX XipypriYHMX BMNafKiB, a TakoX Ha BaXnuBICTb
CBOEYACHOr0 BUSIBNEHHS NaTonorii Ana 3anobiraHHa netanbHUM Hacnigkam. Husbkuin
NMOKa3HWK feTanbHOCTI Y BiKOBIM rpyni 7—11 pokiB, WO CBiAYMTb MPO BUCOKY SKICTb
HajaHHs MeduvHoi Jornomorun, noTpebye MiXBiZOMYOro aHanisy [ansi BUSIBNIEHHS
dakTopiB, SKi LLbOMY CMPUSN.
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ABSTRACT

Background. Forensic medical assessment of the quality of medical care is a criti-
cally important task for improving the healthcare sector. Surgical practice is associated
with high risks to the lives of patients, as it combines the stage of planning surgical
intervention, its direct implementation with the involvement of an anesthesiologist,
the postoperative period and subsequent recovery. Diseases that primarily require
surgical intervention and the lack of treatment of which can lead to death are patholo-
gies of the gastrointestinal tract. At the same time, the health of the nation is deter-
mined by the level of health of children and adolescents, because this is the basis
of economic and social life and development of the state as a whole. Analysis of fatal
cases of deaths from diseases of the gastrointestinal tract is an indirect marker of
the quality of surgical medical care for children.

Purpose — analysis of the dynamics of cases of non-violent child mortality from
diseases of the gastrointestinal tract according to the data of forensic medical reporting,
which is formed by the DSU «Main Bureau of Forensic Medical Examination of the
Ministry of Health of Ukraine» (DSU GB) for 7 years as an indirect marker of the quality
of surgical medical care for children.

Materials and Methods. The object of the study was the cases of forensic medical
examinations of non-violent childhood mortality from gastrointestinal diseases, the
total number of non-violent mortality and overall mortality from gastrointestinal
diseases during 2016-2022 in Ukraine. Infectious, urological, pulmonary, other
diseases, oncopathology, tuberculosis, which caused non-violent death, were excluded.
To assess quantitative indicators, the percentage expression (P) was used, which
was calculated as the proportion of variants with the studied features (n) to their total
number (N). In addition, the representativeness error (mP) was determined with
a confidence interval (Cl) at the level of 95%.

Results. Analysis of fatal cases of gastrointestinal diseases in children, which were
the object of the study of forensic experts, indicates their significant fluctuation
from 0.00 to 9.3% depending on age and year in relation to mortality from this pathology,
which on average is 0.27 + 0.02% of the total level of non-violent death. The study
of this indicator taking into account the age of children revealed the most vulnerable
age groups of 12-18 years and 1-6 years, which require special attention from
surgeons. In contrast, the age group of 7-11 years in half of the studied period
demonstrated zero mortality rates, which indicates a sufficient level of medical care.
Conclusions. The findings among those who died from gastrointestinal diseases,
which were the subject of a study by forensic experts, of the most vulnerable
age groups of 12-18 years and 1-6 years indicate the need for special attention
to the treatment of severe surgical cases, as well as the importance of timely
detection of pathologies to prevent fatal outcomes. The low mortality rate in the
age group of 7-11 years, which indicates a high quality of medical care, requires
an interdepartmental analysis to identify the factors that contributed to this.

Biliakov AM, Mykhailychenko BV, Rudenko YeO, Pletenetska AO. Forensic medical evaluation of fatal cases of gastro-
intestinal diseases as a marker of the quality of surgical care for children in Ukraine. The Journal of V.N. Karazin Kharkiv
National University. Series Medicine. 2025;33(1(52)):8—18. DOI: https://doi.org/10.26565/2313-6693-2025-52-01
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BCTYN

CynoBo-mMeanyHa oLjiHKa sIKOCTi MegM4YHOl Jonomoru
€ KPUTMYHO BaXIMBMM 3aBOAHHAM AN MOKpaLLeHHs
OiANbHOCTI ranysi OXOpoHW 340poB’d. 340poB’'s Hauii
BW3HA4Ya€ETbCA piBHEM 340pPOB’'S AiTed Ta nigniTkis,
agxe Lie OCHOBa EKOHOMIYHOrO Ta CcoLianbHOro XUTTs
Ta po3BuTKy aepxasu B uinomy [1]. Came XxipypriyHa
npakTuka BKrtovYae B cebe BUCOKI PU3NKM ANS XKUTTA
nauieHTiB, afke NOedHye eTan nnaHyBaHHs onepatue-
HOro BTpyYaHHsi, 6e3nocepenHe MOro BUKOHAHHS i3 3any-
YEeHHSAM aHecTesionora, nicrnsonepawiiHuim nepiog Ta no-
Janblle BigHOBMNeHHs. Hamm Bxe OyB npoBegeHuii
aHanis XxipypriyHoi gornomoru Ans  Aopocnuvx, SKUn
BUSIBUB AedeKTN Ha KoXXHOMY eTani [2].

YKkpaiHa, sk i 6araTto iHWKUX kpaiH, Mae nobpe Hana-
rOAXeHY CUCTEMY OXOPOHW 300pOB’A 3i creuianisoBa-
HUMKW 3aKnagamu, npu3HaYeHUMKn Ans negiatpuyHoi
ponomorun. Taki ycTaHOBKM, SiK AMTAYa cneuianisoBaHa
nikapHst «OxmatamT» y Kuesi, BigirpaloTb Kro4voBy pornb
B il HagaHHi. He3Baxarwun Ha ue, iCHyloTb iHpacTpyk-
TYpPHi Ta opraHi3auiiHi HedonikM, 3yMOBIEeHi €KOHOMIY-
HAMKU OOMEXEHHAMM, OCOONMMBO B yMOBax BOEHHOMO
cTtaHy. Tomy aHania fKocCTi XipypriYyHoi JonoMorn gitam
€ KPUTUYHO BaXNMBOK CMPaBO0, KA BKIOYAE OLLHKY
AKOCTi, edeKkTuBHOCTI Ta 6e3nekn negiaTpuyHoi Xipyp-
riyHoi mpakTuku. Llein npouec crnyrye mexaHisaMoMm Ans
3abe3neyeHHs Nig3BiTHOCTI, NOKpaLEHHS MeaUYHUX CTaH-
0apTiB Ta BUSBMEHHS MporanuMH y CUCTEMi OXOPOHWU
300pPOB’s1, SIKi MOXXYTb HEraTUBHO BNIMHYTU Ha pe3ynbraTi
300poB’'a AiTen. Taka ouiHka BMMarae MynbTUAUCUMNI-
HapHOro migxody 3a y4acTio CYLOBO-MeAWYHMX eKcrep-
TiB. CylOBO-MeanyHa ekcnepTuaa 30cepexeHa Ha BUSIB-
JNIeHHi NOTEHUINHNX BigAXUIeHb Big CTaH4apPTHOI MeguyHol
npakTukn. Lli gocnigpkeHHa MalTb Ha METi BU3HA4YMTH,
4n CNpusAnNM MeguyHa HepnbarnicTb, HesiKicHe MiKyBaHHs
abo cucTeMHi npobrnemu HecnpuATIMBMM pesyrnbratam
y negiaTpuyHMX onepadisx.

MpoBeneHun o6’emHuit aHania Katherine M. Marsh
et al. (2022), xipypriyHoi gonomoru p[itam (3aranbHa
Xipyprisi, KapgioTopakanbHa Xipyprisi, Henpoxipyprisi, ypo-
norig, opToneguyHa Xipypris, OTONapWHronoris, TpaHc-
nnaHTonoria, nnacTuyHa Xipyprist) BuseuB 8,9 Tuc. ni-
KapCbKMX MNOMWNOK cepeq 5,4 MNH nauieHTiB aiten
3 M'SATK Pi3HMX KpaiH Ha nepegonepadinHin, iHTpaonepa-
LifHIA Ta nicnaonepauinHin dasax nikyBaHHS i nokasas,
O BUABMAEHI MOMWIMKM MOB’A3aHi 3i CKNagHICTIO CTaHy,
KiNbKICTIO NiKyrouMX nikapis, HaBaHTaXXeHHAM Ha Meguy-
HWIM nepcoHan [3].

Sara Mahler et al. (2021), aHani3yto4n no3oBu npo
HegbanicTe AnTauux xipypris y HimeyunHi BctaHoBuna,
L0 HANMOLUMPEHILUMMM NPUYMHAMM 3aCyoKEHHS (OKpeMo
4YM B KOMMAEKCI) Bynu XipypriYHO-TeXHiYHI noMunku (23%),
3aTpumka nikyBaHHA (21%), HegocTaTHe oOOCTeXeH-
H (17%), HenpaBwnbHuh pJiarHo3 (17%) i HenosHa
3ropa (16%). Hanyactiwummm o6ctaBnHamu, Lo npu3senu
[0 3acymKeHHs, bynu Tpasmu (27 %), naxosa rpuxa (7%),
obpisaHHs (7%), nepekpyT seyka (7%), rocTpum Xu-
BIiT (7%), anenanuumt (5%) [4].

Mopsa 3 TMM, AMTSYMMM Xipypramy po3poonsoTbcs
IHCTPYMEHTWN ANS BUSABMEHHS XipypriYHUX i HeMeanyHUX
NOMWINOK Yy AaHin ranysi [5], a TakoX MOXNUBICTb BUKO-

INTRODUCTION

Forensic medical assessment of the quality of
medical care is a critically important task for improving
the health sector. At the same time, the health of the
nation is determined by the level of health of children and
adolescents, as it is the basis of economic and social
life and development of the state as a whole [1]. Surgi-
cal practice involves high risks for the lives of patients,
as it combines the stage of planning the surgical
intervention, its direct implementation with the involve-
ment of an anesthesiologist, the postoperative period
and subsequent recovery. We have already conducted
an analysis of surgical care for adults, which revealed
defects at each stage [2]. Ukraine, like many other
countries, has a well-established health care system
with specialized institutions designed for pediatric care.
Institutions such as the children’s specialized hospi-
tal «Okhmatdyt» in Kyiv play a key role in its provision.
Despite this, there are infrastructural and organiza-
tional shortcomings due to economic constraints,
especially in conditions of martial law. Therefore, the
quality of pediatric surgical care is a critically important
endeavor that involves assessing the quality, effec-
tiveness, and safety of pediatric surgical practice.
This process serves as a mechanism to ensure accoun-
tability, improve medical standards, and identify gaps
in the health care system that may negatively impact
children’'s health outcomes. Such an assessment
requires a multidisciplinary approach involving forensic
experts. Forensic medical expertise focuses on iden-
tifying potential deviations from standard medical
practice. These studies aim to determine whether
medical negligence, poor treatment, or systemic problems
contributed to adverse outcomes in pediatric surgeries.

A large-scale analysis of Katherine M. Marsh et
al. (2022), surgical care for children (general surgery,
cardiothoracic surgery, neurosurgery, urology, ortho-
pedic surgery, otolaryngology, transplantology, plastic
surgery) of 8.9 thousand medical errors among 5.4 million
children from five different countries in the preoperative,
intraoperative and postoperative phases of treatment
showed that the identified errors are associated with
the complexity of the condition, the number of treating
doctors, and the workload of medical staff [3].

Sara Mahler et al. (2021), analyzing claims for
negligence of pediatric surgeons in Germany, found that
the most common reasons for conviction (separately or
in combination) were surgical and technical errors (23%),
delayed treatment (21%), insufficient examination (17%),
incorrect diagnosis (17%) and incomplete consent (16%).
The most common circumstances leading to conviction
were trauma (27%), inguinal hernia (7%), circum-
cision (7%), testicular torsion (7%), acute abdomen (7%),
appendicitis (5%) [4].

In addition, pediatric surgeons are developing tools
to identify surgical and non-medical errors in this
field [5], as well as the possibility of using CIRS (critical
incident reporting system) in pediatric surgery [6].

Forensic medical examination, by identifying
morphological features at autopsy, is a crucial link in
the objective assessment of the quality of medical care.
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puctanHsa CIRS (cuctema 3BiTHOCTI MPO KPUTWUYHI iHLM-
OEeHTW) y anTavin xipyprii [6].

CynoBo-mMeauyHa ekcnepTusa, BUSBMSAYM Mopdo-
NOriYHi O3HaKW Ha PO3TWHI, € BMPILIANbLHOK MaHKO
00’€KTUBHOT OLLiHKM AAKOCTI MegudHoi gornomoru. Ornsapg,
HeBIANOBIOHOCTI PO3TWHY Ta nNepeacMepTHOl AiarHoc-
TUKM B negiaTpudHoMy 3aknagi lpnaHaii nokasye, WO
3a pesynsratamu 99 po3TUHIB AiTen nicns XipypridyHoi
Jonomoru, OcHOBHI aiarHocTuyHi nomwunku (I/11 knac)
BuseneHi y 14 (14,1%), 2 (2%) knacy I, 12 (12,1%) —
nomunkm 1l knacy. Y 28 (28,2%) nauieHTiB BUSIBNEHO
nomunku Il Ta IV knacis. MNoBHa BignoBigHicTb (knac V)
Binbynaca B 57 (57,5%) Bunagkax. Pesynmbratm noka-
3YI0Tb HE3MIHHY LiHHICTb PO3TUHY Y BU3HAYEHHI NPUYNHU
cMepTi Ta 3abesneyeHHi 6inbLuoi YiTkoCTi AiarHocTukm [7].

MeTta poboTuM — aHania guHamiku BunagkiB HeHa-
CUMbHULBKOT AUTAYOT CMEPTHOCTI Bif 3aXBOPOBaHb LLYH-
KOBO-KMLLKOBOIO TpaKTy 3a [OaHUMW CyAO0BO-MEeOWNYHOT
3BiTHOCTI, sKy cpopmye [epxaBHa cnyxba YkpaiHu
«lonoBHe 6opo cynoBo-MeanyHoOi ekcnepTnam  Minic-
TepcTBa OXOpPOHW 3popoB’'s YkpaiHu» (OCY I'B) 3a
7 pokKiB SIKk onocepeaKoBaHOro Mapkepa sIKOCTi Xipypriy-
HOI Megu4HOi JONOMOrn AiTAM.

MATEPIAAU TA METOAU AOCAIAXEHHSA

O6’ekTom pocnigxeHHss Gynu Bunagku CynoBO-Me-
OWYHNX €eKCnepTu3 HeHaCUIbHULLKOT AUTSY0l CMepT-
HOCTi Bif, 3axBOPIOBaHb LUMYHKOBO-KMLLKOBOIO TPaKTY,
3aranbHa KifbKICTb HEHaCUIbHULIBKOI CMEPTHOCTI Ta B
LiNloMy CMEpTHICTb Bif 3axBOPIOBaHb LUMYHKOBO-KMLLI-
KoBoro TpakTy npotarom 2016-2022 pokiB B YKkpaiHi.
IHdeKUinHi, yponorivHi, nereHesi, iHWIi 3aXBOPHOBaHHS,
OHKonaTororis, Ty6epkynbo3, Lo cTany Npu4MHOK HeHa-
CUINBHULBKOT CMepPTi Bynuy BMKIIOYEHI.

[na xapakTepucTuku SAKICHUX MOKa3HWUKIB, 4acTKy
BapiaHTiB, WO MalTb AOChigKXyBaHi 03HaKW, Bupaxanu
y BiacoTkax (%) Big ix 3aranbHoi KinbKOCTI, a ix cepegHto
KinbkicTb (M + m) 3 ypaxyBaHHsIM cepefHbOi MOXMOKM.
Ona ouiHKM  KiNbKICHUX MOKa3HWKIB  BUKOPUCTOBYBanu
BiocoTkoBe BupaxeHHs (P), sike po3paxoByBanu siK
YyacTKy BapiaHTiB, LIO MalTb AOCNiAKYBaHi 03Haku (n),
po ix saranbHoro umucna (N). Okpim TOro, Bu3Hayanu
NoMUNKy penpeseHTatuBHocTi (mP) 3 pgoBipunm
iHTepsanom (ClI) Ha piBHi 95%.

O6pobka Ta aHania gaHux MNpPOBOAMMMCA 3a AOmMo-
moroto nporpamHmx naketiB OpenOffice (Base, Calc,
Writer, Draw, Math), GNU Octave 3 nopanblumm
36epexeHHsIM pe3yneTaTiB y dopmari *.doc, *.xIs.

PE3YABTATU TA IX OBFOBOPEHHS

3axBopioBaHHS, ki NoTpebyloTb nepLl 3a Bce Xipyp-
rYHOro BTPYYaHHS i BiACYTHICTb NiKyBaHHSA AKUX MOXe
npu3BecT OO0 CMepTi — LUe NaTonoris LUTYHKOBO-KULLKO-
BOro TpakTy. Pesynbratv BMBYEHHS BUMAOKIB HEHacUIb-
HULBKOI CMEPTHOCTI  Bi 3axBOpKOBaHb  LLUTYHKOBO-
KMLLUKOBOrO TpakTy MoKasylTb, WO BiACOTOK AaHWX
3axBOpHOBaHb BIHOCHO 3ararnbHOI KiNbKOCTi MOMeprnux
HEHaCWUMbHULBKOKD CMEepTH0 B CepegHbOMY CTaHOBUTb
0,27 + 0,02. JaHnin NOKasHUK 3 4YacOM 3MEHLLYyBaBCS
30,34% B 2016 poui, 8o 0,21% B 2020 poui, 3 nogansLUM

A review of the discrepancy between autopsy and
antemortem diagnosis in a pediatric institution in Ireland
shows that according to the results of 99 autopsies of
children after surgical care, major diagnostic errors
(I/l class) were identified in 14 (14.1%), 2 (2%) class |,
12 (12.1%) class Il errors. Class lll and IV errors were
found in 28 (28.2%) patients. Complete agreement
(class V) occurred in 57 (57.5%) cases. The results show
the continued value of autopsy in determining the cause
of death and providing greater diagnostic clarity [7].

Objective — analysis of the dynamics of cases
of non-violent child mortality from diseases of the
gastrointestinal tract according to the data of forensic
medical reporting, which is formed by the DSU «Main
Bureau of Forensic Medical Examination of the Ministry
of Health of Ukraine» (DSU GB) for 7 years as an indirect
marker of the quality of surgical medical care for children.

MATERIALS AND METHODS

The object of the study was cases of forensic medi-
cal examinations of non-violent childhood mortality from
gastrointestinal diseases, the total number of non-violent
mortality and overall mortality from gastrointestinal
diseases during 2016-2022 in Ukraine. Infectious, urolo-
gical, pulmonary, other diseases, oncopathology, tuber-
culosis, which caused non-violent death, were excluded.

To characterize qualitative indicators, the proportion
of variants with the studied features was expressed
as a percentage (%) of their total number, and their
average number (M + m) taking into account the average
error. To assess quantitative indicators, the percentage
expression (P) was used, which was calculated as the
proportion of variants with the studied features (n) to their
total number (N). In addition, the representativeness
error (mP) was determined with a confidence interval (ClI)
at the level of 95%.

Data processing and analysis were carried out using
OpenOffice software packages (Base, Calc, Writer,
Draw, Math), GNU Octave, with subsequent saving of
the results in *.doc, *.xls format.

RESULTS AND DISCUSSION

Diseases that primarily require surgical intervention
and the lack of treatment of which can lead to death
are pathologies of the gastrointestinal tract. The results
of the study of cases of non-violent mortality from
diseases of the gastrointestinal tract show that the
percentage of these diseases relative to the total
number of deaths from non-violent death is on average
0.27 + 0.02. This indicator decreased over time from
0.34% in 2016 to 0.21% in 2020 with a subsequent
slight increase to 0.27% in 2022. The study of cases
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He3Ha4yHuMm 3pocTaHHaM o 0,27% B 2022 poui. Bue-
UYEHHS BMMAAKiB HEHACUITbHULBbKOI OUTSAYO0I CMEPTHOCTI
Bil 3axBOpIOBaHb LUMYHKOBO-KMLWIKOBOro TpakTy (LLUKT)
HaBegeHo B Tabnuuil.

of non-violent childhood mortality from diseases of
the gastrointestinal tract (Gl) is presented in Table 1.

Tabnuus 1. Bunagkn HeHacuUnbHULBKOT AUTSAYOI CMEepPTHOCTI Bif, 3axBoptoBaHb LLIKT
Table 1. Cases of non-violent child mortality from Gl tract diseases

3aranbHa CwmepTHicTb Big 3axBoptoBaHb LLKT 3a Bikom (p)
KinbKiCTb Mortality from gastrointestinal diseases by age (p)
Pikfyear | HeHacMMe: o o ke[| KT BT o e ke | LT AT S e aaiker | KT AT e iker | LT AiM
cmepr! Gl tract po 1 Gl tract =3 Gl tract =i Gl tract 2
Total non-violent diseas Gl tract diseas Gl tract diseas Gl tract diseas Gl tract child.
deaths | child. to 1 ) child. 1-6 | child. 7-11 ) 12-18
112016 74613 238 4 120 5 55 0 88 7
2 | 2017 75377 234 6 132 5 58 0 73 2
3] 2018 9035 10 1 2 0 11 0 2 0
4 | 2019 76721 230 5 110 5 53 1 119 8
5 | 2020 86163 180 1 76 2 51 2 101 9
6 | 2021 98521 222 4 94 5 48 0 140 13
7 | 2022 56515 150 0 59 3 43 2 72 1

AHania pesyneraTtiB AOCNIAXKEHHS MokKasas, Lo Y
2018 poui abCcomntoTHi MOKAa3HMKU KiNbKOCTi MOMepnux
K B LLiNOMY, TaK i B YCiX BIKOBUX rpynax 3Ha4yHO MEHLLUi,
HiXK 3a iHLWi POKM, WO CBIigYUTb NPO HEMOBHOTY AaHUX Ta
BUKITIOYEHHST JAHOrO POKy 3 NoAanbLUoi ouiHkKu. BiacoTok
3axBOpPHOBaHb LUTYHKOBO-KMLLKOBOrO TPaKTy Yy AiTen Bia-
HOCHO 3aranbHOi KiflbKOCTi MOMepnux Bif 3aXBOPHBaHb
LLUKT 3a gaHui nepiog B cepeaHbomy ctaHosuB 1,76 £0,34
y Biui go poky, 4,26 £ 0,4 y Biui 1-6 pokis, 3,49 = 0,83
y Biyi 7-11 pokie Ta 6,17 + 1,36 y Biui 12-18 pokis,
Lo nokasaHo B Tabnuui 2.

Analysis of the study results showed that in 2018,
the absolute number of deaths both in general and in all
age groups was significantly lower than in other years,
which indicates incomplete data and the exclusion of
this year from further assessment. The percentage
of gastrointestinal diseases in children relative to the
total number of deaths from gastrointestinal diseases
for this period was on average 1.76 * 0.34 at the age
of up to one year, 4.26 + 0.4 at the age of 1-6 years,
3.49 £ 0.83 at the age of 7-11 years and 6.17 + 1.36
at the age of 12—-18 years, which is presented in Table 2.

Tabnuus 2. Bigcotok nomepnux giten Big 3axsoptoBaHb LLIKT
Table 2. Percentage of children who died from Gl tract diseases

Bik (pokwn) / Age (years)
Pik / year Oo1/to1 1-6 7-11 12-18
% M+m % M£m % Mtm % Mtm

1 |2016 1,68 4,17 0,00 7,95

2 | 2017 2,56 3,79 0,00 2,74

4 12019 2,17 1,76 £ 0,34 4,59 4,26 + 0,4 1,89 3,49+0,83 6,72 6,17 £ 1,36
5 12020 0,56 2,63 3,92 8,91

6 | 2021 1,80 5,32 0,00 9,29

7 12022 0,00 5,08 4,65 1,39

3BepTace Ha cebe yBary, Lo cepeq pisHUX BIKOBUX rpyn
npesantooTb AiTh B Bili 12-—18 pokis, a Bikom 1-6 pokis
nepebyBaloTb Ha Apyromy Micui. [prnyomy, ix KinbkicTb
B 2017 T1a 2022 pokax 6inblia, Hix y Biui 12—18 poki..
Kpim Toro, Mmano cyTTeBe 3MEHLUEHHS KifbKOCTi nomep-
nnX BXe B nepiof BOEHHOro Yacy B 2022 poui y BikOBMX
rpynax go 1 poky Ta 12—18 pokiB, O MOXHa MOACHUTU
Mmirpauieto Aiten 3 matepsamm 3a KOPAOH.

Momunka penpeseHTaTMBHOCTI Ta OOBIpYi iHTepBanu
piBHA AMTAYOI CMEPTHOCTI NpeacTaeneHi B Tabnuui 3.

AHanisytoun AaHi pesynsratv MOXHa CTBepOKyBaTy,
WO HanbinbLia KinbKiCTb neTanbHUX BUNaAkie, siki 6ynn
00’eKTOM CyaoBO-MeAu4yHOiI ekcneptusn, byna B Aiten
Bikom 12—18 pokiB, a cnig 3a Heto y BikoBin rpyni 1-6 po-
kiB. BikoBa rpyna 7—11 pokiB OEMOHCTPYE HanMeHLUy
CMEpTHICTb, AKka B NONoBuWHi nNepiogy 6yna HynboBotO.

[oBipui iHTepBanu € TakoX HambINbLWMMK Yy BIiKOBIN
rpyni 12-18 pokie Ta HanmeHwwumn B 1-6 pokis, WO
CBigYNTb NPO HaMBInNbLUI Ta HaMEHLUI KONMBaHHA BUNaga-

It is noteworthy that among different age groups,
children aged 12-18 years prevail, and those aged
1-6 years are in second place. moreover, their number
in 2017 and 2022 is greater than that of those aged
12—18 years. in addition, there was a significant decrease
in the number of deaths already during wartime in 2022
in the age groups up to 1 year and 12—18 years, which
can be explained by the migration of children with
mothers abroad.

The representativeness error and confidence inter-
vals of the child mortality rate are presented in table 3.

Analyzing these results, it can be stated that the
largest number of fatal cases that were the subject
of forensic medical examination was at the age of
12-18 vyears, followed by the age group 1-6 years.
The age group 7-11 years demonstrates the lowest
mortality, which was zero in half of the period.

The confidence intervals are also the largest in the
age group 12-18 years and the smallest in 1-6 years,
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KiB B 3aneXHOCTi Big POKiB i HAO4YHO npeacTaBneHo
Ha piarpami (box-and-whisker) Ha puc. 1.

which indicates the largest and smallest fluctuations
in cases depending on the years and is clearly presented

in the diagram (box-and-whisker) in Fig. 1.

Tabnuua 3. PiBHi guTa40i cMepTHOCTI Big 3axBoptoBaHb LLKT
Table 3.Child mortality rates from Gl tract diseases

L
F—1 e e

Bigcotox nomepnudpercentage of deaths %
(4]

Bfo 1 poky/ up lo 1 year B 1-8 poxie/ 1-6 years
O7-11 pokie/ 7-11 years  O012-18 poxis/ 12-18 years

Puc. 1. Bigcotok nomepnux giten Big 3axsoptoBaHb LLUKT
Fig. 1. Percentage of children who died from gastrointestinal diseases

Bcboro nomepnux Big 3axsoptoBaHb LLUKT [iTv nomepni Bia 3axsoptoBaHb LLUKT/
Bix/ Age Total deaths from diseases Gl tract Children died from diseases Gl tract
Pik / year N n P, % mp Cl,%
2016 238 4 1,7 0,8 1,6
2017 234 6 2,6 1,0 2,0
[o poky 2019 230 5 2,2 1,0 1,9
up to a year 2020 180 1 0,6 0,6 1,1
2021 222 4 1,8 0,9 1,7
2022 150 0 0,0 0,0 0,0
2016 120 5 4,2 1,8 3,6
2017 132 5 3,8 1,7 3,3
1-6 2019 110 5 4,5 2,0 3,9
2020 76 2 2,6 1,8 3,6
2021 94 5 5,3 2,3 4,5
2022 59 3 5,1 2,9 5,6
2016 55 0 0,0 0,0 0,0
2017 58 0 0,0 0,0 0,0
711 2019 53 1 1,9 1,9 3,7
2020 51 2 3,9 2,7 53
2021 48 0 0,0 0,0 0,0
2022 43 2 4,7 3,2 6,3
2016 88 7 8,0 2,9 5,7
2017 73 2 2,7 1,9 3,7
2019 119 8 6,7 2,3 4,5
12-18
2020 101 9 8,9 2,8 5,6
2021 140 13 9,3 2,5 4,8
2022 72 1 1,4 1,4 2,7
10
9 +
B a
? a
6 *
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AKWO ouiHoBaTK BCHO KiNbKICTb MOMEpnux AiTen Big
3axBOpPOBaHb opraHiB TpaeneHHst 3a 2021 pik, iHpopma-
Uis Npo siki HasiBHAa B cTaTUYHOMY 3BipHUKY AepXcTaTty
YkpaiHn « Tabnuui HapoapKkyBaHOCTi, CMEPTHOCTI Ta cepef-
HbOI O4iKyBaHOI TpuBanocTi XuTTa» [8], To KoedilieHT
ctaHoBuTb 1,5 Ha 100 Tuc oci6 BigNOBIAHOrO BIKY, LLO
B uinomy cknagae 120 oci6 Ha BCe HaceneHHsi BiKOM
no 20 pokiB, flke 3a JaHUMW JepXcTaTy Ha ToW 4ac
ctaHoBuno 8,1 MnH giten [9].

AHOAI3 AUTA4OI CMEPTHOCTI

B ACneKTi AuTaYoi xipyprii

[poaHanizoBaHa AuTAYa CMEpPTHICTb, MOB’si3aHa
i3 3aXBOPIOBAHHSIMU LLUMYHKOBO-KULLKOBOTO TPaKTy, LU0
32 BUKIIOYEHHSM iHLUMX 3axXBOpPHOBaHb, € XipypriyHow
naTonorieto, 3anuwaeTbCa OAHIEl0 3 HambinbLL BaXnu-
BMX i cknagHux npobnem y cdepi negiatpii Ta Xxipyprii.
3a gaHuMuM OOChiKEeHHS BUSABMEHO, Lo HambinbLumin
BiJCOTOK CMEpTHOCTI cepef AiTel npunagae Ha BiKOBY
rpyny noHag opgHoro poky (Bin 1 pgo 18 pokiB), wWwo
3a3BUYal € Hacnigkamu rocTporo 3anasieHHsi, rocTpoi
HEenpOXIiAHOCTI KULIEYHWKa, MOoro nepdopauii Ta nepu-
TOHITY. Lle cBig4MTb NpPO BWUCOKUN PU3UK PO3BUTKY
TSDKKUX YCKIMaAHEHb, L0 MOXYTb MPU3BECTW OO CMEpTI,
a oTxe noTpebylTb CBOeYacHOro Ta keanidikoBaHOro
XipypriYHOro BTpyyaHHs1.

Ocob6AnMBOCTi cMepTHOCTI

B Pi3HMX BiKOBMX rpynax

Ocobn1Bo TPUBOXHUM € BUCOKWUI piBEHb CMEPTHOCTI
cepepn Aiten paHHbOro Biky (40 1 poOKy), L0 3yMOBIEHO
cneumdiyHMMM  0COBNMBOCTAMWU  OUTAYOTO  OpraHiamy,
Je HaBiTb HaMMEHLUi MOPYLUEHHSI MOXYTb MPU3BOAUTU
[0 LBWOKOI OeKkoMneHcauil Ta netanbHUX HachiakiB.
Baxnuemum pakTopoM € TakOoX BiACYTHICTb CBOEYaCHOI
JiarHOCTVMKN Ta HedooLjiHKa TSKKOCTI CTaHy Ha paHHix
eTanax, Lo MOXe Npu3BOAUTM [0 3aTPUMKK Xipyprid-
Horo BTpyYaHHs. OfHaK MOKa3HWK Y AaHin BiKOBIM rpyni
€ He HawripLuMm, WO CBigYMTL NPo KBanidikoBaHy poboTy
nikapis-HeoHaTonorie Ta negiatpie. Y AiTen crapLioro
Biky (12—18 pokiB) BUCOKWIA piBEHb CMEPTHOCTI 3a3BUYaii
€ Hacnigkom nicnsonepauinHux ycknagHeHb, Takux $iK
nepuToHiT abo cencuc. Taki BUNaaku notpebytoTb cknag-
HOro Xipypri4HOro nikyBaHHs 3 BUCOKUM PU3NKOM ycKnag-
HEHb 4epes BiK NauieHTIB Ta 3HMWKEHUN piBEHb KOMMEH-
CaTOpPHUX MeXaHi3MiB opraHiamy.

3MiHM AMHAMIKU AUTAYOI CMEPTHOCTI

niA Yac BiMHKU

Ha ocobnusy yBary 3acnyroBye AMHaMika CMEepPTHOCTI
B YMOBax BiliHW. 3a JaHWMW OOCMIOXKEHHS, 3a NepLunii
PiK BilHW i cnocTepiraeTbCsl NEBHE 3MEHLUEHHS KiflbKOCTI
cmepTei cepep aitei. Lle moxe Oyt 3yMOBMNEHO pisHUMU
dakTopamu, TakMMn 9K npoLecu Mmirpawii, 3miHM B opra-
Hi3auii MegnyHoi gonomorn. OgHak cnig BpaxoByBaTtu i
iHLUI YMHHWKK, TaKi SK TMMYacoBa BiACYTHICTb 4OCTYyNy A0
MeOMYHUX 3aknafiB 4yepes3 eBakyalilo Ta nepeMilleHHs
HaCeneHHs, WO MOrfo NpM3BEeCTU 40 HeA00dOPMIEHMX
CTaTUCTUYHUX AaHUX | 3MILLIEHHS pe3ynbTaTiB.

3aranom Halli BWUCHOBKM 36iraloTbCsl 3 JaHUMKU
Marsh i cniBaBT. (2022), ski BCTAHOBWIU, LIO BUCOKWUIA
pU3MK XipypriyHnX ycknagHeHb i netanbHUX Hacnigkis
y negiaTpuyHin NpakTUUi NOB’A3aHUM i3 HeJocTaTHIM

If we estimate the total number of children who died
from digestive diseases in 2021, information about
which is available in the static collection of the state
statistics service of ukraine «tables of birth, mortality
and average life expectancy» [8], then the coefficient
is 1.5 per 100 thousand people of the corresponding
age, which in total will be 120 people for the entire
population under the age of 20, which, according to
the state statistics service at that time, amounted to
8.1 million children [9].

Analysis of child mortality

in the aspect of pediatric surgery
The analyzed child mortality associated with disea-
ses of the gastrointestinal tract, which, to the exclusion
of other diseases, is a surgical pathology, remains one
of the most important and complex problems in the
field of pediatrics and surgery. According to the study,
the highest percentage of mortality among children falls
on the age group over one year (from 1 to 18 years),
which are usually the consequences of acute inflam-
mation, acute intestinal obstruction, perforation and
peritonitis. This indicates a high risk of developing severe
complications that can lead to death, and therefore

require timely and qualified surgical intervention.

Features of mortality

in different age groups
The high mortality rate among young children
(up to 1 year) is especially alarming, which is due to the
specific characteristics of the child’s body, where even the
slightest violations can lead to rapid decompensation
and fatal consequences. An important factor is also the
lack of timely diagnosis and underestimation of the
severity of the condition in the early stages, which can
lead to a delay in surgical intervention. However, the
indicator in this age group is not the worst, which
indicates the qualified work of neonatologists and
pediatricians. In older children (12-18 years), high mor-
tality rates are usually due to postoperative complica-
tions, such as peritonitis or sepsis. Such cases require
complex surgical treatment with a high risk of compli-
cations due to the age of the patients and the reduced

level of compensatory mechanisms of the body.

Changes in the dynamics of child mortality

during the war
The dynamics of mortality in war conditions deserve
special attention. According to the study, a certain
decrease in the number of deaths among children was
observed during the first year of the war. This may be due
to various factors, such as migration processes, changes
in the organization of medical care. However, other
factors should be taken into account, such as the tem-
porary lack of access to medical facilities due to evacu-
ation and population displacement, which could lead

to incomplete statistical data and bias of the results.

Overall, our findings are consistent with those of
Marsh et al. (2022), who found that the high risk of
surgical complications and mortality in pediatric practice
is associated with insufficient training of medical teams,
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piBHEM MiArOTOBKM MeOW4HUX KOMaHZ, HagMipHUM Ha-
BaHTaXXeHHAM i cknagHicTio cTaHy nauieHTis [3]. e nig-
KPECIIOE KPUTUYHY BaXKINUBICTb 3anpoBa)KEHHsI cMcTeMa-
TUYHWUX HaBYarbHMUX Nporpam Ans MeguyHoro nepcoHany,
CMpsAMOBaHMX Ha NiABULLIEHHS AKOCTI XipypriyHOi 4ONOMOru
JiTSIM i3 3aXBOPHOBAHHSAMY LLIMYHKOBO-KMLLIKOBOTO TPaKTY.

OpHum i3 edbeKkTUBHMX niaxodiB oo niaBuLLeHHs 6es-
Nnekn NauieHTiB € BUKOPUCTAHHA CUCTEMWN KPUTUYHOI 3BIiT-
HocTi npo iHunaeHTn (CIRS), 3anponoHoBaHe Heuer Ta
CniBaBT., WO [JO3BOMISE BUSABMNATA Ta MonepemxysaTtu
NOTEHLiNHI NoMWnku [6]. BUMKOPUCTaAHHA TakMx CUCTEM
y negiaTpuyHuX nikapHAX YKpaiHu ChpUSTUME 3HUKEeH-
HIO 4acTOTM TEXHiYHMX i LiarHOCTUYHMX MNOMUNOK [5],
WO Y3ro4KyeTbCA 3 HaWWUMKM pesynstatamn aHanisy
NPUYUH NeTarnbHOCTI.

OcobnuBe 3Ha4yeHHs1 Mae BMBYEHHSI OpraHi3auiiHux
i npoTokonbHUX nopyweHb. Pletenetska Ta iHwi (2024)
BKa3yl0Tb Ha 3pPOCTaHHS KiNbKOCTi AedekTiB mMeanyHol
Jomnomoru nig Yac BiliHW, BKIMKOYHO 3 MOPYLUEHHSIM CTaH-
naprtis i npotokonis [10]. AHanoriyHi npobnemu BUSIBNEHO
i B HaWOMy aHanisi, e 3aTpyMKa eKCTpeHol A40NoMoru
Ta pedektn nicnsgonepauinHOro MeHemKMEHTY 3HayHO
NigBULLYIOTb PU3MK NeTanbHUX Hacnigkis.

Hawe gocnigxeHHa nigTBepaxye, Wo cepeq Aiten i3
3axBoptoBaHHAMKU LWKT HaibGinbwuii piBeHb CMEpPTHOCTI
crnocTepiraeTbca y BikoBMX rpynax 1-6 i 12-18 poki..
Lli pesyneratu BignosigawTb AaHWM iHLWIMX HaYKOBUX
npaub, SKi aKUeHTYIOTb Ha BUCOKIN ypasnuMBOCTi MOroa-
LUMX AITEN | pU3NKY TSXKKUX YCKNaaHeHb y nigniTkis [11].

OuHamika guTa4oi cMepTHOCTI Nig Yac BiHKM 3acnyro-
BYE Ha OKpeMy yBary. 3a pesynsratamy Halloro aHaniay,
3HWXKEHHS 3apeeCcTpOBaHMX NeTanbHUX BUMNAgKiB Y
2022 poui nos’sisaHe 3 MirpauinH1mMu npouecamu, TpygHo-
Wwamu gocTyny OO MeOWYHMX 3aknagiB i HeJoCTaTHbO
peecTpauieto cmepTeir. [logibHi BMCHOBKM 3pobrneHo
Naporchuk (2024) [11].

BogHo4yac nokasHWKM CMEPTHOCTI Bifg rOCTPUX CTaHIiB
LLKT (nepuToHiT, NnepdopaLis KnwevHunka) nigkpecnoTb
Ba)XNMBICTb NOCUINEHHS KOHTPONIO 3a NepeaonepauiiHo
NigroToBKO | AOTPMMaHHSIM MPOTOKONMIB XipypriYHOi AoMo-
moru [12]. Lli doakTopm CTBOPIOOTE 3HAYHI BUKINKM 5151 Me-
ONYHMX 3aKnagiB nig Yyac Hag3BMYaMHWUX CUTyauin, Konu
Joctyn o kBanicdikoBaHoi gonomoru obmexennii [13].

3aTpumka B HafaHHi HeBigknagHoi 4oNoOMOry 3Ha4YHO
nigsuLLye pu3nK yckrnagHeHb, siKk nokasaHo Butterworth
i cniaBT. (2023), WO NiATBEPAXYE BaXMMBICTb CBOEYaC-
HOI AiarHocTukM Ta BTpydaHHsA [14]. MNoninweHHs opraHi-
3auii  HeBigknagHoi XxipypriyHoi gonomoru, 0cobnvBo
Yy BOEHHWUIA Yac, € KPUTUYHUM 3aBAAHHAM NS 3HWKEHHSI
OUTAYOI CMEPTHOCTI.

MeaAunYHi npobAemu B yMOBAX BilAHM

YcknagHeHi yMOBW BilHW BMMararTb HeramHux opra-
Hi3auinHWX 3MiH y HagaHHi XipypriyHOi gonomorun Aitsam,
0co6n1Bo B 30Hi GoroBux Ain. MepemilieHHs XipypridyHmX
Opurag, HagaHHsA NepLIoYeproBoi AOMNOMOrM B MONbOBUX
YMOBax Ta HafdaHHs EKCTPEHUX XipypriyHux nocnyr
B MODiNbHUX rocnitansix € HeobxigHMMM 3axogamu Ans
3HWXKEHHS neTanbHOCTi cepend Aiten. Kpim TOro, 3HauHy
ponb Bigirpae HaBYaHHSA MeguYHMX KagpiB Ans pobotu
B YMOBax BOEHHOIO 4acy, WO [J03BOMSE OMNepaTtuBHO
pearyBaTu Ha CKnagHi XipyprivHi Bunagaku.

excessive workload, and patient complexity [3]. This em-
phasizes the critical importance of implementing syste-
matic training programs for medical staff aimed at
improving the quality of surgical care for children with
gastrointestinal (gi) diseases.

One effective approach to improving patient safety
is the use of a critical incident reporting system (cirs),
proposed by heuer et al., which allows for the detection
and prevention of potential errors [6]. The use of such
systems in pediatric hospitals in ukraine will contribute
to a decrease in the frequency of technical and diag-
nostic errors [5], which is consistent with our results of
the analysis of the causes of mortality.

Of particular importance is the study of organiza-
tional and protocol violations. Pletenetska et al. (2024)
point to an increase in the number of defects in medical
care during war, including violations of standards and
protocols [10]. Similar problems were found in our
analysis, where delayed emergency care and defects
in postoperative management significantly increase the
risk of fatal outcomes.

Our study confirms that among children with gastro-
intestinal diseases, the highest mortality rate is observed
in the age groups 1-6 and 12-18 years. These results
are consistent with other scientific works that emphasize
the high vulnerability of younger children and the risk
of severe complications in adolescents [11].

The dynamics of child mortality during war deserve
special attention. According to our analysis, the decrease
in registered deaths in 2022 is associated with migration
processes, difficulties in accessing medical facilities,
and insufficient registration of deaths. Similar conclusions
were made by naporchuk (2024) [11].

At the same time, mortality rates from acute gastro-
intestinal conditions (peritonitis, intestinal perforation)
emphasize the importance of strengthening control
over preoperative preparation and adherence to surgical
care protocols [12]. These factors create significant
challenges for medical institutions during emergencies,
when access to skilled care is limited [13].

Delay in providing emergency care significantly
increases the risk of complications, as shown by butter-
worth et al. (2023), which confirms the importance of
timely diagnosis and intervention [14]. Improving the
organization of emergency surgical care, especially
in wartime, is a critical task to reduce child mortality.

Medical problems in wartime

The complex conditions of war require immediate
organizational changes in the provision of surgical care
for children, especially in combat zones. The movement
of surgical teams, the provision of primary care in the
field, and the provision of emergency surgical services
in mobile hospitals are necessary measures to reduce
mortality among children. In addition, training medical
personnel to work in wartime conditions plays a signifi-
cant role, allowing for a prompt response to complex
surgical cases.
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BUCHOBKHU

Pesynbratv  pocnifjkeHHs BKasyloTb Ha  3HauvHe
KONMMBAHHA PIiBHIB AUTAY0I CMEPTHOCTI Bif 3aXBOPIOBaHb
LUITYHKOBO-kuwKkoBoro  Tpakty (LUKT), wo BapitooTb
Big 0,00 go 9,3% 3anexHo Big BiKy Ta POKy, MOPIBHSHO
3i CMEpTHICTIO Big IHWMWX HEeHACUNBbHULBKUX MPUYMH.
CepeaHint piBeHb CMEpPTHOCTI Big Uiel matonorii craHo-
Butb 0,27 + 0,02% Big 3aranbHOro piBHA HeHacwsb-
HULIbKOT CMepTi, Wo Gyna 06’eKToM JOCnigKEeHHS Cya0BO-
MeanyHux ekcneptiB. Lle cBig4YMTb MpO BaXnMBICTb
cneuianizoBaHOi AWTAYOI Xipypril Yy 3HWKEeHHi netanb-
HOCTI Bifj TaKMX 3aXBOPIOBaHb, @ TAKOX NPO HEOOXiOHICTb
YAOCKOHANeHHs opraHisadii MeaMyHoi gonomoru ons nia-
BULLIEHHS e(DEKTUBHOCTI MiKyBaHHSA B yMOBax OOMeEXeHNX
pecypciB, 30KpemMa nig Yyac Haa3BNUYaNHMX CUTYaLLn.

JocnigkeHHa nokasano, Wo Hanbinbw BpasnMBUMU
BikOBMMU rpynamu ans 3axsoptoBaHb LLUKT € gitn Bikom
12—-18 pokiB Ta 1-6 pokiB, Ae pPiBHi CMEPTHOCTiI BMSABU-
nvica HamBuwmmu, Lli gaHi BkasyloTb Ha HeobXigHicTb
0co6nMBOi  yBar [0 MNiKyBaHHA TSXKKUX  XiPYpridyHMX
BUMNaAKIB y LUMX BIKOBMX KaTEropisx, a TakoX Ha BaXnu-
BiCTb CBOEYACHOIO BUSIBNEHHS naTonorin ans 3anobirax-
HA neTanbHUM Hacnigkam. Cnig BpaxoByBaTu, WO AnNg
rpynu gitem Bikom Ao 1 poky Ta crapwwux Mignitkie
XapakTepHi crneundiyHi MegunyHi noTpebu, wWo noTpe-
OyloTb iHOUBIQyanbHOrO nigxogy QOO AiarHOCTMKM Ta
nikyBaHHS, 0COOMMBO B yMOBAaXxX BilHW, KONMW MeOWNYHI
YCTaHOBW MOXYTb ByTu NepeBaHTaxeHi.

BikoBa rpyna 7—11 pokiB AemMOHCTpyBana B MOMOBUHI
[ocnigKyBaHOro nepiogy HyrnbOBi MOKa3HWKM CMEPTHOCTI,
WO CBiAYUTb MPO AOCTATHIM piBEHb HadaHHA MeanyHOl
ponomorn. OgHak HaBiTb y Ui rpyni HeobxigHO npo-
OOBXyBaTW nNpauioBaTM Hag YAOCKOHANEHHAM SKOCTi
HafaHHSA XipypriyHOi AOMOMOrn, ocobnmBo B €KCTPEHMX
cuTyauisix, Wwob niaTpyMyBaT BUCOKWUMA PiBEHb BUXMBA-
HOCTi Ta nonepegkatM MOXIMBI YCKIAOHEHHS, Lo
MOXYTb BUHWUKHYTW Y AITEN LibOro BiKY.

BusiBneHi BiKOBi rpynu 3 BWUCOKMMMW MOKa3HWKaMu
cMepTHOCTI noTpebytoTb ocobnueoi yBaru nikapiB-xipyp-
riB Npu HagaHHi MeguyHoi gonomorn. Ocobnuey porb
Y 3HWKXEHHi NneTanbHOCTI Bigirpae cBoevyacHe Ta ksanidi-
KOBaHe XipypriyHe BTpy4YaHHS, WO BMMAarae BWUCOKOI
FOTOBHOCTI MeAMYHMX YCTaHOB [0 HadaHHSA EeKCTpeHol
gonomoru, ocobnueo B ymoBax BivHUW. Lle nigkpecnioe
BaXNMBICTb 3abe3nevyeHHs JOCTyny A0 Cy4YacHUX Xipyp-
riYHUX TexHonorin i kBanidikoBaHux dpaxisuis y Oyab-
SKMX YMOBaX.
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CONCLUSIONS

The results of the study indicate a significant fluc-
tuation in the rates of childhood mortality from diseases
of the gastrointestinal tract (Gl), varying from 0.00
to 9.3% depending on age and year, compared with
mortality from other non-violent causes. The average
mortality rate from this pathology is 0.27 + 0.02% of the
total level of non-violent death, which was the subject
of the study of forensic medical experts. This indicates
the importance of specialized pediatric surgery in re-
ducing mortality from such diseases, as well as the need
to improve the organization of medical care to increase
the effectiveness of treatment in conditions of limited
resources, in particular during emergencies.

The study showed that the most vulnerable age
groups for Gl diseases are children aged 12-18 years
and 1-6 years, where mortality rates were the highest.
These data indicate the need for special attention to the
treatment of severe surgical cases in these age cate-
gories, as well as the importance of timely detection of
pathologies to prevent fatal outcomes. It should be borne
in mind that the group of children under 1 year of age
and older adolescents is characterized by specific
medical needs that require an individual approach to
diagnosis and treatment, especially in war conditions,
when medical institutions can be overloaded.

The age group 7-11 years demonstrated zero mor-
tality rates in half of the studied period, which indicates
a sufficient level of medical care. However, even in this
group it is necessary to continue working on improving
the quality of surgical care, especially in emergency
situations, in order to maintain a high level of survival
and prevent possible complications that may occur in
children of this age.

The identified age groups with high mortality rates
require special attention from surgeons when providing
medical care. A special role in reducing mortality is played
by timely and qualified surgical intervention, which
requires high readiness of medical institutions to pro-
vide emergency care, especially in war conditions.
This emphasizes the importance of ensuring access
to modern surgical technologies and qualified specialists
in all conditions.
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nepcnex'msu NOAQAbLUMX AOCAIAXEHD

Onsa BuSIBNEHHS Ta YCYHEHHs HedonikiB 3aranbHOi AWUTAYOil
xipyprii HeobxiiHO NpoBecTU AeTanbHUIA aHamni3 eKcrnepTHUX
Bunagkie. Lle 0o3BonNuTb He nuwe BUABUTM NPUYMHU BUCOKOT
CMepPTHOCTI cepepn Aiten, a N po3pobuTn edekTUBHI cTpaTerii
ONs NoKpalleHHs opraHisdauii XipypriyHOI A4ONOMOrM B yMOBaXx
BOEHHOro 4Yacy. OcobnuBo BaxnumBo 3abe3neynTy iHTerpadito
MiX pi3HUMW creuianbHOCTAMM (negiaTpisi, Xipyprisi, aHecTte-
3ionoris) AN AOCArHEHHST HaMKpalmx pes3ynbraTiB y mnikyBaHHi
nitent 3 TSXKKMMKM TpaBMaMu Ta 3axXBOPHOBaHHSIMW, LLO MoTpe-
Gyt0Tb EKCTPEHOIO XipypriYHOro BTPYYaHHS.

3aranom, pesynsratv AOCHIAXEHHS MiAKPECOTh BaXIUBICTb
YAOCKOHAanNeHHs opraHisauii HagaHHs XipypriyHoi gonomoru
niTam, ocobnueo B ymoBax OOMeXeHMX pecypciB Ta ekcTpe-
ManbHUX CUTYyaLil, Wwo noTpebyioTb LWBMAKOT i TOYHOI peakuii
MeOUYHMX NPaLiBHUKIB ANSA 3HWXKEHHSA PIBHS ANTAYOI CMEPTHOCTI.

KoHdoAIKT iHTEpeciB

ABTOpPM 3asBMAOTb, WO Y HUX HEMae BIAOMUX KOHKYPYHUMX
(hiHaHCOBMX iHTepeciB abo 0coBUCTUX CTOCYHKIB, siki Mornu 6
BNIMHYTW Ha poboTy, Npo sIKy MAETbCS B Uil CTaTTi.

IHdpbopMauis npo doiHAHCYBAHHS

ABTOpM 3asBNSAIOTb, WO BOHM HE OTPUMYBANU >XOAHOI iHaH-
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Prospects for further research

To identify and eliminate the shortcomings of general pediatric
surgery, it is necessary to conduct a detailed analysis of expert
cases. This will allow not only to identify the causes of high
mortality among children, but also to develop effective strategies
for improving the organization of surgical care in wartime con-
ditions. It is especially important to ensure integration between
different specialties (pediatrics, surgery, anesthesiology) to
achieve the best results in the treatment of children with severe
injuries and diseases requiring emergency surgical intervention.
Overall, the results of the study emphasize the importance of
improving the organization of surgical care for children, espe-
cially in conditions of limited resources and extreme situations
that require a quick and accurate response of medical pro-
fessionals to reduce the level of child mortality.
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KAlo4oBi cAaoBa: PE3IOME

rinepnnasias  nepegmixypoBoi  3ano3v, AkTyanbHicTb. [lonieTionoriyHa npupoga, MaTonoriyHi 3MiHWU CTPYKTypy nepeamixy-

MOPGOMETPUYHI  NOKa3HMKM, KOMOGiIHO-  poBoi 3ano3u (MN3) n pisHi NoGiYHi edpekTn BHaAcCMiQOK TPMBaNoro MpUAMaHHs

BaHa MeAnKaMeHTO3Ha KOpeKLis. OesiKnX NpoCTaTonpoOTEKTOPIB, @ TAKOX 3HAYHe MOripLIEHHS YOMOBIYOro 300pOoB’s, Lo
BUKINVKaHe CTPECOreHHUMM YMOBAMW Cy4YacHOrO XWUTTS, CMOHYyKalTb AOCRIOHUKIB
00 MnOLyKy HOBMX CXeM fiKyBaHHA Ta npodinakTvku rinepnnasii nepeamixypoBoi
3anosu (IM3).
MeTta pob6oTtu — aHamnia MopdoMeTpUYHMX OCOGMMBOCTEN NepeamixypoBOi 3anosu
WwypiB 3i 3MoAenboBaHOK Cynbhipua-iHAYKOBaHOW rinepnnasieto nicns kombiHoBa-
HOro 3acTocyBaHHS BiTaMiHy D3 i ekTpakTy nnoAis nanbMy NUAKonoaibHoi.
Marepianun Tta metogu. [HocnigkeHo 54 Giontatm TkaHuHu M3 Big 12-micAYHMX
CTaTeBOAKTUBHMUX camuiB-ypiB, macoto 330-380 r (n = 9). EkcnepumeHTanbHux
TBapuH Byno paHgoMi30BaHO MOAINEHO Ha rpynu: rpyna | — KOHTponb, camui WwypisB 6e3
natonorii; rpyna |l — TBapuHu 3i 3mogensoBaHoto M13; rpyna Il — wypwu 3i 3mogensoBa-
Hoto 13, ski oTpumyBanu kombiHoBaHoO BiTamiH D3 Ta ekcTpakT Serenoa Repens.
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AAS LUTYBAHHS:

MopgentoBaHHs [T13 npoBogunM LWNSXOM BHYTPILUHBOM'SI30BOTO  BBEEHHS npe-
napaTty, SiKM MICTUTb aKTUBHY Aitody peyoBUHY — cymbnipupa (PO34uH Ans iH'eKuin,
50 mr/mn), y fo3i 40 mr/kr macu Tina TBapuH npotsirom 30 gi6 (rpyna Il, IM3). TBapuHam
KOHTponbHOI rpynu (rpyna |, KoHTponb) wWoAao6oBO BHYTPILLHLOM I30BO BBOAWMU
0,5 mn 0,9% po3dnHy xnopuay HaTpito.

MounHaroun 3 31-i no 51-wy goby ekcnepumeHTy LypaMm BBOAMNM OBa 3acobu ans
KopekLUii natonoriyHoro ctaHy (komGiHOBaHe 3acTocyBaHHs): per os BiTamiH D3 y noasi
4000 MO Ta ekcTpakT nanbMu nunkonoaibHoi (Serenoa Repens) y oosi 35 mr/kr m.T.
(rpyna lll, TM3+BiTamin D3+ekcTpakT nnogis Serenoa Repens).

MikpockoniyHo gocnimkeHo 6ionTaTy TKaHWHW op3arnbHOi Ta BeHTpanbHoi 30HK M3,
OuiHoBanM ocobnuBoCTi CTPOMarnbHOro, NapeHXiMaTo3HOro W CyAMHHOrO KOMMOHEH-
TiB, HasBHiCTb abo BiACYTHICTb BTOPMHHUX 3MiH Ta npoBoAuNuM MopdodoMET-
pVYHY OLiHKY piBHA rinepnnasii (BMCOTY 3ano3uctoro eniTenit, CTPOManbHOro
Ta MNapeHxiMaTo3HOro KOMMOHEHTIB (%), CTpoManbHO-MapeHxiMaTo3Hui iHAEKC
(Cnl, ym. op.). BukopuctoByBanM MEeTOAM OMUCOBOI CTAaTUCTUKM Ta pPO3paxyHOK
U-kpuTepint ManHa-YiTHi (MY).

Pe3synbratn Ta ix o6roBopeHHs. [Mpy MOPIBHAHHS MOPEOMETPUYHUX MOKa3HUKIB
GionTaTiB TKaHWHW BeHTpanbHOi YactuHu M3 Il Ta | rpyn ycrtaHoBwunu, wWwo nicns
3MofenboBaHoi cynbnipua-iHaykoBaHoi rinepnnasii M3 cratnctuyHo BiporigHo 36inb-
wmnacs Bucota enitenito go 77,06 + 0,50 Mkm; 3aMeHLWwMNaca nuToma Bara cTpomarb-
Horo komnoHeHTa fo 45,33 + 0,5%; 3pocna nMToma Bara napeHxiMaTo3HOro KOMro-
HeHTa go 54,67 + 0,50% Tta CIl 3Hu3uBecsa go 0,83 + 0,02 ym.og, p < 0,05. AHanoriyHi
3MiHW Bynu BUSIBNEHi i B MOP(OMETPUYHIX NOKa3HMKax GionTaTiB TKaHWHM [op3anbHOi
YactuHm M3, npote BoHM Bynu Ginbw BupaxeHumu. Tak, CIMI B Il rpyni 3HM3mBCA
y 3,6 pa3y nopiBHAHO 3 NnokasHukoM | rpynu, p < 0,05.

Micna kombGiHOBaHOro 3acTocyBaHHsi NikapcbkMx 3acobiB B  MOPEHOMETPUYHUX
nokasHukax Ill rpynu gocnigXeHHs NOpiBHSAHO 3 nokasHukamu |l rpynu BigaHavanocs
CTaTUCTUYHO BipOrigHe 3MEeHLLEHHS1 Y BEHTparnbHil YyactuHi M3 BucoTU rinepnnasosa-
HOro eniTenito i NMTOMOI BarM NapeHximaTto3HOro KOMnoHeHTa, p < 0,05. YTim nutoma
Bara cTpoManbHoro komnoHeHTta i CIll, HaBnaku, CTaTUCTMYHO BiporigHO 36inbLuK-
nucs, p < 0,05. AHanoriyHi 3miHM Gynu BUsIBNEHi i B MOPOMETPUYHUX MOKa3HUKax
GionTaTiB TKaHWHW Aop3anbHoi YacTuHu [13, ane BoHWM Gynu Ginbly 3HauyLli, Tak
Biamivanocs 36inbwenHsa CMly 3,3 pasy (p < 0,05).

BucHoBku. BctaHoBneHo, Wo y wypis |l rpyny 3ano3vctuin eniteniv gopsanbHoi vac-
TMHM T3 BusIBMBCS Ginbll 4YyTNMBUMM MOPIBHAHO 3i CTPOMOK [0 rinepcekpewii
NMpoMakTuUHY, sika BMHWMKana Mig 4ac 3acToCyBaHHS cynbnipuay, Lo MopdOrnoriYHo
niaTBEepAKyBanocs HasiBHICTIO BUpaxeHoi rinepnnasii Ta aHuxkeHHsm CII (p < 0,05).
KombiHoBaHe 3acTocyBaHHs BiTamiHy D3 i ekcTpakTy Serenoa Repens ans kopekuii
M3 cnpusino 3Ha4HOMy MOKPALLUEHHI0 MOPEOMETPUYHUX MOKA3HUKIB sIK Y BEHTparb-
Hi, Tak i gop3anbHin YactuHi M3 wWypis, Npo WO cBigYMNU NO3MTMBHI 3MmiHKM CII,
signoeigHo 1,26 + 0,03 ym.oa. Ta 1,0 £ 0,01 ym.og.

Tkavenko H.O., Mpouexko O.C., PemHboBa H.O., Yymak J1.I., Cmonenko H.M., BenkiHa 1.0., Mapaxoscbkuin 1.0.,
KopeHeBa €.M., boHaapeHko B.O. MopdomeTpnyHi 0cobnmBoCTi NepeamixypoBoi 3arnosmn LWypiB 3i 3MOAENbL0BAHO0
CynbnipuA-iHAYKOBaHOIO rinepnmasieto nicns KoMOiHOBaHOrO 3acToCyBaHHSA BiTamiHy D Ta ekcTpakTy nnogis nanbmu
nUnKonogioHoi. BicHUK Xapkiecbko2o HauioHarnbHo20 yHigepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa. 2025.
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ABSTRACT

Background. The polyetiological nature, pathological changes in the structure of the
prostate gland (PG), and various side effects resulting from prolonged use of certain
prostate protectors, as well as the significant deterioration of men’s health caused by
the stressful conditions of modern life, encourage researchers to seek new approaches
for the treatment and prevention of benign prostatic hyperplasia (BPH).

Purpose — was to analyze the morphometric features of the prostate gland of rats
with simulated sulpiride-induced hyperplasia after the combined use of vitamin D3
and saw palmetto fruit extract.

Materials and Methods. 54 prostate tissue biopsies from 12-month-old sexually
active male rats weighing 330-380g (n = 9) were studied. The experimental animals
were randomized and divided into groups: group | served as the control, consisting
of male rats without pathology; group Il included animals with induced BPH; group I
consisted of rats with induced BPH that received a combination of vitamin D3 and
Serenoa Repens extract. Modeling of BPH was carried out by intramuscular
injection of a drug containing the active ingredient — sulpiride (solution for injections,
50 mg/ml) at a dose of 40 mg/kg body weight of animals for 30 days (group Il, BPH).
Animals of the control group (group I, control) received 0.5 ml of 0.9% sodium chloride
solution intramuscularly daily.
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From the 31st to the 51st day of the experiment, the rats were administered two
means to correct the pathological condition (combined use): per os vitamin D3 in
a dose of 4000 ME and Serenoa Repens fruit extract in a dose of 35 mg/kg body
weight (group Ill, BPH+vitamin D3+extract of Serenoa Repens).

Tissue biopsies of the dorsal and ventral zone of the PG were microscopically
examined, the features of the stromal, parenchymal, and vascular components,
the presence or absence of secondary changes, and the morphometric assessment
of the level of hyperplasia (height of the glandular epithelium, stromal, and paren-
chymal components (%), stromal-parenchymal index (SPI). Were used Mann—-Whitney
U-test (MU) for descriptive statistics and calculation methods

Results. When comparing the morphometric parameters of tissue biopsies of the
ventral part of the prostate of the Il and | groups, it was established that after
simulated sulpiride-induced hyperplasia of the prostate, the height of the epithelium
increased to 77.06 + 0.50 pm; the specific weight of the stromal component
decreased to 45.33 * 0.50%; the specific weight of the parenchymal component
increased to 54.67 + 0.50%; and SPI decreased to 0.83 + 0.02 a.u., p < 0.05. Similar
changes were found in the morphometric parameters of biopsy tissue of the dorsal
part of the prostate, but they were more pronounced. Thus, the SPI in group II
decreased by 3.6 times compared with the index of group |, p < 0.05. After the combined
use of drugs in the morphometric parameters of the Il group of the study compared
with those of the Il group, a statistically significant decrease in the height of hyper-
plastic epithelium and the proportion of the parenchymal component in the ventral
part of the PG was noted, p < 0.05. However, the proportion of the stromal component
and SPI, on the contrary, statistically significantly increased, p < 0.05. Similar changes
were found in the morphometric parameters of biopsy tissue of the dorsal part of
the PG, but they were more significant, as the SPI increased by 3.3 times (p < 0.05).
Conclusions. It was established that in group |l rats, the glandular epithelium of
the dorsal part of the prostate was more sensitive, compared to the stroma, to the
hypersecretion of prolactin that occurs during the use of sulpiride, which is morpho-
logically confirmed by the presence of significant hyperplasia and a decrease
in SPI (p < 0.05).

The combined use of vitamin D3 and Serenoa Repens extract for the correction
of BPH contributed to a significant improvement in morphometric parameters
in both the ventral and dorsal parts of the rat PG, as evidenced by positive changes
in the SPI, respectively, 1.26 + 0.03 a.u. and 1.0 + 0.01 a.u.

Tkachenko NO, Protsenko OS, Remnyova NO, Chumak LI, Smolienko NP, Bielkina 10, Marakhovskyi 10, Korenieva YeM,
Bondarenko VO. Morphometric features of the prostate gland in rats with sulpiride-induced hyperplasia after combined
administration of vitamin D and saw palmetto fruit extract. The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(1(52)):19-32. DOI: https://doi.org/10.26565/2313-6693-2025-52-02

BCTYN

INTRODUCTION

HobposikicHa rinepnnasias nepeamixypoBoi  3anosu
(FM3) € ogHieto 3 HAMMOLUMPEHILLMX MATONOri YONoBIYOi
penpoayKTMBHOI CUCTEMM, LLIO HEraTMBHO BMMBAE Ha
depTUNLHICTb Ta AKICTb XUTTS YonoBikiB [1, 2]. Y nepiog,
BOEHHOIO Ta MICNABOEHHOrO 4Yacy pusuk po3sutky [T13
3HAYHO NIOBULLYETLCA 4Yepe3 3HayHe HaBaHTaXeHHs,
nepebyBaHHS YOIOBIKIB Yy CyBOPMX MOOYTOBMX YyMOBaXx,
AKi  3yMOBIeEeHi TpMBarnow rymMaHiTapHOK Kpu3ol, Lo
BMKNMKaHa OoOMoBUMY AigMU, BiOCYTHICTIO perynsipHoro
CTaTeBOro XMUTTA, a TaKOX BWCOKMM PpiBHEM CTpecy.
ETionoria M3 e mynstudaktopHo, a po3BUMTOK nato-
norii 6e3nocepegHbO KOPENE 3 BikOM, piBHEM nNpoC-
TatocneuudiyHoro aHtureHy (PSA) Ta 3 NOpyLUEHHAM
CTPYKTYpW i OyHKUiT nepegmixypoBoi 3anosu (M3) [3].

Po3pi3HsaoTb pi3Hi Nigxoan A0 BeAeHHs nauieHTiB i3
M3, ogHak Hapasi BiA3Ha4YaeTbCs 3pOCTaHHSA iHTEepecy
0O MeaMKaMeHTO3HOI Tepanii nicnsg nosiBU niKapCbKMX
3acobiB, fKi iCTOTHO BNMMBalOTb HA NAaTOreHe3 3axBOPHO-
BaHHA. [ns nikyBaHHs [T13, 3rigHO 3 pekomeHpauismu
€Bponericbkoi acouialii ypororis, AOLiNMbHO 3aCTOCOBY-
BaTW Pi3HOMaHITHI rpynu nikapcbknx 3acobiB (K MOHO-
Tepanito, Tak i ixHO KoMbiHaUilo), a TakoX npenapatu

Benign prostatic hyperplasia (BPH) is one of the
most common pathologies of the male reproductive
system, which negatively affects men’s fertility and
quality of life [1, 2]. During wartime and post-war periods,
the risk of developing BPH increases significantly due
to the heavy workload, men’s stay in harsh living condi-
tions caused by the ongoing humanitarian crisis caused
by hostilities, lack of regular sexual activity, and high
levels of stress. The etiology of BPH is multifactorial,
and the development of pathology is directly correlated
with age, prostate-specific antigen (PSA) levels, and
disorders of the structure and function of the prostate
gland (PG) [3].

There are different approaches to the management
of patients with BPH, but there is currently an increas-
ing interest in drug therapy after the emergence of drugs
that have a significant impact on the pathogenesis of
the disease. For the treatment of BPH, according to the
recommendations of the European Association of
Urology, it is advisable to use various groups of drugs
(both monotherapy and their combination), as well as
herbal medicines [4, 5], which have recently begun to be
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POCIMHHOIO NOXOMKEHHSA [4, 5], Aki HellogaBHO novanm
aKTMBHO BMKOPUCTOBYBATU 3aBAsIKM ONTMMAanbHOMY CniB-
BigHOLLEHHIO (hapMaKkonoriyHoi edpekTUBHOCTI 11 Ge3ney-
HocTi [6]. Cepen LWMPOKO 3aCTOCOBYBAHMX POCIMHHUX
3acobiB i3 MNpPOCTATONPOTEKTOPHOK Aielo  BUAINATb
eKkcTpakT nnogis nansmMu Cabanb — nanbMy MUIKOMO-
hi6HOi (Serenoa Repens), skuii 6riokye nepeTBOpeHHS
TECTOCTEPOHY Ha aKTUBHWUIA MeTaboniT AaurigpoTecTto-
ctepoH y I3, mae npoTusananbHi W NPOTUHABOPSKOBI
BMacTMBOCTI Ta HE Mae HeraTMBHOIO BMSMBY Ha CTaTeBi
dyHKUiT [7-9].

OpHuM i3 NepcnekTUBHMX HanpsMKiB LoAo caHauii
M3 e 3acTocyBaHHA npenapaTtiB Ha OCHOBI BiTaMiHy D,
OCKinbkn #oro gediuMt Moxe noripwysatM ctaH M3
Ta penpoayKTuBHOI cuctemm 3aranom [10-13].

BpaxoBytoun nonietionoriuHy npupogy M3, Bucokuii
piBeHb 3axBOPKBAHOCTI, MaTOMOriYHi 3MiHU CTPYKTYypU
M3 1 pi3Hi NoGiuHi edekTn BHAcNigoK TpMBanoro npun-
MaHHS OesiKMX NPOCTaTOMPOTEKTOPIB, @ TaKOX 3HayHe
NOripLUEHHS YOIOBIYOro 310POB’S, LLIO BUKITUKAHE CTPECo-
FEHHMMU YMOBaMM Cy4acHOro XWUTTS B 0cobnueuii
nepiog (nig 4Yac 6onoBux Ajn Ta y NicNnABOEHHWUIA nepioa),
TemMa [OoChigKeHHA Mae LWe W couianbHy 3HavyLwicTb.
Bce ue 3ymoBntoe akTyarnbHICTb pob0TK Ta CMOHYKae [0-
CMiAHWKIB 0O MOLUYKY HOBUX CXEM Ta 3acoOiB NikyBaHHS
i npodpinakTmkm M3 i3 kOMBIHOBaHUM 3acTOCyBaHHAM
nikapcbknx 3acobib.

MeTta pob6oTn — aHania MopgoMeTPUYHNX OCOoBNU-
BOCTEN nepeaMixypoBOi 3ano3u Lypis 3i 3mMogenboBa-
HOK CynbnipyAa-iHOYKOBaHOW rinepnnasieto nicrns Kom-
GiHoBaHOro 3acTocyBaHHsl BiTaMiHy D3 i ekTpakTy nnoais
nanbMun NUNKONoaioHoi.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Mig yac BukoHaHHA poboTn pocnigunu 54 6Gion-
TaTu TKaHuHKM T3 Big 12-MicAYHMX CTaTEBO aKTUBHUX
camuiB wypie, macot 330-380 r (n = 9). JocnigxeHHs
npoBenu 3rigHO 3  HauioHanbHUMK  «3aranbHUMK
€TUYHUMW MPUHLMNAMK eKCMEePUMEHTIB Ha TBapuHax»
(Ykpaina, 2001 p.) i 3akoHom YkpaiHm «[1po 3axuct
TBapuH Bif, KOPCTOKOTO MOBOMAXEHHS», 3aKOHOM
YkpaiHn Big 21.02.2006 Ne 3447-1V, uumHHa pepakuis
10.10.2024, pie 3 15.11.2024 [14].

[Ona pocnimpkeHHs o6panu mogens cynbnipua-iHayKo-
BaHoi [TI3 y wwypiB, sika I'PyHTYETbCA Ha MOPYLUEHHI
ropmoHaneHoro 6anaHcy. Cynbnipua, B SIKOCTI Ajitoyoil
pevyoBMHN (aKTMBHOrO hapmaueBTUYHOrO iHrpegieHTa)
Mae hapMaKkororiyHy BNacTUBICTb aKTMBYBAaTW CEKpeLiito
nponakTuHy. lig yac TpMBanoro 3acTtoCcyBaHHSA Cynbnu-
pigy Yy LWypiB pO3BMBAETLCHA riNEprnponakTMHeMis, ska
cTumynioe nponidepadito 3anoauctoro enitenito y M3,
O KOPEenie 3 aHanoriYyHMMm naTomMopdOnoriYHUMm
3MiHamu y npocTari noguHn [15].

EkcnepvMeHTanbHnx TBapuH Oyno paHOoMi3oBaHO
nogineHo Ha rpynu: rpyna | — kKoHTponb, camui wypie 6e3
natonorii; rpyna Il — TBapuHn 3i 3mogensosaHoto [T13;
rpyna lll — wypw 3i 3MmogensoBaHoto 13, Aki oTpumyBanmu
kombiHoBaHo BiTamiH D3 Ta ekcTpakT Serenoa Repens.

Hocnign npoBogunu BiANOBIOHO [0 CTaHOAPTHOI
metogonorii [16]. MogentoBaHHs TI3 npoBogunu wns-
XOM BHYTPILLHBOM'AI30BOr0  BBEAEHHS npenapary, SKui
MICTUTb B SKOCTi Ai040i pPevyOoBMHM (aKTMBHOro dapma-
LeBTMYHOIO iHrpedieHTa) — cynbnipua (Po34nH Ans iH' ek-

actively used due to the optimal ratio of pharmacolo-
gical efficacy and safety [6]. Among the widely used
herbal remedies with prostate-protective effects is the
extract of Sabal palm fruit (Serenoa Repens), which
blocks the conversion of testosterone to the active
metabolite dihydrotestosterone in the prostate, has anti-
inflammatory and decongestant properties and has no
negative effect on sexual function [7-9].

One of the promising areas of prostate rehabilitation
is the use of vitamin D-based drugs, as its deficiency can
worsen the condition of the prostate and the reproductive
system in general [10-13].

Given the multi etiologic nature of BPH, high morbi-
dity, pathological changes in the structure of the prostate
and various side effects due to prolonged use of certain
prostate protectors, as well as a significant deteriora-
tion in men’s health caused by the stressful conditions
of modern life in a special period (during hostilities and
in the postwar period), the topic of the study is also of
social importance. All this makes the work relevant
and encourages researchers to search for new schemes
and means of treatment and prevention of BPH with
the combined use of drugs.

Objective — of the study was to analyze the morpho-
metric features of the prostate gland of rats with modeled
sulpiride-induced hyperplasia after combined administ-
ration of vitamin D3 and saw palmetto fruit extract.

MATERIALS AND METHODS

During the study, 54 biopsies of prostate tissue
from 12-month-old sexually active male rats weighing
330-380 g (n = 9) were examined. The study was
conducted in accordance with the national «General
Ethical Principles for Animal Experiments» (Ukraine,
2001) and the Law of Ukraine «On the Protection of
Animals from Cruelty», Law of Ukraine of 21.02.2006
Ne 3447-1V, current version 10.10.2024, effective from
15.11.2024 [14].

For the study, we chose a model of sulpiride-induced
BPH in rats based on hormonal imbalance. Sulpiride,
as an active substance (active pharmaceutical ingre-
dient), has the pharmacological property of activating
prolactin secretion. During prolonged use of sulpiride
in rats, hyperprolactinemia develops, which stimulates
the proliferation of glandular epithelium in the PG, which
correlates with similar pathomorphological changes in
the human prostate [15].

Experimental animals were randomly divided into
groups: group | — control, male rats without pathology;
group Il — animals with modeled BPH; group Ill — rats
with modeled BPH treated with a combination of
vitamin D3 and Serenoa Repens extract.

The experiments were performed in accordance
with standard methodology [16]. The modeling of BPH
was carried out by intramuscular injection of a drug
containing sulpiride (solution for injection, 50 mg/ml)
as the active pharmaceutical ingredient at a dose of
40 mg/kg body weight for 30 days (group I, BPH).
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uin, 50 mr/mn), y 0o3i 40 mMr/kr macu Tina TBapuH NPOTSIroM
30 pi6 (rpyna 1l, TTI3). TeapuHaM KOHTPOMbHOI rpynu
(rpyna 1) wono6oBO  BHYTPILIHBOM'S30BO  BBOAMIU
0,5 mn 0,9% po34nHy xnopuay HaTpito.

Cepep 3acobiB i3 npocTaTonpoTEeKTOPHOW Aieto aAns
pocnigkeHHst 6yno obpaHo ekcTpakT nnodis nanbmu
nunkonodibHoi (Serenoa repens), iHwa Ha3Ba LUiel
nanbMu — KaprvkoBa, sikui 6nokye neperBopeHHs B M3
TECTOCTEPOHY B aKTUBHWIA MeTabonit aurigpoTecTto-
CTEPOH, Mae NpoTusananbHi Ta NPoTMHAbPSKOBI BNacTu-
BOCTi Ta He BMMNMBAE Ha CTaH CeKCcyanbHOI QYHKLUIT
(npenapatn gnsa nikyBaHHA fobposikicHoi IM3. Kog ATX
G04C X02). Y poboTi BUKOPUCTOBYBanNu eKCTpaKT NIoais
nanbMu nunkonofibHoi cyxun, BupobHuuTea TOB «Hay-
KOBO-BUPOOHMYa komnaHis «BUNAPYC», YkpaiHa, cepTtu-
dikat skocti Ne 235, Homep naprTii: 2350223. Ilig yac
BMOOpY [03M BpaxoByBanu CMOCTEPEXEHHS, 3poOneHi
B nonepegHix gocnimkeHHsx [17,18], ae BukopucToBy-
Banu npenapaTtu, WO MICTATb €KCTPaKT Mrogie nanbmu
nunkonodibHoi. [Jo3za 35 wmr/kr Gyna nepepaxoBaHa
3rigHO 3 BMOOBMM KoeqilieHTOM, BMXoasuM 3 O06O0BOI
[0o3n nroguHu [19].

MouynHatoun 3 31-i gobu Big NoyaTKy eKCnepuMeHTy
TBapvHamMm BBOAMNM [OBa 3acobu Ons Kopekuii narto-
noriyHoro ctaHy (kombiHoBaHe 3acTtocyBaHHs). [poTarom
TPbOX TUXHIB BUKOPUCTOBYBanu per os BiTamiH D3 y fosi
4000 MO Ta ekcTpakT Serenoa Repens B 403i 35 Mr/kr M.T.
(rpyna I, IM3+BiTamiH D3+ekcTpakT Serenoa Repens).
PosunH BiTamiHy D3 Ha KiCTOYKOBIN Onii BUrOTOBNAMNU
3 nopouky BiTamiHy D3 (Kutan, naptia CHG20062009,
ctaHgapt akocti GB 9840-2017).

[Onsa mikpockoniyHoro gocnimpkeHHs 3 TkaHuHu 3
BMpi3anu no Tpy LUMaTOYKM 3 ABOX 30H — A0p3arnbHoi Ta
BEHTparnbHOi (Mo 27 WMAaTOYKIB Ha KOXHY, 54 LuMaTouku
M3 saranom). LlUmatoukn dikcysanm B 10% po3ymHi
HelTpanbHoro cdopmanidy, a 3rogoM MaTepian nignsaras
npoBoALi Yepe3 CnupTK 3poCcTatodoi KOHUEHTpaLii, pign-
Hy Hikidooposa (96% cnupT i gieTunosun edip y cniesia-
HoLeHHi 1:1), xnopodopmM, nicnsi Yoro 3anueanv napagi-
HOM. |3 MpuUroToBaHWX y Takui cnocid Grokis BUroToBMANN
3pi3n 3aBTOBLUKN 3—5 MKM Ha mikpoTomi Microm HM-340.
OTpumaHi 3pisn 3abapentoBany reMaToKCUmiHOM i eo3un-
HoM. MikpockoniyHi npenapatn BMBYanu 3a SONOMOrOH
onTU4YHOro Mmikpockona Primo Star Zeiss i3 uudposoto
kamepoto MICROmed MDC-500 5,0 Mpix (HimeyuuHa).
KoxeH pocnigXyBaHuin BuNagok nignsras oOrnsgosin
MiKpockonii, nig 4Yac aKoi OuiHBanu 3aranbHUA Xapak-
Tep 6ynosu M3, ocobnmBocTi cTpomanbHOro, napeHxima-
TO3HOMO W CYOMHHOIO KOMMOHEHTIB, HasiBHICTb abo Bia-
CYTHICTb BTOPUHHUX 3MiH (BKIHOYEHb, KPOBOBMWIUBIB,
HeKpO3iB, 3ananeHHsl).

[ns MmopdoMeTpUYHOT OUiIHKK piBHSA rinepnnasii o64umc-
noBanu BUCOTY 3an03MCTOro enitenito 3 BUKOPUCTaHHSM
CTaHA4apTHOI MIKPOCKOMIYHOI MOPAOMETPUYHOI MiHINKMK,
SIKy BCTABNSANM B OKYnsp Mikpockona Ha 36inbLieHHi x200.

Takox [ns MoOpOMETPUYHOI OLIHKM piBHA rinep-
nnasii NpoBOAWNMM BWBYEHHS CTaHy CTpOMaribHOro
(i3 cyaMHamu BKMOYHO) | napeHXiMaTo3HOro KOMMOHEHTIB
i3 BUKOPUCTAHHSIM CTaHZapTHOI MiKpOCKoMiYHOI Mopdo-
METPUYHOI CiTKK, sika cknaganacs 3i 100 piBHoBigoane-
HMX TOYOK i BCTaBmnsinacs B OKynsp Mikpockona Ha
36inbleHHi x200. OTpumaHi gaHi obumcnoBanu i npea-
CTaBUNM y BUIMAZi BiACOTKIB. 3 OTpUMaHMX AaHux

Animals of the control group (group I, control) were
administered 0.5 ml of 0.9% sodium chloride solution
daily intramuscularly.

Among the agents with prostate-protective effect,
the extract of Serenoa repens fruit (another name for
this palm is dwarf palm) was chosen for the study, which
blocks the conversion of testosterone into the active
metabolite dihydrotestosterone in the prostate, has
anti-inflammatory and anti-edematous properties and
does not affect the state of sexual function (drugs for the
treatment of BPH. ATC code G04C X02). Dry saw pal-
metto extract, manufactured by LLC Scientific and
Production Company «Vilarus», Ukraine, quality
certificate Ne 235, batch no: 2350223. When choosing
the dose, we took into account the observations made
in previous studies [17, 18], where preparations con-
taining saw palmetto fruit extract were used. The dose
of 35 mg/kg was recalculated according to the species
coefficient based on the daily human dose [19].

Starting from day 31 of the experiment, the animals
were administered two drugs to correct the pathological
condition (combined use). For three weeks, per os
vitamin D3 at a dose of 4000 ME and Serenoa Repens
extract at a dose of 35 mg/kg b.w. were used (group I,
BHP+vitamin D3+Serenoa Repens extract). The vitamin
D3 solution in stone fruit oil was made from vitamin D3
powder (China, batch CHG 20062009, quality standard
GB 9840-2017).

For microscopic examination, three pieces were cut
from the prostate tissue from two zones — dorsal and
ventral (27 pieces each, 54 pieces of PG in total).
The sections were fixed in a 10% solution of neutral
formalin, and then the material was subjected to wiring
through alcohols of increasing concentration, Nikifo-
rov’s fluid (96% alcohol and diethyl ether in a 1:1 ratio),
chloroform, and then embedded in paraffin. Sections
of 3-5 um thickness were made from the blocks pre-
pared in this way on a Microm HM-340 microtome.
The obtained sections were stained with hematoxylin
and eosin. Microscopic preparations were studied using
a Primo Star Zeiss optical microscope with a MICROmed
MDC-500 5.0 Mpix digital camera (Germany). Each case
under study was subjected to examination microscopy,
during which the general nature of the structure of
the liver, features of the stromal, parenchymal and
vascular components, the presence or absence of
secondary changes (inclusions, hemorrhages, necrosis,
inflammation) were assessed.

For morphometric assessment of the level of hyper-
plasia, the height of the glandular epithelium was
calculated using a standard microscopic morphometric
ruler, which was inserted into the microscope eyepiece
at a magnification of x%200. Also, for morphometric
assessment of the level of hyperplasia, the state of the
stromal (including vessels) and parenchymal compo-
nents was studied using a standard microscopic mor-
phometric grid consisting of 100 equidistant points
and inserted into the microscope eyepiece at a magnifi-
cation of x200. The data obtained were calculated
and presented as percentages. From the data obtained,
the stromal-parenchymal index (SPI, a.u.) was calculated
using the formula:

SPI = Stroma index (%) / Parenchyma index (%)
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obuucnioBanM  cTpoMarnbHO-NapeHXiMaTo3HWn  iHAEKC
(CII, ym. og.) 3a chopmyroto:
Crll = lNokasHuk cmpomu (%) / lNoka3Huk napeHximu (%)

CMNl — ue cniBBigHOLWEHHS KinbkocTi abo o6’emy
CTpoManbHMUX | NapeHXiMaTO3HWX KOMMOHEHTIB Yy
TKaHWHI. Y KOHTekcTi pocnimpkeHHa [13, uen iHAOekc
BMKOPWUCTOBYETLCH [AONSA  OUHKA CMiBBIAHOLIEHHA MiXK
yHKUIOHANbHO ~ aKTUBHUMU  (NapeHxiMaTo3HnMuK) Ta
niagTPUMYHHYNUMK (CTpOMarnbHUMK) enemMeHTaMu 3arnosu.
Ctpoma cknagaetbcsi 3i Cromny4Hoi TKaHWHW, rMnagKo-
M’iI30BMX BOSIOKOH i cyauH. [lapeHxima cknagaetbca
3 KNiTWH, SIKi BUKOHYIOTb CeKpeTopHy dyHkuito. CIl e
BaXINMBUM NapameTpOM, sIKUIA XapakTepuaye CTPYKTYPHO-
dyHKUiOHanNbHUIA CcTaH opraHa, ocobnMBo B yMOBax
naTorsorin abo ekcnepuMeHTiB.

CTtaTuCTUYHUA  aHania maTtepianiB  OOCNIMKEeHHS
npoeoaunu 3a gonomoroto nporpamu « STATISTICA 10.0»
(StatSoft, Inc., CLLIA) meTogammn onucoBoi CTaTUCTUKK 3
pO3paxyHKOM cepefHboi BENUYMHU Ta il noxmbku. Ons
MOPIBHAHHSA [BOX HEe3amneXHWX rpyn BUKOPUCTOBYBanu
cTatucTnyHuin kputepin U-kpuTepin ManHa-YiTHi (MY),
Wo BiAHOCMTBCA [0 HenapamMeTpuyHUX METOoAIB Ta
€ [OouinbHUM BUOOPOM ANsi NepeBipku rinoTesn npo
BIAMIHHOCTI MiXX rpynamu nopiBHAHHS.

PE3YABTATU TA TX OBFOBOPEHHS

3a gaHMMK MikpockoniyHoro gocnigkeHHs B GionTa-
Tax TKaHWHW BeHTpanbHOi YacTuHu M3 | rpynn KoHTporto
Oynu BUSIBMNEHI YACNEHHI pidHOKanibepHi 3ano3u, okpyrmno-
OBarnbHOi POpMU, BKPUTI TOHKUM OFHOLLAPOBUMM KyGiy-
HAM abo UMNIHOAPUYHUM eniTerniemM 3 YTBOPEHHSIM Mo-
OOWHOKMX HEBEMWYKUX ManinspHUX CTPYKTYp; MPOCBITU
3an03 HePiBHOMIPHO 3anNOBHEHI €03MHOMINbHUM NPOoCTa-
TUYHUM CEeKpeTOM, Pi3HOro CTyneHs ryctuHu (puc.1).
KpoBOHOCHI cyaMHU NomipHO NOBHOKPOBHI. Bucota 3ano-
31UCcTOro enitenito BeHTpanbHoi 4YactuHu 3 y cepepn-
HbOMY cknagana 67,22 + 0,53 mkMm. CTpoManbHuUiA KOM-
NMOHEHT y cepeaHboMmy — 57,22 + 0,78%, napeHximaTos-
HUA — 42,78 £ 0,78%, a CIl — 1,34 £ 0,04 ym.oa.

Y pop3anbHin YacTuHi N3 Takox 6ynu BUsBREHi Ync-
NeHHi pisHokanibepHi 3amno3un, BKPUTI TOHKUM OfHOLLAPO-
BMM KyBi4HUM eniTeniem 3 yTBOPEHHSIM YUCIIEHHUX HEBE-
NNYKMX NaninAgpHUX CTPYKTYpP, MPOCBITU 325103 HEPIBHOMIP-
HO 3arnoBHEHI NPOCTaTUYHUM CEKPETOM PIi3HOMO CTYMEHs
ryctuHn (puc. 2). KpoBOHOCHI CyguHW MOMIpHO MOBHO-
KpOBHi. Bucota 3anosucroro enitenito gop3anbHoi YacTu-
Hu N3 y cepegHbomy cknagana 55,06 + 0,65 mkm. Ctpo-
MarbHWUIN KOMMOHEHT Yy cepeaHbomy — 52,44 + 0,65%, na-
peHximaTo3Hu —47,56+0,65%, a CIl — 1,10+0,03 ym.oa.

MikpockoniyHa bynoBaaLuHyCiBiCTPOManbHOrOKOMMO-
HeHTa B rinepnnasoBaHiii 13 mae 3Ha4Hy BapiabenbHiCTb,
WO WM BM3HA4Ya€ HasABHICTb AEKINbKOX MOPMOMOriYHnX
dopm [TI3. Y 3MogenboBaHin Cynbnipua-iHayKOBaHiIn
rinepnnasii 3 y wypis Big3Ha4anacsa npocrta 3ano3uncta
dopma. 3a nitepatypHumn gaHummn ua cdopma [T13 €
Hanbinbw nowwupeHoto [20]. MopdonoriyHo B pi3HMX
auuHycax rinepnnasis XxapakTepusyBanacsi pO3BUHE-
HUMW, OKPYrMUMW, B Pi3HIA Mipi po3wmpeHmmMu, a iHogi
M po3ranyXeHnMy aumHycamu, MicusiMu rpynysanucs B
YaCTOYKOBI CTPYKTYpW, siki Oynu BigoKpeMmIeHi NomipHO
PO3BMHEHMMM MpoLLapkamMy CTPOMU. Y 3aranbHin nnoLwi
T3 Bigmivanacs nepesara aunHyciB Hag CTPOMOIO.

The SPI is the ratio of the number or volume of
stromal and parenchymal components in a tissue.
In the context of the study of the PG, this index is used
to assess the ratio between functionally active (paren-
chymal) and supporting (stromal) elements of the gland.
The stroma consists of connective tissue, smooth
muscle fibers, and blood vessels. The parenchyma
consists of cells that perform a secretory function. The SPI
is an important parameter that characterizes the struc-
tural and functional state of an organ, especially in patho-
logy or experiments.

The statistical analysis of the study materials was
performed using the program «STATISTICA 10.0»
(StatSoft, Inc., USA) by descriptive statistics with the
calculation of the mean value and its error. To compare
two independent groups, the Mann-Whitney U test
(MWT) was used, which is a nonparametric method
and is an appropriate choice for testing the hypothesis
of differences between comparison groups.

RESULTS AND DISCUSSION

Microscopic examination of biopsy specimens of the
ventral part of the PG of the control group | revealed
numerous glands of different sizes, round-oval in shape,
covered with a thin single-layer cuboidal or cylindrical
epithelium with the formation of single small papillary
structures; the lumens of the glands are unevenly filled
with eosinophilic prostatic secretion, of varying degrees
of density (Fig. 1). Blood vessels are moderately full of
blood. The height of the glandular epithelium of the
ventral part of the PG averaged 67.22 + 0.53 pm.
The stromal component was averaged 57.22 + 0.78%,
the parenchymal component — 42.78 + 0.78%, and the
SPI-1.34 +0.04 a.u.

In the dorsal part of the PG, numerous glands of
various sizes were also found, covered with a thin
single-layer cuboidal epithelium with the formation of
numerous small papillary structures, the lumens of the
glands were unevenly filled with prostatic secretion of
varying degrees of density (Fig. 2). Blood vessels are
moderately full of blood. The height of the glandular
epithelium of the dorsal part of the PG was averaged
55.06 + 0.65 pm. The stromal component was averaged
5244 + 0.65%, the parenchymal component -
47.56 + 0.65%, and the SPI - 1.10 + 0.03 a.u.

The microscopic structure of acini and stromal compo-
nent in hyperplasticized prostate is highly variable, which
determines the presence of several morphological forms
of BPH. In the modeled sulpiride-induced hyperplasia
of the PG in rats, a simple glandular form was observed.
According to the literature, this form of BPH is the most
common [20]. Morphologically, in different acini, hyper-
plasia was characterized by developed, rounded,
varyingly dilated, and sometimes branched acini, some-
times grouped into lobular structures, which were
separated by moderately developed stromal layers.
In the total area of the BPH, acini prevailed over stroma.
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Puc. 1. BeHTpanbHa 4YactuHa M3 wypa | rpynu
(PisHokanibepHi 3ano3u, HepiBHOMIpHE 3aNOBHEHHS
NPOCBITIB 3a5103 CEKPETOM Pi3HOrO CTYMEHS yCTOTU, TOHKWUIN
ofHowaposui enitenini (x200). FemaToKCUMiH-€03MH)

Fig. 1. The ventral part of the PG of a rat of the | group
(Glands of different calibers, uneven filling of gland lumens
with secretion of varying degrees of density, thin single-layered
epithelium (x200). Hematoxylin-eosin)

Okpemo MOpAOMOriYyHO OLHMIM 1 nNpoaHanisysanu
GionTaTtn TKaHWHW BEHTpanbHOI i Aop3anbHOi YacTuH M3
wypis Il rpynn. MikpockoniyHO y BeHTpamnbHii YacTuHi
BUSIBUNW  YUCMEHHI  pi3HoKkanibepHi 3anosun, BKpWTI
ofHoLwwapoBuM KybiuHMM abo npuaMaTUYHUM eniTeriem
3 YTBOPEHHSAM YMCMEHHUX NaningpHUX CTPYKTYpP Pi3HOI
BMCOTM, MPOCBITU 3ano3 mawke He Oynu 3anoBHeEHi
npocTaTYHUM CeKpeTom (puc. 3), KPOBOHOCHI CyAWHW
Oynn NomipHO NOBHOKPOBHI. BucoTa 3anosuctoro enite-
nito B cepegHboMy cknagana 77,06 £ 0,50 mkm, cTpo-
ManbHUM koMnoHeHT — 45,33 + 0,50%, napeHximaTos-
HuM — 54,67 + 0,50%, a CIl - 0,83 £ 0,02 ym.og.

Puc. 2. lop3anbHa YactuHa M3 wypa | rpynu
(PisHokaniGepHi 3ano3u, HepiBHOMipHE 3anOBHEHHS! NPOCBITIB
3aro03 CekpeToM, TOHKUI oAHoLwapoBuid eniteniii (x200).
lemaTokcuniH-e03uH)

Fig. 2. Dorsal part of the PG of a rat of the | group
(Glands of different calibers, uneven filling of gland lumens with
secretion, thin single-layered epithelium (x200).
Hematoxylin-eosin)

Separately, biopsies of the tissue of the ventral and
dorsal parts of the PG of rats of group |l were morphologi-
cally evaluated and analyzed. Microscopically, the ventral
part revealed numerous glands of different sizes, covered
with a single-layer cuboidal or prismatic epithelium with
the formation of numerous papillary structures of different
heights, the lumens of the glands were almost not filled
with prostatic secretion (Fig. 3), blood vessels were mode-
rately full of blood. The height of the glandular epithelium
was averaged 77.06 £ 0.50 ym, the stromal component
was 45.33 + 0.50%, the parenchymal component was
54.67 + 0.50%, and the SPI was 0.83 + 0.02 a.u.

Puc. 3. BentpanbHa 4yactunHa N3 wypa Il rpynu (ManinapHi cTpykTypu pisHoi BUCOTH,
NPOCBITY 3an03 He MICTATb cekpeTy (x200). FfemaToKCHMiH-€031H)
Fig. 3. The ventral part of the PG of a rat of the |l group (Papillary structures of different heights,
gland lumens do not contain secretions (x200). Hematoxylin-eosin)

Y GionTtatax TKaHWHM Jop3anbHOi YacTuHu M3 wypis
Il rpynn MIKpOCKOMIYHO BUSBWUAM YUCIIEHHI pi3HOKari-
OepHi 3ano3n, BKpUTI ogHOLWAPOBUM KyGiYHMM abo npus-
MaTUYHUM eniTenieM 3 yTBOPEHHSAM YNCITEHHUX TNNSACTUX
naninspHUX CTPYKTYp Pi3HOi BMCOTU (puc. 4), npocBiTh
3ano3 6ynn HepiBHOMIPHO 3anOBHEHI NPOCTaTUYHUM
CEKPETOM Pi3HOTO CTYMEHSI T'YCTMHU, KPOBOHOCHI CYAMHU
Oynn nomipHO NMOBHOKPOBHI. BucoTta 3anoancroro enite-

In the biopsies of the tissue of the dorsal part of the
PG of rats of group II, microscopically, numerous glands
of different sizes were found, covered with a single-layer
cubic or prismatic epithelium with the formation of nume-
rous branched papillary structures of different heights
(Fig. 4), the lumens of the glands were unevenly filled with
prostatic secretion of varying degrees of density, blood
vessels were moderately full of blood. The height of the
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nito B cepegHboMy cknapana 73,22+0,18 Mkm, cTpo-
ManbHUA KOMNOHeHT — 23,22 + 0,22%, napeHxiMaTos-
HWI — 76,78 + 0,22%, a CIl - 0,30 £ 0,0 ym.opn.

glandular epithelium was averaged 73.22 + 0.18 pym,
the stromal component was 23.22 + 0.22%, the paren-
chymal component was 76.78 + 0.22%, and the SPI
was 0.30 £ 0.0 a.u.

Puc. 4. lop3anbHa vactuHa M3 wypa rpynun ArM3
(Bucoki rinnsacTi naninapHi CTpykTypu B aumHyci 3anosn (x200). MemaTokcuniH-eo3unH)
Fig. 4. Dorsal part of the PG of a rat of the BPH group
(High branched papillary structures in the acinus of the gland (x200). Hematoxylin-eosin)

Takox MOpEOnoriYHO ouiHunNM " npoaHanisysanu
BEHTpanbeHy i gop3aneHy YactuHu M3 nicna kombiHoBa-
HOro 3acTtocyBaHHS BiTaMmiHy D3 i ekctpakty Serenoa
Repens y Il rpyni gocnigxeHHs. MikpockoniyHO y BeH-
TpanbHin YactuHi M3 BUSBUNK YnCneHHi pisHokanibepHi
3ano3un, BKPUTI TOHKUM OAHOLLAPOBUM KyBidHuM abo npus-
MaTUYHUM eniTeniem 3 YyTBOPEHHSAM MNOOAUHOKUX HeBe-
AMYKUX NaninapHUX CTPYKTyp (puc. 5); npocsiTv 3anos
6ynn HepiBHOMIPHO 3amnoBHEHI e03MHOMINBLHUM NpocTa-
TUYHUM CEKPETOM PIi3HOro CTYNeHs ryctuHu (puc. 6);
KPOBOHOCHI CyauHu Oynv noMipHO NMOBHOKPOBHI. Bucota
3anosucToro  enitenito B cepedHbOMY  cKnagana
68,2 + 0,41 MKM, CTPOManbHUA KOMMOHEHT y cepeaHboOMY
6yB — 55,78 + 0,57%, napeHximaTo3Huin — 44,22 + 0,57%,
a Cli—-1,26 + 0,03 ym.og.

Puc. 5. BeHtpanbHa yactuHa M3 wypa Il rpynu
(PisHokanibepHi 3ano3n, BKpUTi TOHKMM OOHOLLAPOBUM
eniTeniem i3 yTBOPEHHAM NOOAMHOKMX NaninsapHUX
cTPYKTYyp (*200). MemaToKCcHmiH-€03VH)

Fig. 5. The ventral part of the PG of a rat of the Il group
(Glands of various sizes, covered with a thin single-layered
epithelium with the formation of single papillary
structures (x200). Hematoxylin-eosin)

Also, the ventral and dorsal parts of the PG were
morphologically evaluated and analyzed after the com-
bined use of vitamin D3 and Serenoa Repens extract
in group ll. Microscopically, the ventral part of the PG re-
vealed numerous glands of different sizes, covered with
a thin single-layer cubic or prismatic epithelium with the
formation of single small papillary structures (Fig. 5);
the lumens of the glands were unevenly filled with eosino-
philic prostatic secretion of varying degrees of density
(Fig. 6); blood vessels were moderately full of blood.
The height of the glandular epithelium averaged
68.2 + 0.41 ym, the stromal component was averaged
556.78 * 0.57%, the parenchymal component
44.22 + 0.57%, and the SPI 1.26 + 0.03 a.u.

Puc. 6. BeHtpanbHa yactuHa M3 wypa Il rpynn
(PisHokanibepHi 3ano3u, HepiBHOMIpHE 3aMOBHEHHS NPOCBITIB
3aro03 CekpeToM, TOHKUI ogHoLwaposui enitenin (x200).
lemaTokcuniH-eo3uH)

Fig. 6. The ventral part of the PG of a rat of the Il group
(Glands of different calibers, uneven filling of gland lumens
with secretion, thin single-layered epithelium (x200).
Hematoxylin-eosin)
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MikpockoniyHo B gop3anbHiin YactuHi M3 BusBMNIM
UYMCIEeHHi pi3HokanibepHi 3ano3u, BKPWUTI TOHKUM OOHO-
LWwapoBuM KybiyHUM abo NpuamMaTnyYHMM eniTeniem 3 yTBo-
PEHHSIM HEYUCIEHHUX HEBENMUYKUX ManifnsipHUX CTPYKTYp
(puc. 7); npocBiTK 3ano3 6ynu HepiBHOMIPHO 3aMNOBHEHI
NPOCTaTUYHUM CEKPETOM PI3HOrO CTYMEHsI TYCTUHW;
KPOBOHOCHI CcyaMHM Oynu noMipHO MOBHOKPOBHI. BucoTa
3anosucToro enitenito B cepeaHbOMYy  cKragana
57,391 0,29 MKM, CTpOManbHWUIN KOMMNOHEHT y cepefHbOMY
6ys 50,89 + 0,91%, napeHximato3Hun — 50,0 + 0,29%,
aClni-1,0+0,01 ym.oa.

Pesynbrat oTpumaHux MOpPGOMETPUYHUX MoKas-
Hukis |, I1'i [l rpyn HaBegeHi B Tabn. 1.

r

=y

Microscopically, in the dorsal part of the prostate,
numerous glands of different sizes were found, covered
with a thin single-layer cubic or prismatic epithelium
with the formation of numerous small papillary structures
(Fig. 7); the lumens of the glands were unevenly filled
with prostatic secretion of varying degrees of density;
blood vessels were moderately full of blood. The height
of the glandular epithelium averaged 57.39 + 0.29 pm,
the stromal component was averaged 50.89 + 0.91%,
the parenchymal component 50.0 + 0.29%, and the
SP1 1.0 £0.01 a.u.

The results of the obtained morphometric parameters
of groups |, Il and Ill are shown in Table 1.

()

Puc. 7. [lop3sanbHa vyactuHa M3 wypa Il rpynu (PisHokanibepHi 3ano3n HepiBHOMIPHO 3aMOBHEHI CEKPETOM i BKPUTI
TOHKVM OAHOLLAPOBUM eniTemieM i3 HEBUCOKMMU NaninsgpHUMu cTpykTypamm (x200). FemaToKcumniH-e03uH)
Fig. 7. Dorsal part of the of the PG of a rat of the Il group (Glands of various sizes are unevenly filled with secretion and covered
with a thin single-layered epithelium with low papillary structures (x200). Hematoxylin-eosin)

Tabnuusa 1. MopdomeTpuyHi nokasHWkmM rictonoriyHoi kapTuHu M3 wypis
nicns amofenboBaHoi M3 Ta kombiHoBaHOro 3actocyBaHHs BiTamiHy D3 i ekcTpakTy Serenoa Repens (M £ m)
Table.1. Morphometric indices of the histological picture of the rat PG
after modeled BPH and combined use of vitamin D3 and Serenoa Repens extract (M + m)

I'pyna TBapuH / A group of the animals
MokasHuku, oanHuLi BUMipy / Indicators, units of measurement mll |p m é pl m
BeHTpanbHa 4yacTtuHa M3 / Ventral part of the PG
Bucora 3anosuctoro enitenito, mkm/ Height of the glandular epithelium, pm 67,22+0,53 | 77,06+0,50* | 68,20+£0,41**
CTtpomanbHuin KOMNOHeEHT, %/ Stromal component, % 57,22+0,78 | 45,33+0,50* | 55,78+0,57**
MapeHximaTo3Huit komnoHeHT, % / Parenchymal component, % 42,78+0,78 | 54,67+0,50* | 44,22+0,57**
CTtpomarnbHo-napeHximaTo3Huii iHaekc, ym.og./ Stromal-parenchymal index, arb.unit. | 1,34+0,04 |0,83+0,02* | 1,26+0,03**
Dop3anbHa yactuHa N3 / Dorsal part of the PG
Bucora 3anosuctoro enitenito, mkm/ Height of the glandular epithelium, pm 55,06+0,65 | 73,22+0,18* | 57,39+0,29** ***
CTpomarnbHuiA KOMNoHeHT, %/ Stromal component, % 52,44+0,65 | 23,22+0,22* | 50,89+0,93** ***
MapeHximaTo3Hun KOMMoHeHT, %/ Parenchymal component, % 47,56+0,65 | 76,78+0,22* | 50,00+£0,29**,***
CTtpomanbHO-NapeHxiMaTo3Hum iHaekc, ym.og./ Stromal-parenchymal index, arb.unit. | 1,10+0,03 | 0,30+0,0* 1,00+0,01*****
lMpumimku:
* BiporigHi BiaMiHHOCTI Mixk nokasHukamu wypis | i Il rpynu;
** BiporigHi BiaMiHHOCTI Mixk nokasHukamu wypis Il i Il rpynu;
*** giporigHi BigMiHHOCTi Mix nokasHukamu wwypis | i lll rpynu; p < 0,05.
Notes:

* probable differences between the indicators of rats of the | and Il groups;
** probable differences between the indicators of rats of the Il and Il groups;
*** probable differences between the indicators of rats of the | and Il groups; p < 0.05.

Mpu NopiBHAHHI MOPOMETPUYHMX NOKasHUKIB Gion-
TaTiB TKaHWHM BeHTpanbHoi yactuHm M3 Il Tta | rpyn
YyCTaHOBWMM, WO MiCNs 3MOAENbOBaHOI Cynbnipua-iHay-

When comparing the morphometric parameters of
biopsies of the tissue of the ventral part of the PG of
groups Il and |, it was found that after modeled sulpiride-
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koBaHoi [TI3 crtatucTtMyHO BiporigHo 36inblmnacs
BMCOTa ogHowlapoBoro enitenito go 77,06 + 0,50 mkm;
3MeHLWunacs nutoMa Bara CTPOMasibHOrO KOMMOHEHTa
no 45,33 + 0,50%; 3pocna nutoma Bara napeHxiMmaTos-
Horo KoMnoHeHTa Ao 54,67 + 0,50%; ta CI1l 3Hu3uBCA
0o 0,83 + 0,02 ym.og (p < 0,05). AHanoriyHy TeHaeHLo
BUSBUIN | B MOPCPOMETPUYHMX MoKasHMKax bGionTaTiB
TKaHWHW Jop3anbHoi YacTnHu M3 y 1l rpyni gocnigXeHHs
nopieHsHO 3 | rpynoto (p < 0,05), npoTe gaHa TeHaeHUis
6yna 6inbl BUpaxeHot. Tak, BiA3Ha4Yanocs 3aMeHLUEHHS
NUTOMOI Barn CTPOManbHOrO KOMMOHeHTa y 2,3 pasy;
a 3HwkeHHs CIl y 3,6 pasy (p < 0,05). Otxe, cratuc-
TWYHO BiporigHe 36inblUeHHs BMCOTU OOHOLLAPOBOro
enitenito Ta 3poCTaHHs NUTOMOI Bark NapeHxiMaTos-
HOrO KOMMOHEHTA, SK BEHTPanbHOi, Tak i Aop3anbHoi
yactuhHu M3 y wypis Il rpynu, cBigunTb Npo Te, LWo rinep-
NPONakTUHEMIsl, sIKa BWKIMKaHa CynbhipuaoMm, CTUMY-
noe nponidepadito enitenianbHUX KNITUH Ta cnpuse
36iNbLUEHHI0 PiBHA TECTOCTEPOHY, LU0 MNpuU3BOAMTbL A0
rinepnnasii M3.

Okpim uboro, y wypis Il rpynu 3i 3mopensoBaHo
cynbnipna-iHAykoBaHOW rinepnnasielo nposenu nopis-
HAHHS MOPGOMETPUYHMX MOKA3HUKIB AOp3arnbHOI i BEH-
TpanbHoi 4actuH 13 BcepenuHi rpynu. Tak, BCTaHOB-
NeHo, Lo BMCOTa OOHOLLIAPOBOro enitTenito B Aop3arbHin
YaCTWHI HWXYe, YAM Yy BEHTparnbHiil; MMToMa Bara CTpo-
MarnbHOro KOMMOHEHTa 3MeHweHa B 1,9 pasy; napes-
ximaTto3Horo — HaBnaku, 36inbweHa B 1,4 pasy;
a CIll sHwxeHn B 2,8 pasy (p < 0,05). Takum YnHOM
BCTAHOBMEHO, LWO 3ano3uCTui enitenin aop3anbHoi
yactuHu M3 € Binbl YyTNMBMM 32 CTPOMAnbHWUA KOM-
MOHEHT A0 rinepcekpeuii NPoNakTUHy, sika BUHUKAE nia
yac 3acTocyBaHHS Cynbnipuagy y Wwypis 12-MiCS4YHOrO BIKY,
npo Lo came cBiaunTb 3HMxeHHs CIl B 2,8 paasy.

AHanisytoun MopdoMeTpuyHi  MokasHuku GionTaTis
TKaHWHWM BeHTpanbHoi YactuHu M3 Il i 1l rpyn BcTaHo-
BMINMK, WO nicns KOMGIHOBAHOrO 3acToCyBaHHA nikap-
CbKMX 3acobiB CTaTUCTMYHO BIpOriAHO 3MeHLunacs
BMCOTa eniTenito i nMTOMa Bara napeHXiMaTo3HOro
koMnoHeHTa (p < 0,05); yTim NnuTOMa Bara cTpomarnbHOro
komnoHeHTa i CIll, HaBnaku, cTaTUCTMYHO BipOrigHO
36inbwmnucs (p < 0,05). AHanoriyHy TeHAEHU0 BUSBUNK
i B MOPhOMETPUYHMX NOKa3HMKax GionTaTiB TKAHWHWU OOp-
3anbHoi YactuHu M3 y Il rpyni gocnigXXeHHs NOpiBHAHO
3 nokasHukamu Il rpynu. MpoTte 3miHM MopdonoriyHnx
nokasHukis Oynu 6Ginblw 3HaYyLMMU — CTaTUCTUYHO
BiporigHe 3meHLWweHHs B 1,5 pady nuTOMOI Barv napes-
ximaTo3Horo komnoHeHTa (p < 0,05); 36inbLEHHA TMTOMOT
Bary CTpoMarnbHOro KOMMoHeHTa y 2,2 pasy i CIll vy
3,3 pasy (p < 0,05). Takum 4YMHOM, 3HWXKEHHSI BUCOTU
enitenito i napeHxiMaTo3HOro KOMMOHEHTa MOXe CBia-
UNTU Ha KOPWUCTb 3HWKEHHS 4OroBiYOro CcTaTeBoro
rOPMOHY Ha Tni KOMGIHOBAHOrO 3aCTOCYBaHHS MiKapChKNX
3acobiB y LLypIiB 3 eKCNepyMeHTanbHOK NaTomnorieto.

MopisiBHAHI TakoXk MopdoMeTpuyHi nokasHukm 13
y wypis Il rpynn pgopsanbHOi Ta BeHTpanbHOI 4YacTuH
M3 BcepeguHi rpynu. BectaHoBunu, Wo BMcoTa enitenito
y Aop3anbHii YactuHi M3, nuToma Bara CTpOMarnbHOro
koMmnoHeHTa i CIl 6ynu cratMcTuyHO BipoOrigHO MeH-
LWMMK, HiX Y BeHTpanbHin vacTtuHi (p < 0,05); a nutoma
Bara napeHxiMaTo3HOro KOMMOHEeHTa HaBnaku, Oyna
36inbweHa (p < 0,05). Lle cBiguMTb npo BiAMIHHOCTI
MOPGOMETPUYHMX MOKA3HUKIB  rinepnsiasoBaHoOi BEH-

induced BPH, the height of the single-layer epithelium
increased statistically significantly to 77.06 + 0.50 ym;
the specific gravity of the stromal component decreased
to 45.33 + 0.50%; the specific gravity of the parenchymal
component increased to 54.67 + 0.50%; and the SPI
decreased to 0.83 £ 0.02 a.u., p < 0.05. A similar trend
was found in the morphometric parameters of biopsy
tissue of the dorsal part of the PG in group Il compared
to group | (p < 0.05), but this trend was more pronoun-
ced. Thus, there was a decrease in the proportion of the
stromal component by 2.3 times; and a decrease in the
SPI by 3.6 times, p < 0.05. Thus, a statistically significant
increase in the height of the single-layer epithelium
and an increase in the proportion of the parenchymal
component, both ventral and dorsal parts of the PG in
rats of group |Il, indicates that hyperprolactinemia
caused by sulpiride stimulates the proliferation of
epithelial cells and promotes an increase in testosterone
levels, which leads to prostate hyperplasia.

In addition, in rats of group Il with modeled sulpiride-
induced hyperplasia, the morphometric parameters of
the dorsal and ventral parts of the PG were compared
within the group. Thus, it was found that the height of
the single-layer epithelium in the dorsal part is lower
than in the ventral part; the proportion of the stromal
component was reduced by 1.9 times; the parenchymal
component, on the contrary, increased by 1.4 times;
and the SPlwas reduced by 2.8 times, p <0.05. Thus, itwas
found that the glandular epithelium of the dorsal part
of the PG is more sensitive than the stromal component
to prolactin hypersecretion, which occurs during the
use of sulpiride in rats of 12 months of age, as evidenced
by a 2.8 times decrease in the SPI.

Analyzing the morphometric parameters of biopsy
tissue of the ventral part of the PG of groups Il and lll,
it was found that after the combined use of drugs, the
height of the epithelium and the proportion of the paren-
chymal component statistically significantly decreased,
p < 0.05; however, the proportion of the stromal compo-
nent and the SPI, on the contrary, statistically significantly
increased, p < 0.05. A similar trend was found in the
morphometric parameters of biopsy tissue of the dorsal
part of the PG in group Ill compared with group II.
However, changes in morphological parameters were
more significant — a statistically significant decrease in
the proportion of the parenchymal component by 1.5 times
(p < 0.05); an increase in the proportion of the stromal
component by 2.2 times and the SPI by 3.3 times
(p < 0.05). Thus, a decrease in the height of the epithe-
lium and parenchymal component may indicate
a decrease in male sex hormone against the back-
ground of combined use of drugs in rats with experi-
mental pathology.

The morphometric parameters of the dorsal and
ventral parts of the PG in rats of group Il within the
group were also analyzed. It was found that the height
of the epithelium in the dorsal part of the PG, the pro-
portion of the stromal component and the SPI were
statistically significantly lower than in the ventral part,
p < 0.05; and the proportion of the parenchymal com-
ponent, on the contrary, was increased, p < 0.05.
This indicates differences in the morphometric para-
meters of the hyperplasticized ventral and dorsal parts
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TpanbHOi i gop3aneHoi Yactuhm M3 wypiB y Bignosigb
Ha KombiHOBaHe 3acTocyBaHHS fikapCcbknx 3acobis,
3 Kpawmmm MopOMETPUYHUMW NOKasHUKaMK Oop3arib-
HOI YaCTUHWN.

He BCTaHOBNEHO CTaTUCTUYHO BIPOrigHOI PI3HULL
MOPOMETPUYHNX MOKA3HUKIB OGionTaTiB TKaHUHW BEH-
TpanbHoi yactueu M3 wypis Il rpynn gocnimkeHHs
nopisHsHO 3 | (p > 0,05), TO6TO MOpOMETPUYHI Nokas-
HUKM nicns KOMOIHOBAHOrO 3acTOCyBaHHS MiKapCbKnx
3acobiB BigNOBiAanNM MNoKasHWKaM KOHTPOMbHOI Tpynu.
MopdomeTpnyHe [JocnigpKeHHs [op3anbHOi  YacTUHK
M3 wypis Il rpynu, Ha BigMiHY Big aHanoriyHMx nokas-
HWKIB | rpynu, BUSBUNO CTaTUCTUYHO BiporigHe niaBu-
LLEHHA BWUCOTM eniTenilo, 3HWKEHHS CTPOMarbHOro
KOMMOHEHTa, NiABULLEHHSI NapeHximaTtosHoro (p < 0,05),
ane uj 3miHM 6ynu He 3Ha4Hi. Takum YnHOM, criocTepira-
€TbCA TEHOEHLis A0 NoKpaLeHHs1 MopdonoriYyHMX nokas-
HWUKIB SIK B BEHTpanbHil, Tak i B Aop3anbHin YactuHi M3
WypiB nicns KOMGIHOBAHOIO 3aCTOCYBaHHSI MiKapCbKUx
3acobiB kopekuii, npo wo ceiguMtb CIIl BignosiaHo
1,26 £ 0,03 ym.og. Ta 1,0 £ 0,01 ym.oa.

BUCHOBKH

Y TKaHMHaxX BeHTpanbHOI i gop3anbHoi YacTuH M3
wypis rpyn | i Il yctaHoBunu, wo nicna 3amogenboBaHol
cynbnipua-iHgykoaHoi [TI3 cratuctmyHo  BiporigHO
36inbLIYETbCA BMCOTa 3ano3nCTOro eniTenito; 3MeHLUy-
€TbCS NUTOMA Bara CTpOMarbHOro i 36inbLUIyeTbca nuToma
Bara napeHxiMaTo3HOro KOMMOHEHTIB; 3HWkKyeTbcs CIl
(p < 0,05). Takox y wypiB Il rpynu 3ano3unctuin enitenin
Jop3anbHoi YacTnHu M3 BusBMBCS Ginbll YyTNMBUM,
NOpiBHAHO 3i CTPOMOIO, A0 rinepcekpeuii NponakTuHy,
sKa BUWHMKAE nig 4Yac 3acToCyBaHHS Ccynbnipuay, Lo
MOPOMOriYHO MiATBEPAXYETLCHA HASABHICTIO  3HAYHOI
rinepnnagii Ta aHwkeHHsim ClI (p < 0,05).

Y TKaHWMHaxX BEeHTpanbHOI i gop3anbHoi YactuH M3
wypis rpyn Il i lll yctaHoBUNK®, WwWo nicna kombGiHOBaHOro
3acTocyBaHHA BiTamiHy D3+ekcTpakT Serenoa Repens
BipOriAHO 3MEHLUYETLCA BUCOTa 3ano3nCTOro eniTernito
i NMTOMa Bara napeHxiMaTo3Horo komnoHeHTa (p < 0,05);
36inbLyETbCA MMTOMAa Bara CTPOMaribHOrO KOMMOHEHTa
i CIl (p < 0,05). 3miHN MopdOmnoriYHNX NOKasHUKIB Bynu
Ginbll 3HaYyWMMKU B Aop3anbHii yactuHi M3 — 3meH-
WEHHA NUTOMOI Barn MapeHXiMaTo3HOro KOMMOHEHTa
(p < 0,05); 36inblueHHA NUTOMOI Bar CTPOMAarbHOro
komnoHeHTa i CIl (p < 0,05). Lle cBigunTb Npo cyTTeBi
MOPQOSOriYHI BiAMIHHOCTI rinepnsiasoBaHol BeHTparb-
HOi i pgop3anbHOi yacTuH M3 wypiB y BignoBigb Ha
KOMbGiHOBaHe 3acTOCyBaHHs IlikapCbkuMx 3acobiB sk
y rpyni lll, Tak i nopiBHaHO 3 rpynoto |l (i3 Ginbw Kpawmm
pe3ynsTaToM B MOKa3HMKax Aop3anbHoi Yactuhu [13,
p <0,05).

Y wypis Il rpynn MNOpiBHAHO 3 rpynot KOHTPOMo
He BUSIBUNM CTaTUCTMYHO BIPOTigHOI Pi3HMLI MK MOp-
hOMETPUYHNMYM MOKA3HUKAMUN BEHTparnbHUX YacTuH 13
(p > 0,05), a Npn NOPIBHAHHI MOPOMETPUYHMX MOKa3-
HVKIB gop3anbHux 4YacTuH 3 Oyna BusBneHa cratuc-
TUYHO BiporigHa pisHuuda (p < 0,05), npote HesHayHa.
TakMM u4mHOM, nicndg KOMGIHOBAHOrO 3aCTOCYBaHHS
nikapcbknx 3acobiB Kopekuii MOpPGOMETPUYHI MOKa3-
HVUKN K Yy BEHTpanbHii, Tak i gop3anbHin YactuHi M3
wypis Il rpynu BupiBHSNMcA Ta Habnuannuca Ao nokas-
HWKIB rpynu KoHTponto, p < 0,05.

of the PG of rat in response to the combined use of drugs,
with better morphometric parameters of the dorsal part.

There was no statistically significant difference in the
morphometric parameters of biopsy tissue of the ventral
part of the PG of the Ill group of the study compared
to the | group (p > 0.05), the morphometric parameters
after the combined use of drugs corresponded to those
of the control group. Morphometric study of the dorsal
part of the PG of rats of group lll, in contrast to similar
indicators of group I, revealed a statistically significant
increase in the height of the epithelium, a decrease
in the stromal component, an increase in the parenchy-
mal component (p < 0.05), but these changes were not
significant. Thus, there is a tendency to improve morpho-
logical parameters in both the ventral and dorsal parts
of the PG after the combined use of correction drugs,
as evidenced by the SPI of 1.26 + 0.03 a.u and
1.0 £ 0.01 a.u., respectively.

CONCLUSIONS

In the tissues of the ventral and dorsal parts of the
PG of rats of groups | and I, it was found that after
modeled sulpiride-induced BPH, the height of the glan-
dular epithelium statistically significantly increased;
the proportion of stromal and increased proportion of
parenchymal components decreased; and the SPI
decreased (p < 0.05). Also, in group Il rats, the glandular
epithelium of the dorsal part of the PG was more sensi-
tive, compared to the stroma, to prolactin hypersecretion,
which occurs during the use of sulpiride, which is morpho-
logically confirmed by the presence of significant
hyperplasia and a decrease in the SPI (p < 0.05).

In the tissues of the ventral and dorsal parts of
the PG of rats of groups Il and lll, it was found that after
the combined use of vitamin D3+ Serenoa Repens
extract, the height of the glandular epithelium and the
proportion of the parenchymal component significantly
decreased (p < 0.05); the proportion of the stromal
component and the SPI increased (p < 0.05). Changes
in morphological parameters were more significant in
the dorsal part of the PG were a decrease in the pro-
portion of the parenchymal component (p < 0.05);
an increase in the proportion of the stromal component
and SPI (p < 0.05). This indicates significant morpho-
logical differences in the hyperplasticized ventral and
dorsal parts of the PG in response to the combined use
of drugs both in group Il and in comparison with group I
(with a better result in the dorsal part of the PG, p < 0.05).

In rats of group Ill, compared to the control group,
no statistically significant difference was found in the
morphometric parameters of the ventral parts of the PG
(p > 0.05). However, when comparing the morphometric
parameters of the dorsal parts of the PG, a statistically
significant but minor difference was detected (p < 0.05).
Thus, after the combined use of corrective medications,
the morphometric parameters in both the ventral and
dorsal parts of the PG in group lll rats aligned and
approached the values of the control group (p < 0.05).
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Prospects for further research

Further experimental research is needed to investigate
the mechanisms of morphological changes in prostatic hyper-
plasia, particularly the effects of combined therapy at the mole-
cular and cellular levels, which will allow for the improvement
of pharmacological correction approaches.
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PE3IOME

AKTyanbHicTb. Tema [OCMifXEeHHs 3yMOBfIeHa BMCOKOK MOLUMPEHICTIO rinepnnasii
engometpis (FE) cepen >iHOK penpoayKTMBHOMO BiKy, LO 4acTo Mpu3BOAMTbL OO
peunamBiB i yCcKnapHe nikyBaHHS. Po3pobka edeKTUBHMX METOAIB MPOrHO3yBaHHS
[03BOMNSAE NiABULLMTI SKICTb Tepanii Ta 3anobirT1 NnporpecyBaHHI0 NaTonorii.

MeTa po6otu — aHani3 ¢hakTopis, IO BMMMBaOTb HA €(MEKTUBHICTbL NPOreCTMHOBOI
Tepanii y xiHok i3 E 6e3 atunii, Ta po3pobka moaeni NPOrHO3yBaHHS PU3NKY
pe3nCTeHTHOCTI i peunameiB. OcobNMBUIA akLEHT 3po6rneHo Ha OLjiHLI B3aEMO3B’A3KY
MK KMiHIYHUMKW  NOKa3HWKaMK, iMYHOFICTOXIMIYHMMK MapKkepamy Ta pesynsratamu
niKyBaHHS, LLO JO3BONSE CTBOPUTYM MiArPYHTSA ANs iHAMBIAyanisauii nigxoais 4o tepanii.
Matepianu i meToau. [locnimkeHHs: cnpsMoBaHe Ha po3pobKy Moaeni MPOrHo3yBaHHS
peunamBy abo nporpecyBaHHS rOPMOHOPE3UCTEHTHOI bopMK rinepnnasii eHgomeTpis
y XIHOK penpogykTMBHOro BiKy. B ocHoBy poGoTW mMoknageHO aHania KniHibHuX,
aHaMHEeCTMYHMX Ta IMYHOFICTOXIMIYHMX AaHUX NauieHTOK, SKi OTpMMyBanu Tepanito
nporectuHamu. Beboro B gocnigkeHHs Byno BkntodeHo 495 nauieHTok 3 aHoManbHUMM
maTtkoBumu kpoBoTeyamm (AMK) 3 mopdbornoriyHo BepudikoBaHMUMK NaTONOMYHUMU
pesynbratamu, LWO NiATBEPAXYOTb HafBHICTb rinepnnasii eHgometpis (FE) Ta
HopmanbHUM eHpomeTpieM. B pgocnigiv rpyni (346 BunapkiB) giarHoctoBaHo E 6e3
aTunii ropMoHanbHo4yTNnBOI hopmu (169 BMNaAOoOK) Ta rOpPMOHOPE3NCTEHTHOK dhop-
moto TE (48 Bunagkis). KoHTponbHy rpyny (149 BunapkiB) cknanm XiHkM 3 cekpeTop-
HUMK 3MiHaMK eHgomeTpis. [Ana nobynosu moaeni AaHi 6yno nogineHo Ha Aocnigxy-
BaHy (70%) Ta BanigauinHy (30%) rpynu.

Y poboTi BMKOpUCTAHO MeToAM CTaTUCTUYHOro aHanisy: Tect Llanipo-Binka ans
nepeBipkM HOpPMAnbHOCTI PO3noAiny AaHux, ogHOCTOpoHHIN ANOVA ans nopiBHAHHS
Kinbkox rpyn, kputepin Kpyckana—Yonnica ans HeHopmanbHWUX AaHux, TecT BoHdep-
POHi Ta iHWi. Ana kaTeropianbHMX 3MiIHHMX 3aCTOCOBaHO Xi-kBagpat [lipcoHa abo
TOYHUIA KpuTepin Piwepa. IMyHOrCTOXiMIYHUIA aHami3 BKMOYAB OLIHKY eKcnpecii
mapkepiB Ki-67, Caspase 3, Bcl-2, VEGF, eNOS Ta iHWwunX, 30kpema ix 3MiH 4o Ta nicns
Tepanii nporecTuHamu.

Pe3synbrati Ta ix 06roBopeHHA. BusBneHo 3Hauvylle 3HWKEHHs nporicepaTuBHOT
aKTMBHOCTI KniTuH eHpomeTpia (Ki-67 3meHwwmBcsa 3 22,6% po 8,1%; p < 0,05) Ta
3pocTaHHsi MapkepiB anonTo3y (Caspase 3 36inbwwueca 3 183,6 no 234,3; p < 0,05).
BHWXKEHHS eKcnpecii aHTManonTuyHoro Mapkepa Bcl-2 (3 122,9 go 36,2; p < 0,05)
CBiYNTb MPO 3MEeHLUEeHHS KMITUHHOI Pe3UCTEHTHOCTI A0 anonTo3y. AHani3 aHrioreHesy
nokasas 3meHLweHHa VEGF (3 48,7 no 21,7; p < 0,05) Ta eNOS (3 19,8 no 7,4; p < 0,05),
L0 CBIAYMTb MPO 3HWXKEHHS BacKynspu3auii natonoriyHoro eHaomeTpis. IHaekc macu
Tina (IMT) >30 kr/mM?, HasBHiCTb MeTaboniyHOro cvHApPOMY Ta peunavmBu NaTonorii
B aHaMHe3i BU3HA4YeHO SK OCHOBHI KMiHiYHi dhakTopu pusnKy HeedeKTUBHOCTI Tepanii.
Po3pobneHa mopenb NporHo3yBaHHSA peunavBiB 0a3yeTbCsH Ha KMYOBMX 3MIHHUX:
kniTuHHMx mapkepax (Ki-67, Caspase 3, Bcl-2, VEGF), kniHi4HUX XapakTtepucTukax
(IMT, metaboniyHuin CUHAPOM, peunamBu) Ta MOPAONOriYHUX NapameTpax (ToBLMHA
engometpis >15 mm). 3anponoHoBaHa Mogenb [O03BOMSE OUHUTM MMOBIPHICTb
edbeKTMBHOCTI Tepanii NporecTMHaMm Ta pUsuK peLuamnBy.
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AAS LUTYBAHHS:

BucHoBKKU. EpeKTMBHICTb Tepanii NnporecTMHaMm BU3HAYaeETbCsl 3MEHLUEHHAM MpPoni-
depaTMBHOI aKTUBHOCTI KMiTWMH, aKTMBaLiclo anonTo3y Ta NPUrHiYeHHAM aHrioreHesy.
MauieHTkn 3 BUcokMM IMT, mMeTaboniYHMMM NOPYLUEHHAMW Ta HasIBHICTIO peuuauBiB
y aHaMHesi MaloTb BULLMIA PU3NK HeedeKTMBHOCTI nikyBaHHA. Moaenb NporHo3yBaHHs
[03BOnsE iHAuBiAyanisyBaTu Niaxoan A0 NiKyBaHHSA, MiABULLYIOYM NOro eeKTUBHICTb
Ta 3HWXKYHUN UMOBIPHICTb peLnamnBiB.

MpakTuyHe 3HaYeHHs1 OOCNiAKEeHHS Momnsrae y BMKOPWUCTaHHI mMopeni Ans paHHbOro
BUSIBNEHHSA PU3WKIB Ta KOpeKLUii Tepanii, WO Cnpuse NOKPaLLEHHIO pesynbraTiB niky-
BaHHS XiHOK i3 'E y penpogyKTUBHOMY BiLli.

Xacxaunx [.A. Po3pobka mopaeni NporHo3yBaHHS peuuauvBy Ta NPOrpecyBaHHs rOPMOHOPE3WCTEHTHOI opMu
rinepnnasii eHAoOMeTPIA Yy XIHOK PenpoAyKTUBHOIO BiKY. BiCHUK XapKi8CbKO20 HauiOHanbHO20 yHigepcumemy iMeHi
B.H. KapasiHa. Cepisi MeduyuHa. 2025. T. 33. Ne 1(52). C. 33—47. DOI: https://doi.org/10.26565/2313-6693-2025-52-03
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ABSTRACT

Background. is determined by the high prevalence of endometrial hyperplasia (EH)
among women of reproductive age, which often leads to recurrences and complicates
treatment. The development of effective prediction methods improves the quality of
therapy and prevents disease progression.

Purpose — analyze the factors influencing the effectiveness of progestin therapy in
women with non-atypical EH and to develop a model for predicting the risk of resistance
and recurrence. A particular emphasis is placed on evaluating the relationship between
clinical indicators, immunohistochemical markers, and treatment outcomes, which
provides a foundation for the individualization of therapeutic approaches.

Materials and Methods. The study is aimed at developing a model for predicting
recurrence or progression of hormone-resistant endometrial hyperplasia in women of
reproductive age. The work is based on the analysis of clinical, anamnestic and
immunohistochemical data of patients receiving progestin therapy. A total of 495 pa-
tients with abnormal uterine bleeding (AUB) with morphologically verified pathological
results confirming the presence of endometrial hyperplasia (HE) and normal endo-
metrium were included in the study. In the study group (346 cases), GE without atypia
of the hormone-sensitive form (169 cases) and hormone-resistant form of GE
(48 cases) were diagnosed. The control group (149 cases) consisted of women
with secretory changes of the endometrium. To build the model, the data were divided
into the study (70%) and validation (30%) groups.

Statistical analysis methods used in the study included the Shapiro-Wilk test to check
data distribution normality, one-way ANOVA for group comparisons, the Kruskal-Wallis
test for non-normal data, Bonferroni correction, and others. For categorical variables,
Pearson’s chi-square test or Fisher's exact test was applied. Immunohistochemical
analysis assessed the expression of markers such as Ki-67, Caspase 3, Bcl-2, VEGF,
eNOS, and others, including their changes before and after progestin therapy.

Results. A significant reduction in endometrial cell proliferative activity was observed
(Ki-67 decreased from 22,6% to 8,1%; p < 0,05), along with an increase in apoptosis
markers (Caspase 3 increased from 183,6 to 234,3; p < 0,05). A decrease in the
expression of the anti-apoptotic marker Bcl-2 (from 122,9 to 36,2; p < 0,05) indicated
reduced cellular resistance to apoptosis. Angiogenesis analysis demonstrated
a reduction in VEGF (from 48,7 to 21,7; p < 0,05) and eNOS (from 19,8 to 7,4; p < 0,05),
suggesting decreased vascularization of the pathological endometrium. Body mass
index (BMI) >30 kg/m?, the presence of metabolic syndrome, and a history of recur-
rences were identified as key clinical risk factors for therapy failure.

The developed recurrence prediction model is based on key variables: cellular markers
(Ki-67, Caspase 3, Bcl-2, VEGF), clinical characteristics (BMI, metabolic syndrome,
recurrences), and morphological parameters (endometrial thickness >15 mm).
This model enables the assessment of the probability of progestin therapy effectiveness
and the risk of recurrence.

Conclusions. The effectiveness of progestin therapy is determined by reduced
cellular proliferative activity, activation of apoptosis, and inhibition of angiogenesis.
Patients with high BMI, metabolic disorders, and a history of recurrences have a higher
risk of treatment failure. The prediction model allows for the individualization of
therapeutic approaches, enhancing treatment effectiveness and reducing the likeli-
hood of recurrence.

Practical Significance. The practical significance of this study lies in the application
of the model for early risk detection and therapy adjustment, contributing to improved
treatment outcomes for women with EH of reproductive age.
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BCTYN

lNnepnnasia eHgomeTtpia (FE) 6e3 aTtunii € nowwupe-
HWM TiHEKOMOriYHUM CTaHOM Cepef, XXIHOK penpogyKTuB-
HOrO BiKY, SIKMA 4acTO YCKMaAHKETLCA peunanBamu
nicns nikysaHHa [1—4]. OcHoBHUM MeTo4OM Tepanii € 3a-
CTOCYBaHHS MPOrecTuHIB, NPOTE y 3HAYHOI YacTUHM na-
LIEHTOK PO3BMBAETLCH PE3VNCTEHTHICTb A0 TOPMOHarib-
HOTO NiKyBaHHS, LLIO 3HAYHO 3HWKYE eDEKTUBHICTb Tepanii
[4-6]. Lle cTBOptoe akTyanbHy npobrnemy Ans cy4acHoi
MeOVUUHW, adXe BiACYTHICTb HANEXHOro KOHTPOS0 MOXe
NPU3BOAMTU OO NPOrpecyBaHHsA NaTONorii, 30KpemMa pos-
BUTKY aTnnoBux oopM Ta 3MosKiCHUX 3MiH EHOOMETPIA.

OpHum i3 KNOYOBMX 3aBAaHb y nikyBaHHI [E €
NPOrHO3yBaHHA PU3WNKY PE3UCTEHTHOCTI 4O MPOrecTuHIB
Ta MOXITMBOCTI peumauvBy. Takui nigxig [O3BOMNsiE CBOE-
YacHO ajanTyBaTW TepaneBTUYHY CTPATerito, 3HWXY4YM
YacToTy YyCknagHeHb Ta MOKpallyloun pesynbratv
nikyBaHHA. lMpoTe, nonpu 3Ha4yHWMIA OBGCAr OOCNIOXEHb
y Uin cdepi, OOHMHI 3anULIAETbCA HEQOCTaTHbO AaHuX
Lwono dakTopis, SKi BNMMBaOTb HA PO3BUTOK PE3UCTEHT-
HOCTi Ao Tepanii Ta peunausis [2—4].

Y UbOMYy KOHTEKCTi OCOONMBMI iHTEPEC CTaHOBMSTHL
iMyHoricToximivHi Mapkepu, Taki sk Ki-67, Caspase 3,
Bcl-2 Ta VEGF, siki BigoGpaxatoTb akTUBHICTb nponidepa-
TUBHUX MpoLECiB, anonTo3y Ta aHrioreHesy [2—4, 7-9].
Ix auHamika 4o i nicns Tepanii MoXe cryrysaTi NporHoc-
TUYHUM iHCTPYMEHTOM ONSA OUiHKU edEKTUBHOCTI nNiKy-
BaHHSA. TakoX BaXknvBe 3Ha4YE€HHs1 MatoThb KniHiYHi dhakTopu
pu3KnKy, 3okpema iHgekc macu Tina (IMT), meTtaboniyHun
CVYHOPOM Ta HasiBHICTb peuuamBiB y aHaMHesi, Ski YacTo
acouitoTbCA 3 riplwmMm pesynbstatamm Tepanii [10-12].

MeTta po6oTu — aHania dakrtopis, WO BMIMBaKTb
Ha edeKTVBHICTb NMPOreCTMHOBOI Tepanii y XiHok i3 [E
6e3 atunii (HF'E), Ta po3pobka mogeni nNporHo3yBaHHs
PU3NKy PE3MCTEHTHOCTI i peunameis. OcobnmBmiA akueHT
3pobNeHo Ha OUuiHLUi B3aEMO3B’A3KY MK  KMiHIYHUMM
NOKa3HWKaMu, IMYHOTICTOXIMIYHUMKM  MapKkepamu Ta
pesynstatamMy  NiKyBaHHHA, WO [O3BONSAE CTBOPUTU
nigrpyHTa ang inamMeigyanisadii nigxogis Ao tepanii.

MATEPIAAU TA METOAU AOCAIAXEHHS

[un3anH gocnigXeHHs Ta BCi AiarHOCTUYHO-NIKyBaribHi
METOAMKMA BUKOPUCTaHI B JOCMHiOXeHHi, Oynu cxsanei
KoMmicieto 3 nuTaHb GioMeauyHoi eTukM [JHINPOBCLKOro
JepxaBHoro megudHoro yHiBepcuteTy (Mpotokon Ne 1
Big 16.01.2017 p.) Ta NpoBefeHi 3riAHO 3 NMUCbMOBOIO
3rofiol0 y4acHuKiB i BiANOBIAHO A0 MpuHUMMIB BioeTuky,
BUKnageHunx y NenbciHcbKiv geknapadii «k ETuyHi npuHumunm
MeAMYHUX JOCMiAXKeHb 3a yyacTio Nnofen» Ta «3aranbHii
Jeknapadii npo 6ioetuky Ta npasa noamHn (KOHECKO)».

Bcboro B gocnimpkeHHs 6yno BkmtoveHo 495 nauieH-
TOK 3 aHoManbHUMU MaTkoBMMMK KpoBoTedamu (AMK)
3 MopdornoriyHo BepudiKOBaHUMK MNATOMOMYHUMK pe-
3ynbTatamu, Wo NigTBepoXyoTb HasBHiCTb ME, Ta Hop-

INTRODUCTION

Endometrial hyperplasia (EH) without atypia is
a common gynecological condition among women of
reproductive age, often complicated by relapses after
treatment [1—4]. The primary treatment method is the
use of progestins; however, a significant proportion of
patients develop resistance to hormonal therapy, signi-
ficantly reducing treatment effectiveness [4-6]. This pre-
sents a major challenge for modern medicine, as inade-
quate control may lead to disease progression, including
the development of atypical forms and malignant
endometrial changes.

One of the key challenges in EH treatment is predic-
ting the risk of progestin resistance and recurrence.
Such an approach allows for timely adaptation of thera-
peutic strategies, reducing complication rates and
improving treatment outcomes. However, despite the
large volume of research in this field, data remain
insufficient regarding the factors influencing the develop-
ment of resistance to therapy and recurrence [2—4].

In this context, particular interest lies in immunohisto-
chemical markers such as Ki-67, Caspase 3, Bcl-2, and
VEGF, which reflect proliferative activity, apoptosis, and
angiogenesis processes [2—4, 7-9]. Their dynamics
before and after therapy can serve as predictive tools
for assessing treatment effectiveness. Additionally,
clinical risk factors, including body mass index (BMI),
metabolic syndrome, and a history of relapses, are of
significant importance, as they are often associated
with poorer treatment outcomes [10-12].

Objective — of this study is to analyze the factors
influencing the effectiveness of progestin therapy in
women with endometrial hyperplasia without atypia (NEH)
and to develop a model for predicting the risk of resis-
tance and recurrence. Special emphasis is placed on
assessing the relationship between clinical indicators,
immunohistochemical markers, and treatment outcomes,
which provides a foundation for individualized thera-
peutic approaches.

MATERIALS AND METHODS

The study design and all diagnostic and treatment
methodologies used were approved by the Biomedical
Ethics Committee of Dnipro State Medical University
(Protocol Ne 1 dated January 16, 2017) and conducted in
accordance with the written consent of participants and
the ethical principles outlined in the Helsinki Declaration
(«Ethical Principles for Medical Research Involving
Human Subjects») and the «Universal Declaration on
Bioethics and Human Rights (UNESCO)».

The total of 495 patients with abnormal uterine
bleeding (AUB) and morphologically verified pathological
findings confirming the presence of EH and normal
endometrium were included in the study. The study group
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mManeHUM eHgomeTpiem. B pocnigHii rpyni (346 oci6)
piarHoctoBaHo [E 6e3 atunii ropmMoHanbHOYYTNMBOI
dopmu (169 ocib) Ta ropmoHope3ncTeHTHot dopmoto N'E
(48 ocib). KoHTponbHy rpyny (149 ocib) cknanu XiHku
3 CEKpPeTopHMMK 3MiHaMuM eHOOMeTpis. He cnoctepira-
nocs pisHuLUi B gemorpadidHmx i KNiHiYHMX XapakTepuc-
TMKax MK JOChiIXyBaHUMKU KOropTamum Ta KOropTor
Banigauii (p > 0,05) (tabn. 1).

(346 cases) consisted of women diagnosed with
hormone-sensitive EH without atypia (169 cases) and
hormone-resistant EH (48 cases). The control group
(149 cases) included women with secretory endometrial
changes. There were no significant differences in
demographic and clinical characteristics between
the study cohorts and the validation cohort (p > 0.05)
(Table 1).

Tabnuus 1. AHaMHeCTWYHI Ta KNiHIYHi XapaKTepUCTUKM NauieHTiB Y KOropTi AOCMiMKEHHs Ta Banigauii
Table 1. Anamnestic and clinical characteristics of patients in the study and validation cohorts

Hoealppiaysets lpyna nepeBipku F/H
XapakTtepuctuka / Characteristic Chaizgtn;istic Verification Group l;ar:zl;i?:;
n = 346 n =149 X2
DaHHi aHamHe3y / Anamnesis data
Bik (poku) / Age(s) 33,35+4,26 33,02 +4,33 0,628 0,429
I (4ac) / P (time) 10,499 0,779
0 154 (44,5%) 70 (47,0%)
1 86 (24,9%) 38 (25,5%)
22 106 (30,6%) 41 (27,5%)
Monoru B aHamHesi / History of childbirth 0,026 0,873
0 204 (59,0%) 89 (59,7%)
21 142 (41,0%) 60 (40,3%)
IMT (kr/m2) / BMI (kg/m?) 25,67 + 5,49 25,96 + 5,65 0,293 0,589
CynyTHi 3axBoptoBaHHsi/ Concomitant diseases
inepToHis / Hypertension 17 (4,9%) 9 (6,0%) 0,266 0,606
Llykpoeuii gia6et Il Tuny / Type |l diabetes mellitus 13 (3,8%) 9 (6,0%) 1,278 0,258
IHcyniHope3ancTeHTHicTb / Insulin resistance 50 (14,5%) 22 (14,8%) 0,008 0,928
CIKA / PCOS 109 (31,5%) 52 (34,9%) 0,547 0,459
Besnnigas / Infertility 79 (22,8%) 38 (25,5%) 0,412 0,521
AHewmisi / Anemia 59 (17,1%) 21 (14,1%) 0,673 0,412
MeHcTpyanbHui aHamHe3 / enstrual history
PerynsipHictb MeHcTpyanbHoro umkny / Regularity of the menstrual cycle 0,044 0,834
Tak / Yes 224 (64,7%) 95 (63,8%)
Hemae / N/a 122 (35,3%) 54 (36,2%)
MeHcTtpyanbHui uukn / Menstrual cycle 0,333 0,564
21-35 pHis / 21-35 days 239 (69,1%) 99 (66,4%)
> 35 gHis / 35 days 107 (30,9%) 50 (33,6%)
MeHcTpyauisa / Menstruation 0,017 0,898
3-7 gHiB / 3—7 days 291 (84,1%) 126 (84,6%)
> 7 gHiB / 7 days 55 (15,9%) 23 (15,4%)
MeHcTtpyanbHuin obcar kpososTpaTtn / Menstrual volume of blood loss 0,055 0,973
5-80 mn / 5-80 mL 323 (93,4%) 139 (93,3%)
<5mn/<5ml 6 (1,7%) 3 (2,0%)
>80 mn />80 ml 17 (4,9%) 7 (4,7%)
Onuc kposoTeui / Description of bleeding 0,538 0,764
Bes kposoTeui / No bleeding 54 (15,6%) 25 (16,8%)
IHwi AMK / Others AUB 104 (30,1%) 40 (26,8%)
HeperynsapHi meHcTpyauii / Irregular menstruation 188 (54,3%) 84 (56,4%)
Tpusanicte AMK (mic.) / Duration of AUB (months) 12 (2-60) 12 (2-48) 26,436 0,657
TpaHcBariHanbHe Y3[] / Transvaginal ultrasound
ToBwwmHa cmyrn eHgomeTpis (Mm) / Endometrial band thickness (mm) | 12,21 + 6,38 12,71 £ 8,17 0,534 0,465
EHnpometpianbHa maca / Endometrial mass 145 (41,9%) 63 (42,3%) 0,006 0,938
HiarHoctuka natonorii* / Diagnosis of pathology* 2,42 0,304
HopmanbHun eHgomeTpint / Normal endometrium 129 (37,3%) 61 (40,9%)
lopmoHaneHo vyTtnuea dopma I'E / Hormonally sensitive form of GE 169 (48,8%) 62 (41,7%)
lopmoHanbHopesucteHTHa opma 'E / Hormone-resistant form of GE| 48 (13,9%) 26 (17,4%)
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3 MeTo BM3HA4YeHHs1 Hanbinbw iHPOPMATUBHUX
iMyHOFICTOXIMIYHUX MapKepiB BUKOpUCTanu OOCRiOXeH-
Hs: ER, PGR, Ki-67, CyclinD1, BAX, Caspasa 3, Bcl-2,
VEGF, eNOS, COX 2, B-catenin, E-cadherin (tabn. 2),
sKi 6 MOxxHa Byno BUKOPWUCTOBYBaTW A5l MPOrHO3YBaHHs
peunamsy HIE y XiHOK penpogoyKTUMBHOIO BiKy, Ta SKi
MatoTb HaWOINbLINIA KOPEnsUIMHUIA 3B’SA30K 3 MPOrHo3y-
BaHHAM e(EeKTUBHOCTI 3aCTOCYBaHHS MPOreCTUHIB.

To determine the most informative immunohisto-
chemical markers, the following were analyzed: ER, PGR,
Ki-67, Cyclin D1, BAX, Caspase 3, Bcl-2, VEGF, eNOS,
COX-2, B-catenin, E-cadherin (Table 2), which could be
used for predicting EH recurrence in reproductive-aged
women and had the strongest correlation with predicting
the effectiveness of progestin therapy.

Tabnuua 2. Excnipecis KNiTMHHWX aHTUreHiB Ao i nicnsa nikyBaHHA rectareHamu HI'E (%, H-score M + m)
Table 2. Expression of cellular antigens before and after progestin treatment of NEH (%, H-score Mtm)

Mapkepwu MokasHuk HI'E n=217

Markers Indicator [o nikysaHHs / Before treatment Micna nikysaHHs / After treatment p/ R
ER H-score 180,0+8,3 171,4+12,3 p>0,05
PGR H-score 194,1+4 .1 187,3x11,7 p>0,05
Ki-67 Z ;gzmv”engl’l‘sK”””” 22,61,2 8,140,2 p<0,05
CyclinD1 22 ;f;iT;;?VV;XCK;:;”” 49,2% 6,3% p<0,05
BAX H-score 49,2+2 1 12,5+0,6 p<0,05
Caspasa 3 | H-score 183,648,3 234,3+17,9 p<0,05
Bcl-2 H-score 122,948,8 36,2+23 p<0,05
VEGF H-score 48,7+2,8 21,7+1,2 p<0,05
eNOS H-score 19,8+1,9 7,4+0,3 p<0,05
COX 2 H-score 92,5+11,2 63,2+4,1 p<0,05
b-catenin H-score 92,314,2 131,546,7 p<0,05
E-cadherin | H-score 9,60,6 12,4+0,9 p>0,05
COX-2 H-score 68,243,3 111,448,3 P<0,05

Byna nobygoBaHa KopensuiiHa MaTpuus B3aeMo-
3B’A3KIB | BAAMBY LMX MapKepiB Ha MNpOrHo3yBaHHS
edekTnBHOCTI Tepanii E 3 BUKOPUCTaAHHSAM MPOrecTuHiB
y nporpami 3 BinbHWUM kogom pgoctyna Python 3.13
(https://www.python.org/downloads/release/python-3130).
MauieHT 6ynnM BMNAZKOBMM YMHOM PO3MOJINeHi Ha
JocnigkyBaHy rpyny i rpyny nepesipku (sk Mogenb aons
nepeBipKuM rinotesun) y cniBBigHoLWeHHi 7:3. [aHi aHanisy-
Banu 3a gonomorot Tecty Lanipo—Binka, a gaHi, wo
BiAMOBiAaOTb HOPManbHOMY pO3Moainy, Bupaxanu siK
cepefHe * cTaHAapTHe BigXuneHHs (x + s). Bukopuc-
TOBYHOUM ogHOCTOpoHHI TecT ANOVA ans 6e3nepepBHMX
3MiHHMX, MeTon BoHdeppoHi 6yno 3actocoBaHo Ansi
NOpPIBHAHHA Kinbkox rpyn. [aHi, wo He BignosigalwTb
HOpManbHOMY pO3MoAiny, Bupaxanu sk MegiaHy (Mix-
KBapTWUMbHUI fiana3oH). Ons nopiBHAHHA MK rpynamm
BMKOPUCTOBYBanu HenapameTpuyHum Kputepii (cyma
paHris Kpyckana—Yonnica). [Ons noganblioro nopie-
HSIHHA MiX KilbkOMa rpynamv BUKOPUCTOBYBaBCS METOZ
HaHHeTa. [nga kaTeropianbHUX 3MIiHHUX BWKOPUCTOBY-
BaBca xi-kBagpaT [lipcoHa (x?) abo TOYHMI KpuTepiii
diwepa [13].

PE3YABTATU TA IX OBFOBOPEHHS

ByB npoBegeHwn aHania pu3NKiB PO3BUTKY peum-
OvBy rinepnnasii eHaoMeTpia nicng Tepanii nporectu-
HaMM Ha OCHOBI aHanidy aHaMHEeCTUYHUX Ta KMiHIYHMX
XapakTepucTuk nauieHtiB (Tabn. 1). MoxHa Buginutn
Kno4voBi hakTopu pusnky peunamsy E nicna nikyBaHHA

The correlation matrix of interactions and the
influence of these markers on predicting EH therapy
effectiveness was constructed using the open-source
software Python 3.13 (https://www.python.org/downloads/
release/python-3130). Patients were randomly divided
into a study group and a validation group (as a hypothesis
testing model) in a 7:3 ratio. Data were analyzed using
the Shapiro—Wilk test; normally distributed data were
expressed as mean + standard deviation (x + s). One-way
ANOVA tests were used for continuous variables, with
Bonferroni correction for multiple group comparisons.
Non-normally distributed data were expressed as
median (interquartile range). Group comparisons
were conducted using the Kruskal-Wallis nonparametric
test. Further multiple group comparisons were perfor-
med using Dunnett's test. For categorical variables,
Pearson’s chi-square (y?) test or Fisher's exact test
was used [13].

RESULTS AND DISCUSSION

An analysis of the risks of endometrial hyperpla-
sia (EH) recurrence after progestin therapy was conduc-
ted based on the evaluation of patients’ anamnestic and
clinical characteristics (Table 1). Key risk factors for EH
recurrence after treatment with progestins can be identi-
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nporectnHamu. Tak, BCi daTtopu, WO MOXYTb BNNAuBaTu
Ha pu3uk peumamusy HI'E, Bynu noginexi Ha rpynu:

KAiHiYHi XapakTepucTuku

Ta iXHIX BNAMB HO PU3UK PELLUAUBY

1. IHOekc macu mina (IMT).

CepepgHint IMT y pocnigxyBaHii KOropTi CTaHOBMB
25,67 + 5,49, wo BignoBigae mMexam HaaJIMLLKOBOI
Macu Tina. Bigomo, wo nigsuwenunn IMT, ocobnueo
> 30 kr/m?, € 3HavywmMm hakTopoM pU3MKy Ansi pesnc-
TEHTHOCTI Ao Tepanii Ta nigBuULLYE NMOBIPHICTb peumn-
avey IE. Y pocnigXeHHi YacTka Takux nauieHTiB He Byna
BUCOKOIO, arne OXMPIHHA Kopentoe 3i 30inblUeHHSM
pY3uKy peunamnBiB.

2. CynymHi 3axe80pto8aHHSs.

MauieHTkM 3 iHcyniHope3ucTeHTHicTIo (14,5%) Ta
MeTaboniyHUMN NOPYLUEHHAMW MOXYTb MaTu BULLUIA
pY3UK peunavBiB Yepe3 CUCTEMHI MOpPYLUEHHS B eHAO-
KPUHHOMY peryrnioBaHHi. Y rpynax 3 rinepToHielo Ta
uykpoBum giabetom Il TMNy cnocrepiraeTbcs TEHAEHLINA
00 peumamBiB, Xo4a y KOropTi X YacTka HeBenvka.

CuHOpom nonikicmosHux sieyHukie (ClK5). Yactota
CMNKA B koropti crtaHoBuna 31,5%, wo moxe 6yTtu
3HavyLMM hakToOpoM ANs peunamBy HYepes ropMoHasbHi
ONCYHKLIT Ta XPOHIYHY aHOBYNALtO.

3. Peyudusu 3a aHaMHE30M.

lMonoeu e aHamHesi. XXiHkn 6e3 nonoris (59%) matoTb
BULMIA pU3MK peunauBiB 4Yepe3 BIiACYTHICTb nepiodis
rOpMOHaInbHOrO MnepesaBaHTaXeHHs!, sike BiAbyBaeTbcA
nig Yac BariTHOCTI.

Yacmoma abopmig. TauieHTKn 3 NOBTOPHUMWU BTPY-
YaHHAMM Ha €eHOOMETPIi MalTb NIABULLEHUA PU3NK
peumauBy 4Yepe3 TpaBmaTU3alil0 TKaHUH Ta MOXNVBE
YyTBOpEHHS (ibpoay.

4. MeHcmpyanbHUl aHaMHe3.

Y nauieHTOK i3 HeperynspHUM MeEHCTpyanbHUM
umkrnom (35,3%) abo TpmBanumu kpoBoTedamu (>7 OHiB
y 15,9%) pv3uK peunavMBy € BULLMM 4Yepe3 XPOHiYHY
CTUMYNSALI0 eHOOMETPIS.

5. MopgbonoaiyHi mnokasHUKU.

ToswjuHa eHOoMempisi. Y OOCNILKYBaHin KOropTi ce-
penHs ToBLUMHA eHOOMETpIs cTaHoBuna 12,21 + 6,38 mm.
MauieHTkn 3 TOBLLMHOW eHZoMeTpis >15 Mm abo HasB-
HiCTIO 3Ha4HOi eHgometpianbHoi Macu (41,9%) mawTb
nigBuLLEHNI PU3NK peunamnBy.

6. lopmoHanbHa yymiugicmb ma pe3ucmeHmHicme.

[nst nporHo3yBaHHsi pO3BUTKY peunanBy MOXHa BUKO-
puctoByBaTK GaratoakTopHy Moerb, sika BPaxoBYyeE:

KninigHi nokasHuku: IMT, HasBHicTb CIMKA, cynyTHi
3aXBOpPHOBAHHS.

FopmoHanbHUl cmamyc: YyTNMUBICTb 40 Tepanii, piBHi
nporectepoHoBux peuenTtopis (PGR).

MopgbornozaiyHi xapakmepucmuku: TOBLUMHA EHOOMET-
pisi, 3MiHM 3a gaHuvn Y3[.

3 MeTol BM3HAYeHHs1 Hanbinblw iHPOPMATUBHUX
iMyHOriCTOXiMiYHUX MapkepiB, siki 6 MoxHa Oyno BuKoO-
puctoByBaTM Ans  NPoOrHodyBaHHsa peuuauBy HIE
y XIHOK penpoayKTMBHOMO BiKy, Ta sIKi MalTb Hawbinb-
LM KOpensuiiHUM 3B’A30K 3 NPOrHo3yBaHHAM edeKkTuB-
HOCTi 3aCcTOCyBaHHsi nporecTuHiB, 6yna nobynoBaHa
KopensuinHa matpuusa B nporpami Python 3.2 (tabn. 3).

fied. All factors that may influence the risk of non-atypical
endometrial hyperplasia (NEH) recurrence were catego-
rized into the following groups:

Clinical characteristics
and their impact on recurrence risk

1. Body Mass Index (BMI).

The mean BMI in the studied cohort was 25.67 +5.49,
which falls within the overweight range. It is well known
that an increased BMI, especially >30 kg/m?, is a signi-
ficant risk factor for treatment resistance and increases
the likelihood of EH recurrence. Although the proportion
of such patients in the study was not high, obesity
correlates with an increased recurrence risk.

2. Comorbidities.

Patients with insulin resistance (14.5%) and meta-
bolic disorders may have a higher recurrence risk due
to systemic endocrine regulation disruptions. Groups
with hypertension and type |l diabetes showed
a tendency toward recurrence, although their proportion
in the cohort was small.

Polycystic Ovary Syndrome (PCOS). The prevalence
of PCOS in the cohort was 31.5%, which may be a signi-
ficant factor for recurrence due to hormonal dysfunctions
and chronic anovulation.

3. Recurrence History.

History of childbirth. Women without childbirth (59%)
have a higher recurrence risk due to the absence of hor-
monal rebalancing periods that occur during pregnancy.

Abortion frequency. Patients with repeated interven-
tions on the endometrium have an increased recurrence
risk due to tissue trauma and possible fibrosis formation.

4. Menstrual History.

Patients with an irregular menstrual cycle (35.3%)
or prolonged bleeding (>7 days in 15.9%) have a higher
recurrence risk due to chronic endometrial stimulation.

5. Morphological Parameters.

Endometrial thickness. In the studied cohort, the
average endometrial thickness was 12.21 + 6.38 mm.
Patients with an endometrial thickness >15 mm or signi-
ficant endometrial mass (41.9%) have an increased
recurrence risk.

6. Hormonal Sensitivity and Resistance.

A multifactorial model can be used to predict
recurrence development, considering:

Clinical indicators: BMI, presence of PCOS, comor-
bidities.

Hormonal status: Therapy sensitivity, progesterone
receptor (PGR) levels.

Morphological characteristics: Endometrial thickness,
changes observed in ultrasound.

To determine the most informative immunohisto-
chemical markers for predicting NEH recurrence in
reproductive-age women and to identify those with the
highest correlation with progestin treatment effectiveness,
a correlation matrix was built using Python 3.2 (Table 3).

After progestin therapy, a decrease in pathological
cell activity was observed. The Ki-67 marker, which
reflects cellular proliferation activity, decreased after
treatment, showing a correlation with Casp3 (-0.6) and
BAX (-0.6). A decrease in Ki-67 indicates a slowdown
in pathological cell proliferation, which is a crucial
indicator of treatment effectiveness.
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Ta6nuus 3. MaTpuus 3anexHocTen iMyHoricToxiMiuHMx MapkepiB Ao Ta nicns nikysaHHst HI'E (Python 3.2)
Table 3. Correlation matrix of immunohistochemical markers before and after treatment EH (Python 3.2)

MokasHuk/ Indicator | eNOS | Casp3 | Bcl-2 | Ki-67 ER PGR | BAX | VEGF | b-catenin | E-cadherin | CyclinD1 | COX2
eNOS 1 -0,7 | -06 | -0,5 0,2 0,3 -0,4 | -0,2 0,1 0,2 -0,3 0,4
Casp3 -0,7 1 -08 | -06 | -0,3 | -0,2 0,5 0,6 0,1 -0,4 0,3 -0,5
Bcl-2 -0,6 | -0,8 1 0,7 0,5 0,4 -0,3 | -0,2 0,3 0,1 —-0,2 0,6
Ki-67 -0,5 | -0,6 0,7 1 0,4 0,5 -0,6 | 0,4 0,2 0,3 -0,3 0,5
ER 0,2 -0,3 0,5 0,4 1 0,8 -0,2 | -01 0,3 0,4 -0,2 0,6
PGR 0,3 -0,2 0,4 0,5 0,8 1 -0,1 | -0,3 0,2 0,5 -0,3 0,7
BAX -0,4 0,5 -03 | -06 | -0,2 | -0,1 1 0,6 -0,2 -0,3 0,4 -0,5
VEGF -0,2 0,6 - -04 | -0,1 | -0,3 0,6 1 -0,3 -0,4 0,5 -0,6
b-catenin 0,1 -0,1 0,3 0,2 0,3 0,2 -0,2 | -0,3 1 0,6 -0,3 0,4
E-cadherin 0,2 -0,4 0,1 0,3 0,4 0,5 -03 | -04 0,6 1 -0,2 0,3
CyclinD1 -0,3 0,3 -02 | -0,3 | -02 | 0,3 0,4 0,5 -0,3 -0,2 1 -0,4
COX2 0,4 -0,5 0,6 0,5 0,6 0,7 -0,5 | -0,6 0,4 0,3 -0,4 1

Tak, nicna Tepanii nporecTMHammu cnocTepiranocs
3MEHLUEHHS aKTUBHOCTI NaTOnoriYHuX KNiTuH. Micnsa niky-
BaHHSA nokasHuk Ki-67, skui Bigobpaxae akTUBHICTb KIi-
TUHHOTO MOoAiny, 3HWU3WBCH, OEMOHCTPYHYM Kopensiuito
3 Casp3 (-0,6) i BAX (-0,6). 3meHweHHa Ki-67 cBiguntb
NPO CNOBINIbHEHHS1 NaTomnoriYHoi nponidepadii KniTuH,
L0 € BaXIIMBUM MOKA3HUKOM €(PeKTUBHOCTI NiKyBaHHS.

AHTManontTuyHuin mapkep Bcl-2 nokasaB cumnbHYy
HeraTueHy kopensuito 3 Casp3 (-0,8). Lle cBiguntb npo
NPOTUNEXHUIA BNNB LIX MapKepiB Ha NpoLecy anonToay:
3HWKeHHs Bcl-2 Ta nigBuweHHa Casp3 nicnsa nikyBaHHSA
NiAKPECNoe akTMBaLito NPUPOAHNX MEXAHI3MIB KNITUHHOI
CMepTi, O 3MEHLUYE KiNbKiCTb NaTONOriYHUX KMITUH.

lopmoHarnbHa 4yTnuBicTb 40 Tepanii NporHo3oBaHO
nokasana 3miHu y ectporeHoBux (ER) Ta nporectepoHo-
Bux (PGR) peuenTtopis, WO MalwTb CUMbHY MO3UTUBHY
kopensuito (0,8), WO BKa3ye Ha TICHWUI 3B’I30K MiDK HUMWN.
SHUXKEHHS eKcnpecii uMx peuenTopiB nicns nikyBaHHS
BKa3ye Ha e(eKTUBHY FOpMOHAaNbHY YyTNMBICTb TKaHWH
po Tepanii. MauieHTn 3 BUcokum piBHem ER Tta PGR go
NiKyBaHHSA MOXYTb BUSIBNSITU KpaLlui BiAryk Ha ropmo-
HanbHYy Tepanilo, OCKIMbKA 3MiHM LUMX MapkepiB 4acTo
KOPEntoThb 3i 3MEHLUEHHSM NponidhepaTMBHOT aKTUBHOCTI
KNiTUH. BaXknMByM YMHHUKOM A1 BUBHAYEHHS eheKTuB-
HOCTi 00 Tepanii € 36epeXeHHs1 CTPYKTYpU TKaHWH, OO
SKMX BigHOCATbLCA Mapkepu b-catenin Ta E-cadherin.
Mapkepn MiKKNITUHHOT agresii b-catenin ta E-cadherin
OEMOHCTPYIOTb NO3nTMBHY Kopensuito (0,6), Wwo Bkasye Ha
NIATPUMKY KNITUHHOI LiniCHOCTI HaBiTb NicNs NikyBaHHS.
HesHayHi 3MiHK B NOKa3HMKax LMX MapKkepiB nicns Tepanii
cBig4aTh Npo Te, Lo TKaHWHA 36epirae CBOK CTPYKTYPHY
LiniCHICTb, He3BaXkaloun Ha nikyBanbHUIN BNUB.

3aranbHy edeKTMBHICTb nikyBaHHsi Oyno ouiHeHO
Yepe3 KoMbiHauito MapkepiB. ByB BCTaHOBNeHUiA 3B’s130K
mik Casp3, BAX Tta Bcl-2. Casp3 mMae no3untmeHy kope-
naudito 3 BAX (0,5) Ta HeratusHy 3 Bcl-2 (-0,8), ue nig-
TBEPOXYE, WO 3HWXKEHHA Bcl-2 (akui nepelukomxkae
anontosy) i niguweHHs BAX (sikui cnpusie anonTosy)
CTBOPIOKOTb YMOBM ANS1 NPUPOZHOI 3armbeni natonoriy-
HUX KMiTWH. Lle noegHaHHA MNO3UTUMBHO BMNMMBaE Ha
3aranbHUiA CTaH TKaHWH.

3HuXeHHa COX-2

PiBeHb COX-2 3MeHWYeTbCSH, WO € MOKa3HUKOM
3MeHLUEeHHS 3ananbHoro npouecy. COX-2 Mae No3uTUBHY
Kopensuito 3 ropMmoHanbHuMu peuentopammn ER ta PGR

The anti-apoptotic marker Bcl-2 showed a strong
negative correlation with Casp3 (-0.8). This indicates
an opposing effect of these markers on apoptosis
processes: a decrease in Bcl-2 and an increase in
Casp3 after treatment highlight the activation of
natural cell death mechanisms, reducing the number
of pathological cells.

Hormonal sensitivity to therapy predictably showed
changes in estrogen (ER) and progesterone (PGR)
receptors, which had a strong positive correlation (0.8),
indicating a close relationship between them. The reduc-
tion in receptor expression after treatment suggests
effective hormonal sensitivity of the tissues to therapy.
Patients with high ER and PGR levels before treatment
may exhibit a better response to hormonal therapy,
as changes in these markers often correlate with
a decrease in cellular proliferative activity. An important
factor in determining therapy effectiveness is the pre-
servation of tissue structure, which is associated with
markers such as f-catenin and E-cadherin. Markers of
intercellular adhesion, B-catenin and E-cadherin, de-
monstrate a positive correlation (0.6), indicating the
maintenance of cellular integrity even after treatment.
Minimal changes in these markers after therapy
suggest that the tissue retains its structural integrity
despite therapeutic effects.

The overall effectiveness of treatment was assessed
through a combination of markers. A relationship between
Casp3, BAX, and Bcl-2 was established. Casp3 has
a positive correlation with BAX (0.5) and a negative
correlation with Bcl-2 (-0.8), confirming that a decrease
in Bcl-2 (which inhibits apoptosis) and an increase in
BAX (which promotes apoptosis) create conditions for
the natural death of pathological cells. This combination
positively affects overall tissue condition.

Reduction of COX-2 Levels
The COX-2 indicator decreased, which is a marker
of reduced inflammation. COX-2 has a positive correlation
with ER and PGR receptors (0.6 and 0.7, respectively),
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(0,6 Ta 0,7 BiANOBIAHO), WO BKa3ye Ha BMNUB NiKyBaHHS
He TiMbKA Ha TKaHUHY, @ W Ha piBeHb FOPMOHanbHOI
aKTUBHOCTI, LLO 3HWXYE 3ananbHui gOH.

Ak nigcymok MoXHa 3poOuTU BMCHOBOK, LLO CTaTuC-
TUYHI Kopensauii Mk Mapkepamu nigkpecnioTb edek-
TUBHICTb MiKyBaHHS, AKe 3HWXYe npornidepadito KiTuH,
aKTMBYE Mpouecu anonTto3y i cTabinizye ropmoHanbHy
aKkTMBHiCTb. HamBaxnusiwi kopensuii — Mk Casp3 i
Bcl-2 (-0,8), ER i PGR (0,8), Ki-67 i BAX (-0,6) — cBiguatb
Npo 3HaYyLWiCTb UUX MapKepiB K MOKa3HWKIB YyCMiLHOT
Tepanii. 36epexeHHs aparesiiHux Mapkepis (b-catenin
i E-cadherin) TakoX 4EMOHCTPYE CTPYKTYPHY CTabinbHICTb
TKaHWHW Nicns NikyBaHHS.

Ha ocHoBi aHani3y faHux MoxHa nobyanysaTtn Mogernb
NPOrHO3yBaHHSA €edEKTUBHOCTI 3aCTOCyBaHHS nporec-
TUHIB Y XIHOK penpoayKTUBHOIO BiKy 3 ypaxyBaHHAM 3MiH
y MapKepax, a TakoX YUHHUKIB pU3UKY.

KAlo4OBi napameTpu AAS NOGYAOBU MOAEAI

Biomapkepu, yymnusi 0o meparii ipoeecmuHamu:

Ki-67: 3Ha4He 3HWMxeHHs (3 22,6% 1o 8,1%, p < 0,05)
BKasye Ha edeKTMBHE MPUrHiYeHHs nponidepaTnBHOT
aKTUBHOCTI KNiTWH.

Caspasa 3: nigeueHHs (3 183,6 o 234,3, p < 0,05)
niaTBEpOKYE aKTUBALL0 anonToay.

Bcl-2: 3HmxeHHs (3 122,9 no 36,2, p < 0,05) gemoHcT-
PY€ 3MEHLLEHHS aHTMANOMNTUYHOIO 3aXMCTY.

VEGF 1a eNOS: 3HmxeHnHs (VEGF: 3 48,7 no 21,7;
eNOS: 3 19,8 po 7,4; p < 0,05) Bkadye Ha 3MEHLUEHHS
aHrioreHesy.

COX-2: nigBneHHs (3 68,2 go 111,4, p < 0,05), wo
Moe OyTV Mapkepom 3ananbHoT BiAnoBigi.

YuHHUKU pu3uky (mabn. 1):

XKiHkm 3 IMT > 30 kr/m? (BLU = 6,05 onsa pe3sncTeHTHUx
dopwm, I 95%: 2,22-8,21) Ta meTaboniyHM CUHOPOMOM
(Bl = 4,99, Ol 95%: 1,84-6,02) MaloTb BULLMIA PU3NK
PE3NCTEHTHOCTI 40 Tepanil.

Peumaven natonorii  3Ha4yHO MiABULLYIOTb  PU3KK
(B = 152,41, OI 95%: 56,07-1162,92), wo pobutb ix
KPUTUYHUM NPOrHOCTUYHUM hpaKTOPOM.

MoAeAb NPOrHo3yBAHHS:
Mogenb nporHo3yBaHHs edeKTUBHOCTI Tepanii nporec-
TUHaMKN MOXe I'DYHTYBATUCS Ha TaKMX KIMKOYOBUX 3MIHHUX:
1. KnimuHHi mapkepu (KirbKicHi):
a) 3HmxkeHHs Ki-67 go piBHiB <10% nicns nikyBaHHS.
b) NigBnweHHst Caspasa 3 GinbLue Hixx Ha 20% nicnsi
niKyBaHHS.
c) 3HwkeHHs Bcl-2 6inbwe Hix Ha 50% nicns
niKyBaHHS.
d) Mokasnukn VEGF T1a eNOS, wo 3HmkylTbca
GinbLue Hix yaBidi.
2. KniHidHi gpakmopu (kamezopitiHi):
a)HassHicTb MeTaboniyHoro cMHapomy (pu3uk pesmc-
TEHTHOCTi 10 NiKyBaHHS).
b) IMT > 30 kr/m?.
c) HasBHicTb peunamsiB y aHaMHesi.

MpPOrHOCTUYHUI AATOPUTM:

1. BxioHi daHi: piBHi Ki-67, Caspasa 3, Bcl-2, VEGF,
eHgoTenianbHi  mMapkepu, a Takox IMT, peunamem,
HasiBHICTb MeTaboniyHOro CUHAPOMY.

2. Po3spaxyHok KoegpiyieHmig: BW3HAYEHHS BNIUBY
KOXXHOro Mapkepa Ha epeKTUBHICTb MiKyBaHHS.

suggesting that treatment affects not only the tissue
but also hormonal activity levels, thereby reducing inflam-
matory background.

Statistical correlations between markers emphasize
treatment effectiveness, which reduces cellular prolifera-
tion, activates apoptosis, and stabilizes hormonal activity.
The most significant correlations — between Casp3 and
Bcl-2 (-0.8), ER and PGR (0.8), Ki-67 and BAX (-0.6) —
highlight the importance of these markers as indicators
of successful therapy. Preservation of adhesion markers
(B-catenin and E-cadherin) also demonstrates structural
stability of the tissue after treatment.

Predictive model for progestin therapy effectiveness:
based on data analysis, a predictive model can be deve-
loped for evaluating the effectiveness of progestin
therapy in reproductive-age women, taking into account
marker changes and risk factors.

Key parameters for model development

Biomarkers sensitive to progestin therapy:

Ki-67: A significant decrease (from 22.6% to 8.1%,
p < 0.05) indicates effective suppression of cellular
proliferation.

Caspase 3: Anincrease (from 183.6 t0 234.3, p < 0.05)
confirms apoptosis activation.

Bcl-2: A decrease (from 122.9 to 36.2, p < 0.05)
demonstrates reduced anti-apoptotic protection.

VEGF and eNOS: A decrease (VEGF: from 48.7
to 21.7; eNOS: from 19.8 to 7.4; p < 0.05) indicates
reduced angiogenesis.

COX-2: An increase (from 68.2 to 111.4, p < 0.05) may
be a marker of inflammatory response.

Risk Factors (Table 1):

Women with BMI > 30 kg/m? (OR = 6.05 for resistant
forms, 95% CIl: 2.22-8.21) and metabolic syndrome
(OR = 4.99, 95% CI: 1.84-6.02) have a higher risk of
treatment resistance.

Pathology recurrence significantly increases the risk
(OR = 15241, 95% CI: 56.07-1162.92), making it
a critical prognostic factor.

Predictive algorithm:
Key prognostic markers:
1. Cellular markers (quantitative):
a) Ki-67 reduction to <10% after treatment.
b) Caspase 3 increase by more than 20% post-
treatment.
c) Bcl-2 reduction by more than 50% post-treatment.
d) VEGF and eNOS decrease by more than 50%.
2. Clinical factors (categorical):
a) Presence of metabolic syndrome (risk of treatment
resistance).
b) BMI > 30 kg/m>.
c) History of recurrence.

Predictive Algorithm:

1. Input Data: Levels of Ki-67, Caspase 3, Bcl-2,
VEGF, endothelial markers, as well as BMI, recurrence
history, and presence of metabolic syndrome.

2. Calculation of coefficients: Determining the impact
of each marker on treatment effectiveness.

OpuwuriHanbHi 4oCnigpKeHHSs

Original research



BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33. Ne 1(52). C. 33-47
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(1(52)):33-47

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

3. Knacucpikayis: Ha OCHOBi paHWYHUX 3HaYEeHb
(Ki-67 < 10%, Bcl-2 3HmxyeTbca > 50%) nauieHTkn knacu-
dikytoTbCA sIK YyTNMBI abo pe3ncTeHTHI Ao Tepanii.

Ha ocHoBi npoBegeHoro aHanisy 3MiH Mapkepis Ao
i nicnsa Tepanii NporecTMHaMM y >XiHOK pPenpoayKTUBHOMO
BiKy Ta BpaxyBaHHAM KMiHIYHUX YNHHUKIB PU3KKY, MOXHA
cchopmyrnoBaTh Takihi onuc edPeKTUBHOCTI NiKyBaHHA Ta
OCHOBW MPOrHO3yBaHHSI.

3araAbHUMM BNAMB Tepanii NporeCTMHAamu

HO KAITUHHI Mapkepu

1. BHUXEHHS nponichepamusHOi akmu8HOCMI KITimuH:

Mapkep Ki-67, wWwo Bigobpaxae BigCOTOK KMiTWUH, siKi
aKTUMBHO JiNsATbCS, CYTTEBO 3HWU3UBCA MiCMsi NiKyBaHHSA
(3 22,6% no 8,1%, p < 0,05). Lle Bkasye Ha edekTMBHE
NPUrHiYeHHs NaTonorivyHoT nponidepadii KNiTMH eHaoMeT-
pisi. OcobnuBo BaXnMBO, WO 3HWKEHHs Hmkve 10%
€ KIMO4YOBMM MOKa3HMKOM YYTNUMBOCTI TKaHWHW 0 Tepanii.

2. Akmueaujisi anornmosy:

Micna Tepanii cnoctepiranoca nigBULLEHHA pPiBHA
Caspasa 3 (3 183,6 go 234,3, p < 0,05), wo € mapke-
poM akTuBauii anonTto3y — MpPUPOOHOro MexaHi3my
KNiTUHHOT 3arnbeni.

BogHoyac 3Ha4HO 3HUM3MBCs piBeHb Bcl-2 (3 122,9
no 36,2, p < 0,05), Wo AEeMOHCTPYE 3MEHLUEHHS aHTU-
anonToTuyHoro 3axucty. Lli 3MiHM cBigyaTb npo nocu-
neHHs npoueciB KNiTMHHOT 3arMbeni B naTonoriyHo
3MIHEHUX TKaHUHaX, WO CNpUsiE IX OHOBIEHHIO.

3. BmMeHweHHs1 aHeioeeHe3y:

[Moka3HuKkn, NoB’s3aHi 3 HOPMYBaHHAM HOBUX CYAVH,
Taki sk VEGF (3 48,7 po 21,7, p < 0,05) i eNOS (3 19,8
no 7,4, p < 0,05), 3Ha4HO 3HM3UNMCA Micns NiKyBaHHS.
Lle Bkasye Ha NpUrHiYeHHs aHrioreHesy, KU € BaXKNMBUM
akToOpOoM MNiATPMMKM NATONOrYHMX NPOLIECIB.

4. 3ananbHa 8i0noeiob:

MokasHnk COX-2, NoB’si3aHWi i3 3ananbHUMK npoLe-
camu, HaBnaku, 36inbwwueca (3 68,2 oo 11,4, p < 0,05).
Lle moxe OyTM KOMMEHCATOPHOK peakuiel opraHiamy
Ha Tepanito.

BnAMB KAIHIYHMX YUHHUKIB PU3UKY

HO ePEKTUBHICTb AiKyBAHHS

1. In0ekc macu mina (IMT):

XKinkn 3 IMT > 30 kr/m2 maroTb 3HAYHO BULLUIA PU3UK
pe3ncTeHTHocTi Ao Tepanii nporectuHamu (BLU = 6,05;
01 95%: 2,22-8,21). MNauieHTkn 3 HaaAMipHOI Macoto Tina
abo OXMpiHHAM nNOTPebylTb [0AaTKOBOTO KOHTPOIHO,
OCKIfNbKM X TKAHWHU MOXYTb MEHLL e(PeKTUBHO pearyBaTtu
Ha NiKyBaHHS.

2. Memab6oniyHuli cuHOpom:

HasiBHicTb MeTaboniyHoro cMHapomy 36inbLuye pusuk
pesuncteHTHocTi (BW = 4,99; Ol 95%: 1,84-6,02), wo
BMMarae KOMMMEKCHOro nmigxody A0 Tepanii, BKMYadn
KOpEKLito MeTaboniYHNX NopyLUeHb.

3. Peyudusu namornoeii:

XKiHkn 3 peumguBamm rinepnnacTUYHMX npoLuecis
MalTb Hag3BMYAMHO BUCOKMM PU3MK HeedeKTUBHOCTI
Tepanii (B = 152,41; O] 95%: 56,07-1162,92). Ons uiei
rpynu BaxnvMBO pO3MNsSAaTyv  ansTepHaTMBHI  Migxoam
00 NiKyBaHHSA.

MoaeAb NPOrHo3yBaHHA ecbeKTUBHOCTI Tepanii
Ha ocHOBi OTpMMaHWx AaHux po3pobrneHo Mopenb
NporHo3yBaHHA edeKTUBHOCTI NporecTMHOBOI Tepanii,

3. Classification. Based on threshold values
(Ki-67 < 10%, Bcl-2 reduction > 50%), patients are
classified as sensitive or resistant to therapy.

Summary of progestin therapy impact
on cellular markers

1. Reduction of Cellular Proliferation Activity:

Ki-67, which reflects the percentage of actively
dividing cells, significantly decreased after treatment
(from 22.6% to 8.1%, p<0.05). This indicates effective
suppression of pathological cell proliferation. A decrease
below 10% is a key indicator of tissue sensitivity
to therapy.

2. Activation of Apoptosis:

After therapy, Caspase 3 levels increased (from 183.6
to 234.3, p < 0.05), confirming apoptosis activation —
a natural mechanism of cell death.

Bcl-2 levels significantly decreased (from 122.9
to 36.2, p < 0.05), indicating reduced cellular resistance
to apoptosis.

3. Reduction of Angiogenesis:

Markers associated with new blood vessel formation,
such as VEGF (from 48.7 to 21.7, p < 0.05) and eNOS
(from 19.8 to 7.4, p < 0.05), significantly decreased
post-treatment, indicating suppression of angiogenesis.

4. Inflammatory Response:

COX-2 levels increased (from 68.2 to 111.4, p < 0.05),
possibly as a compensatory reaction to therapy.

Impact of clinical risk factors
on treatment effectiveness
1. Body Mass Index (BMI):
Women with BMI > 30 kg/m? have significantly higher
resistance risk (OR = 6.05; 95% CI: 2.22-8.21).
2. Metabolic Syndrome:
Increases resistance risk by 4.99 times (95% ClI:
1.84-6.02).
3. History of Recurrence:
Highest risk (OR = 152.41; 95% CI: 56.07-1162.92),
requiring special monitoring.

Prognostic model application
1. Forming Risk Groups for EH Recurrence:
Low risk: BMI < 25 kg/m?, Ki-67 <10%, VEGF <20.
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sika BpaxoOBYye KItOYOBi Oiomapkepu Ta KMiHIYHI YMH-
HUKWN PU3MKY.

1. OCHOBHI Po2HOCMUYHI MapKepu:

3HumxkeHHs Ki-67 0o <10%.

MigenweHHsa Caspasa 3 binbLe Hix Ha 20%.

3HuxeHHs1 Bcl-2 GinbLue Hix Ha 50%.

3HayHe 3HmkeHHsa VEGF 1a eNOS.

2. KniHi4Hi YUHHUKU pU3UKY:

Bucokuii IMT (>30 kr/m2?), metaboniyHWn cUHOPOM,
peunamBun natonorii B aHaMHes3i.

3. MpoeHocmuyYHuUl anzopumm:

MauieHTkn 3 NO3NTUBHMMK 3MiHaMK 3a Giomapkepamu
Ta BigcyTHicTio Bucokoro IMT um metaboniyHoro
CUHAPOMY AEMOHCTPYIOTb BUCOKY YYTNMBICTb A0 Tepanii.

KiHKM 3 HecnpusaTNMBMMKM 3MiHAMW  Mapkepis Ta
KNiHIYHMMK pusmMkamMm MOXyTb OyTu knacudikoBaHi siK
PE3UCTEHTHI OO0 NiKyBaHHS.

HambBiabLl 3HAQYYLLLMMM iIMYHOTICTOXIMIYHUMMU

MApKepamm CTAAM:

1. Ki-67 (iHoekc nponicpepauii): 3Ha4yHe 3HWXKEHHSI
(22,6% po 8,1%, p < 0,05) cBiguMTb Npo edekTMBHE
3HWXKEHHS NponidepaTnBHOI aKTUBHOCTI Nicnsa Tepanii.

2. Bcl-2 (aHTManonToTUYHUI Mapkep): 3MEHLUEHHS
(122,9 po 36,2, p < 0,05) BKasye Ha 3HWKEHHS KMITUHHOT
PEe3NCTEHTHOCTI 0 anonToa3y.

3. Caspasa 3 (anonTo3Hui mapkep): 3poctaHHs (183,6
0o 234,3, p < 0,05) pemMoHCTpye akTUBaLit0 MexaHi3miB
KNiTUHHOT 3armbeni.

4. VEGF T1a eNOS (aHrioreHes): 3Ha4YHe 3HWXEHHS
(VEGF 3 48,7 po 21,7; eNOS 3 19,8 oo 7,4, p < 0,05)
CBiAYNTb NPO 3MEHLLEHHs1 BacKynspuaauii naTonoriyHoro
€HOOMETPIS.

5. COX-2 (3ananbHuii mapkep): 3pocTaHHsa (68,2 go
111,4, p < 0,05) moxe cBigUATM MpPO peakuito TKaHWH
Ha Tepanito.

KAiHi4Hi cbakTopyu pusuky peumamBy

AHaris pusukis:

1. IHaekc macu Tina (IMT):

IMT >30 kr/M? 3Ha4HO nNiOBUWLLYE PU3VK PeELMAUBY
(BLU = 6,05; Al 95%: 2,22-8,21).

IMT >25 kr/M> € noMipHMM (PaKTOpPOM pPU3NKY
ans peumausy (BLU = 1,02; OI 95%: 0,37-1,11).

2. MeTtaboni4yHuin cuHOpPOM:

HasiBHicTb MeTaboniyHoro cMHapomy 36inbLuye pusuk
peumnamsy y 4,99 pasy (Ol 95%: 1,84-6,02).

3. PeungmBn B aHamMHesi:

Hamsuwmn pusunk (B = 152,41; O 95%: 56,07—
1162,92) cBiguMTbL Npo HeOOXigHICTL cneuianbHOro
KOHTPOJI0.

4. |HLWi YNHHWKK:

Hasiericte CIMKA (31,5%) Takox Kopentoe 3 BULLUM
pYU3UKOM peLmauBy.

KypiHHA Ta noBTOpHi abopTu NiABULLYIOTL PU3UK
(BLU = 2,61 Ta 3,65 BignosigHo).

Mo6yAoBa MoOAEAI NPOrHO3YBAHHS

Ons  nobygoBu mogeni BUMKOPUCTOBYHOTbCH  BCi
OOCTYNHi Mapkepw Ta KNiHiYHi NOKa3HUKMN.

Modernb npoeHo3ysaHHs iMogipHOoCMI peyudusy:

Moderate risk: BMI 25-30 kg/m?, presence of PCOS,
VEGF 20-25.

High risk: BMI > 30 kg/m?, metabolic syndrome,
history of recurrence.

2. Predicting Treatment Efficacy:

The model identifies high-risk patients for enhanced
monitoring and consideration of alternative treatments.

3. Personalized Therapy:

High-risk women require a comprehensive approach:
weight correction, metabolic management, and regular
endometrial thickness monitoring.

The proposed predictive model allows accurate
forecasting of endometrial hyperplasia recurrence,
enabling individualized therapy and relapse prevention
in reproductive-age women.

The most significant immunohistochemical
markers were:

1. Ki-67 (proliferation index): a significant decrease
(22.6% to 8.1%, p < 0.05) indicates an effective decrease
in proliferative activity after therapy.

2. Bcl-2 (anti-apoptotic marker): a decrease (122.9 to
36.2, p < 0.05) indicates a decrease in cell resistance
to apoptosis.

3. Caspasa 3 (apoptosis marker): growth (183.6 to
234.3, p < 0.05) demonstrates activation of cell death
mechanisms.

4. VEGF and eNOS (angiogenesis): significant
decrease (VEGF from 48.7 to 21.7; eNOS from 19.8
to 7.4, p < 0.05) indicates a decrease in vascularization
of the pathological endometrium.

5. COX-2 (inflammatory marker): growth (68.2 to
111.4, p < 0.05) may indicate a tissue response to therapy.

Clinical risk factors for relapse

Risk analysis:

1. Body mass index (BMI):

BMI of >30 kg/m? significantly increases the risk of
recurrence (HS = 6.05; Cl 95%: 2.22-8.21).

BMI >25 kg/m? is a moderate risk factor for recur-
rence (RV = 1.02; Cl 95%: 0.37-1.11).

2. Metabolic syndrome:

The presence of metabolic syndrome increases
the risk of recurrence by 4.99 times (Cl 95%: 1.84-6.02).

3. History of relapses:

The highest risk (RV = 152.41; Cl 95%: 56.07—
1162.92), indicating the need for special control.

4. Other factors:

The presence of PCOS (31.5%) also correlates with
a higher risk of recurrence.

Smoking and repeated abortions increase the risk
(HS = 2.61 and 3.65, respectively).

Construction of a forecasting model
All available markers and clinical indicators are used
to build the model.
Model for predicting the likelihood of recurrence:

P(Peunane)=1/(1+e — (a+p1(IMT)+B2(Ki — 67)+B3(Bcl — 2)+B4(VEGF)+B5(MemCuropom)+B6(Peyudueu AHamHes)))
P(Relapse)=1/(1+e — (a+B1(IMT)+B2(Ki — 67)+B3(Bcl — 2)+B4(VEGF)+B5(Metab.syndrom)+B6(RecidivsAnamnesis)))
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ne P(PeunamnB) — MMOBIpHICTb peLmnamBy; o — KOHCTaHTa;
B1,...p6 — KoediuieHT BAaroMoCTi ANsi KOXHOro dpaktopa.
OCHOBHI Mpo2HOCMUYHI 3MiHHI:
1. KniHivHi cbakTopu:
IMT >30 kr/m2.
HasiBHicTb MeTaboniyHoro cCUHApPoOMy.
Peunansun B aHamHesi.
2. KniTuHHi mapkepu:
Ki-67 >10% nicnsa nikyBaHHS.
VEGF >25 nicns tepani.
36epexeHHs1 BUCOKUX piBHIB Bcl-2.
3. MopdonoriyHi xapakTepUCTUKu:
ToBwwmHa eHaomeTpia >15 MM.

MpakTM4HE BUKOPUCTAHHA MOAEAI

1. @opmysaHHS epyn pu3uKy po3sumky peyuousy E:

Husbkui pusmk: IMT<25 kr/m?, Ki-67<10%, VEGF<20.

CepepgHin pusmk: IMT 25-30 kr/m?, HasiBHicTb CIMKA,
VEGF 20-25.

Bucokuin pusnk: IMT>30 kr/m?, metabonivyHUin cUHA-
poM, peunanen B aHaMHesi.

2. lpozHo3ysaHHs1 eghekmuHOCMI NiKy8aHHS:

Mopgenb posBonsie igeHTUdikyBaTM nauieHToK i3
BMCOK/MM PU3UKOM peuunavBy AN MOCUIEHHS MOHITO-
PVHIy Ta po3rnsagy ansTepHaTUBHUX METOAIB NiKyBaHHS.

3. IHOusiOyanisauyis meparii:

[INsi XiHOK i3 BUCOKMM PU3MKOM PEKOMEHIYETLCS KOMI-
NEeKCHWIA Niaxia: Kopekwist Macu Tina, KOHTponb MeTaborniy-
HOTO CTaHy, PerynsipHuiA MOHITOPUHT TOBLLWHW EHOOMETPISL.

[Ons Bepudikauii NpOrHOCTUYHOI TOYHOCTI Moaeni
Oyno npoBedeHO TECTyBaHHA Ha He3anexHin BubipLi,
ska cknaganacs i3 150 nauieHTok 3 rinepnnasieto eHgo-
meTpis 6e3 atunii. Bubipka ©yna posnogineHa Ha
OBi rpynu:

lpyna 1: TauieHTKn 3 HU3bKUM PU3UKOM peunamney
(IMT < 25 kr/m?, Ki-67 < 10%, VEGF < 20).

lpyna 2: TauieHTKN 3 BUCOKMM PU3MKOM peunamney
(IMT > 30 «kr/m?, meTaboniyHuii CUHOPOM, peLnanBu
B aHaMHesi).

Pe3ynbraTtv TeCTyBaHHsi nokasanu Take:

lpyna 1: 3 75 nauieHToK y Ui rpyni peunams BUSIBNEHO
y 5 Bunagkax (6,7%).

lpyna 2: 3 75 nauieHToK y Ui rpyni peunams BUSIBNEHO
y 25 Bunagkax (33,3%).

Lli pesynbratv nigTBEpOXKyHOTb BUCOKY MPOTHOCTUYHY
TOYHICTb MoAeni, OCKifNbKM BOHa NPaBUIbHO iAeHTUMIKy-
Bana nauieHTOK 3 BUCOKMM pU3UKOM peuunamsy (Tabn. 4).

Ons nopiBHAHHA edeKkTUBHOCTI mogeni 6ynu pos-
paxoBaHi YyTNMBICTb i cneumdivHicTe moaeni (tabn. 5).

where R(Relapse) — the probability of relapse; o — con-
stant; B1,...6 — weighting factors for each factor.
Main prognostic variables:
1. Clinical factors:
BMI >30 kg/m2.
The presence of metabolic syndrome.
History of relapses.
2. Cell markers:
Ki-67 >10% after treatment.
VEGF >25 after therapy.
Maintaining high levels of Bcl-2.
3. Morphological characteristics:
The thickness of the endometrium is >15 mm.

Practical use of the model

1. Formation of risk groups for the development of
GE recurrence:

Low risk: BMI <25 kg/m?, Ki-67 <10%, VEGF <20.

Medium risk: BMI 25-30 kg/m?, presence of PCOS,
VEGF 20-25.

High risk: BMI >30 kg/m?, metabolic syndrome, history
of relapses.

2. Predicting the effectiveness of treatment:

The model allows the identification of patients at high
risk of relapse to strengthen monitoring and conside-
ration of alternative therapies.

3. Individualization of therapy:

For women at high risk, an integrated approach is
recommended: weight correction, metabolic control,
regular monitoring of endometrial thickness.

To verify the predictive accuracy of the model, testing
was conducted on an independent sample consisting
of 150 patients with endometrial hyperplasia without
atypia. The sample was divided into two groups:

Group 1: Patients with low risk of recurrence
(BMI < 25 kg/m?, Ki-67 < 10%, VEGF < 20).

Group 2: Patients with high risk of recurrence
(BMI>30 kg/m?, metabolic syndrome, history of
recurrence).

The testing results showed the following:

Group 1: Out of 75 patients in this group, recurrence
was detected in 5 cases (6.7%).

Group 2: Out of 75 patients in this group, recurrence
was detected in 25 cases (33.3%).

These results confirm the high predictive accuracy
of the model, as it correctly identified patients with
a high risk of recurrence (Table 4).

To compare the effectiveness of the model, sensitivity
and specificity were calculated (Table 5).

Ta6nuus 4. YactoTta peunamBiB y rpynax 3 HU3bKUM Ta BUCOKUM PU3UKOM
Table 4. Frequency of Recurrence in Low-Risk and High-Risk Groups

lpyna / Group KinbkicTb nauieHTok / Number of Patients Peuunamnsu (%) / Recurrence (%)
Hu3sbkuii pmank / Low Risk 6,7
Bucokui pusuk / High Risk 33,3

Tabnuus 5. MNMopiBHAHHA eeKTUBHOCTI Moaeni
Table 5. Comparison of Model Effectiveness

MNokasHuk / Indicator

lpyna 1 (HU3bkui pU3NK)
Group 1 (Low Risk)

[pyna 2 (BUCOKWI pn3mK)
Group 2 (High Risk)

YyTrusicte mogeni Sensitivity of the Model

93,3% 66,7%

CneuudpivHicte mogeni Specificity of the Model

85,0% 70,0%
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[nsi ouiHKM cTaTMCTMYHOT AocToBipHOCTI Moaeni 6yno
NPOBEAEHO Taki TECTU:

Tecm xi-keaGpam: BuKOpuUCTaHO AN MNOPIBHSHHSA
4yacToT peunausiB y rpynax. Pesynbsrat nokasaB 3Ha4Hy
pisHMuto Mix rpynamum (p < 0,001).

ROC-aHani3: MNMnowa nig kpusoto (AUC) cknana 0,89,
LLIO BKA3YE Ha BUCOKY NMPOrHOCTUYHY TOYHICTb Mogeni.

Pesynbratv TecTyBaHHA Ha He3anexHin Bubipui nig-
TBEPAXKYIOTb BUCOKY MPOrHOCTUYHY TOYHICTb po3pobneHoi
mogeni. Mogenb edekTUMBHO iOeHTUdIKYE nauieHToK
3 BMCOKMM PU3UKOM peuuauBy, LLIO OO3BOMSE CBOEYACHO
agjantyBaTh Tepanito Ta 3HW3UTU WMOBIPHICTb YycKnag-
HeHb. CTaTUCTUYHWIA aHani3 nokasaB BUCOKWIA piBEHb
poctoBipHocTi mogeni (p < 0,001), wo niaTBepaxye i
eEeKTUBHICTb Y KNiHIYHIA NpaKkTuLi.

3anponoHoBaHa MogZenb [O03BOMSiE MNPOrHO3yBaTu
peungmeu rinepnnasii eHOOMETPIS 3 BUCOKOK TOYHICTIO
Ha OCHOBI aHanisy KniHiYHMX Ta KMITUHHUX MapkepiB.
BoHa € edeKkTMBHMM iHCTpyMeHTOM Ans iHAuBigyani-
3auii Tepanii Ta npodinakTMkKM peunamsiB Yy KIHOK
penpoayKTUBHOTO BiKY.

O6GroBopeHHs

MpoBeneHe pocnimkeHHs ©Oyno CnpsiMOBaHO Ha
BMBYEHHS MEXaHi3MiB PpO3BMTKY Ta MPOrHO3yBaHHSA
peunanBiB ropMoHopesncTeHTHol E y xXiHOK penpoayk-
TMBHOro Biky. OCHOBHOK MeTO poboTn Byno CTBOPEHHSI
Mogfeni NPorHo3yBaHHS, sika BpaxoBYE SAK KMiHiYHI dpakTo-
pw, Tak i iMyHOrICTOXiMiY4HI MapKepu AN OUiHKM WMOBIp-
HOCTi peumauBy abo nporpecyBaHHs 3axBOPHOBaHHSA
nicnga Tepanii nporectuHamu. [locnigkeHHsa nokasano, Wwo
cepeq nauieHToK i3 rinepnnasieto eHaoMeTpis 6e3 atunii,
SIKi OTpUMYyBanu Tepanito NporecTMHamu, BiA3HA4YaETbCS
3Ha4YHEe 3HMXKEHHSA NponihepaTMBHOI aKTUBHOCTI KMiTUH
Ta nocuneHHs anonto3y. Lle nigTBepmxyeTbCcss Taknumum
3MiHaM1 MapKepiB:

Ki-67 3meHwuBcsa 3 22,6% no 8,1% (p < 0,05), wo
CBiQYMTbL MPO NPUrHiYeHHst nponidhepaTMBHUX MNPOLECIB
y TKaHWHax eHaoMeTpist.

Caspase 3 3pic i3 183,6 go 234,3 (p < 0,05), wo
nigTBEpaXKyE aKkTUBi3aLlito anonTosy.

Bcl-2 3Hu3mBecs 3 122,9 po 36,2 (p < 0,05), wo
OEMOHCTPYE 3MEHLUEHHS aHTUanonTOTUYHOIO 3axuCTy
KIMITUH.

VEGF 3meHwwuBcs 3 48,7 po 21,7 (p < 0,05),
a eNOS -3 19,8 oo 7,4 (p < 0,05), wo BKka3dye Ha 3HU-
)KEHHS1 aHrioreHesy.

OTpuMaHi pe3ynsTaTt MiaATBEPAXYOTb BUCHOBKU
pocnigxeHb Orbo et al. (2016) [1] Ta Mais et al. (2022) [2],
K gocnigunn, Wo 3HWXKEHHA nponidepadii Ta aHrio-
reHesy nicnsa Tepanii Kopenoe 3 NO3UTUBHUM Teparnes-
TUYHUM edpekToM. BogHoudac, gocnigpkeHHs Liu et al.
(2024) [3] Bkasye Ha [opaTkoBy MPOrHOCTUYHY pPOflb
B-Catenin, PTENiPAX2, Lo BapTO BpaxyBaTu npu noganbs-
i MogundikaLii 3anponoHoBaHOI MoAemNi MPOrHO3yBaHHS.

AHanisa aHaMHECTUYHUX | KNIHIYHUX XapaKTepuCTuK
navuieHTOK 4O3BONNB BU3HAYNTN OCHOBHI KMiHiYHI hakTopm
pY3UKy peunamBy:

IMT noHag 30 kr/mM? nmigBULLYyE WMOBIPHICTb pe3uc-
TeHTHocTi fo Tepanii (BLU = 6,05).

HasBHicTb MeTaboniyHoro cuHApomy 3Ha4HO 36inb-
LWye pu3mnK HeedeKTUBHOTO nikyBaHHs (BLU = 4,99).

PeunouBn natonorii B aHamHe3i € HanbinbL
3HauvyLwmm caktopom (BLU = 152,41).

To assess the statistical reliability of the model,
the following tests were conducted:

Chi-square test: Used to compare the frequencies
of recurrence between the groups. The result showed
a significant difference between the groups (p < 0.001).

ROC analysis: The area under the curve (AUC) was
0.89, indicating high predictive accuracy of the model.

The results of testing on an independent sample
confirm the high predictive accuracy of the developed
model. The model effectively identifies patients with
a high risk of recurrence, allowing for timely adaptation
of therapy and reducing the likelihood of complications.
Statistical analysis demonstrated a high level of reliability
of the model (p < 0.001), confirming its effectiveness
in clinical practice.

The proposed model makes it possible to predict
recurrences of endometrial hyperplasia with high accu-
racy based on the analysis of clinical and cellular
markers. It is an effective tool for individualizing therapy
and preventing relapses in women of reproductive age.

Discussion

The conducted study was aimed at studying the
mechanisms of development and prediction of recurrence
of hormone-resistant endometrial hyperplasia (HE) in
women of reproductive age. The main goal of the work
was to create a prediction model that takes into account
both clinical factors and immunohistochemical markers
to assess the likelihood of recurrence or progression
of the disease after progestin therapy. The study showed
that among patients with endometrial hyperplasia
without atypia who received progestin therapy, there was
a significant decrease in cell proliferative activity and
increased apoptosis. This is confirmed by the following
changes in markers:

Ki-67 decreased from 22.6% to 8.1% (p < 0.05), which
indicates inhibition of proliferative processes in endo-
metrial tissues.

Caspase 3 increased from 183.6 to 234.3 (p < 0.05),
which confirms the activation of apoptosis.

Bcl-2 decreased from 122.9t0 36.2 (p <0.05), demonst-
rating a decrease in anti-apoptotic cell protection.

VEGF decreased from 48.7 to 21.7 (p < 0.05), and
eNOS from 19.8 to 7.4 (p < 0.05), indicating a decrease
in angiogenesis.

The results obtained confirm the conclusions of the
studies of Orbo et al. (2016) [1] and Mais et al. (2022) [2],
which investigated that a decrease in proliferation and
angiogenesis after therapy correlates with a positive
therapeutic effect. At the same time, the study of Liu et al.
(2024) [3] indicates an additional prognostic role of
B-Catenin, PTEN and PAX2, which should be taken
into account when further modifying the proposed
prediction model.

Analysis of the anamnestic and clinical characteristics
of the patients allowed us to identify the main clinical’'s
risk factors for recurrence:

BMI over 30 kg/m? increases the likelihood of resis-
tance to therapy (OR = 6.05).

The presence of metabolic syndrome significantly
increases the risk of ineffective treatment (OR = 4.99).

History of pathology recurrence is the most significant
factor (OR = 152.41).
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Lli BUCHOBKM  y3rogxyklTbCA 3  OOCHAIOXKEHHAM
Lomakina & Moroz (2023) [4], oe Takox Big3Ha4YeHo
BNNMB MeTabomnivyHOro CMHAPOMY Ta OXWUPIHHA Ha PU3MK
peumnamsy rinepnnasii. JocnimkeHHsa Taranova (2019) [5]
OEMOHCTpye MopfibHi pesynstat WoAo poni NopyLleHb
meTaboniamy, ocobnmBo iHCYNiHOPE3NCTEHTHOCTI, Yy po3-
BWUTKY PE3UCTEHTHOCTI 1O NPOreCTUHIB.

BanponoHosaHa moldernb npoz2HO3ysaHHs peyudusie
6a3yembCs Ha KIHHYOBUX 3MIHHUX:

IMyHoricTOXiMiuHi  Mapkepu:
Bcl-2, VEGF.

KniHiuHi xapaktepuctuku: IMT, meTaboniyHui cuHa-
poM, peunaneu B aHaMHesi.

MopdonoriyHi  napameTtpu:
>15 Mm.

BukopucmaHHs ujei moderi 00360r1si€:

MporHo3yBatn pu3Mk peuuamMBy Le [0 MNodaTky
niKyBaHHS.

BusHavat rpynu nauieHTOK i3 BUCOKMM PU3NKOM
HeeeKTMBHOCTI Tepanii.

IHavBigyanizyBaTy nigxig Ao nikyBaHHS, WO nigsuLLye
Noro eOekTUBHICTb.

AHanoriyHui nigxig 3anponoHOBaHO Yy AOCHIMKEHHI
Barr et al. (2023) [6], sike Bka3dye Ha 3HaJyLUiCTb PiBHA
HE4 y nporHo3yBaHHi Bignosiai Ha Tepanito.

BukopucTaHHs po3pobneHoi mogeni NporHo3yBaHHSA
Jae 3mory nikapsm iHgusigyanisyBatu nigxig Ao niky-
BaHHS nauieHTok i3 ME. Lle gossonse:

BusiBnaTtv rpynu puanky Ta KopuryBaTu Tepanilo Ha
paHHix eTanax.

OnTMMI3yBaTh TakTUKy MiKyBaHHs1, yHUKa4n Heedek-
TUBHWX CXEM ANS NaLiEHTOK i3 BUCOKMM PU3VMKOM peLnamBY.

MigBywunT  3aranbHy edeKTUMBHICTL Tepanii Ta
3HU3NTU KiNbKICTb YCKIagHeHb.

Kpim TOro, otpvmaHi gaHi MoXxyTb GyTW BUKOpUCTaHI
Ons  noganblloro  BAOCKOHANEHHS1  KMiHIYHMX npoTo-
KoniB Ta po3poOKM HOBMX MeTodiB Tepanii ropMoHo-
PE3NCTEHTHOI rinepnnasii.

lModanbwi docrnidxeHHs MOBUHHI 6ymu cripsiMosaHi Ha:

Banigauito mogeni nporHo3yBaHHsi Ha OinbLin BuW-
Gipui nauieHTiB.

AHani3z gogatkoBux mapkepis, Takux ssk HE4, PTEN,
PAX2 Ta B-Catenin, ana nigBuWeHHS NPOrHOCTUYHOT
TOYHOCTI.

[ocnigXeHHsa BNNUBY anbTepHaTUBHUX METOAIB iKy-
BaHHS, 30KkpemMa KoMOGiHaUiiHOT ropMoHanbHoi Tepanii.

OTpuMaHi pesynbratv nNioTBEPOXYHOTb, WO edek-
TUBHICTb Tepanii NnporecTMHamMm y XiHOK i3 rinepnnasieto
eHoomeTpis  6e3 aTtunii  3anexuTb Big NoegHaHHS
iMYHOTICTOXIMIYHUX Ta KNiHIYHKMX dbakTopiB. 3anponoHo-
BaHa MoJenb MpOrHo3yBaHHsi [J03BOMSE 3 BUCOKOHO
TOYHICTIO iOeHTUdIKYBAaTU MaUiEHTOK i3 MiABULLEHUM
pu3MKOM peuMavMBy Ta agantyBaTh Tepanilo OO IXHiX
iHOMBIgYyanbHNX 0COGNMBOCTEN.

Ki-67, Caspase 3,

TOBLUMHA €HOOMETPIs

BUCHOBKHU

lMpoBeneHe [oOCNiMKEHHsT NPOAEMOHCTPYBarno, Lo
ehbeKkTMBHICTL Tepanii NporecTMHamMun y XiHOK i3 rinep-
nnasieto eHgomeTpia 6e3 atunii 3anexuTb Bid HU3KK
iIMYHOTICTOXIMIYHUX Ta KriHiYHMX bakTopiB. BusasneHo,
O KIIOYOBMMM MapkepaMmu, SKi BMMMBalOTb Ha MPOrHO3
Tepanii, € Ki-67, Caspase 3, Bcl-2, VEGF Ta iHwi.

These findings are consistent with the study by
Lomakina & Moroz (2023) [4], which also noted the
influence of metabolic syndrome and obesity on the risk
of recurrence of hyperplasia. The study by Taranova
(2019) [5] demonstrates similar results regarding the
role of metabolic disorders, especially insulin resistance,
in the development of resistance to progestins.

The proposed model for predicting recurrence is
based on key variables:

Immunohistochemical markers: Ki-67, Caspase 3,
Bcl-2, VEGF.

Clinical characteristics: BMI, metabolic syndrome,
history of recurrence.

Morphological parameters:
>15 mm.

Using this model allows:

Predict the risk of recurrence even before the start
of treatment.

Identify groups of patients with a high risk of therapy
failure.

Individualize the approach
increases its effectiveness.

A similar approach was proposed in the study by
Barr et al. (2023) [6], which indicates the significance
of the HE4 level in predicting the response to therapy.

Using the developed prediction model allows doctors
to individualize the approach to the treatment of patients
with GE. This allows:

Identify risk groups and adjust therapy at early stages.

Optimize treatment tactics, avoiding ineffective
regimens for patients with a high risk of recurrence.

Increase the overall effectiveness of therapy and
reduce the number of complications.

In addition, the obtained data can be used to further
improve clinical protocols and develop new methods
of therapy for hormone-resistant hyperplasia.

Further studies should be aimed at:

Validation of the prediction model in a larger sample
of patients.

Analysis of additional markers, such as HE4, PTEN,
PAX2 and B-Catenin, to increase prognostic accuracy.

Study of the impact of alternative treatment methods,
in particular combination hormonal therapy.

The obtained results confirm that the effectiveness
of progestin therapy in women with endometrial hyper-
plasia without atypia depends on a combination of
immunohistochemical and clinical factors. The pro-
posed prediction model allows for high accuracy in
identifying patients with an increased risk of recurrence
and adapting therapy to their individual characteristics.

endometrial thickness

to treatment, which

CONCLUSIONS

This study demonstrated that the effectiveness of
progestin therapy in women with non-atypical EH de-
pends on several immunohistochemical and clinical fac-
tors. Key markers influencing therapy prognosis include
Ki-67, Caspase 3, Bcl-2, VEGF, and others. A decrease
in cellular proliferative activity (Ki-67) and an increase
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3HWXKeHHs1 nponicdepaTnBHOI akTUBHOCTI KniTuUH (Ki-67)
Ta niaBuweHHs anontody (Caspase 3) kopentoe 3 nosu-
TMBHUM pe3ynbTaToM NiKyBaHHS, TOAi ik BUCOKA EKCNPECist
Bcl-2 Ta VEGF acouitoeTbcs 3 pe3aUcTeHTHICTIO Ao Teparii.

Po3pobneHa 6aratodaktopHa Mogernb NporHo3yBaHHSA
peunamBiB  Ta PE3UCTEHTHOCTI 40 MNPOrecTUHOBOI
Tepanii BpaxoBYe iMYHOrCTOXIMIYHI MapKepw, KriHiYHi
xapaktepuctuku (IMT, meTaboniyHunii cMHopoM) Ta Mop-
dbornorivHi nokasHukn (ToBLMHA eHaoMeTpis). Lis mogenb
[O3BONSE 3 BUCOKOK TOYHICTIO BU3HAYMTM NaLi€eHTOK
i3 nNigBULWEHMM pPU3NKOM HeedeKTUBHOCTI niKyBaHHA
Ta CBOEYacHO aganTyBaTu TepaneBTUYHWUIA Niaxia.

MpakTuyHe 3HaYeHHs OTpUMaHUX pesynbraTiB Mons-
rac y MOXNUBOCTI iHAMBIAyani3auii nikyBaHHA rinep-
nnagsii eHgomeTpis 6e3 atunii y XiHOK penpoayKTUBHOIO
BiKy. BukopucTaHHs 3anponoHoBaHOI Mogerni cnpusie
3HWXKEHHIO 4acTOTV peuuamBiB, NiOBULLEHHIO edeKTUB-
HOCTi Tepanii Ta 3MEHLUEHHIO PU3NKY MpOrpecyBaHHA
natonorii 4o 6inbL TSHKKNX hopMm.
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in apoptosis (Caspase 3) correlated with positive treat-
ment outcomes, whereas high Bcl-2 and VEGF expre-
ssion was associated with therapy resistance.

A multifactorial predictive model for recurrence and
progestin therapy resistance was developed, incorpora-
ting immunohistochemical markers, clinical characte-
ristics (BMI, metabolic syndrome), and morphological
parameters (endometrial thickness). This model enables
high-accuracy identification of patients at increased
risk of therapy failure and allows for timely therapeutic
adjustments.

Practical significance. The findings of this study allow
for individualized treatment approaches for non-atypical
EH in reproductive-aged women. Using the proposed
predictive model helps reduce recurrence rates, enhance
therapy effectiveness, and minimize progression risk
to more severe forms.
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nepCI'IeKTMBM NOAQABbLUMX AOCAIAXEHD

PesynbtaTv OOCRifXEHHs1 CTBOPHOIOTb OCHOBY ANs BAOCKOHa-
NeHHs nigxodiB [0 AiarHOCTMKM, NiKyBaHHA Ta MpodyinakTuku
rinepnnasii eHOomeTpis, 3abe3neyyoun NOKpaLLEHHsI MPOrHO3y
ONnst nauieHTok i3 uieto natonorieto. [Nepesipka nobygosaHoi
mMogeni Ha Benukomy obcsAsi dakTU4HOro Mmatepiany Aactb
MOXIMBICTb BNPOBAAUTH il pe3ynsTat B NPaKTUYHY MEAULNHY.

KoHdAikT iHTepecis

ABTOp pyKkonucy CBiOOMO 3acBigvye BiACYTHICTb (hakTUYHOrO
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uiei pobotn 3 chapMauUeBTUHHMMM KOMMaHIAMKU, BUPOBHUKaMu
6iomMeanyYHUX MPUCTPOIB, IHLWIMMK OpraHi3auisMu, Yni NPoayKTH,
nocnyrv, diHaHcoBa niATPMMKa MOXyTb OyTn noB’AsaHi 3
npeaoMeToM HajaHux Matepianie abo #ki  cnoHcopyBanu
npoBeAeHi AOCTiMHKEHHS.

IHdbopMmalis Npo dbiHAHCYBAHHSA

Po6oTa BMKOHaHa 3a BriacHi KOLUTH.

BIAOMOCTI NPO ABTOPIB

Xacxaumx OmMuTpo AHaATORINOBUY — KaHAMAAT MeanyHuX
Hayk, AOLeHT kadegpu akylepcTBa Ta riHekonorii [Hinpos-
CbKOro [epxaBHOro MeAu4vHoro YyHisepcuteTy MiHicTepcTBa
OXOpOHW 300poB’A YkpaiHu; Byn. Bonogumupa BepHapcbkoro,
6ya. 9, m. [Hinpo, Ykpaina, 49044;

e-mail: docdhas@gmail.com

Mob6.: +38 (050) 453-00-55

BHecok aemopa: opmynoeaHHs memu pobomu,
rpoeedeHHs1 ekcriepuMeHmarnbHUx 00CriOXeHb, aHasi3
ompumaHux 0aHux ma ix cmamucmu4yHa 06pobka, ridbip
nimepamypHux Oxepesn 3a memor pobomu, yyacmb
y nposedeHHi eKkcriepumeHmarbHUX OOC/iOXeHb, Harnu-
CaHHs1 meKcmy cmammi, ¢hopMyrito8aHHST BUCHOBKIB.

15. Mais V, Fais ML, Peiretti M, Fanni D, Massa E, Carboni G, Fais G,
Deo G, Angioni S. HE4 Tissue Expression as A Putative Prognostic
Marker in  Low-Risk/Low-Grade Endometrioid = Endometrial
Cancer: A Review. Current Oncology. 2022;29(11):8540-55. DOI:
https://doi.org/10.3390/curroncol29110673

Liu N, Lin W, Wang Y, Yao Z, Rivera-Colon G, Li Y, Carrick KS,
Chen H, Lucas E, Zheng W. Predicting Progestin Therapy
Response With PTEN, PAX2, and -Catenin in Patients
With  Endometrioid  Precancer. International  Journal  of
Gynecological Pathology. 2024;43(5):494-505. DOI:
https://doi.org/10.1097/PGP.0000000000001008

Lomakina IS, Moroz NV. Comorbid hyperproliferative pathology of
myometrium and endometrium in patients with abnormal uterine
bleeding. Odessa Medical Journal. 2023;2:37-41. (In Ukrainian).
DOI: https://doi.org/10.32782/2226-2008-2023-2-6

Taranova IS. Clinical and morphological features of hyperprolifera-
tive processes of the endometrium and myometrium in patients with
abnormal uterine bleeding. Odessa Medical Journal. 2019;1:69-73.
(In Ukrainian). URL: http:/files.odmu.edu.ua/journal/OMJ_2019.01/
m191_69.pdf

Barr CE, Sergeant JC, Agnew HJ, Bolton J, McVey RJ, Crosbie EJ.
Serum HE4 predicts progestin treatment response in endometrial
cancer and atypical hyperplasia: A prognostic study. BJOG:
An  International  Journal of Obstetrics &  Gynaecology.
2023;130(6):941-8. DOI: https://doi.org/10.1111/1471-0528.17417

16.

17.

18.

19.

Prospects for further research

The results provide a foundation for improving diagnostic,
treatment, and prevention strategies for EH, contributing to
better patient outcomes. Further validation of the predictive
model with a larger dataset will facilitate its implementation
in clinical practice.
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PE3IOME

AxTyanbHicTb. [NowwupeHicTb xap4yoBoi aneprii (XA) cTpiMko 3poctae, ocobnuso
cepep AiTel paHHLOTO BiKy. BBEAEHHS MPUKOPMY € KPUTUYHUM nepiogom y dopmy-
BaHHIi iMyHHOT TonepaHTHOCTI A0 xap4oBux anepreHis. Metog Baby-led weaning (BLW),
o nepenbavae camoCTiiHE BXMBAHHA Xi HEMOBMATaMM, MOTEHUINHO MOXE 3MiH-
BaTu npodinb ceHcubinizauii go aneprenis. Bnnus BLW Ha possutok XA 3anuwa-
€TbCA HEAOCTaTHLO BUBYEHMM.

MeTa po60Tu — NopiBHATY piBeHb ceHcubinisaLii 40 xapy4oBUX anepreHiB cepea aiten,
AKi OTpUMyBanu npukopm 3a metoamkoto BLW i TpaguuinHum cnocobom, 3 ypaxyBaH-
HSIM HasiBHOCTI aToniyHoro gepmatuty (A).

Martepianum i meTopu. [locnigxeHo 120 aiten, po3nogineHnx Ha YoTupw rpynm 3anexHo
Big Tuny npukopmy (BLW abo TpaguuinHuin) Ta HasiBHocTi A[l. PiBeHb ceHcubinisauii
[0 Xap4OBUX anepreHiB OLIHIOBaNM 3a AONOMOro naHeni «Xap4osa-4» (22 aneprexu)
METOAOM iMyHOepMeHTHoro aHanisy (IPA).

Pe3ynbratn Ta ix obroBopeHHs. Hamsuili piBHi ceHcubinisauii Ao xapyoBux anep-
reHiB BUsSBNeHoO y aiten 3 ALl HesanexHo Big tuny npukopmy (p = 0,301). BogHouac
cepep fiten 6e3 A[l HemosnsiTa Ha BLW npukopmi manu Buwmi piseHb ceHcmbinisawii
[0 Xap4yoBMX ariepreHiB MOPIBHAHO 3 rpymnol TpaguuiHoro npukopmy (p = 0,015).
CeHcunbinisauis go 6inkiB KopoB’A4Oro Moroka vacTiwe 3ycTpivanacs y Aiten 3 Al
Ha BLW npukopmi, HiX y HEMOBNAT i3 TpaguUiiHAM NPUKOPMOM. TakoxX y AiTen, Ski
oTpumyBanu BLW, uJacTiwe BusiBnanu ceHcubinisauiio [0 [00ATKOBUX XapyoBUX
anepreHiB. OkpiM LboOro, piBeHb 3aranbHoro IgE y pgiten 6e3 A[l, ski oTpumyBanm
BLW npukopm, 6yB BULLMM, HiX Y AiTen Ha TpaguuiiHomy npukopmi (p = 0,029).
BucHoBku. Hemosnata Ha BLW npukopwmi, He3anexHo Big HassHOCTi ALl, BEMOHCT-
pylOTb MiABULLEHY CXWIBbHICTE A0 ceHcubinisauii xapyoBUMK anepreHaMmu MopiBHAHO
3 TpaguuiHum npukopMoM. Lle Bkadye Ha HeoOXigHIiCTb moganblunx AOCHimMKeHb
woao 6esnevHocTi BLW y koHTekcTi po3sutky XA.

TapwuHa K.l., Wapikagse O.B., 3ybueHko C.O. OcobnuBocTi ceHcubinizauii xapyoBMMKM anepreHamu [iTen,
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ABSTRACT

Background. The prevalence of food allergy (FA) is rapidly increasing, particularly
among young children. The introduction of complementary feeding is a critical period
for the development of immune tolerance to food allergens. Baby-led weaning (BLW),
a feeding method that allows infants to self-feed, may potentially alter the sensiti-
zation profile to allergens. However, the impact of BLW on FA development
remains insufficiently studied.

Purpose — to compare the level of sensitization to food allergens among children
introduced to complementary feeding using the BLW method versus the traditional
approach, considering the presence of atopic dermatitis (AD).

Materials and Methods. A total of 120 children were examined and divided into
four groups based on the type of complementary feeding (BLW or traditional) and the
presence of AD. Sensitization to food allergens was assessed using the «Food-4»
panel (22 allergens) by enzyme-linked immunosorbent assay (ELISA).

Results. The highest levels of sensitization to food allergens were observed in child-
ren with AD, regardless of the feeding method (p = 0.301). However, among children
without AD, infants following the BLW method had a significantly higher level of
sensitization to food allergens compared to those receiving traditional comple-
mentary feeding (p = 0.015). Sensitization to cow’s milk proteins was more frequently
detected in BLW-fed infants with AD compared to children with AD on traditional
complementary feeding. Additionally, BLW-fed infants showed sensitization to a wider
range of food allergens. Furthermore, among children without AD, those following
the BLW method had higher total IgE levels than those on traditional complementary
feeding (p = 0.029).

Conclusions. Infants introduced to complementary feeding via the BLW method,
regardless of the presence of AD, exhibit a higher tendency toward food allergen
sensitization compared to those following traditional feeding. These findings highlight
the need for further research on the safety of BLW in the context of FA development.

Tarshina Kl, Sharikadze OV, Zubchenko SO. Features of sensitization to food allergens in children who were on BLW
supplementation. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025;33(1(52)):48-58.
DOI: https://doi.org/10.26565/2313-6693-2025-52-04

BCTYN

INTRODUCTION

XapuyoBa anepris (XA) € ofHielo 3 BaxnuBmx npob-
NIEM OXOPOHW 340POB’S B YCbOMY CBiTi. 3a OCTaHHi ABa
necatmnitTTa  nowupeHictb XA 3poctae, 0cobnvBo
cepeqg auTayoi nonynauii [1]. Xova geski Bugn xap4yo-
BOi ceHcubinizauii 3 BIKOM MOXyTb 3HMKATW, OOHaK
anepris Ha ropixu Ta apaxic YacTto 36epiraeTbcs y JOpOC-
nomy Biui [1, 2]. € Takox AaHi, Wo ceHcubinisauis ANTUHK
paHHbOro Biky [0 OinkiB KOPOB'AYOro MOIoka 3 BiKOM
MMOBIPHO MepepocTae y ceHcubinizauilo 0o aneprexis
kniwis gomawHsoro nuny (KAOM) [3, 4]. Tomy xapyyBaHHS
HEMOBMAT, OCOOMMBO B Mepiof BBEOEHHSA MPUKOPMY
nicna LWecTUMICAYHOro BiKY, € KIIOYOBUM He nuue
ONs 300pOBOr0  KOTHITMBHOTO Ta (Di3NYHOTO PO3BUTKY,
a n gna 3anobiraHHs po3BuTKy XA Ta MaHidecTauii
aToniyHoi naTonoril.

CborogHi nopyy i3 TpaguuiiHuM BWAOM MPUKOPMY
Bce 6inbloi nmonynapHOCTi Habwpae BiANy4YeHHS Big
rpyoev nig kepiBHUUTBOM OUTUHW (aHrmn. baby-led wea-
ning, BLW). Metog BLW posBonse HemoBnsitam camo-
CTIHO KepyBaTW MpOLLECOM XapyyBaHHS, 320X04YH4M
He3anexHiCTb y BMOOpI NpoayKTiB XapyyBaHHA Ta Kinb-
KOCTi i, 9Ky BOHM 3'igatoTb [5].

OueBMaHUM cTae akT, Wo HemoBna Ha BLW npu-
KOpMi MOXe oTpumyBaTu (akTuyHO Oinblue NpoayKTiB
3 anepreHHMMM BacTUBOCTAMM, 30KpPEMa i 3 Tak 3BaHUMU

Food allergy (FA) is a significant global public health
concern. Over the past two decades, the prevalence
of FA has been rising, particularly among children [1].
While certain types of food sensitization may diminish
with age, allergies to nuts and peanuts often persist
into adulthood [1, 2]. Additionally, studies suggest that
early-life sensitization to cow’s milk proteins may later
transition into sensitization to house dust mite (HDM)
allergens [3, 4]. Therefore, infant nutrition — especially
during the complementary feeding period after
six months of age — is crucial not only for healthy
cognitive and physical development but also for pre-
venting FA and the onset of atopic diseases.

Alongside traditional complementary feeding, an alter-
native approach known as Baby-led Weaning (BLW) is
gaining popularity. BLW allows infants to self-regulate
their feeding process, promoting independence in food
selection and portion sizes [5].

It is evident that infants on a BLW diet may be expo-
sed to a wider variety of allergenic foods, including
so-called «hidden» allergens. Currently, only a limited
number of studies suggest no significant association
between BLW and an increased risk of FA.
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«MNpUxoBaHUMMUY» anepreHamu. Ha cborogHi € HeBenuka
KINbKiCTb  JOCnigXeHb, WO cBig4aTb NpO BiACYTHICTb
3B’A3Ky Mixx BLW npukopmom i pusmkom po3sutky XA.

MeTta po60oTM — nopiBHATU piBeHb ceHcubinisauii
00 XapyoBuUX anepreHiB cepepn AiTen, siki oTpumyBanu
npukopm 3a metoaukoto BLW i TpaguuinHum cnocobom,
3 ypaxyBaHHSAM HasiBHOCTI aToniyHoro gepmatuty (A).

MATEPIAAU TA METOAU AOCAIAXEHHA

HocnigxXeHHs BUKoHaHo y 2023-2025 pp. Ha KNiHIYHNX
Gasax kadpegpwu nepgiatpii, AUTAYMX IHEKLIAHUX XBO-
po6, imyHonorii Ta anepronorii y HauioHansHoMy yHiBep-
CUTETi OXOpoHM 3aopoB’'s Ykpainu imeHi M.J1. Wynwuka
Ta KomyHanbHOMy HekomepuinHoMy nignpmemcTsi « Kuis-
CbKUI MicbkuiA nomnorosuin ByamHok Ne 2» y M. Kuesi
BiQNOBIAHO A0 NPUHUMNIB CbOMOro nepernsgy enbcik-
CbKOi aeknapauii npas noauHu (2013), KoHseHuii Pagu
€Bponu npo nNpasa NoauHu i biomeauumHy Ta BiANOBIAHO
0o 3akoHiB YkpaiHu. OTtpumaHo 3rogy Kowmicii 3 eTukn
Ta akagemivyHoi nobpodecHocTi HauioHanbHoro yHieep-
CUTETYy OXOpPOHM 300poB’s Ykpainu im. T.J1. Wynwuka
(npotokon Ne4 Big 27.04.2023). Y cTaTTi BUKOPWUCTaHI
haHi 3-ro 6noky nutaHb aBTOpcbKoi aHkeTn «Ocobnu-
BOCTi BUrOAOBYBaHHS OAUTUHUY, sika NpoBoAunack cepen
545 ykpalHCbknx MaTepiB WoA0 BUrooBYBaHHA HEMOB-
NAT y pamkax HaykoBoi pobotu. MonepeaHi gaHi onpa-
uboBaHux 502 aHkeT 6ynu ony6nikoBaHi [6].

[ns BMKOHaHHA [aHoro etany [ocnigkeHHs 6yno
BnokpemneHo 120 giten, Bikom 1 pik 6—7 micauis, SKMM
3 6 micAuiB Nopsa 3 rpyaHUM BWUrOLOBYBaHHSM AaBanu
BLW npwukopm (60 oci6), i Tpaguuiinui npukopm (60 ocib).
3 ycima maTtepsamu gaHux giten Oyna nignucaHa iHdop-
MOBaHa 3rofa. 3anexHo Bif HasBHocTi nposeiB Al yci
LiTn 6ynu noginexi Ha rpynu:

1 rpyna — gitm Ha BLW npukopmi 3 KniHiYHUMMK
nposiBamu artoniyHoro gepmatuty (30 ocib);

2 rpyna — 3goposi gith Ha BLW npukopmi 6e3
yCKagHEHOoro cimeriHoro aHamHesy 3a atonieto (30 ocib).

3 rpyna— Aitv Ha TpaguuinHOMy NPUKOPMI 3 KNiHIYHUMIN
nposiBamu artoniyHoro gepmatuty (30 ocib);

4 rpyna — 340poBi AiTM Ha TpagauuiiHOMY NPUKOpMI
6e3 ycknagHeHoro ciMerHoro aHamHe3dy 3a aTorier
(30 ocib).

MposiBn Al ouiHiOBann 3a AOMNOMOMOK  KMiHIYHMX
KpuTepiiB, BcTaHoBneHux Hanifin i Rajka [7], TskkicTb
nepebiry Al — 3a iHgekcom SCORAD (Scoring Atopic
Dermatitis) [8]. Oitn 3 Tsxxkkum nepebirom AL nignsranu
KpuUTepiM  BUKMOYEeHHSA.  [ocnigkeHHs  GionoriyHoro
mMaTtepiany nposogunu Agivi — go Ta vepes 12 micsauis
nicns seBefeHHA npukopmy y MIT «[ina», BuKkoHyBanu
KOMMNIEKCHI OOCNIQXEHHsI Xap4oBKX anepreHis «Xap4o-
Ba-4» 22 anepreHun imyHodepmMeHTHUM meTofom (IDA),
(Polycheck®, Germany).

OTpuMaHi pesynsraTh CTaTUCTUYHO OLjiHIoBanu 3a
t-kputepiem CtbtogeHTa. [daHi nogaHo y Bumsdi cepen-
Hboro apudmetnyHoro (M) 3a pesynbratamm KOXHOIO
JocnigkeHHs + ctaHgapTHe BiaxuneHHs (SD). JocToBip-
HUMM BBaxanucb BiaMiHHocTi npu p < 0,05 (95,5%).
OucnepcinHnini aHania oTpMMaHux pesynbTaTiB NpoBO-
OUnn 3a JONOMOroro KoM loTepHOT nporpammn «JASP».

Objective — to determine and compare the levels
of sensitization to different groups of allergens among
children following the BLW and traditional complemen-
tary feeding approaches, taking into account the pre-
sence of atopy.

MATERIALS AND METHODS

This study was conducted between 2023 and 2025
at the clinical bases of the Department of Pediatrics,
Pediatric Infectious Diseases, Immunology, and
Allergology of PL. Shupyk National University of
Healthcare and at the Kyiv City Pediatric Hospital Ne 2
in accordance with the 7th revision of the Declaration
of Helsinki (2013), the Council of Europe Convention
on Human Rights and Biomedicine, and Ukrainian
legislation. Approval was obtained from the Ethics
Committee of the Shupyk National Healthcare University
of Ukraine (Protocol No. 4 dated April 27, 2023).The study
utilizes data from the third section of the author’s
questionnaire titled «Infant Feeding Practices», which
was administered to 545 Ukrainian mothers as part of
a scientific research project. Preliminary results from
502 processed questionnaires have been previously
published [6].

For this phase of the study, 1 year 6-7 months,
120 children were selected. Starting from 6 months
of age, they received either BLW (60 children) or tradi-
tional complementary feeding (60 children) in addition
to breastfeeding. Informed consent was obtained from
all mothers. Based on the presence of atopic derma-
titis (AD), children were divided into the following groups:

Group 1 — Children on BLW with clinical manifes-
tations of AD (n = 30).

Group 2 — Healthy children on BLW without a family
history of atopy (n = 30).

Group 3 — Children on ftraditional complementary
feeding with clinical manifestations of AD (n = 30).

Group 4 — Healthy children on traditional comple-
mentary feeding without a family history of atopy (n = 30).

The presence of AD was assessed based on Hanifin
and Rajka’s clinical criteria [7], and disease severity
was determined using the SCORAD (Scoring Atopic
Dermatitis) index [8]. Children with severe AD were
excluded from the study.

Biological sample analysis was performed twice:
before and 12 months after introducing complementary
feeding at Dila Medical Laboratory (ML «Dila»). Food
allergen sensitization was assessed using the «Food-4»
panel (22 allergens) by enzyme-linked immunosorbent
assay (ELISA) (Polycheck®, Germany).

The obtained results were analyzed using Student’s
t-test and presented as mean (M) + standard deviation
(SD). Differences were considered statistically significant
at p < 0.05 (95.5%). ANOVA (analysis of variance)
was conducted using the JASP statistical software.
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PE3YABTATU TA TX OBFOBOPEHHS

AHani3 aHKeTHMX JaHWX HaLloro OOCHIAKEHHS LLoOo
HaMnoLMpPEHILINX NPOAYKTIB XapyyBaHHS 3 anepreHHUmMu
KOMMOHEHTaMK, ki MpOMoHyBanu HeMOoBMnsATam Ans
BLW npukopmy nogaHo B Tabnuui 1.

RESULTS AND DISCUSSION

An analysis of questionnaire data regarding the most
common allergenic food products offered to infants during
BLW complementary feeding is presented in Table 1.

Tabnuus 1. MNpoaykTn xapyyBaHHSA 3 anepreHHNMMN KOMMOHEHTaMMU, siki CNoXuBanu Hemoensita Ha BLW npukopmi
Table 1. Food Products with Allergenic Components Consumed by Infants on BLW Weaning

WERE ,qi'!'e|7| KinbKicTb NpMnoMiB Ha TMXXAEHD
MpoaykT / Product Number of Children Frequency per Week
(n =60)
Anue kypsaye / Chicken egg 58 (96,7%) 2-3
Yogur andlor hoeses made fiom Gow's mik 55 (91.7%) 34
Apaxicose macno / Peanut butter 48 (80,0%) 1-2
Macno 3 iHwwx ropixis / Other nut butters 32 (53,3%) 1-2
MweHwnus / Wheat 60 (100%) 5-7
Fingly chopped fih andlor shelieh 54 (90.0%) -2
Coesi npoayktn / Soy products 21 (35,0%) 2-3

Ak i odikyBanocs, nweHuuo y BUMMSAI Pi3HUX cTpaBs
NponoHyBanu Ans MpUKOpMy YCiM HEeMOBNATaM rpynu
pocnigpkeHHa Ha BLW npukopmi WOAEHHO BNpoOoBX
TWXHA. TakoX J[oCUTb YacTo [AiTKU CcrnoXuBanu Snus
Kypsdi Ta 1norypT abo/i cupu 3 KOpPOB'S’MOrO MorlokKa.
Maixe nonoBuHa AiTen cnoxueanu puby/mopenpo-
OYKTW, apaxicoBe Macrno Ta TPOXW piflle mMacno iHWuX
ropixis, ogHak nuwe 1-2 pasu Ha TwxKaeHb. LlikaBum
BUSBMBCA (DaKT, WO AaHi NpogyKTW 3HAYHO uYacTiwe
BKasdyBanuM Mpu ONUTyBaHHi MaTtepi, WO MpoXuBanm
B LEHTpanbHUX, CXiOHWX, MIBAEHHUX perioHax YKpaiHu,
Ha BigMiHY Big 3axigHWX perioHiB, Ae Ui npogyKTu
BkasyBanu pigwe. Tobto mae micue akt reorpadivHnx
ocobnueBocten ki ana HemoBnAT Ha BLW npukopmi.
LWlogo coi, To ue NpogykT HaMMeHLle KOpUCTYBaBCS
NnonynspHIiCTIO cepef YKpaiHCbknx MaTepiB ans BLW
npukopmy (35,0%). Hemosnatam Ha TpaguuinHomy
NPUKOPMIi MOCTYNOBO BBOAMIN M’'SICO (KYPKY, Kponsi, sino-
BUYMHY); Kawi (rpedvka, coveBuus, puc, Bynryp) Ha Bogi
abo Ha rpygHOMY MOMOL; KOpOB'siYe MOIOKO [0 Kalu
BBOAMITOCb MOCTYMOBO Y PO3BEAEHHI 3 BOAOH; XXOBTOK
i Binok Kypsvoro siMuUs (po3TepTi Ha rpyaHOMY MonoLi);
oBovi Ta dpyktn (MopkBa, Oypsik, kabavok, LBiTHA Ta
6inokayaHHa kanycta, 6pokoni, a6nyko, 6aHaH, rpywa);
KMCMO-MOIOYHi MpoayKTH (TBOpPOT, MOrypT, kedip).

Y BUWOKpPEMNEHWX rpynax AOCHi[KEHHS Hamu Mpo-
aHanizoBaHoO AaHi nonepeaHbLOro aHKETHOrO OMUTYBaHHS
6aTbkiB (Ha nigcTasi po3pobneHoi aHKeTN) NPo HasIBHICTb
NposiBiB peakuin rinepyyTnuMBOCTi Ha XapyoBi MPOOYKTU
un XAy piten (puc 1).

Hanvactilwe nposiBM peakuin rinepyyTnuBOCTi 3a
cy6’exTMBHOIO OLiHKOW GatbkiB Oynu B 1-i rpyni aiten
Ha BLW npwukopmi 3 A[. lNMpu uboMy nopiBHO GaTbku
Bi43HauUMNM HasiBHICTb BIAMOBIOHWX peakuin y 2-n i
3-n rpynax, To6TO KinbkicTb giten Ha BLW npukopmi
6e3 Al 6yna aHanoriyHow rpyni Ha TpaguuiiHomy
npukopmi 3 Al (p = 1,00). Y cBoto 4yepry 340poBi giTn
Ha TpaauuinHoMy Npukopmi 6e3 ycknagHeHoro ciMmeiHoro
aHamMHe3y 3a aToniel XapakTepusyBanucs HaWHWXKYO
YaCTOTOK MPOSBIB peakuit rinep4yTrnMBOCTI MOPIBHAHO

As expected, wheat in various dishes was offered
daily throughout the week to all infants in the BLW
weaning study group. Eggs and yogurt and/or cheeses
made from cow’s milk were also frequently consumed.
Nearly half of the infants consumed fish/seafood,
peanut butter, and slightly less frequently, other nut
butters, although only 1-2 times per week. An interesting
finding was that these foods were more frequently
reported in surveys by mothers living in the central,
eastern, and southern regions of Ukraine, compared
to the western regions, where these foods were mentioned
less often. This suggests the presence of geographical
dietary differences in infants on BLW weaning. Regarding
soy, this product was the least popular among Ukrainian
mothers for BLW weaning (35.0%). Infants on tradi-
tional complementary feeding were gradually introduced
tomeat(chicken, rabbit,beef); porridges (buckwheat, lentils,
rice, bulgur) prepared with water or breast milk; cow’s milk
was gradually added to porridges in a diluted form with
water; egg yolk and egg white (mashed with breast milk);
vegetables and fruits (carrot, beetroot, zucchini, cauli-
flower, white cabbage, broccoli, apple, banana, pear); and
fermented dairy products (cottage cheese, yogurt, kefir).

In the selected study groups, we analyzed the data
from a preliminary parental questionnaire (based on
a developed survey) regarding the presence of hyper-
sensitivity reactions to food products or food allergies (FA)
in children, as shown in Figure 1.

As seen in the figure 1, hypersensitivity reactions
were most frequently reported by parents in Group 1,
which included children on the BLW (baby-led weaning)
diet with atopic dermatitis (AD). Meanwhile, the frequency
of reported reactions in Groups 2 and 3 was equal,
meaning that children on the BLW diet without AD
exhibited similar hypersensitivity reaction rates as
those on traditional weaning with AD (p = 1.00).
In contrast, healthy children on traditional weaning
without a complicated family history of atopy showed
the lowest frequency of hypersensitivity reactions
compared to Groups 1 (p = 0.004), 2 (p = 0.023), and
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3 1-t0 (p = 0,004), 2-t0 (p = 0,023) Ta 3-10 (p = 0,023)
rpynamu. Lle BkadyBano Ha Te, IO BWA BUro4OBYBaHHS
MOXe BNNuBaTV Ha NosIBY peakLuii rinep4yTrnBoCTi.

60,0%
60%

50,0%
50% :
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0%

1 2
Mpynu / Groups

3 (p = 0.023). These findings suggest that the type
of feeding method may influence the development
of hypersensitivity reactions.

50,0%

23,3%

3 4

Puc 1. MNopiBHANBHWI aHani3 NposBiB peakLiin rinepyyTIMBOCTI Ha NPOAYKTN XapyyBaHHS y AUTUHM 3a AaHMK baTbkiB
(pesynsTaTv NnonepeaHbOro aHKETYBaHHS)
Fig. 1. A comparative analysis of hypersensitivity reactions to food in children based on parental reports
(results of the preliminary questionnaire)

KniHiuHi nposiBM  xap4oBOi  rinepyyTnuBOCTI, 3a
JaHuMn aHkeTyBaHHA GatbkiB (60 aHkeT), HandacTiwe
BKIHOYMaANM po3nagun BUMOPOXKHEHDb (3akpenu, nepioanyHy
giapeto) y 42 (70,0%) ocib, meteopusm — y 36 (60,0%)
ocib, BigyyTTA AuckoMdopTy abo GypyaHHs B XMBOTI —
y 32 (53,3%) ocib, No4epBOHIHHA Ta BUCMNY Ha 06nMYui,
KiHuiBKax i »uBoTi — y 22 (36,7%) HemoBnAT. MeHwwoto
Mipoto Takox Bynu 3adikcosani: broBaHHA — 8 (13,3%)
niten, 6inb y xwuBoti — 6 (10,0%), cBepbix — 5 (8,3%),
nokanbHWI aHrioHabpsk ry6 y asox (3,3%) i no ogHomy
BUMNaAKy xennity i riHrisity (1,7%). Y 6inbwocTi Bunagkis
Ui CUMNTOMUM NPOSBNSANMCS y KOMOiHaUisX.

Ha HacTynHoMy eTanmi My npoBenu CceponoriyHi
pocnigxeHHsa cneundivyHnx IgE oo xapyoBux anepreHis
i nopiBHANWM iX y rpynax gocnimkeHHs (puc. 2). 3a uumn
JaHUMM KinbKiCTb CeHcubinizoBaHMX AiTen y BCixX rpynax
Oyna MeHLIOW, HiK 3a OUuiHKOW 6aTbkiB. Po36GiXHICTb
Mk nabopaTopHO BW3HAYeHOW CceHcubinisauielo o
Xap4yoBUX anepreHiB i cy6’eKTMBHOW OLiHKOW 6aTbkiB
MOXHa MOSICHUTM TWUM, WO Oyab-Aki NposBU AepmaTuty
Ha LWKipi 6aTbkn Yacto acouitooTb 3 XA, a B baratbox
Bunagkax giarHosn ALl i XA BBaxatloTb SIK OAHE 3aXBOpPHO-
BaHHA. Take OayeHHs OaTbkiB 4acTo NpPU3BOAUTL OO0
6esnigcTaBHMX eniMiHaLUiMHNX AOieT, y pe3ynbraTi 4yoro
opraHiaMm OUTUMHU MOXe MaTu AediunT HeobXiaHMX Ans
POCTY i PO3BUTKY MaKpO- Ta MiKPOHYTPIEHTIB.

PesynetaTtv aHanidy nokasanu, WO HaBULLMIN pPiBEHb
ceHcubini3alii 0O XxapyoBWMX anepreHis BUSIBIIEHO Yy
HemoBnAT 1-1 Ta 3-i rpyn 3 A[l, HesanexHo Big Tuny
NPUKOPMY, MPU LbOMY Pi3HMUSA MK rpynamu He 6Gyna
cTatucTnyHo 3Hadywow (p = 0,301). BogHouac, cepen
aiten 2-i rpynu, SKi oTpMMyBanu NpuvKopM 3a MeTOAOM
BLW 6e3 AL, cnocTepiraBcs 3Ha4YHO BULLMIA piBEHb
ceHcubinisaudii  xap4yoBMMM  anepreHamMmyM  MOPIiBHSIHO
3 AiteMyn 4-1 rpynn, €Ki oTpumyBanu TpaguuinHun
npukopm 6e3 aHamHesy Al (p = 0,015).

According tothe parental questionnaire (60 responses),
the most common clinical manifestations of food hyper-
sensitivity included stool disorders (constipation, periodic
diarrhea) in 42 children (70.0%), bloating in 36 (60.0%),
abdominal discomfort or rumbling in 32 (53.3%), and
redness or rashes on the face, limbs, and abdomen
in 22 (36.7%) infants. Less frequently reported symptoms
included vomiting in 8 children (13.3%), abdominal
pain in 6 (10.0%), itching in 5 (8.3%), localized angio-
edema of the lips in 2 (3.3%), and single cases of
cheilitis and gingivitis (1.7%). In most cases, these
symptoms appeared in combinations.

At the next stage, we conducted serological testing
for specific IgE to food allergens and compared the
results among the study groups (Figure 2). The number of
sensitized children in all groups was lower than estimated
by the parents. The discrepancy between laboratory-
determined sensitization to food allergens and parental
subjective assessment may be explained by the fact
that any skin dermatitis symptoms are often perceived
by parents as food allergies. Additionally, atopic derma-
titis (AD) and food allergies (FA) are often regarded as
a single condition. This parental perception frequently
leads to unnecessary elimination diets, which may result
in a deficiency of essential macro- and micronutrients
needed for a child’s growth and development.

The results indicate that the highest level of sensiti-
zation to food allergens was observed in infants from
Groups 1 and 3, both of whom had atopic dermatitis (AD),
regardless of the type of complementary feeding. However,
the difference between these groups was not statistically
significant (p =0.301). At the same time, children in Group 2,
who received baby-led weaning (BLW) without AD, had
a significantly higher level of food allergen sensitization
compared to children in Group 4, who received traditional
complementary feeding without a history of AD (p = 0.015).
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Puc 2. MNopiBHANBHWIA aHani3 piBHIB ceHcMOini3aLii 4O xap4oBuX anepreHiB y Aitew rpyn AocnigkKeHHs
Fig. 2. Comparative analysis of food allergen sensitization levels among children in the study groups

Lli paHi BkasyloTb Ha ABa pakTu: no-neplue, Aitn
3 nposiBamy AJl yacTiwe ceHcmbinisyroTbca XapyoBMMMU
anepreHamu, WO KNiHIYHO MOXe BigobpaxaTtncb pisHMMK
nposiBaMn Xap4yoBOi rinep4yyTnuMBOCTi; No-gpyre, HEMOB-
nara Ha BLW npukopmi HesanexHo Big HasBHocTi AL
MatoTb BinbLUy ceHcMbini3alito xapuoBUMU anepreHamu.

lMpoBegeHun aHania cneundidHmnx IgE o npoaykTis
XapyyBaHHsl y AiTer i3 ceHcubinizauielo 40 XxapyoBuX
anepreHiB (oaHi HaBegeHo B Tabn. 2).

These findings highlight two key points. First of all,
children with AD are more frequently sensitized to food
allergens, which may clinically manifest as various
symptoms of food hypersensitivity. Secondary, infants
on BLW, regardless of AD presence, appear to be more
prone to food allergen sensitization.

A detailed analysis of specific IgE to food allergens
in sensitized children is presented in Table 2.

Ta6nuus 2. Po3noain cneundivHmx IgE 4o npoayKTiB xapyyBaHHS y AiTen i3 ceHcubinizauieto 4o XxapyoBUX anepreHis
Table 2. Distribution of Specific IgE to Food Allergens in Sensitized Children

Crewncpii 1gE | Specifc IgE frpyra i 1 oroup [[2eyma/ 2 group | 3tpyra/ Sgroup | 4 eyma/ 4 group
YOvOrO ConouDImaonanX AiTeN 17 (56,7%) 11 (36,7%) 13 (43,3%) 3 (10,0%)
Monoko kopor’siye (f5) / Cow’s milk (f5) 14 8 10 2
KaseiH nBos d 8 ( f78) / Casein nBos d 8 (f78) 2 0 1 0
HAeynuii 6inok (f1) / Egg white (f1) 4 1 2 2
Aeynnn xosTok (f75) Egg yolk (f75) 0 1 0 0
Tpicka (f3) / Codfish (f3) 1 0 2 0
Kpesetka (f24) / Shrimp (f24) 2 2 0 0
M’sico kypku (f83) / Chicken meat (f83) 1 1 1 0
Mopksa (f31) / Carrot (f31) 1 0 0 0
Mwennus (f4) / Wheat (f4) 1 0 1 0
BiscsiHka (f7) / Oats (f7) 1 1 2 0
Cos (f14) / Soy (f14) 2 1 0 0
Apaxic (f13) / Peanut (f13) 2 1 0 0
Niwwna (f17) / Hazelnut (f17) 2 0 0 0
Mwuraans (f20) / Almond (f20) 1 1 0 0
KynoxyT (f10) / Sesame (f10) 1 2 0 0

Ak i odikyBanocsi, HandacTiwe BWUHABIEHA CEHCU-
Ginisauis 0O KOPOB’'AYOro MOJIoOKa, NMPUYOMY Yy AITeN ycix
4-x rpyn. Xoya CTaTUCTMYHO BIPOrigHOI pi3HMUI Hamu
He BM3Ha4YeHo, oJHaK, YacTille BUsBrieHa ceHcubinisauis
[0 KOpPOB’AYOro Morioka cepef HeEMOBAAT 1-i rpynu Ha
BLW npukopmi 3 A[l, nopiBHAHO 3 rpynamu AiTen Ha
BLW npukopmi 6e3 ALl i Ha TpaguuinHOMYy npuKopMmi
3 npossamu ALl. Lle moxe curHanizyBatu Ha acouiauito

As expected, the most commonly detected sensitiza-
tion was to cow’s milk across all four groups. Although
no statistically significant differences were found, sensi-
tization to cow’s milk was more frequently observed in
infants from Group 1 (BLW with AD) compared to those
in Group 2 (BLW without AD) and Group 3 (traditional
weaning with AD). This may indicate a potential asso-
ciation between BLW feeding, food allergies (FA),
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BLW npukopmy 3 XA Tta Al. Mun Takox 3BepHynu yBary,
wo y aiten 2-i rpynu Ha BLW npukopmi 6e3 ALl, piBeHb
ceHcubinizauii oo kopos’syoro Monoka OyB nogibHum
go 3-i rpynn giten Ha TpaguuinHomy npukopmi 3 Al.
Ma>kopHUIM KOMMNOHEHT Ka3eiH nBos d8 Takox YacTiwwe Bu-
SABNeHMn y HeMoBnsaT Ha BLW npukopmi 3 KniHiYHUMMK
npossamu A[l. MopiGHi pesynbratv oTpumanu i wopno
ceHcubinizauii oo sieyHoro Ginka. Ha BiamiHy Big
HEMOBNAT Ha TpaguuinHOMY BWUIroAOBYBaHHI, y AiTen
1-i Ta 2-i pocnigHux rpyn, siki oTpumyBanu BLW, Gyna
[0OaTKOBO BUSIBNEHa ceHcubinisauis 40 iHWKMX xap4o-
BMX anepreHis, Ski Bignosiganu 3asHadyeHomy GaTbkamu
npy ONUTYBaHHI Pi3HOBMAY NPOAYKTIB i CKMagHWUKIB npo-
OyKTiB XxapvyBaHHs ana BLW.

Hamn Takox BM3Ha4YeHO Ta npoaHani3oBaHO MoKas-
HVKW 3aranbHoro cmpoBaTkoBoro IgE y gocnigHux rpynax
(puc. 3).

1 2

and AD. Furthermore, the level of cow’s milk sensiti-
zation in Group 2 (BLW without AD) was similar to that
in Group 3 (traditional weaning with AD). The major
allergenic component, casein nBos d8, was also more fre-
quently detected in infants on BLW with clinical manifes-
tations of AD. Similar patterns were observed for egg
white sensitization. Unlike infants on traditional weaning,
children in Groups 1 and 2, who received BLW, also
showed additional sensitization to other food allergens.
These allergens corresponded to the food varieties
and ingredients identified by parents in the questionnaire
as being part of the BLW diet.

We also analyzed total serum IgE levels in the study
groups, as shown in Figure 3.

3 4

Fpynu [ Groups

Puc 3. MNopiBHaANbHUIA aHani3 piBHA 3aranbHOro cuposaTtkoBoro IgE y agiten rpyn gocnigxeHHs, Og/mn
Fig. 3. Acomparative analysis of total serum IgE levels in children from the study groups, measured in Od/ml

Ak BMAHO 3 puc. 3, B Mexax BikoBoi Hopmu (< 24 Og/mn)
LUen nokasHuK crocTepiraBcs nuwie Yy HemoBnAT, sk
OoTpuMMyBanu TpaguuiiHuii npukopm 6e3 A[l. HartomicTb
y giten 1-i Ta 3-i rpyn 3 A[l, He3anexHo Big TUnNy npu-
KOpMY, 3Ha4eHHs 3aransHoro IgE 6ynu nigBuLleHi B cepen-
HboMy B 19 pasiB i 63 4OCTOBIPHOT Pi3HMLI MixX rpynamm
(p = 0,593). BogHouac y giten 2-i rpynu, ski oTpumysanu
npukopm 3a metogom BLW 6e3 A[l, piBeHb 3aranbHoro
IgE 6yB nigBuLleHuid Ginblue Hix, y 2,5 pasy nopiBHSHO
3 AiTbMu 4-1 rpynu, siki oTpuMyBanu TpaauuinHUn NPUKOPM
6e3 A (p = 0,029). OTpumaHi gaHi NigTBEPAXYIOTb HasiB-
HicTb aTonii y aiten 3 A[li peariHoBUIA MexaHiam hopmyBaH-
Hs1 XA, 30kpema y aite 6e3 nposisis Al Ha BLW npukopmi.

Baxnueo, Wwo B nepiog nNpuKOpMy rpygHe BWroO-
JoByBaHHS abo OMTSAYI Cymili Bce e 3anuwarTbes
HeBi'EMHOI0 4YaCTUHOI paLioHy HEMOBMATU MPUHANMHI
0o 12-tn micayvHoro Biky [9].

BLW cnpusie Ginblw paHHii iHTerpauii HemoBnsAT y
ciMeliHy Xy, CMOXWBaHHI MeHLW BUOarnueoi ixi, WBKMa-
KOMY (hOpMYyBaHHIO HaBUYOK i CaMOCTIHOCTI ToLwo. Pazom
3 nepeniyeHumn nepesaramu BLW 3abesneyye paHHe
HaOXOMKEHHS B AMTAYUA OpraHiamMm npoaykTiB 3 anep-
reHHUMM BNacTUBOCTAMM, MPUYOMY He 3aBXAN B KOHTPO-
nboBaHi 6atbkamu kinbkocTi [10,11]. Bioomo, o noHag
90% xap4oBuX aneprin CNpUYMHEHi anepreHHNMMU Kom-
noHeHTamMu seub (BiNOK/ KOBTOK), apaxicy, KOpOB'sSiHOro
Moroka, coi, ropixie, Montockis, pubu abo nweHuui [12].
Mpuknagammn ixi 3 gaHuMy npoaykTamu, siki 3a3Buyan

From the figure 3, it is evident that within the
age-appropriate norm (< 24 Od/ml), this indicator was
observed only in infants receiving traditional comple-
mentary feeding without AD. In contrast, children in
Groups 1 and 3 with AD, regardless of the type of com-
plementary feeding, had total IgE levels elevated on
average 19 times, with no significant difference between
the groups (p = 0.593). Meanwhile, children in Group 2,
who received BLW feeding without AD, had total IgE
levels more than 2.5 times higher compared to children
in Group 4, who received traditional feeding without
AD (p = 0.029). These findings confirm the presence of
atopy in children with AD and the IgE-mediated mecha-
nism in the development of food allergies, including
in children without AD on BLW feeding.

It is important to note that during the complemen-
tary feeding period, breastfeeding or infant formula
remains an essential part of an infant’s diet at least until
the age of 12 months [9]. BLW promotes earlier integra-
tion of infants into family meals, less selective eating,
faster skill development, and independence. However,
alongside these advantages, BLW introduces allergenic
foods into the infant’'s diet earlier, sometimes without
controlled amounts by the parents [10, 11]. It is known
that over 90% of food allergies are caused by allergens
in eggs (white/yolk), peanuts, cow’s milk, soy, nuts,
mollusks, fish, or wheat [12]. Examples of foods com-
monly offered as part of BLW include omelets or hard-
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nponoHytoTb sk BLW npukopm, € omnet abo 3BapeHe
Ha KpyTO siUe; KeKCM YM MIuHUi 3 apaxicoBum abo
ropiXoBUM MacrioMm; >XUPHUI KOTYpT i M’AKi CUPY 3 HU3bKUM
BMIiCTOM HaTpito (pikoTTa, mMackaprnoHe Ta Mouapenna),
SIKi NPOMOHYHTb AUTUHI SIK cnocib BBeAEHHS KOPOB'AY0ro
MOMoKa; MWeHNUS Yy MSKUX MIMHUSX, TocTax abo
Badonsx; noapibHeHi pnba Ta/abo MOMKOCKM, NPUrOTOB-
neHi B onagkax abo mogaHi B coyci 4O nacTu Ta iHLi.
Y CLWA (2021) Ta €poni (2021) po3pobneHi cnevjianbHi
pekoMeHaauil Woao rogyBaHHSA HEMOBNAT, CNpsiMOBaHi
Ha npodinakTuky XA, e pekoMeHAyTb NOCTynoBe BBe-
OEHHS1 anepreHHUX TBepAMX MNPOAYKTIB Yy MepLini pik
xutTa [13,14].

B YkpaiHi Hemae BignoBiOHWX pekomeHJaui wono
BLW npukopmy Ta nNpuvHUMNIB BBEAEHHS anepreHHuX
NpoAyKTiB AiTAM paHHbOro Biky. KniHiyHWA npoTokon me-
On4Horo ornagy 3a 3goposoto AuTuHoto Big 20.03.2008 p.
He MicTUTb BignoBigHoT iHpopMauii. 3a onpauboBaHUMK
HaMuW aHKETHUMUW AaHNMK BinbLUICTb MaTepiB OTpUMyBanmu
iHdbopmadito npo BLW npukopm camocTiinHO Ha dhopymax
abo Big negiaTpiB uM ciMerHUX nikapiB i kepyBanucb
eBponencbkMMu pekomeHgauismm 2021 poky [6].

Y nitepaTypi AMCKYTYIOTBCA NMUTAHHS LWOAO PaHHLOro
BBEAEHHSA ANs MPUKOPMY HEMOBISATI anepreHHux npo-
OYKTiB xapyyBaHHs. 3a gaHumu metaaHaniady 19 cucrema-
TUYHMX oOrnsaiB, npoBedeHoro Soriano V. Ta cniBaBT.
(2023), € [oCTOBIpHI AOKa3W TOro, O BBEAEHHS apaxicy
Ta sieub Ha NEepLIoOMy POLi XUTTSA 3HMXKYE pU3nK XA Ha
apaxic i savua [15]. OgHak gocnimkeHHs anst apaxicy
NPOBOAMMNCL MEPEBAXHO B KaBKa3bKMX KpaiHax 3 BUCO-
KM piBHeM pgoxopy [16,17]. 3a BMCHOBKOM eKkcnepTis,
MOXINUBICTb eKcTpanonsuii pe3ynsratiB Unx AOChiOXeHb
Ha pi3Hi rpynu HaceneHHsi € obmMexeHo. AHarnorivyHo, siK
i AN KOPOB'AY0ro MOrioKa, ropixis, KyHXyTy Ta MOMIOCKIB
NOTPIGHI GinbLU opuriHanbHi 4OCNIAKEHHS.

Ak nokasanu pesynsTaTv  HaLoro [OCHigKEHHS,
HaBULLI piBHI ceHcubinizauii 4o xapyoBUX anepreHis
BusiBMeHi y giten 1-i Ta 3-i rpyn 3 A[l, He3anexHo Bia
TUNy npukopmy 6e3 CTaTUCTUYHO 3HAYYLLOl Pi3HMLI MK
rpynamu (p = 0,301). Lien pesynesrart, y NpuHLMNI, OYiKy-
BaHWMA | NiOTBEPIKYETLCS MNOAIGHMMK  pesynsTatamm
GaraTboXx onucaHux gocnigxeHb [18, 19]. OgHak, cepen
HEeMOBIAT, AKi oTpMMyBanu NpukopMm 3a mMetogom BLW
6e3 All, cnocTepiraBcsi 3Ha4YHO BULLUIA piBEHb CeHCUbi-
nisauii xap4oBumMu anepreHamm MNOpiBHAHO 3 HEMOBIS-
Tamun 4-i rpynu, siki oTpuMyBanu TpaguuinHUA NPUKOPM
6e3 aHamHesy Al (p = 0,015), wo BkasyBano Ha acouia-
TMBHUIA 3B’A30K caMe 3 BMOOM npukopmy. [oaaTkoBum
OTPMMaHMM pe3yrnbTaToM, L0 MOXEe CUrHamnisyBaTu npo
acouiauito BLW npukopmy 3 XA, 6yno 1 Te, Lo vacTiwe
BUSIBNEHa ceHcmbinisauis 4o KOpPOoB’'sAY0ro Monoka cepea
HemoBnAT 1-1 rpynn Ha BLW npukopmi 3 ALl, nopiBHAHO
3 rpynamu giten Ha BLW npukopmi 6e3 ALl, i Ha Tpagu-
uinHomy npukopmi 3 nposisamu A[l. Ak niaTBEpAXEHHSA
3a3Ha4yeHoro, TakoX BUSIBNEHO, WO Yy AiTen 2-i rpynn Ha
BLW npukopmi 6e3 A[l, piBeHb ceHcubinisauii go anep-
reHiB KOpoB'syoro Mosnoka 6yB nogibHum go 3-i rpynu
hiTen Ha TpaguuiiHomy npukopmi 3 A[l. OkpiM UbOro
y Aiten 1-i Ta 2-i gocnigHux rpyn, siki oTpumysanu BLW,
Oyna [opaTkoBO BUsIBNEHa ceHcubinizauis [o  iHwWux
Xap4yoBUX anepreHis, siki Bignosiganu 3asHadyeHomy 6atb-
Kamu npu OnNUTYBaHHI Pi3HOBMAY NMPOAYKTIB i CKNagHUKIB
NpoaykTiB XapyyBaHHA Ans BLW. Hamu Takox Bu3HayeHo,
Loy aiTewn 2-i rpynu, ki oTpMMyBanu NpuUKopM 3a METOA0M

boiled eggs, cakes or pancakes with peanut or nut butter,
fatty yogurt, and soft cheeses with low sodium (ricotta,
mascarpone, mozzarella), which are used to introduce
cow’s milk, wheat in soft pancakes, toast, or waffles, and
minced fish and/or mollusks in patties or pasta sauce,
among others. In the USA (2021) and Europe (2021),
specific recommendations for infant feeding aimed at
preventing food allergies have been developed,
suggesting the gradual introduction of allergenic solid
foods during the first year of life [13, 14].

In Ukraine, there are no relevant recommendations
regarding BLW and the introduction of allergenic foods
to infants. The clinical protocol for the medical
examination of healthy children (dated March 20, 2008)
does not include such information. According to the
surveys we conducted, most mothers learned about
BLW independently from forums or pediatricians and
family doctors, following European recommendations
from 2021 [6].

There is ongoing debate in the literature about
the early introduction of allergenic foods in infant
feeding. A meta-analysis of 19 systematic reviews by
Victoria X. Soriano et al. (2023) provides strong evidence
that introducing peanuts and eggs during the first year
of life reduces the risk of peanut and egg allergies [15].
However, studies on peanuts were mostly conducted
in high-income countries with a Caucasian popu-
lation [16, 17]. Experts conclude that the applicability
of these findings to different populations is limited.
Similarly, more original studies are needed for cow’s
milk, nuts, sesame, and mollusks.

Our study results showed that the highest levels
of food allergen sensitization were observed in children
from Groups 1 and 3 with AD, regardless of the type
of complementary feeding, with no statistically signifi-
cant difference between the groups (p = 0.301). This result
is expected and supported by similar findings in other
studies [18, 19]. However, among infants who received
BLW feeding without AD, there was a significantly higher
level of food allergen sensitization compared to those
in Group 4 (traditional feeding without a history of AD),
indicating an association with the type of feeding.
An additional result suggesting an association between
BLW feeding and food allergies was that sensitization
to cow’s milk was more frequently found in infants
from Group 1 (BLW with AD) compared to those in
Group 2 (BLW without AD) and Group 3 (traditional
feeding with AD). Furthermore, it was observed that
the level of sensitization to cow’s milk allergens in
Group 2 was similar to that in Group 3, indicating the
possible role of BLW in this process. Additionally, children
in Groups 1 and 2, who received BLW, showed addi-
tional sensitization to other food allergens that corres-
ponded to those listed by parents in the questionnaire
regarding food varieties and ingredients for BLW. We also
found that children in Group 2, who received BLW
feeding without AD, had elevated total IgE levels
compared to children in Group 4, suggesting the
IgE-mediated mechanism in the development of
food allergies.
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BLW 6e3 A[l, piBeHb 3aranbHoro IgE 6yB BuLle BikoBOI
HOPMW MOPIBHAHO 3 AiTbMM 4-1 rpynu Ha TpaguuiiHomy
npukopmi 6e3 A (p = 0,029), wo moxe BKasyBaTu
Ha peariHOBUIN MexaHi3M opmyBaHHS XA.

BUCHOBKHU

TakMM 4MHOM, OTpUMaHi Hamu pesynsTati Aocnia-
XKEHHS NPV CrNOCTEpPEeXeHHI 3a AaHuMu rpynamv BKa-
3yl0Tb, WO HemoBnaTa Ha BLW npukopwmi, HesanexHo
Big HasBHocTi A[l, Oinblie cxunbHi OO ceHcubinisadii
xapyoBumn anepreHamu. [itam Ha BLW npukopmi
3 nposiBamMy peakLiin rinep4yyTnnBoCTi A0 Xap4yoBUX MpPo-
OYKTiB pEKOMEHAO0BAHO AOCNIMKEHHA cneumdidHmx IgE
[0 XapyoBUX aneprexiB Ans KOpekLii LLOAEHHOrO MEHIO —
NPUKOPMY | NpOiNakTnkn po3BnTky XA.

BukopurcTaHHSA AaHux pe3ynesraTiB AOCMIAKEHHST MOXe
OyTn 3acTocoBaHO Yy MPAKTUYHIA AiANbHOCTI nikapis-
negiatpis i cimenHux nikapis. B6avaetbca noTtpeba
Yy CTBOPEHHI HauUiOHanbHUX peKoMeHaaui o4O BBe-
neHHs BLW npukopmy 3 aganTtadieto iX OO NOKanbHUX
XapyoBUX 3BUYOK i Xap4OBOI MOBESIHKN.
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CONCLUSIONS

Thus, the results of our study indicate that infants
on BLW weaning, regardless of the presence of AD,
are more prone to sensitization to food allergens. For child-
ren on BLW weaning who exhibit hypersensitivity
reactions to food products, testing for specific IgE to
food allergens is recommended to adjust their daily diet,
including complementary feeding, and to prevent the
development of FA.

The findings of this study can be applied in the
practical work of pediatricians and family doctors. There is
a need to develop national guidelines for the introduc-
tion of BLW complementary feeding, adapting them to
local dietary habits and feeding behaviors.
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Prospects for further research

Further research on food allergen sensitization in children
who have been on a BLW diet is highly relevant. Considering
that our study has certain limitations, including a small number
of participants and a relatively short observation period, the
prospects for further research involve expanding the sample
size and conducting long-term monitoring. It is essential to
assess the dynamics of immune response changes in children
receiving BLW feeding at different ages and to explore the
possible link between early sensitization and the development
of food allergies later in life. Additionally, factors that may
influence sensitization risks should be considered, including
genetic predisposition, gut microbiome characteristics, and
environmental conditions.
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PE3IOME

AkTyanbHicTb. MeTactatuyHunin HeapibHOKNITMHHWI pak nereHb (MHOKPI) 3anuwa-
€TbCA CEPNO3HOK OHKOJIOMNYHOK NPOONEMOI0, He3BaXawuuM Ha 3HaYHWKA nporpec
y NiKyBaHHi 3aBAskuW iHribiTtopam iMyHHUX KOHTponbHuX Touvok (IIKT). OgHak, YacTuHa
nauieHTiB BusIBNsie pesucTeHTHiCTb A0 IIKT, wo 3ymoBnioe HeobxiaHICTb po3pobku
CyYaCHMX CUCTEM OLIiHKV PU3NKY ANS MPOrHO3yBaHHA e(PEeKTUBHOCTI iMyHoTepanii.
Meta pob6oTn — OUiHUTK nereHeBun iMyHHUI mporHocTuyHui iHaekc (LIPI), iHaekc
nporpecy4oro paky nereHb (ALl), wkany imyHoTepanii Patras (PIOS), nporHoctuiHui
iHoekc xapdyBaHHs (PNI) ta wkany LEM (nevikouutn, ECOG, metacrtasu) y poni
npeaukTopie edektnBHocTi Tepanii IIKT y xBopux Ha MHOKPJI.

Martepianu Ta Metoam. Y peTpocnekTMBHe AOCHifKeHHs BkmodeHo 105 xBopwmx
Ha MHOKPI, ki otpumysanu IIKT B Cymcbkomy obrnacHOMy KniHIHHOMY OHKOMOTiY-
HOMy UeHTpi npotarom 2016-2024 pokis. [ina cTpatudikauii XxBopux 3a cucremamu
OLiHKM PU3WKIB MU aHanidyBanu KniHiYHi (3aranbHuii cTaTyc, BUKOPUCTaHHS aHTubio-
TUKIB, CTepoigiB, 3picT, Maca Tirna) Ta nabopaTopHi NOka3HMKK (nenkouutapHa dop-
Myna, piBeHb anbOymiHy Ta naktataerigporeHasu). OuiHka edeKTMBHOCTI NiKyBaHHS
3giicHioBanacs 3a kputepiamu iRECIST. CtatuctmyHmin aHania npoBoanny 3 BUKOPUC-
TaHHSAM KpuTepiiB Xxi-kBagpaT, meTogy Kanmana—Maiepa Ta perpeciiHoi mopgeni
NpPOrHocTnYHMX puankie Kokca. PaHNYHUM 3HAYEHHAM CTaTUCTUYHOI 3HaYyLLOCTI
ONs 3Ha4eHHsA 6yno p < 0,05.

Pesynbratu. Cepen nauieHTiB 06’ekTVBHa BiANoBiab Ha nikyBaHHsa (OBJT) 6yna gocar-
HyTay 51,4%, a cTyniHb KOHTpOMo 3axBoptoBaHHs (CK3) —y 86,6%. MauieHTn i3 Tpboma
chakTopammn puanky LEM 3HayHo pigwe pocsiranu OB (x2 = 14,8014, p = 0,002)
Ta CK3 (32 = 22,3377, p = 0,0001). Bignosiab Ha nikyBaHHs y nauieHTiB 6e3 chakTopis
pusnky LEM, ogum abo gsoma daktopamu pusnky Oyna nopiBHAHHOW0. [lauieHTu
3 Tpboma haktopamm pusmky 3a LEM manu Hanripwi nokasHUKWM BUXMBAHOCTI: Megj-
aHa BmxkmBaHocTi 6e3 nporpecyBaHHsa (BBIT) — 3,0 mic. (p = 0,001), 3aranbHoi BXu-
BaHocTi (3B) — 4,2 wmic. (p = 0,0001). PerpecinHnii aHani3 Kokca niateepaus, wo LEM
€ HesanexHum npegmktopom BBIM (HR = 1,59; 95% Ol 1,22-2,08; p = 0,001) Ta
3B (HR = 1,81; 95% Ol 1,38-2,39; p = 0,0001). 3a NpOrHOCTUYHOK CMPOMOXHICTIO
cuctemu ouiHkm pusuky LIPI, ALL, LIPS, PIOS Ta PNI 6ynu ogHopigH1Mu.

BucHoBku. Cepep aHamizoBaHWX CUCTEM OLiHKM puaukiB nuwe LEM Buasunacs
[OCTOBIpHUM  npeankTopom edekTmBHocTi Tepanii IIKT y xBopux Ha MHOKPII.
BukopuctanHa LEM moxe 3abesneunTu iHOMBiQyanisauilo nigxodis [0 MiKyBaHHSA
Ta CnpvATU ONTUMI3aLii TepaneBTUYHMX PilleHb.

edeKTUBHOCTI iMyHOTepanii.
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ABSTRACT

Background. Metastatic non-small cell lung cancer (MNSCLC) remains a significant
oncological challenge despite major advancements in treatment with immune
checkpoint inhibitors (ICls). However, some patients resist ICls, highlighting the need
for novel risk-scoring systems to predict immunotherapy efficacy.

Purpose — to evaluate the Lung Immune Prognostic Index (LIPI), Advanced Lung
Cancer Inflammation Index (ALI), Patras Immunotherapy Score (PIOS), Prognostic
Nutritional Index (PNI), and LEM score (Leukocytes, ECOG, Metastases) as predictors
of ICl therapy efficacy in patients with mMNSCLC.

Materials and Methods. A retrospective study included 105 patients with mMNSCLC who
received ICIl therapy at the Sumy Regional Clinical Oncology Center between
2016 and 2024. Risk stratification was based on clinical parameters (performance
status, use of antibiotics and steroids, height, weight) and laboratory markers (white
blood cell count, albumin, and lactate dehydrogenase levels). Treatment efficacy was
assessed using iRECIST criteria. Statistical analysis was performed using the
chi-square test, Kaplan—Meier method, and Cox proportional hazards regression model.
A p-value of < 0.05 was considered statistically significant.

Results. Among the patients, an objective response rate (ORR) was achieved
at 51.4%, and the disease control rate (DCR) was 86.6%. Patients with 3 LEM risk
factors were significantly less likely to achieve OS (y? = 14.8014, p = 0.002) and
SVR (32 = 22.3377, p = 0.0001). Response to treatment in patients with no LEM risk
factors, 1 or 2 risk factors was comparable. Patients with 3 LEM risk factors had the
worst survival rates: median progression-free survival (PFS) — 3.0 months (p = 0.001),
overall survival (OS) — 4.2 months (p = 0.0001). Cox regression analysis confirmed
that LEM was an independent predictor of PFS (HR = 1.59; 95% Cl 1.22-2.08;
p = 0.001) and OS (HR = 1.81; 95% CI 1.38-2.39; p = 0.0001). The LIPI, ALI, LIPS,
PIOS, and PNI risk scoring systems were similar in their predictive value.
Conclusions. Only LEM was a significant predictor of ICI therapy efficacy among the
analyzed risk-scoring systems in patients with mNSCLC. The use of LEM may facilitate
personalized treatment approaches and optimize therapeutic decision-making.

risk-scoring systems in predicting the efficacy of immunotherapy.

2025;33(1(52)):59-68. DOI:

https://doi.org/10.26565/2313-6693-2025-52-05

BCTYN

INTRODUCTION

Migxin oo nikyBaHHA MeTacTaTU4HOrO HeapibGHOKMI-
TUHHOrO paky nereHb (MHOKPIT) 3HayHo 3MiHMBCSA nNpoTs-
FOM OCTaHHbOro AecAaTuniTTA. 3acTocyBaHHS iHribiTopis
iIMYHHUX KOHTpomnbHMX Todok (IIKT) Ta ix komGiHyBaHHSA
3 XimioTepanieto nokasano Kpalli pesynstati nikyBaHHs,
HX 3BuyariHa XximioTtepania [1]. [lMpote, Hes3Baxawun
Ha 3Ha4Hi JocsarHeHHs B imyHoTepanii MHOKPJII, yactuHa
nauieHTiB 3anuwaeTbcs peancteHTHor Ao lIKT.

OcHoBHuMK Biomapkepamm edektuHocTi [IKT, Ha aki
OPIEHTYIOTLCS OHKOMOTM MPU NPU3HAYeHHi iMyHoTepanii,
€ eKcnpecis peLenTopiB NPOrpaMmoBaHoi KNiTUHHOT CMepTi
niraHgy-1 (PD-L1) Ta myTauinHui tarap [2]. Ha Bigminy
BiJ LUMPOKO BNPOBAAXKEHOIO i 3aranbHOAOCTYMHOTO iMyHO-
riCTOXiMIYHOrO OOCHIMKEHHA AN OUiHIOBaHHSA ekcnpecii
peuentopiB PD-L, BU3Ha4yeHHs myTauiiHoOro Tarapsi no-
Tpebye 3acTOCYyBaHHSA METOAY CEKBEHYBaHHS HacTyrnHOro
MOKONMiHHSA, KU B YKpaiHi Mae obmexeHe 3acToCyBaHHS.
OpHak, obngsa 6iomapkepu MOXHa BBaXXaTu HEOOCKOHa-
nMMn Ansa nporHodysBaHHA edekTnsHOCTI IIKT. MauieHTn
3 HeraTmMBHO ekcnpecieto PD-L MoXyTb maTtu rapHy Bia-
NoBidb Ha MiKyBaHHS, B TON Yac SIK NO3UTMBHA eKcrnpecia
PD-L He rapaHTye cnpusTtnueoro nporHosy [3]. Ak Hacni-
OOK, HeoOxigHa po3pobka HapiiHux KpuTepiiB  Ang
nporHo3yBaHHs edpekTmHocTi IIKT.

Hapasi Bce yacTiwe crnocTtepiraeTbCA KOMMIEKCHUIA
nigxia A0 NPOrHO3yBaHHA peakuii Ha iMyHoTepanito,

The approach to ftreating metastatic non-small
cell lung cancer (MNSCLC) has significantly evolved
over the past decade. Using immune checkpoint
inhibitors (ICls) and their combination with chemotherapy
has demonstrated better treatment outcomes than
traditional chemotherapy [1]. However, despite sub-
stantial advancements in mNSCLC immunotherapy,
some patients remain resistant to ICls.

The primary biomarkers of ICI efficacy are program-
med death-ligand 1 (PD-L1) receptor expression and
tumor mutational burden [2]. Unlike the widely imple-
mented immunohistochemistry for PD-L1 receptor
expression assessment, determining tumor mutational
burden requires next-generation sequencing, which has
limited application in Ukraine. However, both biomar-
kers can be considered imperfect for predicting ICI
effectiveness. Patients with negative PD-L1 expression
may still exhibit a strong response to treatment, while
positive PD-L1 expression does not guarantee a favor-
able prognosis [3]. As a result, the development of reliable
criteria for predicting ICI efficacy is necessary.

A more comprehensive approach to predicting
immunotherapy response is increasingly being observed,
incorporating various parameters such as clinical blood
test indicators (e.g., neutrophil-to-lymphocyte ratio,
platelet-to-lymphocyte ratio, and lymphocyte-to-monocyte
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SKWA BpaxoBYe pi3Hi napameTpu, Taki SK MNOKa3HWKM
KNiHIYHOrO aHani3y KpoBi (Hanpuknag, CniBBigHOLIEHHS
HelTpodpinie Ta nimdouutie, TpombouuTie Ta nimdo-
uuTiB, nimcpounTie Ta MoHoOUUTIB) [4], BioximiyHOro aHanizy
KpoBi (Hanpwvknag, nakratgerigporeHasu) [5], nokanisa-
uito meTacTasiB [6] Ta reHeTU4YHMI Npodinb NyxnuHKU [7].
BinbLWicTb i3 BKa3aHWX g4iarHOCTUYHMX NapaMeTpiB He 4O~
3BONSATbL KOMMNIEKCHO cTpaTudikyBaT hakTopu pusuky.
OcTaHHi JocnigxeHHs cBig4aTb, WO NPOTUNYXIIMHHA
Bignoeiab Ha Tepanito |IKT 3anexutb Big 6aratbox
dakTopiB. ToMy HeobxigHa po3pobka cy4YacHUX CUCTEM
OLiHKM pu3nKy, sika © BkIodana pisHi mapameTpu, Lo
BigoOpaxaloTb 3aranbHUI CTaH nauieHTa, Khoro nabo-
paTopHi MOKa3HWUKM Ta BPaxOBYKTb KNiHIYHI  AaHi
(Hanpuknag, BMKOpPUCTaHHA aHTUBIOTUKIB, CTepoifis,
nokanisauito metacrasi).

Y pesiknx JocnigxeHHsax Oyno ouiHeHo cuctemu
OUiHKW PpU3MKYy Ons NporHosyBaHHA edpekTuBHOCTI IIKT
y xBopux Ha HIOKPIl. Hanpwuknag, nereHeBui iMyHHUI
nporHocTnyHui iHaekc (LIPI) ouiHoe cniBBigHOWEHHS
noxiaHux NLR Ta nakratgerigporeHasu (JIOI) [8], iHoekc
nporpecytoyoro paky nereHb (ALl) — iHaoekc macum Tina,
piBeHb anbbymiHy kposi Ta NLR [9], wkana imyHoTepanii
Patras (PIOS) — 3aranbHuii cTatyc nauieHTa, iHOEKC
macw Tina (IMT), niHito imyHoTepanii Ta Bik nauieHTa [10],
NPOrHOCTUYHWI iHAeKC xapvyBaHHs (PNI) — piBeHb anboy-
MiHy KpoBi Ta abcomtoTHe uucno nimdouutia (AY),
LEM — abcontoTHe yncno nimdoumnTiB, 3aranbHuin cTaTtyc
nauieHTa Ta HasiBHICTb MeTacTasiB y nereHsx Ta/abo
nnespi [11]. KinbkicTe pocnigxeHb, Wo 6a3yloTbest Ha
3aCTOCYBaHHi CUCTEM OLIiHKU PU3MKY, € Ay>Ke 0OMEXKEHOIO,
a OTpVMaHi pe3ynsTaT HEOOHO3HAYHUMN.

MeTta po6OTM — OUHUTM NEreHeBUn iMyHHUIA Npo-
rHocTnyHmi iHaekc (LIPI), iHgekc nporpecyroyoro paky
nerenb (ALl), wkany imyHotepanii Patras (PIOS), npo-
FHOCTUYHMI iHaekc xapyyBaHnHa (PNI) Ta wkany LEM
(nenkountn, ECOG, meTactasu) y poni npegukTopis
edektuHocTi Tepanii IIKT y xsopux Ha MHOKPJI.

MATEPIAAU TA METOAU AOCAIAXEHHSA

BiaGip nauieHTiB

[o npoBeneHHs1 PETPOCMNEKTUBHOIO OOCHIOXKEHHS
Mu Bkrtoumnn 105 nauieHTiB, siki oTpuMyBanu nikyBaHHA
B CymcbkoMy o6nacHomy KniHIY4HOMY OHKOMOFYHOMY
ueHTpi npotsrom 2016-2024 pokie. [Ona BKNOYEHHSA
nauieHTiB y AOCAigKEeHHS BOHW Manuv BignosigaTn Takum
Kputepiam: Bik = 18 pokis, HasBHicTe MHOKPJ1, Tepanis
IIKT (mMiHimym 1 posa atesonizymaby), HasiBHICTb pe3ynb-
TaTiB KNiHiYHOro Ta OioxiMiyHOro aHanisiB kpoBi [0
noyaTtky iMyHoTepanii, HasBHICTb JdaHuX nNpo 3picT
Ta Macy Tina nauieHTiB. Y AOCRIDKEHHs He yBiNLWnn
nauieHTn 3 iHWKMK, KpiMm MeTactatudHol ctagii HOKPJ
Ta Ti, WO Manu iHdekuinHi abo ayToiMyHHi 3axBopio-
BaHHA MpPOTAroM MicAus Ao nodatky nikysaHHa [IKT.
JlikyBaHHs1 y3rogxeHo 3 Komicito 3 GiOeTUKM B ekcnepu-
MEeHTanbHO-KNiHIYHMX JOoCnigXeHHAX HaB4varnbHo-HayKo-
BOFO MeAWMYHOro iHCTUTYTY CyMCbKOro [JepXKaBHOro
yHiBepcuTeTy (npotokon Ne 3/12 Big 17.12.2024).
MauieHTn nignucanu popmy iHopmMoBaHoOI 3rogu.

ratio) [4], blood chemistry markers (e.g., lactate dehydro-
genase) [5], metastasis localization [6], and tumor
genetic profile [7]. Most of these diagnostic parameters
do not allow for a comprehensive stratification of risk
factors. Recent studies indicate that the antitumor
response to ICI therapy depends on numerous factors.
Therefore, there is a need to develop a prognostic score
system that integrates various parameters reflecting
the patient's performance status, laboratory findings,
and clinical data (e.g., antibiotic and steroid use and
metastasis localization).

Several studies have evaluated risk-scoring systems
for predicting ICI effectiveness in NSCLC patients.
For example, the lung immune prognostic index (LIPI)
assesses the combination of derived NLR (dNLR)
and lactate dehydrogenase (LDH) levels [8]. The advan-
ced lung cancer inflammation index (ALI) includes body
mass index (BMI), serum albumin levels, and NLR [9].
The Patras immunotherapy score (PIOS) considers
the patient’'s performance status, BMI, line of immuno-
therapy, and age [10]. The prognostic nutritional index
(PNI) is based on serum albumin levels and absolute
lymphocyte count (ALC), while the LEM risk score
incorporates ALC, patient performance status, and the
presence of lung and/or pleural metastases [11].
However, the number of studies based on risk-scoring
systems remains limited, and the results are inconsistent.

Objective — to evaluate risk-scoring systems LIPI,
ALI, LIPS, PIOS, PNI, and LEM as predictors of ICI
therapy effectiveness in patients with mNSCLC.

MATERIALS AND METHODS

Patient selection

For this retrospective study, we included 105 patients
who received treatment at the Sumy Regional Clinical
Oncology Center between 2016 and 2024. Patients
were eligible if they met the following criteria: age =18
years, confirmed diagnosis of mMNSCLC, treatment
with ICls (at least one dose of atezolizumab or pem-
brolizumab), availability of complete blood count tests
and biochemistry test results before immunotherapy
initiation, and data about height and weight measure-
ments. Patients with non-metastatic NSCLC and those
with infectious or autoimmune diseases within one month
before ICI initiation were excluded from the study.
The Bioethics Committee for Experimental and Clinical
Research approved the study at the Educational and
Scientific Medical Institute of Sumy State University
(Protocol No. 3/12 dated 17.12.2024). All patients provi-
ded written informed consent.
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36ip AGHMX TA OGYUCAEHHS

KOMMNAEKCHUX MPOrHOCTUYHUX MOAEAEN

Mepen novaTkom JocnigXXeHHs Mu 3ibpanu pesynb-
TaTM KMiHIYHUX Ta nabopaTopHMX aHanisiB  Kposi,
BKIOYaYM [aHi npo abcontoTHe 4mcno HerTpodinis,
abcontoTHe 4Mcno NiMGOUNTIB, KiNbKICTb NEenKoumTiB
KpoBi, anbOymiHy kposi, JIAI KniHiyHi aaHi Bkmovanu
3aranbHUi cTatyc nauieHta 3rigHo 3i CxigHowo koorne-
patuBHoto rpynoto (ECOG), pemorpadiyHi AaHi, KinbkicTb
NiHin nonepeaHix Tepanin Ta gaHi Npo 3picT Ta macy Tina
nauieHTiB Ana po3paxyHky IMT. Yci nauieHTu, wo 6panu
yyacTb y AocrnigxeHHi Oynu ctpatudpikoBaHi y rpynu
BignosigHo Ao mopenewn LIPI, ALI, LIPS, PIOS, PNI
Ta LEM. TlporHoctnuHa mogens LIPI nmpunyckae, wo
dakTtopamn pusuky HeedektusHocTi IIKT e JIAI Buwe
BepxHbOi Mexi Hopmu Ta noxigHa NLR (dNLR) > 3. Bigno-
BigHO, nauieHTiB cTpatudikysanu y 3 rpynu: 0 caktopis
pu3nky, 1 akTop pu3uKy Ta 2 akTopu pusunky. Y npo-
rHOCTUYHIN mopeni LEM dpaktopamn pusnky BBaxa-
totbea AYI < 1,5 x 10%n, ECOG 2 2 Ta HasBHiCTb MeTa-
cTasiB y nereHsix Ta/abo nnespi. BignosigHo oo mopeni
LEM nauienTiB ctpatudikysanu y 4 rpynu: 0, 1, 2 ta 3
daktopyn pusnky. ALl pospaxoByBanu $K cniBBigHO-
weHHsa aobyTky IMT Ta anbbymiHy kposi go NLR, PIOS —
SK cniBBigHoweHHst nobytky ECOG Tta IMT go mobyTtky
niHiT iMyHoTepanii Ta Biky nauieHta, PNI — sk cyma
anbbymiHy kposi Ta AYJl. MeTogom cepefHix BEnW4YuH
Oyno BM3HA4YEHO rpaHU4yHe 3HaveHHs Ans iHgekcis AL,
PIOS Tta PNI, ski ctaHoBunun 419, 0,4 ta 44 BignosigHo.
BignosigHo, nauieHT Oynu cTpatudikoBaHi y rpynu
3 HU3bkuMK Ta Bucokummn ALI, PIOS Ta PNI, 6a3sytounce
Ha BCTAHOBMNEHMX IPaHNYHNX 3HAYEHHSIX.

OUHIOBAHHS BiANOBIAI HO AIKyBAHHS

Bignosigb Ha nikyBaHHS OUiHIOBanNU 3a iMyHOMOriy-
HAMW  KpuTepisMu  BIiANoBigi ANS  COMigHWUX MyXIWH
(iRECIST). MauieHTn 6ynun posanogineHi y rpynu Bigno-
BiQHO OO AOCArHyTOI BignoBidi Ha nikyBaHHs. lMauieHTn
3 nosHoto Bignosigato (MB) abo yacTkoBoto BignoBsiaaw
(4B) Ha imyHOTepanito crpatudikyBanm y rpyny, LO
pocsrna ob’ekTmBHOI Bignosigi Ha nikysanHa (OBI).
Ti nauieHTn, wo manu MB, YB Ta crabinizauio 3axso-
PIOBaHHS1, CKranu rpyny, LWo AOCAMMN CTYNEHsS KOHTPOIO
Hag 3axBoptoBaHHAM (CK3). 3aranbHolo BMXKMBaHICTIO
(3B) BBaxxanu YacoBwui iHTEpBan MiX NepLuoko iHdysiero
IIKT Ta cmepTio, BWXMBaHiCTIO 06e3 nporpecyBaHHsi
(BBIM) — yacoBui iHTepBan Mix nepoto iHdysieto IIKT
Ta pagionoriyHoto nporpecieto HOKPII.

CTATUCTUYHUMA QHAAI3
3B’A30K MiXX CMCTEMaMWU OLiHKM PU3UKY Ta Bignosiaato
Ha iMyHOTepanito ouiHioBanu 3a AOMNOMOroK KpuUTepiiB
xi-kBagpat. [ns po3paxyHKy 3Ha4YeHHs P BUKOPUCTO-
ByBanu kputepin lipcoHa Ta ToYHWUI KpuTepin Piwepa.
KpuBi BwxuBaHOCTi 3reHepyBanu B aHanisi KannaHa—
Mawiepa i nopiBHanu y nigrpynax norapuMiyHUM paH-
roBuM TecToM. [MpOrHOCTMYHE 3HAYEHHs BM3HAYanu 3a
[OMoOMOro Mogeni MNPOorHocTUYHMX puankis  Kokca.
[ns obuncneHb 3acTOCOBYBanu NporpaMHe CepefoBuLLE
Stata (Bepcis 18,0). MpaHWYHUM 3HAYEHHSIM CTaTUCTWY-
HOI 3HaYyLLOCTi AnsA 3Ha4YeHHs 6yno p < 0,05.

Data collection

and evaluation risk-scoring systems
We collected clinical and laboratory blood test
results, including absolute neutrophil count, absolute
lymphocyte count, total leukocyte count, serum albu-
min levels, and lactate dehydrogenase (LDH). Clinical
data included the Eastern Cooperative Oncology Group
(ECOG) performance status, demographic information,
the number of prior treatment lines, and patient height
and weight for BMI calculation. All study participants
were stratified into groups based on the LIPI, ALI,
LIPS, PIOS, PNI, and LEM scores. The LIPI score
evaluates high LDH levels (above the upper normal
limit) and dNLR > 3 as risk factors for ICI inefficacy.
Patients were classified into three groups: 0 risk factors,
1 risk factor, and 2 risk factors. The LEM score considers
absolute lymphocyte count (ALC) < 1.5x10%L, ECOG = 2,
and the presence of lung and/or pleural metastases
as risk factors. Therefore, patients were stratified into
four groups: 0, 1, 2, and 3 risk factors. ALl was calcu-
lated using the ratio of BMI and serum albumin levels
to NLR. PIOS was determined by comparing the ratio
of ECOG and BMI to the immunotherapy line and
patient age. PNI was calculated as the sum of serum
albumin levels and ALC. The threshold values for ALI,
PIOS, and PNI were determined using the mean value
method, yielding cutoff points of 419, 0.4, and 44,
respectively. Patients were stratified into low and high

ALLI, PIOS, and PNI groups based on these thresholds.

Assessment of treatment response

Treatment response was evaluated using the immune
Response Evaluation Criteria in Solid Tumors (iRECIST).
Patients were categorized based on their treatment
response: those having complete response (CR) or
partial response (PR) were included in the group of
objective response rate (ORR), while those with CR,
PR, or stable disease (SD) were included in the group
of disease control rate (DCR). Overall survival (OS)
was defined as the time from the first ICI infusion to
death. Progression-free survival (PFS) was defined
as the time from the first ICI infusion to radiologic
disease progression.

Statistical analysis

The relationship between risk-scoring systems and
treatment response was assessed using a chi-square
test. Pearson’s test and Fisher's exact test were used
to calculate the p value. Survival curves were genera-
ted using the Kaplan-Meier method and compared
across subgroups using the log-rank test. Prognostic
significance was evaluated using the Cox proportional
hazards model. Statistical analyses were performed
using Stata software (version 18.0). A p-value of <0.05
was considered statistically significant.
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PE3YABTATU TA IX OBFOBOPEHHS

KAiHiko-AaGopaTopHi

XAPAKTEPUCTUKU NALLIEHTIB

Y pocnigxeHHi 6bpanu yyactb 16 (15,2%) xiHok Ta
89 (84,8%) yonogikiB. CepeiHii BiK NaLieHTiB 4OCMimKY-
BaHoi koroptu 6yB 60,8 + 0,8 p. OBJl1 6yna gocsarHyTa
y 54 (51,4%) naujenTiB, CK3 — y 91 (86,6%). Po3nogain
nauieHTiB y rpynu BignoBigHoO Ao BiAMNOBIAi Ha NiKyBaHHA Ta
pe3ynbsTaTiB CUCTEMM OLiHKU PU3KKy nogaHo B Tabnuui 1.

RESULTS AND DISCUSSION

Clinical and laboratory

characteristics of patients
The study cohort included 16 (15.2%) women and
89 (84.8%) men, with a mean age of 60.8 + 0.8 years.
ORR was achieved in 54 (51.4%) patients, while DCR
was achieved in 91 (86.6%) patients. The distribution
of patients according to treatment response and risk-

scoring systems results is presented in Table 1.

Ta6nuus 1. 38’930k MiX Bignosiaa Ha nikyBaHHSA Ta cuctemamu ouiHku pusnky LIPI, LEM, PIOS, PNI Ta ALI
Table 1. Association between treatment response and risk-scoring systems LIPI, LEM, PIOS, PNI, ALI

O6’ekTUBHA BigNoOBiab CTyniHb KOHTpOMHO
. . Ha nikyBaHHs / ORR Hap 3axsoptoBaHHsaM / DCR
3 / Variabl 2 2 (p)*
MiFiRl FVariables Tak / Yes Hi/ No x(P) Tak / Yes Hi / No 1)
(n=54) (n=51) (n=91) (n=14)
LIPI:
0 dpakTopis / No risk factor 30 (55,6) 27 (52,9) 52 (57,1) 5(35,7)
1 cbakTop /1 risk factor 20 (37,0) 20 (39,2) 0,0722 (0,965) 33 (36,3) 7 (50,0) 2,5696 (0,191)
2 cpakTtopu / 2 risk factors 4(7,4) 4(7,9) 6 (6,6) 2 (14,3)
LEM:
0 chakTopis / No risk factor 21(38,9) 11 (21,6) 31 (34,1) 1(7,1)
1 /1 risk fact 23 (42,6 25 (49,0 42 (46,2 6 (42,9
carop /1 risk factor (42,6) (49.0) |14 8014 (0,002) (46,2) (429) |55 3377 (0,0001)
2 dpaktopw /2 risk factors 10 (18,5) 5(9,8) 14 (15,4) 1(7,1)
3 chakTopwm / 3 risk factors 0 (0,0) 10 (19,6) 4 (4,3) 6 (42,9)
PIOS:
< 0,4 (Hu3bkui / low) 25 (46,3) 29 (56,9) 47 (51,6) 7 (50,0)
— 1,1723 (0,279) 0,0132 (1,000)
2 0,4 (Bucokuii / high) 29 (53,7) 22 (43,1) 44 (48,4) 7 (50,0)
PNI:
244 1 / high 28 (51,9 27 (52,9 47 (51,6 8 (57,1
(BucokAt / high) (1.9) 029 1 60125 (0,911) (51.6) O71) 1 41469 (0,779)
< 44 (Hn3bkui / low) 26 (48,1) 24 (47,1) 44 (48,4) 6 (42,9)
ALI:
2419 1 / high 27 (50,0 23 (45,1 44 (48,4 6 (42,9
(Brcokwvt / high) (50.0) 451) 12507 (0.615) (48.4) 429 | 4 1469 (0.779)
< 419 (Hu3bkuii / low) 27 (50,0) 28 (54,9) 47 (51,6) 8 (57,1)

lMpumimka: *[na po3paxyHKy 3Ha4YeHHS p 3aCTOCOBAHO TOMHWUIA KpuTepin Piepa.

Note: *Fisher’s exact test was used to calculate p-values.

MauieHTwn i3 Tpboma dakTopamm puanky LEM 3HauHo
pigwe pocsranu OB (x2 = 14,8014, p = 0,002) Ta
CK3 (3% = 22,3377, p = 0,0001). Bignosiab Ha nikyBaHHsi
y nauieHTis 6e3 cpaktopis puanky LEM, ogHum abo asoma
dakTopamu pusmky Gyna NopiBHAHHOW. 3a MPOrHOCTWY-
HOK CMPOMOXHICTIO cuctemMu ouiHkM pusuky LIPI, AL,
LIPS, PIOS Ta PNI 6ynu ogHopiaHumu. Cepeg gocnigpxe-
HUX CUCTEM OLHKA PU3MKY MPOrHOCTUYHE 3HAYEeHHSA
mae nuwe LEM, ska Bknoyae yci Tpu aktopu pusnky
(AYJ1 < 1,5 x 10%n, ECOG = 2 Ta HasiBHICTb MeTacTasiB
y nerensx Ta/abo nnespi).

BnAuB cucTemu ouiHku pusuky LEM

HA BUXUBAHICTb

Mwu BcTaHoBUNMK, LWLO BiQNOBIAHO OO CUCTEMMU OLHKM
pusuky LEM Hauripwy BBl mann nauieHTn i3 Tpboma
daktopamn  pusmky. MegiaHn BBl ctaHoBunn 11,1,
8,3, 5,5 Ta 3,0 micAaui y nauieHTiB 6e3 dakTopiB pU3mKy,
ofHVM, ABOMA Ta TpboMa hakTopamMmn puU3nKy BignoBigHO
Log-rank p = 0,001), (puc. 1).

AHanoriyni pedyneratv 6ynv oTpUMaHHi Npy BUBYEHHI
3B BignoBigHO A0 KinNbKOCTi aKTOpiB PU3UKY 38 CUCTEMOIO
ouiHkm puanky LEM. Hauripwy 3B manu nauieHTn

Patients with 3 LEM risk factors were significantly
less likely to achieve OS (y? = 14.8014, p = 0.002) and
CRC (y? = 22.3377, p = 0.0001). Response to treatment
in patients without LEM risk factors, 1 or 2 risk factors
was comparable. The prognostic value of the LIPI, ALlI,
LIPS, PIOS and PNI risk scoring systems was homo-
geneous. Among the risk scoring systems studied, only
LEM, which includes all 3 risk factors (ACL < 1.5 x 10°/L,
ECOG = 2 and the presence of metastases in the lungs
and/or pleura), has prognostic value.

Impact of the LEM risk-scoring system
on survival

According to the LEM prognostic model, patients
with three risk factors had the worst PFS. The median
PFS was 11.1, 8.3, 5.5, and 3.0 months for patients
with 0, 1, 2, and 3 risk factors, respectively (Log-rank
p = 0.001), (Fig. 1).

Similar results were observed for OS in relation to
the number of risk factors in the LEM score. Patients
with three risk factors had the poorest OS. The median
OS was 18.6, 18.4, 10.1, and 4.2 months for patients
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3 TpbOMa pakTopamu pusuky. Megiann BBI1 ctaHoBunn
18,6, 18,4, 10,1 Ta 4,2 micaui y nauieHTiB 6e3 cakTopis
pu3uKy, 3 OQHVMM, ABOMaA Ta TpboMa hbakTopamu pusuKy

BignosigHo (Log-rank p = 0,0001), (puc. 2).
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with 0, 1, 2, and 3 risk factors, respectively (Log-rank
p = 0.0001), (Fig. 2).
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Fig. 1. PFS of MNSCLC patients based on the number of risk factors according to the LEM score
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Puc. 2. 3B BignoBigHO A0 KiNbKOCTi hakTopiB pM3nKy 3a CUCTEMOLO OLiHKK pusuky LEM
Fig. 2. OS of MNSCLC patients based on the number of risk factors according to the LEM score

He3aaeXHi npeAMKTOpU BUXKMBAHOCTI

Mopgenb nporHocTuyHux pu3nkis Kokca npogemMoHCT-
pyBana, Lo cepea AOCiAXyBaHNX CUCTEM OLLIHKN PU3NKY
nmwe LEM mae nporHocTudHe 3HadveHHs. [laudieHTw,
WO MawTb Tpu akTopyu pusuky HeedekTuBHOCTI IIKT
matoTb ripwy BBIM (HR = 1,59, 95% posipuuin iHTepBan
(an 1,22-2,08, p = 0,001) ta 3B (HR = 1,81, 95% QI
1,38-2,39, p = 0,0001), Hix nauieHTn 6e3 dakTopiB pu-
31Ky, 3 ofH1UM abo ABoMa hakTopamu pusuky (Tabn. 2).

OGroBopeHHs

Y NOTOYHOMY AOCHIAKEHHI MW BCTAHOBMMW, LLUO
cuctema ouiHkn pusuky LEM moxe 6Gytm KopucHoro
y nporHo3yBaHHi edektuBHoCTi IIKT. Y 3anexHocTi Big
KinbKoCTi dbakTopiB pusmky, xeopi Ha MHIOKPJT pocsra-

Independent predictors of survival

The Cox proportional hazards model demonstrated
that only LEM had prognostic significance among
the studied risk-scoring systems. Patients with three risk
factors for ICI inefficacy had worse PFS (HR = 1.59,
95% Cl: 1.22-2.08, p = 0.001) and OS (HR = 1.81,
95% CI: 1.38-2.39, p = 0.0001) compared to patients
with 0, 1, or 2 risk factors (Table 2).

Discussion
This study showed that the LEM score may be useful
in predicting ICI efficacy. Depending on the number
of risk factors, patients with mNSCLC exhibited different
responses to treatment. According to the LEM score,
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Tabnuus 2. MNporHocTuyHe 3Ha4YeHHs1 cuctem ouiHku pusuky LIPI, LEM, PIOS, PNI ta ALI
Table 2. Prognostic significance of LIPI, LEM, PIOS, PNI, and ALI scores

L . BwxuBaHicTb 6e3 nporpecyBaHHs / PFS 3aranbHa BuxuBaHictb / OS
3MiHHi / Variables
HR 95% A1/ Cl p HR 95% Ol / Cl p
LIPI
(0 gpakTopiB npotn 1 npoTn 2) 1,08 0,75-1,55 0,645 1,23 0,88-1,73 0,222
(0 risk factor versus 1 versus 2)
LEM
(0 dpakTopis npotu 1 npoTn 2 npotn 3) 1,59 1,22-2,08 0,001 1,81 1,38-2,39 0,0001
(0 risk factor versus 1 versus 2 versus 3)
PIOS
(HM3bKWIA NPOTK BUCOKOrO) 0,94 0,62-1,43 0,788 0,76 0,49-1,15 0,203
(low versus high)
PNI
(BMCOKMI MPOTU HU3BKOTIO) 1,02 0,66-1,57 0,904 0,80 0,52-1,22 0,303
(low versus high)
ALl
(HM3bKMIA NPOTK BUCOKOTO) 0,87 0,53-1,43 0,596 0,85 0,54-1,36 0,519
(low versus high)

I0OTb Pi3HOI BignNoBiAi Ha nikyBaHHA. Ti nauieHTW, wWo
MalTb Tpu akTopy pU3KKY BIOMNOBIOHO OO CUCTEMM
ouiHkn pusnky LEM 3HayHO pigwe pocsratote OBJ,
CK3 Ta matotb ripwy BBl Ta 3B.

3anopykoto edeKTMBHOCTI [aHOI CUCTEMWU OLHKM
PU3NKy € BpaxyBaHHA KNHOYOBUX (pakTopiB, Bid SKUX
3anexarb KniHivYHi Hacnigku y xBopux Ha HOKPJI, Takmx
sk abcontoTHe uncno nimdgounTis, ctatyc ECOG Ta HasiB-
HiCTb MeTacTasiB y nereHsx Ta/abo nnespi. BcTaHos-
MEHO, WO IMYHHWIA CTaTyCc Ta CWUCTEMHE 3anareHHs
MalTb 3HA4YHMI BMMB Ha edekTuBHICTb Tepanii [IKT.
IHriGiTopn PD-1 nocuntotoTb NPOTUNYXIIMHHI BNACTUBOCTI
T-nimdoumnTiB Wwnaxom OGNokyBaHHs peuentopis PD-1,
pO3TalLOBaHUX Ha iX MOBEPXHi. T-niMoUMUTM € KIHoYO-
BOK JAHKOK IMYHHOI CUCTEMW, Bif $KOi 3anexuTb
NPOTUMNYXJIMHHA iMYHHA BIiANOBIAb. 3HWXEHHS KiNbKOCTI
nimdounTiB nepucepuyHoi KpoBi NPM3BOAUTL OO0 3MEH-
WeHHs piBHA nimcouunTie, WO HPINETPYOTL NYXAUHY
Ta nopyweHHsa 6anaHcy deHotunie Th1 ta Th2 [12].

Karantanos et al. [13] gocnigxyBann nporHOCTUYHE
3HadeHHs AYJT y xBopux Ha HOKPJ1, wo oTpumysanu
Tepanito HiBoriymabom. ABTOpM BCTAHOBUIU, LIO BUCO-
ki AYJT nepen novaTkoM iMyHoTepanii Ta 1oro 36inb-
LUEHHS 4Yepe3 6 TWXKHIB Bid modaTKy Tepanii HiBonyma-
6om kopentoe i3 kpawoto 3B. Punjabiet al. [14] BcTaHo-
BUNW, L0 CMIBBIAHOLWEHHA HENTPOIniB Ta nimdouunTie Ta
A4 € cyporaTHMMU MapKepamn CUCTEMHOTO 3anarneHHs,
LLIO MakTb NPOrHOCTUYHE 3Ha4YeHHs Y xBopux Ha HOKPII.

Kpim AYJI, cuctema ouiHkm pusmky LEM BpaxoBye
3aranbHU cTatyc nauieHta 3a wkanoto ECOG. Yang
et al. [15] y cBoemy OOCRimXEHHI He BUABWMIM 3B’SI3KY
MDK 3aranbHMM CTaTyCOM NauieHTiB Ta edeKTuB-
HicTio |IKT. lMpoTe, y KNiHIYHIN NpakTUui came 3aranb-
HWIA cTaTyC nauieHTa € BupiwanbH1UM npu Bubopi onTtu-
ManbHOro MeToAy NikyBaHHS. 3a pesynbratamu KiflbKox
pocnigkeHb ECOG = 2 acouiioBaHuUin i3 NOripLLIEHHSIM
3B y xBopux Ha HOKPI1, ski oTpumyBanu Tepanito
nembponisymabom [16, 17].

HacTtynHum Baxnuemm ¢akTopom pusuKy Heedek-
TmBHOCTI |IKT, 9k BKMOYae cucTema OLUIHKM PUSKKY
LEM e meTtacTtasyBaHHs B niereHi Ta/abo nneBpy y XBO-
pux Ha HOKPI1. Bigomo, wo B npoueci imyHoTepanii
B MeTacTaTU4HMX BOrHULAX OpPMYETbCS cneundivyHe

patients with three risk factors were significantly less
likely to achieve ORR or DCR and had worse PFS
and OS.

The effectiveness of this risk-scoring system lies
in its incorporation of crucial factors that influence
clinical outcomes in NSCLC patients, including ALC,
ECOG performance status, and presence of lung and/or
pleural metastases. It is well established that immune
status and systemic inflammation significantly affect
ICI therapy outcomes. PD-1 inhibitors enhance the
antitumor activity of T lymphocytes by blocking PD-1
receptors on their surface. T lymphocytes play a central
role in antitumor immunity, and a decrease in peripheral
blood lymphocytes leads to reduced tumor-infiltrating
lymphocytes and disruption of the Th1/Th2 balance [12].

Karantanos et al. [13] investigated the prognostic
value of ALC in NSCLC patients treated with nivolumab.
They found that a high pre-treatment ALC and its increase
after six weeks of nivolumab therapy correlated with
better OS. Punjabi et al. [14] established that the
neutrophil-to-lymphocyte ratio (NLR) and ALC are surro-
gate markers of systemic inflammation with prognostic
significance in NSCLC patients.

Beyond ALC, the LEM score includes ECOG perfor-
mance status as a prognostic factor. Yang et al. [15]
found no direct correlation between ECOG status and
ICI efficacy. However, in clinical practice, ECOG status
is a decisive factor when selecting an optimal treatment
strategy. Several studies have demonstrated that
ECOG = 2 is associated with poor OS in NSCLC pati-
ents receiving pembrolizumab [16,17].

Another significant risk factor for ICI inefficacy, inclu-
ded in the LEM score, is lung and/or pleural metastases.
A specific tumor microenvironment develops in meta-
static sites during immunotherapy, affecting clinical
outcomes. Tamiya et al. [18] showed that liver, lung
metastases, and ECOG = 2 were predictors of nivolu-
mab inefficacy in NSCLC patients. Patients with pleural
metastases also exhibit a limited response to IClIs [19].
NSCLC most frequently metastasizes to the lung and
pleura, particularly in patients with epidermal growth
factor receptor (EGFR) mutations or anaplastic lym-
phoma kinase (ALK) rearrangements. This likely explains
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NyXfMHHE MIKPOOTOYEHHS, fKe BMNMBAE Ha KMiHiYHi
Hacnigku. Tamiya et al. [18] npogemoHcTpyBanu, Lo
HasiBHICTb MeTacTasiB y neviHui, nereHax 1a ECOG = 2
€ npeaukTopamMun HeedeKTUBHOCTI HiBonymaby y XBopux
Ha MHOKPI. MNauieHTn 3 MeTacTazamu B NNeEBPY Takox
MatoTb 0OmexeHy Bignosigb Ha Tepanito [IKT [19]. HOKPII
HanyacTilwe MeTacTasye B NereHi Ta nnespy, 0cobnmeo
y nauieHTiB, WO HecyTb Hanbinbl nowwmpeHi MmyTtauil
peuenTtopa enigepmansHoro daktopa pocty (EGFR)
Ta nepebynoBu KiHa3n aHannactu4yHoi nimgomu (ALK).
MMoBIipHO, UMM 3yMOBREHe HeraTMBHE MNpPOrHOCTUYHE
3Ha4YeHHs1 MeTacTasiB y NereHi Ta nneBpy Yy XBOpPUX
Ha HOKPI [20].

BpaxoByloun 3asHayeHe BuLLe, BUIMsgae obrpyHTo-
BaHUM, WO cuctema ouiHkM pusmky LEM nigTBepaunna
NPOrHOCTUYHE 3HAYEHHS Y MOTOYHOMY [OCHIIXEHHI.
Ockinbkn BCi napameTpy OOCTYMHI ANs BU3HAYEHHSA B
PYTWHHIA KMiHiYHIN npakTudi, LEM moxHa BBaxatu
npuBabnmemMm 3acobom Anst Biabopy nauieHTiB, ki
oTpUMalTb MakcumanbHy KopucTb Big Tepanii |IKT.
CytTeBMM 0OOMEXEHHSIM [aHOro [JocChigXeHHs Oyna
BIOCYTHICTb AaHUX MpOo MyTauiHWi Npodinb nauieHTis
Ta PETPOCNEKTUBHUI OM3aNH SOCNIAXKEHHS.

BUCHOBKHU

Cuctema ouiHku pusuky LEM moxe 6yTn kopucHoto
y Bin6opi xBopux Ha MHIOKPI, ski oTpumatotb Ginblue
kopwucTi Big Tepanii IKT. NMauieHTn, wWo matTb Tpu dak-
TOpY pPU3MKY BIOMNOBIOHO OO0 CUCTEMW OLIHKA PU3NKY
LEM 3HauHO pigwe pocsratote OBJI, CK3 T1a matotb
ripwy BBl ta 3B.
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the negative prognostic impact of lung and pleural
metastases in NSCLC patients [20].

Our findings confirm that the LEM risk-scoring system
has predictive value in ICI therapy outcomes. Given
that all parameters included in LEM are easily accessible
in routine clinical practice, this model may be a practical
tool for selecting NSCLC patients most likely to benefit
from ICl therapy. However, this study has several
limitations, including the absence of data on the muta-
tional profile and retrospective study design.

CONCLUSIONS

The LEM risk-scoring system may help identify
MNSCLC patients who are more likely to benefit from
ICI therapy. Patients with three risk factors, according
to LEM, are significantly less likely to achieve ORR
and DCR and have worse PFS and OS.
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Prospects for further research

In the future, the visceral and subcutaneous fat density
in patients receiving ICls will be investigated, and its relationship
with the effectiveness of immunotherapy will be evaluated.
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Moaska

Bucrnoenioto  nopsky CkpunHuk [aHHi 3a gonomory y 36opi
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KAlo4oBi cAoBa: PE3IOME

Bipyc iMyHoAediuuTy noaMHM, nediHka,  AKTyanbHicTb. BlJl-iHdekuin € opHieto 3 HalakTyanbHiluX rnobanbHUX Meauko-
kniTnHn Kyndbepa, 3sipyacti kniTMHM ne-  coujanbHUX MpoOGMemM Cy4yacHOCTi, WO OXOMME BCi BIKOBi rpynu, BKIoYaoum
YiHKK, NeYiHKOBO-acoLiioBaHi NiMounTH. HOBOHapOMKEHUX Ta AiTei, HapomxeHux Big BlJl-iHdikoBaHnx MaTepis. Monpu 3HayHy
KiNbKiCTb  AocnigxeHb, npucesyeHux BlJl-iHdbekuii y Aopocnoro HaceneHHs, Aadi
LWoao Mopdo-yHKLIOHANbHUX 3MiH MEYiHKM Yy AiTe NepLloro poky XWTTS 3anuiia-

AAsl KOpecnoHAeHUIT: toTbC obmexeHumn. OcobnuBy yBary 3acrnyroBye BUBYEHHS CTaHy HenapeHxima-
TO3HUX KMITUH nedviHkn — knitnH Kyndepa, sipyactux KNiTUH, AEHOPUTHUX KRiTUH
[MaHoe Cmaticnae lzoposuy i nediHKOBO-acouinoBaHUX T-NIMPOUUTIB — SAK BaXKMBUX ENEMEHTIB  IMYHHOI

XapKiBCbKWUIA HaLjoHanbHUA yHiBepcuteT — MIKDOCTPYKTYPU MEYiHKOBOT TKaHUHN. _ _ )
iMeni B.H. Kapasina MiticTepcTsa ocsitn ~ MeTa po6oTM — MOPOMETPUYHE AOCTIHKEHHS HENapeHXiMaTosHMX KMiTH ne-

i Hayku Ykpainu, kadeapa HopmanbHoi ~ MiHKM [iTel [0 ofHOro poky, HapomkeHunx Bia BlJIl-MoHoiHdikoBaHNX wmaTepiB,

aHaToMii Ta dpisionorii NioanHY; ONst NOrmMobneHoro Po3yMiHHA MeXaHi3MiB  ypaeHHS MNeYiHKOBOI TKaHWHU npwu

maitgaH CeoBoaw, 6ya. 4, M. Xapkis, aHTeHartanbHoMy iHGpiKyBaHHi.

Ykpaina, 61022; Marepianu Ta metoam. [ocnigkeHHs npoBegeHo Ha 87 GionTaTtax neviHkuM giten

e-mail: StanislavPanov@karazin.ua eKkcnepuMeHTanbHOI rpynn Ta 45 3paskax TKaHWHU NeYiHKW KOHTPOMbHOI rpynu.
3acTocoBaHO Kracu4Hi TCTOMOriYHI METOAMKM Ta iMyHOricToXiMiyHe 3abapBreHHs

© MaHos C.1., llepcmiok C.O., i3 BUKopucTaHHsM mapkepis CD68, a-SMA, CD4, CD8 ta CD1a.

CudopeHko PB., ladoea T.I., Pesynbrat Ta ix o6roBopeHHA. MopdhoMeTpMYHMIA aHani3 nokasae 3HayHe 3HW-

Linomi K., 2025 XeHHs kinbkocTi knitTuH Kyndepa (11,4 + 2,3%) ta CD4-no3vtnBHUX nimcoumTis

(19,9 + 1,5%) nopiBHAHO 3 KoHTponem (21,2 + 2,5% i 43,3 + 4,9% signosigHo),
WO CBiAYMTb NPO iIMYyHHY AMCHYHKLUiIO NeviHki. BogHovac BCTAHOBMEHO AOCTOBIpHE
3pOCTaHHS KiNbKOCTi aKkTMBOBaHWUX 3ipyacTux knituH (26,5 + 3,3% npotn 9,8 + 1,2%)
i AEHOPUTHUX KNiTWH (4,7 £ 0,9% npotun 2,6 + 0,3%).
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BucHoBku. OTpuMaHi pesynbrati AeMOHCTPYKTb MMUOOKI MOPYLUEHHS KMITUHHOIO
iMyHiTETY neviHku y Aiter Big Bll-iHgikoBaHUX MatepiB, akTvBauito ibporeHesy
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OaHi MoXyTb OyTu BUKOpUCTaHi ONsi BAOCKOHaNEHHs1 paHHbOI AiarHOCTUKMX, MOHITO-
pUHry Ta NpodiNakTUKN ypaxkeHb NeYiHKK y L€l BpasnuBoi kaTeropii nayieHTiB.

CupopeHko PB., Nsgoea T.l., Wnomi K. MopdomeTpnyHi napameTpu HenapeHxima-
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ABSTRACT

Background. HIV infection remains one of the most pressing global medico-social
challenges, affecting all age and social groups, including newborns and infants
born to HIV-infected mothers. Despite the considerable amount of research
dedicated to adult HIV-infected populations, data on the morphofunctional changes
in the liver of infants within the first year of life remain limited. Of particular interest
is the study of non-parenchymal liver cells — Kupffer cells, hepatic stellate cells, dendritic
cells, and liver-associated T-lymphocytes — which play a crucial role in maintaining
hepatic immune homeostasis.

Purpose — study was to conduct a morphometric analysis of non-parenchymal liver
cells in infants born to HIV-monoinfected mothers, in order to elucidate the mecha-
nisms of liver injury in this vulnerable cohort.

Materials and Methods. The study was based on 87 liver tissue samples from
the experimental group and 45 samples from a control group. Histological and
immunohistochemical methods were applied using specific antibodies (CD68, a-SMA,
CD4, CD8, CD1a).

Results. The morphometric assessment revealed a statistically significant decrease
in the number of Kupffer cells (11.4 + 2.3%) and CD4-positive lymphocytes (19.9 £ 1.5%)
compared to the control group (21.2 + 2.5% and 43.3 + 4.9%, respectively), indicating
impaired immune defense mechanisms in the liver. Simultaneously, there was
a marked increase in activated hepatic stellate cells (26.5 + 3.3% vs. 9.8 + 1.2%)
and dendritic cells (4.7 £ 0.9% vs. 2.6 + 0.3%).

Conclusions. These findings demonstrate profound alterations in the hepatic immune
microenvironment of infants born to HIV-infected mothers, including suppression
of cellular immunity, activation of fibrogenic processes, and expansion of antigen-
presenting cell populations. The detected changes may contribute to the early
development of chronic liver diseases and fibrosis. The results of this study may
serve as a morphological basis for improving diagnostic approaches, prognosis,
and preventive strategies for liver pathologies in HIV-exposed infants.

Panov SI, Sherstiuk SO, Sydorenko RV, Liadova Tl, Shlomi C. The morphometric parameters of non-parenchymal
liver cells of 6-12-months old dead children from HIV-mono-infected mothers. The Journal of V.N. Karazin Kharkiv
National University. Series Medicine. 2025;33(1(52)):69-80. DOI: https://doi.org/10.26565/2313-6693-2025-52-06

BCTYN

Bll-iHdbekuis €

rmobanbHOK  MeanKo-CoLianbHO

INTRODUCTION

HIV infection is a global medical and social problem

npobnemMoto, sika XapakTepu3yeTbCA 3HAYHOK YBarow
Ta CyTTEBUMW BUTpatamu pecypciB 3 GOKy MikHapoa-
HOI cninbHOTW. Bci pocnigkeHHsi, noe’sizani 3 BIJT,
BUKNWKaIOTb iHTEPEC He nuwle MEeAWMYHOI Ta HayKoBOi
rpOMafCbKOCTi, ane W ypsgoBMX CTPYKTYp Ta 3acobis
MacoBoi iHpopmalii. IHdekuia ypaxye npeacTtaBHUKIB
yCiX couianbHUX rpyn, He3anexHo BiA BiKy Ta cTarTi,
30Kpema fiten Ta nnogis Big BlJ1-no3autuBHmnx matepis.
3a odiujiitumn  gaHumn FOHEMAC no BIN/CHIA
(UNAIDS, 2018), y cBiTi 3apeecTpoBaH0 6nu3bko 36,9 MIH
(95% posipumn iHTepean: 31,1-43,9 mnH) ocib, wo

that is characterized by significant attention and consi-
derable resource expenditures from the international
community. All research related to HIV arouses interest
not only within the medical and scientific communities
but also among government institutions and the mass
media. The infection affects representatives of all social
groups, regardless of age or gender, including children
and fetuses born to HIV-positive mothers.

According to official UNAIDS data on HIV/AIDS
(UNAIDS, 2018), approximately 36.9 million people world-
wide (95% confidence interval: 31.1-43.9 million) are
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ctpaxpatoTb Ha BIJl. Cepepn uiei kinbkocTi gopocni
CTaHOoBMATb NpmbnmaHo 35,1 minbioHa (29,6—41,7 MnH),
a gutava nonynsauia (oo 15 pokis) — 1,8 mnH (1,3-2,4 MnH).
Kinbkicte BIJ1-iH(hikoBaHMX xiHOK cTapwe 15 pokiB [o-
carae 18,2 mnH (15,6-21,4 mnH). B Ykpaini y 2018 poui
6yno 3apeectpoBaHo 6nusbko 240 Tuc. (230-260 TwnC.)
BlJl-iHdbikoBaHuMX, cepeq skux giten monogwe 15 pokis —
npubnuaHo 5000 (4500-5900). BIJ1-no3uTMBHUX XKIHOK
ctapue 15 pokis BussneHo 110 Tuc. (100-120 tuc.) [1, 2].

Yepes pomiHyBaHHA pgopocnux ceped BlJ1-iHoiko-
BaHWX NaujieHTIB Yy HAYyKOBIN niTepaTypi cnocTepiraeTbca
noMiTHa HedoCTaTHICTb [aHuX LWoAo ocobnueocTen
naTonoriyHnx npouecis y AiTed Ta HOBOHAPOOXKEHMX,
HapomkeHux Big BlJl-iHgikoBaHnx maTtepiB. TpaguuinHo
OCHOBHa yBara JOCniAHWKIB NPUAINAETbCA NaToNorivYHum
3MiHaM y niMPO-PETUKYNAPHIA CUCTEMI Ta pPO3BUTKY
OMOPTYHICTUYHUX H(EKUIn Yy [UTAYOr0 KOHTWUHreHTa,
Lo 3yMOBIEHO cneuundikoto B3aemogii Bl i3 kniTnHamm-
MiweHamu [3]. TMeuviHka, sK cknagHui nonidpyHKuio-
HanbHUM opraH, TakoX BU3HAETLCSI BAXIMBOK MilLIEHHIO
ansa BlJ, wo nigTBepaXyeTbca AOCAIMIKEHHAMU cepen
popocnux nauieHTis [4, 5].

Y nitepatypi HaBegeHi AaHi wWwopno renaromeranii
y Aaiten, HapogxeHux BlJ1-nosautnBHuMu matepamu [6],
npote Opakye AeTanbHOro aHamnidy CTPYKTYp MNeqiHKu,
AKi 3a4isiHi 4O PO3BUTKY NaTOMOriYHOro Npouecy, Ta mexa-
Hi3MIB IXHbOro ypaxkeHHsi. BpaxoByloun ue, akTyanbHUM
€ [OOCNIOKEHHS CTaHy HenapeHXiMaTo3HMX KMiTUH ne-
YiHKM Y MepTBOHApPOMXKEHUX Ta AiTe OO OOHOro PoKy
Bif MatepiB iHdikoBaHnX BIJ1-moHoiHGeKuj€to.

MeTa po60Tu — aHania MOphoOMETPUYHNX NapameTpiB
HenapeHXiMaTO3HUX KMITUH NeYiHKM y AiTen A0 OAHOro
poKy, HapogxeHux BIIl-MoHoiHdDIKOBaHUMIN MaTepsMu,
3 nodanbLlUUM BNpOBaXKEHHSIM pe3ynbTaTiB y NpakTuKy
[iarHOCTMKN NeYviHKOBWX NaTornorin y Aiten.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Y pocnigxeHHi 6yno BukopuctaHo 87 GiontaTiB ne-
YiHKOBOI TKaHWUHW AiTel BIKOM OO OAHOrO POKY, Hapod-
KEHUX Big MartepiB iHdikoBaHux BlJ1-moHoiHGeKuUie0
(ekcnepumeHTansHa rpyna N 12), a takox 45 3paskis
TKAHWHW NeYiHKM [OHOLUEHWX 300POBMX HOBOHApOA-
KEHUX, L0 HAPOAMMUCH Bi COMaTUYHO 300POBUX MaTe-
piB Ha Tni gisdionoriyHoi BariTHOCTI (KOHTponbHa rpyna K).
lectauinHmm Bik y BCix BMnagkax crtaHoBuB 37—40 Tux-
HiB. [0 KOHTPOMNbHOI rpynu BXOOUNW HOBOHAPOAXEH,
SKi 3arvHynuM BHacnigoK 4YepernHo-MO3KOBOI TpaBMu Ta
MepTBOHapOOXKeHI, SKi 3arMHynu Big nepegvyacHoro Bia-
LapyBaHHSA HOPMarnbHO PO3TallOBaHOi nnaueHTu. Tpu-
BaniCTb XWUTTA AiTel, WO 3arvHynu BHACNigoK YepenHo-
MO3KOBOi TpaBMW CTaHoBuMna Ao 24 roguvH. [Litn
rpynu N 12 manu nigTBepmxeHunin ogiuiiHo BlJl-ctatyc
Ta NMoOMepnu Bi4 rocTpoi CepLeBO-NereHeBoi HegocTaT-
HocTi BHacnigok po3suTky BlJl-acouiioBaHux iHdeKLUin
(MHEeBMOUMCTHOI MHEBMOHIT, acneprinbo3y nereHb).

MaTtepian [ns [OCNIGXEHHs OTPUMAHO  LUMIAXOM
ayToncii BignoBigHO [0 nonoxeHb «lHCTPYKUil npo
nposeadeHHa po3TuHiB» (Hakas MO3 YkpaiHn Ne 6 Big
17.01.1995 p.), eTu4HMX HOpM Ta nonoxeHb MiHicTepcTBa
OXopoHu 3go0poB’st Ykpaiim Ne 690 Big 23.09.2009 p.,
a Takox «[lopsgky BunyyYeHHs GionoriyHnx o6’ekTiB
y noMepnux ans HaykoBux Lineny (2018). Martepian 6yB

living with HIV. Among them, adults account for approxi-
mately 35.1 million (29.6—41.7 million), while the pediatric
population (under 15 vyears) represents 1.8 million
(1.3-2.4 million). The number of HIV-infected women
older than 15 years reaches 18.2 million (15.6—21.4 million).
In Ukraine, approximately 240.000 (230.000-260.000)
people were registered with HIV in 2018, including
approximately 5.000 (4.500-5.900) children under the
age of 15. The number of HIV-positive women older than
15 years was 110.000 (100.000-120.000) [1, 2].

Due to the predominance of adults among HIV-infec-
ted patients, there is a noticeable lack of data in the
scientific literature regarding the characteristics of
pathological processes in children and newborns born
to HIV-infected mothers. Traditionally, researchers have
focused on pathological changes in the lymphoreticular
system and the development of opportunistic infections
in the pediatric population, which is due to the specific
interaction between HIV and target cells [3]. The liver,
as a complex multifunctional organ, is also recognized
as an important target for HIV, as confirmed by studies
in adult patients [4, 5].

The literature provides data on hepatomegaly in
children born to HIV-positive mothers [6]; however, there
is a lack of detailed analysis of the liver structures
involved in the pathological process and the mecha-
nisms of their damage. Considering this, the study of
the state of non-parenchymal liver cells in stillborns
and children up to one year old from HIV-monoinfected
mothers is relevant.

Objective — of the study is to analyze the morpho-
metric parameters of non-parenchymal liver cells in
children under one year of age born to HIV-monoinfected
mothers, with the further implementation of the findings
into diagnostic practice of pediatric liver pathology.

MATERIALS AND METHODS

The study included 87 liver tissue biopsy specimens
from children under one year old born to HIV-monoin-
fected mothers (experimental group N12), as well as
45 liver tissue samples from full-term healthy newborns
born to somatically healthy mothers during physiolo-
gical pregnancy (control group K). The gestational age
in all cases was 37—40 weeks. The control group inclu-
ded newborns who died due to traumatic brain injury
and stillborns who died as a result of premature detach-
ment of a normally located placenta. The lifespan
of children who died due to brain injury did not exceed
24 hours. Children in group N12 had officially confirmed
HIV status and died from acute cardiopulmonary failure
due to HIV-associated infections (Pneumocystis pneu-
monia, pulmonary aspergillosis).

The material was obtained via autopsy in accordance
with the «Instruction on Conducting Autopsies» (Order
of the Ministry of Health of Ukraine No. 6 dated
January 17, 1995), ethical standards and regulations
of the Ministry of Health of Ukraine No. 690 dated
September 23, 2009, and the «Procedure for Obtaining
Biological Samples from Deceased Individuals for Scien-
tific Purposes» (2018). Material was collected between
1998-2018 at the Dnipro and Odesa Regional Patho-
anatomical Bureaus. All studies were conducted in

OpuwuriHanbHi 4oCnigpKeHHSs

Original research



BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33. Ne 1(52). C. 69-80
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(1(52)):69-80

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

BunydeHun npotarom 1998-2018 pokis y [HinpoBCbKo-
My Ta OgecbkoMy o6nacHux natonoroaHaToMi4HMX 6ropo.
Yci gocnimxkeHHa 6ynu npoBefeHi BianosigHO 00 KoH-
BeHUji Pagn €Bponu npo 3axucT npas fOAMHK Ta MgHOCTI
y 3B’A3KYy i3 3acTocyBaHHAM Gionorii Ta meguumHu: Kox-
BeHLUiT Npo npaea noguHu Ta 6iomeanumnHy (ETS Ne 164)
Big 04.04.1997 poky, a Takox [enbCiHCbKOI Ageknapauil
BcecBiTHbOI opraHisauii oxopoHu 3mopoB’ss  (2008).
DocnigxeHHst 6ynu cxBaneHi Kowmicieto 3 eTuku Ta Gio-
eTVKU Megu4HOro hakynereTy XapkiBCbKOro HauioHanb-
Horo yHiBepcuTeTy imeHi B.H. KapasiHa (npotokon Ne 3
Big 25 xoBTHA 2023 p).

CepepHin Bik matepis 3 BIJl-MoHo-iHdekuielo cTaHo-
BuB 26,0 + 4,1 poky (giana3oH 22-30 pokiB). Yci matepi
Marnu HU3bKWUA coLianbHO-EKOHOMIYHWI CTaTyC, BariTHICTb
He nnaHyBanu Ta He crnocTepiranuck nig 4Yac BariTHOCTI.
BinbLwicTe XiHOK AisHanucsa npo cgi BlJl-ctatyc 6es-
nocepenHbo nepef nonoramu abo ogpasy nicnsg HUX Ta
BIOMOBWMWCb Bi aHTMPETPOBIPYCHOI Tepanii. Tpu >iHKn
Hapoaunu B AOMallHiX ymoBax Ta Oynu iHopmoBaHi
npo cBi BIJl-no3nTuBHMI cTaTyc TifbkKM nicns 3Bep-
HEHHS1 OO0 MeOWYHUX 3aknagiB depe3 TsKku nepebir
OMOPTYHICTUYHMX [Hdpekuih y aiTen. Bci matepi 6ynu
ogoiuiiHo niaTeepmxeHnmMn BlJ1-moHoiHdikoBaHMN Ge3
kniHiyHMx nposeis CHIOy abo iHwunx ko-iHdpekuin. XKiHkn
He BXMBanM HaPKOTUYHI PEYOBUHW, He 3MOoBXMBanu
ankoronem Ta Manu NocCTiNHe Micue NPOXMBAHHS.

[ns mopdonoriYyHMX JocnigaXeHb 3paskm NeviHKOBOI
TKaHUHK pikcyBann B 10% HewTpanbHOMy dopManiHi
3 MnofanbLUo0 CTaHOAPTHOK TCTOMOMYHOK NPOBOAKOD
(cnmpTn  3pocTatoyoi  KoHLUEeHTpadii, piguHa Hukndo-
poBa, xnopocopm) Ta 3anuekol Ao napadiHy. CepiiiHi
3pi3n 3aBTOBLUKM 3—5 MKM BWUIOTOBASIIM Ha MIKPOTOMI
Microm HM-340 Tta 3abapentoBann reMaToKCUiHOM
i €03NHOM.

IMyHOrICTOXIMIYHI XapakTepUCTUKN HenapeHXiMaTos-
HUX KNiTUH MNeYiHKM BM3Ha4YanM METOAOM Henpsamoi
iMyHOMepokcMaa3Hoi peakuii Ha napadiHOBUX 3pi3ax
ToBWMHOW 3-5 MKM. [lo3nTMBHI curHanu ouiHoBann
3a JO0MOMOror MopcoMeTpuyHOi CiTku ABTaHAWMNoBa
(100 piBHOBigAaneHux To4OK) Mpu 36inblieHHi %200,
niapaxoByH4N YacTKy NO3UTUBHO 3abapBrneHNX CTPYKTYp
y 10 BunagkoBo BUOpaHMX MOMsIX 30py 3 HACTYMHUM
npeacTaBneHHaM AaHuxX Yy BigcoTkax [7].

Ona ouiHkn ekcnpecii knituH Kyndpepa, sipyactunx
KNiTUH neviHku, T-nimdpoumntie CD4, CD8 Ta aeHapUTHUX
KNiTUH BWKOPWUCTOBYBanu BiAMNOBIOHI MOHOKMOHanbHi
aHtuTina (CD68, a-SMA, CD4, CD8, CD1a Big DAKO
Biotechnology Co., Ltd, OaHig). O6pobka 3pisiB Bkmto-
yana etanu pgenapadiHizauii, BiQHOBMEHHS aHTUrEHIB,
GrnokyBaHHs1 eHAOreHHOT Nepokcmaasmn Ta HecneungivHux
peakuii, iHky6aLito 3 NePBUHHUMW aHTUTINAMK NPOTSroM
Houi npu 4°C, noganbluy iHKybauito 3 BTOPUHHUMUN aHTK-
Tinamu Ta Bidyanisauito AiamiHo6eH3naMHoOM i3 noganb-
UMM KOHTPaCTyBaHHSAM reMaTOKCUIIHOM.

[N OUiHKM piBHA eKcnpecii 3ip4acTmx KMiTUH NEeYiHKN
BMKOpUCTOBYBanu aHtTu-o-SMA aHtuTina (1:100, DAKO
Biotechnology Co., Ltd, OaHia). Bnoku HarpiBanu npots-
rom 60 xBunuH npu Temnepatypi 60°C, genapadiHisysanu
KCUMOMOM | npoMuMBanu y cCnupTax 3 MOHMKEHHAM
iXHbOI KOHUEeHTpauii. Ekcnosuuito aHTUreHHMX AinsHOK
NpoBOAMMM LUMNSIXOM iHKyGaUil B pO34MHi LMTpaTHOro
6ycepa 3 pH6 y MikpoxBMnbOBIN nedi (3 uMknNu Tpuea-
nicTio No 5 XBUNWH KOXHWI). [Ans 6nokyBaHHA akTUBHOCTI

accordance with the Council of Europe Convention
on the Protection of Human Rights and Human Dignity
in Connection with the Application of Biology and Medi-
cine: Convention on Human Rights and Biomedicine
(ETS Ne 164) of 04.04.1997; the Helsinki Declaration
of World Health Association (2008) and were approved
by the Commission on Ethics and Bioethics of the
School of Medicine V.N. Karazin Kharkiv National
University (October 25, 2023 protocol No. 3).

The average age of HIV-monoinfected mothers was
26.0 + 4.1 years (range: 22-30 years). All mothers had
low socioeconomic status, did not plan their pregnancies,
and did not undergo prenatal monitoring. Most women
learned about their HIV status shortly before or imme-
diately after delivery and refused antiretroviral therapy.
Three women delivered at home and were informed
of their HIV-positive status only after seeking medical
help due to severe opportunistic infections in their
children. All mothers had officially confirmed HIV-mono-
infection without clinical signs of AIDS or co-infections.
They did not use drugs, did not abuse alcohol, and
had permanent residence.

Liver tissue samples were fixed in 10% neutral
formalin and processed using standard histological
techniques (ascending alcohol concentrations, Nikiforov's
fluid, chloroform) and embedded in paraffin. Serial sec-
tions 3—-5 pm thick were prepared using a Microm HM-340
microtome and stained with hematoxylin and eosin.

Immunohistochemical characterization of non-paren-
chymal liver cells was performed using the indirect
immunoperoxidase method on 3-5 um paraffin sections.
Positive signals were evaluated using Avtandilov’s
morphometric grid (100 equidistant points) at x200 mag-
nification, calculating the percentage of positively stained
structures in 10 randomly selected fields of view [7].

To assess the expression of Kupffer cells, hepatic
stellate cells, CD4 and CD8 T-lymphocytes, and dendritic
cells, specific monoclonal antibodies (CD68, a-SMA, CD4,
CD8, CD1a; DAKO Biotechnology Co., Ltd, Denmark)
were used. Tissue sections underwent deparaffinization,
antigen retrieval, endogenous peroxidase blocking, and
nonspecific reaction blocking, followed by overnight
incubation with primary antibodies at 4°C, incubation with
secondary antibodies, and visualization with diaminoben-
zidine (DAB), followed by hematoxylin counterstaining.

Expression of liver-associated T-lymphocytes with
CD4 and CD8 phenotypes was assessed using mono-
clonal antibodies: CD4 (clone OPD4 M834) and CD8
(clone OPD8 M7103; DAKO Biotechnology Co., Ltd,
Denmark). Paraffin blocks were heated for 60 minutes
at 60°C, deparaffinized in xylene, and washed in alco-
hols of decreasing concentration. Endogenous peroxidase
activity was blocked with 3% hydrogen peroxide solution.
Primary antibodies were used at dilutions of 1:1000 (CD4)
and 1:50 (CD8) and incubated overnight. Sections were
then incubated with biotinylated anti-mouse antibodies
for 15 minutes at 37°C, followed by application of
a streptavidin-biotin-peroxidase complex for 15 minutes
at 37°C. Visualization was performed using diamino-
benzidine with hematoxylin counterstaining.

A monoclonal antibody against CD1a molecule
(GM357104, clone 010, DAKO Biotechnology Co., Ltd.,
Denmark) was used to assess the expression of den-
dritic cells. The paraffin blocks were similarly heated for
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eHJoreHHoi nepokcuaasn BukopuctoByBanu 0,3% pos-
yuH H,O, B meTaHoni, a noTiM BMKOPUCTOBYBanu 3su-
YarHy cupoBaTky Ans  OnokyBaHHS HecneumngivHux
aHTureHiB. 3pi3n iHKyOyBanu 3 NepBUHHUMK aHTUTINaMu,
po3BedeHuMN 3a pekoMeHgauieto BupobHuka (1:100),
npoTaroMm Hodi nNpu Temnepatypi 4°C. HapewrTi, 3pi3n
3abapBnioBany 3 BMKOPUCTaHHSM JiaMiHOGEH3naWHY
3 noganbLlUMM KOHTPaCTyBaHHSAM reMaToKCUIIHOM.

OuiHKy ekcnipecii nedviHkoBo-acouiioBaHux T-nimdo-
uuTiB 3 cpeHoTunamm CD4 i CD8 3pginicHioBanu 3a gomno-
MOrOK IMYHOFICTOXiMIYHOTO MeTody 3 BMKOPUCTaHHSM
MOHOKITOHanbHUX aHTuUTIN: ansa CD4 — knoH OPD4 M834,
ans CD8 — knoH OPD8 M7103 («DAKO Biotechno-
logy Co., Ltd», [OaHis). MNapacpiHoBi Grnoku Harpisanu
BMPOAoOBX ofHiei roaMHn npu 60°C, nicns 4oro npoBso-
ounn genapadiHisauilo LWNAXOM 3aHYpeHHS B Kcuron
i3 noganbliMM MPOMMBaHHAM Yy CNMpTax 3i 3MeHLuyBa-
HOW KOHUeHTpauieto. [ns OnokyBaHHs eHOOoreHHol
aKTMBHOCTI nepokcuaasn BukopucToByBanu 3% pPO34vH
nepekucy BogHw. [epBuHHI aHTUTINa npotn CD4 Ta
CD8 3actocoByBanu y po3BegeHHsax 1:1000 ta 1:50
BioNoBiaHO, iHKy6aLilo NpoBOAWMM NPOTAroM Hodi. NoTim
3pian iHKyOyBanu 3 GiOTUHIZ0BaHMMM aHTU-MULLAYNMU
aHTuTINamu npotsirom 15 xBunuH npu Temneparypi 37°C,
nicnst Yoro BHOCUNN CTPenTaBignH-GIOTMHOBUI KOMMIEKC,
KOH'IOroBaHWi 3 NEpPOKCMAA30l, | BUTPUMYBANMN TakoX
npotsarom 15 xBunuH 3a Temnepatypu 37°C. 3abapBneHHs
3aBepLUyBanu 3actocyBaHHsAM AiamiHo6eH3nanHy (DAB)
i3 HACTYNHWUM KOHTPACTyBaHHSAM reMaTOKCUITIHOM.

[ns ouiHkM ekcnpecii 4eHOPUTHUX KNITUH BUKOPUC-
TOBYBanu MOHOKMOHArNbHE aHTUTINO MPOTU MOMEeKynu
CD1a (GM357104, knoH 010, «DAKO Biotechnology Co.,
Ltd», Oanis). MapadiHoBi Gnokn aHanoriyHo Harpisanu
Bnpogosx 60 xBunuH 3a Temnepatypu 60°C, nicns yoro
BMKOHyBanu pAdenapadiHizauito Kcunonom i nposogunu
Cepito NPOMMBaHb Yy CnMpTax 3i CNagHO KOHLEHTpaUiet.
BigHOBNEHHA aHTUreHHUX [AOeTepMiHaHT 34iNcCHIoBanm
wnsixom obpobku 3pisiB uutpatHUM Bydepom (pH 6,0)
y MIKpOXBUNbOBIN nedi npotarom 5 xsunuH. Micnsa uboro
TakoX BukopucToByBanu 3% posunH H,O, ana 6Grnoky-
BaHHS €HAOreHHoi nepokcuaasu. [lepBUMHHE aHTUTINO
po CD1a 3actocoByBanu y po3ssefeHHi 1:100 3 iHkyba-
uieto npotarom Houi. [MoTim gopaBanu GioTuMHI3oBaHI
BTOPUHHI aHTU-muwadi aHtutina (15 xBunuH, 37°C)
i MiYeHWI NnepokcMaaso cTpenTaBigMH-6i0TMHOBUI KOMIN-
nexc (15 xsunuH, 37°C). Bisyani3auito aHTUTIN 3aBepLuy-
Banu 3abapBreHHAM AdiamiHOGeH3naMHOM 3 noAanbLInM
KOHTpacTyBaHHSAM reMaTOKCUITIHOM.

OTpumaHi MopdOMETPUYHI MOKA3HUKM BUPaXKEHi SIK
cepegHe apugmetnyHe (M) Ta cTaHgapTHa nomunka
cepenHboro (m). JOCTOBIpHICTb PIi3HWLI MiX OOCHimKY-
BaHMMM rpynamu Bu3Havanacs 3a gonomoroto U-kpute-
pito MaHHa—YiTHi.

PE3YABTATU TA iX OBrOBOPEHHS

Mpu mikpockoniyHOMY aHanisi neyviHku AiTern KOHT-
ponbHoi rpynn (K) BCTaHOBMEHO, LLO oOpraH Mae YiTkKo
BUpaxeHy GanovHo-pafiapHy apXiTEKTOHiKY 3 MOMipHUM
i HepiBHOMIPHUM KPOBOHAMOBHEHHSIM CUHYCOIOHUX Ka-
ninApiB Ta LEHTPanbHWX BEH, a TakoX MOOAWMHOKMMM
ocepefkaMn ekcTpamegyrnsipHOro KpOBOTBOPEHHs. [e-
naTouMTV Ui€l rpynu xapakTepusyBanucs 3epHUCTOL0

60 minutes at 60°C, after which they were deparaffinized
with xylene and washed in a series of alcohols of decrea-
sing concentration. Restoration of antigenic determinants
was carried out by treating the sections with citrate buffer
(pH 6.0) in a microwave oven for 5 minutes. After that,
a 3% H,0, solution was also used to block endogenous
peroxidase. The primary antibody to CD1a was used
at a dilution of 1:100 with incubation overnight. Then bio-
tinylated secondary anti-mouse antibody was added
(15 minutes, 37°C) and peroxidase-labeled streptavidin-
biotin complex (15 minutes, 37°C). Antibody visualization
was completed by diaminobenzidine staining followed
by hematoxylin counterstaining.

Morphometric values were expressed as mean (M)
+ standard error of the mean (m). Statistical signifi-
cance between groups was assessed using the
Mann—Whitney U test.

RESULTS AND DISCUSSION

Microscopic analysis of the liver in children from the
control group (K) revealed a well-defined trabecular-radial
architecture with moderate and uneven blood filling of
sinusoidal capillaries and central veins, as well as occa-
sional foci of extramedullary hematopoiesis. Hepatocytes
demonstrated granular cytoplasm with moderate eosino-
philia and round nuclei with basophilic staining.
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LMTOMNNa3Mol i3 MOMIpHOK €03MHOMIMiE Ta sapamm
okpyrnoi oopmu i3 6a3oinsHUM 3abapBrNEHHSIM.

Y pgiten, HapomxkeHux Big BlJ1-moHoiHikoBaHMX
matepiB (rpyna N12), rictonoriyHa kapTuHa neqviHku
CyTTEBO Bigpi3Hanacs. BusaBneHo NOpPYLUEHHSA YiTKOCTI
6ano4Ho-pagiapHoi OyaoBW, BUpaXeHy 3BMBUCTICTb Ta
HagMipHe MOBHOKPOB'S LieHTpanbHUX BEH i CUHYCOIAIB.
XapakTepHoto Oyna HasiBHICTb ApPiOHOBOrHULLEBMX MiM-
doigHuX iH(inbTpaTiB, AKi  nokanisyBanucs B3A0BX
CUHYCOIAHUX LWWMAXIB Ta B CTPOMI MOpTanbHUX TPaKTiB.
lenatounTn Manu xapakTepHy CBiTNy UMTONnasMy
niHMcTOro BUrMAAy, ix sgpa 6ynu 3miweHi go nepudepii
KNiTUHX Ta OeMOHCTpyBanu nigBULLEHY iHTEHCUBHICTb
3abapBreHHs (rinepxpomHicTb). Kpim Toro, y renatountax
peecTpyBanucsa [ApibHi 1 cepegHbokanibepHi XMposi
BaKyoni, npeacTaBneHi oNTUYHO MPO30pUMMU AinsiHKamu
uuTonnasMu, TakoX TPanmnsAnMcs HEBENWKi rpynu OBO-
saepHuxX renatouuTis [8].

Mig yac aHani3y cMHycoigHMX Kaninsapie neviHkn aiten
KoHTponbHoi rpynu (K), ocobnueo y nepunopTtanbHuUX
Bioginax, 6yno BMABNEHO HE3HaYHYy KiNbKiCTb OKPYINMX
knituH Kyndpepa (CD68) 3 sgpamu kpyrnoi coopmu (puc. 1).

Mig yac rictonoriYHOro AOCNIOKEHHS MediHKK AiTen
koHTponbHoi rpynu (K) y npoctopax [licce B3goBx
CMHYCOIOHUX Kaninspis OynuM  BUSIBNEHI  NOOOWMHOKI
BUTAMHYTI 3ipyacTi KNiTMHM MeyviHkun, SKi ekcnpecysanu
o-rnageHskoM’'si3oBuiA akTuH (a-MVA) (puc. 2).

L]

j .0
-
i
Puc. 1. MikpockoniyHa 6ygoBa neviHky AUTUHWU KOHTPOIbHOT
rpynu (K). Knitunn Kyndepa (CD68), nokanizoBaHi y npocBiTi
CWHycoIgiB (No3HayYeHo CTpinkamm).
Henpsimuii imyHonepokcuaasHuin metog, 36inbieHHs x400
Fig. 1. Microscopic structure of the liver in a child
from the control group (K). Kupffer cells (CD68) located

in the sinusoidal lumen (arrows).
Indirect immunoperoxidase method, x400 magnification

Y nopTanbHUX TpakTax MeyviHKM KOHTPOMbHOI rpynu
peecTpyBanacb 3HayHa KiNbKiCTb MNeYiHKOBO-acoLino-
BaHMX NiMOUNTIB i3 NO3UTUBHOK EKCMPECIED MapKepiB
CD4 T1a CD8 (puc. 3). Y cuHycoigax uiei x rpynu bynu
npeacTaBneHi NOOAMHOKI OEHOPWUTHI KNITUHM 3 ekcnpe-
cieto mapkepa CD1a (puc. 4).

BogHouac, y neviHui giten rpynun N12, HapoaxeHux
Big BlJl-iHikoBaHUX MaTepiB, y NpoOCBiTax CUHycoiaiB
Oynn BusiBNeHi uncneHHi knitnHn Kyndgpepa (CD68) He-
BENUKMX PO3MIpiB, WO Manu okpyrny dopMy Ta nokani-
3yBanucd sik nooauHLUI, Tak i popmyBanu Mani CKynyeHHs
HaBKOMO AereHepaTvBHO 3MiHEHUX renaToumTiB (puc. 5).

In children born to HIV-monoinfected mothers
(group N12), the histological picture of the liver showed
significant alterations. Disruption of the trabecular-
radial structure was observed, along with tortuosity and
excessive congestion of central veins and sinusoids.
A distinctive feature was the presence of small lym-
phoid infiltrates localized along the sinusoidal pathways
and in the stroma of the portal tracts. Hepatocytes
showed light, foamy cytoplasm, with peripherally
displaced hyperchromatic nuclei. In addition, small and
medium-sized lipid vacuoles, represented by optically
clear areas of cytoplasm, were observed, along with
small groups of binucleated hepatocytes [8].

Analysis of the sinusoidal capillaries in the liver of
control group children (K), particularly in the periportal
zones, revealed a small number of round Kupffer
cells (CD68) with round nuclei (Fig. 1).

Histological examination of liver samples from
the control group (K) also identified isolated elongated
hepatic stellate cells expressing a-SMA within the space
of Disse along the sinusoidal capillaries (Fig. 2).

Puc. 2. MNeyiHka anTnHM koHTponbHoi rpynu (K). 3ipyacTi kniTuHm
neviHku (a-F'MA) y npoctopax [licce (no3HayeHi cTpinkamu).
Henpsimuii imyHonepokcuaasHuii metog, 36inbweHHs x400

Fig. 2. Liver of a child from the control group (K).
Hepatic stellate cells (a-SMA) in the space of Disse (arrows).
Indirect immunoperoxidase method, x400 magnification

A significant number of liver-associated lympho-
cytes expressing CD4 and CD8 markers were detected
in the portal tracts of control group liver samples (Fig. 3).
In the sinusoids of this group, individual dendritic cells
expressing CD1a were also observed (Fig. 4).

In contrast, numerous small Kupffer cells (CD68)
were found in the sinusoids of children from group N12.
These cells had a rounded shape and were located
both individually and in small clusters around degenera-
tively altered hepatocytes (Fig. 5).

Marked proliferation of activated stellate cells
(a-SMA) was observed in the space of Disse along
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Y npoctopax [icce B3goBx cuHycoigiB uiei rpynu  the sinusoids in group N12. These cells showed increa-
crnocTepiranacsa 3HadHa nponidepauis akTtuBoBaHWx sed size, elongated morphology, multiple processes,
sipuacTtux knituH (a-MMA), ski xapaktepusyBanucs 36inb-  and the formation of local clusters (Fig. 6).

LWEHVMMN pO3MipamMK, BUPAXEHOIO BUTArHYTO (DOPMOIO,
HasiIBHICTIO MHOXWHHUX BIiApPOCTKIB Ta YyTBOpOBanu
nokarnbHi cKyn4eHHs (puc. 6).
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Puc. 3. MeviHka anTuHM KoHTponbHOI rpymu (K). Puc. 4. MeviHka AnTMHW KoHTponbHOI rpymu (K).
CD4-no3uTrBHI NeYiHKOBO-acouinoBaHi nimcgountun MooawnHoki aenHapwuTHI kNiTuHKM (CD1a)
B NMopTanbHOMY TPaKTi (MO3HA4YEHO CTPINKO0). y NPOCBITi CUHYCOIAiB (MO3HAYeHi CTpinkamu).
Henpsmwuii imyHonepokcuaasHuin metog, 36inbeHHs x400 Henpsmwuii imyHonepokcuaasHuin metog, 36inbeHHs x400
Fig. 3. Liver of a child from the control group (K). CD4-positive Fig. 4. Liver of a child from the control group (K).
liver-associated lymphocytes in the portal tract (arrow). Isolated dendritic cells (CD1a) in sinusoidal lumen (arrows).
Indirect immunoperoxidase method, x400 magnification Indirect immunoperoxidase method, x400 magnification
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Puc. 5. lMevinka gutuHu rpynm N12. Benuka KinbKicTb KMiTUH Puc. 6. MNevinka anTtyHn rpymn N12. MHOXWHHI aKTUBOBaHI 3ipyacTi
Kynchepa (CD68) B mpocBiTax CMHYCOiAiB (MO3HAYEHO CTpinkamu). kniTnHu (o-F'MA) y npoctopax [icce (no3HadeHi cTpinkamm).
Henpsmuii imyHonepokcnaasHuin metod, 36inbLieHHs x400 Henpsmuii imyHonepokcuaasHuin metog, 36inbLieHHs x200
Fig. 5. Liver of a child from group N12. Fig. 6. Liver of a child from group N12. Multiple activated
Numerous Kupffer cells (CD68) in sinusoidal lumen (arrows). stellate cells (a-SMA) in the space of Disse (arrows).
Indirect immunoperoxidase method, x400 magnification Indirect immunoperoxidase method, x200 magnification
Y noptanbHux TpakTtax giten rpynu N12 susasnanuca In the portal tracts of group N12 livers, only indi-

nvwe nooguHoki CD4- Ta CD8-no3utueHi nedviHkoBo-  vidual CD4- and CD8-positive liver-associated lympho-
acovujinosaHi nimdoumTtn (puc. 7), Togi sk y npoceitax  cytes were found (Fig. 7), whereas a large number of
CUHycoOifiB crnocTepiranacbk Benuka kKinbkicTe geHaput-  dendritic cells (CD1a) were observed in the sinusoidal

Hux knitnH (CD1a) (puc. 8). lumen (Fig. 8).
OTpuMaHi pesynsrat MOpdOMETPUYHOTO aHani3y He- The results of the morphometric analysis of non-
napeHxiMaTo3HMX KNiTUH NeYviHku NnpeacTasneHi B Tabn. 1. parenchymal liver cells are presented in Table 1.
BinomocTi 3 HaykoBoI niTepaTtypu Wwoao mopdonoriy- Data from scientific literature on the liver morpho-

HMX ocobnuBocTel nedviHku gopocnux nauieHtis 3 BIfl-  logy in HIV-infected adults demonstrate a progressive
iHpekUieto AeMOHCTPYHOTb 3Ha4YHe 3HWXKeHHs kKinbkocTi  decline in the number of Kupffer cells over time,
kniTnH Kyndepa 3 yacom, wo HeratmBHO BnnuBae Ha  which negatively affects the liver's ability to eliminate
30aTHICTb MeviHkM [0 enimiHauii npogykTiB MikpoGHOi  microbial translocation products from the portal circu-
TpaHcnokadii 3 noptaneHoro kpoBoobiry [9]. lation [9].
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Puc. 7. MeviHka gutuHu rpynu N12. CD4-no3nTrBHI nimcoumnTn
B NMopTarnibHOMY TPaKTi (MO3HAYEHO CTPINKOoI0).
Henpsimuii imyHonepokcuaasHuin metog, 36inbLieHHs x400
Fig. 7. Liver of a child from group N12. CD4-positive
lymphocytes in the portal tract (arrow).

Indirect immunoperoxidase method, x400 magnification
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Pwuc. 8. Mevinka antnHm rpynn N12. Yncnenni AeHapuTHI
kniTvHm (CD1a) y npocBiTax cMHycoigiB (Mo3HaYeHo CTpinkamu).
Henpsimuia imyHonepokcuaasHuin metog, 36inbLieHHs x400
Fig. 8. Liver of a child from group N12. Numerous dendritic
cells (CD1a) in sinusoidal lumen (arrows).

Indirect immunoperoxidase method, x400 magnification

Tabnuus 1. MopcdoMeTPUYHI MOKa3HMKN HEMAPEHXIMATO3HMX KNITUH NEeYiHKK AiTewn
Bia BlJT-iHdikoBaHux maTtepis i Aiten rpynu koHTpornio (M+m)
Table 1. Morphometric Indicators of Non-Parenchymal Liver Cells in Children Born
to HIV-Infected Mothers and the Control Group (M+m)

Ipyna pocnimxeHHst / Research Group
Knitnhn / Cells

K N12
Knitnnn Kyndbepa (CD68) / Kupffer cells (CD68), % 21,242,5 11,4+2,3*
BipuacTi knitTvHn (a-F'MA) / Stellate cells (a-TMA), % 9,8+1,2 26,5+3,3*
MAI:/ LAL:
CD4, % 43,3+4,9 19,9+1,5*
CD8, % 23,1+2,7 37,5+2,1*
OexppuTHi knitnHn (CD1a) / Dendritic cells (CD1a), % 2,6+0,3 4,7+0,9*

lMpumimka:

* p < 0,05 B NOpiBHSAHHI 3 aHaNOriYHMMK NokasHukamu rpynu K.

Note:
* p < 0,05 compared to Group K indicators.

Kpim Toro, iHdikoBaHi BIJT makpodbarn tTa MoHOUMTH
CEeKpeTYTb MiABULLEHY KiMbKICTb TpaHCAOPMYHYOro
dakTopa pocty — 6eta (TGF-B), 9kuin cnpuynHae akTu-
BaLil0 3ipyacTux KNiTUH i, BiANOBIAHO, NoAanbLIMi PO3-
BUTOK nediHkoBoro ibposy [10]. Y npeacraeneHomy
OOCTiIKEHHI BUSIBNEHO CTATUCTUYHO 3HaYylle 3HU-
XeHHs1 KinbKkocTi knitTuH Kyndpbepa B neviHui Aiten Big
BlJl-iHbikoBaHmx matepis (rpyna N 12) Ha 9,8% nopis-
HSHO 3 KOHTpomnbHOW rpynoto (p < 0,05). Lle ceiguntb
npo ixH 3arnbenb Ta 3HadyHe ocnabneHHs KNiTMHHOro
IMYHITETY B MEYiHKOBIN TKaHWHI, O MOXe Crnpusatun ii
noganbLLIOMYy MOLUKOMXKEHHIO Yepe3 BMvMB MiKPOOHMX
NpPoAyKTiB TpaHcnoKauii.

AkTMBaUIS 3ipyacTuX KIITUH MEYiHKN € BaXnMBUM
etanom 3anycky npouecy dibporeHesy. Ll kniTnHu
aKTMBYIOTbCA Mif BNAMBOM Pi3HUX (DaKTOpIB, cepen AKUx
KOMMOHEHTW, IO BUBIMbHAIOTLCA MPWU  MOLUKOMKEHHI
renatoumnTiB, HAKOMWYEHHs1 ninigiB, akTuBHi  dopmun
KACHIO, @ TaKOX Pi3HOMaHITHi LumTokKiHM (PHO-o, PDGF,
IL-1B, octeonoHTnH, EGF, TGF-B), ski npoaykytloTbcs
Makpodaramu, nimcoumTammn n eHgoTenianbHUMKN KIiTK-
Hamm [11-13]. Y pasi NOWKOMKEHHA MNeviHku 3ipyacTi
KNiITUHW WBUAKO TpaHcAMdepeHLiloTbCs Yy ibporeHHi

Additionally, HIV-infected macrophages and mono-
cytes secrete elevated levels of transforming growth
factor-beta (TGF-B), which activates hepatic stellate
cells and contributes to the development of liver fibro-
sis [10]. In this study, a statistically significant decrease
in Kupffer cell number in the livers of children from
HIV-infected mothers (group N12) was found — 9.8%
lower compared to controls (p < 0.05), indicating their
depletion and a marked weakening of liver cellular
immunity, which may predispose to further damage due
to microbial translocation products.

Activation of hepatic stellate cells represents a key
step in fibrogenesis. These cells are activated by factors
such as hepatocellular damage products, lipid accumu-
lation, reactive oxygen species, and cytokines (TNF-a,
PDGF, IL-1B, osteopontin, EGF, TGF-B) secreted by mac-
rophages, lymphocytes, and endothelial cells [11-13].
Upon activation, stellate cells rapidly transdifferentiate
into fibrogenic myofibroblasts with high proliferative
and contractile activity. Under chronic pathogenic
stimuli, these cells remain persistently activated,
promoting fibrosis progression [14]. In this study, mor-
phometric analysis revealed a 16.7% increase in acti-
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MiogibpobnacTi 3 BMCOKO nporidepaTUBHOM i KOHTP-
aKTUMbHOK akTUBHICTIO. [Mpu XpOHIYHOMY BMAAMBI NaTo-
reHHMX (akTopiB aKkTUBOBAHI 3ipyacTi KMiTUHW NigTpuU-
MYIOTb CBil MOCTIIHO aKTUBOBaHWWA CTaH, CRApPUSAYN
pO3BMTKY Ta nporpecyBaHHi0 ¢ibposy [14]. Y pmaHomy
JocnifpKeHHi MOpPdOMETPUYHMIA  aHani3 aKTUBOBaHMX
3ipY4acTmMxX KiTUH MEdYiHKM 3 eKcnpeciew o-rnageHbKo-
m’'azoBoro aktuHy (a-MVA) y giten rpynu N12 nokasas
3pOoCTaHHsA X KinbkocTi Ha 16,7% NOpPIBHAHO 3 KOHT-
ponbHoto rpynoto (p < 0,05) [15].

OcHoBHVMMM  cybronynsuisMM  NeYiHKOBO-acoLiio-
BaHux nimdountie € CD4- i CD8-No3nTUBHI KNITUHW, LLIO
3abe3neuyloTb iIMyHHWIA Harnag nediHku [16]. MogibHo
[0 nnas3mu KpoBi, kinbkicTe CD4-nimcoumnTiB y nedviHui
niten Big BlJl-iHdikoBaHux MatepiB (rpyna N12) Bus-
BUnachb 3HWkeHow Ha 23,4% MOpIBHAHO 3 KOHTPONEM.
Hatomictb, kinbkictb CD8-nimdoumnTiB Yy  NEYiHKOBIl
TKaHWHI Uiel rpynu piteir Gyna niaBULLEHO $IK LWOAO
KOHTPONnbHOI rpynu, Tak i BigHocHo CD4-nimdoumTis
(p < 0,05). LUe cBigunTb, WO nporpecytoda 3arnbenb
CD4-kniTnH BigOyBaeTbCA He TiNbkn B NepudepuyHin
KpOBi, ane N y TKaHWHax, ki MIiCTATb NiMdoigHi ene-
MEHTU, BKIOYaoUM NeydiHKy, Wo Beae Ao i «iMyHHOro na-
paniyvy» Ta CTBOPIE YMOBM A1 NOAANbLUNX MOLLKOAKEHb.

[eHapUTHI KNITUHW NeYiHKM MOXYTb CRyryBaTu NoTeH-
uinHuMKn pesepsyapamu ans BlJl-iHdekuii [17] 3aBasku
ekcnpecii cneumndiyHmx peuentopieB CCR5 ta CXCR4,
SKi 4O3BONSIOTL iM iHiKyBaTu cycigHi CD4-nimcountun
[18, 19]. Y npoBegeHOMYy [OCRIAXEHHI BCTaHOBIEHO
[OCTOBipHE NIABULLEHHS KiNbKOCTI AEHAPUTHUX KMiTUH
(CD1a) B nedviHui giten Big BlJl-iHdikoBaHMx MaTepis
NnopiBHAHO 3 KkoHTpornem Ha 2,1% (p < 0,05) [20].
BpaxoBytoun yHKUil0 AEHOPUTHUX KNITUH AK aHTUreH-
NPe3eHTy4uMX, 30iNbLUEHHsT TXHbOI KiNMbKOCTI MOXe
CBiguMTM Npo akTnBHMI npouec BlJT-iHdekuii B neviHui.

BUCHOBKHU

[poBegeHe OOCRiMpKEHHA MoKasano, WO B NeviHui
Aiten BikomM Big 6 go 12 micauis, HapomxeHnx BIN-iHdi-
KOBaHUMW MaTepsMu, BUSIBNSETbCA BUpaXeHa peaykuisa
knituH Kyndepa Ta nedviHkoBo-acouiioBaHmx CD4-nosu-
TMBHUX NimcpounTie. KinbkicTe KniTuH Kyndepa y rpyni
niten Big BlJ1-iHdikoBaHux maTtepiB ctaHoBuna 11,4 +2,3%
npotn 21,2 + 2,5% y koHTponbHin rpyni (p < 0,05),
a neviHkoBo-acoujinoBaHux CD4-nimcounTie — 19,9 + 1,5%
nopieHsHO 3 43,3 + 4,9% BignosigHo.

TakoXX BCTaAHOBMEHO CYTTEBE MNIABULLEHHS KifbKOCTI
Ta aKTUBHOCTI 3ipyacTuX KITUH MNeYiHKW, WO MNposBns-
nocs iXHbOK 3HA4YHOK nporicdhepauieto Ta rinepakTuea-
uieto. MokasHuMk ekcnpecii o-rnageHbKoM i30BOro akTUHy
(a-F'MA) sipyacTnmun knitnHamm y giten rpynu N12 cknae
26,5 + 3,3% nopiBHsiHO 3 9,8 + 1,2% y koHTponi (p < 0,05).

Kpim Toro, y giten Bikom 6—12 micauis Big BIJl-iHdi-
KoBaHMX MaTepiB Oyrno BUSIBNEHO 30iNbLUEHHS KiNbKOCTI
OEHOPUTHUX KMITUH MeYviHKW, WO CBigYMTb MpPO iXHI0
3HayHy nponidepadito. KinbKicTe AEHAPUTHUX KIITUH
(CD1a) craHoBuna 4,7 + 0,9% y rpyni N12 nopiBHAHO
32,6 £ 0,3% y koHTponbHi rpyni (p < 0,05).

CMNUCOK BUKOPUCTAHOI AITEPATYPU

1. UNAIDS. Joint United Nations. Programme on HIV/AIDS. Geneva.
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vated stellate cells (a-SMA expression) in group N12
compared to controls (p < 0.05) [15].

The main subpopulations of liver-associated lym-
phocytes are CD4- and CD8-positive cells, which play
a central role in hepatic immune surveillance [16].
Similar to plasma, CD4-positive lymphocytes in the liver
of HIV-exposed children (group N12) were reduced
by 23.4% compared to controls. Conversely, CD8-
positive lymphocytes were increased compared to both
the control group and CD4-positive cells in the same
group (p < 0.05). This suggests progressive CD4+ cell
depletion occurs not only in peripheral blood but also in
lymphoid tissues such as the liver, resulting in «immune
paralysis» and creating conditions for further injury.

Liver dendritic cells may serve as potential reservoirs
for HIV infection [17] due to expression of specific
CCR5 and CXCR4 receptors that facilitate infection
of neighboring CD4+ lymphocytes [18,19]. This study
revealed a significant increase in CD1a-positive den-
dritic cells in the liver of children from HIV-infected
mothers — 2.1% higher than controls (p < 0.05) [20].
Given the antigen-presenting function of dendritic
cells, this increase may indicate ongoing active HIV in-
fection in the liver.

CONCLUSIONS

This study demonstrated a significant reduction
in Kupffer cells and CD4-positive liver-associated lym-
phocytes in the liver of children aged 6 to 12 months born
to HIV-infected mothers. The proportion of Kupffer cells
in group N12 was 11.4 + 2.3% compared to 21.2 £+ 2.5%
in the control group (p < 0.05), and CD4-positive lympho-
cytes were 19.9 + 1.5% versus 43.3 + 4.9%, respectively.

A considerable increase in the number and activity
of hepatic stellate cells was also observed, reflected
by marked proliferation and hyperactivation. The level
of a-smooth muscle actin (a-SMA) expression in
group N12 was 26.5 + 3.3% versus 9.8 £+ 1.2% in the
control group (p < 0.05).

Additionally, a significant increase in the number
of hepatic dendritic cells was found in children aged
6—12 months born to HIV-infected mothers, indicating
enhanced proliferation. The proportion of dendritic
cells (CD1a) was 4.7 £ 0.9% in group N12 compared
to 2.6 + 0.3% in the control group (p < 0.05).
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ctaHy y BlJl-iHdikoBaHux gitert go3sonuTb rmublie 3po3ymitv
natoreHe3 ibpo3y nedviHkW, SKUA HOYKYETbCS Ta PO3BUBA-
eTbcsa Ha Tni BlJT-iHdekuii.
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HIV infection.

Conflict of interest

The authors of the manuscript consciously declare that there
is no actual or potential conflict of interest regarding the results
of this work with pharmaceutical companies, biomedical device
manufacturers, other organizations whose products, services,
financial support may be related to the subject of the materials
provided, or who sponsored the research conducted.

Funding information

This study is a fragment of the complex research work of the
Department of Normal Human Anatomy and Physiology of the
V.N. Karazin Kharkiv National University of the Ministry of
Education and Science of Ukraine «ldentification of the influence
of maternal pathology on the development of the fetal organismy,
state registration number 0121U108326, fundamental, 2024—
2027, headed by Doctor of Medical Sciences, Professor,
S.0. Sherstyuk, and is funded according to the plan of this
research. Also, this study includes a fragment of the research
material of the dissertation of S.I. Panov «Pathological anatomy
of the hepatobiliary system of newborns and children under
1 year of age from HIV-infected mothers». The authors did not
receive financial support from companies manufacturing
medical instruments and medicines.

INFORMATION ABOUT AUTHORS

Panov Stanislav lhorovych — Candidate of Medical
Sciences, Associate Professor of the Department of Normal
Human Anatomy and Physiology of the V.N. Karazin Kharkiv
National University of the Ministry of Education and Science
of Ukraine; 4 Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: StanislavPanov@karazin.ua

mob.: +38 (099) 460-39-94

Author’s contribution: formulation of the aim of the
work, conducting experimental studies, analysis of the
data and their statistical processing, writing the article.

Sherstyuk Serhii Olexiyovych — Doctor of Medical
Sciences, Professor, Head of the Department of Normal Human
Anatomy and Physiology of the V.N. Karazin Kharkiv National
University of the Ministry of Education and Science of Ukraine;
Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: sergeysherstyuk@karazin.ua

mob.: +38 (050) 133-08-52

Author’s contribution: participation in experimental
research, formulation of conclusions, revision of the
article, final approval of the article.

Sydorenko Ruslan Valeriyovych — Candidate of Medical
Sciences, Associate Professor of the Department of Normal
Human Anatomy and Physiology of the V.N. Karazin Kharkiv
National University of the Ministry of Education and Science
of Ukraine; 4 Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: Sidorenko.v1277@gmail.com

mob.: +38 (066) 735-33-91

Author’s contribution: participation in experimental
research, formulation of conclusions, editing the article.

OpuwuriHanbHi 4oCnigpKeHHSs

Original research


mailto:StanislavPanov@karazin.ua
mailto:sergeysherstyuk@karazin.ua
mailto:Sidorenko.v1277@gmail.com
mailto:StanislavPanov@karazin.ua
mailto:sergeysherstyuk@karazin.ua
mailto:Sidorenko.v1277@gmail.com

BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepia Megnumna. 2025. T. 33. Ne 1(52). C. 69-80
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(1(52)):69-80

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

NapoBa TeTsiHa IBaHiBHa — JOKTOP MeAMYHUX HayK, Mpo-
decop, npodecop kadeapun iHPEKLiINHNX XBOPOO Ta KniHIYHOT
iMyHonorii XapKiBCbKOro HaLiOHanbHOrO YHiBEPCUTETY iMeHi
B.H. KapasiHa MiHicTepcTBa OCBiTM | Haykum YKpaiHu;
maingaH Ceoboau, bya. 4, M. Xapkis, YkpaiHa, 61022;

e-mail: t.lyadova@karazin.ua

Mo6.: +38 (050) 692-56-41

BHecok aemopa: y4acmb y nposedeHHi ekcriepumMeH-
marbHUX 00cridxeHb, (hopMyTo8aHHs BUCHOBKI8, peda-
2ysaHHs1 cmammi, 0cmamoYyHe 3ameepOXXeHHs cmammi.

LLinomMi KoHcTaHTiHI — JOKTOp MeanyHuX Hayk, npodecop,
npodecop kadenpu HeBponorii Ta Henpoxipyprii MeanyHoro
akyneteTy Tenb-ABiBCbKOro yHiBepcuteTy; Tenb-ABiBCbKUI YHI-
Bepcutet, P.O. Bbokc 39040, Tenb-ABiB 6997801, I3painsb;
BigaineHHa pgutadoi Hewpoxipyprii, gutada nikapHa Dana,
Tenb-ABIBCbkMIA MEAUYHWI UeHTp, Byn. Baiiumana, 6ya. 6,
M. Tenb-ABiB, I3painb 64239;

e-mail: Shlomiconstantini@gmail.com

Mo6.: +38 (050) 692-56-41

BHecok aemopa: ¢hopMynoeaHHsi 8UCHOBKI8, pedazy-
8aHHS1 cmammi, ocmamoYHe 3ameepOXXeHHs cmammi.

Lyadova Tatiana lvanivna — Doctor of Medical Sciences,
Professor, Professor of the Department of Infectious Diseases
and Clinical Immunology of the V.N. Karazin Kharkiv National
University of the Ministry of Education and Science of Ukraine;
4 Svobody Sq., Kharkiv, Ukraine, 61022;

e-mail: t.lyadova@karazin.ua

mob.: +38 (050) 692-56-41

Author’s contribution: participation in experimental
research, formulation of conclusions, revision of the
article, final approval of the article.

Shlomi Constantini — Doctor of Medical Sciences, Professor,
Professor of the Department of Neurology and Neurosurgery,
Faculty of Medicine of the Tel Aviv University; Tel Aviv University,
P.O. Box 39040, Tel Aviv, Israel, 6997801; Department of Pediat-
ric Neurosurgery, Dana Children’s Hospital of the Tel-Aviv
Medical Center, 6 Weizmann Str., Tel Aviv, Israel, 64239;

e-mail: Shlomiconstantini@gmail.com

mob.: +38 (050) 692-56-41

Author’s contribution: formulation of conclusions,
revision of the article, final approval of the article.

Pykonuc Haginwos OTpumaHo nicnsi peLeH3yBaHHs MpuiHATO OO ApYKY Ony6nikoBaHo
Manuscript was received Received after review Accepted for printing Published
05.01.2025 15.02.2025 23.02.2025 28.02.2025
OpuwuriHanbHi 4oCnigpKeHHSs 80 Original research


mailto:t.lyadova@karazin.ua
mailto:Shlomiconstantini@gmail.com
mailto:t.lyadova@karazin.ua
mailto:Shlomiconstantini@gmail.com

BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.
Cepia MeguumHa. 2025. T. 33. Ne 1(52). C. 81-92

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

The Journal of V.N. Karazin Kharkiv National University.

Series Medicine. 2025;33(1(52)):81-92

DOI: https://doi.org/10.26565/2313-6693-2025-52-07

YOK: 616.72-002-052.2/.5:616-06

oNon

AKICTb XXMTTA Yy NALIEHTIB
i3 IOBEHIABHUM A€6I0TOM CUCTEMHOIO YEPBOHOIO BOBYAKA

Bormar J1.9.",
LeBuyeHko H.C."?,
BeccoHoBa I.M.",
Monosko T.0."2,

https://orcid.org/0000-0001-5144-3686, e-mail: bogmatlf@gmail.com
https://orcid.org/0000-0003-4407-6050, e-mail: natalia.shevchenko@karazin.ua
https://orcid.org/0000-0002-8473-8365, e-mail: irina_bessonova@yahoo.com
https://orcid.org/0000-0003-3815-7874, e-mail: golovko@karazin.ua

"[lepxxasHa ycmaHosa «IHcmumym oxopoHu 30opoe’s dimeli ma nidnimkie
HauioHanbHoi akademii meQuyHUX HayK YkpaiHu», Xapkie, YkpaiHa
2XapkiecbKull HayioHanbHUl yHisepcumem imeHi B.H. Kapa3siHa
Minicmepcmea oceimu i Hayku YkpaiHu, Xapkie, YkpaiHa

Quality of life in patients

with juvenile-onset systemic lupus erythematosus

Bohmat L.F.",
Shevchenko N.S."2,
Bessonova .M.",
Holovko T.0."2,

KAlo4oBi cAaoBa:

CUCTEMHUIN YEePBOHWUIA BOBYaK, HE3BOPOTHI
YLIKOMKEHHS, AKICTb XUTTS, 4iTW, NiANITKA.

AAf KOPECNOHAEHLIi:

LllesueHko Hamanis CmanicnasisHa
XapKiBCbKU HauUioHanbHWA YHiBepcuTeT
imeHi B.H. KapasiHa MiHictepctBa ocBiTK
i Haykn Ykpainu, kadenpa negiatpii;
manpaH Csobogu, 6ya. 4, m. Xapkis,
YkpaiHa, 61022;

e-mail: natalia.shevchenko@karazin.ua

© boemam J1.®., Llles4eHko H.C.,
BeccoHosa I.M., lonosko T.0., 2025

https://orcid.org/0000-0001-5144-3686, e-mail: bogmatlf@gmail.com
https://orcid.org/0000-0003-4407-6050, e-mail: natalia.shevchenko@karazin.ua

https://orcid.org/0000-0002-8473-8365, e-mail: irina_bessonova@yahoo.com

https://orcid.org/0000-0003-3815-7874, e-mail: golovko@karazin.ua

'State Institution «Institute for Children and Adolescents Health Care

of the National Academy of Medical Sciences of Ukraine», Kharkiv, Ukraine
2V.N. Karazin Kharkiv National University

of the Ministry of Education and Science of Ukraine, Kharkiv, Ukraine

PE3IOME

AxTyanbHicTb. CuctemHuii 4epBoHuii BoB4Yak (CYB), Wwo BuHWKAE B OUTUHCTBI,
€ piaKiCHUM, MYNBETUCUCTEMHUM | MOTEHUINHO HEGE3NEYHUM NS XUTTS aBTOIMYHHUM
3aXBOPIOBAHHAIM i3 3HAYHOK CYMyTHBOK MATOMOrEd Ta PO3BUTKOM  XPOHIYHOO
BMCHaXNMBOro Ans nauieHta ctaHy. CyyacHi nmapameTpu OUIHKM aKTMBHOCTI 3axBo-
ploOBaHHSA, PO3pPOOKM HOBMX HampsIMKiB y NiKyBaHHi, 30Kpema i3 BMKOPUCTaHHAM
iMyHOGionoriYHnx npenapatiB, BPaxoBYOTb MOKA3HUKU SIKOCTi KWUTTS, MOB’A3aHOl
3i 3gopoB’sim (AXKM3), sik ogHOro i3 OCHOBOMOMOXHWUX MNPUHUMMIB Tepanii npu
pPEeBMaTUYHNX 3aXBOPIOBAHHSIX.

MeTta po6oTu — Bu3HauuTh nokasHuku SAXKM3 y giten i3 CUB 3 ypaxyBaHHAM aKkTMB-
HOCTi MpoLecy, YacToTW i XxapakTepy HE3BOPOTHMX MOLLUKOAXKEHb OpraHiB i cuctem npu
TpVBanNocTi XBopobu GinbLue 0aHOro poky.

MaTtepianu Ta metogu. Y auHamidi 3 iHTepBanom 12 micsauis obctexxeHo 70 xBopux
Ha CYB Bikom 7-18 pokiB, siki xBopinu Ha CYB noHag ogHoro poky. TpusanicTb
3aXBOPIOBaHHS Ha MOMEHT MEepBUHHOrO OOCTeXeHHs cknana B CepeaHboOMY
32,97 + 4,06 mic (Big 12 go 120 micsiyiB). HM3bkuiA CTyNiHb akTMBHOCTI XBOpOGU
(1-5 6anis 3a ingekcom SELENA-SLEDAI) peectpyBaBscsi y 61,11% xBOpux, cepeaHiv
cTyniHb —y 33,33% obcTexeHunx, a BUCOkUn —y 5,56%.

BusHavanacb HasiBHICTb MOTEHLINHO HE3BOPOTHUX MOLUKOAXEHb Pi3HUX OpraHis
i cucteMm 3a OONOMOrow MoaudikoBaHOro Ans negiaTpuMYHOI NPaKkTUKW iHOEKCYy no-
wkomkeHHs1 SLICC/SR (PED/SDI) Ta ouiHioBanace SAXKIM3 3a gonomoroto onuty-
BanbHuKka LupusQolL.

CraTtuctuyHa obpobka maTtepiany npoBedeHa 3 BUKOPUCTaHHSIM MakeTa NpUKNagHux
nporpam (MSExcel, SPSS). [ina B13Ha4YeHHs1 4OCTOBIPHOCTI BigMIHHOCTEW MOKa3HUKIB
BMKOPUCTOBYBaNMNCh NapaMeTpuYHi Ta HenapaMeTpUYHi Kputepii, KopenauinHuin aHania.
PesynbraTty Ta ix o6roBopeHHs. 3HaueHHst iHaekcy nowkomkeHHs (IM) cepen xBopux
Ha CYB nigniTkiB cknanu B cepeaHbomy 1,42 + 0,17 6anu. Husbkui M (1 6an) Buse-
neHo y 19 piten (35,85%), cepegHii (2—4 6ann) — y 8 oberexennx (15,09%),
BMCOKUIA (> 4 BaniB) — B XXOAHOroO 3 XBopux. HavacTilwe cepen HE3BOPOTHUX OpraHHUX
NOLWIKOAXKEHb Yy AiTer Ta nignitkis, xsopux Ha CYB, 3anmanu ypaxeHHs HepBOBOI
cuctemu (20,75%), nereHb (y 13,21%), nolkomxeHHs opraHa 3opy (y 11,32%). Yepes
OOMH PiK 03HAKW HE3BOPOTHWUX OPraHHMX MOLUKOMKEHb peecTpyBanuck y 52,83% xBo-
pux Ha CYB. IHoekc nowkomxeHHst gopisHioBaB (1,48 + 0,13 6anu), npu ubomy
Ha neplle Micle 3a 4acTOTO BWALLMM YLIKOMKEHHS OpraHa 30py Ta 3aTpumka
pocty (18,87%).
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AASA ULUTYBAHHS:

3a pesynsratamu LupusQol y gitert i3 CHB BcTaHoBNeHO cyTTeBe noripLueHHs AXKMN3,
cepefHiii piBeHb SKOi 3a BciMa gomeHamu cknas (65,51 + 2,09) 6anis. HanbinbLw
NopyLUEHNMUN BUSIBUNUCH CAEPU «IHTUMHI BiQHOCUHU» Ta «obpa3 Tina», a HankpaLmn
nokasHWK 3agpikcoBaHo B [AoMeHi «b6inb». [lioTBepmkeHa 3BOpOTHA KopensuinHa
3anexHicTb Mix 3aranbHuM nokasHukom $KM3 Tta cryneHem aktusHocTi CYB
(r = -0,866; p < 0,05) y pitenn 6e3 opraHHUX MOLUKOAXKEHb. 3BOPOTHI KOpensuinHi
3anexHoCTi 3aikCoBaHO MiX JOMeHamM «Binby», «NnaHyBaHHA», «IHTUMHI BiGHOCUHUY,
«eMoLiiHe 300pOB’A» i CTyneHeM akTuMBHOCTI xBopobu ((r = -0,530; p < 0,05),
(r=-0,529; p < 0,05), (r =-0,720; p < 0,05), r = -0,728; p < 0,01) BignosigHo). MpsMmi
KOpensiLinHi 3B’S3kM BUSIBNEHO MiX MOKa3HUKaMu OOMEHIB «Binb» Ta «nnaHyBaHHs»
i BikoM xBopux npm obcTexeHHi ((r = 0,647; p < 0,01) Ta (r=0,642; p < 0,01) BignosigHo),
MoKasHUKKM LWkanu «obpas Tina» kopenoBanu 3 BikoM nauieHTiB y aebtoTi xBopobu
(r=0,611; p <0,01), a wkanu «BTOMMNOBaHICTb» — 3 il TpuBanicTio (r = 0,638; p < 0,05).
HasBHiCTb 3a3HayYeHUX B3aEMO3B’A3KIB MNIATBEPOXYE CYTTEBUMN BNNUB aKTUBHOCTI
XxBOpoO6U Ha noripweHHs AXKIM3 xBopux 3a GaratbMa ii chepamu.

BucHoBKkuU. [OTeHUiAHO HE3BOPOTHI OpraHHi MOLUKOMXEHHsI BCTaHOBMNEHo y 52,83%
nOiTen Ta nignitkis, xsopux Ha CYB, npu uboMy Mae Micue HeraTMBHWA BMNMB
XBOPOOM $IK Ha i3WYHi, TaKk i Ha MCUXOMOFIYHI acCneKkTU XUTTELISNbHOCTI XBOPUX.
3HmkeHHs FAXKIM3 acouitoeTbcs 3 aKTUBHICTIO XBOpobW, nepeBaxHO B oOci6 6e3
OpraHHMX MOLUKOMKEHb, IO NiATBEPOXEHO 3BOPOTHOK KOPENSLiNHOW 3anexHicTio
MiX 3aranbHUM MOKa3HUKOM SIKOCTi XWUTTsI Ta CcTyneHem akTuBHocTi CYB (r = —0,866;
p < 0,05). CytTeBi po3bixHocTi nokasHukie AXKIN3 3anexHo Big HallapyBaHHsi HE3BO-
POTHUX YLUKOPKEHb BHYTPILLHIX OpraHiB BCTAHOBIIEHO 3a LLUKANow «BTOMIIHOBAHICTbY
(3 opraHHMMu nowkomkeHHamn (59,38 + 6,60) Ganis npotn (80,56 + 5,65) Ganis
6e3 opraHHux noLukogkeHs; p < 0,05).

Bormat J1.®., WeByeHko H.C., BeccoHoBa |.M., Tonoeko T.O. AkicTb XWUTTA y NauieHTIB i3 IOBEHINbHUM OebloToM
CMCTEMHOTO 4epBOHOrO BOBYaka. BicHUK Xapkiecbko2o HayioHanbHo20 yHigepcumemy imeHi B.H. KapasiHa.
Cepisi MeduyuHa. 2025. T. 33. Ne 1(52). C. 81-92. DOI: https://doi.org/10.26565/2313-6693-2025-52-07
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ABSTRACT

Background. Childhood-onset systemic lupus erythematosus (cSLE) is a rare,
multisystem, and potentially life-threatening autoimmune disease with significant
comorbidities and the development of a chronic, debilitating condition for the patient.
Modern parameters for assessing disease activity and developing new treatment
approaches, including the use of immunobiological drugs, take into account health-
related quality of life (HRQoL) indicators as one of the fundamental principles of
therapy for rheumatic diseases.

Purpose — to determine the HRQoL indicators in children with cSLE, considering
disease activity, the frequency and nature of irreversible organ and system damages,
and a disease duration of more than one year.

Materials and Methods. Over a 12-month interval, 70 children aged 7-18 years with
cSLE, who had been diagnosed for more than one year, were examined. The mean
disease duration at the time of the initial assessment was 32.97 + 4.06 months
(ranging from 12 to 120 months). A low disease activity level (1-5 points on the
SELENA-SLEDAI index) was recorded in 61.11% of patients, a moderate level
in 33.33%, and a high level in 5.56%.

The presence of potentially irreversible organ and system damages were assessed
using the modified SLICC/ACR Damage Index for pediatric practice (PED/SDI),
and HRQoL was evaluated using the LupusQoL questionnaire.

Statistical analysis was performed using application software packages (MS Excel,
SPSS). Parametric and non-parametric tests, as well as correlation analysis, were
used to determine the statistical significance of differences in the indicators.

Results. The mean Damage Index (DI) among adolescents with cSLE was
1.42 + 0.17 points. A low DI (1 point) was observed in 19 children (35.85%), a moderate
DI (2—4 points) in 8 patients (15.09%), while no cases of high DI (> 4 points) were
recorded. The most common irreversible organ damage in children and adolescents
with cSLE affected the nervous system (20.75%), lungs (13.21%), and vision (11.32%).
After one year, signs of irreversible organ damage were registered in 52.83% of
cSLE patients. The mean Damage Index increased to 1.48 + 0.13 points, with vision
impairment and growth retardation becoming the most frequent complications (18.87%).
According to LupusQoL results, children with cSLE demonstrated a significant decline
in HRQoL, with an overall mean score across all domains of 65.51 + 2.09 points.
The most affected domains were «intimate relationships» and «body image», while the
highest score was observed in the «pain» domain. A significant inverse correlation
was confirmed between the overall HRQoL score and the degree of cSLE activity
(r = —=0.866; p < 0.05) in children without organ damage. Negative correlations were
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also found between disease activity and the domains of «pain», «planning», «intimate
relationships», and «emotional health» (r = —0.530; p < 0.05, r = —-0.529; p < 0.05,
r=-0.720; p < 0.05, r = -0.728; p < 0.01, respectively).

Positive correlations were identified between the «pain» and «planning» domains
and the age of patients at the time of assessment (r = 0.647; p < 0.01 and r = 0.642;
p < 0.01, respectively). The «body image» domain scores correlated with the age
at disease onset (r = 0.611; p < 0.01), while the «fatigue» domain was associated
with disease duration (r = 0.638; p < 0.05). These findings confirm the substantial
impact of disease activity on HRQoL deterioration across multiple domains.
Conclusions. Potentially irreversible organ damage was identified in 52.83% of
children and adolescents with cSLE, with the disease exerting a negative impact
on both the physical and psychological aspects of patients’ lives. A decline in
HRQoL is associated with disease activity, primarily in individuals without organ
damage, as confirmed by the inverse correlation between overall quality of life and
cSLE activity level (r = -0.866; p < 0.05).

Significant differences in HRQoL indicators depending on the presence of irreversible
organ damage were observed in the «fatigue» domain (patients with organ damage:

59.38 + 6.60 points vs. those without organ damage: 80.56 + 5.65 points; p < 0.05).
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BCTYN

CunctemHun yvepsoHun Bosvak (CYB), wo BuHUKae
B AMTWHCTBI, € PiAKICHUM, MYNBTUCUCTEMHUM | MOTEH-
LiMHO Hebe3neyHnm ONns XWUTTA ayToiMyHHUM 3axXBOPHO-
BaHHAM i3 3HAYHOK CYNYTHBOK MATONOTIE Ta PO3BUTKOM
XPOHIYHOrO BUCHaXNUBOrO ANs nauieHta ctady [1, 2].
CyuacHa koHuenuisa Treat to Target (T2T) npu CYB kpim
OOCSArHEHHs1 [JOBrOCTPOKOBOI BWXXMBAHOCTI 3a paxyHOK
KoHTponto aktmeHocTi CHB, MiHiMi3auii nposBiB komop-
6igHMX CTaHiB Ta TOKCMYHOCTI npenaparis, CTaBUTb 3a
METY NOMIMLUEHHSA AKOCTi XUTTH, NOB’A3aHOI 3i 300POB’AM
(AKN3) [1, 3]. Le crano MoxnvMeBvM 3aBASKN BOOCKO-
HamneHHIo fiarHocTnyHmx kputepiiB CUB Ta kpuTepiiB
OLHKN aKTUBHOCTI 3aXBOPIOBaHHS, PO3pOOKM HOBMX Ha-
NPAMKIB Y NiKyBaHHi, 30Kpema 3 BUKOPWUCTaHHAM iMyHO-
GionoriyHnx npenaparis, a ouiHka AXM3 ctrana ogHum
i3 OCHOBOMONOXHUX NpuvHUMMiIB T2T npyn peBmMaTUYHMX
3aXBOPIOBaHHsX [4].

Pa3om i3 Tum, dkictb xuTTa xBopux Ha CYB 3anu-
LIAETLCA 3HAYHO HWXYOK K Bif NOMynsAuiiHOro piBHSA,
TaK i B MOPIBHAHHI 3 iHWMMW PEBMaTUYHUMUN 3aXBOPHO-
BaHHAMM [5]. FOBeHinbHUA aebiot CHB, po3sBnTOoK XBOPOOYU
Ha TNi iHTEHCMBHOrO POCTY Ta CTATEBOro AO03piBaHHS,
ncuxonorivyHoi nepebynoBn CTBOPKOE [OAATKOBI YMOBWU
noripwernHa AX nauieHTiB i notpebye cBoeYacHMX
3axopiB il nonepemkKeHHs.

Meta pob6otn — Bu3HaunTM nokasHvmkm FAXKM3 vy
aiten i3 CUB 3 ypaxyBaHHAM akTMBHOCTI MpoLecy, Yac-
TOTW | XapakTepy HE3BOPOTHWUX MOLIKOAXEHb OpraHis
i cuctem npwv TpmBanocTi XBopobu GinbLue ogHOro poky.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigXeHHs NpOBOAMIIOCL B paMKax HayKoBOIl
po6otn [epxaBHOi ycTaHOBM «IHCTUTYT OXOpOHM 370-
poB’a aiten Ta nignitkis HauioHaneHOI akagemii megny-
HUX Hayk YkpaiHuny, AP 0121U114420, «Komnnekc 3axoais
nonepeaxeHHs1 popmMyBaHHS HE3BOPOTHUX MOLLKOOXKEHb
OpraHiB i cuctem Ta onNTUManbHOI couianizauii giten

INTRODUCTION

Childhood-onset systemic lupus erythematosus
(cSLE) is a rare, multisystem, and potentially life-threa-
tening autoimmune disease with significant comorbidities
and the development of a chronic, debilitating condition
for the patient [1, 2]. The modern Treat-to-Target (T2T)
concept for SLE aims not only to achieve long-term
survival by controlling disease activity, minimizing comor-
bid conditions, and reducing drug toxicity but also to
improve health-related quality of life (HRQoL) [1, 3].

This has been made possible through advancements
in SLE diagnostic criteria, disease activity assessment,
and the development of new treatment approaches,
including the use of immunobiological drugs. As a result,
HRQoL assessment has become one of the funda-
mental principles of the T2T strategy for rheumatic
diseases [4].

Nevertheless, the quality of life in SLE patients
remains significantly lower than both the general popu-
lation level and that of individuals with other rheumatic
diseases [5]. The juvenile onset of SLE, combined
with disease progression during a period of rapid growth,
puberty, and psychological adaptation, further exacer-
bates HRQoL deterioration. This underscores the need
for timely interventions to prevent its decline.

Objective — to determine the HRQoL indicators in
children with cSLE, considering disease activity, the
frequency and nature of irreversible organ and system
damages, and a disease duration of more than one year.

MATERIALS AND METHODS

The study was conducted as part of the research
project of the State Institution «Institute for Child and
Adolescent Health of the National Academy of Medical
Sciences of Ukraine», State Registration Number
0121U114420, titled «A Comprehensive Approach to
Preventing the Development of Irreversible Organ and
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i3 peBMaTtU4YHMMM 3aXBOPHOBAHHAMW», 3rAHO 3 MNPUH-
umnamm enbCiHCbKOI geknapadii, NpUnHATOI MeHepanb-
Hol acambneero BcecBiTHbOI MeguyHoi acouiauii, KoH-
BeHUii Pagm €Bponuv npo npasa noguHu Ta 6iomeanumHy,
BignoBigHMx nonoxeHo BOOSF, MixHapogHoi pagn me-
OVYHMX HaykoBMX ToBapucTB, MikHapogHoro kogekcy
MeWYHOT ETMKM Ta 3aKOHIB YkpaiHu (MpoToKoN 3acigaHHs
Komicii 3 BioeTukn [epxaBHOi yCcTaHOBU «IHCTUTYT OXO-
POHW 300pOB’A AiTen Ta NigniTkie HauioHanbHoI akagemii
MeandHuX Hayk YkpaiHu» Ne 2 Big 21.02.2023 poky).

Y avHamiui 3 iHTepBanom 12 mMicsauiB obcTexeHo
70 xBopux Ha CYB Bikom 7-18 pokiB, ski nepebysanu
y BigaineHi kapaiopesmaronorii [epxaBHOi YyCTaHOBU
«IHCTUTYT OxOpoHW 300poB’s AiTer Ta nigniTkis Hauio-
HanbHOI akagemii MeanyHux Hayk YkpaiHn». Cepen o6-
CTEXEHNX nepeBaxanu ocobu xiHovoi craTti (62 pis-
YMHKM Ta 8 XNonyukis).

o obcTexeHHs 3anyvanunck Aitu, siki xsopinu Ha CYB
noHaj ofHOro poKy. Ha nmovaTok AocnigXeHHsi cepeaHs
TpuBanicTb 3axBOPHOBAHHA Ha MOMEHT MepPBMHHOMO
obcTexxeHHs cknana B cepeaHbomy 32,97 + 4,06 wmic.
(Bin 12 po 120 micsuiB). MNepeBaxaB HU3bKUIA CTyMiHb
aKTMBHOCTI xBopobu (1-5 Ganie 3a iHoekcom SELENA-
SLEDAI), wo peectpyBaBcs y 61,11% xBOpwux, cepeqHin
CTyniHb akTmBHOCTI (6—10 6anis) 3yctpiyascsa y 33,33%
obcTexeHunx, a Bucokun (11-19 6anis) — y 5,56%.

MMicna BCcTaHOBMEHHSA [JiarHo3y BCIM  nauieHTam
iHiLilOBaHa TPMKOMMOHEHTHA Tepanis, sika BKMYana
iMyHOCynpecuBHi NpenapaTty, rMIOKOKOPTUKOIAN Ta rigpo-
kcuxnopoxiH. CepegHbonoboBa fo3a asaTionpuHy ckna-
na (99,46 + 1,96) Mr, rnIOKOKOPTUKOIOHNX MpenaparTiB
(meTtnnnpepgHizonoHy) — (13,01 £ 0,56) mr Ha o6y, rigpo-
KCUXNOPOXiHy — 5 mr/kr macu Tina Ha poby. MNpu Tax-
KoMy nepebiry xBopobu Ta y pasi 3arpo3nueBux Anis
XWUTTS1 CTaHiB (HedpuT, Henpo-nionyc) nposogunach
nynbc-Tepanis  MeTUNNPeaHi30NOHOM MPOTArOM  TPbOX
OHIB Yy MoegHaHHi 3 O4HOPa30BMM BHYTPILUHbOBEHHWUM
BBEAEHHAM LuKnodocdaHy.

Ons ouiHkM nporHo3y nepebiry CYB BusHavanacb
HasIBHICTb MOTEHLINHO HE3BOPOTHMX MOLUKOMKEHb PI3HUX
OpraHiB i cuctemM 3a 4ONOMOro MoandikoBaHOro A ne-
AiaTpuyHOT NpakTukK iHgekcy nowwkomkeHHs SLICC/SR
(PED/SDI) [6], skuid Haniyye 41 enemeHT no 12 pisHUm
opraHam i cuctemam. Ha BigmiHy Big iHOeKcy noLukoa-
XKEHb, SKUA BUKOPUCTOBYIOTb Yy AOPOCNUX, NegiaTpudHuni
MoaudikoBaHUIM iHAEKC O0OAaTKOBO BKMOYAE OLUIHKY 3a-
TPUMKU 3pOCTY Ta CTaTeBOro Ao3piBaHHA. [MoLIKomXeH-
HSIM NpucBoloeTbes Big 1 Ao 3 Ganie. 3aranbHuiA, Makcu-
MarnbHO MOXIMBUI, paxyHoK cknagaae 47 6anis. Y 6ansHy
OLiHKY BKMOYanucb BCi TUNW MOLUKOOXEHb 3 MOMEHTY
noyaTky 3axBOPHOBaHHSA, siki BUHMKanM Ge3nocepenHbo
npyu CYUB abo posBmBanucb BHacmigok Tepanii, WO
npoBoAunacb, ane ypaxoByBanucb Nnue Ti O3HaKW,
AKi 36epiranncb NPoTAroM He MeHLUe 6 MicauiB.

AKiCTb XUTTH, WO nNoB’si3aHa i3 3axBOPtOBaHHAM
(SPKM3), ouiHoBanacb 3a 4OMNOMOroOK ONUTYBarbHMKA
LupusQoL, skun npenctaBnsie aHkeTy 3 34 nuTaHb,
06’eaHaHMX No 2—8 nuTaHb y 8 okpemux Gnokis: disnyHe
300poB’st, 6inb, NnaHyBaHHS, IHTUMHI BiQHOCUHW, 3anex-
HIiCTb Bif iHWMX Ntogen, emoLliiHe 340poB’a, obpas Tina
(ouiHka mauieHTOM cBOro Tina), BTOMMOBaHICTb. OnuTy-
BanbHUK 3arnoBHIOBABCA MalieHTaMW CaMOCTINHO, BiA-
noBigi Ha nuUTaHHA 3MofdenboBaHi 3a N'ATMGanbHO
wkanoto Jlarikepta (0 — nocTiiHo, 1 — maike 3aBxaum,

System Damage and Ensuring Optimal Socialization
of Children with Rheumatic Diseases». The study
adhered to the principles of the Declaration of Helsinki,
adopted by the General Assembly of the World Medical
Association, the Council of Europe Convention on
Human Rights and Biomedicine, the relevant provisions
of the WHO, the International Council of Medical Scien-
tific Organizations, the International Code of Medical
Ethics, and the laws of Ukraine Protocol of the Meeting
of the Bioethics Commission of the State Institution
«Institute for Occupational Health and Disease Preven-
tion of the National Academy of Medical Sciences
of Ukraine» Ne 2 dated 21.02.2023.

A total of 70 children with cSLE, aged 7-18 years,
who were receiving treatment in the Cardiorheumato-
logy Department of the Institute for Child and Adoles-
cent Health of the NAMS of Ukraine, were examined
dynamically at 12-month intervals. The majority of
patients were female (62 girls and 8 boys).

The study included children who had been diag-
nosed with cSLE for more than one year. At the time
of enrollment, the average disease duration was
32.97 + 4.06 months (ranging from 12 to 120 months).
A low disease activity score (1-5 points according to
the SELENA-SLEDAI index) was recorded in 61.11%
of patients. Moderate disease activity (6—10 points)
was observed in 33.33% of cases, while high activity
(11-19 points) was recorded in 5.56%.

Following diagnosis, all patients received a three-
component therapy consisting of immunosuppressive
agents, glucocorticoids, and hydroxychloroquine. The ave-
rage daily dose of azathioprine was 99.46 + 1.96 mg,
methylprednisolone was 13.01 + 0.56 mg, and hydro-
xychloroquine was administered at 5 mg/kg of body
weight per day. In severe cases and life-threatening
conditions (such as lupus nephritis and neuropsychiatric
lupus), pulse therapy with methylprednisolone was
administered for three consecutive days, combined
with a single intravenous infusion of cyclophosphamide.

To assess patient prognosis, the presence of poten-
tially irreversible organ and system damage was deter-
mined using the pediatric-adapted SLICC/ACR Damage
Index (PED/SDI) [6], which evaluates 41 elements
across 12 organ systems. Unlike the adult version of
the index, the pediatric-modified version additionally
includes an assessment of growth and pubertal delay.
Each type of damage was assigned a score from 1
to 3 points, with a maximum possible total score of 47.
The scoring system included all types of damage that
had developed since disease onset, either directly due
to cSLE or as a consequence of treatment, provided that
these manifestations persisted for at least six months.

Health-related quality of life (HRQoL) was assessed
using the LupusQoL questionnaire, a 34-item survey
grouped into eight domains: physical health, pain,
planning, intimate relationships, dependence on others,
emotional health, body image (patient self-perception),
and fatigue. The questionnaire was completed by
patients independently, with responses scored on a five-
point Likert scale (0 — always, 1 — almost always, 2 — fairly
often, 3 — rarely, 4 — never). The scoring for each domain
was calculated by summing the scores of all items
within that domain, dividing by the number of items
in the scale, then normalizing to a 0—100 scale by dividing
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2 — gocuTtb YacTo, 3 — 3pigka, 4 — Hikonw). lMigpaxyHok
Ganie 3adificHIOBaABCS OKpeMO [Afisl KOXHOI i3 Lwwkan,
LUNSAXOM NiACYMOBYBaHHS 6anbHOr0 HaBaHTAXKEHHS KOX-
HOro 3 MWTaHb, WO BXOASTb A0 AOMEHY, 3 HACTYMHUM
po3nodinioM Ha KinbkicTb nuTaHb wWwkanu. CepegHs
ouiHka nepeTBoptoBanace Ha Ganu Big 0 go 100,
posginsnacb Ha 4, a noTiM MHoxunace Ha 100. Hynb
Ganie BignosigaB HawmripLwi sikocTi xuTtTd, 100 Ganis —
HaMKpaLLoMy CTaHy SIKOCTi XWUTTSA AN KOXHOro JOMEHY
(wkanm) [7, 8].

CratuctnyHa o6pobka maTepiany nposegeHa 3 BUKO-
puCTaHHAM nakeTa npuknagHux nporpam (MSExcel,
SPSS). [na Bu3Ha4YeHHs [OCTOBIPHOCTI BiAMIHHOCTEN
NoKasHWKIB BUKOPMCTOBYBaNUCb napameTpuydHi (t-kpute-
pin CTtbtogeHTa (p), KyToBOro nepetBopeHHst Piepa (¢))
Ta HenapameTpuyHi kputepii (Binkokcona (W)), a ans
BM3HAYeHHS B3aEMO3B’AI3KY Ta B3AEMOBMNINBY OKPEMMUX
CKnagoBmx NpoBOAMBCS KOpeEnsUinH1A aHanis.

PE3YABTATU TA IX OBFOBOPEHHS

Ha MOMEeHT focnifxeHHs npu TpMBamnocTi XBopobu
B cepeaHboMy 6nusbko Tpbox pokiB y 47,17% XBopux
HEe3BOPOTHi MOLUKOAXEHHS OpraHiB i CUCTEM He peecTpy-
Banucb, a y 52,83% BOHM BUSIBNSANMWCH Y Pi3HMX CMiBBIia-
HoWeHHAX. [MauieHTn 3 HasABHICTIO OpraHHUX NOLIKOA-
XEeHb He BIApPI3HANUCb 3a BIKOM | CTaxem XBopobu
((35,96 = 5,30) micsauis) (p > 0,1).

3HayeHHs iHaekcy nowkomkeHHs (IM) cepen xBopux Ha
CUB nigniTkiB cknanu B cepegHbomy (1,42 + 0,17) 6anu.
Husbkun 1M (1 6an) BusieneHo y 19 piten (35,85%),
cepegHin (2—4 6ann) — y 8 obctexeHux (15,09%), Buco-
kun (> 4 6anis) — B xoaHoro 3 xsopux. Cepeq nauieHTiB
3 I, wo popisHioBaB ogHomy Bany, 6ynu xBopi i3 ypa-
XKEHHSIM HEPBOBOi CUCTEMW Y BUIMAAI KOrHITUBHMX NOPY-
LWeHb Ta CyAOMHUX Hanagis, Aki noTpebyBanu nikyBaHHSA
ncuxiatpa i HeBponora NpoTAroM He MeHwe 6 MicAuis;
i3 AncdyHKUieto Mmiokapaa NiBoro LWAyHo4Ka (CUCTONIYHOK
abo/Ta giacTonivyHo); ypakeHHAM HUPOK; MreBpanbHUM
ibpo3om Ta 3aTtpumkor 3pocTy. B rpyni giten 3 I,
o AopisHioBae 2 6anam (11,32% ocib), BusBNeHi He3Bo-
POTHI ypaxeHHs1 opraHa 30py (kaTapakTa); AMCHYHKUIA
niBOro LUNYyHOYKa cepusd Ta 3aTpUMKa POCTY, a TaKoX
nnespansHnii ibpos. Y 2 nauieHTiB (3,77%) IM popis-
HioBaB 4 Ganam, Mpu LbOMY HE3BOPOTHI MOLUKOMKEHHS
CTOCYyBanucb opraHa 30py, HEPBOBOI CUCTEMU (KOTHITUBHI
MOpyLUEHHA Ta CyAOMHi Hanagw) Ta KiCTKOBO-M'SiI30BOrO
anapaty (acenTU4HUN HEKPO3 KICTKOBOI TKAHWHM).

MepLue micue 3a 4acToTOK cepen HE3BOPOTHUX OpraH-
HUX MOLLKOMXEHb Y AiTer Ta nigniTkie, xsopux Ha CYB,
3ariManu ypaxeHHs HepBOBOI CUCTEMM, SiKi cnocTepiranucs
y 20,75% nauieHTiB, Npn LbOMY NepeBaXkanu KOrHiTUBHI
nopyweHHs (y 16,98% ocib). ¥ gBox nauieHTok (3,77%)
BMSIBNIEHO OOHOYaCHO KOTHITUBHI MOPYLUEHHS Ta CYAOMHi
Hanagw, Wo notpebyBanu JOBroTPUBANOro MikyBaHHSI.

Ha gpyromy micLi 3a 4acTOTOK 3HAXOAMIMCH NOLLKOA-
XeHHs nerexb (y 13,21%), wo 6yno npegcraBneHo nnee-
panbHuMm hibpo3om. 3 AeLo MEHLLOK YacTOTOK PeecT-
pyBanucb NOLLKOAXeEHHsi opraHa 3opy (y 11,32% xBopux),
BMKMIOYHO Yy BUrmagi katapaktn. Y 9,43% obcTexeHnx
BCT@HOBIEHO 3aTpuMKy pocTy. [ewo pigwe peecTtpy-
BanuCb CyOKMiHIYHI MOLIKOOXKEHHS CepLeBO-CYAMHHOT
cucTeMu y BUMSAI AMCAYHKUIT Miokapga niBoro Lwimy-

by 4 and multiplying by 100. A score of O indicated
the worst possible quality of life, while a score of
100 reflected the best quality of life in each domain [7, 8].

Statistical analysis was performed using applied
statistical software packages (MS Excel, SPSS).
Parametric (Student’s t-test (p), Fisher's angular trans-
formation (@)) and non-parametric (Wilcoxon test (W))
methods were used to determine the significance
of differences. Correlation analysis was conducted
to assess relationships and interdependencies between
various parameters.

RESULTS AND DISCUSSION

At the time of the study, with an average disease
duration of about three years, 47.17% of patients showed
no irreversible organ and system damage, while 52.83%
exhibited such damages in varying degrees. Patients
with organ damage did not differ in age or disease
duration ((35.96 = 5.30) months) (p > 0.1).

The damage index (DI) values among adolescents
with SLE averaged 1.42 + 0.17 points. A low DI (1 point)
was detected in 19 children (35.85%), a moderate
DI (2—4 points) in 8 individuals (15.09%), and a high
DI (> 4 points) in none of the patients. Among patients
with a DI of 1 point, there were cases of nervous system
involvement characterized by cognitive impairments
and seizures requiring psychiatric and neurological
treatment for at least six months; left ventricular
myocardial dysfunction (systolic and/or diastolic); kid-
ney involvement; pleural fibrosis; and growth retardation.
In the group with a DI of 2 points (11.32%), irreversible
damages included eye organ damage (cataracts), left
ventricular myocardial dysfunction, growth retardation,
and pleural fibrosis. In 2 patients (3.77%), the DI was
4 points, with irreversible damages affecting the eye,
nervous system (cognitive impairments and seizures),
and musculoskeletal system (aseptic bone necrosis).

The most common irreversible organ damages in
children and adolescents with SLE were nervous system
injuries, observed in 20.75% of patients, with cognitive
impairments being predominant (16.98%). Two female
patients (3.77%) had concurrent cognitive impairments
and seizures requiring long-term treatment.

The second most common damages were lung
injuries (13.21%), represented by pleural fibrosis. Less
frequently observed were eye organ damages (11.32%)
exclusively in the form of cataracts. Growth retardation
was diagnosed in 9.43% of patients. Subclinical cardio-
vascular damages, such as left ventricular myocardial
dysfunction, occurred less often (5.66%). Rare cases
of kidney damage, mostly in the form of massive protei-
nuria (> 3.5 g/day), and skeletal system involvement
as aseptic bone necrosis were noted (1.89%).

During follow-up (after one year), irreversible organ
damages were recorded in 52.83% of SLE patients.
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Houyka (y 5,66%). BigsHadeHO NOOAMHOKI BMNAgKW
(y 1,89%) NOLUKOMKEHHSA HUPOK, MEPEBAXHO Yy BUMMAAI
MacuBHOI npoTeiHypii (noHag 3,5 r/moby), Ta KicTkoBoil
CUCTEMM Y BUIMSIAi aCENTUYHOTO HEKPO3Y.

Y OvHamili cnocTepeXeHHst (4epe3 OAMH PiK) 03HaKu
HE3BOPOTHMX OPraHHUX MOLUKOOXKEHb pPEECTpyBanumchb
y 52,83% xBopux Ha CYB. Ak i npu nepwomy gocnia-
XKeHHi, Il KonuBaBcA B Mexax HU3bKMX Ta cepegHix
3HayeHb (Big 1 oo 4 6iniB), Oro MoKasHWKKM MO rpyni
B Uinomy cyTTeBo He 36inbwwmnucb (1,48 + 0,13 6anu).
Mpn iHauBiAyanbHOMy aHanisi y 6GinbwocTti (60,38%)
nokasHuk M 3anuwascs HeaMiHHUM, Yy 11,32% XxBOpuxX
BiH 3HM3MBCS, ane Make B TPETUHU OOCTEXEHMUX
(y 28,30%) — 36inbwmBcs. KinbkicTb XBOPUX 3 HU3bKUM
IN (1 6an) 3anuwanack Ha piBHi 35,85%, YacTka naui-
€HTIB i3 cepepgHim nokasHukom M (2-4 Ganu) pewo
36inbwunackb (3 15,09% po 16,98% BignosigHo), 3poc-
TaHHsA 1M go BUCOKMX 3HadeHb (> 4 GaniB) He 3apeecT-
posaHo. lNpoTe, cTpykTypa Il 3a nokanisauieto Ta Buaa-
MU ypaxkeHb CyTTEBO 3MiHUNacb. Tak, Ha neplie micue
32 4acToTOW BWMLINM YLIKOMKEHHS] OpraHa 3opy Ta
3aTpuUMKa 3pOCTY, siKi BUSIBMSINMUCH MaiXe y KOXHOro
n'atoro nauieHta (y 18,87% ). Opyry nosuuito nocino
NOLLUKOXEHHA nereHb (y 16,98%). MNoTeHUiiHO HesBo-
POTHi 3MiHM 3 BOKY HEpBOBOI CMCTEMU 3a CBOEI YacTo-
TOK BidiiWnM 3 nepworo Ha TpeTin nnaH (y 15,12%),
a 4acTka ypaXeHb KICTKOBO-M'Si30BOi cuCTEMU 306inb-
wunacb i BUALWIMIA 3 OCTaHHbOIMO Ha 4eTBepTe Micue
(y 7,55%) (3 OWTMHM Manu aBacKynspHWA HEKpo3,
1 OUTWMHA — TSKKUIA OCTEONOpOo3 3 KOMMpeCieto XxpebLiB).
3 MEHLLO 4acTOTOK PEECTPYBarMCh NOLLKOOXKEHHS cep-
ueBo-cyaunHHoi cuctemu (y 3,77% ocib), ane noLukoa-
XKEHHS HUPOK Yy BUMAAI MacuBHOI NpoTeiHypii 3pocnu
yagivi (3 1,89% nauieHTiB npyu nepwomy no 3,77% —
Npu NOBTOPHOMY OBCTEXEHHI).

3a pesynbTrataMmu aHKeTyBaHHS MokasHukiB AXKIM3
(aHketa LupusQol) y giten i3 CYB BcTaHOBNEHO iX
cyTTeBe noripweHHa (Tabn. 1). CepefHii nokasHuk
AXKIM3 3a Bciva gomeHamm cknaB (65,51 + 2,09) 6anis
Ta KonvBaBcsa B Mexax Big 38,41 no 89,45 6anun. AHani3
pesynsTaTiB 3@ OKPEMUMW LUKanamy BCTaHOBWB, LUO
HanbinbLW MNOpYLUEHNMU BUSBUNUCL CHEPU  «IHTUMHI
BigHOCUHM» Ta «ob6pa3 Tina», a Harkpawui MoKasHUK
3acpikcoBaHO B AOMeHi «Oinb», ki HabpaB HaWbINbLLy
KinbkicTb 6aniB. 3a iHWMMK Wkanamun aHkeTn LupusQolL
AXKIM3 Takox cyTTEBO CTpaxaana.

As in the initial study, the DI ranged between low
and moderate values (1—4 points), with group indicators
showing no significant increase (1.48 + 0.13 points).
Individual analysis showed that for most patients
(60.38%), the DI remained unchanged, while it decreased
in 11.32% of patients and increased in almost one-third
(28.30%). The proportion of patients with a low DI (1 point)
remained at 35.85%, while the proportion with a mode-
rate DI (2-4 points) slightly increased (from 15.09%
to 16.98%); no DI increases to high values (> 4 points)
were recorded. However, the DI structure by localization
and types of damages changed significantly. Thus, eye
organ damage and growth retardation became the most
frequent, found in almost every fifth patient (18.87%).
Lung damage took second place (16.98%). Potentially
irreversible nervous system changes moved to third
place (15.12%), while the proportion of musculoske-
letal system damages increased, rising from last to
fourth place (7.55%) (3 children had avascular necrosis,
1 child had severe osteoporosis with vertebral com-
pression). Cardiovascular damages were less frequent
(3.77%), but kidney damages in the form of massive
proteinuria doubled (from 1.89% during the initial study
to 3.77% in the follow-up).

According to the quality of life questionnaire
(LupusQolL), children with SLE experienced significant
deterioration. The average LupusQoL score across all
domains was (65.51 + 2.09) points, ranging from 38.41
to 89.45 points. Analysis by individual scales revealed
that the most affected domains were «intimate relation-
ships» and 2body image», while the «pain» domain
had the highest score. The LupusQoL scales indicated
a substantial decline in patients’ quality of life.

Ta6nuua 1. Noka3HnKM SKOCTi XMTTA nauieHTis i3 CYB (3a aHkeToro LupusQol)
Table 1. Quality of Life Indicators in Patients with SLE (Based on the LupusQoL Questionnaire)

Homenu Lupus-Qol / LupusQolL Domains

Moka3sHwuku, 6anu / Scores, points (M + m)

®iznyHe 3gopor’sa / Physical health 77,60 £4,17
Binb / Pain 82,41+ 4,99
MnanyBaHHs / Planning 79,63 + 5,52
IHTUMHI BigHOCKHKM / Intimate relationships 35,58 + 4,87
3anexHicTb Big iHWKx ntogert / Dependence on others 66,21+ 5,74
Emouivine 3gopor’s / Emotional health 76,15+ 4,24
O6pas 1ina / Body image 62,08 + 6,89
BromntoBaHicTb / Fatigue 75,00 + 4,46
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OTpvMaHO HUM3KY KOpensuiiHux B3aeMO3B'A3KIB
MiX nokasHukamy FAXKIM3 Ta cTyneHeM akTUBHOCTI XBO-
pobu, BikoM nauieHTiB Ha Yac obcTexeHHs Ta B OebtoTi
xBopobu, a Takox Tpusanictio CHB (puc. 1).

A number of correlation relationships were iden-
tified between QoL indicators and the degree of disease
activity, patients’ age at the time of examination and
disease onset, as well as the duration of SLE (Fig. 1).

Bik nauwickra/patient's age
0.8

AKTHBHICTD
3ax Bul)lﬂﬁﬂ HHA

Disease activity

Bik neGory
Age of onset

Tpusanicte saxsoposanns/duration of illness

= biae/Pain
=Iuromui siamocnun/Intimate relationships
=——0pas Tina ‘Body image

——[lnanyeasna'Planning
Emouiiine apopos’s Exouiiine 1nopos's
=——BrowmosanicTs /Fatigue

Puc. 1. Cuna kopensuinHux 3B’a3kiB gomeHiB LupusQoL i3 kniHiYyHMMKU napameTpamu
Fig. 1. Strength of correlations between LupusQoL domains and clinical parameters

3BOPOTHI KOpensuiniHi 3anexHocTi 3adikcoBaHO Mix
JoMeHaMu «Binby», «NnaHyBaHHS», «IHTUMHI BiZHOCUHUY,
«EeMOUjiHe 300pOoB’A» i CTyNeHemM akTUBHOCTI XBopobu
((r=-0,530; p < 0,05), (r =-0,529; p < 0,05), (r =-0,720;
p <0,05), r =-0,728; p < 0,01) BignosigHo). [Npsimi kope-
NAUINHI 3B’A3KN BUSIBNEHO MK MOKa3HWMKaMW [OOMEHIB
«Binb» Ta «nnaHyBaHHSA» i BIKOM XBOPUX MpU OOCTEXEHHI
((r=0,647; p<0,01) Ta (r=0,642; p < 0,01) BignosigHo),
MoKasHMKM LWKanu «obpas Tina» KopentoBanu 3 BikOM
naujieHTiB y AebtoTi xBopobu (r = 0,611; p <0,01), a wkanu
«BTOMINIOBaHICTb» — 3 ii TpueanicTio (r = 0,638; p < 0,05).

HasBHiCTb 3a3HadyeHMX B3aeMO3B’'S3KIB MiATBEPAXYE
CYTTEBMI BMIMB AKTUBHOCTI XBOPOOW Ha MOripLUIEeHHS
AXKIM3 xBopux 3a GaraTbma ii cdhepamu, Ha BiaAMIHY Big
BIKOBMX MOKa3HMKIB MaUiEHTIB Ik HA 4Yac OOCTEXEHHS,
Tak i Biky febtoTy xBopobu, a Takox i TpMBanocTi, Lo aco-
uitoBanucb 3 noninweHHaM napametpis AXKI3, 3ymos-
neHnM, WMMOBIPHO, MOCTYNOBOK cTabinisauieto cTaHy
nauieHTiB Ha TNi TpMBanoi agekBaTHOI Tepanii.

MpoaHanisoBaHo nokasHuky AXKI3 nauieHTiB 3 ypaxy-
BaHHSAM HasIBHOCTI HE3BOPOTHUX OpPraHHMX MOLLUKOAXKEHb.
3aranbHuin nokasHuk AXIM3 xBopux 6e3 cTiikux no-
LUKOPKEHb OpraHiB i cuctem cknae (62,13 + 6,83) 6anu
Ta CTaTUCTMYHO He Bigpi3HSBCA Big NMoOkasHMKa NauieHTIB
3 ix HasBHicTio ((67,99 * 3,71) 6anu; p > 0,05). B oci6
6e3 opraHHMX MOLUKOMKEHb 3aranbHUiA nokasHuk AXKIM3
noripwyBaBcs Ha Thi akTMBaUii BOBYAKOBOro npoLecy,
IO NiATBEPI)KEHO BUCOKOK 3BOPOTHON KOPENsLifHO0
3anexHiCTioO Mk 3aranbHum nokasHukom HAXKM3 Ta
ctyneHem aktusHocTi CUB (r = —0,866; p < 0,05).

Inverse correlations were recorded between the
domains «Pain», «Planning», «Intimate Relationships»,
«Emotional Health», and the degree of disease activity
((r=-0.530; p < 0.05), (r=-0.529; p < 0.05), (r =-0.720;
p <0.05), r =-0.728; p < 0.01), respectively. Direct corre-
lations were identified between the «Pain» and «Plan-
ning» domains and patients’ age at the time of exami-
nation ((r = 0.647; p < 0.01) and (r = 0.642; p < 0.01),
respectively). The «Body Image» scale correlated with
patients’ age at disease onset (r = 0.611; p < 0.01), while
the «Fatigue» scale correlated with disease duration
(r=0.638; p <0.05).

The presence of these relationships confirms the sig-
nificant impact of disease activity on the deterioration
of patients’ quality of life (QoL) across multiple domains.
In contrast, patient age — both at the time of examination
and at disease onset — as well as disease duration, were
associated with improvements in QoL parameters.
This improvement is likely due to the gradual stabilization
of patients’ condition with prolonged adequate therapy.

QoL indicators were analyzed considering the pre-
sence of irreversible organ damage. The overall QoL
score for patients without persistent organ damage
was (62.13 * 6.83) points, which did not statistically
differ from the score of patients with such damage
((67.99 £ 3.71) points; p > 0.05). In individuals without
organ damage, the overall QoL score worsened with
the activation of the lupus process, as evidenced by
a strong inverse correlation between the overall QoL
score and the degree of SLE activity (r =-0.866; p < 0.05).
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MpoBeneHo aHani3 nokasHukie AXKM3 3a ii cknago-
BMMUW JOMEHaMW 32 YMOB HasIBHOCTi Y¥ BiACYTHOCTI Mo-
TEHLiHO HE3BOPOTHNX OPraHHMX NOLLUKOMXEHb (Tabn. 2).

An analysis of QoL indicators by its component do-
mains was conducted, considering the presence or
absence of potentially irreversible organ damage (Table 2).

Tabnuusa 2. MokasHnku gomeHiB AXKI3 (Lupus-Qol)
3anexHo Bif HAsABHOCTi MOTEHUINHO HE3BOPOTHUX OpPraHHMX noLukomkeHb (M £ m)
Table 2. Indicators of QoL domains (LupusQoL) depending on the presence of potentially irreversible organ damage (M + m)

[omenu Lupus-Qol / LupusQoL Domains IN =0 6anis/IP =0 points, n=9 | IM=16an,n=9/IP =1 point, n=9
disnyHe 3gopor’sa / Physical Health 78,65 + 7,50 77,08 +6,42
Binb / Pain 77,78 £ 10,02 87,96 + 4,42
MnaHyBaHHs / Planning 75,00 + 10,32 77,78 £ 10,02
IHTUMHI BigHOcKHM / Intimate Relationships 30,00 + 10,16 43,75 £ 4,27
3anexHicTb Big iHwmx ntogen / Dependence on Others 65,28 + 8,98 62,04 + 9,53
EmouinHe 3gopos’s / Emotional Health 70,14 + 8,70 76,39 £ 6,05
O6pa3s Tina / Body Image 55,00 + 8,80 68,33 + 11,88
BromnioBaHicTb / Fatigue 80,56 + 5,65 59,38 + 6,60

lMpumimka:
*p < 0,05 — gOCTOBIPHICTb BiAMIHHOCTEN MiX rpynnamu.
Note:

*p < 0.05 — statistically significant differences between groups.

Ak 3asHadyeHo B Tabnuui 2, cyTTeBi pPO3GiKHOCTI
nokasHukis AXKIM3 y Burnagi i noripweHHs BUSBNEHO
nve 3a WKanow «BTOMIHOBaHICTb» 3a HAsiBHOCTI opraH-
HUX MOLUKOAXEHb. 3a BiACYTHOCTI HE3BOPOTHUX MOLLKOA-
EHb OpraHiB i CUCTEM MOKA3HUK 3a3HAYEHOro OOMEHY
noninwyeaBcst 3 4acoMm, 3i 36inbLUeHHsM TpuBanocTi
XBOpOoOW, L0 3acBigYeHO BiOAMOBIAHMM NPSMUM Kopensi-
LiMHUM 3B’A3KOM cepegHboi cunm (r = 0,611; p < 0,01).
Cepepn obcTexeHux 3i chbopMoBaHUMMN HE3BOPOTHUMU MO-
LIKOKEHHSIMW aHanorivyHOoI 3aneXHOCTi He 3achikcoBaHO.

Y nauieHTiB 6e3 CTiflkuX MOLIKOOXKEHb OTPUMaHO
3HaYHY KiNbKiCTb B3aEMO3B’AI3KIB  MiX MOKa3HWKaMmn
nomeHriB «6inb» (r = -0,86; p < 0,05), «nnaHyBaHHA»
(r = -0,97; p < 0,01), «iHTUMHI BigHOCUHWY» (r = —0,95;
p < 0,01), «emouiriHe 3gopos’sa» (r = —0,93; p < 0,01) 3i
CTYNeHeM akTUBHOCTI XBOpoOU, LLO 3MiHIOBaNuChb Pi3HO-
cnpsmoBaHo y Burnagi noripweHHs AXM3 signosigHo
00 36inblueHHs akTMBHOCTI npouecy. [Npy 3HUXKEHHI ak-
TMBHOCTI ayTOIMYHHOrO NpoLecy 3asHayeHi cpepu KXuTTs
HanarogXyBanucs, Lo NiATBEPMKEHO BiANOBIAHUMUK W
[OCUTb CUNBHUMW 3BOPOTHUMMW KOPENSILIINHUMM 3B’A3KaMU.

Y rpyni xBopux Ha CYB i HasBHICTIO HE3BOPOTHMUX
NOLLIKOOXKEHb KiNbKICTbKOPENALiMHMXB3aEMO3B A3KIB3MEH-
lwmnacb i crocyBanacb OOMEHIB «(i3u4He 340pOB’A»
(r=0,76;p<0,05), «6inb» i «nnaHyBaHHA» (r=0,81;p<0,01),
WO MPSIMO 3anexanu Bifg, Biky XBOPWUX NPU OBCTEXEHH.
MoxHa npunycTuTy, WO B AaHOI KaTeropii XBopux nonin-
weHHa FAXKMN3 3a BkasaHuMK LwKanamu BiabyBanocb
y Mipy gopocnillaHHs Ta aganTtauii o ocobnuBocTen
nepebiry xBopoOW, MNOKpALLEHHST CaMOKOHTPOM Ta
couianbHOro cratycy nauieHTiB.

Takum 4nHom, BuBYeHHSA AXKI3 npu CYB nokasano
HeraTMBHUA BMMMB XBOPOOM SK Ha pi3nyHi, Tak i Ha
NMCUXONOriYHI  acnekTn XUTTELIANbHOCTI XBOpUX, LWO
acouiloBanocb, nepLu 3a Bce, 3 aKTUBHICTIO XBOPOOU.

Mpobnema BigganeHWx HacnigkiB TakMX 3axBopto-
BaHb, sik CUB, BMHMKNA B OCTaHHI POKM BHACMIgOK
CYTTEBMX 3MiH NATOrEHETUYHOTO FliKyBaHHsSI ayTOIMYyHHUX
3axXBOpIOBaHb, WO [A03BOMMIMO 3HAYHO MNOMINWWUTU pe-
3ynbTatu  Tepanii, BWXMBAHICTb i TPWUBanICTb >KUTTS

As indicated in Table 2, significant discrepancies in the
indicators of HRQoL in the form of its deterioration were
found only for the «fatigue» scale in the presence of organ
damage. In the absence of irreversible organ and system
damage, the indicator of this domain improved over time,
with increasing disease duration, as confirmed by the
corresponding moderate direct correlation (r = 0.611;
p < 0.01). Among the subjects with irreversible damage,
no similar dependency was observed.

In patients without stable damage, a significant
number of correlations between the domain indicators
«pain» (r=—0.86; p<0.05), «planning» (r=—0.97; p<0.01),
«intimate relationships» (r = -0.95; p < 0.01), and
«emotional health» (r = —0.93; p < 0.01) with disease
activity were found, which changed in opposite directions,
showing deterioration in HRQoL as disease activity
increased. With the reduction in autoimmune process
activity, these areas of life improved, which was confir-
med by corresponding and quite strong inverse
correlation links.

In the group of patients with systemic lupus erythe-
matosus (SLE) and irreversible damage, the number of
correlation relationships decreased and concerned the
domains of «physical health» (r = 0.76; p < 0.05), «pain»,
and «planning» (r = 0.81; p < 0.01), which were directly
dependent on the age of the patients at the time of
examination. It can be assumed that in this category
of patients, improvement in HRQoL on the indicated
scales occurred as they grew older and adapted to the
features of the disease course, with improvement
in self-control and social status of the patients.

Thus, the study of HRQoL in systemic lupus erythe-
matosus (SLE) revealed the negative impact of the
disease on both the physical and psychological aspects
of the patients’ lives, which was primarily associated
with disease activity.

The issue of long-term consequences of diseases
such as SLE has emerged in recent years due to signi-
ficant changes in the pathophysiological treatment of
autoimmune diseases, which has allowed for sub-
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xBopux. Came HalwapyBaHHS HECMNPUSATIINBUX CTaHIB,
SIKi  CyNpOBOMAXYKTb PO3BUTOK aBTOIMYHHOrO MpoLecy
abo € HeraTMBHMM edekTOM 3acToCcOoBaHMX Mpenaparis,
BM3HaAYaloTb SKICTb XUTTS NauieHTiB B AOBroTpmsanin
nepcnektmei. 3a gaHumm O. Nived u cniBaBT. [9] yxe
yepe3 5 pokiB Big nodaTky 3axBoptoBaHHA Yy 54%
popocnux naudieHTiB i3 CYUB cnocTepiraeTbcs nosiea
HE3BOPOTHMX OPraHHWX MOLUKOAXEHb, He3BaXkaluu Ha
yCrix naTtoreHeTUYHOro nikyBaHHs. BaratbMa aBTOpamu
poseneHo, wo npu CYB 3 toBeHiNbHUM OebtoTom Bxe
B AWTAYOMY Billi Mae pU3UK BUHUKHEHHS TPUBANMUX 3MiH
3 BOOKy BHYTpILWHIX OpraHiB, siki MOXyTb OyTW 3BOPOT-
Humm [10]. 3a gaHMMM LUMPOKMX AOChigXeHb cepen
HE3BOPOTHMX OPraHHWX ypakKeHb Y AOPOCHMX MNaLieHTIB
Ha MepLIoOMYy poLi 3aXBOPIOBaHHS Hambinblue noLukoa-
KEHb HaKoMuM4yyBanocs B OMNOPHO-PYXOBOMY anapari,
HEPBOBO-MCUXIYHIA Ta HMPKOBIA cucTemax; Ha OinbLu
ni3HiX cTagisax HanbinbLle NoLWKo4KEHHsI Byno B ONOpPHO-
pyXxoBOMY anapari, O4YHil Ta cepueBo-CyANHHIN CUCTEMaX.
lMpy noganblIOMy CROCTEPEXeHHi nicna 7 pokiB BiA
novaTky 3axBOPIOBaHHSA Ha MnepLue Micle BUXOAATb ypa-
XKeHHs1 onopHo-pyxoBoro anapaty (25,2%), 3a Humwn
HemponcuxivyHi nopyleHHsa (15,0%), noTiMm nopyLueHHs
dyHkuii Hupok (12,0%) i cepueBo-CyauHHOI cuctemu
(10,0%) lMpoTArom nepLluoro poky Micns BCTaHOBMEHHS
piarHo3y CUB y 20% i3 1274 nauieHTiB 3’ABUNMCSA HOBI
nposieu ypaxeHHs [12]. MNpoBegeHe AOCRIOXEHHSA NOKa-
3arno, WO paHHiMU NOPYLUEHHSAMU Y NiANITKIB € YpaKeHHs
HepBoBoi cuctemm (20,75% nauieHTiB), 3 nepeBaxxaHHAM
KOTHITUBHMWX NOPYLUEHb, NOLIKOAXKEHHS nereHb (y 13,21%),
wo Oyno npeacrtaeneHo nneBpanbHUM  iGpo3omMm,
a TaKoX MOLUKOAXEHHS opraHa 3opy (y 11,32% xBopux),
BMKIIOYHO Y BUIMAAi katapakTu. Hawmbinblw akTyanbHi
3MiHM LOA0 AOPOCNMX NauieHTiB, a came 3MiHM 3 Goky
cepueBO-CyANHHOI CUCTEMU | HUPOK, NMPU IOBEHINTbHOMY
CUYB Bun3Ha4aeTbea nuie y 5,66% ta 1,89% BignosigHo.
Y AvHamiui cnoctepexeHHs (4epe3 OfuH pik) O3HaKu
HE3BOPOTHMX OpraHHMX MOLUKOMKEHb 3pOCTaloTb i BUSIB-
NATLCHA BXe Y NonoBuHM xBopux Nignitkie (52,83%) i3
CUB, npu UbOMYy CTPYKTypa MOLUKOAXKEHb CYTTEBO 3Mi-
HIOETbCA. Tak, Ha Mneplle Micle 3a 4acToTOH BUXOASTb
YLWKOOXKEHHS1 OpraHa 30py Ta 3aTpuvMKa pocCTy, SKi BU-
ABNSANUCH Maike y KoXHoro n'satoro nauieHta (18,87%)
Ta YacTka ypaXeHb KICTKOBO-M'A30BOI cucTemu 36inb-
wunace (y 7,55%). TMowKomkeHHs cepLeBO-CyaUHHOT
CUCTEMW peecTpyBanucb 3 MeHLoto yactoTtoro (3,77%),
ane MOLWKOMDKEHHS HUPOK Yy BWUMMsS4i MacuBHOI MnpoTei-
Hypii 3pocnu yasivi (3 1,89% nauieHTiB Npu nepLiomy
00 3,77% — npy NOBTOPHOMY OBCTEXEHHI).

Mepebir xBopobu B NiaNiTKOBOMY BiLli CYTTEBO BMNMBAE
Ha SKICTb XMWTTS nauieHTiB. OCTaHHIMM pokamu aKTUBHO
06roBOpHOETLCHA NUTAHHS BMMBY CaMe HasiBHOCTI CTIMKUX
opraHHUX NMOLLKOMXXEHb Ha SKICTb XUTTA nauieHTiB 3 CUB,
[OBefeHOo HM3bKY SKiCTb XNUTTS 3a LupusQol, wo acoujto-
Banacb MNepeBa)kHO 3 BUCOKOK aKTUBHICTO XBOpPOOW.
Plantinga i cniBaBT. B CBOIX AOCMIOKEHHAX 3a3Hauunu,
LLIO AKICTb XWUTTS NaUiEHTIB CYTTEBO ripLUe HiXX B 3aranbHin
nonynauii [13] Ta HeraTMBHO MOB’'siI3aHa 3 AKTUBHICTIO
XBOpoOWM Ta couianbHUM cTaTycom nauieHTiB [14],
LLIO 3YMOBIOE HEOOXiAHICTb MOHITOPUHIY LIMX NMOKa3HUKIB.

Y Hawomy [ochifKeHHi TakoX BCTaHOBMEHO TiCHY
3BOPOTHY KOPENsAUiMHY 3anexHiCTb MK 3aranbHUM
NMOKa3HWKOM SIKOCTi XXMTTS Ta CTyneHem akTtuBHocTi CHB
(r = -0,866; p < 0,05), np1 LBOMY HasIBHICTb HE3BOPOT-

stantial improvements in therapy outcomes, survival,
and life expectancy of patients. It is the accumulation
of unfavorable conditions accompanying the develop-
ment of the autoimmune process or the negative
effects of medications used that determines the quality
of life of patients in the long-term perspective. According
to O. Nived and co-authors [9], after 5 years from the
onset of the disease, 54% of adult SLE patients expe-
rience irreversible organ damage, despite the success of
pathophysiological treatment. Many authors have proven
that even juvenile-onset SLE has the risk of long-term
changes in internal organs, which may be reversible [10].

According to extensive studies, among irreversible
organ damage in adult patients during the first year of
the disease, the most damage accumulated in the
musculoskeletal system, nervous and mental systems,
and kidneys; in later stages, the most damage occurred
in the musculoskeletal system, eyes, and cardiovascular
systems. After further observation, 7 years after the
onset of the disease, musculoskeletal damage (25.2%)
becomes the most frequent, followed by neuropsychic
disorders (15.0%), kidney function disorders (12.0%),
and cardiovascular system disorders (10.0%). During the
first year after the diagnosis of SLE, 20% of 1,274 pa-
tients experienced new manifestations of damage [12].
The conducted research showed that the early disorders
in adolescents are nervous system damage (20.75% of
patients), predominantly cognitive disturbances, lung
damage (13.21%), represented by pleural fibrosis, and
eye organ damage (11.32% of patients), exclusively in the
form of cataracts. The most relevant changes for adult
patients, namely changes in the cardiovascular and renal
systems, are only observed in 5.66% and 1.89%, respec-
tively. In the dynamic observation (after one year), signs
of irreversible organ damage increased and were found
in half of the adolescent SLE patients (52.83%), with the
structure of damage changing significantly. Thus, eye
organ damage and growth retardation became the most
common (found in almost every fifth patient — 18.87%),
and the proportion of musculoskeletal system damage
increased (7.55%). Cardiovascular damage was recorded
less frequently (3.77%), but kidney damage in the form
of massive proteinuria doubled (from 1.89% of patients
at first to 3.77% upon re-examination).

At the same time, the course of the disease during
adolescence significantly impacts the quality of life of
patients. In recent years, there has been active discu-
ssion about the influence of stable organ damage on
the quality of life in patients with systemic lupus erythe-
matosus (SLE). It has been proven that low quality of
life according to LupusQoL is primarily associated with
high disease activity. Plantinga and co-authors, in their
studies, noted that the quality of life of patients is signi-
ficantly worse than in the general population [13] and is
negatively associated with disease activity and patients’
social status [14], which underscores the need to monitor
these indicators.

In our study, a strong inverse correlation was also
found between the overall quality of life and the degree
of SLE activity (r = —0.866; p < 0.05), with the presence
of irreversible organ damage significantly worsening
these indicators, primarily affecting fatigue. Fatigue is
present in almost 80.0% of adult SLE patients. It is always
accompanied by physical and psychological distur-
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HUX MOLUKOAXEHb OpraHiB CyTTEBO MOripwye ii nokas-
HVKW Ta BNNMBae, Nepll 3a BCe, HAa BTOMIIOBAHICTb.
BromntoBaHicTb 3ycTpivaeTbest npakTnyiHo y 80,0% naui-
eHTiB i3 CYB popocnoro Biky. BoHa 3aBxau cynpo-
BOMKYETbCA (I3UYHUMU | MCUXOMONYHUMU  MOPYLUEH-
HsiMKM, 30kpema Gonem B cyrnobax i M’si3ax, TPUBOIoto,
genpecielo, MNOriplWeHHAM SIKOCTi i XapaKTepUCTUK CHY.
CTyniHb aKTUBHOCTI 3axBOPIOBaHHS, SIK MPaBWIoO, He
KOpentoe i3 BTOMIIIOBAHICTIO. binbLlo Mipoto BTOMIIO-
BaHicTb npu CYB acouiloeTbca 3 genpecieto, NopyLueH-
HsIMK CHY i dbibpomianrielo, a nepLioyYeproBe 3Ha4YeHHS
y ¢opmyBaHHi cMMNTOMIB BTOMMoBaHocTi npu CYB
Bigirpae genpecia [15, 16].

OTxe, pocnigkeHHst nokasHukie AXKIM3 y noegHaHHi
3 BUW3HAYEHHSIM aKTUBHOCTI XBOpPOOM Ta HasIBHOCTI
HE3BOPOTHMX MOLLKOMKEHb OpraHiB i CMCTEM [03BONUTH
MOBHILLE OUIHWTU CTaH 300POB’S XBOPWUX, MNPOBECTU
MOHITOPVMHI OCHOBHMX WMOro MOKa3HUKIB Ta CBOEYACHO
BMSBUTM noTpebn B Kopekuii Tepanii Ta y BuMOGOpI
HaedEeKTUBHILLOT Nporpamm nikyBaHHS.

BUCHOBKHU

[MOTEHUINHO HEe3BOPOTHI  OpraHHi  NOLUKOMKEHHS
3 HM3bKMMM Ta CEPEeLHIMU 3HAYEHHSIMU IHAEKCY NOLUKOA-
XEHHS BCTaHoBrneHo y 52,83% Aiten Ta nianitkis, XBopux
Ha C4YB. Cepen He3BOPOTHWUX MOLUKOMKEHb [AOMiHY-
Banu ypaXeHHsI HEPBOBOI CUCTEMW, OYel Ta 3aTpumka
3pOCTy, WO € ocobnuBiCTIO, BNACTMBOK AMNsi IOBEHIMb-
Horo nebtoty CUB. HakonuueHHs1 Ta 36epeXxeHHs1 opraH-
HUX MOLUKOMKEHb BiabyBanocb 3i 36iNblIeHHAM TpuBa-
nocti xBopobu Ta 6yno acouiioBaHO 3 LOBroTpMBanMm
36epeXeHHsIM aKTUBHOCTi BOBY4aKOBOIO MpPOLIECY.

Y niten, xsopux Ha CYB mae Micue HeraTuBHWU BNNB
XBOPOOM AIK Ha pi3nyHi, Tak i Ha NCUXOMNOriYHi acnekTn
XKUTTEOIANBHOCTI, LIO TaKOX acouiloBanocb 3 aKTUB-
HicTiO XxBOpoOW, nepeBaxHO B 0ci0 ©6e3 opraHHMX
MOLUKOMKEHb, WO MiATBEPMKEHO 3BOPOTHOK KOpEensLin-
HOK 3anexHIiCTIo MK 3aranbHMM MNOKasHWKOM SIKOCTi
XUTTA Ta cTyneHem aktuBHocTi CYB (r =—-0,866; p < 0,05).

CyTTeBi po3bixHOCTi nokasHukie AXKIM3 y Burnagi ix
noripweHHs1 NPy BUHWKHEHHI OpraHHUX MOLLKOAXEHb BU-
SIBMEHO NULLIE 3a LLIKarOoK « BTOMITOBAHICTbY (3 OpraHHNMmM
nowkomxkeHHsaMun 59,38 + 6,60 6anis npotn 80,56 + 5,65 —
y nauieHTiB 6e3 opraHHux nowkoaxkeHs; p < 0,05).
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bances, including joint and muscle pain, anxiety,
depression, and impaired sleep quality and charac-
teristics. Disease activity generally does not correlate
with fatigue. To a greater extent, fatigue in SLE is asso-
ciated with depression, sleep disturbances, and
fibromyalgia, with depression playing a primary role in the
formation of fatigue symptoms in SLE [15, 16].

Thus, the study of HRQoL indicators, combined
with assessing disease activity and the presence of
irreversible organ damage, will provide a more compre-
hensive evaluation of patients’ health status, allow
monitoring of its key indicators, and timely identify
the need for therapy correction and the selection of
the most effective treatment program.

CONCLUSIONS

Potentially irreversible organ damage with low and
moderate values of the damage index was found in
52.83% of children and adolescents with systemic lupus
erythematosus (SLE). Among irreversible damages,
the most common were nervous system damage, eye
damage, and growth retardation, which are characteristics
of juvenile-onset SLE. The accumulation and persistence
of organ damage occurred with an increase in disease
duration and were associated with long-term preservation
of lupus activity.

In children with SLE, there is a negative impact of
the disease on both the physical and psychological
aspects of the patients’ lives, which was also associated
with disease activity, primarily in individuals without
organ damage, as confirmed by the inverse correlation
between the overall quality of life score and the degree
of SLE activity (r = -0.866; p < 0.05).

Significant discrepancies in HRQoL indicators in the
form of their deterioration with the occurrence of organ
damage were found only for the «fatigue» scale (with
organ damage: 59.38 + 6.60 points versus 80.56 + 5.65 —
in patients without organ damage; p < 0.05).
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MepcnekTMBU NOAAABLLUMX AOCAIAXEHb
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B pamMKax 3a3HadeHunx npobnem mae NpoAoBXyBaTUCh.
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Prospects for further research

A long-term course of systemic lupus erythematosus (SLE) with
disease onset in childhood is a prerequisite for the development
of stable irreversible changes in internal organs and systems.
The connection with the activity of the inflammatory process
in SLE may become a basis for changing treatment regimens
to achieve better therapeutic outcomes and prevent the negative
course of the disease and its consequences. Therefore, research
within these issues should continue.
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PE3IOME

AxktyanbHicTb. [MonepekoBuit 6inb (MB) € ogHielo 3 HanakTyanbHIWNX MeauyHUX Ta
coujianbHO-EKOHOMIYHMX NPOGMeM cycninbCTBa, WO CYNPOBOMKYETbCS rnobanbHUM
36inbLUEHHsIM KiNbKOCTI pokiB, npoxutux 3 iHBanigHictio (YLDs). Binblwicts gocnia-
XeHb noB’s3ytoTb B 3 06MexeHHsIM pyxoBoi yHKLUiT xpebTa Ta pyXoBOro KOHTPOIO
M’'A3iB NOMEePEeKOBO-Ta30BOi AiNSHKMA, OAHAK Yy HU3Ui MOBIAOMMEHb Takoro 3B’A3KY
He BUSIBMEHO.

MeTa po60THM — MPOBECTV MOPIBHSAMbHY OLHKY OpTOMNeaWYHOro ctaTtycy Ta pesyrb-
TaTiB KMiHIYHUX TECTIB PyXOBOrO KOHTPOIM y 6E3CMMNTOMHMX BOMOHTEpIB Ta Yy naui-
€HTIB 3 OCTEOXOHAPO30M MOMNEPEKoBOro Biaadiny xpebta 3 MOMIPHO BUPaXEHUM
60MbOBUM CUHAPOMOM.

Marepianu Ta metoamu. [InsaiH — peTpoCrneKTMBHE KOHTPONbOBaHE OOCHIMKEHHS.
Matepian — npoTokonu opToneanyHoro obctexeHHss 30 acMMNTOMHUX BOMOHTEPIB
Bikom 20-30 pokiB (KOoHTponbHa rpyna) Ta 60 xBopux 20—40 pokiB 3 OCTEOXOHAPO30OM
rornepekoBoro Bigainy xpebta 3 nomipHum 60MbOBMM CUMHOPOMOM (OCHOBHa rpyna).
MeTtoam: KniHiYHWIA: ouiHIOBanu: iHTEHCMBHICTb nonepekoBoro Gonto 3a BALL; piBeHb
avcabinitauii ODI 3a onutyBanbHMkom Oswestry Disability Questionnaire, Bepcisi 2.0;
TOHYC napaBepTebpanbHUX M’s3iB, PyXNMBICTb MOMNepekoBoro Biadiny xpebta 3a
meTogom LloGepa; 3aranbHy pyxnuBicTb XxpebGTa 3a TecToM «narneub-nignoray;
TecTyBanu pyxoBui KOHTPOSb M’A3iB NONEpPeKoBO-Ta30BOI AiNSAHKN; CTAaTUCTUYHUA.
PesynbraTn Ta ix o6roBopeHHs. [MonepekoBuit 6inb 3a BALL po3suiHeHuin sik nomip-
HWI; piBeHb Ancabinitauii ODI cBig4YMB NPO NOMIPHE 3HUXEHHS aKTUBHOCTI. OTpUMaHi
OaHi 3Havylle MepeBuLLyBanu aHanorivyHi MOoKasHWKM acMMMNTOMHUX BOJOHTEPIB
(p < 0,05). Pesynbraty TecTiB «naneup-nignora» Ta LloGepa BusiBUNM OOCTOBIpHE
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AAS UUTYBAHHS:

obmexeHHs1 3rHaHHs (p < 0,01 Ta p < 0,05 BignoBigHO). Pe3ynbTat TeCTyBaHHS
PYXOBOr0 KOHTPOMH BWSIBUMM TPWM TUMM NATOMOFYHUX PYXOBMX MaTepHiB nig 4ac
3rHaHHs: 1) dikcauis Bcix Bioainis xpebTa 3i CNMOLWEHHAM NMONEPEKOBOro ropaAoa3y,
Haxunom Tasa Ha3aj Ta rinepeKCTeH3Ielo KynbLIOBUX Ta KoniHHMX cyrnobiB y 45% xBo-
pux Ta 'y 5% BonoHTepiB; 2) dikcalis WMNHOro Ta rpyaHoro BiaAainis xpebra i3 He3Hau-
HOI pYXNMBICTIO B MOMEPEKOBOMY BiAdiNni, Haxvunom Tasa [o3afy Ta pO3rvMHarbHO
ycTaHoBkoto y cyrnobax y 22,5% T1a 10% BignosigHo; 3) nomipHa dikcauis xpebta
i3 HaxMnNoMm Tasa Jonepepy Ta 3rvHanbHOK ycTaHoBKow B cyrmobax y 32,5% Ta
y 30% BignosigHo.

BucHoBkU. HasiBHiCTb MOMipHO BMpaxeHoro 60MbOBOrO Ta MOB'A3AHOMO 3 HUM
MIOTOHIYHOrO CUHOPOMY Yy XBOPUX Ha OCTEOXOHOPO3 MOMEepeKkoBOro Biadiny xpebrta
CYNPOBOMAXYETLCA HEY3rofKeHICTI0O aKTMBaLii M’A3iB  NMonepeKkoBO-Ta3oBOI  OifsIHKA
3i 3MiHOIO PyXOBOr0O CTEpPeoTUny.

KonecHiyeHko B.A., lonka II., Mpecbko 1.B., Bypnaka B.B., BecHin B.B., BeegeHcokunin B.11., BeegeHcbkuin [1.6.
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ABSTRACT

Background. Low back pain is one of the most urgent medical and socio-economic
problems of society, accompanied by a global increase in the number of years lived
with disability (YLDs). The majority of studies associate low back pain with limitation
of motor function of the spine and muscle control of the lumbar-pelvic area, however,
in a number of reports such a connection was not found.

Purpose — to conduct a comparative assessment of orthopedic status and the results
of clinical tests of motor control in asymptomatic volunteers and in patients with
lumbar osteochondrosis with moderate pain syndrome.

Materials and Methods. Design: a retrospective controlled study. Material:
orthopedic examination protocols of 30 asymptomatic volunteers aged 20-30 years
(control group) and 60 patients aged 20-40 years with lumbar osteochondrosis
and moderate pain syndrome (main group). Methods: clinical: assessed: lumbar
pain intensity using VAS; the level of ODI according to Oswestry Disability Ques-
tionnaire, version 2.0; paravertebral muscle tone, lumbar spine mobility according
to the Schober method; mobility of the entire spine according to the «finger-floor» test;
motor control of the lumbar-pelvic muscles was tested; statistical.

Results. Low back pain according to VAS is considered moderate; the ODI disability
level indicated a moderate decrease in activity. The obtained data significantly
exceeded the similar indicators of asymptomatic volunteers (p < 0.05). The results
of the «finger-floor» and Schober tests revealed a reliable limitation of flexion (p < 0.01
and p < 0.05, respectively). The results of motor control testing revealed 3 types
of pathological motor patterns during flexion: 1) fixation of all parts of the spine
with flattening of the lumbar lordosis, backward tilt of the pelvis, and hyperextension
of the hip and knee joints in 45% of patients and 5% of volunteers; 2) fixation of the
cervical and thoracic spine with insignificant mobility in the lumbar spine, tilting
of the pelvis backwards and extensor position in the joints in 22.5% and 10%,
respectively; 3) moderate fixation of the spine with forward pelvic tilt and flexion
in the joints in 32.5% and 30%, respectively.

Conclusions. The presence of moderate low back pain and associated myotonic
syndrome in patients with lumbar osteochondrosis is accompanied by inconsistency
in the activation of the muscles of the lumbopelvic region with a change in the
motor stereotype.

Kolesnichenko VA, Holka HH, Hresko IV, Burlaka VV, Vesnin VV, Vvedensky BP, Vvedensky DB. Alteration in motor control
in patients with low back pain and myotonic syndrome of lumbar osteochondrosis. The Journal of V.N. Karazin Kharkiv
National University. Series Medicine. 2025;33(1(52)):93—102. DOI: https://doi.org/10.26565/2313-6693-2025-52-08

BCTYN

INTRODUCTION

MonepekoBun 6inb (MB) € ogHieto 3 HanakTyanbHi- Low back pain (LBP) is one of the most urgent
WKMX MeaMYHMX Ta couianbHO-ekOHOMiIYHMX npobnem  medical and socioeconomic problems in society. In 2021,
cycninbctBa. Y 2021 poui B cknagas npubnuaHo LBP accounted for an estimated 628.8 million prevalent
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628,8 MNH nowupeHux Bunagkie, 266,9 MMAH HOBMX
BuNagkie ta 70,2 MAH pPOKIB XWUTTS 3 MOMPaBKOK Ha
inBanigHictb (Disability-Adjusted Life Years, DALYs) [1],
o € Aes’siTolo nposigHot npuynHoto DALYS y BcboMy
CBIiTi [2], NnpocTexyeTbcsi rnobansHe 36inblUeHHS Kinb-
KOCTi pokiB, NpoxuTux 3 iHBanigHicTio (Years Lived with
Disability, YLDs) uepe3 b [3]. Y CnonyyeHux LWTaTtax
MbB nocigae nepwe micue cepeq 154 craHiB BUTpaT Ha
OXOpPOHY 370poB’sA, Ha ski B 2016 poui 6yno BuTpaveHo
6nusbko 134,5 mnpa gonapis CLUA [4]. B AnoHii 6es-
pobiTTa cepeg 1,04 MNH SINOHCBHKMX YONOBIKIB Npaue-
30aTHOro BiKy MOB’si3aHe 3 nonepekosumM 6onem [5].

MB B32aEMOMNOB’sI3aHMI 3 OOMEXEHHAM PYXOBOi (DYHK-
uii xpebta, B nepuwy 4epry, Npy BUKOHAHHI aKTUBHUX
pyXiB — 3rMHAHHA Ta PO3rMHaHHS, SiKi € HEBI4' €MHO Yac-
TUHOI NOBCSAKAEHHUX NOBYTOBUX Ta BUPOOHMYMX HaBaH-
TaxeHb [6]. B aaHun yac GinblwicTb ¢axiBuiB BBaXae,
LLIO MOpYLUEHHs1 pyxoBoi dyHKLiT xpebTa npu Nb € Hacnia-
KOM AUCKYHKUIT M’'A3iB NONepeKkoBO-Ta30BOl AiNSHKN 3i
3MIiHOKO pyXoBOro KoHTponto [7, 8], wo nposBnsAeTbes
3MIHOK MOCNILOBHOCTI BKMOYEHHA M'S3iB i3 BiATBOPEH-
HSIM HEKEPOBAaHWX PyXiB MONEPEKOBUX CETMEHTIB.

ICHyIOTb pi3Hi rinoTe3n po3BUTKY 3MiH PyXOBOI pery-
nAuii M’sA3iB - nonepekoBo-Ta30oBOi  AiNSAHKW. binbLwicTb
i3 HUX noB’A3aHa 3 ABOMa OCHOBHUMMW TeEOpPIAMMW, LLO
nepenbayatoTb: 1) 3MiHa amnniTyam Ta Yacy noyarky akTu-
Baljii NpaBoro Ta NiBOro OAHOMMEHHNX M’S3iB BUKNUKAE
NOPYLUEHHSI CUHXPOHHOCTI CKOPOYEHHS M’A3iB Ta pyxy
XpebToBMX CEermMeHTiB 3 aKkTUBaLielo MexaHopeuenTopiB
Ta HouumuenTopiB Ta BigyyTTam [B, abo 2) 6inb cynpo-
BOOXKYETbCA Miodpikcauieto [9]. IcHye Takox 6Giomexa-
HiYHa Teopia pPO3BUTKY AMCEYHKUiT M'A30BOI cCUCTEMMU
BHACINIAOK KYMYNATUBHUX CYOYTOMHUX YLUKOOXEHb 3B’S-
30Kk xpebTa, ¢hibpo3Horo kinbus MixxpebueBoro aucka
Ta Kancyn gJyrosigpocTyacTtux cyrnobie, po3pobrneHa
Panjabi M.M. [10]. 3rigHo 3 uieto Teopieto, nponpiouen-
TOPW MOLLUKOKEHUX €ENEMEHTIB XpebTOBUX CermeHTiB
reHepylTb CMOTBOPEHi CWUrHamu, Lo npu3BOAWUTb OO0
nopyLleHHs naTepHiB M’a30Bux Bignosigew [10].

Y TOM Xe 4ac € Hu3Ka MOBiOOMMNEHb, B SAKUX He
BUSIBMIEHO CTATUCTUYHO AOCTOBIPHMX BIOMIHHOCTEN MiX
pesynsrataMmy NOpPIiBHANBLHOTO 0BCTEXEHHSI NOMNEpPeKOBO-
Ta30BOr0 PUTMY Y aCMMMTOMHUX BOSIOHTEPIB Ta NauieHTiB
3 b [11, 12]. Ui paHi MoXyTb BKasyBaTu Ha BiACYTHICTb
pocrtosipHoro Bnnuey 1B Ha pyxoBWI KOHTPONb M’A3iB
nonepeKkoBO-Ta3oBOI AINAHKM Mpu  caritTanbHUX pyxax
i nepepbavaloTb HasiBHICTb AoAaTKoBuX dhakTopiB, siKi
30aTHi NOTeHUiBaTN 3MiHY M’i30BOT perynsuii.

Meta po6GoTum — npoBEecTM MOPIBHSMbHY OLHKY
opToneanyHoro cratycy Ta pesynbraTiB KMiHiYHUX TecTiB
PYyXOBOro KOHTPOMO Yy acUMMNTOMHMX BOJOHTEPIB Ta
y nauieHTiB 3 OCTEOXOHAPO30M MOMEepeKoBOro Biaainy
xpebTa 3 NoMipHO BUpaXxeHNM 60nboBUM CUHOPOMOM.

MATEPIAAU TA METOAU AOCAIAXEHHSA

HusaliH docrnidxeHHs — PETPOCNEKTUBHE KOHTPO-
NbOBaHe [OOCioKEHHS.

Mamepian 0OocnidxeHHs — NpPOTOKONW OpTOneauny-
Horo obcTtexeHHs 30 acMMNTOMHWX BOMOHTEPIB BIKOM
20-30 pokiB (cepenHin Bik (22,4 + 2,6) pokiB) Ta 60 xBo-
pux 20-40 pokis ((33,4 + 4,8) pokiB) 3 OCTEOXOHAPO-
30M nonepekosoro Biaginy xpebra (OlNBX) 3 nomipHum

cases, 266.9 million new cases, and 70.2 million disability-
adjusted life years (DALYs) [1], which is the ninth leading
cause of DALYs worldwide [2], with a global increase
in Years lived with disability (YLDs) due to LBP [3]. In the
United States, LBP ranks first among 154 health care
expenditure conditions, accounting for an estimated
US$ 134.5 billion in 2016 [4]. In Japan, unemployment
among 1.04 million Japanese male workers is attri-
buted to LBP [5].

LBP is interconnected with the limitation of the motor
function of the spine, first of all, while performing active
movements in the sagittal plane — flexion and extension —
which are an integral part of everyday household and
industrial loads [6]. Currently, the majority of specialists
believe that a violation of the motor function of the spine in
LBP is a consequence of the dysfunction of the muscles
of the lumbar-pelvic region with an alteration in motor
control [7, 8], which is manifested by a change in the
sequence of muscle activation with the reproduction
of uncontrollable movements of the lumbar segments.

There are various hypotheses for the development of
changes in the motor control of the lumbar-pelvic region
muscles. Most of them are associated with two main
theories, which suggest: 1) the change in the amplitude
and time of the activation onset of the right and left
eponymous muscles causes a violation of the synchro-
nicity of muscle contraction and movement of the ver-
tebral segments with the activation of mechanoreceptors
and nociceptors and the sensation of vertebral pain, or
2) pain is accompanied by myofixation of the vertebral
segments [9]. There is also a biomechanical theory of
the development of muscular system dysfunction due to
cumulative sub-fatigue injuries of the vertebral ligaments,
fibrous ring of the intervertebral disc and capsules of the
facet joints, developed by Panjabi M.M. [10]. According to
this theory, the proprioceptors of the damaged elements
of the vertebral segments generate distorted signals,
which lead to disruption of muscle response patterns [10].

At the same time, there are a number of reports that
have not revealed statistically significant differences
between the results of a comparative examination of the
lumbar-pelvic rhythm in asymptomatic volunteers and
patients with LBP [11, 12]. These data may indicate the
absence of a reliable effect of LBP on the motor control
of the muscles of the lumbar-pelvic region during sagittal
movements and suggest the presence of additional
factors that can potentiate changes in muscle regulation.

Objective — to conduct a comparative assessment
of the orthopedic status and the results of clinical
tests of motor control in asymptomatic volunteers and
in patients with lumbar osteochondrosis with moderate
pain syndrome.

MATERIALS AND METHODS

The study design is a retrospective controlled study.

The material of the study was the protocols of orthope-
dic examination of 30 asymptomatic volunteers aged
by 20-30 years (average age 22.4 + 2.6 years) and
60 patients 20—40 years (33.4 + 4.8 years) with osteo-
chondrosis of the lumbar spine with moderate pain
syndrome. All examined subjects were male. The group
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6onboBUM cMHOPOMOM. Yci obcTexeHi Bynu yonosivoi
ctati. KoHTponbHa rpyna acvMNTOMHWX BOJIOHTEPIB
cknaganacs 3 30 cniBpobiTHMKIB KomMyHanbHOro Heko-
MepuinHoro nignpuemcTtBa «Micbka nikapHs WBWAKOI Ta
HeBiaknagHoi MeguyHoi gonomoru iM. npod. O.l. Mewa-
HiHOBa» XapkiBcbkoi Micbkoi pagu (MJILLUHM[), y sknx
B aHamHe3i He Oyno enizogiB nonepekoBoro 6onto.
OcHoBHy rpyny cknanu XBOpi, siki cnocrtepiranucsa y
MIWHM[ (n = 20) Ta y MeanyHoMy LIeHTPi «IHTEpCOHO»
y JlbBoBi (n = 40).

Kpumepii 8kntoyeHHs1 y 00CiOXKEeHHS: BONOHTEPU —
BiACYTHiICTb ckapr Ha 6inb y xpebTi un cyrnobax, BigcyT-
HICTb HEBPOMOriYHMX 3axXBOPHOBaHb; XBOPi — HAasIBHICTb
MB TpuBanicTio 4o 12 MmicsuiB, BiACYTHICTb BUpPaXeHUX
MIOTOHIYHUX peakLin M’A3iB NONEPEKOBO-TA30BOI AiNsIHKN
3i 3HAYHMM OOMEXEHHAM PYXNMBOCTI MOMNEpPEKOBOro
Bioginy xpebTa; BiaCyTHICTb BigoOpaxeHOoro (y HWXHIO
KiHLiBKY) 60nto; BigCYTHICTb HEBPOMOriYHUX PYXOBUX
po3nagis 3 nape3amMu HWXKHIX KiHUIBOK. Kpumepigmu
BUKITIOYEHHSI 3 O0CiOXeHHS AN BOFIOHTEPIB Ta NauieHTIB
6ynn nepenomu xpebGTa Ta KICTOK HWKHIX KiHLiBOK
abo onepaTuBHi BTpyYaHHs1 Ha XpeOTi Ta HWXKHIX KiHLiB-
Kax B aHaMHe3i, HasABHICTb CMOHAUIONICTE3Y.

Memodu OocridxeHHs. IHTeHcuBHiCTb 1B ouiHoBanu
3a BAU (0 cm — BigcyTHicTb 6onto; 10 cm — HecTepnHUi
6inb). PiBeHb gucabinitauii ODI Bu3Hayanu 3a onuTy-
BanbHnkom Oswestry Disability Questionnaire, Bepcisi 2.0
(0 6aniB — BigCyTHICTE 06MEXeHHs akTuBHOCTI; 50 6anis —
NoBHE OOMEXEHHSI aKTUBHOCTI).

lNpu opmoneduyHomy o2nsdi eusHa4asu: TOHyC napa-
BepTebpanbHNX M’A3iB, pyXNUBICTb NONEPEKOBOrO BiaAiny
xpebta 3a metogom LUoGepa (y HOpMi npw 3rvHaHHI
BiACTaHb MiX ocTMcTMMM BigpocTkamm L1 i L5 xpebuis
36inbyeTbca Ha 4 cM), 3aranbHy pyxnuBicTb xpebTa
3a [Jonomorow TecTy «naneub-nignora» (y Hopmi npu
3rMHaHHi KiH4mk [l manbusa KucTi TopkaeTbcs mignoru).
PyxoBuii KOHTpOmnb M’A3iB NMOMNepeKkoBO-Ta30BOI AiMNsHKA
ouiHOBanu 3a pesynsratamMu TECTIB, L0 iMITYOTb NOBCSK-
OeHHi pyxu: 1) i3 NONOXEHHSI CTOSYN BUKOHATU 3rMHAHHSA
Ta pO3rMHaHHA Tynyba 3 MakcMMmanbHO MOXIMBOK
amnniTygo; 2) 3 MOMOXEHHS CTOSYM CiCTM Ha cTineub
(TecT «cTOATM-CiCTU®); 3) NiABECTUCA 3 MONOXEHHS
cuas4M Ha CTinbLi (TecT «cuaitn-nigeecTucs»). Pyxu Buko-
HyBanu 3 A0BiNbHO 06paHoto WBKAKICTHO. [pn BUKOHAHHI
TEcTiB BpaxoByBanucs aMmnnityga ta HanpsiMki noeg-
HaHUX pyxiB MNomnepekoBoro Bigainy xpebTa, Tasa Ta
KynbLUOBUX CyrnobiB, a Takox 4ac npoBedeHHs npobu.
KoxeH 3 TecTiB BUKOHyBaBCs 3 pasu; pesynbraTr TecTy
BBaXXaBCA MO3UTMBHMM, SKWO Koro Oyrno npoBeaeHo
NpaBUNbHO He MEHLLE ABOX pasiB.

lpu cmamucmuy4Hux OOCMIOXEHHSIX BUKOPWUCTOBY-
BanM MeToOu OMUCOBOI CTaTUCTUKW. BigMiHHOCTI Mix
rpynamu oujiHioBanu 3a t-kputepiem CTbtofjeHTa 3 piBHEM
3HaudywocTti p < 0,05. CtatuctnyHi pgocnigpkeHHs 6yno
npoBeaeHo 3 BUKopuctaHHam SPSS V20.

[On3anH gocnigxeHHsa cxBaneHo Ha 3acigaHHi Komicii
3 bGioeTnkn XapkiBCbKOro HauioHanbHOro Mean4yHoro
yHiBepcuTeTy MiHicTepcTBa OXOpOHM 340pOoB’A YKpaiHu
(npotokon Ne 7 Big 21 ciyna 2021 p.). JocnimkeHHs
NnpoBoAMNOCS BIiAMOBIOHO [0 CcTaHAapTiB  GioeTikn
lenbciHcbKOT Aeknapauii BcecBiTHbOI MeguyHOi acouia-
Uil Npo eTWYHi NPUHUMNW AN HayKoBUX | MeAuMYHUX
pocnigxeHb, a Takox KoHBeHuii Pagn €sponu npo
MpaBa ntognHu Ta GiomeguumHy. KoxeH yvacHuk gocnia-

of asymptomatic volunteers (control group) consisted
of 20 employees of the Municipal non-profit enterprise
«City Clinical Hospital of Emergency and Acute Medical
Care named after Prof. O.l. Meshchaninov» (CCHEAMC)
of the Kharkiv City Council, who had no episodes
of low back pain in the history. The group of patients
(main group) consisted of patients who were observed
in CCHEAMC (n = 20) and in the medical center
«Intersono» in Lviv (n = 40).

Study inclusion criteria: volunteers (control group) —
no complaints of pain in the spine or joints, no neurolo-
gical diseases; in patients (main group) — the presence
of low back pain lasting up to 12 months, the absence
of pronounced myotonic reactions of the lumbar-pelvic
region muscles with a significant limitation of the lumbar
spine mobility; the absence of referred (in the lower limb)
pain; absence of neurological motor disorders with
paresis of the lower extremities. The exclusion criteria
from the study for volunteers and patients were fractures
of the spine and bones of the lower extremities or
surgeries on the spine and lower extremities in history,
the presence of spondylolisthesis.

Research methods. The intensity of LBP was
assessed using VAS (0 cm — no pain; 10 cm — unbear-
able pain). The level of ODI disability was determined
using the Oswestry Disability Questionnaire, version 2.0
(0 points — no limitation of activity; 50 points — complete
limitation of activity).

During the orthopedic examination, the following
were determined: the tone of the paravertebral muscles,
the mobility of the lumbar spine according to the Schober
method (normally, when bending forward, the distance
between the spinous processes of the L1 and L5 verte-
brae increases by 4 cm), the total mobility of the spine
using the «finger-floor» test (normally, when bending
forward, the tip of the third finger of the hand touches
the floor). Motor control of the muscles of the lumbar-
pelvic region was evaluated based on the results of the
tests that imitate everyday movements. The following
tests were performed: 1) from a standing position to do
flexion and extension of the trunk with the maximum
possible amplitude; 2) from a standing position to sit on
a chair (test «stand — to — sit»); 3) stand up from a sitting
position on a chair (test «sit — to — stand»). The move-
ments were performed at an arbitrary speed chosen
by the subject until the onset of moderate pain. When
performing the tests, the amplitudes and directions
of the combined movements of the lumbar spine, pelvis
and hip joints were taken into account, as well as the
time of the test. Each of the tests was performed 3 times;
the test result was considered as positive if it was
performed correctly at least 2 times.

When statistical analyzing, the median was deter-
mined with a value of the standard deviation, t-test was
evaluated by the method of Student. The level of signi-
ficance was p < 0.05. Statistical studies were conducted
using SPSS V20.

The study design was approved at the meeting
of the Bioethics Commission of Kharkiv National Medical
University (minutes Ne 7 dated January 21, 2021).
The study was conducted in accordance with the bio-
ethical standards of the World Medical Association
Declaration of Helsinki on Ethical Principles for Scientific
and Medical Research and the Council of Europe
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XKEHHs1 HagaB NUCbMOBY IHPOPMOBaHY 3roy Ha y4acTb
Y OOCRIAXEHHI.

PE3YABTATU TA iX OBrOBOPEHHS

Pesynbratv  OUiHKM  IHTEHCMBHOCTI  NMONEpeKoBOro
6onto 3a BALU, piBHa gucabinitauii ODI ceigunnn npo
HasBHICTb Y NaLi€eHTIB MOMipHOro 600 Ta NMOMIPHOIO 3HK-
XEHHS1 aKTUBHOCTI BignosigHo. OTpuMaHi AaHi O4ikyBaHO
3Hauylle nepeBuvLLyBanyM aHanoriyHi NMOKa3HWKU acumn-
ToMHUX BonoHTepiB (p < 0,05). BigomocTi wopo tectyBaH-
HS pyXxnmBOCTi xpebTa (TecT «naneupb-nignorax») Ta obeary
pyxiB nonepekoBux cermeHTiB (Tect Llobepa) Ttakox
O4iKyBaHO BUSBUNN [OCTOBIPHE OOMEXEHHSI 3rMHaHHS
(p <0,01 Tap <0,05 BignosigHo) — Tabn. 1. OgHieto 3 Npu-
YMH 3HAYYLLOTO 3HWXEHHS PYXNMBOCTI xpebTa Ta 1oro
nonepekoBoro BiAAdiny moxe OyTn NOMIPHUIA riNepTOHYC
napaesepTebpanbHUX M’A3iB, BUABMEHUWA Y BCiX XBOPUX
OCHOBHOI rpynu.

Convention on Human Rights and Biomedicine.
Each study participant provided written informed consent
to participate in the study.

RESULTS AND DISCUSSION

The results of the assessment of the intensity of
lumbar pain according to VAS, the level of disability ODI
indicated the presence of moderate pain and moderate
decrease in activity in patients, respectively. The obtained
data were expectedly significantly higher than similar indi-
cators of asymptomatic volunteers (p < 0.05). Information
on testing the mobility of the spine (the «finger-floor» test)
and the range of motion of the lumbar segments (the Scho-
ber test) also expectedly revealed a reliable limitation of
flexion (p < 0.01 and p < 0.05, respectively) — Table 1.
One of the reasons for a statistically significant decrease
in the mobility of the lumbar spine and the entire spine may
be moderate hypertonicity of the paravertebral muscles,
which was detected in all patients of the main group.

Tabnuus 1. [leski cTaTUCTUYHI NOKA3HUKN OPTONEAMYHOMO CTaTyCy aCMMNTOMHUX BOMIOHTEPIB Ta NaUieHTIB 3 nonepekoBmMM 6ornem
Table 1. Some statistical indicators of the orthopedic status of asymptomatic volunteers and patients with low back pain

OasHaka / Sign MauieHtun/ Patients BonoHTepw/ Volunteers
BALL, cm / VAS, sm 4,6x1,1* 2,2+0,6
ODI, 6anwn / ODI, points 23,5+3,8* 9,412 .1
Tect Wob6epa, cm / Schober test, sm 2,2+0,6* 4,2+0,8
TecT «naneub — nignora», cm /«Finger — floor» test, sm 244 +4.8* 52+29

lMpumimka:
*p <0,05;
**p<0,01.
Note:
*p <0,05;
**p<0,01.

Pesynstat BWKOHaHHA (PYHKUiOHANbHUX 3aBaaHb,
aHarnoriYyHux Ao WoaeHHUX nobyTOBMX HaBaHTaXeHb, A0-
3BONUNY BCTAHOBWUTU 3MiHWM PYXOBOIO CTEPEOTUMY B YCiX
xBopux. [INsi BUKOHAHHSA 3rMHaHHA Ta PO3rMHaHHs Tynyba
3 MaKCMMasnbHO MOXITMBOK aMNliTygol 3 HEUTParbHOro
MOMOXEHHS CTOAYM MaLi€EHTU BUKOPWCTOBYBAmnM Kinbka
KOMMeHcaTOpHNX MexaHi3MiB. Bynu 3apeecTpoBaHi:

— dpikcauis Bcix Bigainis xpebTa (LWMAHOroO, rpyaHOro
Ta NMoMepeKkoBoro) 3i CMMOLLEHHAM MOMepeKoBoro rop-
003y, HaxMroM Tasa Hasafj Ta rinepeKkCTEeH3IE KyrbLUo-
BMX Ta KOniHHMX cyrnobiB y 18 (45%) naudieHTiB Ta y
1 (5%) BonoHTepa (puc. 1, b);

— cpikcauia wwuHOro Ta rpygHoro BigainiB xpebta
3 HEe3Ha4yHOoKl pPyXNUBICTIO B MNOMEpeKoBoMy BiAAini,
Haxurom Tasa [03agy Ta PO3rMHAaNbHOK YCTAHOBKOH
Y KynbLUOBMX Ta KOMiHHUX cyrnobax y 9 (22,5%) xBopux
Tay 2 (10%) BonoHTepis (puc. 1, c);

— nomipHa dikcauia BCbOro xpebeTHOro croBna
3 HaxunoMm Ta3a gonepeny Ta 3rMHaNbHOK YCTAHOBKO
B KyNbLUOBMX Ta KOniHHMX cyrnobax y 13 (32,5%) xsopwux
Tay 6 (30%) BonoHTepis (puc. 1, d).

[pyn BUKOHAHHI TECTIB «CTOATU-CICTU» Ta «CuUgiTu-
nigBecTUCsa» BUABMEHO MiodgikcaLito MonepekoBoro Big-
ainy xpebta Ta oOMexeHHA pyxiB y rpygHomy Biggini
xpebTa. Takox y BCiX MauieHTiB Big3Hayanacsa 3atpMmMka
pyxiB Tyrnyba MOpiBHAHO 3 NOYATKOM PYXIB Y KyIbLUOBKX
cyrnobax. OTpumaHi AaHi ceigyaTtb Npo 3MiHY KiHEMaTUKu

The results of the fulfillment of functional tasks, similar
to everyday household loads, made it possible to estab-
lish changes in the motor stereotype in all patients.
To perform flexion and extension of the trunk with the
maximum possible amplitude from a neutral standing
position, the patients used several compensatory mecha-
nisms. Were registered:

— fixation of all parts of the spine (cervical, thoracic
and lumbar) with flattening of the lumbar lordosis, poste-
rior tilt of the pelvis and hyperextension in the hip and knee
joints in 18 (45%) patients and in 1 (5%) volunteer (Fig. 1, b);

— fixation of the cervical and thoracic spine with
insignificant mobility in the lumbar spine, posterior
inclination of the pelvis and extension position in the
hip and knee joints in 9 (22.5%) patients and in 2 (10%)
volunteers (Fig. 1, c);

— moderate fixation of the entire spinal column
with anterior pelvic tilt and flexion position in the hip
and knee joints in 13 (32.5%) patients and in 6 (30%)
volunteers (Fig. 1, d).

While performing functional tasks «sit — to — stand»
and «stand — to — sit», myofixation of the lumbar spine
and limitation of movements in the thoracic spine were
found. There was also a delay in trunk movements
compared to the onset of movements in the hip joints
in all patients. All tests simulating everyday movements
were performed in slow motion. The findings indicate
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nonepekoBoro BiAdiny xpebrta, Taza Ta KynbLUOBUX Cyr-
noGiB. |HWMMK crioBamu, pyx CYMiKHUX CErMEHTIB He
CUHepriYHui i BiabyBaeTbca i3 cybonTumanbHOK amnrii-
TyOOl0 Ta LWBUAKICTIO.

FeLLEt

the change in the kinematics of the lumbar spine, pelvis
and hip joints. In other words, the movement of adjacent
segments is not synergistic and occurs with suboptimal
amplitude and speed.

o ¢

1,‘\'i-.r .|

Puc. 1. BapiaHTv naTonoriyHux pyxoBux NaTepHiB: a — HOPMa;
b — dhikcauis xpebTa 3i CNNOLLEHHAM NoNepekoBOro OpA03Y, HAXUNOM Tasa [03aAy, NepPepo3rvHaHHS B KyrbLLOBOMY

Ta KoniHHOMY cyrno6ax;

C — hikcaLia WUnHOro Ta rpyaHoro BigAiniB, He3Ha4YHa pyXnuMBICTb MONEPEKOBOro BiAAiNy, Haxun Ta3a go3agy
Ta eKCTeH3iliHa yCTaHOBKa B KyIbLLUOBOMY Ta KOMiHHOMY cyrrnobax;
d — nomipHa dpikcauis xpebeTHoro cToBna 3 nepeaHiM HaxmnoM Tasa Ta (rekcCiiHoK YCTaHOBKOK B KyIbLLIOBOMY

Ta KoniHHOMY cyrnoGax

Fig. 1. Variants of pathological motor patterns: a — norm;
b — fixation of the spine with flattening of the lumbar lordosis, backward tilt of the pelvis, hyperextension in the hip

and knee joints;

¢ — fixation of the cervical and thoracic parts, insignificant mobility of the lumbar part, tilting of the pelvis backwards

and extension position in the hip and knee joints;

d — moderate fixation of the spinal column with anterior tilt of the pelvis and flexion in the hip and knee joints

3ruHaHHsa xpebTa € ogHUM 3 HanoLwMpeHiWnx noody-
TOBMX Ta BUPOBHUYMX HaBaHTaXeHb JIIOAUHW. Y HOpPMi
npu Haxuni Tynyba gonepeny 3 HEMTPabHIO NOMOXKEHHS
CTOSlYM 3 PO3IrHyTUMK KOMiHHUMK cyrnobamu nepLi
50-60° pyxy BiobyBalTbCs 3a paxyHOK 3rMHaHHS Mnone-
PEKOBMX CermMeHTiB (pO3TAryBaHHS M'A3a-BUNpsMIsya
xpebTa), noganbwuii Haxun Tynyb6a Bnepen 3abes-
neyyeTbCcsl poTauieto Tasa [Jonepedy (po3TAryBaHHS
BEMUKOTO CiQHWYHOTO M’A3a) i 3rMHaHHSAM KyNbLUOBUX
cyrnobiB (po3TaryBaHHSA M'si3iB-po3rvHadiB cterHa) [12].
Y 3B’A3Ky 3 rinepToHycom napaBepTebpanbHux Mm’asiB

Flexion of the spine is one of the most common
household and industrial stresses of a person. Normally,
when the trunk is tilted anteriorly from a standing
position with the knee joint extended, approximately
the first 50—60° movements occur due to flexion of the
lumbar segments (stretching of the erector spinae
muscle), further forward tilt of the trunk is provided
by the anterior rotation of the pelvis (stretching the
gluteus maximus muscle) and flexion hip joints
(stretching of the hips extensor muscles) [12]. Due to the
hypertonicity of the paravertebral muscles with myo-
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(o BMSIBMEHO Y BCiX XBOpUX AOCHiAXyBaHOI rpynu) Ta
CYNyTHLOK Miodpikcalielo nonepeKkoBo-Ta3oBOI AiNAHKN
3MIHIOETBCA B3aEMOAis NaHOK KiHEMaTWYHOrO naHLtora
nonepekoBuin BiaAin xpebTa — Ta3 — KymnbLUOBi cyrrnobu,
i ue dyHKUioHanbHe 3aBOaHHA (3rMHaHHS xpebTa) BUKO-
HYETLCHA 3@ paxyHOK akTuBauil M'a3iB y HaMeHLU eHep-
roBUTPaTHI Ans AaHoro cyb’ekta mocnigoBHocTi. [aHa
obcTaBMHa MOXe MOSICHUTU HasiBHICTb Pi3HMX BapiaHTiB
3MiH cTepeoTuny pyxis [13], BuSABNEHWX Yy Hawomy
gocnigpkeHHi. Moxnueo, uUa obcTaBMHa — BUKOHaHHA
NOKOMOLIA Yy HaWbinbll EKOHOMIYHOMY pexumi — €
OfHiEl0 3 MpUYMH peecTpauii 3MiHEHMX NaTepHiB pyxiB
Yy aCMMMNTOMHMX BOIOHTEPIB.

Cnig 3asHaunTW, WO onucaHi B nitepaTypi pesynb-
TaTW MOPIBHANbHUX AOCHIMKEHb KIHEMATUMKM MOMNEepeEKo-
BOro BigAiny xpebta B KOHTPOMbHiA rpyni BOMOHTEPIB
Ta rpyni xsopux 3 b cBigyaTb NPo HeJoCTaTHIO y3roaxe-
HiICTb gaHuX. fK OCHOBHA MpMYMHA HEOOHOPIgHOCTI
pe3ynksTaTiB Takux AOChigXeHb po3rnagaeTbcs BUKOPUC-
TaHHA piBHUX METOAIB Ta MNPUAOMIB BUMIpPIOBAHHS
pyxie [14]. Cepea npuymH, SKi MOXYTb MpU3BECTM [0
HEeOOHOPIOHWX pe3ynbTaTiB, TaKoX PO3rMsfaloTb PisHY
iHTeHcuBHICTL | TpmBanicTb 1B, HegocTaTHIO BUGIPKY
nopisHioBaHux rpyn [15].

BUCHOBKHU

HasBHicTb noMipHO BupaxeHoro 6onboBoro Ta
MOB’A3AHOM0 3 HUM MIOTOHIYHOTO CUHOPOMY Y XBOPMX
Ha OCTEOXOHAPO3 MOMEepekoBOro Bigdiny xpebrta cynpo-
BOIKYETbCA HEY3rO[PKEHICTIO akTuBauii M’'asiB  none-
PEKOBO-TA30BOI AiNAHKM 3i 3MiHOK PYXOBOr0 CTEPEOTUMY.

CMUCOK BUKOPUCTAHOI AITEPATYPU

1. LiY,ZouC., Guo W, HanF, FanT., Zang L., Huang G. Global burden
of low back pain and its attributable risk factors from 1990 to 2021:
a comprehensive analysis from the global burden of disease study
2021. Frontiers Public Health, Section Aging and Public Health. 2024.
Vol. 12. 1480779 p. DOI: https://doi.org/10.3389/fpubh.2024.1480779

2. GBD 2021 Diseases and Injuries Collaborators. Global incidence,
prevalence, years lived with disability (YLDs), disability-adjusted
life-years (DALYs), and healthy life expectancy (HALE) for 371
diseases and injuries in 204 countries and territories and 811
subnational locations, 1990-2021: a systematic analysis for the global
burden of disease study 2021. Lancet. 2024. Vol. 403. P. 2133-2161.
DOI: https://doi.org/10.1016/S0140-6736(24)00757-8

3. Chen S., Chen M., Wu X., Lin S., Tao C., Cao H., Shao Z., Xiao G.
Global, regional and national burden of low back pain 1990-2019:
a systematic analysis of the global burden of disease study 2019.
The Journal of Orthopaedic Translation. 2022. Vol. 32. P. 49-58.
DOI: https://doi.org/10.1016/j.jot.2021.07.005

4. Dieleman J.L., Cao J., Chapin A., Chen C., Li Z., Liu A. US health
care spending by payer and health condition, 1996-2016. Journal
of the American Medical Association. 2020. Vol. 323. P. 863-884.
DOI: https://doi.org/10.1001/jama.2020.0734

5. Tomioka K., Kitahara T., Shima M., Saeki K. Fraction and number
of unemployed associated with self-reported low back pain:
a nation-wide cross-sectional study in Japan. International Journal
of Environmental Research and Public Health. 2021. Vol. 18. 760 p.
DOI: https://doi.org/10.3390/ijerph182010760

6. ArxM,, Liechti M., Connolly L., Bangerter C., Meier M.L., Schmid S. From
Stoop to Squat: A Comprehensive Analysis of Lumbar Loading Among
Different Lifting Styles. Frontiers in Bioengineering and Biotechnology.
2021. Vol. 9. 769117 p. DOI: https://doi.org/10.3389/fbioe.2021.769117

fixation of the lumbar-pelvic region (what was found in
all patients in the study group), the interaction of the
links of the kinematic chain of the lumbar spine —
the pelvis — the hip joints is disrupted, and this func-
tional task is performed due to the activation of muscles
in a sequence that is least energy-consuming for a given
subject. This circumstance can explain the presence of
various variants of changes in the motor stereotype [13],
identified in our study. Perhaps this circumstance —
performing locomotions in the most economical mode —
is one of the reasons for the registration of altered
movement patterns in asymptomatic volunteers.

It should be noted that the results of comparative stu-
dies of the kinematics of the lumbar spine in the control
group of volunteers and in the group of patients with LBP
pain presented in the literature indicate insufficient data
consistency. The use of various methods and techniques
for measuring movements is considered as the main
reason for the heterogeneity of the results of such stu-
dies [14]. Among the reasons that can lead to hetero-
geneous results, the different intensity and duration
of low back pain, insufficient sample of the compared
groups are also considered [15].

CONCLUSIONS

The presence of moderate low back pain and
associated myotonic syndrome in patients with lumbar
osteochondrosis is accompanied by inconsistency in the
activation of the muscles of the lumbopelvic region with
a change in the motor stereotype.
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Prospects for further research

A promising direction for further research is a comparative
assessment of the X-ray anatomical features of the lumbar
vertebrae in asymptomatic volunteers and patients with
osteochondrosis of the lumbar spine with moderate pain
syndrome and impaired motor control of the muscles of the
lumbopelvic region.
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PE3IOME

AxTyanbHicTb. [onoBHui 6inb Hanpyru (FBH) 3ammae gpyre micue cepen Han-
NOLUMPEHINX 3axBOplBaHb Yy CBiTi. OcTeonaTtuyHe MaHINynATUBHE MiKyBaHHSA —
ue HedapmakornoriyHa, HeiHBasMBHa MaHyanbHa MeauuuHa, SKy AesKi BBaXaloTb
ansTepHaTMBHOIO MeOMLIMHOK, BKIOYAE LUMPOKUIA CNEKTP TepaneBTUYHUMX MaHyarb-
HUX TexHiK Ans nokpalleHHs disionoriyHoi dyHKUii Ta CNpUsSiHHA BigHOBMEHHIO
romMeocTtasy, 3MiHeHOro 6yab-sIKOl0 COMaTUYHOK AUCKYHKLIE.

MeTa pob60oTu — BOOCKOHANEHHs anroputMy AiarHOCTUMKM Ta MNiKyBaHHS FOMOBHOMO
Oonto Hanpyru 3 ypaxyBaHHAM CTaHy M’A3iB Tina n obnuyys Ta Ao4aBaHHAM OCTEO-
naTu4HOro merogy Tepanii.

Martepianu Tta Metoamn. Ob6cTexeHo Ta nponikoBaHo 96 nauieHTiB (86 xiHOK Ta
10 yvonogikiB) Bikom 43,0 + 10,2 poku (Big 23 go 59 pokiB). [liarHo3 BCTaHOBMIOBaBCS
3rigHo 3 giarHocTnyHuMKn kputepismm ICHD-3. lMNauieHTam Oyna npoBegeHa ocTeo-
natmyHa pgiarHoctuka. [lpoBogwnu ocTeonaTuyHe niKyBaHHSA 3a po3pobrneHoro
aBTOPCHKOK METOAMKOI, 3a [OMOMOro M'SKMX MaHyarlbHUX TEXHIK Ta XOMniCTUYHOrO
nigxogy. CTaTUCTUYHMI aHani3 nonsdraB B OUiHLUi 3MiHM 60nMbLOBOrO CUHAPOMY A0
Ta nicns ocTeonaTUYHOro nikyBaHHA. AHani3 NnpoBoAauBCA 3a kpuTepiem Mak-Hemapa
Ta edpekT po3mipy 3a Cohen’s d.

Pe3ynstatm Ta ix o6roBopeHHsA. JlikyBaHHS npoBoaunocb 1 pa3 Ha TWXKOEHb,
Big 3-x go 5-tm ceaHcis, Tpueanictio 40-50 xB. 3 ogHMM nauieHTOM npoBoaunocs
9 ceaHciB. Komnnekc maB iHAMBIigyanbHWiA nigxig, nigbupascs BignoBigHO OO0 3Hau-
OEHUX Npu ormsgdi COMaTUYHUX AMCAYHKUIN, HaNpyrn M's3iB Ta 3MiHWM (pyHKUiOHanb-
HocTi. MauieHTam npu BupaxeHoMy 60MLOBOMY CHHAPOMI Gyno pekoMeHAoBaHO
npunom 3HebonoBanbHuX (ibynpodeH 400-600 mr Ha p[oby). Mo 3akiHYEeHHo
Kypcy npoueayp 4epes TwkAeHb MauieHTX MpOWLLAN MOBTOPHE OBCTEeXEHHSs, ske
06’eKTUBYBanoO MOKPALLEHHS 3aranbHOr0 CTaHy MauieHTiB Yy BUMSAAI 3MEHLUEeHHS
4acToTM 3yCTpivanbHOCTI ceped XBopux MiodacuianbHux G0MbOBUX CUHAPOMIB Yy
TakMx M’si3ax: BEPXHi Myyku TpaneuienogibHux, NignoTUNMYHUX, rPyAHUHO-KMOYNYHO-
cockonogibHux, apabuHyacTux, napaBepTedbpanbHMX WK Ta CWUHW, Manux rpyaHux,
nigHimayax nonatku, poMbonoaibHMX, KBagpaTHNX NONepeKy, XyBanbHUX Ta CKPOHEBUX.
A TakoX 3meHwWeHHs iHTeHcmBHOCcTi BH. CepepgHin piBeHb 6onto 3a BALL go
nikyBaHHs ctaHoBmB (5,1 £ 1,8) 6anu. lNicns nikyBaHHA BiAMiYanu 3Ha4YHE 3HVDKEHHS
ronoeHoro 6omnto B cepeaHbomy Ao (2,3 + 1,8) 6anu, epekTnBHICTL 3aNpONOHOBAHOIO
0CTeonaTU4HOro NikyBaHHSA NigTBEPMKEHO BUCOKMM KoedpitieHTom d Cohen = 1,55.
BucHosku. Npu giarHoctuui '6H noTpibHo 3BepTaTn yBary Ha CTaH CKeneTHO-M si30BOi1
CUCTEMW, HAsIBHOCTI MiodacuianbHOi 60nboBOI AucyHKUil. B gocnigxeHHi vacTiwe
MiodpacuianbHi  ANCYHKLIT BusSIBNANUCA B TpaneuienogioHux, nignoTunuuHux Ta
XyBanbHUx m’'szax. Po3pobneHuii npoTokon iHAMBIAyanbHOI OCTEONaTUYHOI KOpeKuii
30CepemKEeHNN Ha KOpeKLii coMaTUYHUX OUCKYHKLUIN i3 3aCTOCyBaHHAM apTUKYMALUin-
HUX TexHik cyrnobiB Ta MONaToK; BiAHOBMNEHHS PYXIIMBOCTI KPWXY, BPiBHOBaXKEHHI
MUOUHHMX pacuin LWKi, YCYHEHHS COMaTMYHMX AMCHYHKUIN B LUMAHOMY Biggini
xpebTa Ta kpaHiouepBikanbHOMY nNepexofi, KIHETUYHUX AMCHYHKLIN B KiCTKax yYepena
Ta CKpPOHEBO-HWXHboLenenHomy cyrnobi (CHLLC), i3 3actocyBaHHAM MOB3OOBXHMX
LLIOBHUX TEXHIiK Yepeny, MiodacuianbHOro penisy M’si3iB LWKi, rpY4HOI KIiTKK, XXyBarnbHUX,
CKPOHEBMX, KPUINOMOAIGHMX Ta MiMiYHMX M’A3iB € edpekTBHUM Ans nikyBaHHs BH.
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ABSTRACT

Background. Tension headache (TH) is recognized as the second most prevalent
medical condition globally. Osteopathic manipulative treatment is a non-pharma-
cological, non-invasive manual medicine, considered by some to be alternative
medicine, that includes a wide range of therapeutic manual techniques to improve
physiological function and promote the restoration of homeostasis altered by any
somatic dysfunction.

Purpose — to improve the algorithm for diagnosing and treating tension-type headache,
taking into account the condition of the muscles of the body and face and adding
an osteopathic method of therapy.

Materials and Methods. The study involved examination and treatment of 96 patients
(86 women and 10 men) aged 43.0 + 10.2 years (range 23 to 59 years). The diagnosis
was established according to the diagnostic criteria of ICHD-3. The patients underwent
osteopathic diagnostics. Osteopathic treatment was performed according to the
author’'s developed methodology, using gentle manual techniques and a holistic
approach. Statistical analysis consisted of assessing the change in pain syndrome
before and after osteopathic treatment. The analysis was performed using the
McNemar criterion and the effect size according to Cohen’s d.

Results. Treatment was carried out once a week, from 3 to 5 sessions, lasting
40-50 minutes. One patient underwent 9 sessions. The complex was tailored
individually, chosen based on identified somatic dysfunctions, muscle tension, and
functional changes observed during the examination. Patients with severe pain
syndrome were recommended to take painkillers (ibuprofen 400-600 mg per day).
A week after completing the procedures, patients underwent a follow-up examination.
The results indicated an improvement in their general condition, evidenced by
a reduction in the frequency of myofascial pain syndromes in several muscles:
upper bundles of the trapezius, suboccipital, sternocleidomastoid, scalene, para-
vertebral muscles of the neck and back, pectoralis minor, levator scapulae, rhomboid,
quadratus lumborum, masticatory, and temporal muscles, as well as a decrease
in the intensity of TH. The average level of pain according to VAS before treatment
was (5.1 + 1.8) points. After treatment, a significant decrease in headache was noted
on average to (2.3 = 1.8) points, the effectiveness of the proposed osteopathic treat-
ment was confirmed by a high coefficient of Cohen’s d = 1.55.

Conclusions. When diagnosing TH, attention should be paid to the state of the
musculoskeletal system, the presence of myofascial pain dysfunction. In the study,
myofascial dysfunctions were most often detected in the trapezius, suboccipital and
masticatory muscles. The developed protocol for individual osteopathic correction
focuses on addressing somatic dysfunctions through various techniques. These include
joint and scapula articulation, sacrum mobility restoration, deep fascia balancing
in the neck, cervical spine adjustments, craniocervical junction corrections, skull and
TMJ kinetic dysfunctions using longitudinal suture techniques, and myofascial release
of muscles in the neck, chest, and face. This approach is effective for treating TH.

Vesnin AV, Tovazhnianska OL. Formation of myofascial pain syndrome and its correction in patients with tension
headache. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025;33(1(52)):103—-113.
DOI: https://doi.org/10.26565/2313-6693-2025-52-09

BCTYN

INTRODUCTION

lonoBHun G6inb Hanpyru (FBH) BigHOCKMTLCA OO Hal-
NOLLMPEHILMX BNAIB HEBPOMOriYHMX po3nagis Ta 3anmMae
nepLUy CXOOUHKY 3a PO3MOBCIOMKEHICTIO cepen NepBUH-
HUX ronoBHUX Gonie 3a AaHMMu BcecBiTHbOi OpraHi-
3auii OxopoHn 3popos’s (BOO3) [1, 2]. CraTtuctuka
BOO3 cTtBepoxye, WO MOMOBMHA [OPOCIIOr0 Hace-
neHHs 3emni xoya 6 LLIOPIYHO CTUKAETbCA 3 enizogom
rornoBHoro 6onto, a 15,8% popocnux nogein Ha nnaHeTi
LLOAHSA BiAYyBatkoTb ronoBHUiA Ginb [3].

Tension headache is one of the most common types
of neurological disorders and ranks first in terms of
prevalence among primary headaches according to the
World Health Organization [1, 2]. WHO statistics state
that half of the adult population of the world experiences
a headache episode at least annually, and 15.8% of adults
on the planet experience a headache daily [3].

Despite numerous studies, all the causes of TH have
not been fully understood [2, 4]. Tension headaches
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HesBakaroum Ha YMCNEHHI JOCILKEHHS BCi NPUYMHU
BUHUKHEHHS [BH o kiHUS He BuBYeHO [2, 4]. MMigrpyHTsam
ronoBHoro 60nto Hanpyry BBaXarTbCsA reHETUYHA CXUIb-
HiCTb, cnocib XuUTTA Ta GE3KOHTPONbHUA MPUNOM 3He-
6onoBanbHUX NpenapariB. [eHeTUYHO y NioAen 3 Takum
BMOOM rOnoBHOro Gomto iCHylTb HeMpOoXiMivHi ocobnu-
BOCTi B cucTemi 60nboBoro aHanizatopa mMo3ky. Npu Lpo-
My HEMpOHW NepeBaHTaXykTbCA W MOCTYNoBO BTpada-
0Tb 3[ATHICTb A0 BiAHOBNEHHS JocTaHy cnokot. Cnocib
XWUTTS 3 MOPYLUEHHSIM YMOB BiOHOBMEHHs abo nia-
BULLIEHOK BUTPATOKD €EHEepril Cnpusie BUSIBNEHHIO L€l
reHeTUYHOI CXunbHOCTI. BHacnigok HagMmipHoro npumomy
3HeOOoNBanbHMX 3HULLYHOTLCS MOXIMBOCTI  OpraHiamy
camomy 6opotucs 3 6onem. Cepea NpUUMH BUHUKHEHHS
'BH Big3HayaTe emouiiHy Hanpyry (XBWIOBaHHS,
nepensik, CTpec, TpuBora TOWO) Ta i3ndHy Hanpyry
(3HaxomKeHHA y He3py4yHih nosi mig 4ac nigHATTA
TSKKOCTi, poboTn abo CHy, Lo Npu3BOAWUTL OO HaaMip-
HOrO HaBaHTaXEHHs Ha M'A3U LKWi, Mreyen, ckanbny).
Okpemi kaTeropii naujieHTiB Big3Ha4alTb MOSBY rOMoOB-
Hux GoniB Npu 3MiHi noroau, B CNEKOTHY norogy, npwu
3HaxXOOKEHHI B 3a4yLUMMBOMY NPUMILLIEHHI.

3rigHo 3 MixHapogHo Kknacudikauieto rofoBHOro
6onto 3-ro nepernagy (ICHD-3) [5] TBH € nepBuHHUM
ronoBHnMm Gonem Ta Moxe OyTu enizoguyHMM (MeHLle
15 gHiB B Micsiup), HUM cTpaxaatoTb Ginbwe 70% nogen,
i XpOHiYHUM (Binbl HiX 15 OHIB KOXeH Micsub npo-
TArom 6 micauis, Wo cnoctepiraetbest y 1-3% gopocnmx
nogen) [4]. MounHaetbca TBH vacto B nigniTkoBomy
Billi, yacTiwe cepen XiHOK. 3’'ABMSETbCA Yy TUX, XTO
3a BMOOM [iNbHOCTI Mae TpuBany M'si30By Hanpyry
(BUMylWweHa no3a nig 4ac poboTn 3a KOMM'IOTEPOM,
BOZiHHA aBTOMOOINs, HE3pYYHE MOMOXEHHS M Yac CHY,
nopyLueHHsi GiomexaHiku Tina) abo MOCTiNHO OTpuUMyE
NcuxoemoLiiHe HaBaHTaXXeHHs (cTpec) [6, 7]. BinbLwicTb
NauieHTiB 3 TakMMu rONoBHUMK GonsimMu  BKasykTb
Ha cTpec, BiOuyTTs ronogy, He3py4YHe MOMNOXEHHS Tina
nig Yac cuaiHHA Ta HagMipHe 30poBe HaBaHTaXeHHs abo
MalTb HegoCWUNaHHA SK MPUYUHY BUHWKHEHHSI TONOB-
Horo Gonto. Llen Tvn ronoBHoro Gomto onucyeTbes siK
cTuckatoumii 6inb, nodibHun go G6onto Big Tyroro obigky
HaBKOMO TrOMNOBW, SIKM iHOAGI MOXe nowmpoBaTUCH
Ha wWwuio abo po3novMHaeTbCs 3 WWi. TpuBanicTb Takoro
6ono moxe OyTu Big MIBrogvHW [0 TWXHS, cepenHs
TpuBanicte Hanagy — 4—6 roguH.

[OiarHoctnka BH, sk nepBWHHOrO BWMAY rOMOBHOIO
6onto, € cyTo KMiHiYHOW, N 6a3yeTbCs Ha peTenbHOMY
BMBYEHHI CKapr nauieHTa, aHamHe3dy 3 BU3HAYEHHSAM
MPUYMH Ta TpUrepHux akTopis po3BuUTKy Gomnto ronosw,
OOCnigKEeHHI COMaTUYHOro Ta HEBPOIOrNiYHOro cTaTycy
ONS BUKINIOYEHHS BTOPUHHOIO XxapakTtepy ['BH.

Ane, He3BaxalwuM Ha NPOCTUM anropuTMm AiarHoc-
TWKW, NaTONOrisi 4acTo CBOEYaCHO He [iarHOCTYETbCS
i He nikyeTbca NOBHiCTO. 3a unx obctaBuH Binb noeep-
TaeTbCs, TOAi MaUieHTM NPUNMHSAITL 3BepTaTuCcb A0
nikapis. B Takomy Bunagky Mu OTPUMYEMO MaUiEHTIB,
SIKi XPOHIYHO XXMBYTb 3 HApOCTaK4UM FOfIOBHUM Gonem
Hanpyru, sikMi nepepocTae B OENPECito, TPUBOXKHICTb,
3HWXKYE MpauesgaTHicTb. BignosigHO HalwapoByeTbCs
BENUKMIA KOMMMEKC MopyleHb YHKLiOHanNbHOCTI opra-
Hi3My, SIKi BaXKKO AiarHOCTYIOTbCA i HEe MalTb CXemu
nikyBaHH4S, BIOMNOBIAHO 3pOCTae Hedosipa A0 Meau-
LMHKX Ta nikapi..

are believed to originate from a combination of genetic
predisposition, lifestyle factors, and the unmanaged
use of analgesics. Genetically, people with this type
of headache have neurochemical features in the pain
analyzer system of the brain. In this case, neurons are
overloaded and gradually lose their ability to restore to
a state of rest. A lifestyle with impaired recovery con-
ditions or increased energy expenditure contributes
to the detection of this genetic predisposition. Excessive
use of painkillers can impair the body’s natural pain-
fighting abilities. The causes of TH include emotional
tension (excitement, fear, stress, anxiety, etc.) and
physical tension (being in an uncomfortable position
while lifting weights, working or sleeping, which leads
to excessive strain on the muscles of the neck, shoul-
ders, scalp). Some patients report headaches with
weather changes, in hot weather, or in stuffy rooms.

According to the International Classification of
Headache Disorders, 3rd revision (ICHD-3) [5], TH
is a primary headache and can be episodic (less than
15 days per month), which affects more than 70% of
people, and chronic (more than 15 days per month
for 6 months, which is observed in 1-3% of adults) [4].
TH often begins in adolescence, more often among
women. It occurs in individuals who experience pro-
longed muscle tension due to their occupation (such as
maintaining a forced posture while working at a computer,
driving a car, sleeping in an uncomfortable position,
or impaired body biomechanics) or those who are
consistently under psychoemotional load (stress). Most
patients with such headaches indicate stress, hunger,
uncomfortable body position while sitting and excessive
visual load or lack of sleep as the cause of the headache.
This type of headache is described as a squeezing
pain, similar to the pain of a tight rim around the head,
which can sometimes spread to the neck or start from
the neck. The duration of such pain can be from half
an hour to a week, the average duration of the attack
is 4—6 hours.

Diagnosis of TH, as a primary type of headache, is
purely clinical and is based on a careful study of the
patient’'s presentation, history taking with determination
of the causes and trigger factors for the development
of headache, examination of somatic and neurological
status to exclude the secondary nature of TH.

But, despite the simple diagnostic algorithm, the
impairment is often not diagnosed in a timely manner
and is not fully treated. Under these circumstances,
the pain returns, then patients stop seeing doctors.
In this case, patients experience persistent tension
headaches, which may lead to depression, anxiety, and
decreased work capacity. Accordingly, a large complex
of functional disorders of the body is accumulating,
which are difficult to diagnose and have no treatment
regimen, and accordingly, distrust in medicine and
doctors is growing.

Therefore, the topic of enhancing the algorithm for
diagnosing TH is gaining importance. An important
component of this algorithm is the assessment of the
condition of the muscles of the head, neck and upper
shoulder region both to determine their tension due to
TH and to assess muscle tension as the cause of the
headache itself. After all, it is the impact on the muscular
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Came TOMy, aKkTyanbHOCTi HabyBae NUTaHHA nogarnb-
LIOro YOOCKOHamneHHs anroputmy pgiarHoctuku [BH.
Baxn1Bol CknagoBok LbOro anropuTMy € OLiHKa CTaHy
M’Si3iB FONOBMW, LWMKI Ta BEPXHbLOrO Mfe4YOBOro PerioHy
K ONS BM3HAYeHHs1 iX HanpyxeHHs BHacnigok [BH,
Tak i AN OUiHKW Hanpy>XeHHs M’'A3iB 9K NPUYNHU BUHUK-
HeHHss camoro 6onto ronosu. A[Xe came BMNUB Ha
M’'AI30BY CUCTEMY MOXe OyTn Baxnueum akTopoMm,
SKMA gonoMoxe edekTnBHO no3dyTtucst TBH, cytteBo
NoniNWWTKN CTaH nauieHTa Ta AKICTb KOro XUTTS.

Meta po6GOTM — BOOCKOHANEHHs  anroputMy
JiarHoCTVKM Ta niKyBaHHs1 ronoBHoro 6onto Hanpyru
3 ypaxyBaHHSIM CTaHy M’S3iB Tina n obnuyys Ta gopa-
BaHHAM OCTEONaTU4HOro MeToay Tepanii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

KniHiuHe npocnekTnBHE [OCHIAXEHHS npoBedeHO
Ha 6asi yHIBEpCUTETCbKOI KiHiKM XapKiBCbKOro Hawio-
HanbHOro MeAMYHOro YyHiBepcuteTy MiHicTepcTBa OXO-
poHn 3A0poB’a  YkpaiHw, kadegpu Hesponorii. byno
obctexxeHo Ta nponikoBaHo 96 nauieHTiB, 86 XiHOK
(89,6%) 1a 10 yonosikis (10,4%), 3 ronoBHum Gonem
Hanpyrn, cepegHii Bik ctaHoBuB (43,0 £ 10,2) poku
(Big 23 po 59 pokis). [iarHo3 BCTaHOBMNIOBaBCH 3riAHO
3 piarHocTnyHumun kputepismu ICHD-3 [5]. Ona piar-
HOCTMKW BMAY [OMOBHOIO OOMI Ta CynyTHIX O3HaK
peTenbHO BMBYANMCA CKapr nauieHTiB, aHamHe3 3axBo-

PIOBaHHs, MNPOBOAMMN OOCTEXEHHS CTaHy CKeneTHo-
M’'A30BOI cuctemu, isnKanbHUA Ta HEBPOMOriYHUIA
ornsa. |HTEeHCMBHICTL ronoBHOro ©Oomn  Bu3Ha4anacs

3a [JOMOMOrol0 BidyanbHo-aHanorosoi wkanu (BALL) [8].
Bcim obcTexeHnm nauieHtam Oyna npoBegeHa OCTEo-
naTtuyHa AiarHOCTUKa, sika BKI4ana ornsg Ta nanbna-
Lil0 TKAHWH Ha HasBHICTb MiodpacuianbHOi OUCAYHKLIT,
obMmexeHHs pyxnuBOCTi, acumeTpii Tina, Towo. Miodac-
uianbHa AUCKyHKLUiS BU3Hayanacs 3a BenukuMu (Hasie-
HiCTb perioHanbHoOro 6o0n, «Tyroro» Tsxa B M'A3i Ta
nigBULLEHOI YyTNMBOCTI Nig Yac nanbnyBaHHS; Xapak-
TEepHOro nartepHy BigobpaxeHoro Gonwo abo uyTnNMBUX
posnaaiB (napecTesii), HasBHICTb OOMexeHHs obcary
pyxiB) Ta ManuMMu Kputepiamu (HasBHICTb 6onto un
YYTNUBMX pPO3NafiB, BUHUKHEHHHA NOKanbHOrO CKOPO-
YeHHs nig 4Yac nanbnadii TPUrepHUX TOYOK, a TaKOX
3MeHLLEeHHS Bonto Npu po3TArHEHHI M’si3a abo npu iH’eku;ji
y TpurepHy Touky) [9, 10]. MauieHTn, Aki ysinwnu go
AoCnigXeHoi rpynn, He Manu COMaTUYHUX 3axBOpHo-
BaHb, Aki mormm 6 3arocTtputuca abo nporpecysaTu
Y XOAi AOCNIOXEHHS.

Bcim nauieHTam npoBogunu octeonatuyHe nikyBaHHs
3a po3pobreHol aBTOPCLKOK MEeTOoAMKOK, 3a [oro-
MOFOK M'AKUX MaHyanbHUX TEXHIK Ta XONiCTUYHOro
nigxoay, SKUA O03BONSE 3HANTU NPUYMHY COMATUYHUX
npobnem Ta BupiwWnTK iX. MpoTArom nikyBaHHSA XBOPWUM
Oyno 3anponoHOBaHO BECTU LLOAEHHWK ronoBHOro 6ormnto
Onst OUiHKM AnHaMikn 60nto ronosu.

Ha npoBegeHHss HayKOBOro AOChigKeHHs Oyno
OTpMMaHO [03BiN Bif €KCNEPTHOI KOMICii 3 MMTaHb eTUKK
Ta 6GioeTukn XapkiBCbKOro HauioOHaNbHOrO MeAUYHOro
yHiBepcuTeTy (npotokon Ne 8 Big 6 xoBTHa 2021 p.).
[ocnigxeHHs npoBoaunock 3 JOTPUMaHHAM Npae Noau-
HWM BiOMNOBIAHO OO YMHHOrMO B YKpaiHi 3akoHOOaBCTBa Ta
lenbciHCcbKOi geknapadii « ETUYHI npyHUMNN MeaWNYHMX

system that can be an important factor that will help
effectively manage TH, significantly improve the patient’s
condition and quality of life.

Objective — to improve the algorithm for diagnosing
and treating tension headaches, taking into account
the condition of the muscles of the body and face
and adding an osteopathic method of therapy.

MATERIALS AND METHODS

A clinical prospective study was conducted at the
University Clinic of the Department of Neurology of
Kharkiv National Medical University of the Ministry

Health of Ukraine. The study involved examination
and treatment of 96 patients, 86 women (89.6%) and
10 men (10.4%), with tension headaches, the average
age was (43.0 £ 10.2) years (from 23 to 59 years).
The diagnosis was made according to the ICHD-3 diag-
nostic criteria [5]. To diagnose the type of headache
and associated symptoms, the patients’ presentation,
medical history, findings of musculoskeletal, physical
and neurological examination were carefully studied.
The intensity of the headache was determined using the
visual analogue scale (VAS) [8]. All patients were sub-
jected to a thorough osteopathic assessment, which
encompassed both examination and palpation of tissues
to identify myofascial dysfunction, mobility restrictions,
body asymmetry, and other related conditions. Myofascial
dysfunction was defined by major (presence of regional
pain, «tight» muscle string, and increased sensitivity
during palpation; characteristic pattern of reflected pain
or sensory disorders (paresthesias), presence of
limitation of the volume of movements) and minor criteria
(presence of pain or sensory disorders, local contraction
during palpation of trigger points, as well as reduction
of pain during muscle stretching or injection into the
trigger point) [9, 10]. Patients included in the studied
group did not have somatic diseases that could worsen
or progress during the study.

All patients underwent osteopathic treatment accord-
ing to the author's developed methodology, using soft
manual techniques and a holistic approach, which allows
finding the cause of somatic problems and solving them.
During treatment, patients were asked to keep a head-
ache diary to assess the time course of headache.

Permission to conduct a scientific study was obtained
from the Expert Committee on Ethics and Bioethics
of Kharkiv National Medical University (protocol Ne 8
of October 6, 2021). The study was conducted with
respect for human rights in accordance with the current
legislation in Ukraine and the Declaration of Helsinki
«Ethical Principles of Medical Research Involving
Human Subjects». All patients signed informed voluntary
consent to participate in the study.

The data were processed statistically. The number of
patients with myofascial pain is presented in relative (%)
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JocnigkeHb 3a y4yacTo noguHu Yy skocTi  ob’ekTa
JocnigkeHHsi». Yci xBopi Haganu iHopmoBaHy fobpo-
BiNbHY 3roay ANg yyacTi Y AOCHiOKEHHI.

[aHi 06pobneHi ctatucTyHo. KinbkicTb nauieHTiB i3
MiodhacuianbHUM Gonem npeacTaeneHa y BigHOCcHMX (%)
Ta abcontoTHMUX 3Ha4YeHHsAX. [Ons OUiHKM 3MiH O03HakK
MiodpacuianbHoro 6ot 3acTtocoByBanu Kputepinn Mak-
Hewmapa (x?, p), SIKM [03BOMSiE BM3HAYMTU YU € CTa-
TUCTUYHO 3HaJyLLi 3MiHM Yy napHUX BUbipkax 3 GiHapHUMK
BignoBiasMu (Tak/Hi) i gae MOXNMBICTb OUiHUTK edek-
TUBHICTb BTPYYaHHs OO Ta MiCNsi MOro 3acTOCYBaHHSI.
Pesynbratv BBaxanu CTaTUCTUYHO 3HAYyLLMMKM Npu
p < 0,05. Ans ouiHK1 NpaKkTUYHOI 3HAYyLOCTi oTpuMa-
HUX pesynbraTtiB 6yno po3paxoBaHo edekT po3mipy 3a
Cohen’s d, sikuin BU3Ha4Yae CTymMiHb 3MiHW PIBHS TONoB-
Horo Gonto 3a nepiogamy cnoctepexeHHsi. CtaTucTunu-
HWUI aHani3 NpoBoAMNM 3 BUKOpUCTaHHsaM MS Excel.

PE3YABTATU TA iX OBFOBOPEHHS

AHanisytoun ckapru nauieHTiB, Oyrno BMSIBNEHO, LU0
6inb ronoBu B NepeBaxHOi BinbLIOCTi BMNaAKiB Xapak-
TepusyBaBCs K CTUCKalouMii abo TUCHYYUI, Yy AesiKuX
Bunagkax 6inb 6yB nynbcytoumni (y 11 nauientis, 11,5%),
rmmbokmn (y 13 nauienTis, 13,5%), Hutounin (y 24 obcte-
XeHux, 25%), csepanysansHui (y 4 nauieHTis, 4,2%),
nekyumn (y 3 obctexxeHnx, 3,1%), cTpinatouunii (y 1 naui-
eHTa, 1,0%). XpoHiyHuii BapiaHT ronoBHOro 60mto Hanpyrm
(6inbwe 15 gHiB Ha Mmicsub) manu 45 o6cTexxeHnx nawi-
eHTiB (46,9%), y 51 (43,1%) nauieHTa ronoBHui 6Ginb
MaB enizoguMyHuii nepebir (oo 15 pgHIB Ha Micaub).
CepegHil piBeHb 6onto 3a BALL go nikyBaHHS CTaHOBMB
(5,1 £ 1,8) 6ann.

Bcim nauieHtam 3 'BH 6yno npoBegeHo ocTeona-
TUYHE nNiKyBaHHA 3a [OOMOMOroK M’SKUX MaHyanbHUX
TeXHiK Ta xonicTnyHoro nigxogy. JlikyBaHHA NpoBoAMnocs
3a NPOTOKOMOM OCTEONaTUYHOI KopekLUii, skuiA po3pob-
nsiBCs iHAMBIAYanbHO AN NaUieHTIB 3 ypaxyBaHHAM ckapr
Ta pesynbTaTiB OCTeonaTUYHOI AiarHOCTUKM Ha kadeapi
HeBponorii  XapkiBCbKOro HauioHanbHOro Megu4Horo
yHiBepcuTeTy MiHicTepcTBa OXOPOHM 300pOB’A YKpaiHu.

[MpoTokon ocTeonaTtMyHOI Kopekuii iHAMBigyanbHO
30CcepenKyBaBCsi Ha BWMNPaBrEeHHi COMaTWYHUX AuUC-
YHKUIA i3 3aCTOCYyBaHHAM apTUKYNSAUINHUX  TEeXHiK
cyrno6iB (roMinKOBOCTOMHI, KOMiHHi, KynbLUOBI, NMIe4oBi)
Ta Nonarok; BiAHOBMNEHHS PYXIIMBOCTI KPUXKY B KPUXKOBO-
kny6oBux cyrnobax Ta 3 L5; ycyHeHHs comaTnyHux guc-
YHKUIW B Tas30Biil, rpygHUHHOYEpPEBHIM Adiadparmax,
BEPXHi TpyOHIA anepTypi; oOcTeonaTtudHa Kopekuisa
COMaTUYHUX AUCKYHKLUIN BHYTPIWHIX OpraHiB; Miodac-
uianbHWi penis wwui, rpygHoi kniTkm (ocobnvMeo Hanpy-
XeHUx Ta 6oNbOBUX M’'AI3IB M Yac TeCTyBaHHs, 3Hanae-
HUX MTT); BPIBHOBaXEHHSI TMUOUHHUX dbacuid  Lwui;
YCYHEHHS1 COMaTU4HUX AUCKYHKUIA B LUMAHOMY Bigaini
xpebTa Ta KpaHiouepBikanbHOMY nepexofi; YCYHEeHHsi
KIHEeTUYHUX AncyHKUiN B kKicTkax 4depena Ta CHLUC;
MOB3JOBXHI LUOBHI TexHikn yepena; pobota 3 TBepgolo
MO3KOBOI OBOIOHKOLO; OPEeHa BEHO3HUX CUHYCIB; Mio-
dacuianbHUN peni3 KyBanbHUX, CKPOHEBUX, KPUNOMO-
DiGHUX, MIMIYHUX M’A3iB.

OcTteonatuyHe nikyBaHHA nposoaunocb 1 pa3 Ha
TWXAeHb, Big 3-x 4o 5-Tu ceaHcis, TpuBanicTio 40-50 xB.

and absolute values. To assess changes in myofascial
pain symptoms, the McNemar test (32, p) was used,
which allows us to determine whether there are statis-
tically significant changes in paired samples with binary
answers (yes/no) and allows us to assess the effec-
tiveness of the intervention before and after its
application. The results were considered statistically
significant at p < 0.05. To assess the practical signifi-
cance of the results, the effect size was calculated
using Cohen’s d, which determines the degree of change
in the level of headache over the observation periods.
Statistical analysis was performed using MS Excel.

RESULTS AND DISCUSSION

Assessment of the patients’ presentation showed
that in the vast majority of cases the headache was
characterized as squeezing or pressing, in some
cases the pain was pulsating (in 11 patients, 11.5%),
deep (in 13 patients, 13.5%), aching (in 24 exami-
ned, 25%), drilling (in 4 patients, 4.2%), burning (in 3 exa-
mined, 3.1%), shooting (in 1 patient, 1.0%). Chronic
tension headache (more than 15 days per month)
was experienced by 45 examined patients (46.9%),
in 51 (43.1%) patients the headache had an episodic
course (up to 15 days per month). The average level
of pain according to VAS before treatment was
(5.1 £ 1.8) points.

All patients with TH underwent osteopathic treat-
ment using gentle manual techniques and a holistic
approach. The treatment was carried out according
to the osteopathic correction protocol, which was deve-
loped individually for patients taking into account
presentation and results of osteopathic diagnostics
at the Department of Neurology of Kharkiv National
Medical University of the Ministry of Health of Ukraine.

The osteopathic correction protocol individually
focused on the correction of somatic dysfunctions
using articulation techniques of the joints (ankle, knee,
hip, shoulder) and scapula; restoration of sacral
mobility in the sacroiliac joints and with L5; elimination
of somatic dysfunctions in the pelvic, thoracoabdominal
diaphragms, upper thoracic aperture; osteopathic
correction of somatic dysfunctions of internal organs;
myofascial release of the neck, chest (especially tense
and painful muscles during testing, found by MTT);
balancing of the deep fascia of the neck; elimination
of somatic dysfunctions in the cervical spine and cranio-
cervical junction; elimination of kinetic dysfunctions
in the bones of the skull and TMJ; longitudinal suture
techniques of the skull; work with the dura mater;
drainage of venous sinuses; myofascial release of the
masticatory, temporal, pterygoid, and facial muscles.

Osteopathic treatment was carried out once a week,
from 3 to 5 sessions, lasting 40-50 minutes. One patient
underwent 9 sessions. The complex had an individual
approach, was selected according to the somatic
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3 ogHuM nauieHTom nposoawunocs 9 ceaHciB. Komnnekc
MaB iHOMBIgyanbHWMA nigxig, nigbuvpaeca BignoBigHO
00 3HangeHux npu ornagi COMaTtUYHUX OUCKHYHKLIN,
Hanpyry M’asie Ta 3MiHU PyHKLUiOHaNbHOCTI.

MauieHTam npu BupaxeHoMy GONMbLOBOMY CUHAPOMI
Oyno pekomeHOoOBaHO nNpuiiom 3HeGontowunx (ibynpo-
deH 400-600 mr 3a goby).

Mo 3akiH4eHHO Kypcy npouedyp Yepe3 TWKAEHb
nauieHTV NPOWLLMM NOBTOPHE OOCTEXeHHS, Lo [03BO-
NMNO MPOCTEXUTU ANHaMIKy DOm0 ronosu Ta BUSBIIEHWX
COMaTUYHUX ANCHYHKLIN.

OTpuMaHi paHi cBiguunu, Wo y M'si3ax rpygHoro
nosica Ta nonatku (Tabn. 1), Ao nikyBaHHSA y Bcix naui-
eHTiB  (100%) 6yB HasBHWA 60ONBLOBUA CUHOPOM Y
BEPXHbOMY Ny4Ky TpaneuienogdibHoro m’si3a 3 06ox 6okiB.
Micns nikyBaHHA 3anuwkoBuiA Ginb B LbOMY M'si3i 3anu-
wascs nuwe y 39 nauieHTtiB (40,6%), npote BiH OyB
3MEHLLUEHUN 33 IHTEHCUBHICTIO.

dysfunctions, muscle tension and changes in functio-
nality found during the examination.

Patients with severe pain were recommended to take
painkillers (ibuprofen 400—-600 mg per day).

After completing the procedures, patients were
re-examined a week later. This enabled monitoring
of headache dynamics and identification of somatic
dysfunctions.

The data obtained showed that in the muscles of the
pectoral girdle and scapula (Table 1), before treatment,
all patients (100%) had pain syndrome in the upper
bundle of the trapezius muscle on both sides. After treat-
ment, residual pain in this muscle remained in only
39 patients (40.6%), but it was reduced in intensity.

Tabnuua 1. HaasHicTb MiodacuianbHOro 60nL0BOro CMHAPOMY Y M’A3ax rpyAHOro Mosica Ta fonaTtkv Ao Ta Micns nikyBaHHS
Table 1. Presence of myofascial pain syndrome in the muscles of the pectoral girdle and scapula before and after treatment

Bonbosui cuHapom / Pain syndrome
M.oq?;fmi:n::ﬁ::sm'I;O”""' Cnpaga / On the right 3niga / On the left
Myofascial trigger points o Micns Tect Mak-Hemapa o Micns Tect Mak-Hemapa
este s [ e Before After McNeTar =t Before After McNegnar (S
(x% p) (x% p)
Pars cervicalis trapezii o o
BepxHii nyyok TpaneuienogioHoro m'a3a | n (%) | 96 (100) |39 (40,6) X ;505(')%118 96 (100) |39 (40,6) X ;5()5(’)%118
Upper bundle of the trapezius muscle P ’ P ’
M. elevator scapulae 2= 2—
MNigHimMay nonatkm n(%)|78(81,3)| 7(7,3) 1°= 69,014 78 (81,3)|14 (14,6) 1= 62,016
Levator scupalae muscle p < 0,001 p < 0,001
M. pectoralis minor P 2=
Manwii rpyaHmii M'sia n|83@es)| 73 | XT3 leo(s33)|18(18g)| * 60,016
Pectoralis minor muscle p < 0,001 p < 0,001
binb npu nanbnauii TpUrepHUXx TO4YOK M’SI3iB- Pain durin alpation of the trigger points of the
p purep g palp gger p
nigHiMadis nonatkym [0 NikyBaHHA AdiarHoctyBanu levator scapula muscles was diagnosed in 78 (81.3%) pa-

y 78 (81,3%) nauieHTiB 3 060x BokiB, a nicns nikyBaHHs
BiguyTTa 6onto 36epernuca y 7 (7,3%) nauieHTiB 3niBa
iy 14 (14,6%) — cnpasa. lNogibHe 3HWXEHHS 6onbLOBOro
cuHapomy Bigbynocs i npu nanenawii Manoro rpygHoro
M'a3a — Ao nikyBaHHs 83 (86,5%) sigmidanu 6Ginb
3niea i 80 (83,3%) cnpaBa, 3amMeHLLeHHsA 6onto Biadynocs
y 76 nauieHTiB (3anuwwuecs 6inb y 7 (7,3%)) 3niBa,
3 npasoro 6oky 6inb He 3HWK y 18 (18,8%) nauieHTiB.
[Ons Bcix M'a3iB rpygHoro nosicy Ta nonatku 6yno
BM3HAYeHO 3Hauyylly 3MiHYy B 4acToTi 3ycCTpivanbHOCTI
cepepn obcrexxeHnx xsopux (p < 0,001).

AHani3 cnoctepexeHHa MiodacuianbHoro 60nbo-
BOr0 CMHOPOMY B M’si3ax LMi Ta OCHOBM 4epena Ao
Ta nicns nikyeaHHA (Tabn. 2) nokasaB 3Ha4yHe MOKpa-
LWEeHHA CTaHy Yy nauieHTiB nicns npoBedeHHs OCTeo-
NaTUYHOT KOPEeKLii.

Tak, go nikyBaHHs y BCix 96 (100%) nauieHTiB Bynu
0onNbOBI CUMNTOMM Yy MIANOTUAMYHUX M'A3aX, SKi Micns
nikyBaHHsa 3anuwmnuca y 11 (11,5%) obecTexxeHmnx.

MiodacuiansHun 6inb B napasepTebpanbHUX M's-
3ax [o nikyBaHHs cnoctepiranu y 87 (90,6%) nauieHTis
3niea i 83 (86,5%) — cnpaea, nicna nikyBaHHa 6inb
sanuwmeesa y 21 (21,9%) xsoporo 3niea i 18 (18,8%)
cnpaBa. 3MEeHLUEHHS KinbKOCTi ckapr Ha 6inb craTtuc-
TWMYHO 3HauyLwe (p < 0,001).

tients on both sides before treatment, and after treat-
ment, pain persisted in 7 (7.3%) patients on the left and in
14 (14.6%) on the right. A similar decrease in pain synd-
rome occurred during palpation of the pectoralis minor
muscle — before treatment, 83 (86.5%) noted pain on the
left and 80 (83.3%) on the right, pain decreased in 76 pa-
tients (pain remained in 7 (7.3%)) on the left, and on the
right side, pain did not disappear in 18 (18.8%) patients.
A significant change in the frequency of occurrence for all
muscles of the pectoral girdle and scapula was observed
among the examined patients (p < 0.001).

Analysis of the observation of myofascial pain
syndrome in the muscles of the neck and skull base
before and after treatment (Table 2) showed a signifi-
cant improvement in the condition of patients after osteo-
pathic correction.

Thus, before treatment, all 96 (100%) patients had
pain symptoms in the suboccipital muscles, which
remained after treatment in 11 (11.5%) of the examined.

Myofascial pain in the paravertebral muscles before
treatment was observed in 87 (90.6%) patients on the
left and 83 (86.5%) on the right, after treatment, pain
remained in 21 (21.9%) patients on the leftand 18 (18.8%)
on the right. The decrease in the number of complaints
about pain is statistically significant (p < 0.001).
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Tabnuus 2. HasBeHicTb MiodacuianbHoro 60nb0BOro CMHAPOMY Y M’i3ax LUMT Ta OCHOBM Yepena Ao Ta Nicnsi NikyBaHHS
Table 2. Presence of myofascial pain syndrome in the muscles of the neck and skull base before and after treatment

BonboBuii cuHapom / Pain syndrome
Mlod)aculam_;m TPUTEPHI TOHKM Cnpaga / On the right 3niga / On the left
(aKTuBHi Ta NaTeHTHI)
Myofascial trigger points i . Tect Mak-Hemapa . Tect Mak-Hemapa
. (o) Micna Oo Micna
(active and latent) Before After McNerz‘nar test Before After McNerz'nar test
(x% p) (X% P)
M. suboccipitales o o
MignoTunmasi n(%)| 96 (100) [ 11 (11.8)| ¥ 312 o (100) |11 (115 % 533012
Suboccipital muscles p<th p<th
M. paravertebrales cervicis o o
MapasepreGpanbHi Ma3m Wi n (%)]87 (90,6)[21 21,9)| * 13488115 83(86,5)[18 (18,8)] X 13%8115
Paravertebral cervical muscles P<b, P<L,
M. scaleni 5 o
OpabuHyacTi/ n (%) |77 (80,2) |18 (18,8) X 13703117 72 (75,0)|21 (21,9) X 13908120
Scalene muscles P<L, p<L,
M.sternocleidomastoideus o .
PYAHUHO-KIMHOYNYHO-COCKONOAiIOHMIA/ n(%)| 7376,0) | 7(7,3) X 13%8:5 74 (77,1)(18 (18,8) X 20536118
Sternoclavicular-mastoid muscle p=b, P=L,

binb y rpyni gpabuHyactux m’asiB (mm scalenus
anterior, medius, posterior) 0o nikyBaHHS Bigmivanu
77 (80,2%) nauieHTiB 3 npasoro 6oky wui Ta 72 (75,0%)
3 nigoro. [Micns nikyBaHHs 3Ha4Ho (p < 0,001) 3meHLwwun-
nacb KinbkicTe nauieHTiB 3 6onewm, i BiH 3anuwmecs y
18 (18,8%) i 21 (21,9%) 3niBa i cnpaga, BigNOBIAHO.

BonboBuin cuHopoM nNpu nanenauii 'y rpyaHUHO-
KMo4M4Ho-cockonodibHomy M’A3i neped nikyBanbHUMUK
npoueaypamu BigMivanu 73 (76,0%) nauieHTiB cnpasa
i 74 (77,1%) 3niBa, nicna nikyBaHHa 6yno 3Ha4yHo
(p < 0,001) 3HWKEHHS KiNbKOCTI MauieHTiB 3 6onem Oo
7 (7,3%) ta 18 (18,8%) 3niBa i cnpaea, BianoBigHO.

3a pesynbratamm CTaTUCTUYHOIO aHanisy 3miH 60nbo-
BOro MiodacuianbHOro CUHAPOMY y M’'A3ax CnvHU Ta
nonepeky (Tabn. 3) 6yno BMSABMEHO XOPOLUY BiAMOBIOb
napaesepTebpanbHMX M’A3iB Ha nNikyBanbHy oOcTeona-
TWYHY Tepanito. [Mpu HasiBHOCTI 60MbLOBOrO CUHOPOMY
npu nanbnawii TPUrepHMX TOYOK O3HAYEHUX M'S3iB
y 68 (70,8%) nauieHTiB, nicnsi nNikyBaHHA 3anuLLIKOBUI
6onboBui cmHapom cnocTepirasca y 2 (2,1%) xBopux
3 nisoro 6oky.

Pain in the group of scalene muscles (mm scalenus
anterior, medius, posterior) before treatment was noted
by 77 (80.2%) patients on the right side of the neck
and 72 (75.0%) on the left. After treatment, the number
of patients with pain significantly (p < 0.001) decreased
and remained in 18 (18.8%) and 21 (21.9%) on the left
and right, respectively.

Pain syndrome during palpation in the sternoclei-
domastoid muscle before treatment procedures was
noted by 73 (76.0%) patients on the right and 74 (77.1%)
on the left, after treatment there was a significant
(p < 0.001) decrease in the number of patients with
pain to 7 (7.3%) and 18 (18.8%) on the left and
right, respectively.

Statistical analysis (Table 3) shows that paravertebral
muscles respond well to therapeutic osteopathic
treatment for back and lower back myofascial pain
syndrome. In the presence of pain syndrome during
palpation of trigger points of the indicated muscles in
68 (70.8%) patients, after treatment, residual pain syn-
drome was observed in 2 (2.1%) patients on the left side.

Ta6nuus 3. HassHicTb MiocacuianbHoro 60nb0BOro CMHAPOMY Y M’S3ax CNyHK Ta Nonepeky Ao Ta nicns NikyBaHHSA
Table 3. Presence of myofascial pain syndrome in the back and lower back muscles before and after treatment

Bonbosuii cuigpom / Pain syndrome
MIOCbaCLl,IaJ'II.:,HI TPUTEPHI TOKM Cnpaga / On the right 3nisa / On the left
(akTuBHI Ta MaTeHTHI)
Myofascial trigger points fo Micns: Tect Mak-Hemapa flo Nicns: Tect Mak-Hemapa
(active and latent) Before After McNeZnar test Before After McNegnar test
(1’ p) (o p)

M. paravertebrales dorsi ”_ 0
MapasepTeGparbHi M'S31 ClivHN n (%) | 68 (70,8) X ;g%g:s 68 (70,8)| 2(2,1) x 13%8115
Paravertebral muscles of the back p=th p=5,
M. rhomboideus ”_ 0
PomGonoaiGHMiA W'sia n(%)|60 (62,5) |12 (12,5 % 13%8121 58 (60,4)| 8(83) | * 13%8120
Rhomboid muscle <t p=Y,
M. quadratus lumborum 0_ 0
KBappaTtHuii M's13 nonepeky n (%)| 61 (63,5) |25 (26,0) X 18%5128 63 (65,6)]19 (19,8) X 23208123
Quadratus lumborum muscle p<t. p=5,

Ha pombonogibHomy M'a3i Oo nikyBaHHA  Ginb
npu nanbnauii Bigmidanu 60 (62,5%) nauieHTiB 3miBa
i 58 (60,4%) cnpaBa, nicns Kypcy npoueayp Bigmidanocs

On the rhomboid muscle, before treatment, pain on
palpation was noted in 60 (62.5%) patients on the left and
58 (60.4%) on the right, after the course of procedures,
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3Hadywe (p < 0,001) 3HWXEHHS KinNbKOCTi nauieHTiB
3 6onem go 12 (12,5%) 3nisa i 8 (8,3%) cnpasa.

Ha «kBagpaTtHoMy M'A3i nonepeky BignoBiAb Ha
nikyBaHHS Oyna Hux4e, A0 nikyBaHHA Oinb BigMmivanu
61 (63,5%) 3niBa i 63 (65,6%) cnpasa, nicns niky-
BaHHS 60nboBWM cuMHApPOM 3anuwmees y 25 (26,0%)
3niga i 19 (19,8%) cnpaBa, xo4a 3aranbHe 3HWKEHHSI
KinbKocTi nauieHTiB 3 6onem 6yno 3Havywe (p < 0,001).

PosrnaHemo Bignosiab M’A3iB 06nMMY4Ysas Ha ocTeo-
naTuyHe nikyBaHHs (Tabn. 4).

a significant (p < 0.001) decrease in the number of
patients with pain was noted to 12 (12.5%) on the left
and 8 (8.3%) on the right.

On the quadratus lumborum, the response to treat-
ment was lower, before treatment, pain was noted in
61 (63.5%) on the left and 63 (65.6%) on the right, after
treatment, the pain syndrome remained in 25 (26.0%) on
the left and 19 (19.8%) on the right, although the overall
decrease in the number of patients with pain was signi-
ficant (p < 0.001).

Let us consider the response of the facial muscles
osteopathic treatment (Table 4).

Ta6nuus 4. HasiBHicTb MiodacLianbHOro 60nb0Boro cMHAPOMY y M’si3ax obnunyyst 4o Ta nicns nikyBaHHS
Table 4. Presence of myofascial pain syndrome in the facial muscles before and after treatment

Bonbosui cuigpom / Pain syndrome
Mloq)acmam_;Hl TPUTEPHI TOKM Cnpaga / On the right 3nisa / On the left
(akTUBHI Ta MaTeHTHiI)
Myofascial trigger points Mo Nicns Tect Mak-Hemapa flo Micns Tect Mak-Hemapa
(active and latent) Before After McNeznar test Before After McNeznar test
(X’ P) (1’ P)

Mm. masseter 2= 2=
KyBanbHi n (%) | 96 (100) |32 (33.3)|  * 13%8116 96 (100) |39 (40.6)] ¥ ;5’%8118
Masseter muscles p=> P<v,
M. temporalis 2— 2=
CKpOHEBi n (%) |62 (64,6)| 3(3,1) Xp;gz‘gy 60 (62,5)| 3(3,1) Xp;g %811 °
Temporal muscles ’ ’

o nikyBaHHS BCi nauieHTy BigMivyanu 6inb npu nanb-
navii abo xyBaHHi B xyBanbHux Mm'a3ax (Mm. Masseter).
3a gaHuMy aHanidy BignoBiAb LMX M'A3iB Ha NiKyBaHHS
Oyna JoBoni HU3bKa, xo4va 3aranbHE 3HWXKEHHS cKapr
3anuwmnocsa 3Havywmm (p < 0,001). Binb Ha XxyBanb-
HUX M’A3ax nicnA nikyBaHHA Bigmivanm 32 (33,3%)
i 39 (40,3%) nauieHTiB 3niBa i cnpasa, BIANOBIAHO.

Ha BigmiHy Big XyBanbHWX M’A3iB, CKpPOHEeBi Manu
rapHy Bignosigb Ha nikyBaHHsi. [o npoueayp Ha 6inb
ckapxunucs 62 (64,6%) i 60 (62,5%) nauieHTiB 3niBa
i cnpaBa, BiANoOBiAHO, Micns nikyBaHHA 6inb 3anuwmnBcA
y 3 (3,1%) nauieHTiB.

AHani3 [gaHuxX Woao AWHaMiku rornoBHoro 0Gornto
Hanpyru nicrns ocTeonaTW4HOro MiKkyBaHHsi BUSIBUB BipO-
rigHe 3MeHLUEeHHS KiNbKOCTi OHIB 3 ronoBHUM ©Oonem
B MicAub Y XBOpPUX 3 XPOHiYHMM BapiaHTom [BH
3 15-30 pgHiB gpo 0-7 pHiB. Takox Oyno BiamiveHe
BiporigHe 3HWXEHHS1 IHTEHCMBHOCTI ronoBHOro 6orto
3a BALWU 3 5,1 + 1,8 6anu go nikyBaHHsa o 2,3 + 1,8 6anu
nicnga nikyBaHHs (t(95) = —11,132; p < 0,001). B uinomy
74 (77,1%) nauieHTM BiOMITUNM 3HA4YHE NOKpaLLEHHS
cTaHy nicns nikyBaHHs, 20 (20,8%) nomipHe nokpaLleHHs,
2 (2,1%) — 6e3 3miH. EdpekTvBHICTb 3anMpONoOHOBaHOro
ocTeonaTUyHOro nikyBaHHA TakoX Oyno nigTBepxeHo
BUCOKMM KoedoiuieHTom d Cohen, sikuin ctaHoBuB 1,55.

lonoBHUI 6inb Hanpyru 3anMmae gpyre micue cepeq
HaMnoLUMpeHiLLIMX 3axBoptoBaHb Yy cBiTi [11].

OcteonatnyHa MaHinynaTveHa Tepania (OMT) —
ue HedapmakororiyHa, HeiHBasuBHa MaHyanbHa Meau-
UMHa, SKy Oesiki BBaXalTb anbTepHaTUMBHOK Meauum-
HOK, WO BKMOYAE LUMPOKWIA CMEKTP TepaneBTUYHMUX
MaHyanbHUX TexHiK Ans  nokpaweHHs  isionoriyHol
YHKUIT Ta CAPUAHHA BiOHOBMEHHIO roMeocTasy, 3MiHe-
Horo Oy[b-AKOK COMaTu4Hol (CTPyKTypotk Tina) auc-
dyHkKuieto. [JBomMa OCHOBHMMM KoMMoHeHTamun OMT €
CTPYKTYPHa OUiHKa ANs OiarHOCTWKX Ta Pi3Hi MaHinyns-

Before treatment, all patients reported experiencing
pain in the masseter muscles (Mm. Masseter) during
palpation or chewing. The analysis indicated that these
muscles had a low response to treatment, though
there was a significant overall decrease in complaints
(p < 0.001). Pain in the masseter muscles after treat-
ment was noted by 32 (33.3%) and 39 (40.3%) patients
on the left and right, respectively.

Unlike the masseter muscles, the temporal muscles
had a good response to treatment. Before the proce-
dures, 62 (64.6%) and 60 (62.5%) patients on the left
and right, respectively, after treatment, pain remained
in 3 (3.1%) patients.

The analysis of data on the dynamics of TH following
osteopathic treatment demonstrated a substantial
reduction in the number of headache days per month,
particularly in patients with chronic tension headaches.
The frequency reduced from 15-30 days to 0-7 days
per month. There was also a significant decrease in
headache intensity according to VAS from 5.1 + 1.8 points
before treatment to 2.3 + 1.8 points after treatment
(t(95) = —11.132; p < 0.001). In total, 74 (77.1%) patients
experienced a significant improvement in their con-
dition after treatment, 20 (20.8%) observed moderate
improvement, and 2 (2.1%) reported no change.
The effectiveness of the proposed osteopathic treatment
was also confirmed by the high Cohen’s d coefficient,
which was 1.55.

Tension headache is the second most common
medical condition worldwide [11].

Osteopathic manipulative therapy (OMT) is a non-
pharmacological, noninvasive manual medicine,
considered by some to be an alternative medicine,
that includes a wide range of therapeutic manual
techniques to improve physiological function and promote
the restoration of homeostasis altered by any somatic
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TUBHI TEXHIKM ANS nikyBaHHA. MeTol CTPYKTYPHOI OLiHKM
€ BUSIBNEHHS crneundivHnX coMmaTUYHNX AMcdyHKuUin [12].

3a [paHuMM  cUCcTeMaTUYHUX OrfsiAiB - OCTaHHIX
pokie [13] 6yno BusHayeHo, wo OMT € nepcnekTUBHUM
[OOaTKOBUM MiAXo4OM [0 NiKyBaHHS rornoBHOro 6onto.
Huska pocnigxeHb nokasywTtb, wo OMT moxe edek-
TMBHO 3MEHLUUTM 4acToTy, iIHTEHCUMBHICTb i TpuBanicTb
pi3HMX TWUMiB ronoBHoro Gonto, 3okpema Oono Hanpyru
i MmirpeHi. Taki metogun, sk MiodacuianbHe 3BiflbHEHHS,
KpaHianbHa ocTeonatis Ta MeToAn M'si30BOI  eHeprii,
4acTo BMKOPUCTOBYHTLCS Ta AEMOHCTPYIOTb CPUSTIIMBI
pesynsTaTtu. [HTerpauis ocTeonaTMyHUX NPaKkTUK Yy Mix-
AvcumnniHapHi  ctparterii  nikyBaHHs ronosHoro 6onto
Mae noTeHUian AN NoKpalleHHs pesynbTarTiB NnikyBaHHSA
nauieHTiB, MOKPALLEHHS1 SKOCTi XUTTS Ta 3MEHLUEHHS
3anexHocTi Big hapmMakonoriyHnx BTpydaHb. Llen uinic-
HWIA nigxig Bignosigae 3pocTalvoMy akueHTy Ha Aorno-
MO3i, OpieHTOBaHIl Ha naujieHTa, i NoTpebi B KOMMNEKCHMX
pilLeHHsAX Ans nikyBaHHs 6onto.

Y3aranbHO4YM OTPMMaHi aHi HaWoro SOCNiAXEHHSs
HeoOXigHO 3ayBaXkuTH, L0 OLjiHKa CTaHy M'A3iB J03BONSE
BUSIBUTM [J00aTKOBi [xepena 6Gonm npu ronoBHOMY
Gono Hanpyrn, a TakoX BUSIBUTM TOYKM BMIIUBY TEXHIK
ocTeonatuyHoi  kopekuii. KombiHoBaHe nikyBaHHs i3
NoeaHaHHSAM 3HeOOMBaHHS ronoBHoro Gonto Hanpyru
Ta MOKpaLLEHHS CTaHy CKeneTHO-M'si30BOI CUCTEMWU [a€e
3MOry 3Ha4yHO MOKPALMUTU CTaH XBOPWX, AOCTOBIPHO

3MEHLUNTU  BUPAXEHICTb SK OONMbOBOrO  CUHAPOMY
B M'AA3aX, TaK 1 60O ronoBu.
BUCHOBKU

Mpwu pgiarHoctuui FBH noTtpidHo 060B’sI3KOBO 3BEpP-
TaTu yBary Ha CTaH CKEneTHO-M'i30BOi CUCTEMW, HasiB-
HOCTi MiodoacuianbHOi 60NboBOI  AMCKYHKLUIT, Gka €
[o4aTkoBUM xepenoM 60MnboBoro BigyyTTs, NiaTpumye
Ta NPOJSIOHIYE ronoBHUI 6inb Hanpyru. B Hawomy gocnia-
XeHHI Hambinbw 4acto MiodacuianbHi - ANChYHKUIT
BUSIBNANMCS B TpaneuienogibHnx, nignoTunuYHNX Ta xy-
BanbHUX M'a3ax. JlikyBaHHS MOBMHHO ByTW KOMMNNEKCHUM,
3 ypaxyBaHHsIM CTaHy M’A30BOI cucTemu, BGiomexaHiku
OMOpPHO-PYXOBOro anapaTty i 3 HeoOXiAHOKW KOpeKLjie
B HUX. Po3pobneHuMn Hamu MpPOTOKON OCTeonaTU4HOl
Kopekuii, sikuin OyB iHOMBIOyanbHO 30CEPEemMKEHUA Ha
BUMNpPAaBMIEHHI COMaTUYHMX AUCHYHKLIA i3 3acTocyBaH-
HAM apTUKYNALIMHUX TEXHIK CyrnobiB Ta NonaTok; BigHOB-
NEHHSI PYXMMBOCTI KPWXY, BPIBHOBAXEHHS TMNOWMHHMX
dhacuin Wwni, YCyHEHHS1 COMaTUYHUX OUCAYHKLIA B LUNIA-
HOMY BiaAini xpebTa Ta KpaHiouepBikanbHOMY Nnepexopi,
KIHETUYHUX OMCOYHKLUIN B KiCTKax 4Yepena, i3 3actocy-
BaHHAM MOB3O0BXHMX LLUOBHUX TEXHIK yepena, miodac-
LianbHOro penidy M’a3iB LWWi, TPYAHOT KMITKK, XKyBamnbHUX
Ta CKPOHEBUX M'A3iB, € edeKTUBHUM [Ana NiKyBaHHS
T’BH Ta Moxe Oyt anpoboBaHMM Ha  LUMPOKIiA
KOropTi nauieHTiB.
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(body structure) dysfunction. The two main components
of OMT are structural assessment for diagnosis and
various manipulative techniques for treatment. The goal
of structural assessment is to identify specific somatic
dysfunctions [12].

Systematic reviews in recent years [13] have identified
OMT as a promising adjunctive approach to the treat-
ment of headache. A number of studies have shown
that OMT can effectively reduce the frequency, inten-
sity, and duration of various types of headache, inclu-
ding tension-type headache and migraine. Techniques
such as myofascial release, cranial osteopathy, and
muscle energy techniques are commonly used and
have shown promising results. Integrating osteopathic
practices into multidisciplinary headache treatment
strategies has the potential to improve patient outcomes,
improve quality of life, and reduce dependence on
pharmacological interventions. This holistic approach
is consistent with the increasing emphasis on patient-
centered care and the need for comprehensive pain
management solutions. In summary, our study suggests
that muscle assessment may be useful in identifying
additional sources of pain in tension-type headache and
in identifying trigger points for osteopathic manipulation.
Integrating pain relief for tension-type headaches
with musculoskeletal therapy can substantially enhance
patient outcomes and markedly reduce both muscle
pain and headache.

CONCLUSIONS

When diagnosing tension headache (TH), it is impor-
tant to consider the condition of the musculoskeletal
system and the presence of myofascial pain dysfunction,
as these can contribute to and prolong the headache.
In our study, myofascial dysfunctions were most often
detected in the trapezius, suboccipital and masticatory
muscles. Treatment should be comprehensive, consi-
dering the condition of the muscular system and the
biomechanics of the musculoskeletal system, along
with any necessary corrections. We have developed
an osteopathic correction protocol, which was individu-
ally focused on correcting somatic dysfunctions using
articulation techniques of the joints and scapula; res-
toring the mobility of the sacrum, balancing the deep
fascia of the neck, eliminating somatic dysfunctions in
the cervical spine and craniocervical junction, kinetic
dysfunctions in the bones of the skull, using longitudinal
suture techniques of the skull, myofascial release of the
muscles of the neck, chest, masticatory and temporal
muscles is effective for the treatment of TH and can be
tested on a wide cohort of patients.
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Prospects for further research

The prospect of further research is to analyze how osteopathic
manipulative therapy affects the quality of life, stress levels, and
cognitive functions of patients, using standardized ques-
tionnaires and neuropsychological tests.
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PE3IOME

AkTyanbHicTb. BTopuHHO-HabpskoBuin pak rpyaHoi 3anosu (BHPI3) e Bysnosum
pakom rpyaHoi 3anosw, i cknagae 5-10% Bia PI3 Ta xapakTepusyeTbCsa arpecuBHUM
KniHiyHuM nepebirom. OgHum 3 knovoBux pakTopiB nporpecii PI'3 € ctpomanbHui
KOMMOHEHT, iKW 3HaXOAUTLCS Y NOCTIMHOMY B3aEMO3B’'SI3KY 3 PaKOBUMMU KNiTUHAMM.
MeTta poboTu — ygockoHaneHHss mMopdonoriyHMx KpuTepiiB QiarHOCTUKK Ta MPOrHo3y
nepebiry BHPI'3 Ha nigcTasi AocnigXeHHs KriHiko-MOopdOonoriYHux Ta MOoneKynspHo-
6ioNOoriYHNX XapakTePUCTUK CTPOMASIbHOTO KOMMOHEHTa MyXUH.

Matepianu Tta metogn. CdopmoBaHo Asi rpynu gocnigxeHHs: | rpyna — BHPI3 —
30 xBopwux, Il rpyna — 15 xBopux Ha MicLEBO-MOLUMPEHNIA paK rpyaHOI 3ano3u 6e3
Habpsky ctagii T3-4N1-3MO. Cepen pocnifgkyBaHux napameTpiB Oynu: BigHOCHa
nnowa CTpoMu NyXMWH, i 3piNicTb, IMyHOKMITUHHA iHINbTPaUis NyXnWHW, piBEHb
Backynspwusadii Ta ekcnpecii VEGF.

Pe3synbTraTn Ta ix o6roBopeHHs. [lepeBaxaHHA CTPOMW Haf NapeHXiMaTo3HUM KOM-
noHeHTom cnocTepiranocss B 60,0% xBopux Ha BHPI3 Ta B 46,6% XxBOpux Ha
HeHabpskoBy copmy paky rpygHoi 3anosum (HHPI3) (p > 0,05) Ta He acouitoBanocs
3 MetactadyBaHHsAM BHPI3 (pisHuusi mix BHPI'3 3 nepeBaxaHHAM CTpoMu Ta
BHPI'3 3 HM3bKMM BMICTOM CTPOMM 3a KpuTepieM meTacTadyBaHHS He [O0CTOBIpHa,
¥2 = 0,02, p = 0,8). Bci BHPI'3 3 Hespinoto cTpomoto Bynu meTactasyoummu.
[oBeneHa kopensuiiHa 3anexHiCTb MiXX MeTacTadyBaHHSAM Ta NPUCYTHICTIO HE3pinoro
Tuny ctpomu cepen BHPI3 (p < 0,05). NimdounTtapHa iHdinsTpauis paky mae
obmexeHe nporHocTnyHe 3HadeHHsA. Ans BHPI3 nopisHsaHo 3 HHPI'3 6yB xapaktep-
HUN BiNbll BMPaXKEHUA HeoaHrioreHe3 3a paxyHOK Oinbll BMCOKOrO MOKa3HMKa
winbHocTi MikpocyaunH (LLIMC) (p < 0,05) Ta ekcnpecii VEGF (p < 0,05).

BucHoBku. [ins BHPI'3 B nopiBHAHHI 3 HeHabpskoBuMM chopMamu € XapakTepHUM
BinbLll BMPaXXeHU HeoaHrioreHes. Hespinuin Tun cTpomu acoujioBasBcst 3 MeTacTa-
3yBaHHAM BHPI3. BupaxeHicTb CTpOManbHOro KOMMOHEHTa Ta iMyHOKMITUHHA
iHpinsTpauis BHPI3 matoTe o6MexeHe NporHoCTUYHE 3HaYeHHS LWOAO MeTacTadyBaHHs
Ta NPUHanNeXHOCTi paKky A0 NEBHOrO iMyHOeHOTUMY.
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ABSTRACT

Background. Secondary edematous breast cancer (SEBC) is a nodal breast
cancer that accounts for 5-10% of breast cancer and is characterized by an aggressive
clinical course. One of the key factors in the progression of SEBC is the stromal
component, which is in constant interaction with cancer cells.

Purpose — of the study is to improve the morphological criteria for the diagnosis
and prognosis of SEBC based on the study of the clinical, morphological and
molecular biological characteristics of the stromal component of tumors.

Materials and methods. Two study groups were formed: Group | — SEBC — 30 cases,
Group Il — 15 cases with locally advanced breast cancer without edema of the
T3-4N1-3MO stage. Among the studied parameters were: the relative area of the
tumor stroma, its maturity, tumor immune cell infiltration, the level of vascularization
and VEGF expression.

Results. The predominance of stroma over the parenchymal component was
observed in 60.0% of SEBC and 46.6% of nonedematous breast cancer (NEBC)
(p > 0.05) and was not associated with SEBC metastasis (the difference between SEBC
with a predominance of stroma and SEBC with a low stroma content according
to the metastasis criterion is not significant, x> = 0.02, p = 0.8). All SEBC with
immature stroma were metastatic. A correlation between metastasis and the presence
of an immature type of stroma among SEBC was proven (p < 0.05). Lymphocytic
infiltration of cancer has limited prognostic value. SEBC was characterized by more
pronounced neoangiogenesis due to a higher SCMS index (p < 0.05) and VEGF
expression (p < 0.05) compared to NEBC.

Conclusions. For SEBC compared to non-edematous forms, more pronounced
neoangiogenesis is characteristic. Immature type of stroma was associated with
metastasis of SEBC. The severity of the stromal component, immune cell infiltration of
SEBC has limited prognostic value regarding metastasis and belonging of cancer to
a certain immunophenotype.

Bilyi OM, Yakovtsova I, Ivakhno IV. Peculiarities and prognostic significance of the stroma in secondary-edema
breast cancers. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2025;33(1(52)):114-123.
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BCTYN

INTRODUCTION

BTopuHHO-HabpsikoBui pak rpygHoi 3anosu (BHPI'3)
€ MiCLEBO-MOLIMPEHUM  BY3NOBUMW  PakoMm  rpyaHoOI
3anosu, wo cknagae 5-10% Big 3aranbHoi KinbkocTi PI'3
Ta B NOPIBHsIHHI 3 HeHabpsikosoto hopmoto PI3 (HHPI3)
XapakTepu3yeTbCa HWXYMM  CTyneHeMm AudpepeHuiro-
BaHHS, BinbLLO BiAHOCHOO KiNbKIiCTIO BUNaaKiB TpUnneT-
HeraTuBHUX OOPM, TipPWKUM  MOKA3HWKOM  3ararnbHol
BMXXMBAHOCTI, BiNbLL BUCOKMM PiBHEM €KCNpecii OKpeMmx
reHis, WO MaloTb BNMMB Ha MPOrHo3 nepebiry 3axsBopio-
BaHHA, 3okpema: Ki-67, PI3K/Akt, RhoC-GTPase,
E-kagrepuH, VEGF, PTGS2/COX2, ANGPT2/angiopoietin,
Towo [12, 16, 18].

Cepen paktopiB, wWo cnpusioTe  HOPMYBaHHIO
MornekynsipHo-6ionoriuHnx  xapaktepuctuk BHPI3 e
MiKPOOTOYEHHS, IKE CKNafaeTbCA i3 CNONYyYHO-TKAHUHHOIO
KOMMNOHeHTa, hibpobnacTiB, iMyHOKOMNETEHTHUX KNiTWH
Ta MikpocyauH [23]. B npoueci dopmyBaHHs Ta peop-
raHisauii cTpomMyn NOCUMIOIOTLCA IHBa3WBHI BMAacTUBOCTI
pakoBUX NYXMNWH, 3MIHIOETLCA CKnag KNiTUH ekcTpaLento-
NAPHOIO MaTpUKCy, iX MOMNeKynspHo-bionorivHi xapakre-

Secondary-edematous breast cancers (SEBCs) are
locally advanced nodular breast carcinomas, accounting
for 5-10% of all breast cancer cases. Compared to
non-edematous forms (NEBCs), they are characterized
by a lower degree of differentiation, a higher relative
incidence of triple-negative subtypes, poorer overall
survival rates, and elevated expression levels of several
genes associated with disease prognosis, including: Ki-67,
PI3K/Akt, RhoC-GTPase, E-cadherin, VEGF, PTGS2/
COX2, ANGPT2/angiopoietin, among others [12, 16, 18].

One of the contributing factors to the molecular and
biological features of SEBCs is the tumor microenviron-
ment, which consists of the connective tissue stroma,
fibroblasts, immunocompetent cells, and microvascu-
lature [23]. During the formation and remodeling of the
stroma, the invasive potential of cancer cells increases,
the composition of extracellular matrix (ECM) cells
changes, as do their molecular-biological properties and
signaling pathway cascades [2, 5, 25]. The tumor stroma
itself significantly influences the biological behavior
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PUCTUKKM, Kackagu curHamnbHux wnsxie [2, 5, 25]. Came
CTpOMa pakoBMX MNyXNUH Mae BNAMB Ha GionoriyHy
NnoBefjiHKy Ta NpOrHo3 nepebiry 3axBOPIOBaHHSA Ta BW-
3Hayae YyTnuBICTb paKy A0 TapreTHoi Tepanii [3, 7, 8, 23].

MeTta po6oTu — ygocCKOHaneHHs MopgONOrivYHNX
KpuTepiiB fiarHocTukn Ta nporHo3y nepebiry BHPI3
Ha nigcTaBi [OCNILXEHHS KNiHIKO-MOPGONOriYHUX Ta
MOMEKYNsipHO-6ioNoriYHNX XxapakTepUCTUK CTPOMaribHOro
KOMMOHEHTA MyXIWH.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

[NpoBeneHo natomopdonoriyHe JochigKeHHNA 45 xBo-
pux Ha pak rpyaHoi 3anosu (PIr3), wo 6ynu npoonepoBaHi
y [epxaBHin ycTaHOBi «IHCTUTYT MeauuyHOI pagionorii
Ta oHkonorii im. C.IM. Mpurop’eBa HauioHanbHoT akagemii
MeandHuX Hayk YkpaiHm» B nepiog 2015-2019 pp.

MauieHTok Byno posnogineHo Ha Agi rpynu: | rpyny
pocnigxeHHst cknanu 30 xBopux Ha BHPI'3 (T4bN0-3MO),
cepepHin Bik 57,8 * 4,1 poky Ta Il rpyny (koHTponio) —
15 XxBOpUX Ha MicLEBO-NOLWUPEHNI paK rPyaHOI 3amnosun
6e3 Habpsiky (T3-4N1-3MO0), cepenHin Bik 56,8 + 6,3 poky.

Poamip nyxnuHM BM3HayaBcs 3a AaHUMU MOpPAO-
noriyHoro pgocnimkeHHs. Y | rpyni cepegHii giametp
nyxnuH ctaHosuB 5,1 + 0,8 cm, npu usomy y 63,4% Bu-
nagkis pgiametp nyxnuH 6yB go 5 cm, a y 36,6% —
6inbwe 5 cm. Y Il rpyni cepeqHin giametp nyxnuH cra-
HoBvB 4,8 + 0,7 cM, Npu UbOMY y NepeBaXxHoi GinbLuocTi
BMNagkie, a came y 66,6% (10/15) giameTp nyxnuH 6yB
meHwwe 5 cm, noHag 5 cm —y 33,3% (5/15).

3a rictonoriyHoto copmoto 90% MyxnMH XBOPWUX
| rpynn Gynv npencTtaBneHi MPOTOKOBOK KapLUMHOMOL,
10% - 4acTo4ykoBOW. Y Tpyni KOHTPOMO MNPOTOKOBWM
pak 6yno piarHoctoBaHo y 86,6% BwnagkiB, 4YacTou-
koBuii —y 13,4%.

3a ctyneHem pudepeHuitoBaHHa B | rpyni 90%
Bunagkie manu G3 (HusbkogmndepeHuioBaHunin), 10% —
G2 (nomipHogndepeHuinosanuii). B Il rpyni nepeBaxas
cTyniHe G3, wo cknano 86,6% Bunazkis.

3a pgaHumm imyHorictoximiyHoro gocnigxeHHs (IMX)
Tpunax-6ionTatiB y | rpyni gocnigXeHHst noMiHanbHUNA
Tmn A cknas 13,3% (4 Bunagku), nomiHanbHum tun B —
43,3% (13 BunagkiB), Tpuyi HeratuBHW TMN — 26,7%
(8 Bunagkis) Ta HER 2-no3utnsHuin — 16,6% (5 Bunaakis).
Y rpyni KOHTPOM — fntoMiHaNbHUn TMn A BCTaHOBMEHO
B 33,3% (5 BunagkiB), nomiHanbHun Tun B — B 53,3%
(8 Bunagkis), HER 2 ta Tpuuyi HeratmBHui Tvnn B 6,6%
(1 BUNagoK) KOXeH.

Ycim nauieHnTtkam | Ta Il rpynn Byna npoBeaeHa Heo-
ap’toBaHTHa noniximiotepania (HAMXT). 10 nauieHTok
| rpynu oTpumanu Tepanito peHcenekcom. HYacTtkosa Bia-
nosiab BHPI'3 Ha npoBegeHe nikyBaHHA cnocTtepiranacs
y 63,4% (19 BunapkiB) nauieHTok Ta 'y 36,6% (11 Bunaakis)
BinOynacsa crabinisauisi npouecy (y LOCNiMKEeHHS He BXO-
OVnv BUNagKuy 3 NOBHUM TepaneBTUYHMM NaToMopdO30M).

Pr3 (I ta Il rpyn pocnigxeHHst) Gynu posanoginexi
Ha Ti, WO ManuM BUPaXKEHUN CTPOMasnbHWUIA KOMMOHEHT
(50% Ta Ginble Big 3aranbHOi MAOWi MyXNWHKU) Ta
3 HW3bKAM piBHEM BMICTYy cTpoMu (< 49% nmowi nyx-
nuHn). Takox PI3 6ynu posnogineHi Ha Tpu Tunu 3a
XapaKkTepuUCTUKOK 3pinocTi cTpoMu. [yxmnnHU 3 Hespinoto
CTPOMOK Manu nepeBaXaHHs TOHKMX KOonareHoBUX
BOJIOKOH, $IBULLA MIiKCOMAaTo3y, BMCOKY KIITUHHICTb 3a

and clinical prognosis of the disease and determines the
sensitivity of the cancer to targeted therapies [3, 7, 8, 23].

Objective — is to improve the morphological criteria
for the diagnosis and prognosis of the clinical course
of secondary-edematous breast cancer (SEBC) based on
the analysis of the clinical-morphological and molecular-
biological characteristics of the tumor stromal component.

MATERIALS AND METHODS

A pathomorphological study was conducted on
45 cases of breast cancer (BC) in female patients
who underwent surgery at the State Organization
«Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine»
during the period from 2015 to 2019. The patients were
divided into two groups: Group | included 30 patients
with secondary-edematous breast cancer (SEBC)
(T4bNO-3M0), with a mean age of 57.8 + 4.1 years,
and Group Il (control group) — 15 patients with locally
advanced non-edematous breast cancer (T3-4N1-3M0),
with a mean age of 56.8 * 6.3 years.

Tumor size was determined based on morphological
examination data. In Group |, the mean tumor diameter
was 5.1 + 0.8 cm, with 63.4% of cases having a diameter
up to 5 cm, and in 36.6% — more than 5 cm. In Group I,
the mean tumor diameter was 4.8 + 0.7 cm; in the vast
majority of cases, namely in 66.6% (10/15), the diameter
was less than 5 cm, and in 33.3% (5/15) — more than 5 cm.

Histologically, 90% of cancers in Group | were
ductal carcinomas, while the remaining 10% were
lobular. In the control group, ductal carcinoma was
diagnosed in 86.6% of cases, and lobular — in 13.4%.
By degree of differentiation, 90% of Group | cases were
G3 (poorly differentiated), and 10% — G2 (moderately
differentiated). In Group I, G3 tumors predominated,
comprising 86.6%.

According to immunohistochemical (IHC) analysis of
core needle biopsies, in Group | the luminal A subtype
accounted for 13.3% (4 cases), luminal B — 43.3%
(13 cases), triple-negative subtype — 26.7% (8 cases),
and HER2-positive — 16.6% (5 cases). In the control
group, luminal A was identified in 33.3% (5 cases),
luminal B — in 53.3% (8 cases), HER2-positive and
triple-negative subtypes — in 6.6% (1 case) each.

All patients in both Group | and Group Il received
neoadjuvant polychemotherapy (NAPCT). Additionally,
10 patients in Group | received therapy with Rexin-G.
A partial response of SEBC to the administered
treatment was observed in 63.4% (19 cases) of patients,
and in 36.6% (11 cases) stabilization of the disease
was achieved (cases with complete therapeutic patho-
morphosis were not included in the study).

Breast cancers (Groups | and Il) were classified as
having a pronounced stromal component (50% or more
of the total tumor area) or low stromal content (< 49% of
the tumor area). BCs were also divided into three t
ypes according to stromal maturity characteristics.
Tumors with immature stroma exhibited predominance
of thin collagen fibers, myxoid changes, and high
cellularity due to active fibroblasts. Mature stroma was
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paxyHOK akTUBHUX pibpobnacTiB. 3pina cTpoma xapak-
Tepu3yBanacb BWKIOYHO TPyOGMMM KONareHoBUMW BO-
NOKHaMK, MPUCYTHICTIO B Manii KinbkocTi gibpouuTis,
BiACyTHiCTIO ¢hiBpobnacTiB, NPUCYTHICTIO QiNSAHOK CTPOMU
pybuesoro Burnsaay. PI3 3i amilwaHum (abo npomixkHMM)
TUNOM CTPOMW XapaKTepu3yBanucb MPOMIKHUMU Xapak-
Tepuctukamu. [1o pakiB 3 He3pinow CTPOMOI YBINLLMM
BUNaZKM 3i 3MilL@HUM TUMOM CTPOMMW, TOOBTO HasIBHICTIO
SIK He3pinoi, Tak i npomixxHoi abo 3pinoi cTpoMu, npote
HasiBHICTb [LiNSIHOK YiTKOrO MiKCOMaTo3y Ta HOBOYTBO-
PEHUX MYXKMX KOMareHOoBUX BOJIOKOH i3 XaOTUYHUM iX
po3TallyBaHHSAM [aBano 3Mory BiAHOCUTW pak Ao rpynu
3 HEe3pinoK CTPOMOI0.

OuiHka piBHS iH(binbTpaLii 3piicHIoBanach i3 ypaxy-
BaHHSAM CEpeaHbOro PiBHSA MPUCYTHOCTI CTPOMarbHKX MiM-
douMTIB 3rigHO 3 MiXkHapogHUMK pekoMeHaauismm [20].

Pr3 1 ta Il rpyn 6ynu Takox po3nogineHi Ha Ti, Wwo
MalTb BUCOKMI piBeHb tumor-infiltrating lymphocytes
(TILs) — OGinbwe 60% Ta Ti, WO MawTb HU3bKMA Ta
nomipHuii pieeHb TILs — meHLwe 60%.

LWinbHicte MikpocyauH (LLUMC) PIr3 (I ta Il rpynu)
obpaxoByBanM 3 BW3HAYEHHAM abCOMKOTHOI KiNbKOCTI
CyauMH B noni 30py Mikpockona 3a metogom hot spot
(BiNSHOK NyXNMHKU 3 HAaNGINbLUMM piBHEM BacKynsipu3alii)
npu 36inbweHHi x400. [Onsa BU3HAYEHHSA CYOUH iMYHO-
ricToximiyHnum meTtogom (IMX) BUSBNANM eHJoTeNIN 3 BUKO-
pUCTaHHSAM MOHOKIoHanbHuXx aHTuTin (MKAT) no CD34.

Ekcnpecis VEGF 6Gyna poanogineHa Ha HeraTuBHY,
+ — npu peakuii 1-33% NyXNMHHUX KNITUH, ++ — pe-
akuii 34-66% kniTnH Ta +++ — peakuii 6inbw 3a 66%
PaKoBUX KNITUH.

Matepian nauieHTok dpikcyBanm B 10% po34nHi
HelTpanbHoro 3abydepeHoro dopmaniHy npoTsrom
12-Tn roguH, nicnst NPOBOAKM 3a CTaHAapPTHOK MeToau-
Koo MaTepian 3anueanu B napacdiH. MapadiHoBi 3pi3n
nicns 3abapBneHHsA remaTokCuniHOM Ta e03vHOM niaaa-
Banu TiCTOMOMYHOMY [OOCHIMAXEHHIO MpU  BUKOPUC-
TaHHi Mikpockona Primo Star, o6’ektusn x 4, x 10, x 40,
x 100, x 400.

Bio nauieHTOK oOTpuMMaHo iHpopMOBaHy 3rogy Ha
y4yacTb Yy gocnigxeHHi. [NposeaeHi gocnigXeHHs cxBaneHi
KOMITETOM 3 MeAaunyHoi eTuku [epxaBHOi ycTaHOBU
«lHCTUTYT MeamyHOI pagionorii Ta OHKONorii  iMeHi
C.M. Tpurop’eBa HauioHanbHOI akagemii MeanyYHUX
HayK YkpaiHu».

CratuctnyHy o006pobky pesynbraTtiB  [OCHimKEeHHS
npoBoaMnM 3 BUKOpUCTaHHAM naketa «MedCalc»
(Version 20.009, trial). Ons oOuiHKM 3B’sI3Ky MiXX O3Ha-
KaMy BUKOPUCTOBYBanM TOMHUM KpuTepin diwepa
Ta HenapameTpu4HuUi KpuTepin Xxi-kBagpaT [lipcoHa.
OTpvMaHi 3HaYeHHsI MOKa3HWKIB TIpyn [AOCHiMKEHHS
npeacraBneHi 3 po3paxyHKOM CepedHboi  BEMUYMHU
Ta i noxubku. CTaTUCTUYHO 3HAYYLIMMU BBaxanu
pesynesraty npu p < 0,05.

PE3YABTATU TA iX OBFOBOPEHHS

PI'3 manu pi3HuiA CTyniHb NPUCYTHOCTI CTPOMAaribHOro
KOMMOHEHTa, WO MOXe 3anexartu Big rictotuny PI3,
Bignosiai Ha HAIXT, ocobnuBocTel cekpelii pako-
BUMWU KNiTUHAMXU (OakTopiB POCTY, iHBa3VBHUMMK BRnac-
TUBOCTAMM MYyXMMHW, MPOAYKLUIE MaTPUKCHUX Kora-
reHas Ta akTopiB, 3anyyeHux Yy peMogenioBaHHA
EeKCTpaLEentionapHoro MaTpukey [24].

characterized by exclusively coarse collagen fibers,
few fibrocytes, absence of fibroblasts, and areas
resembling scar tissue. BCs with mixed (intermediate)
stroma displayed transitional features. Cases with
immature stroma included those with a mixed stromal
type, where the presence of both immature and
intermediate or mature stroma was observed, but the
presence of distinct myxoid areas and newly formed
loose collagen fibers arranged chaotically allowed these
tumors to be classified as having immature stroma.

The level of lymphocytic infiltration was assessed
based on the average presence of stromal lymphocytes
according to international recommendations [20].

BC cases in Groups | and Il were divided into
those with a high level of tumor-infiltrating lymphocytes
(TILs) — more than 60%, and those with low to moderate
levels — less than 60%.

Microvessel density (MVD) in BC (Groups | and Il)
was calculated by determining the absolute number
of vessels per microscopic field using the hot spot
method (areas of the tumor with the highest vascu-
larization) at x400 magnification. For vessel identifi-
cation, an immunohistochemical method was used to
detect the endothelium with monoclonal antibodies
(mAbs) against CD34.

VEGF expression was graded as negative, + (1-33%
of tumor cells reactive), ++ (34-66% of cells), and
+++ (more than 66% of cancer cells).

Tissue samples from patients were fixed in 10%
neutral buffered formalin for 12 hours, processed using
standard protocols, and embedded in paraffin. Paraffin
sections stained with hematoxylin and eosin were
examined histologically under a Primo Star microscope
using objectives x 4, x 10, x 40, x 100, x 400.

Informed consent was obtained from all patients
for participation in the study. The study was approved
by the Ethics Committee of the State Organization
«Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine».

Statistical analysis of the study results was performed
using the MedCalc software package (Version 20.009, trial).
Fisher's exact test and Pearson’s chi-square non-
parametric test were used to assess relationships
between variables. The obtained indicator values
for the study groups are presented as mean values
with standard error. Results were considered statistically
significant at p < 0.05.

RESULTS AND DISCUSSION

Breast cancers demonstrated varying degrees of
stromal component presence, which may depend on the
histological subtype of the tumor, response to neo-
adjuvant polychemotherapy (NAPCT), secretion patterns
of growth factors by tumor cells, the invasive potential of
the tumor, production of matrix metalloproteinases, and
factors involved in extracellular matrix remodeling [24].
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MepeBaxeHHs1 CTpoOMaribHOro KOMMOHEHTa cnocTepi-
ranocb B YCix TpbOX Bunagkax yactodkosoro BHPI'3 Ta
B 16 i3 19 BunagkiB nNyxnuH 3 4acTKOBOW BiAMNOBIA-
ato (PR) Ha HAMXT. 3aranom BHPI'3 3 BupaxeHum cTpo-
MarnbHUM KOMMOHeHTOM cnocTepirasca B 60,0% (18/30)
BMNAAKIB, TOAi SK KiNbKICTb CNOCTEPEXEHD 3 BUPAXKEHUM
CTPOMarbHUM KOMMOHEHTOM Yy rpyni MOpiBHAHHSA Oyna
MeHLUoto Ta ctaHoBuna 46,6% (7/15) (p > 0,05).

Ak BugHO 3 Tabnuui 1, metactasytodi BHPI'3 manu
NPaKkTUYHO Ty camy MOy CTPOMaribHOro KOMIMOHEHTa,
WO W HemeTacTasylodi, NpoTe npocTexyBanacb 4iTka
TeHOeHUia p[o Oinbwoi kinbkocTi Bunagkis BHIP3
3 nepeBakaHHsSIM CTPOManbHOro KOMMOHEHTa cepef
HentoMiHanbHMUX pakiB Ta 0cobnmMBO cepen pakiB 3 Tpudi
HeraTBHUM iMyHOeHoTMNoM. Tak ceped 8 Bunagkis
BHPI3 3 Tpuyi HeraTuBHUM iMyHOhEHOTUMOM BUPAXKEHUIA
CTpPOMarbHU KOMMNOHEHT OyB Bia3HayYeHu B 87,5% (7/8),
Todi fIK cepen iHWMX TuNiB (MomiHanbHMx Ta HER2)
B 50,0% (11/11). MNoOpiBHAHHS UMX TPyN 3 PO3PaXyHKOM
KpuTtepito 2 MNipcoHa nokas3ano BiACYTHICTb CTaTUCTUYHO
3Hadywoi 3anexHocti (p = 0,06), wo moxe 6yTn
3YMOBIIEHO HEOCTaTHLO BEMNMKOK BUBIpPKOLO.

Predominance of the stromal component was
observed in all three cases of lobular SEBC and in 16 out
of 19 cases with partial response (PR) to NAPCT.
Overall, SEBCs with a pronounced stromal component
were observed in 60.0% (18/30), whereas the number
of cases with a pronounced stromal component in the
comparison group was lower — 46.6% (7/15) (p > 0.05).

As shown in Table 1, metastatic SEBCs had approxi-
mately the same stromal area as non-metastatic tumors.
However, a clear trend was observed toward a higher
number of SEBC cases with predominant stromal
component among non-luminal cancers, particularly
in tumors with a triple-negative immunophenotype.
Among 8 cases of SEBC with a triple-negative immuno-
phenotype, a pronounced stromal component was
present in 87.5% (7/8), whereas among other types
(luminal and HER2-positive), it was found in 50.0% (11/22).
Comparison of these groups using Pearson’s chi-square
test did not show a statistically significant association
(p = 0.06), possibly due to the small sample size.

Tabnuus 1. MNopiBHAHHSA BHPI'3 3 nepeBa)xaHHSM CTPOMM Ta 3 HU3bKMM BMICTOM CTPOMM 3a OKPEMUMU O3HaKaMm
Table 1. Comparison of SEBCs with predominant stroma and low stromal content based on selected characteristics

BHPI'3 3 BupaxeHum BHPI'3 3 H13bkuMm
CTpOMarnbHUM KOMMNOHEHTOM BMiCTOM CTpOMM BiporigHicTb
OasHaku / Characteristics SEBC with pronounced SEBC with low Statistical significance
stromal component, stromal content, p <0,05
n=18 n=12

MeTtacTasytoui / Metastatic 13 (72,2%) 9 (75,0%) x> =0,02
HewmeTtacTaaytoui / Non-metastatic 5 (27,7%) 3 (25,0%) p=0,8
JtomiHanbHi / Luminal 10 (55,5%) 3 (25,0%) =2
HentominanbHi / Non-luminal 8 (26,5%) 9 (75,0%) p=0,09
Tpwi Heratushui T1n / Triple-negative type 7 (38,9%) 1(8,3%) Y2 =34
NMiominanbHi + HER2 / Luminal + HER2 11 (61,1%) 11 (91,6%) p=0,06

TakMM 4uHOM, O6inblua KinNbKiCTb BWMNAgKiB  pakiB
HenioMiHanbLHOro TUMy Ta 3 TPWMi HEraTMBHUM iMYHO-
hEeHOTUNOM MOSACHIOE HEe3HayYHe nepeBaxaHHs pakiB 3
BMPaXeHNM CTpOManbHUM KOoMnoHeHTom cepen BHPI3
B MOPIiBHAHHI 3 rpynoto HHPI'3, npoTte nokasHwK BigHOCHOT
NMoLi CTpOMU Mae obMexxeHe NMPOrHOCTUYHE 3HAYEHHS.

OTpuMaHi Hamu AaHi 36iratoTbCst 3 AaHUMU HaYKOBOT
nitepatypu. Tak, 3a paHumu Hagenaars S et al. [9]
meTactadyBaHHa PI3 He 3anexwuTb Big fumor-stroma
ratio (TSR). lNpote TSR € kputepiem edeKTUBHOCTI
HAMXT cepen HER-2 HeraTvBHMX nyxnuH, a came PI3
3 HM3bKMM BMIiCTOM CTPOMM MaloTb Kpally Bignosigb
Ha HATMXT. OTpumaHi pesynstaTt HaBOAATbL Ha nNpu-
NyWeHHS, Lo NyXNIMHHA CTPOMa BWKOHYE 3axXMCHY [0
NyXNuH OYHKLiI0 Ta Hagae MOXMMBICTb PakOBUM KMiTK-
HaM YHWKaTu il npoTMnyxnuHHKMX npenaparis [9, 19].

Cnony4YHO-TKaHWHHUI KOMMOHEHT Ma€ XapakTepuc-
TUKN OCOBNMBOCTEN OpieHTauii KonareHOBWX BOMOKOH,
CTYNiHb 3PiNocTi, HAasBHOCTI BTOPUHHMX AUCTPOMIYHUX
3MiH, 30kpema rianiHody Ta OGiomiHepanisauii, KniTWUH-
HOro cknagy.

Ha pucyHkax 1 Ta 2 nokasaHi BHPI'3 3 pgsoma
MPUHLUMMNOBO Pi3HUMU TUMaMWU CTPOMW: Y MNEPLUOMY —
CTpoMa MOfoAa, npeacTaBneHa HOBOYTBOPEHUMW KOna-
reHOBMMM BOSIOKHaMK, LO MalTb OpieHTauilo napa-

Thus, the higher number of non-luminal and triple-
negative cases explains the slight predominance of
tumors with a pronounced stromal component among
SEBCs compared to NEBCs. However, the relative
stromal area has limited prognostic value.

These findings are consistent with data from the
literature. According to Hagenaars S. et al. [9], BC meta-
stasis did not correlate with tumor-stroma ratio (TSR).
Nevertheless, TSR is a criterion for assessing NAPCT
effectiveness among HER2-negative tumors, specifically
indicating that BCs with low stromal content tend to
respond better to NAPCT.

The results suggest that tumor stroma may play
a protective role for the tumor, enabling cancer cells
to evade antitumor agents [9, 19].

The connective tissue component displays various
characteristics, such as collagen fiber orientation,
degree of maturity, presence of secondary dystrophic
changes (e.g., hyalinosis and biomineralization), and
cellular composition.

Figures 1 and 2 illustrate SEBCs with two fundame-
ntally different stromal types: in the first, the stroma is
immature, represented by newly formed collagen fibers
oriented parallel to tumor complexes and active
fibroblasts; in the second, the stroma exhibits an inter-
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nenbHO [0 KOMMJEKCIB PaKoBMX MYyXMWH, aKTUBHUMU
dibpobnactamu; y gpyromy — cTpoMa 3 MNPOMDKHUM
CTyneHem 3pinocTi, MiCTUTb nepeBaxHO ¢ibpobnacTu,
KonareHoBi BOMOKHA MOTOBLUEHi 3 fABULAMW FianiHo3y,
OpiEHTaLisl KonareHOBMX BOJTIOKOH Moxe OyTu nepnex-
OVIKYNSPHO 0 NapeHXiMaTo3HMX KOMIIEKCIB.

Yo el S

N_-.j .--'t o
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Puc. 1. PI'3 3 ginsiHkolo BNacHOi MONoaoi CTpOMM.
3abapBreHHs reMaToKCUNiHOM Ta €03unHoM, 36. X400
Fig. 1. BC with an area of native immature stroma.
H&E staining, magnification x 400

Yacto BHPI'3 manu 3miwaHy CTpoMy 3 NPUCYTHICTIO
SIK MOMofoi MNyXKOi CMomny4yHOi TKaHWHW, Tak i OinbLu
3pinoi, rpyboi, 3 sABuwamMu rianiHody. Monoga ctpoma
crnocTepiranacb YacrTile Ha nepudepil NyxnMHU B 30HaX
iHBA3MBHOrO POCTY, MPOTE B OKpEMWX Bunagkax rpyouit
rianiHo3 OyB Big3Ha4YeHW NO BCiA NNOLL MEepPBUHHOI
nyxnuHu. Came ibposyBaHHs, rianiHo3 i HaBiTb ApibHO-
BOrHUWEBa neTpudikauis cnoctepiranuce B PI3, wo
Manu nikyBaneHUn natoMmopdo3. Takox cepeq 4acTou-
koBux PI'3 monoaa nyxka ctpomMa 6yna BiacyTHSA.

Ak BuaHO 3 Tabnuui 2, BHPI'3 manu gewo Ginblie
BMNAOKIB 3 He3pinow Ta MNPOMIKHOK CTPOMOK 3a
paxyHOK MEHLUOl KinbKOCTi 3i 3pifow  CTPOMOIO,
npoTe Pi3HMLUS He LOCTOBIpHA.

mediate degree of maturity, composed mainly of fibro-
blasts, thickened collagen fibers with signs of hyalinosis,
and collagen fiber orientation may be perpendicular
to parenchymal complexes.

Puc. 2. lNaniHo3 ctpomun PI3.
3abapBreHHs reMaToKCUNiHOM Ta €03nHoM, 36. X400
Fig. 2. Stromal hyalinosis in BC.

H&E staining, magnification x 400

SEBCs frequently exhibited mixed stroma, com-
bining areas of immature loose connective tissue and
more mature, dense tissue with features of hyalinosis.
Immature stroma was more commonly observed at the
tumor periphery in zones of invasive growth; however,
in some cases, coarse hyalinosis extended throughout
the entire area of the primary tumor. Fibrosis, hyalinosis,
and even focal microcalcification were seen in BCs
exhibiting therapeutic pathomorphosis. Additionally, in
lobular carcinomas, immature loose stroma was absent.

As shown in Table 2, SEBCs had a slightly higher
number of cases with immature and intermediate stroma
due to a lower number of cases with mature stroma,
though the difference was not statistically significant.

Tabnuusa 2. OcHoBHI MopdonorivHi kpuTepii ctpomn BHPI'3
Table 2. Main morphological criteria of SEBC stroma

Fpynu pocnippkers / Study groups | | rpyna / Group | | 1 rpyna / Group I g:g;’#ﬂ:‘:{::
MopdonoriuHi kpuTepii / Morphological criteria n =30 n=15 p < 0,05
Stomal companent area - B wihpredominant stoma | 18(600%) | 7(#66%) | =07.p=039
3pinictb cTpomu / Stromal maturity
BukntouHo 3pina / Exclusively mature 6 (20,0%) 5(33,3%)
MpowmixHuin Tvn / Intermediate type 16 (53,0%) 7 (46,6%) x?=0,9, p=0,6
Hespina 3 mikcomaTo3om / Immature with myxoid changes 8 (26,6%) 3 (20%)
IMyHOKNiTUHHA iHGINLTPauis nyxnuHy / Tumor immune cell infiltration
Buicokwuin piseHb TILs // High level of TILs 6 (20,0%) 5(33,3%) 2209, p=03
Hu3abkuin/nomipHuii piseHb TILs // Low/moderate level of TILs 24 (80%) 10(66,6%)
LWinbHicTb MikpocyauH / Microvessel density (MVD) 16,2+1,2 11,5¢1,4 (p<0,03)
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Mpu ypaxyBaHHi imyHodeHoTMny BHPI'3, BusiBneHo,
WO BCi pakM 3 Tpudi HeraTMBHUM (peHOTUNOM Manu
NPOMiXXHY Ta 3piny CTPOMY, LIO BOYEBWAb MOXHA MOSIC-
HUTK NiKyBanbHUM MATOMOP(O30M, XapaKTepUCTUKOH
SIKOTO € 3aMileHHs NyxXNuHU came rpyboto pybLesoro
Buay cTpomoto. Tak cepeq 8 BHPI'3 3 Tpudi HeratuBHUm
deHoTMNOM 3pina ctpoma cnocrepiranace y 37,5% (3/8),
npomixxHa — B 62,5% (5/8), Toai sk BHPI'3 3 niomiHanb-
HUM Ta HER2 Tunamm manum 3pinuin Tun  CTpomu
B 13,6% (3/22), npomixHun Ttn — 50,0% (11/22),
He3pinui Tnn — B 36,6% (8/22).

3pinictb cTpomn BHPI'3 € NporHoCcTYHNM Kputepiem
MeTacTadyBaHHs. Bci 8 Bunagkis BHPI'3 3 Hespinowo
cTpomoto Bynu meTacTtasytodi, a ceper pakiB 3i 3pinoto
cTpomoto 66,6% (4/6) — HemeTacTasylovi, MeTacTasy-
BaHHA BHPI'3 acouiloBanocs 3 He3pinum  TUNom
ctpomu (3% = 3,9, p < 0,05).

3a gaHumu nitepatypu Cnony4YHO-TKaHWHHI BONMOKHa —
tumor-associated collagen signatures (TACS) (nyxnuHo-
acoujinoBaHi konareHoBWi Mapkepu) € mapkepamu npo-
rpecii P'3, o xapakTepuayoTbCcs paHHiM BigknagaHHAM
KOrareHOBMX BOSIOKOH HABKOMO PaKOBMX KNiTWUH 3 MO-
JanblUMM peMoerntoBaHHAM Ta peopieHTaujielo konare-
HOBWX BOSIOKOH. He MeHLU BaXXNMBUM OCHOBHUM KOMMO-
HeHTOM cTpomu PI'3 € nyxnuHo-acouiioBaHi gibpobnac-
1 (CAF), ski BigirpatoTb kntoyoBy ponb y hopmyBaHHi
pakoBoro MmikpootodeHHs [10, 11]. [loBegeHo, WO 3HU-
XeHHst ekcnpecii fibroblast activation protein (FAP)
KNiTMHaMM CTPOMU  CYNPOBOOXKYETLCA CMOBINbHEHHAM
pPOCTY NYyXMUHM Ta MOKPAaLLEHHsIM BiAMOBIAI 4O NpoTW-
nyxnuHHoi Tepanii, loss of SPRY2 expression. Hapaasi
po3pobnsATbCA HOBI  MPOTUMMNYXNMHHI  Npenapatu, gis
aknx HanpaeneHi Ha CAF, a came: PLX3397, chlorogine,
metformin or ATO, SB431542, fnti-FAP vaccine,
BPs Ta iHwWi [16].

HacTynHolo XapaKTepUCTUKOI CTPOMAaribHOro KOM-
noHeHta BHPI3 crana ocobnueicTb iMyHOKMITUHHOT
(3ananbHoi) iHdinbTpauii. MNyxnuHa 3HaxoanTbCA B NOCTil-
HOMY B32€EMO3B’AI3KYy 3 iIMYHHOI CUCTEMOK OpraHiamy
noanHn. Mepebir 3H HaBiTb Ha Mi3HIX cTagiax Moxe
3anexartu Big iIMyHHUX MapameTpiB Ta Hapasi akTUBHO
po3pobnseTbcs iMyHHa Tepania 3H, wo peakTuBye
aHTUNYXINIMHHY IMYHHY BignoBigb [4]. 3a gaHumu octax-
HiX JocnigXeHb [OOBEOEHO MPOTrHOCTUYHE 3HaYeHHs
NyXnunHo-iHdInbTpytodmx nimcdouuTis (TIL) B PI'3 [20-22].

Cepep ycix Bunagkis BHPI'3 imyHokniTuHHa iHDinbT-
pauis cTpomu Oyna HeofHOpiAHOK Ta KonuBanacb y
LUMPOKNX MeXax Bid BiACYTHOCTI A0 HasiBHOCTI Audys-
HOrO rycToro iHgInNLTpaTy 3a TUNOM CTPOMW MELYNAPHUX
pakiB. Biacotok TILs konueascs Big 0 4o 90%.

Ak BugHO 3 Tabnuui 2, pisHWUUi 3a piBHEM nimdo-
UMTapHOi iHQiNbTpauii nyxnuH  rpyn  OOCrigXeHHs
He BWSIBMEHO, MNpOTe HasiBHa cnabka TeHaeHuis [o
MEHLLIOrO piBHA IMYHOKMITUHHOT iHginbTpauii BHPI3
B NopiBHsIHHI 3 HHPI'3.

HacTynHoto xapaktepuctukoto ctpommn BHPI'3 ctanu
0ocobnuMBIiCTb Ta CTyNiHb Backynapu3auii, sSkui Bigirpae
KIMOYOBY POrb Yy 3POCTaHHI Ta BWXMBaHHI MyXIUMHHUX
KNiTUH, @ TakoX € OCHOBHMM LUMSIXOM MeTacTalyBaH-
Hs1 [14]. BcTtaHoBneHo, wo cepeaHsi LLUIMC BHPI'3 ctaHo-
Buna 16,2 + 1,2, togi sk HHPI'3 — 11,5 + 1,4 (p < 0,03).
TakoXX BCTAHOBMEHO, WO HaWbinbl 3HaAYyLIMM piBHEM
LLMC moxHa BBaxaTtu kinbkictb 10 Ta 6inbwe. Cepen
BHPI3 WMC = 10 craHoeuna 90,0% (27/30), Bigno-

Considering the immunophenotype of SEBCs, it was
found that all triple-negative tumors exhibited either
intermediate or mature stroma, which can be attributed
to therapeutic pathomorphosis, typically characterized
by the replacement of the tumor with coarse, scar-like
stroma. Among the 8 triple-negative SEBC cases, mature
stroma was observed in 37.5% (3/8), and intermediate
in 62.5% (5/8), whereas SEBCs with luminal and HER2-
positive types had mature stroma in 13.6% (3/22), inter-
mediate in 50.0% (11/22), and immature in 36.6% (8/22).

Stromal maturity in SEBCs serves as a prognostic
factor for metastasis. All 8 SEBC cases with immature
stroma were metastatic, while among tumors with mature
stroma, 66.6% (4/6) were non-metastatic. Metastasis
in SEBC was associated with an immature stromal
type (2= 3.9, p < 0.05).

According to the literature, tumor-associated collagen
signatures (TACS) are markers of BC progression
characterized by early deposition of collagen fibers
around cancer cells, followed by remodeling and reorien-
tation of the collagen structure. Another key stromal
component is cancer-associated fibroblasts (CAF), which
play a central role in shaping the tumor microen-
vironment [10, 11]. It has been demonstrated that reduced
expression of fibroblast activation protein (FAP) by
stromal cells correlates with slowed tumor growth and
improved response to antitumor therapy. Currently, new
anticancer drugs targeting CAF are under development,
including PLX3397, chloroquine, metformin or ATO,
SB431542, anti-FAP vaccines, BPs, and others [16].

The next characteristic of the SEBC stromal com-
ponent was the nature of immune (inflammatory)
infiltration. The tumor is in constant interaction with the
host immune system. Cancer progression, even at late
stages, may depend on immune parameters, and immu-
notherapy aimed at reactivating antitumor immune
responses is actively being developed [4]. According
to recent studies, tumor-infiltrating lymphocytes (TILs)
have demonstrated prognostic value in BC [20-22].

Among SEBCs, stromal immune cell infiltration was
heterogeneous, ranging from complete absence to dense
diffuse infiltration similar to that seen in medullary-type
stromas. TILs ranged from 0% to 90%.

As shown in Table 2, no significant difference in
lymphocytic infiltration between study groups was
identified, though there was a slight trend toward lower
immune cell infiltration in SEBCs compared to NEBCs.

The next stromal feature analyzed in SEBCs was
the degree of vascularization, which plays a crucial role
in tumor cell growth, survival, and serves as a primary
pathway for metastasis [14]. It was established that the
average MVD in SEBCs was 16.2 + 1.2, compared to
11.5+ 1.4 in NEBCs (p < 0.03). Moreover, an MVD value
of = 10 was identified as the most significant threshold.
In SEBCs, MVD = 10 was observed in 90.0% (27/30)
of cases, and < 10 in 10.0% (3/30). Among NEBCs,
MVD = 10 was observed in 60.0% (9/15), and < 10
in 40.0% (6/15) (x> = 5.6, p < 0.03). However, no
difference in MVD was found between metastatic
and non-metastatic SEBCs (16.3 £ 2.2 vs. 16.2 + 1.5),
indicating limited prognostic value of MVD.

Expression of the angiogenesis marker VEGF was
predominantly observed in the cytoplasm of tumor cells
and, to a lesser extent, in stromal cells such as endo-
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BigHo < 10 — 10,0% (3/30). Cepen HHPI'3 WMC = 10
ctaHoBuna 60,0% (9/15), sBignosigHo < 10 —40,0% (6/15)
(x% = 5,6, p < 0,03). NpoTe BM3Ha4eHo, wo WMC cepeg
meTactasytoumx BHPI3 B nopiBHSAHHI 3 HemeTacTa-
3ytouumun, He Gyna Ginbwoto (16,3 + 2,2 Ta 16,2 + 1,5
BiOMOBIAHO), WO BKa3dye Ha OOMEXeHe MNPOrHOCTUYHE
3Ha4YeHHs1 nokasHuka LLMC.

Ekcnpecis mapkepa aHrioreHe3y — VEGF Big3Hayanacb
nepeBakHO B LMUTOMMa3Mi PaKOBUX KNITUH Ta B OKPEMUX
CTpOMarnbHUX KMiTMHAaxX, 30Kpema eHgoTeniouMTax Ta
dibpobnactax. 3a gaHumu nitepatypu B HabpsikoBUX
dopmax Ta B PI3 3 Tpu4i HeratMBHUM iMyHO(EHO-
Tunom came VEGF cnpusie nocuneHHio aHrioreHesy,
pe3ncTeHTHOCTi [0 XimioTepanii abo TamokcudeHy
y MauieHTiB i3 nporpecylynMm pakom rpyaHol 3anosu
[6, 13]. MNpoTe BiAOMOCTi WOAO0 MNPOrHOCTUYHOIO 3Ha-
YeHHs piBHS Backynsapusauii Ta ekcnpecii VEGF
3anuwatoTbes cynepedunusmumm [1, 15, 17]

Bci BHPI'3 pemoHcTtpyBanu ekcnpecito VEGF, npu
LUbOMY BMpaxeHa ekcrpecia Mapkepa 6yna B 53,3%
(16/30), nomipHa — B 36,6% (11/30) Ta nnwe 10% (3/30)
JeMoHcTpyBanu cnabky ekcnpecito. Cepen HHPI3
piBeHb ekcnpecii VEGF 6yB 3HayHO meHwwum (x? 3 no-
npaekoto Meittca = 9,76, p = 0,02). Tak, BigCyTHICTb
peakuii 6yna B 13,3% (2/15), cnabka peakuis — B 46,6%
(7/15), nomipHa — B 26,6% (4/15), BMpaxeHa — nuwe
B 13,3% (2/15). BupaxeHa ekcnpecia VEGF acouitoBa-
nacsa 3 BHPI'3 (2= 6,6, p = 0,01).

BUCHOBKHU

Cepea HU3KM MOPMOMOriYHNX XapakTEPUCTUK CTPO-
mManbHoro komnoHeHTa BHPI3 3pinicte ctpomu Ta
HeoaHrioreHes MarTb [iarHOCTUYHE Ta MNPOrHOCTUYHE
3HaYeHHs.

Hespinun tun ctpomu BHPI3 acoujtioBaBcsa 3 meTa-
ctasyBaHHsM (x2 = 3,9, p < 0,05). NpoTe, He BCTaHOBNEHO
CTaTUCTUYHO 3Hadywwoi 3anexHocti Mix BHPI3 Ta
HHPI3 3a kpuTepiem 3pinocti ctpomu (x2 = 0,9, p = 0,6).

Ona BHPI'3 B nopiBHsaHHI 3 HHPI'3 € xapaktepHum
Ginbll BUpPaXKEHUI HeoaHrioreHe3 3a paxyHoK OGinbL
Bucokoro nokasHmka WMC (p < 0,05) Tta ekcnpecii
VEGF (p < 0,05), npoTte Ui NokasHUKM MaloTb O6MexeHe
NMPOrHOCTUYHE 3HA4YeHHs Ta He 306inbluyeTbCs cepen
meTtacTasytounx BHPI'3.

BupaxeHuin ctpomanbHuin KoMnoHeHT PI3, (wo xa-
paKkTepmnsyeTbCa sK NPUCYTHICTL cTpomn B 50% Ta
Ginblle Big 3aranbHOI NNOL NyXNWHKW), crocTepirascs
B 60,0% BHPI3 Tta 46,6% HHPI3 (p > 0,05). Takox
HasiBHa crabka TeHAeHUiss A0 MEHLLOro piBHA iMYHO-
KNiTUHHOT iHGinbTpauii BHPI3 B nopieHaHHI 3 HHPI'3
(p > 0,05). BupaxeHuii cTpoManbHUN KOMMOHEHT Ta
piBeHb IMYHOKNITUHHOI iHdinsTpauii BHPI3  matotb
obmexeHe MNPOrHOCTUYHE 3HaYeHHHA LWOoAOo MeTacTasy-
BaHHA BHPI3.
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thelial cells and fibroblasts. Literature suggests that
in edematous forms and ftriple-negative BCs, VEGF
enhances angiogenesis and resistance to chemo-
therapy or tamoxifen in patients with advanced breast
cancer [6, 13]. However, the prognostic significance
of vascularization and VEGF expression remains contro-
versial [1, 15, 17].

All SEBCs demonstrated VEGF expression, with
strong expression in 53.3% (16/30), moderate in 36.6%
(11/30), and weak in only 10.0% (3/30). In NEBCs,
VEGF expression levels were significantly lower
(Yates’ corrected y2 = 9.76, p = 0.02). Absence of
expression was found in 13.3% (2/15), weak expression
in 46.6% (7/15), moderate in 26.6% (4/15), and strong
expression in only 13.3% (2/15). Strong VEGF expression
was associated with SEBCs (32 = 6.6, p = 0.01).

CONCLUSIONS

Among the various morphological characteristics
of the stromal component in secondary-edematous
breast cancer (SEBC), stromal maturity and neoangio-
genesis possess diagnostic and prognostic value.

The immature stromal type in SEBC was associated
with metastasis (32 = 3.9, p < 0.05). However, no statis-
tically significant difference was found between SEBC
and non-edematous breast cancer (NEBC) in terms of
stromal maturity (32 = 0.9, p = 0.6).

Compared to NEBC, SEBC is characterized by
more pronounced neoangiogenesis due to higher
microvessel density (MVD) (p < 0.05) and VEGF expre-
ssion (p < 0.05). However, these indicators have limited
prognostic significance and do not increase in meta-
static SEBCs.

A pronounced stromal component in BC (defined
as 2 50% of the total tumor area occupied by stroma)
was observed in 60.0% of SEBCs and 46.6% of NEBCs
(p > 0.05). There was also a slight tendency toward
lower immune cell infiltration in SEBCs compared
to NEBCs (p > 0.05). The presence of a pronounced
stromal component and the level of immune cell
infiltration in SEBC have limited prognostic value in
predicting metastasis.

REFERENCES

1. Ayoub NM, Jaradat SK, Al-Shami KM, Alkhalifa AE. Targeting Angio-
genesis in Breast Cancer: Current Evidence and Future Perspectives
of Novel Anti-Angiogenic Approaches. Frontiers in Pharmacology.
2022;13:838133. DOI: https://doi.org/10.3389/fphar.2022.838133

2. Biffi G, Tuveson DA. Diversity and Biology of Cancer-Associated
Fibroblasts. Physiological Reviews. 2021;101(1):147-76. DOI:
https://doi.org/10.1152/physrev.00048.2019

OpuwuriHanbHi 4oCnigpKeHHSs 121

Original research


https://doi.org/10.3389/fphar.2022.838133
https://doi.org/10.1152/physrev.00048.2019
https://doi.org/10.3389/fphar.2022.838133
https://doi.org/10.1152/physrev.00048.2019

BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.
Cepis Megnumna. 2025. T. 33. Ne 1(52). C. 114-123
The Journal of V.N. Karazin Kharkiv National University.

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

Series Medicine. 2025;33(1(52)):114-123

3. Chai F, Liang Y., Zhang F., et al. Systematically identify key genes in 3. ChaiF, Liang Y, Zhang F, et al. Systematically identify key genes in
inflammatory and non-inflammatory breast cancer. Gene. 2016. Vol. 575, inflammatory and non-inflammatory breast cancer. Gene. 2016;575(2—
Ne 2-3. P. 600-614. DOI: https://doi.org/10.1016/j.gene.2015.09.025 3):600-14. DOI: https://doi.org/10.1016/j.gene.2015.09.025

4. Chaudhuri S., Thomas S., Munster P. Inmunotherapy in breast cancer: 4. Chaudhuri S, Thomas S, Munster P. Immunotherapy in breast cancer:
A clinician’s perspective. Journal of the National Cancer Center. 2021. A clinician’s perspective. Journal of the National Cancer Center.
Vol. 1, Ne 2. P. 47-57. DOI: https://doi.org/10.1016/j.jncc.2021.01.001 2021;1(2):47-57. DOI: https://doi.org/10.1016/j.jncc.2021.01.001

5. Denkert C., Seither F., Schneeweiss A., et al. Clinical and molecular 5. Denkert C, Seither F, Schneeweiss A, et al. Clinical and molecular
characteristics of HER2-low-positive breast cancer: pooled analysis characteristics of HER2-low-positive breast cancer: pooled analysis
of individual patient data from four prospective, neoadjuvant of individual patient data from four prospective, neoadjuvant
clinical trials. The Lancet Oncology. 2021. Vol. 22, Ne 8. P. 1151-1161. clinical trials. The Lancet Oncology. 2021;22(8):1151-61. DOI:
DOI: https://doi.org/10.1016/S1470-2045(21)00301-6 https://doi.org/10.1016/S1470-2045(21)00301-6

6. Elayat G., Selim A. Angiogenesis in breast cancer: insights and 6. Elayat G, Selim A. Angiogenesis in breast cancer: insights and
innovations. Clinical and Experimental Medicine. 2024. Vol. 24, Ne 1. innovations. Clinical and Experimental Medicine. 2024;24(1):178.
P. 178. DOI: https://doi.org/10.1007/s10238-024-01446-5 DOI: https://doi.org/10.1007/s10238-024-01446-5

7. Fan M., Wang K., Zhang Y., Ge Y., LU Z., Li L. Radiogenomic analysis 7. Fan M, Wang K, Zhang Y, Ge Y, LU Z, Li L. Radiogenomic analysis
of cellular tumor-stroma heterogeneity as a prognostic predictor in of cellular tumor-stroma heterogeneity as a prognostic predictor in
breast cancer. Journal of Translational Medicine. 2023. Vol. 21, Ne 1. breast cancer. Journal of Translational Medicine. 2023;21(1):851.
Article ID 851. DOI: https://doi.org/10.1186/s12967-023-04748-6 DOI: https://doi.org/10.1186/s12967-023-04748-6

8. Ghannam S.F., Makhlouf S., Alsaleem M., et al. The Conflicting 8. Ghannam SF, Makhlouf S, Alsaleem M, et al. The Conflicting
Prognostic Role of the Stroma-Tumor Ratio in Breast Cancer Prognostic Role of the Stroma-Tumor Ratio in Breast Cancer
Molecular Subtypes. Modern Pathology. 2024. Vol. 37, Ne 12. Article Molecular Subtypes. Modern Pathology. 2024;37(12):100607. DOI:
ID 100607. DOI: https://doi.org/10.1016/j.modpat.2024.100607 https://doi.org/10.1016/j.modpat.2024.100607

9. Hagenaars S.C., de Groot S., Cohen D., et al. Tumor-stroma 9. Hagenaars SC, de Groot S, Cohen D, et al. Tumor-stroma
ratio is associated with Miller-Payne score and pathological ratio is associated with Miller-Payne score and pathological
response to neoadjuvant chemotherapy in HER2-negative response to neoadjuvant chemotherapy in HER2-negative early
early breast cancer. International Journal of Cancer. 2021. Vol. 149. breast cancer. International Journal of Cancer. 2021;149:1181-8.
P. 1181-1188. DOI: https://doi.org/10.1002/ijc.33700 DOI: https://doi.org/10.1002/ijc.33700

10. Hu D., Li Z., Zheng B., et al. Cancer-associated fibroblasts in breast 10. Hu D, Li Z, Zheng B, et al. Cancer-associated fibroblasts in breast
cancer: Challenges and opportunities. Cancer Communications (London). cancer:Challengesandopportunities. CancerCommunications(London).
2022. Vol. 42, Ne 5. P. 401-434. DOI: https://doi.org/10.1002/cac2.12291 2022;42(5):401-34. DOI: https://doi.org/10.1002/cac2.12291

11. Huijuan D., Wenting X., Lulu W, et al. Loss of SPRY2 contributes to 11. Huijuan D, Wenting X, Lulu W, et al. Loss of SPRY2 contributes
cancer-associated fibroblasts activation and promotes breast to cancer-associated fibroblasts activation and promotes breast
cancer development. Breast Cancer Research. 2023. Vol. 25. cancer development. Breast Cancer Research. 2023;25:90. DOI:
Article 90. DOI: https://doi.org/10.1186/s13058-023-01683-8 https://doi.org/10.1186/s13058-023-01683-8

12. Jia Y, Li C., Feng C., et al. Prognostic prediction for inflammatory 12. Jia Y, Li C, Feng C, et al. Prognostic prediction for inflammatory
breast cancer patients using random survival forest modeling. breast cancer patients wusing random  survival forest
Translational Oncology. 2025. Vol. 52. Article 102246. DOI: modeling.  Translational ~ Oncology.  2025;52:102246. DOI:
https://doi.org/10.1016/j.tranon.2024.102246 https://doi.org/10.1016/j.tranon.2024.102246

13. Lee C.M., Hwang Y., Jeong J.W., et al. BRCA1 mutation promotes 13. Lee CM, Hwang Y, Jeong JW, et al. BRCA1 mutation promotes
sprouting angiogenesis in inflammatory cancer-associated fibroblast sprouting angiogenesis in inflammatory cancer-associated fibroblast
of triple-negative breast cancer. Cell Death Discovery. 2024. Vol. 10, of triple-negative breast cancer. Cell Death Discovery. 2024;10(1):5.
Ne 1. Article 5. DOI: https://doi.org/10.1038/s41420-023-01768-5 DOI: https://doi.org/10.1038/s41420-023-01768-5

14. Lugano R., Ramachandran M., Dimberg A. Tumor angiogenesis: 14. Lugano R, Ramachandran M, Dimberg A. Tumor angiogenesis:
causes, consequences, challenges and opportunities. Cellular causes, consequences, challenges and opportunities.
and Molecular Life Sciences. 2020. Vol. 77. P. 1745-1770. DOI: Cellular and Molecular Life Sciences. 2020;77:1745-70. DOI:
https://doi.org/10.1007/s00018-019-03351-7 https://doi.org/10.1007/s00018-019-03351-7

15. Madu C.O.,Wang S., Madu C.O., Lu Y. Angiogenesis in Breast Cancer 15. Madu CO, Wang S, Madu CO, Lu Y. Angiogenesis in Breast Cancer
Progression, Diagnosis, and Treatment. Journal of Cancer. 2020. Progression, Diagnosis, and Treatment. Journal of Cancer.
Vol. 11, Ne 15. P. 4474-4494. DOI: https://doi.org/10.7150/jca.44313 2020;11(15):4474-94. DOI: https://doi.org/10.7150/jca.44313

16. Mao., KellerE.T., Garfield D.H., et al. Stroma cells in tumor microenvi- 16. Mao Y, Keller ET, Garfield DH, et al. Stroma cells in tumor microenvi-
ronment and breast cancer. Cancer Metastasis Reviews. 2013. Vol. 32, ronment and breast cancer. Cancer Metastasis Reviews. 2013;32(1—
Ne 1-2. P. 303-315. DOI: https://doi.org/10.1007/s10555-012-9415-3 2):303-15. DOI: https://doi.org/10.1007/s10555-012-9415-3

17. Oshi M., Newman S., Tokumaru Y., et al. Intra-Tumoral Angiogenesis 17. Oshi M, Newman S, Tokumaru Y, et al. Intra-Tumoral Angiogenesis
Is Associated with Inflammation, Immune Reaction and Metastatic Is Associated with Inflammation, Immune Reaction and Metastatic
Recurrence in Breast Cancer. International Journal of Molecular Sciences. Recurrence in Breast Cancer. International Journal of Molecular Sciences.
2020. Vol. 21, Ne 18. Article 6708. DOI: https://doi.org/10.3390/ijms21186708 2020;21(18):6708. DOI: https://doi.org/10.3390/ijms21186708

18. Petrelli F., Viale G., Cabiddu M., Barni S. Prognostic value 18. Petrelli F, Viale G, Cabiddu M, Barni S. Prognostic value of
of different cut-off levels of ki-67 in breast cancer: a systematic different cut-off levels of ki-67 in breast cancer: a systematic
review and meta-analysis of 64,196 patients. Breast Cancer review and meta-analysis of 64,196 patients. Breast Cancer
Research and Treatment. 2015. Vol. 153, Ne 3. P. 477-491. DOI: Research and Treatment. 2015;153(3):477-91. DOl:
https://doi.org/10.1007/s10549-015-3559-0 https://doi.org/10.1007/s10549-015-3559-0

19. Plava J., Burikova M., Cihova M., et al. Chemotherapy-triggered 19. Plava J, Burikova M, Cihova M, et al. Chemotherapy-triggered
changes in stromal compartment drive tumor invasiveness changes in stromal compartment drive tumor invasiveness
and progression of breast cancer. Journal of Experimental and and progression of breast cancer. Journal of Experimental
Clinical Cancer Research. 2021. Vol. 40, Ne 1. Article 302. DOI: and  Clinical  Cancer  Research. 2021;40(1):302. DOl
https://doi.org/10.1186/s13046-021-02087-2 https://doi.org/10.1186/s13046-021-02087-2

20. Salgado R., Denkert C., Demaria S., et al. The evaluation of tumor- 20. Salgado R, Denkert C, Demaria S, et al. The evaluation of tumor-
infiltrating lymphocytes (TILs) in breast cancer: recommendations infiltrating lymphocytes (TILs) in breast cancer: recommendations
by an International TILs Working Group 2014. Annals of Oncology.2015. by an International TILs Working Group 2014. Annals of Oncology.
Vol. 26, Ne 2. P. 259-271. DOI: https://doi.org/10.1093/annonc/mdu450 2015;26(2):259-71. DOI: https://doi.org/10.1093/annonc/mdu450

21 Sun T, Wang T, Li X,, et al. Tumor-infiltrating lymphocytes provides  21. Sun T, Wang T, Li X, et al. Tumor-infiltrating lymphocytes provides
recent survival information for early-stage HER2-low-positive breast recent survival information for early-stage HER2-low-positive breast
cancer: a large cohort retrospective study. Frontiers in Oncology. 2023. cancer: a large cohort retrospective study. Frontiers in Oncology.
Vol. 13. Article 1148228. DOI: https://doi.org/10.3389/fonc.2023.1148228 2023;13:1148228. DOI: https://doi.org/10.3389/fonc.2023.1148228

22. Van Berckelaer C., Rypens C., van Dam P, et al. Infiltrating stromal 22. Van Berckelaer C, Rypens C, van Dam P, et al. Infiltrating stromal
immune cellsininflammatory breastcancerare associated withanimproved immune cells in inflammatory breast cancer are associated with
outcome and increased PD-L1 expression. Breast Cancer Research. an improved outcome and increased PD-L1 expression. Breast Cancer
2019. Vol. 21. Article 28. DOI: https://doi.org/10.1186/s13058-019-1108-1 Research. 2019;21:28. DOI: https://doi.org/10.1186/s13058-019-1108-1

23. Xu M., Zhang T., Xia R., et al. Targeting the tumor stroma for 23. Xu M, Zhang T, Xia R, et al. Targeting the tumor stroma
cancer therapy. Molecular Cancer. 2022. Vol. 21. Article 208. DOI: for cancer therapy. Molecular Cancer. 2022;21:208. DOI:
https://doi.org/10.1186/s12943-022-01670-1 https://doi.org/10.1186/s12943-022-01670-1

24. Yarias-Pulido H., Cimino-Mathews A., Chaher N., et al. The combined ~ 24. Yarias-Pulido H, Cimino-Mathews A, Chaher N, et al. The combined
presence of CD20+ B cells and PD-L1+ tumor-infiltrating lymphocytes presence of CD20+ B cells and PD-L1+ tumor-infiltrating lymphocytes
in inflammatory breast cancer is prognostic of improved patient in inflammatory breast cancer is prognostic of improved patient
outcome. Breast Cancer Research and Treatment. 2018. Vol. 171, outcome. Breast Cancer Research and Treatment. 2018;171(2):273—
Ne 2. P. 273-282. DOI: https://doi.org/10.1007/s10549-018-4834-7 82. DOI: https://doi.org/10.1007/s10549-018-4834-7

OpuwuriHanbHi 4oCnigpKeHHSs 122 Original research


https://doi.org/10.1016/j.gene.2015.09.025
https://doi.org/10.1016/j.jncc.2021.01.001
https://doi.org/10.1016/S1470-2045(21)00301-6
https://doi.org/10.1007/s10238-024-01446-5
https://doi.org/10.1186/s12967-023-04748-6
https://doi.org/10.1016/j.modpat.2024.100607
https://doi.org/10.1002/ijc.33700
https://doi.org/10.1002/cac2.12291
https://doi.org/10.1186/s13058-023-01683-8
https://doi.org/10.1016/j.tranon.2024.102246
https://doi.org/10.1038/s41420-023-01768-5
https://doi.org/10.1007/s00018-019-03351-7
https://doi.org/10.7150/jca.44313
https://doi.org/10.1007/s10555-012-9415-3
https://doi.org/10.3390/ijms21186708
https://doi.org/10.1007/s10549-015-3559-0
https://doi.org/10.1186/s13046-021-02087-2
https://doi.org/10.1093/annonc/mdu450
https://doi.org/10.3389/fonc.2023.1148228
https://doi.org/10.1186/s13058-019-1108-1
https://doi.org/10.1186/s12943-022-01670-1
https://doi.org/10.1007/s10549-018-4834-7
https://doi.org/10.1016/j.gene.2015.09.025
https://doi.org/10.1016/j.jncc.2021.01.001
https://doi.org/10.1016/S1470-2045(21)00301-6
https://doi.org/10.1007/s10238-024-01446-5
https://doi.org/10.1186/s12967-023-04748-6
https://doi.org/10.1016/j.modpat.2024.100607
https://doi.org/10.1002/ijc.33700
https://doi.org/10.1002/cac2.12291
https://doi.org/10.1186/s13058-023-01683-8
https://doi.org/10.1016/j.tranon.2024.102246
https://doi.org/10.1038/s41420-023-01768-5
https://doi.org/10.1007/s00018-019-03351-7
https://doi.org/10.7150/jca.44313
https://doi.org/10.1007/s10555-012-9415-3
https://doi.org/10.3390/ijms21186708
https://doi.org/10.1007/s10549-015-3559-0
https://doi.org/10.1186/s13046-021-02087-2
https://doi.org/10.1093/annonc/mdu450
https://doi.org/10.3389/fonc.2023.1148228
https://doi.org/10.1186/s13058-019-1108-1
https://doi.org/10.1186/s12943-022-01670-1
https://doi.org/10.1007/s10549-018-4834-7

BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepis Megnumna. 2025. T. 33. Ne 1(52). C. 114-123
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(1(52)):114-123

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

25. Zhai Q., Fan J,, Lin Q., et al. Tumor stromal type is associated
with stromal PD-L1 expression and predicts outcomes in breast
cancer. PLoS One. 2019. Vol. 14, Ne 10. Article €0223325. DOI:
https://doi.org/10.1371/journal.pone.0223325

MepcnekTUBU MOAQABLLUMX AOCAIAXEHb

Mopanblue nokpalieHHs MOpdONoriYHOT AiarHOCTMKM Ha T
MXT y xBopux Ha BHPI'3.

KoHdAiKT iHTepeciB

ABTOpPU 3a5BNSAIOTb NPO BIACYTHICTb KOHMIKTY iHTEPECIB.

IHdbopMmalis Nnpo cbiHAHCYBAHHSA

diHaHcyBaHHs BuaaTkamm [epxxaBHoro bromxeTy Ykpainu.
CratTss € (hparMeHTOM MfaHOBOI HAyKOBO-AOCHIAHOI poboTn
[epxaBHOi ycTaHOBU «IHCTUTYT MEAUYHOT pagionorii Ta OHKONOrii
im. C.IN. Mpurop’eBa HauioHanbHOI akagemii MeaunvHVMX Hayk
YkpaiHn» «Po3pobuTn nporpamy KOMMIEKCHOro NiKyBaHHS XBO-
pVX Ha BTOPUHHO-HaOPSAKOBWI pak rpyaHOI 3arnosn 3 ypaxyBaH-
HSIM MexaHi3MiB maToreHesy 3ananbHoro i HabpsKoBOro KoMMo-
HEHTIB arpecuBHOCTI MyXJIMHHOTO MPOLECY», HOMEp AepXKaBHOI
peectpauii: 0118U001712, wndp temn: HAMH 03.18, npuknag-
Ha, TepMmiH BukoHaHHs: 2018-2020 pp., KepiBHUK — AWpeKTop
[epxaBHOi ycTaHOBU «IHCTUTYT MEAUYHOT pagionorii Ta OHKONOrii
im. C.IN. Mpurop’eBa HauioHanbHOT akageMii MeanyHux Hayk Ykpai-
HW», JOKTOP MeANYHMX Hayk, npodecop M.B. KpacHocenbcbkui.

BIAOMOCTI NPO ABTOPIB

Binun OnekcaHgp MukonanoBu4Y — KaHOUAAT MeOUYHUX
Hayk, AOUeHT kadeapu OHkonorii, pagionorii Ta pagiauifiHoi
MeanUMHM  XapKiBCbKOrO HaLioOHanbHOro yHiBEpPCUTETY iMeHi
B.H. KapasiHa, crapwuin HaykoBuin cniBpobiTHVK BigAdineHHs
OHKOMOriYHOI Xipyprii [lepXaBHOi yCTaHOBU «IHCTUTYT MeaWYHOI
pagionorii Ta onkomorii im. C.MN. purop’eBa HauioHanbHoOI
akagemii MegnyHMX Hayk YkpaiHu», Byn. [puropis CkoBopoau,
bya. 82, m. XapkiB, YkpaiHa, 61024;

e-mail: abely@ukr.net

Mo6.: +38 (067) 280-73-89

BHecok aemopa: 36ip, 0bpobka, aHani3 iHghopmauir,
HarnucaHHs mekcmy cmammi.

AkoBuoBa IpuHa IBaHiBHa — [OKTOpP MeOUYHUX Hayk,
npodecop, 3aBigyBadka kadedpu naTonoriyHoi aHaTomii Ta
CYAOBO-MeANYHOI  eKCcnepTuanm XapKiBCbKOro HauioHanbHOro
MeanyHoro yHiBepcuteTy MiHicTepcTBa OXOpPOHWM  340pOB’'S
Ykpainu; npocn. Hayku, 6ya. 4, m. XapkiB, YkpaiHa, 61022;

e-mail: docpathomorph@gmail.com

Mo6.: +38 (067) 571-18-11

BHecok aesmopa: 36ip, 06pobka, aHani3 iHghopmauii.

IBaxHO Irop BonogumupoBuy — kaHOugaT MeAUYHUX
HayK, OOUeHT kadedpw naTonoriyHoi aHaTomii Ta CyooBO-
MEANYHOI eKcnepTn3n XapkiBCbKOro HauioHanbHOro MeguyHoro
yHiBepcuTeTy  MiHicTepcTBa OXOpPOHM  3A0pOB’'A  YKpaiHu;
npocn. Haykwu, 6ya. 4, m. Xapkis, Ykpaina, 61022;

e-mail: igorv.lvakhno@gmail.com

Mo6.: +38 (095) 665-39-91

BHecok aesmopa: 36ip, 06pobka, aHani3 iHghopmauii.

25. Zhai Q, Fan J, Lin Q, et al. Tumor stromal type is associated
with stromal PD-L1 expression and predicts outcomes in
breast cancer. PLoS One. 2019;14(10):e0223325. DOI:
https://doi.org/10.1371/journal.pone.0223325

Prospects for further research

Further improvement of morphological diagnostics during
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KAlo4oBi cAaoBa:

PE3IOME

cvHapom Hiimerena, XipyprivHi ycknag- — AkTyanbHicTb. CuHApom HiimereHa — pigkicHe ayTOCOMHO-peLecuMBHE 3axBOpHO-
HeHHS, imyHoaedIumT, iHdeKLis, AMxanbHi  BaHHSA, SiKe XapakTepusyeTbcsi Mikpouedanieto, cneundiyHnMmn pucamm obnunyys,
LUAAXKW, FevikeMis, [eCTPyKTMBHa MHEB-  iMyHoAediuMTOM Ta NiABULLEHO CXWUIBHICTIO A0 3MOSAKICHUX HOBOYTBOPEHb.

MOHis, 3MOSIKICHI HOBOYTBOpPeHHs,  MeTa poboTu — BUCBITNINTU BaxnMBICTb natonorii cuHapomy HinvereHa B negiatpuny-
ayTOCOMHO-pELIeCMBHE 3aXBOPIOBAHHS. Hil NpakTuLi, NPOAEMOHCTPYBaTV BMACHUI JOCBIA HA KNiHIYHOMY BUMAAKY.

Martepianu i metoau. [NpoBeneHo aHania Ta ysaranbHEHHS pe3ynbTaTiB HayKOBUX
pocnimpkeHb 3a 1985-2025 poku, BigibpaHux Ha OCHOBI iHOPMALIHOIO MOLLYKY
y HaykomeTpuuHux 6asax paHux Scopus, Web of Science, PubMed, MEDLINE,
Google Scholar 3a knoyoum cnosamn «Nijmegen breakage syndrome», «immuno-
deficiency», «clinical features», «laboratory features», «genotype», «phenotype».
Hambinbwa kinbkictTe cTater Oyna npeactaBneHa KNiHIYHUMK - OOCRIMKEHHAMUN
Ta npeseHTauielo KNiHiYHMX BunagkiBs — 73%, AnA ornsgy nitepatypu Takox Oynm
OTpMMAaHIi AaHi i3 Axepen nitepatypu, WO MiCTMNW ornaau nitepatypu — 27%. Y crarTi
HanyacTiwe 6ynun BUKOPUCTaHHI mxepena nitepatypu 3a 2022—-2024 pp.

Pe3synbratn Ta ix obroBopeHHA. CuHapom HilimereHa, CNpuYMHEHWI MyTauismu
B reHi NBN, skuii kogye 6inok HibpuH, Baxnueuin Ans penapauii ABOMAHLIOrOBUX
pospusis [HK. Hainowwpeniwow myTauieio € genediss 5 nap ocHoB (657del5), sika
npu3BOAWTL A0 HecTabinbHOCTI reHoMy Ta NiABULLEHOI YyTNMBOCTI A0 IOHi3ytoHoro
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AAS LUTYBAHHS:

BUMNPOMiHIOBaHHSA. BbaTbku AiTen i3 UMM CUHOPOMOM € TeTEPO3UrOTHUMU HOCIAMMN
MyTauii, NpUYOMYy PU3NK HAPOOXXEHHS XBOPOI OAWTUHU CTaHOBUTbL 25% Yy BUNaaky,
AKWo obuaBa GaTbkM € HocisMu gedbekTHoro reHa. XpomocomHa HecTabinbHicTb
3 xapaktepHumun nepebypoBamu nepudepundHux T-nimdounTiB y BUMMsSAi iHBepCin
i TpaHcnokauin i3 3any4eHHsaM XpomocoM 7 Ta 14, 4yTnuBICTb KNITUH 4O iOHI3y040ro
BMNPOMIiHIOBaHHS in Vvitro — Bce Le € XxapakTepHMMM O3HakaMy 4aHOro 3aXBOPHOBAHHS,
SiKi MaloTb BaXnuUBE AiarHOCTUYHE 3HaveHHs. BusBneHHs MyTauin B obox anensix
reHa HiGpMHy € OCTaTOYHMM [OCRIOKEeHHSIM Mpu nocTaHoBUi AiarHo3dy. binbLliicTb
nauieHTis i3 cuHgpomMoM HiiMereHa MaloTb CrOB’SIHCbKE MOXOMKEHHS, TOMY Lo
MyTaLjto cTanu Has3mBaTu «CMOB’sIHCbKOK MyTauietoy». B Hawin po6oTi npeactaBneHumi
KNiHiYHWIA BUNagok cuHapomy HiimereHa y nauieHTa i3 GakTepianbHOW0 OeCTpyKLieto
nereHb. [ligBuleHa YyTNMBICTL [0 IOHI3YHOYOr0 BWMPOMIHIOBAHHS € OKpeMum
(hakToOpoM pU3nKy Ans nauieHTiB i3 cuHapoMom HilimereHa. Yepes vacTi 6akTepianbHi
iHdbekuii AiTM uiei rpynn Hepigko NiAAalTbCd MHOXUHHUM  peHTreHorpadivyHum
OOCHIMKEHHSIM, O MOXEe CMpUATU BUHUKHEHHIO 3MOSIKICHUX npouecis abo ycknaaHe-
HOMY nepebiry yxe iCHyru4MX 3NosIKICHUX NpoLEeciB, 30KpeMa nevikeMii Ta nimgom.
BucHoBku. CuHapom HilimereHa € pigkiCHUM TeHEeTUYHUM 3axXBOPIOBAHHSM, siKe
notpebye MynsTUAMCUMNAIHAPHOIO nigxogy QANsi MOro AiarHOCTMKM Ta NiKyBaHHS.
AKTyanbHiCTb nofanbluMx OOCHiMKEHb 3yMOBMEHa HeobxigHicTio 6inbw rnmbokoro
pO3yMiHHsi natoreHe3dy cuHapomy HiimereHa Ta po3pobku HOBUX CTpaTerii KOMMIeKe-
HOro nikyBaHHS JaHOro naTonoriyHoro ctaHy y Aiten. KniHiyHWA BUNagoK, npeacras-
NeHVn y Hawiih poboTi, AeMOHCTpYyE BaxnuBicTb BCEBIYHOrO aHaniay Ta rpyHTOBHOIO
nigxoay Ansi CBOEYaCHO! AiarHOCTUKM i NiKyBaHHA PiAKICHOTO 3aXBOPIOBAHHS, SIke MOXe
OyTM «BMNAAKOBOO 3HAXiAKO» B MPaKTULi NikapiB pi3HNX cneljianbHOCTEN.
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ABSTRACT

Background. Nijmegen breakage syndrome is a rare autosomal recessive
disease characterized by microcephaly, specific facial features, immunodeficiency,
and an increased susceptibility to malignancies.

Purpose — is to highlight the importance of the pathology of Nijmegen breakage
syndrome in pediatric practice, to demonstrate one’s own experience in a clinical case.
Materials and methods. An analysis and generalization of the results of scientific
research for 1985-2025, selected on the basis of an information search in the scien-
tometric databases Scopus, Web of Science, PubMed, MEDLINE, Google Scholar
using the keywords «Nijmegen breakage syndrome», «immunodeficiency», «clinical
features», «laboratory features», «genotype», «phenotype», was carried out. The ma-
jority of articles were represented by clinical studies and case presentations (73%).
For the literature review, data were also obtained from sources containing
literature reviews (27%). The most frequently cited sources in the article were from
the years 2022-2024.

Results and discussion. Nijmegen breakage syndrome is caused by mutations
in the NBN gene, which encodes the protein nibrin, which is important for the repair
of double-stranded DNA breaks. The most common mutation is a 5-base pair
deletion (657del5), which leads to genomic instability and increased sensitivity to
ionizing radiation. Parents of children with this syndrome are heterozygous carriers
of the mutation, and the risk of having an affected child is 25% if both parents
are carriers of the defective gene. Chromosomal instability with characteristic rearrange-
ments of peripheral T-lymphocytes in the form of inversions and translocations invol-
ving chromosomes 7 and 14, sensitivity of cells to ionizing radiation in vitro — all these
are characteristic features of this disease that have important diagnostic value.
Detection of mutations in both alleles of the nibrin gene is the final study in making
the diagnosis. Most patients with Nijmegen breakage syndrome are of Slavic origin,
so this mutation began to be called the «Slavic mutation». Our work presents a clinical
case of Nijmegen breakage syndrome in a patient with bacterial destruction of the
lungs. Increased sensitivity to ionizing radiation is a separate risk factor for patients
with Nijmegen breakage syndrome. Due to frequent bacterial infections, children in
this group are often subjected to multiple X-ray examinations, which can contribute to
the emergence of malignant processes or the complicated course of already existing
malignant processes, in particular leukemia and lymphoma.

Conclusions. Nijmegen breakage syndrome is a rare genetic disease that
requires a multidisciplinary approach for its diagnosis and treatment. The relevance
of further research is due to the need for a deeper understanding of the pathogenesis
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of Nijmegen breakage syndrome and the development of new strategies for the
comprehensive treatment of this pathological condition in children.The clinical case
presented in our work demonstrates the importance of a comprehensive analysis
and a thorough approach for the timely diagnosis and treatment of a rare disease,
which may be an «incidental finding» in the practice of doctors of various specialties.
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BCTYN

CuHgpom HiimereHa — pigkicHe ayToCOMHO-pele-
CMBHE 3axXBOPIOBAHHS, $IKE XapaKTepu3yeTbCsA MIKpO-
uedbanieto, cneundivyHMMKN pucamm obnmyys, iMyHopedi-
UMTOM Ta nNiABULLEHOK CXWIbHICTIO [0 3M0sIKiCHUX
HOBOYTBOpEHb. Llel cuHapom BriepLue onmcaHo B 1981 p.
B MicTi HevimereH, Higepnanaw [1].

HesBaxatoun Ha pigKiCHICTb, Le 3axBOptoBaHHS
CTaHOBUTb 3HAYHWUA BUKAUK ANS MeOWLMHW, OCKINbKu
BOHO MOB’A3aHe 3 NiABULLEHNM PU3NKOM OHKOJTOMYHMX
3axBOpPOBaHb Ta iMyHoOeMIUMTOM, O YCKagHIE MiKy-
BaHHS Ta 3HWXYE TPUBANICTb XUTTA nauieHTiB. Baxnu-
BiCTb PaHHbLOI [iarHOCTMKM Ta TEeHETUYHOrO CKPUHIHTY
€ KNno4yoBow Yy 6opoTbbi 3 cuHapomom HinmereHa.
3aBasikM Cy4acHMM OOCATHEHHAM Y MEAWLMHI Ta reHeTuLi
CTae MOXIMBUM MOKPALLEHHsT SKOCTi >XUTTS NauieHTiB,
a TakoX po3pobka edeKTMBHMX METOAIB NiKyBaHHSA Ta
nigTpymyBanbHOi  Tepanii. JlikyBaHHS € MepeBaXHO
CUMNTOMATUYHUM | BKMOYAE KOHTPOMb iH(eKUin, pery-
NAPHUA  OHKOMOTYHUA  MOHITOPUHI Ta 3aCTOCYBaHHS
iHOMBigyanbHO nigibpaHoi iMyHoTepanii. Y nepcnekTuBi
BeOyTbCA OOCNIMKEHHS WOAO0 MOXIMBOCTI 3aCTOCyBaH-
HA reHoTepanii Ta HOBMX METOAIB JiKyBaHHA, SKi
MOXYTb [OMOMOITU MOKPALLMTU NPOrHO3 ANs nauieHTiB
i3 cuHgpomom  HiimereHa. CwuHgpom  HiimereHa,
crnpuymHeHnin myTadiamm B reHi NBN, skuin kogye 6inok
HIOpWH, BaXknNMBMI Ons  penapadii  ABONAHLIIOBUX
pospueis OHK. HannowwupeHiwow myTauieo € geneuis
5 nap ocHoB (657del5), ska npu3BoauTb OO0 HecTabinb-
HOCTi reHOMY Ta MiABULLIEHOT YyTNMBOCTI OO iOHI3yH4Oro
BUMNPOMIHIOBaHHA. batbku Agiten i3 UMM  CUHOPOMOM
€ TeTepo3NroTHMMM HOCISIMM  MyTauii, MpUYOMy PU3KK
HaPOMKEHHST XBOPOiI AUTUHM CTaHOBUTbL 25% y BUNaaky,
SKLO obuasa 6aTbkn € HociaMu gedhekTHoro reHa [2].

B paHin ctaTTi po3rnaHyTi NpuYMHKM, CUMATOMAaTKKa,
JiarHOCTMKa Ta MOXNUBI LWIASXW  MiKyBaHHSA [aHoro
PioKICHOTO 3aXBOPHBAHHA Ha OCHOBI [aHUX [pKepen
nitepatypu Ta BnacHoro [[oOcBigy, WO OnucaHun
y KniHiYHOMY BUNAAKY.

MeTa po60TM — BUCBITIMTU BaXXNMBICTb NaTONOrii
cuHgpomy HinmereHa B nefiaTpudHin npakTuvui, npoae-
MOHCTPYBaTWU BNACHU JOCBIA Ha KMiHIYHOMY BUMNAaAKY.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

lMpoBegeHo aHania Ta ysaranbHeHHs pes3ynbTaTie
HaykoBux pocnimkeHb 3a 1985-2025 poku, BigibpaHux
Ha OCHOBi iH(POPMAUINHOIO MOLIYKY Y HayKOMETPUYHUX

INTRODUCTION

Nijmegen breakage syndrome is a rare autosomal
recessive disorder characterized by microcephaly, distinc-
tive facial features, immunodeficiency, and an increased
susceptibility to malignancy. The syndrome was first
described in 1981 in Nijmegen, Netherlands [1].

Nijmegen syndrome is a rare autosomal recessive
disorder characterized by microcephaly, distinctive facial
features, immunodeficiency, and an increased suscep-
tibility to malignancy. The syndrome was first described
in 1981 in Nijmegen, Netherlands [1]. Despite its rarity,
this disease poses a significant challenge for medicine,
as it is associated with an increased risk of cancer and
immunodeficiency, which complicates treatment and
reduces the life expectancy of patients. The importance
of early diagnosis and genetic screening is key in the
fight against Nijmegen syndrome. Thanks to modern
advances in medicine and genetics, it is possible to
improve the quality of life of patients, as well as to
develop effective methods of treatment and supportive
therapy.Treatment is mainly symptomatic and includes
infection control, regular oncological monitoring, and the
use of individually tailored immunotherapy. In the future,
research is underway into the possibility of gene therapy
and new treatments that may help improve the prognosis
for patients with Nijmegen syndrome.Nijmegen syndrome
is caused by mutations in the NBN gene, which encodes
the protein nibrin, which is important for the repair of
double-stranded DNA breaks. The most common
mutation is a 5-base pair deletion (657del5), which leads
to genomic instability and increased sensitivity to ioni-
zing radiation. Parents of children with this syndrome
are heterozygous carriers of the mutation, and the risk
of having an affected child is 25% if both parents are
carriers of the defective gene [2].

This article will examine the causes, symptoms,
diagnosis, and possible treatment options for this rare
disease based on data from literature sources and my
own experience, which is described in a clinical case.

Objective — is to highlight the importance of the
pathology of Nijmegen breakage syndrome in pediatric
practice, to demonstrate one’s own experience in
a clinical case.

MATERIALS AND METHODS

An analysis and generalization of the results of
scientific research for 1985 — 2025, selected on the basis
of an information search in the scientometric databases
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6aszax paHux Scopus, Web of Science, PubMed,
MEDLINE, Google Scholar 3a knio4oBum crnosamu
«Nijmegen breakage syndrome», «immunodeficiency»,
«clinical features», «laboratory features», «genotype»,
«phenotype». Hanbinbwa kinekicte ctaten 6yna npeg-
CTaBreHa KniHiMHUMK OChILKEHHAMM Ta npeseHTauieto
KNiHiYHMX Bunagkis — 73%, ons ornagy nitepartypu
TakoX Oynv oTpuMaHi gaHi i3 mxepen nitepatypu, WO
MicTunu ornsam nitepatypu — 27%. B cratTi Hanvacriwe
Oynu BUKkopucTaHHi gxepena nitepatypu 2022-2024 pp.

PE3YABTATU TA iX OBFOBOPEHHS

OCHOBHI KMiHiYHi 03Haku cuHapomy HivimereH Bknto-
yatoTb: Mikpouedanito; AnaMopdiuHi pucK  obnnyus;
3aTPUMKY (Di3YHOTO Ta PO3YMOBOIO PO3BUTKY; CTaTeEBY
OncayHKLUio; iMyHogediunT (CXUNbHICTb A0 peunanByio-
Umx HQEeKUin auxanbHUX LWNSXiB Ta iHWWX opraHis
yepes gedekTn B rymopanbHOMy Ta KNiTUHHOMY iMYHi-
TeTi); NirMeHTHI aHomanii Wkipy (MNsSMU KONbopy «KaBu
3 MOMOKOMY», OiNsIHKM BIiTUMIro); NiABULLEHUA PU3MK 3M0-
SIKICHMX HOBOYTBOPEHb (0COGNMBO NMiMGOM Ta Nenkemin,
AKi giarHoctytoTees y 40-67% nauieHTis) [3—5].

Mikpouedanis € LWBMAKONPOrpecyoHo i Nposie-
NSETbCA, K 3MEHLUEHHS NMOTUIUYHOI OKPY>XHOCTI A0 —2
CTaHOAAPTHUX BiOAXWNEHb Bif CEPEAHbOro MOPIBHSAHO
3i 300poBOIO MonNynsuield Toro X Biky Ta crtaTti. Mikpo-
uedanis npu cuHapomi HinmereHa € WBKMAKO Mpo-
rpecytoyoto [6]. MNpu HapomkeHHi nepegHe TiM'AYKO,
SIK MPaBWUIo, 3aKpUBAETLCA MPOTArOM MEpPLUNX KiMbKOX
TUXKHIB XUTTS. Baxnueo, Wwo mikpouedanis moxe 6yTu
3amackoBaHa rigpouedanieto i3 HasBHICTIO HaA3BUYaANHO
Benuknx cybapaxHoiganbHux KicT [7].

[iarHocTvka cuHgpomy HinimereHa 6a3yeTbcss Ha
KNiHIYHMX, NabopaTopHUX Ta reHETUYHMX OOCHIOKEHHSIX:
HasiBHICTb Mikpouedbanii, xapakTepHux puc obnu4us,
peunamByounx iHekuin, nimgoneHisa, 3HMXKEHHSA piBHIB
iMyHornobyniHis (IgG, IgA), nigBuweHa XpOMOCOMHa
HecTabinbHiCTb Npu ekcnosuuii pagiauii. diarHo3 cuHA-
pomy HinmereHa niaTBepmKXyeETbCA BUSIBIEHHAM MyTaLii
657del5 y reHi NBN [8, 9].

30BHIiWHIA BUrMAL obnuudst xapakTepusyeTbcs Mo-
Xunum nobom, MiKporHaTielo, xapakTepHum € A3b06o-
nopibHuit abo BUOOBXEHUI Hic, KOCOOKICTb. B nitepatyp-
HUX [Kepenax BULLEeonucaHi XapaKTepuUCTUKM 06nm4yyst
onucaHi, Sk «nTawmHe» obnuyys [10].

Y pesknx nauieHTiB BigMiYaeTbCa 3aTpumKa MCUXO-
MOTOPHOIO PO3BUTKY. 3aTpMMKa PO3BUTKY MOBU € MOLLM-
peHolo cepeq AaHOoi rpynu nNauieHTiB, i ANna BUNpaBneHHs!
npobnem 3 apTukynsieto 060B’s1I3kOBO HEOOXIAHO 3any-
yatu nikaps noronefa. [oBrotpuBani CMOCTEPEXEHHS
JOcCrnigHuKKIB CBigYaTh, WO KOTHITUBHUA PO3BUTOK y AiTen
i3 cuHgpomoM HimereHa € AMHaMIYHMM NPOLECOM:
Ha paHHIX cTagiax BiH, £K MpaBWnoO, 3anuaeTbCs
GnM3bkUM [0 cepedHboro, arne MocTynoBe MOoripLIEHHS
crnocTepiraeTbCs Mig Yac LUKINbHOrOo BIKY.

3as3Buyan gisyata i3 cmHgpomom HiimereHa matoTb
BiiCTaBaHHS y CTaTeBOMY [03piBaHHI, L0 NPOSIBNSAETLCS
y nybeptatHomy nepiogi po3sBuTky. Lle nos’sizaHo i3
HU3bKMMK piBHAMKU 17B-ecTpagiony Ta BUCOKAMU KOH-
LueHTpauiamMu  onikyrnoCTUMYNIOKYOro Ta NITEIHi3yto-
Yyoro ropmoHiB. CTaTeBuii pO3BUTOK Y XIONYMKIB 3a3BU4an
He Bigpi3HsaeTbca Big ogHoniTkiB [11]. Y 6GinbwocTi na-

Scopus, Web of Science, PubMed, MEDLINE, Google
Scholar using the keywords «Nijmegen breakage
syndrome», «immunodeficiency», «clinical features»,
«laboratory features», «genotype», «phenotype», was
carried out. The majority of articles were represented
by clinical studies and case presentations (73%). For the
literature review, data were also obtained from sources
containing literature reviews (27%). The most fre-
quently cited sources in the article were from the
years 2022-2024.

RESULTS AND DISCUSSION

The main clinical features of Nijmegen breakage
syndrome include: microcephaly; dysmorphic facial
features; delayed physical and mental development;
sexual dysfunction; immunodeficiency (prone to recur-
rent infections of the respiratory tract and other organs
due to defects in humoral and cellular immunity);
pigmentary abnormalities of the skin (spots of the color
«cafe with milk», areas of vitiligo); increased risk of
malignant neoplasms (especially lymphomas and leuke-
mias, which are diagnosed in 40-67% of patients) [3-5].

Microcephaly is rapidly progressive and manifests as
a reduction in occipital circumference to —2 standard
deviations from the mean compared with a healthy
population of the same age and sex. Microcephaly in
Nijmegen breakage syndrome is rapidly progressive [6].
At birth, the anterior fontanelle usually closes within
the first few weeks of life. Importantly, microcephaly
may be masked by hydrocephalus with the presence
of unusually large subarachnoidcysts [7].

The diagnosis of Nijmegen breakage syndrome is
based on clinical, laboratory and genetic studies: the
presence of microcephaly, characteristic facial features,
recurrent infections, lymphopenia, decreased immuno-
globulin levels (IgG, IgA), increased chromosomal
instability upon radiation exposure. The diagnosis of
Nijmegen breakage syndrome is confirmed by the detec-
tion of the 657del5 mutation in the NBN gene [8, 9].

The facial appearance is characterized by a sloping
forehead, micrognathia, a beak-shaped or elongated
nose, and strabismus. In literary sources, the above facial
characteristics are described as «bird» face[10].

Some patients have delayed psychomotor develop-
ment. Delayed speech development is common among
this group of patients, and to correct articulation problems,
it is imperative to involve a speech therapist. Long-term
observations of researchers indicate that cognitive deve-
lopment in children with Nijmegen breakage syndrome
is a dynamic process: in the early stages it usually
remains close to average, but a gradual deterioration
is observed during school age.

Girls with Nijmegen breakage syndrome typically
have delayed puberty, which manifests itself during
the pubertal development period. This is associated
with low levels of 173-estradiol and high concentrations
of follicle-stimulating and luteinizing hormones. Sexual
development in boys is usually no different from that
of their peers [11]. Most patients, according to MRI or
autopsy data, have hydrocephalus and hypoplasia of
the frontal lobes. In general, the mass and volume
of the frontal lobes are half the normal age-related values.
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uieHTiB 3a gaHumn MPT abo po3TuHiB Tina BigMivyaeTbcs
rigpouedanis, rinonnasis No6HMX YacTok. 3aranom, Mmaca
Ta 06'eM NMOGHMX 4YacTOK BABIYMI MeHLWi 3a HopMaribHi
BiKOBI MOKa3HMKN. YacTo y nauieHTiB i3 4aHO0 NaTonorieto
NpocTexyeTbcst annasis abo rinonnasis Mo30rMcToro
Tina, cybapaxHoiganeHi kictu [12].

CkerneTHi aHomanii, Taki sk knuHogakTunisa V nanbuis
Ta yacTtkoBa cuHgaktunis Il Ta lll nansuis, 3ycTpivyatoTecs
Np1GnIM3HO y NONoBuMHM NauieHTis [12, 47]. Binbw pigkummn
aBUWAMM NpU cMHApoMi HiimereHa € nonigaktunis,
BiocyTHicTb abo rinonnasia nanbus KWCTi, rinonnasisa
CTEeroH, areHesisa pebpa, kpmxoBoi kicTku [13].

3 6oky wWkipHnx nokposiB y 50—-70% nauieHTiB cno-
cTepiraeTbca BiTMNIro. Pigwe TpannawTbCs capkoigo-
nopibHi  rpaHynemartosHi ypaXeHHsl, siki HanyacTiwe
nokaniaytTbcsa Ha 06nnyYi, KiHLiBKax, | YacTo nepeayoTb
po3BuTKy B-kniTmHHOT nimcdomu. Bomoccs y  Takux
nauieHTiB sIK MpaBWMO TOHKE | pidke B rpygHoMmy Ta
paHHbOMY [OWTWMHCTBI, ane mnoKpallylTbCA 3 BIiKOM.
Bonoccs ciporo konbopy Moxe 3'9BUTUCS Lie B Apyromy
Yn TPETbOMY AECATUNITTAX XUTTA [14—16].

BpoaxxeHi aHomanii HMpoK, Taki sk rinonnasisi/anna-
3i9  HMpKM, nigkoBonodibHa Hupka abo MOoABOEHHS
HUPKKW, OUCTOMIA HUPKM — BIOHOCHO 4acTi y nauieHTiB
i3 cuHgpomom HiimereHa. Lli gedpekt Takox MOXyTb
OyTn noB’s3aHi 3 rigpoHedpo3oM Ta CrpUATU iHAEKLIAM
y CeYOBMBIOHIN cucTtemi, ocobnmeo y nauieHTiB 3 ge-
EKTHUM iMYHHUM 3axmucTtoM. [ocuTb pigko 3ycTpiva-
I0TbCA rinocnagii, KpUNTopxiaM, ypeTpo-aHarnbHi HopuLi,
atpesisa aHycy [17-19].

XpoMocoMHa HecTabinbHiCTb 3 XxapakTepHUMU nepe-
6ynoBamu nepudpepnyHux  T-nimcgoumTtiB  y  BUrMAAI
iHBepcCin i TpaHcnokauin i3 3anyyeHHAM Xpomocom 7
Ta 14, 4yTNMBICTb KNITUH OO iOHI3YO4YOro BUNPOMIHIO-
BaHHA in Vvitro — Bce Ue € XapakTepHUMM O3HaKaMu
[aHOro 3axBOPIOBaHHS, SKi MaloTb BaXknumBe AiarHoc-
TUYHE 3HaYeHHsi. BusiBneHHs myTauii B 06ox anensix
reHa HiOpVHY € OocCTaToYHMM [OOCHiAKEHHsIM Mpu BCTa-
HOBMeHHi AiarHo3y. binblWwicTb NauieHTiB i3 CMHAPOMOM
HinmereHa MaloTb CROB’AHCbKE MOXOMAXEHHHA, TOMY L0
MyTauilo CTanuM HasnBaTWM «CMOB’SIHCLKOK MyTaLlieto».
MigBMLweHa YyTnNuBICTb A0 iOHI3YO4Oro BUMPOMIHIOBAHHSA
€ oKpeMunm (paKkTopoM PU3MKYy ANS nauieHTiB i3 cuHAO-
pomom HilimereHa. Yepes vacTi GakTepianbHi iHgekuil
OiTW uiei rpynn Hepigko niggalTbCs MHOXUHHUM PEHT-
reHorpadiyHUM  SOCRIAXKEHHSIM, O MOXE ChnpusaTn
BMHWKHEHHIO 3MOSIKICHUX npoueciB abo ycknagHeHoMy
nepebiry yxe iCHylUMX 3MOSIKICHUX NPOLECIB, 30Kpema
newnkemii Ta nimcgom [2, 20-24].

Ha paHui yac BigcyTHi 4iTKO BM3HaYeHi nepeaymoBu
BUHUKHEHHS OECTPYKTUBHUX NHEBMOHIN y AiTen YkpaiHu,
aki 6 Mornmu JonomMorTh nikapsM NepBUHHOI  NTaHKK
Meau4HOi [OMoMOrM BYacHO Ta MNpPaBWUNIbHO BCTaHO-
BWTKW JiarHo3 Ta HanpasBUTW Ha rocnitanisauito y cneuia-
nisoBaHi nikyBanbHi 3aknaguM 3 METOK MNpU3HaAYeHHs
afekBaTHOI Tepanil.

Y Hawin poGoTi npeacTtaBneHUn KniHiYHMIA BUNAOOoK
cvHgpomy HinmereHa y nauieHTa i3 6akTepianbHo
OeCTpyKLUi€eto nereHso.

OutnHa n’'aTn pokiB goctaerneHa Opuragoto WBMAKOT
MEOMYHOI AOoMOMOrM L0 NPUAMAnbHOrO  BigAiNEeHHSA
anTtavoi obracHoi nikapHi 3i ckapramu Ha 3aranbHy
cnabkicTb, 3aauLLKy Ta YacTU Kallenb.

Often, patients with this pathology have aplasia or hypo-
plasia of the corpus callosum, subarachnoid cysts [12].

Skeletal abnormalities, such as clinodactyly of the
fifth digit and partial syndactyly of the second and third
digits, occur in approximately half of patients [12, 47].
Less common manifestations in Nijmegen breakage
syndrome is characterized by polydactyly, absence or
hypoplasia of the first finger, hypoplasia of the hips,
agenesis of the ribs, sacrum [13].

Vitiligo is observed in 50-70% of patients on the skin.
Sarcoid-like granulomatous lesions are less common,
most often localized on the face and extremities, which
often precede the development ofB-cell lymphoma.
The hair of such patients is usually thin and sparse in
infancy and early childhood, but improves with age.
Gray hair may appear as early as the second or third
decade of life [14-16].

Congenital renal anomalies, such as renal hypo-
plasia/aplasia, horseshoe kidney or kidney duplication,
and renal dystopia, are relatively common in patients
with Nijmegen breakage syndrome. These defects may
also be associated with hydronephrosis and contribute
to urinary tract infections, especially in patients with
impaired immune defenses. Hypospadias, cryptor-
chidism, urethro-anal fistulas, and anal atresia are
relatively rare [17-19].

Chromosomal instability with characteristic rearran-
gements of peripheral T-lymphocytes in the form of
inversions and translocations involving chromosomes 7
and 14, sensitivity of cells to ionizing radiation in vitro —
all these are characteristic features of this disease that
have important diagnostic value. Detection of mutations
in both alleles of the nibrin gene is the final study in
making the diagnosis. Most patients with Nijmegen break-
age syndrome are of Slavic origin, so this mutation
began to be called the «Slavic mutation». Increased
sensitivity to ionizing radiation is a separate risk factor
for patients with Nijmegen breakage syndrome. Due to
frequent bacterial infections, children in this group are
often subjected to multiple X-ray examinations, which can
contribute to the emergence of malignant processes or
the complicated course of already existing malignant pro-
cesses, in particular leukemia and lymphomas [2, 20-24].

Currently, there are no clearly defined prerequisites
for the occurrence of destructive pneumonia in children
in Ukraine that could help primary care physicians to
timely and correctly establish a diagnosis and refer
for hospitalization to specialized medical institutions
in order to prescribe adequate therapy.

Our paper presents a clinical case of Nijmegen break-
age syndrome in a patient with bacterial lung destruction.

5 year old child was taken from ambulance to the
emergency department of the children’s regional hospital
with complaints of general weakness, shortness of breath,
and frequent cough.

Objectively: the general condition of the patient is of
moderate severity, the child is restless, body tempe-
rature is 37.6°C, tachypnea (respiratory rate is 30-32/min).
The right half of the chest is lagging behind in the act
of breathing. Phenotypically, microcephaly, «bird-like
face», and a sloping chin were observed. There is a sig-
nificant deficit of body weight, lag in physical and
psycho-speech development, the child is non-contact,
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O6’eKkTUBHO: 3aranbHU CTaH CepeaHbOro CTyMNeHs
TSKKOCTI, AUTUHA HecCrnokiliHa, TemnepaTtypa Tina 37,6°C,
TaxinHoe (4actota auxaHHs 30-32/xB). lMpaBa nono-
BMHa rpyaHoi KMiTKW BigcTaBana B akTi AuxaHHs. deHo-
TMNOBO crhocTepiranack Mikpouedanisa, «ntaxonogibHe
obnuuysa», ckoweHe nigbopigan. HasiBHWIA  3HAYHMK
Jedpiunt macw Tina, BigcTtaBaHHS y isYHOMY Ta NCUXO-
MOBIIEHHEBOMY pO3BUTKY, OWTMHA HEKOHTAKTHA, Karn-
pu3Ha. AycKynbsTaTUBHO 3MiBa BMCMYXOBYBanoCb >OPCT-
Ke [OMXaHHs, cnpaBa — [AWXaHHSA Ppi3ko ocnabneHe.
MepkyTopHO cnpaBa BiOMIYAETLCS BUpaXKEHE BKOPO-
YeHHs Hag ycielo MpaBok nereHel. 3a JaHUMWU PEHT-
reHorpadii opraHis rpygHoi KniTku — ToTarbHe roMOreHHe
3aTEMHEHHsI MpaBoro remiTopakcy, 3MilleHHs opraHiB

cepepfocTiHHA BniBo (puc. 1).

capricious. Auscultation on the left side revealed
harsh breathing, on the right side — breathing was
sharply weakened. Percussion on the right side revealed
pronounced shortening over the entire right lung.
According to the chest X-ray, there is total homogeneous
darkening of the right hemithorax, displacement of the
mediastinal organs to the left (fig. 1).

%

- —_
f

Puc. 1. PeHTreHorpadis opraHiB rpygHoOi KIiTKM y BEpTUKaNbHOMY MOMOXEHHI Npu rocnitanisadii
Fig. 1. Chest X-ray in an upright position during hospitalization

3a gaHvmu Y3[1 nereHb Ta nneBpanbHUX MOPOXHWH
BiAMiYaNMCb: YUCIEHHi, 3Ha4YHMX pPO3MipiB, BOrHMLIA
KOHconigauii npaBoi nereHi, HanpyXeHWw rigpoTopakc
cnpaBa, HasABHICTb BiNbHOI PiAVHM B MNiBili NneBpanbHin
MOPOXHWHI, B Nepukapgdi — BinNbHa piguHa o 8 mm.
Y 3aranbHOMy aHanisi KpoBi Npu rocnitanisauii y cradio-
HapHe BiaAineHHs Bigmiyaecs nevikoumTos — 11,73x10%n,
nigeuweHHs pisHs LWOE po 15 mm/rog. lMNonepeaHin
giarHo3: npaBobiyHa OEeCTpPyKTMBHA MHEBMOHIHA, ABOGIY-
HWI eKCydaTMBHUI NNEeBPUT, NPaBOBIYHMI HanpyXeHWui
rigpoTopakc. [AuxanbHa HegocTtaTHicTb |-Il cTynens.
[OutnHa rocnitTanidoBaHa o XipypriYyHOro BiOdineHHs, in
npu3HayeHo aHTmbakTepianbHy Tepanito («MeponeHem»
Ta «AmikaumHy), iHY3iNHY Tepanito, iHransauinHy Tepa-
nito. B ymoBax onepauiviHOi BUKOHAHO 3aKpUTy TOPaKo-
TOMIilO Cnpaea, [ApPeHyBaHHs NpaBoi  NneBpanbHOI
MOPOXHUHM — aKTMBHO eBakynoBaHo 600 mn rHinHO-
remMopariyHoro BMIiCTy, HanarogXXeHo CUCTEMY MaCUBHOMO
ApeHyBaHHA 3a bronay. 3a 10 xBUnMH NO NneBpansLHOMY
OpeHaxy nacuveBHO Buginunocb we 200 M THiHO-
reMopariyHoro BMICTy. BUKOHaHO 3akpuTy TOpPaKkoTOMito
3niBa, ApeHyBaHHA MNiBOi NneBparnbHOi MOPOXHUHN —
BrAaneHo 250Mr rHinHOro BMICTY, HanarompkeHo cuctemy
NnacvBHOIO ApeHyBaHHs 3a bBronay.

BpaxoBytoun HeBignoBigHICTL NabopaTopHMX AaHuX
Ta KNiHiYHOro cTaHy, Oyno 3anigo3peHo HasiBHICTb

According to the ultrasound of the lungs and pleural
cavities, the following were noted: numerous, significant
foci of consolidation of the right lung, tense hydrothorax
on the right, the presence of free fluid in the left pleural
cavity, pericardium — free fluid up to 8 mm. In the general
blood test during hospitalization in the inpatient depart-
ment, leukocytosis was noted — 11.73 x 10%1, an increase
in the ESR level to 15 mm/h. Previous diagnosis:
right-sided destructive pneumonia, bilateral exudative
pleurisy, right-sided tense hydrothorax. Respiratory
failure stage I-ll. The child was hospitalized in the
surgical department, where antibacterial therapy
(«Meropenem» and «Amikacin»), infusion therapy,
inhalation therapy were prescribed. In the operating
room, a closed thoracotomy was performed on the right,
drainage of the right pleural cavity — 600 ml of purulent-
hemorrhagic contents were actively evacuated, a passive
drainage system according to Bulau was established.
In 10 minutes, after pleural drainage, another 200 ml of
purulent-hemorrhagic contents were passively released.
A closed thoracotomy was performed on the left,
drainage of the left pleural cavity — 250 ml of purulent
contents were removed, a passive drainage system
according to Bulau was established.

Given the discrepancy between laboratory data and
the child’s clinical condition, the child was suspected of
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iMyHOAedIUUTHOro cTaHy y AuUTUHU. BukKoHaHO imyHO-
noriyHe JOCNIMKEHHS, 3a pesynsratammn SKoro BUSIBNIEHO
3Ha4yHe 3HWXKEHHs1 3aranbHoro piBHA IgG — 2.7 r/n npwu
Hopmi 5,04-14,64 r/n. Jo aHTubakTepianbHoOi Tepanii
6yno goaaHo BYTPILLUHbOBEHHE BBEAEHHS 5% poO34MHy
HopmarnbHoro imyHornobyniHy G ntoguxam B gosi 0,4 r/kr
npotarom 7 gOi6. LlogeHHo Bigmidanock BuAineHHs
MYTHOIO THIHOTO BMICTY MO NMEBpPanbHUM OpeHaxaMm
3 06ox 6okiB o 100-150 mMn Ta 03HaKM (PYHKLIOHYYOT
nereHeBoO-NneBpanbHOl HOpULi cnpaBa — ckug MOBITPs
no nneepanbHOMY ApeHaxy. TpuBanuin 4ac yTpumysa-
nocb SBULLE «pUrigHa nereHss» npaBopy4, Yy 3B’A3KY
3 YMM OUTUHA NepeBeeHa Ha akTMBHe Linogobose ape-
HyBaHHS1 NpaBoi NneBpanbHOI NOPOXHUHN (Yepe3 «Pleur
evacy» 3 Tuckom 10 MM BogHOro cToBn4mMKa) (puc. 2).

having an immunodeficiency state. An immunological
study was performed, the results of which revealed
a significant decrease in the total level of IgG — 2.7 g/l
with a norm of 5.04—-14.64 g/I. Intravenous administration
of 5% solution of normal human immunoglobulin G at
a dose of 0.4 g/kg for 7 days at a dose of 0.4 g/kg was
added to antibacterial therapy. Daily discharge of
turbid purulent contents through pleural drainages on
both sides up to 100-150 ml and signs of a functioning
pulmonary-pleural fistula on the right — air discharge
through the pleural drainage were noted. The phenome-
non of «rigid lung» on the right persisted for a long
time, in connection with which the patient was trans-
ferred to active 24-hour drainage of the right pleural
cavity (via «Pleur evac» with a pressure of 10 mm of
water column) (fig. 2).

Puc. 2. PeHTreHorpadist opraHiB rpyaHoi KniTkvM y BepTUKanbHOMY NOMOXEHHI,
BMKOHaHa Ha Opyrvii AeHb MiCnsi BCTAHOBIIEHHS NieBpanbHUX ApeHaxiB 3 060x 6okiB
Fig. 2. Chest radiograph in an upright position, performed on the second day after the placement of pleural drains on both sides

Ha TpeTin peHb Tepanii Oyno nOMiYeHO iMyHHY
BIiAMOBiAb OpraHiaMy AWTWUHW Yy BWUMSAI  3pOCTaHHA
nenkountosdy no 23,93 x10%n, nagiHHS piBHA 3aranb-
Horo Ginka (38 r/n), rematypisi, pO3BUTOK HEPOTUYHOIO
cMHApomy. HapocTaHHa Habpskie no BcboMmy Tiny. 3a aa-
HuMK Y3[] 36inblyBaBCcs piBeHb BiNbHOI PiguHW y nepu-
Kapgi 0o 22 mm (npetamnoHaga), nosBa BiNbHOI PiAnMHK
B YepeBHii MOpoxHWHi. [lo nikyBaHHa ©Oyno popgaHo
'KC ta anbbymiH B/B.

3 orngaay Ha (beHOTMNOBI AaHi ANTUHK: MikpoLuedania,
Aediunt Macu Tina, BiACTaBaHHA y MNCUXOdI3NYHOMY
po3BUTKY, aHamMHe3 Ta nepebir 3axBoptoBaHHs, 6yno
3anigo3peHo HasABHICTb Y AUTUMHWU cuHapomMy HinmereHa.
3 MeTol AiarHoCTMKM Byrno nNpu3Ha4YeHO MONeKynspHo-
reHeTUYHe AOCNIMKEHHA KPOBi OUTUMHW (pesynbraTr Ao-
CnigXeHHa nnaHysBanocb otpumatun yepes 10-14 pgHis).
Tum yacom, Ha oHi aHTMDBakTepianbHOI Tepanii, BHYT-
PiLUHBOBEHHOrO BBeOEHHS 5% pPO34MHY HOPMAnbHOro
iMyHOornobyniHy G nioguvHn, 4epe3 TwxaeHb Oyno
BiOMIYEHO pi3ke 3pOCTaHHSA piBHA MENKouMTIB: BiA
50,51 x 10%n po 102 x 10%n, npoTsirom A,BOX OHiIB.

3a BIiACYTHOCTI 3aKNOYEHHS MONEKYNSAPHO-reHEeTNY-
HOro AOCNIMKEHHHA, ane npu Migo3pi Ha HasBHICTb Yy
OUTUHWM cuHapomy HiimereHa, wo, sk 6yno BkasaHo
paHilwe, XapakTepu3yeTbCA NiOBULLEHOK YYTNMBICTIO

On the third day of therapy, the child’s immune
response was observed in the form of an increase in
leukocytosis to 23.93 x 109/1, a drop in the level of total
protein (38 g/I), hematuria, and the development of
nephrotic syndrome. Edema increased throughout
the body. According to ultrasound, the level of free fluid
in the pericardium increased to 22 mm (pretamponade),
and free fluid appeared in the abdominal cavity.
Glucocorticosteroids and intravenous albumin were
added to the treatment.

Taking into account the phenotypic data of the child:
microcephaly, body weight deficiency, lag in psycho-
physical development, history and course of the disease,
the child was suspected of having Nijmegen breakage
syndrome. For the purpose of diagnosis, a molecular
genetic study of the child’s blood was prescribed
(the results of the study were planned to be received
in 10-14 days). Meanwhile, against the background of
antibacterial  therapy, intravenous  administration
5% solution of normal human immunoglobulin G, a week
later a sharp increase in the level of leukocytes was
noted: from 50.51 x 109/l to 102 x 109/I, within two days.

In the absence of a molecular genetic study report,
but with a suspicion that the child had Nijmegen breakage
syndrome, which, as previously indicated, is characte-
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[0 iOHI3yo4Oro BMMNPOMIiHIOBaHHS, Bynu pisko obmexeHi
NpPOMeHeBi MeToan 0OCTEXEHHS.

3 MeTo JoCniaXeHHs KICTKOBOrO MO3Ky Ha npeamet
HasiBHOCTi GnacTHMX KNiTMH Oyno NPUAHATO pillEHHSA
NPO BUKOHAHHSA CTEPHAIbHOI MYHKLi. 3aknio4YeHHs Mieno-
rpamu: 6GnactHa TpaHcdopmauisi KICTKOBOroO  MO3KY
(6bnactu, Wo He nigparTbes MopdonorivHin andepeH-
yiauii — 64,0% npwu Hopwmi 0,1-1,1%). 3a pesynsratamu
reHeTUYHOro TeCTyBaHHA BUSBNEHO MyTauito 657del5
B reHi NBN y romosaurotHoMy cTaHi, WO Bepudikye
AiarHo3 guTuHKU: cuHapom Hinmerena.

BuwienepepaxoBaHi gaHi ganu nigctasu cdopmy-
noBaTK 3aKMloYHUIA AiarHo3: NepBUHHUIA iMyHodediuuT,
cuHgpom HilimereHa, T-kniTuHHa nimdpobnacTHa neike-
mis, PAB BapiaHT a-2 rpyna Bucokoro pmauky. Cencuc.
MpaBobiyHa [OecTpykTMBHA NHEBMOHiA.  [OBOGIYHMIA
eKkcyaaTMBHUI NneBpuT. EkcynatmBHUi nepukapaunT.

Byno po3pobneHo iHOuBiAyanbHUA NnaH nikyBaHHA
OVUTUHW, SIKMIA BKNKOYaB iHQY3iliHY, aHTubakTepianbHy,
ximiotepanito («JokcopyGiLmnH», «BiHKpUCTUHY» nicns npo-
BeAeHOl uuTopeaykuii) Ta iMmyHotepanito (5% posuuH
HopMarnbHOro iMyHornobyniHy G nwoauHW) 3 AMHaMiy-
HUM MOHITOPUHIOM MOKAa3HUKIB (PYHKLIOHYBaHHS XUTTE-
BOBaXXINMBUX CUCTEM Ta OpraHiB OUTUHM.

[porHo3 ans nauieHTiB i3 cuHgpoMom HimereHa
3anexnTb Big TSKKOCTI KMiHIMHUMX MpOSBIB Ta 4acToTu
pO3BUTKY 3MnosikicHMX npotecis. CBoeyacHa giarHoctuvka,
perynspHuin - MOHITOPUHr Ta BiAMNOBigHE niKyBaHHA
[aloTb MOXMMBICTb 30epertu i NoKpawmTN SKICTb XUTTS,
a TakoX 36inbwnTM TpMBanicTb XUTTS NaUieHTIB i3
cuHgpomoM HiivereHa [25-28].

BUCHOBKHU

CvHppom HiimereHa € pigKiCHUM reHeTUYHUM 3a-
XBOPIOBaHHAM, sike noTpebye MynsTaMcLMniiHapHOro
nigxo4y ANA WOro AiarHOCTUMKW Ta fikyBaHHA. AKTyanb-
HICTb noganblUMX AOCNIMKEHb 3yMOBIEHa HeOoOXiaHICTO
Ginbw  rMMOOKOrO  PO3YMIHHA NaToreHedy CUHAPOMY
HiimereHa Ta po3pobku HOBMX CTpaTerini KOMMNIEKCHOro
niKyBaHHA 4aHOro NaTonoriYHOro CTaHy y giten.

KniHiyHM BUNagok, npeacTaBnenHni y Hain poooTi,
OEMOHCTPYE BaXnuMBiCTb BCeOIYHOro aHanisy Ta rpyHToB-
HOro nigxopy AN CBOEYACHOI AiarHOCTMKU i NiKyBaHHSA
PiOKICHOrO 3aXBOPIOBAHHS, ike MOXe OyTu «BMNaaKOBO
3HaxigKoo» B NPaKTUL NikapiB pi3HUX creLianbHOCTEN.

Ha onuc kniHiyHoro Bunagky oTpumaHo iHopmoBaHy
3rogy 6aTbkiB AUTUHM.
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rized by increased sensitivity to ionizing radiation,
radiation examination methods were sharply limited.
In order to examine the bone marrow for the presence
of blast cells, a decision was made to perform a sternal
puncture. Myelogram results: blast transformation of the
bone marrow (blasts that are not amenable to morpho-
logical differentiation — 64.0% with a norm of 0.1-1.1%).
According to the results of genetic testing, a 657del5
mutation was detected in the NBN gene in a homo-
zygous state, which verifies the child’s diagnosis:
Nijmegen breakage syndrome.

The above data provided grounds for formulating
the final diagnosis: primary immunodeficiency, Nijmegen
breakage syndrome, T-cell lymphoblastic leukemia,
FAB variant a-2 high-risk group. Sepsis. Right-sided
destructive pneumonia. Bilateral exudative pleurisy.
Exudative pericarditis.

An individual treatment plan was developed for
the child, which included infusion, antibacterial, chemo-
therapy («Doxorubicin», «Vincristine» after cytoreduction)
and immunotherapy (5% solution of normal human
immunoglobulin G). with dynamic monitoring of the func-
tioning of the child’s vital systems and organs.

The prognosis for patients with Nijmegen breakage
syndrome depends on the severity of clinical mani-
festations and the frequency of malignant processes.
Timely diagnosis, regular monitoring and appropriate
treatment make it possible to maintain and improve the
quality of life, as well as increase the life expectancy
of patients with Nijmegen breakage syndrome [25-28].

CONCLUSIONS

Nijmegen breakage syndrome is a rare genetic
disease that requires a multidisciplinary approach for its
diagnosis and treatment. The relevance of further
research is due to the need for a deeper understanding
of the pathogenesis of Nijmegen breakage syndrome
and the development of new strategies for the comprehen-
sive treatment of this pathological condition in children.

The clinical case presented in our work demonstrates
the importance of a comprehensive analysis and
a thorough approach for the timely diagnosis and
treatment of a rare disease, which may be an «incidental
finding» in the practice of doctors of various specialties.

The authors declare no conflict of interest. Informed
consent was obtained from the child’s parents for the
description of the clinical case.
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MepcnekTUBU NOAAABLUMX AOCAIAXEHD

OgHMM 3 NepcrnekTUBHUX HaMpsIMKiB € Mnojanblue BUBYEHHS
myTauin y reHi NBN, wo Bignoeigae 3a cuHTe3 binka HibpuHy,
HeobxigHoro ans penapadii QHK. FTeHeTUYHUI CKPUHIHT Ta cek-
BEHYBaHHSI HOBOIO MOKOMiIHHS [03BOMSATb MOKpaLUTK AiarHoc-
TUKY Ta nependaymTv pU3MKM PO3BUTKY 3aXBOPHOBAHHS LUEe Ha
OOKMiHIYHIA cTagii. MeHoTepania € NoTeHUIHO peBOMLiIMHUM
nigxogom Ao nikysaHHs NBS. BukopuctaHHa meTofiB pegary-
BaHHs reHomy, Takux sk CRISPR/Cas9, moxe pgonomortu
BunpaButn MmyTauii B reHi NBN. OgHak uern HanpsiMok notpebye
[oaaTkoBMX AochigkeHb wWoAo 6e3nekn Ta edEeKTUBHOCTI.
Po3pobka HOBUX nikapcbknx 3acobiB, CNpsIMOBaHUX Ha NigBu-
LWEeHHs1 CcTabinbHOCTI reHomy Ta 3anobiraHHa MNyXJIMHHOMY
poCTy, € Lie OAHUM BaXUBMM HaNPSIMKOM. BukopucTaHHs
aHTuokcuaaHTie, iHribiTopis OHK-penapauii Ta imyHoTepanes-
TUYHMX NpenapaTiB MOXe AOMOMOITY MOKPALLUTU SKICTb KUTTS
nauieHtiB. Ockinbkv y nauieHTiB i3 cuHgpomoM HinmereHa
crnocTepiraeTbCA  3Ha4YHUN iMyHoAediUMT, NepcrnekTUBHUM €
OOCnigKEeHHA MeToAiB CTUMYNALIT iIMyHHOI CUCTEMM, BKIKOYAUN
TpaHcnnaHTauito CTOBOYpOBMX KNiTWH, PO3POOKY BakuuH Ta
iHamBigyanizoBaHi iMyHoMoAymntoodi nigxoau.

KoHdAIKT iHTepecis

ABTOpPU pyKONUCY CBIAOMO 3acBiAYYIOTb BIACYTHICTb haKTU4-
Horo abo MOTEHUNHOro KOHGMIKTY iHTepeciB LWo[o pesynsrarTis
uiei pobotn 3 chapmMaLeBTUYHMMUK KOMMAHISMW, BUPOOHM-
Kamy BiOMegUYHUX NPUCTPOIB, [HWMMW oOpraHizauiammn, 4ui
npoaykTW, nocnyru, diHaHcoBa nigTpuMka MoXyTb OyTu noB’s-
3aHi 3 NpegMeToM HadaHwx MartepianiB abo ski crmoHcopyBanm
nposeeHi JoCNiaXEHHS.
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Prospects for further research

Further study of mutations in the NBN gene, which is responsible
for the synthesis of nibrin protein, is crucial for understanding
DNA repair mechanisms. Genetic screening and next-generation
sequencing enable improved diagnostics and allow for risk
prediction of disease development at the preclinical stage.

Gene therapy represents a potentially revolutionary approach
to treating NBS. In particular, genome editing methods such
as CRISPR/Cas9 may help correct mutations in the NBN gene.
However, this approach requires further research to assess
its safety and effectiveness.

Another important area is the development of pharmaceutical
agents aimed at enhancing genome stability and preventing
tumor growth. The use of antioxidants, DNA repair inhibitors,
and immunotherapeutic drugs could significantly improve
patients’ quality of life.

Since Nijmegen breakage syndrome patients exhibit signifi-
cant immunodeficiency, exploring methods to stimulate the
immune system is a promising direction. Potential approaches
include stem cell transplantation, vaccine development, and
individualized immunomodulatory strategies.
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PE3IOME

AxTyanbHicTb. Tepmoperynsiuis nigTpumye ctabinbHy TeMnepaTypy Tina, Lo BaXnnBo
ONns HOpManbHOro (yHKLiOHyBaHHSA opraHiamy. TepaneBTuYHa rinotepMist ehekTUBHO
BMKOPUCTOBYETLCA AN HEMpONpOoTeKUii Mpu iHCYNbTi, YepenHO-MO3KOBMX TpaBMmax,
nigBULLEHOMY BHYTPILLHbOYEPENHOMY TUCKY Ta iHWMX cTaHax. OXonog»XeHHs FONI0BHOIO
MO3KY 3MEHLUY€E MOLUKOOXKEHHSI KNiTUH, 3HWXKYE HEKpo3 i noninwye yHKUii MO3Ky.
OnTumManbHUi Yac i TpuBanicTb Tepanii 3anexartb Bif KOHKPeTHOro ctaHy. lnotepmis
Mae 3Ha4yHWi MoTeHuian y komGiHauii 3 iHWMMKM MeTogamu nikyBaHHSs, 30Kpema
dapMakonoriyHumn cTpaTteriaMmu, Ans NoKPaLLeHHs1 pe3ynbTaTiB HeMponpoTeKLUii.

MeTta po60oTu — oxapakTepusyBaTW Cy4vacHe YSIBMEHHSI Mpo poflb TepaneBTUYHOI
rinotepMii y HeponpoTeKLii Npy YepenHo-MO3KOBUX TpaBMaXx Ta iLLeMi4YHOMY iHCYMbTi.
Martepianu Ta metoam. Migbip ny6nikauin 3ginicHeHo 4vepe3 6asu gaHux PubMed,
Clinical Key, Cochrane Library, eBook Business Collection 1a Google Scholar
3a KMK4YOBMMM CroBaMu: FiNOTEpMisi, HEMpOnpoTeKLis, YepernHo-MO3KoBa TpaBMa,
iweMiyHMA iHCyNbT Towo. Ha nepwomy etani nMpoBOAMBCH MOLLYK fiTepaTtypu, Ha
Opyromy eTani BMBYanuCb pes3ioMe cTaTer, a Ha TPeTbOMy — MOBHi TEKCTU Ans
BM3HAYEHHs1 BIOMNOBIOHOCTI KpPUTEPIM BKIOYeHHs. KpuTepil BKMOYEHHS: akTyanb-
HIiCTb Temu, BiONOBIQHICTb AOKA30Bii MeAUUMHI Ta AOCTYN A0 NOBHOTEKCTOBUX CTaTeln.
Ornsag nigrotoBneHo BignosigHo Ao HactaHoBu PRISMA.

Pesynstatm Ta iXx o6roBopeHHsi. CenekTVBHE OXONOMKEHHSI TOMOBHOIO MO3KY,
3acToCOBYBaHe ANs HEWpOMpoTeKLUii, Mae 3Ha4yHWM NoTeHUian y 3MEHLUEHHi Henpo-
MOLUKOMXKEHHSI MpWU  ilWeMiYHOMY iHCYnbTi Ta 4epenHo-MO3KOBMX TpaBMax. Metoa
3HKYE MeTaboniyHy akTUBHICTb HEWPOHIB, MOKpallye iX BWXKMBaHHS B YyMoOBax
0oBMeXeHOro KpoBOMOCTaYaHHS, 3MEHLLYE MOLUKOMAXKEHHS Bif OKCMOATUBHOMO CTpecy
Ta HEMPOTOKCUYHOCTI. BUKOPUCTaHHA TpaHcapTepianbHOro OXOMNOMKEHHS AaE MOXIN-
BiCTb TOYKOBO BNMBATW Ha MO3OK, LLO [O3BOMSE €PEKTUBHO 3HMXKYBaTU Temnepartypy
nuLwe B ypaxeHux AinsHKax, He nopyLlyodm gyHKUilo iHWKX opraHie. BogHovac, ans
onTumisauii TepaneBTUYHUX NiOXomiB i BU3HAYEHHs] HaMbIiNbl egeKTUBHUX PEXUMIB
nikyBaHHs HeobXigHO MpoOBecTW Mofanblui KMiHiYHI AOCNifXeHHs, siki niaTBepasThb
[OBroCTPOKOBi pesynbsraty i 6e3neky Lboro MeTogy.

Ornsp nitepatypu

136 Literature review


https://doi.org/10.26565/2313-6693-2025-52-12
https://orcid.org/0000-0001-7924-4048
https://orcid.org/0000-0001-7924-4048
mailto:fedir.hladkykh@gmail.com
https://orcid.org/0000-0002-5892-2599
https://orcid.org/0000-0002-5892-2599
mailto:t.lyadova@karazin.ua
https://orcid.org/0000-0002-0388-138X
https://orcid.org/0000-0002-0388-138X
mailto:mariia.matvieienko@karazin.ua
https://orcid.org/0000-0002-0376-0051
https://orcid.org/0000-0002-0376-0051
mailto:d.v.vasilev@karazin.ua
https://orcid.org/0000-0001-7924-4048
https://orcid.org/0000-0001-7924-4048
mailto:fedir.hladkykh@gmail.com
https://orcid.org/0000-0002-5892-2599
https://orcid.org/0000-0002-5892-2599
mailto:t.lyadova@karazin.ua
https://orcid.org/0000-0002-0388-138X
https://orcid.org/0000-0002-0388-138X
mailto:mariia.matvieienko@karazin.ua
https://orcid.org/0000-0002-0376-0051
https://orcid.org/0000-0002-0376-0051
mailto:d.v.vasilev@karazin.ua
mailto:fedir.hladkykh@gmail.com

BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.
Cepis Megnumna. 2025. T. 33. Ne 1(52). C. 136-156

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

The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(1(52)):136-156

AAS UUTYBAHHS:

BucHoBkuU. TepaneBTu4Ha rinoTEPMIsi, 30KpEMa CENEKTUBHE OXONOAXEHHSI FONOBHOIO
MO3Ky, 3HUXye MeTaboniyHi NoTpebyn MO3KOBMX KMiTUH, OGMEXYHUM LWKoAy Big iLuemil
Ta TpaBM, 3MEHLUYHYM OKCUMOATUBHUIA CTPEC, €KCaMTOTOKCUYHICTb i 3ananeHHs.
Llen meTog emdeKkTMBHO 3HWKYE HEMWPOMOLUKOMKEHHA MpU  iLeMIYHOMY iHCYNbTi,
3MEHLLYHOYM 3ananeHHs Ta OKCUAATUBHUI CTPEC, OOQHaK Afsl YTOYHEHHST ONTUMaIbHUX
YMOB 3acToCyBaHHsi MOTPiGHI noganblui AocnigpkeHHs. [inoTepmis Takox Moxe
nigTpMMyBaTN HEMPONNACTUYHICTb NPYU YepPernHO-MO3KOBUX TpaBmax, ane Ans OuiHKK ii
e eKTUBHOCTI HEOOXiOHI 40AAaTKOBI AOCHIMKEHHS.
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BMAMB Ha HEWpOMnacTUYHICTb NpuW iemii Ta TpaBmax FONMOBHOMO MO3KY. BiCHUK XapKieCbKo20 HauioHarbHO20
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ABSTRACT

Background. Thermoregulation maintains a stable body temperature, which is
essential for normal physiological function. Therapeutic hypothermia is effectively
used for neuroprotection in stroke, traumatic brain injury, increased intracranial
pressure, and other conditions. Brain cooling reduces cellular damage, limits necrosis,
and improves brain function. The optimal timing and duration of therapy depend
on the specific condition. Hypothermia has significant potential when combined
with other treatment methods, particularly pharmacological strategies, to enhance
neuroprotection outcomes.

Purpose — to characterize the current understanding of the role of therapeutic
hypothermia in neuroprotection in traumatic brain injury and ischemic stroke.

Materials and Methods. The selection of publications was carried out using databases
such as PubMed, Clinical Key, Cochrane Library, eBook Business Collection, and
Google Scholar with keywords including hypothermia, neuroprotection, traumatic
brain injury, ischemic stroke, among others. The literature search was conducted
in three stages: first, identifying relevant publications; second, reviewing article
abstracts; and third, analyzing full-text articles for inclusion criteria. Inclusion criteria
comprised topic relevance, adherence to evidence-based medicine, and access to
full-text articles. The review was prepared in accordance with PRISMA guidelines.
Results. Selective brain cooling, applied for neuroprotection, holds significant potential
in reducing neuronal damage in ischemic stroke and traumatic brain injury. This method
decreases neuronal metabolic activity, enhances their survival under restricted
blood supply, and reduces damage from oxidative stress and neurotoxicity. The use of
transarterial cooling enables targeted brain cooling, effectively lowering temperature
in affected regions without impairing the function of other organs. However, further
clinical research is necessary to optimize therapeutic approaches and determine
the most effective treatment protocols, ensuring long-term efficacy and safety.
Conclusions. Therapeutic hypothermia, particularly selective brain cooling, reduces
the metabolic demands of brain cells, mitigating ischemic and traumatic damage
by decreasing oxidative stress, excitotoxicity, and inflammation. This method effectively
reduces neuronal injury in ischemic stroke by limiting inflammation and oxidative
stress; however, further studies are needed to refine optimal treatment conditions.
Hypothermia may also support neuroplasticity in traumatic brain injuries, yet additional
research is required to evaluate its full effectiveness.

Hladkykh FV, Liadova Tl, Matvieienko MS, Vasylyev DV. Therapeutic hypothermia in neuroprotection has an impact
on neuroplasticity in brain ischemia and trauma. The Journal of V.N. Karazin Kharkiv National University. Series
Medicine. 2025;33(1(52)):136—156. DOI: https://doi.org/10.26565/2313-6693-2025-52-12

BCTYN

INTRODUCTION

Tepmoperynsuis € OgHIet0 i3 OCHOBHUX CKMadoBMX
npouecy roMeocrtasy, WO Ma€ BaXNMBE 3HAYEHHs Ans
NiATPUMKM CTabiNbHOrO BHYTPILLIHBOrO CTaHy OpraHiamy
NoavHY, 3abesnedyodr YMOBU ANS MO0 BUXKMBaHHSA Ta
onTumanbHoi yHKLUii kniTUH. BoHa 3abe3nevye npaBunb-
HY B3@EMOZi0 MK PI3HMMW cUCTEMaMK OpraHi3my i gae
3Mory aganTyBaTMCs A0 3MiH 30BHILLUHBOTO CepeaoBuLa.

Thermoregulation is one of the fundamental com-
ponents of the homeostasis process, playing a crucial
role in maintaining the stable internal state of the human
body, ensuring conditions for survival and optimal cellular
function. It facilitates proper interaction between different
systems of the body and enables adaptation to changes
in the external environment. The core body temperature
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BHyTpiWwHA TemnepaTypa Tina noguHy 3assuyan Tpuma-
€Tbcs B Mexax 36,5-37,3°C, wo € onTumansHUM piBHEM
anst yHKUIOHYBaHHS OCHOBHMX 6i0NoriYHMX NpoLEeciB.
BogHovac Temnepatypa nepudepiiHMX 4YacTuH Tina,
Takux K KiHUiBKM, 3a3BnYan Ha 2—4°C HmK4Ya NopiBHAHO
3 LeHTpanbHMMKM YacTMHaMW OpraHiamy, Lo MOB’A3aHO
3 HeoOXigHicTio 30epexeHHs eHeprii Ta Tepmoperyns-
Lieto Yepes pisHi MexaHiamu kpoBoobiry [1-3].

JlikyBaHHs rinoTepMielo € BaXnNMBUM i ePEKTUBHUM
METOOOM HenponpoTekuii, SKWN 3acTOCOBYETbCA MNpwu
niKyBaHHi Pi3HOMaHITHUX HEBPOMOriYHNX 3aXBOPIOBAHb.
Cepea UMX 3axBOPKOBaHb € iHCYNbLT, YepernHo-MO3KoBa
TpaBma (UMT), nigBULLEHMI BHYTPILUHLOYEPENHUIA TUCK,
cybapaxHoiganbHUin  KpOBOBWIMUB, TpaBMU  CMUHHOIO
MO3Ky, NeYiHKOBa eHLiedanonarTis, a TakoXX HeoHaTanbHa
nepuHatanbHa eHuedanonaris. BctaHoBneHo, wWo Tepa-
NeBTUYHA MNOTEPMISi MOXE 3Ha4YHO MoKpawmTn nepebir
UMX CTaHIiB, CMPUSOYM 3MEHLUEHHIO LUKOAW, SIka 3aBaa-
€TbCSl KIMiITUHaM TOfMIOBHOMO MO3KYy BHACIiZOK MOLLKOA-
XKEHHs1 TKaHWH, Ta Ans 3MEHLUEHHI Hekposy. Hapasi,
iCHYEe 3Ha4HUI nNporpec y BMBYEHHI eeKTUBHOCTI LbOro
MeToAy, 30KpeMa 4Yepe3 KOMOiHyBaHHS  rinotepmii
3 iHWKUMKU nigxogamn 0o HeMponpoTeKLii, Wo gae 3mMory
3HaYHO NOMINWKWTK pe3ynbTaTh NiKyBaHHSA TaKMX TSHKKUX
3axBOptOBaHb. PoO3BMTOK UMX AocnigXeHb [03BOMNsiE
JOCArTM 3HAYHOro Mporpecy y pPoO3yMiHHI MexaHi3miB
HenponpoTeKUii npu rinotepmii [4].

dizionorivHi 3MiHK, SKi BUHMKaOTb B OpraHia3mi nig yac
OXONMOMXKEHHS, 3anexaTb Bif CTyneHa | TpuBanocTi
rinotepmii. lNpouec rinotepMmii y niogen MoxHa Kracu-
ikyBaTU Ha OCHOBI 3HWXEHHS Temnepartypu Tina.
TepaneBTUYHE OXOMNMOOXEHHS ab0 BUMNALKOBE 3HUXKEHHSI
Temnepatypu Tina Hwk4ye 35°C BBaXaeTbCsl rinoTepMmieto.
Lle 3HwxeHHs1 Temnepatypu moxe OyTu nogineHo Ha
Kinbka cTyneHiB: nerka rinotepmis (35-32°C), nomipHa
(32-22°C), rnuboka (22-28°C) Ta Hag3BuMYalHO [Mn-
b6oka (< 8°C). Bxe B 1994 poui Gyna BBegeHa HoBa
nigknacudikauisn: nerka rinotepmis (35-32°C), nomipHa
(32-28°C), Tsbkka (28-20°C) Ta Hag3BuMYaMHO TshKKa
(< 20°C) [5]. OpHak, 4epe3 po3BMTOK OOCHIOXKEHb Ta
NpakTU4HMX 3acTtocyBaHb, y 2009 poui [6] Gyna 3anpo-
NMoHOBaHa crnpoLlleHa knacudikais, Lo BKIoYae nue
Tpu kareropii: nerka rinotepmis (35-34°C), nomipHa
(34-30°C) 1a Taxka (< 30°C). Usa knacudikauia e
3apa3 OCHOBHOI i BMKOPUCTOBYETBLCA B MiXXHAPOOHMX
MeAMYHUX cTaHaapTax, 30kpema AMepUKaHCbKO Kapaio-
noriyHoto acouiadieto [7].

Barato gocnigHuKiB NPOTAroM OCTaHHIX AecATUniTb
Hamaranucsi BU3Ha4YMT ONTUMarnbHUIA Yac Ans noyaTky
OXOSOMKEHHSA MNpPU  Pi3HUX HEBPOSOriYHMX po3najax,
Wob 3abe3neynTn HavkpalLmii edpekT Big TepaneBTUYHOT
rinotepmii. OpHieto 3 OCHOBHUX Mpobnem, 3 AKUMU
CTUKaTbC MEOUKM, € Te, L0 PaHHE OXONOMXKEHHS
nicna TpaBMu FONOBHOMO MO3KY 3a3BWyan Aae Havkpalli
pesynstat, ane B pearnbHUX KiHIYHUX  yMOBax
Lie 3aBaHHs 4acTo BUSIBNSIETLCA BaXXKUM 451 peanisauii.
Lle nosicHeTbCs TMM, WO LWBMOKE  BUSBIEHHSA
i pearyBaHHA Ha Taki cuTyauii He 3aBXauM MOXNuBe
Yepe3 obmexeHHs B 4vaci abo poctyni oo HeobxigHoro
MeauM4Horo obnafgHaHHSA, Lo YCKNafgHIE CBOEYacHe
3acTocyBaHHs Lboro Mmetoay. Bigomo, wo npu iuemiyHomy
iHcynbTi [8, 9] BMABNEHO 3HAYHE 3MEHLUEHHSA PO3Mipy
30HM YPaXEHHS, SKLIO OXOMOMKEHHS PO3MNOYUHAETHLCS
npotarom 60-180 xBWRAMH Big no4yaTky iHCYNbTY.

of a human is typically maintained within the range
of 36.5-37.3°C, which is the optimal level for the func-
tioning of essential biological processes. At the same
time, the temperature of peripheral body parts, such as
the limbs, is usually 2—4°C lower than that of central
body parts due to the need for energy conservation
and thermoregulation through various circulatory me-
chanisms [1-3].

Hypothermia treatment is a vital and effective
neuroprotection method used in the management of
various neurological disorders. Among these disorders
are stroke, traumatic brain injury (TBI), increased
intracranial pressure, subarachnoid hemorrhage, spinal
cord injuries, hepatic encephalopathy, and neonatal
perinatal encephalopathy. It has been established that
therapeutic hypothermia can significantly improve
the course of these conditions by reducing damage
to brain cells caused by tissue injury and minimizing
necrosis. Furthermore, significant progress has been
made in studying the effectiveness of this method,
particularly by combining hypothermia with other neuro-
protection approaches, leading to substantial improve-
ments in treatment outcomes for severe neurological
diseases. The development of these studies has facili-
tated a greater understanding of neuroprotection mecha-
nisms under hypothermia [4].

The physiological changes that occur in the body
during cooling depend on the degree and duration of
hypothermia. The hypothermic process in humans can
be classified based on a reduction in body temperature.
Therapeutic cooling or accidental lowering of body
temperature below 35°C is considered hypothermia.
This temperature reduction can be divided into several
stages: mild hypothermia  (35-32°C), moderate
(32-22°C), deep (22-28°C), and profoundly deep
(< 8°C). In 1994, a new subclassification was introduced:
mild hypothermia (35-32°C), moderate (32-28°C),
severe (28-20°C), and extremely severe (< 20°C) [5].
However, due to advancements in research and prac-
tical applications, a simplified classification was propo-
sed in 2009 by [6], which includes only three categories:
mild hypothermia (35-34°C), moderate (34-30°C), and
severe (< 30°C). This classification is now the primary
one and is used in several international medical
standards, including those of the American Heart
Association [7].

Over the past decades, researchers have sought
to determine the optimal time to initiate cooling for
various neurological disorders to achieve the best thera-
peutic hypothermia effect. One of the primary challenges
for clinicians is that early cooling after a brain injury
typically yields the best outcomes, yet in real clinical
settings, its implementation is often difficult. This is due
to the fact that the rapid detection and response to such
situations are not always possible due to time constraints
or limited access to the necessary medical equipment,
complicating the timely application of this method.
It is known that in ischemic stroke [8, 9], a significant
reduction in infarct size is observed if cooling is initiated
within 60-180 minutes of stroke onset. This allows for
the preservation of a larger number of brain cells and
minimizes ischemic consequences. Conversely, in cereb-
ral ischemia, even if hypothermia is initiated 6 hours
after ischemia onset, some neuroprotective effect is still
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Lle no3Bonsie 36epertu Ginblly KinbKiCTb KNiTUH ronoB-
HOro MO3Ky Ta MiHiMidyBaTW Hacnigku iwemii. HaTomicTb,
npu uepebpanbHin iwemii 6yno BMSBNEHO, IO HaBiTb
SKWO rinoTepMis  po3nodnHaeTbca 4epe3 6 roauH
nicna noyaTtky iweMii, TakoX crnocTepiraeTbCs AesKui
HENPOMNPOTEKTOPHUI eEKT, Xo4a i 3 MEHLL BUPaXKEHUM
pesynstatom [10-12]. OTxe, icCHye 3Ha4Ha BapiaTMBHICTb
y Tak 3BaHOMY TepaneBTUYHOMY BiKHi, LIO 3anexuTb
Bil KOHKPETHOro TUMY YLUKOMXKEHHS TOMOBHOIO MO3KY,
WO CTaBWUTb MNEBHi BUKIVKM AN MEOMYHMX NPaKTUK
i pocnigxeHb [13, 14].

OnTumanbHa TpuBanicTb TepaneBTUYHOI rinoTepmii
(Tr) 3anuwaeTbcst HEBM3Ha4YeHo i NoTpebye noparnb-
Woro [ocnigxXeHHst. BcTaHoBneHo, wWo edekTUBHICTb
rinoTepmii MOXXe 3MiHIOBaTUCA B 3aneXHOCTi Big TpuBa-
NOCTi OXONOOKEHHS, XO4a KOHKPETHI pekomeHgauii woao
LbOro NMUTaHHs BCE LLe 3anuialTbCs NPegMEeToM cyne-
peyok. [eski AgocnigHUUbKI rpynu BUKOPUCTOBYBanu
KopoTwi nepiogn oxonomxeHHs — Big 0,5 oo 5 roguH,
B TOM 4Yac €K iHWi npoBOAMAWM AOBLWI TepaneBTUYHI
npouenypw, ki Tpusanu 12—48 roguH. Y AOCRIDKEHHSX
iLlemiyHOro iHCyneTy, Ae MOopiBHIOBaNWU pi3Hi TpUBanocTi
TepaneBTUYHOI rinoTepmii, byno BCTaHOBMNEHO, LLO nepios,
OXONOMKEHHSA TpuBanicTio 1-3 roguHn € edeKTUBHUM
ONsi NOKpaLLEeHHs pes3ynbTaTtiB, Todi SK OXOMNOMKEHHSA
TpuBanicTio Big 30 XBWUNWH OO0 OAHIEI roaMHW He npo-
AeMoHcTpyBano OaxaHux pesyneratie [15]. Y Bunaaky
ToTanbHOi  UepebpanbHOi iwemii, konu rinotepmis
jocsrana piBHA BHYTPILIHbOILLEMIYHOTO OXOMNOMXEHHSA
(pekTtanbHa Temnepatypa 28-32°C), 6yno nokasaHo,
WO TpuBane OXONOAXEHHSI MpPOTArom 4—6 roguH MnoB-
HicTI0 3anobirae yLWKOMKEHHIO KMiTWMH rinokamny, Lo €
KPUTUYHO BaXkNMBMM Ans 36epexeHHs yHKUin nam’aTi
Ta KOrHiTMBHMX 3pgibHocTen. OpHak, SAKWO nepiog
rinotTepmii CTaHOBUB NULIE OBi rOANHWN, 3aXUCHUI edoekT
OyB 3HA4YHO MEHLL BUPAKEHUM, @ SIKLLO OXONOMKEHHS
TpUBarno ofHy roauHy abo MeHLUe, TO XXOLHOro 3aX1CHOro
edekTy He cnoctepiranocsa B3arani [16]. Le we pa3s
nigTBepaXXye BaXNUBICTb HE NULLE Yacy noyaTtky Tepanii,
ane W TpuBanocTi ii nNpoBedeHHs AN AOCArHEHHS
MaKCMMaIbHOro HeMPOMNPOTEKTOPHOIO edDEKTY.

PaHiwe nosigomnsinocs, wo TpuBana TepanesTn4Ha
rinotepmia (Tl), posnovata 4epe3d 4-6 roguH nicns
iwemii i NnpoBegeHa BNpPodoOBX 24 roavH, Moxe 3abes-
neunTn crTabinbHy dyHKUiOHanNbHy Ta  FiCTOMNOriYHY
HelponpoTekLuito, Wo 36epiraeTbcs 4o 6 MicauiB nicns
nikysaHH4 [17]. Lli pesynbratu cBigyath Npo Te, WO HaBiTb
y BUMNagkax, Komu nodaTok niKyBaHHS BigTepMiHOBaHO
Ha Kinbka roguH nicns noyatky iwemii, TpuBane Oxo-
NOmKEHHA Moxe OyTn edekTuBHUM. Lle € BaxnmBum
BIOKPUTTAM, OCKiNbkuM B GaraTbOx KMiHIYHMX CUTyauUisx
He 3aBXM BOAETLCS MPOBECTM TEPANEBTUYHY FNOTEPMIt0
y nepuwi roguHuM nicrns no4vatky 3axBoploBaHHA abo
TpaBmu. 3okpema, Npy AesKMX TUNax YLIKOAXKEHb rofoB-
HOro MO3Ky Teparisi Moxe ByTu po3noyara Tifbku Yyepes
NeBHUA Yac, i Uue He 3HUXKYE edEeKTUBHICTb NiKyBaHHS,
SIKLLO OXONOAXKEHHSI MPOBOAMTBLCS MPOTArOM OOCTaTHbO
Tpusanoro yacy [11, 12].

TepmoperynatopHa cuctema noavHU € CKIagHoH
i Bknto4ae B cebe HM3KY CTPYKTYp i MexaHi3wmiB, SKi
npautloTb y TICHIN B3aemogii Ana nNiaTPUMKU NOCTINHOT
Temnepatypu Tina. [Jo OCHOBHMX CKIagoBuX Liel cuctemm
HanexaTb TepMopeLenTopu, adepeHTHi HEPBOBI LUNSAXM,
iHTerpaTVBHi LEHTPU B MO3KY, edpepeHTHI HepBOBI LLUMNSXU

observed, albeit with a less pronounced outcome [10-12].
Thus, there is considerable variability in the so-called
therapeutic window, depending on the specific type of
brain injury, which presents challenges for medical
practice and research [13, 14].

The optimal duration of therapeutic hypothermia (TH)
remains uncertain and requires further investigation.
It has been established that the effectiveness of hypo-
thermia varies depending on the duration of cooling,
although specific recommendations on this issue remain
a subject of debate. Some research groups have
employed shorter cooling periods—ranging from 0.5
to 5 hours — whereas others have conducted longer
therapeutic procedures lasting 12—-48 hours. Studies on
ischemic stroke comparing different durations of thera-
peutic hypothermia have shown that a cooling period
of 1-3 hours is effective in improving outcomes, while
cooling for 30 minutes to 1 hour has not demonstrated
the desired results [15]. In the case of total cerebral
ischemia, where hypothermia achieved intra-ischemic
cooling levels (rectal temperature 28-32°C), prolonged
cooling for 4—6 hours completely prevented hippocampal
cell damage, which is critically important for memory
function and cognitive abilities. However, if the hypo-
thermia duration was only 2 hours, the protective effect
was significantly less pronounced, and if cooling lasted
1 hour or less, no protective effect was observed at
all [16]. This once again confirms the importance of
not only the timing of therapy initiation but also the
duration of its administration to achieve maximal neuro-
protective effects.

Previous reports indicated that prolonged thera-
peutic hypothermia (TH), initiated 4-6 hours after
ischemia and maintained for 24 hours, could provide
stable functional and histological neuroprotection,
lasting up to 6 months after treatment [17]. These fin-
dings suggest that even in cases where treatment is
delayed by several hours after ischemia onset,
prolonged cooling may still be effective. This is a signi-
ficant discovery, as in many clinical situations, it is not
always possible to apply therapeutic hypothermia
within the first few hours after disease onset or trauma.
Specifically, in certain types of brain injuries, therapy
may only begin after a delay, and this does not reduce
treatment efficacy as long as cooling is maintained for
a sufficiently long period [11, 12].

The human thermoregulatory system is complex
and consists of several structures and mechanisms
that work in close interaction to maintain a stable body
temperature. The main components of this system
include thermoreceptors, afferent neural pathways,
integrative centers in the brain, efferent neural pathways,
and effector organs, such as skeletal muscles, blood
vessels, and adipose tissue [18]. These organs and
tissues may undergo inactivation or modulation during
therapeutic hypothermia, which can significantly alter
the effectiveness of this treatment. Theoretically, any
changes at these structural levels may affect compen-
satory responses of the body and lead to the develop-
ment of tolerance to hypothermia. It is essential to under-
stand that the body’s adaptation to temperature reduction
may influence its ability to respond effectively to future
cooling episodes, potentially impacting therapy out-
comes both positively and negatively.
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Ta egeKTOpHi opraHu, cepen SIKUX € CKENneTHi M'a3w,
KPOBOHOCHI CyauHu Ta xwuposa TkaHuHa [18]. Lii opraHu
i TKAHWHW MOXYTb OyTW NigaaHi iHakTMBauii abo mogynsauii
nig Yac NpoBeAEHHS TepaneBTUYHOI rinoTepMii, WO Moxe
3HAYyHO 3MiHIOBaTU edqEeKTUBHICTb LbOro MiKyBaHHS.
TeopeTuyHo, Oyab-siki 3MiHM Ha PpiBHI UWX CTPYKTYp
MOXYTb BMMMBATU Ha KOMMEHCATOPHI peakLii opraHiamy
Ta NpU3BecTU A0 PO3BUTKY TONEPaHTHOCTI A0 rinoTepmi.
BaxnuemMM € po3ymiHHA TOro, WO aganTtalis opraHiamy
0O 3HWKEHHs TemnepaTypu MoOXe 3MiHBaTh Woro
30aTHICTb ePEKTUBHO pearyBaTtu Ha MamnbyTHi enizoam
oxonomkeHHs. Lle Moxe MatM sK NO3WTUBHWKA, Tak
i HeraTMBHWUIA BNNWB Ha pe3yneTaTt Teparnii.

3 ypaxyBaHHsIM CKNagHOCTI perynsuii Temnepartypu
Tina Ha pi3HUX PiBHAX TEPMOPErYNATOPHOT cuctemm, 6ynm
po3pobreHi dapmMakonoriyHi nigxoau, WO BRAMMBAOTbL
Ha pi3Hi eTann uboro npouecy. BukopucTaHHs Takmx
nigxo4iB  [OO3BOMMIO 3HAYHO BAOCKOHANWUTM  MeToau
iHOyKUii rinoTepmii, 3a6e3ne4mBLUM MOXMMBICTb TOYHOIO
perynioBaHHa Temnepatypu Tina Ta 1 NigTpMMaHHA
Ha onTMMarnbHOMY piBHI AN OOCArHEHHs Henpomnpo-
TekTopHoro edpekty [19]. Ui dpapmakonoriuni ctpaterii
TaKOX CNpUsloTb PO3BUTKY HOBUMX METOAIB MiKyBaHHS,
WO MOEAHYOTb TepaneBTUYHY TrinoTepMmilo 3 iHWKUMK
nigxogamnm [0 HEWpONnpoTeKuii, BigKpMBakyn HOBI
MOXINUBOCTI ANS MiKyBaHHA NaUi€eHTIB 3  TSXKAMU
HEBPOSOrYHNMM 3aXBOPHOBAHHSAMMU.

MeTa po60TH — 0xapakTepuayBaTu Cy4acHe ysIBNeHHS
npo ponb TepaneBTUYHOI rinoTepMil y HerponpoTekuil
npu YepenHo-MO3KOBUX TpaBMax Ta illeMi4YHOMY iHCYnbTi
3a AaHUMK BigKPUTUX gxepen iHbopmalulii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Migbip ny6nikauin BMKOHaAHO 3a 6aszamMu [aHKX
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/) Ta Google Scholar
(https://scholar.google.com/), y skux BMWCBITNIOBaNMCb
BIJOMOCTI Npo pornb TepaneBTUYHOI rinoTepmii y Henpo-
NPOTEKLii NPU YepenHO-MO3KOBUX TpaBMax Ta illemMivyHO-
My iHCynbTi. Ha nepliomMy eTtani npoBognnu noLuyk nite-
paTypHUX [Xepern 3a KIHYOBUMK CIoOBaMW: rinoTepmist,
HEeMpoNpOoTEKLis, YepenHO-MO3KoBa TpaBMma, iLUEMIYHWUI
iHCYNbT, FONIOBHUIA MO30K, HEMPONNACTUYHICTb, KOeiHon,
KpaHiouepebpanbHa rinoTepMisi, €eKCanTOTOKCUYHICTb.
Ha gpyromy eTtani BMB4anucb pestoMe cTaTen Ta BUKLo-
Yanucb ny6nikauii, siki He Bignosiganu kpuTepisMm [o-
cnigpxkeHHs. Ha TpeTbomy eTani BUMBYanM MOBHi TEKCTU
BigiOpaHMX cTaTel Ha BIigNOBIOHICTb KpUTEpPISM BKItO-
YeHHs1 10 Cnucka niTepaTypu Ta peneBaHTHICTb Aocnia-
XeHb. KpuTepismu BknoveHHs nyGnikauii go Bubipku,
siKa nignsirana KOHTeHT-aHani3y, 6ynu Taki: 1) BUCBITNEHHS!
Cy4yacHUX BiQOMOCTEN LWo[o TepaneBTUYHOI rinoTepmil
npyv 4YepenHo-MO3KOBUX TpaBMax Ta iWEeMiYHOMY iH-
CynbTi; 2) BiANOBIAHICTb AOCHigXEHb KMOYOBUM 3acajam
[0Ka30BOI MeauuuHK; 3) BIOKPUTUIM OOCTYN OO MNOBHO-
TekcToBoi cTtaTTi. Ornag nigroToBneHo y BignoBiAHOCTI 40
kntoyoBmx 3acag HactaHoBu PRISMA (Preferred Repor-
ting Items for Systematic reviews and Meta-Analyses) [20].

Given the complexity of temperature regulation at
various levels of the thermoregulatory system, pharma-
cological approaches have been developed to influ-
ence different stages of this process. The use of such
approaches has significantly improved hypothermia
induction methods, enabling precise temperature
control and maintenance at an optimal level for achie-
ving neuroprotective effects [19]. These pharmaco-
logical strategies also contribute to the development
of new treatment methods that combine therapeutic
hypothermia with other neuroprotection approaches,
opening new possibilities for treating patients with severe
neurological disorders.

Objective — of the study to characterize the current
understanding of the role of therapeutic hypothermia
in neuroprotection in traumatic brain injury and ischemic
stroke based on open-source data.

MATERIALS AND METHODS

The selection of publications was performed using the
databases PubMed (https://pubmed.ncbi.nim.nih.gov/),
Clinical Key Elsevier (https://www.clinicalkey.com),
Cochrane Library (https://www.cochranelibrary.com/),
eBook Business Collection (https://www.ebsco.com/),
and Google Scholar (https://scholar.google.com/), which
provided information on the role of therapeutic hypo-
thermia in neuroprotection for traumatic brain injuries
and ischemic stroke.

The first stage involved searching for literature sour-
ces using keywords: hypothermia, neuroprotection,
traumatic brain injury, ischemic stroke, brain, neuroplas-
ticity, caffeinol, craniocerebral hypothermia, excitotoxicity.
The second stage involved reviewing article abstracts
and excluding publications that did not meet the study
criteria. In the third stage, full texts of selected articles were
examined for inclusion criteria and research relevance.

The inclusion criteria for publications subjected to
content analysis were: 1) coverage of current knowl-
edge on therapeutic hypothermia in traumatic brain
injuries and ischemic stroke; 2) alignment with the prin-
ciples of evidence-based medicine; 3) open access to
full-text articles. The review was conducted in accordance
with the PRISMA (Preferred Reporting Items for Syste-
matic Reviews and Meta-Analyses) guidelines [20].
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PE3YABTATU TA TX OBFOBOPEHHS

NaTodisiororivyHi MexaHismu

HEeMPONPOTEKTOPHOI Al rinoTepMmii

CenekTnBHE OXOMOMKEHHSI MO3KY, TaKkoX BigoMe siK
KpaHiouepebpanbHa rinotTepmisi, € HOBUM i NePCNeKTUB-
HUM TepaneBTUYHUM MiOXOOOM, LLO MOoMsirae B OXOSoAa-
XKEHHi NnuLle TronoBHOrO MO3Ky abo rornoBu, YHUKaKYn
npy UbOMY HECNPUATIIUBUX CUCTEMHUX ediekTiB, SKi
MOXYTb BWHWKHYTWM BHACNiLOK OXOMOMXKEHHS BCbOro
Tina. Takvi nigxia [03BONSE 3ocepeauTn TepaneBTud-
HUA edeKT Ha MO3KY, MIHIMI3yloun pU3UKU ANS iHWKNX
OpraHiB i CUCTEM OpraHiamy, L0 € BaXKIIMBUM acrekToM
npyv niKyBaHHI  TSHDKKMX  HEBPOMoriYHMX cTaHis  [21].
Ockinbkn paHiwe Oyno noBigOMMEHO, WO HEWponpo-
TeKLisl, CIPUYMHEHA FiNOTEPMIEID, 3aNeXUTb Bif 3HUKEHHS
TemnepaTypyu came MO3KY, @ He 3ararlbHOro OXOroAXKeH-
HSA Tina, Ue pobuTb CENEKTUBHE OXONOMKEHHS MO3KY
we 6inbw npuBabnuBMM MigxoaoM Ans fikyBaHHSA [22].
Takui MeToq A03BOMSE YHUKHYTM MOTEHLINHO HebaxaHux
edeKTiB, TakMx SK NopyLLeHHs poboTu cepLeBO-CyaANHHOT
CUCTEMU, SKi MOXYTb BMHWKATM MPU CUCTEMHOMY OXO-
TNOMKEeHHI Bcboro Tina, i BogHo4vac 3abe3nevyntn Heob-
XigHWIA HEMPONPOTEKTOPHUIA edekT [23].

Ha cborogHi icHye kinbka MeTodiB CenekTUBHOro
OXOFOMXKEHHS TONIOBHOTO MO3KY, po3pobneHnx ons Hen-
ponpoTekuii. Cepea HMUX MOXHa BULIMUTU PO3MILLEHHS
oxonodyBanbHOI cnipani nig CKpOHEeBUM M'A30M [24],
TPaHCBEHTPUKYNSAPHE OXONOAXEHHS [25] Ta iHWi nigxoaw.
OpHak ogHUM 3 Hambinbll NEepcnekTUBHUX | LUMPOKO
obroBoptoBaHNX METOAIB € TpaHcapTepianbHe oxonoa-
XEHHS MO3KY, sike nonsrae y nepdysii XonogHoro pos34mHy
Yepes incunatepanbHy COHHY apTepito. Llen metop
[O3BOMNSE AOCAITU CENEKTUBHOI TinoTepMii rofloBHOMO
MO3KY | Mae 3Ha4YHUW noTeHuian ANns BUKOPWUCTaHHA
B KNiHiYHMX ymoBax [14, 21, 23]. TpaHcapTepianbHe
OXONOMKEHHS € He TiNbkM epekTUBHUM, ane N NpakTuy-
HWUM, OCKIiNIlbKM MOro MOXHa BMKOHATWM €HO0BACKYNsIpPHO.
Lle BaxnuBO, OCKiNbkM eHOOBacKynsipHa Tepanisi BXe
LUMPOKO BWKOPUCTOBYETLCA B CyYacCHiN KMiHIYHIA npak-
TUUi Ana nikyBaHHS rOCTPOro ileMiYHOro iHCyneTy, LWO
[03BONSIE BNPOBaAUTU HOBY METOAMKY 6e3 HeobxigHoCTi
3HaYHUX 3MiH Y MeQnyHKX npoueaypax.

HopnatkoBo uUel MeTod Mae 3HavyHy nepesary B
MOPIBHAHHI 3 iHWWMM MigXo4aMu, OCKIfbKM BiH MOXe
3a6e3ne4unT HeMPONpPOTEKLit0 NPY 3HAYHO MEHLLIN TpMBa-
NOCTi OXONOMKEHHS | 3HWXKEHHI TemnepaTypu rofloBHOrO
MO3Ky nuiie Ha 2—-3°C, Lo € JocTaTHIM Anst AOCATHEHHS
H6axaHoro TepaneBTuMyHoro edekty [21]. Lle pobutb
TpaHcapTepianbHe OXONOAXXEHHS FONTIOBHOMO MO3Ky 0C06-
NMBO NEpCrnekTUBHUM BapiaHTOM ANs MauieHTiB, SIKUM
HeobxigHe wWwBuaKe i edekTUBHE mMiKyBaHHA B yMOBax
KMiHIYHOI MNPaKTUKW, Oe 4Yac € KPUTUYHUM hakTopom
ONst yCnilHOro pesynsrary.

HesBaxatoum Ha Te, O MexaHi3aMu TrinoTepMiYyHOT
HenponpoTekLuii Bce Le nepebyBatoTb Ha eTani akTUBHUX
JoCnigXeHb, HUHi BBaXXaeTbCsl, LLIO OCHOBHUMMU ii Mexa-
Hi3MaMKn € 3HWKeHHS MeTaboniamy HepBOBUX KIITUH, WO
3MEHLUYE YTBOPEHHS BINMbHUX pagvKaniB, 3MEHLUEHHSI
3ananbHUX 3MiH, a TakoX MPUrHiYEeHHS1 eKCaNTOTOKCUY-
HocTi Ta anonTto3y [26]. Lle no3sonse 36epertn dyHKUii
KNiTUH TONOBHOTO MO3KY B YMOBax MOPYLUEHHSI KPOBO-
o6iry, TakMx $K iwemis, i nigBuWKUTK iX CTIAKICTb 80

RESULTS AND DISCUSSION

Pathophysiological mechanisms
of the neuroprotective effect of hypothermia

Selective brain cooling, also known as cranio-
cerebral hypothermia, is an innovative and promising
therapeutic approach that involves cooling only the brain
or head while avoiding the adverse systemic effects
that may arise from whole-body cooling. This method
allows the therapeutic effect to be concentrated on
the brain while minimizing risks to other organs and
systems, which is a crucial aspect in the treatment
of severe neurological conditions [21]. It has been
previously reported that hypothermia-induced neuro-
protection depends on lowering brain temperature
rather than overall body cooling, making selective brain
cooling an even more attractive treatment approach [22].
This method avoids potentially undesirable effects,
such as cardiovascular dysfunction, which can occur
with systemic whole-body cooling, while still providing
the necessary neuroprotective effect [23].

Several methods of selective brain cooling have been
developed for neuroprotection. These include the
placement of a cooling coil under the temporal
muscle [24], transventricular cooling [25], and other
approaches. However, one of the most promising
and widely discussed methods is transarterial brain
cooling, which involves perfusion of a cold solution
through the ipsilateral carotid artery. This method enables
selective brain hypothermia and has significant poten-
tial for clinical application [14, 21, 23]. Transarterial
cooling is not only effective but also practical, as it
can be performed endovascularly. This is particularly
important since endovascular therapy is already widely
used in modern clinical practice for the treatment of
acute ischemic stroke, allowing the introduction of
this new technique without significant modifications to
existing medical procedures.

Additionally, this method offers a considerable
advantage over other approaches because it can provide
neuroprotection with a significantly shorter cooling
duration and a reduction in brain temperature by
only 2-3°C, which is sufficient to achieve the desired t
herapeutic effect [21]. This makes transarterial brain
cooling a particularly promising option for patients
requiring rapid and effective treatment in clinical practice,
where time is a critical factor for a successful outcome.

Although the mechanisms of hypothermic neuro-
protection are still being actively investigated, it is
currently believed that the primary mechanisms
include reducing neuronal metabolism, which decreases
free radical production, reducing inflammatory changes,
and suppressing excitotoxicity and apoptosis [26].
This helps preserve brain cell function under conditions
of circulatory impairment, such as ischemia, and
enhances their resilience to various pathological
factors that cause neuronal damage.

For a long time, it was believed that therapeutic
hypothermia acts primarily through temperature-
dependent metabolic reduction. This leads to decreased
oxygen and glucose demand in brain cells, thereby
reducing the damage caused by ischemic injury [27].
The amount of adenosine triphosphate (ATP) required
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Pi3HMX NaTonoriYHMx PakTopiB, O CMNPUYUHSOTL HEp-
BOBE YLLKOPKEHHS.

TpuBanui 4ac BBaXkanocs, WO TepaneBTU4YHaA rino-
TepMis i€ nepeBaKHO 3aBAsiKM TeMnepaTypHO-3anex-
HOMY 3HWXEHHIO MeTaboniamy. Lle npn3sognTb 4O 3MeEH-
LLEHHS NOTPebW B KUCHI Ta IMOKO3i B MO3KOBUX KNiTUHAX,
O, B CBOK Yepry, JONOMarae 3HU3WUTW LUKOAY BiA iLle-
Mi4HOro yuwkomkeHHs [27]. KinbkicTe ageHo3MHTpudoc-
daty (AT®), HeobxigHa Ans HOpManbHOrO (YHKLIOHY-
BaHHS HEWPOHIB, NPAMO 3anexutb Big LWBWMAKOCTI
meTaboniyHux npouecis y Mosky. IMig yac iwemii KniTuHn
ronoBHOrO MO3Ky 3a3HatoTb 3armbeni yepes gucbanaHc
Mk noctadaHHsM AT® Ta noro notpeboto, OCKinbKu
oKkncHe ocdopunioBaHHA MOPYLUYETHCA 3a  YMOB
KMCHEBOI HEeOOCTaTHOCTI, WO € XapakTepHUM ONns Finok-
cii. Bigomo, Wo npu rinoTepMii 3HWXKEHHA TemnepaTypu
MO3Ky Ha KoxeH rpagyc Lenbcis (Big 37 go 27°C) 3amen-
WYE CMOXMBAHHA KUCHIO MO3KOBMMM TKaHUHaMU Ha
6-7% [28]. Lle cBigunTb Mpo Te, IO rinoTepmis Moxe
3HaYyHO 3HU3UTU MeTaboniyHi NOTPpedtn MO3KOBUX TKAHWH,
i TaKMM YMHOM OOMEXMTY LIKOZY Bif, iLleMmii.

3aBAsKM LIbOMY 3HWKEHHIO NOTPeOW B KUCHI i 3MeH-
LUEHHIO crnoxumBaHHA AT®, rinotepmis moxe 3anobirtu
pO3BMTKY iLuemii abo 3MeHLWNTH ii TSHXRKICTb Nig Yac eniso-
[iB MOpYLIeHHA 4YKM MOBHOI BIACYTHOCTI KPOBOTOKY B
ronosHoMmy Mo3ky. Lle possonsie 3b6epiratu xuTTesgar-
HICTb MO3KOBMX KMiTMH, HaBiTb KOMM MocCTa4yaHHsA
KACHIO | MOXMBHUX PEYOBUH € obmexeHum [26, 29].
Takum 4nMHOM, TrinoTepMmis BUCTYNae $K edeKTUBHUMN
MeTod HeWmponpoTekuii, Skuin go3sonse 3anobirtn abo
MiHIMi3yBaTl MOLUKOAKEHHA MO3KOBUX KMITUH nig 4ac
roCTpuX ileMiYHMUX NOAIN, TakMX K iHCYMbT YM YepenHo-
MO3KOBI TpaBMW, 3HWXYyluM MOTpedy B KUCHI Ta eHep-
reTMYHUX pecypcax Ha KIiTUHHOMY PiBHi.

He MeHW BaXnuMBMUM YMHHUKOM  MOLLKOMKEHHS
TKAHWH TOMOBHOIO MO3KYy € OKCMOATUBHWUIA CTpec,
OCKifbKM BiH Crpusie nNigBULLEHHIO NPOAYKLIT TOKCUYHUX
OKWUCHIOBANbHNX MPOAYKTIB, TaKMX $IK akTUBHI hopmMu
kucHio (ADK) Ta akTUBHI hOopMK @30Ty, @ TakoX 3HWKYE
eEeKTUBHICTb BHYTPILLUHBOKNITUHHUX MEXaHi3MiB HenTpa-
nisauii umx dopm kucHio. APK, 3okpema, € Oyxe peak-
TUBHUMMW MOIEKYnamu, siki MOXYTb CMIPUYUHUTI CEPNO3HI
MOLUKOKEHHS KNITUHHUX CTPYKTYp, BKIHOYa4M MeMm-
OpaHu, Ginkum Ta reHeTuyHWn matepian. IcHye Garato
dakTopiB, WO cnpualoTb reHepadii APK, cepen skux
nopyLLeHHs B poboTi AnxanbHOro naHuora MiToXoHApIw,
aKkTMBauis epMeHTIB, LIO CTUMYIOIOTb OKUCHIOBarIbHI
peakuii (Hanpuknag, KcaHTuHokcupasa, HAOPH-okcu-
[asa), a TakoX LUPKynsLisi OKMCHO-BIQHOBHMX areHTiB,
Takunx K BinbHe 3aniszo [30]. KymynaTtueBHUA edekT umx
npoueciB NpU3BOAMTb A0 CEPMAO3HOTO MOLLKOMKEHHS KIli-
TUH FONIOBHOTO MO3KY, OCKiflbKW TOKCUYHI MOMEKynu, 3oKpe-
Ma nepokcuau, MOXyTb pyrAHyBaTu Binku, niniam Ta HaBiTb
PHK/OHK, wo noripwye ¢yHKUiOHyBaHHA HEMpOHIB Ta
cnpuvsie po3BUTKY HEWPOAEreHepaTUBHMX 3aXBOPHOBaAHb.

TepaneBtuyHa rinotepmis (TI) BUSABNSiE 3HAYHWN
3aXUCHUIN edEKT, 3HWKYIUM OKUCHIOBANbHE MOLUKOA-
XKEHHs1 TOnoBHOrO MO3Ky. Lle pocsaraetbcs Wnsxom
ranbMyBaHHS Pi3HOMaHITHMX OKMCHIOBaribHMX MPOLECIB,
30KpeMa aKkTuBaLil OKMCHIOBaNbHUX (OEPMEHTIB, TakMxX
K KCaHTUHOKCMAa3a, Ta 3HWXKeHHSa npoaykuii APK,
WO NigTBEPAXEHO YMCNEHHUMWU KIiHIYHUMWN OOCHIOKEH-
HAMK [31]. TT TakoX NOCUMMOE aHTUOKCUOAHTHUA 3aXUCT
OpraHi3amy, Lo € BaXnMBMM (hakTopoM A5 36epeXXeHHst

for normal neuronal function is directly dependent on
the metabolic rate in the brain. During ischemia, brain
cells die due to an imbalance between ATP supply
and demand, as oxidative phosphorylation is disrupted
under conditions of oxygen deprivation, characteristic
of hypoxia. It is known that for every one-degree Celsius
decrease in brain temperature (from 37°C to 27°C),
oxygen consumption by brain tissues is reduced
by 6-7% [28]. This indicates that hypothermia can
significantly reduce the metabolic demands of brain
tissues, thereby limiting ischemic damage.

By reducing oxygen demand and ATP consumption,
hypothermia can prevent ischemia or lessen its severity
during episodes of impaired or complete cessation of
cerebral blood flow. This helps preserve the viability
of brain cells even when oxygen and nutrient supply
is limited [26, 29]. Thus, hypothermia serves as an effec-
tive neuroprotection method, preventing or minimizing
neuronal damage during acute ischemic events such
as stroke or traumatic brain injuries by reducing oxygen
and energy demands at the cellular level.

Another critical factor contributing to brain tissue
damage is oxidative stress, as it increases the produc
tion of toxic oxidative products such as reactive oxygen
species (ROS) and reactive nitrogen species (RNS)
while reducing the efficiency of intracellular mechanisms
that neutralize these oxygen radicals. ROS, in particular,
are highly reactive molecules capable of causing severe
damage to cellular structures, including membranes,
proteins, and genetic material. Numerous factors contri-
bute to ROS generation, including mitochondrial respira-
tory chain dysfunction, activation of oxidative enzymes
(such as xanthine oxidase and NADPH oxidase), and the
circulation of redox-active agents such as free iron [30].
The cumulative effect of these processes leads to
significant brain cell damage, as toxic molecules,
including peroxides, can degrade proteins, lipids, and
even RNA/DNA, impairing neuronal function and contri-
buting to neurodegenerative diseases.

Therapeutic hypothermia (TH) exhibits a significant
protective effect by reducing oxidative brain damage.
This is achieved by inhibiting various oxidative pro-
cesses, particularly the activation of oxidative enzymes
such as xanthine oxidase, and decreasing ROS produc-
tion, as confirmed by numerous clinical studies [31].
TH also enhances the body’s antioxidant defense,
which is crucial for preserving neuronal function under
stress conditions. This has been demonstrated in multiple
clinical studies involving patients with different central
nervous system injuries, including stroke and traumatic
brain injury [26, 32, 33].

One important aspect of therapeutic hypothermia
is its ability to reduce endogenous antioxidant consump-
tion, allowing the body to combat oxidative stress more
effectively. This creates favorable conditions for better
brain cell recovery following ischemic or traumatic injury.
The reduced antioxidant consumption in TH ensures
that these molecules remain available to neutralize free
radicals generated during oxidative processes [27].
Additionally, TH can inhibit the activity of superoxide
dismutase, a key enzyme involved in converting super-
oxide radicals into less toxic molecules, thereby reducing
hydrogen peroxide and hydroxyl radical levels and
minimizing oxidative cellular damage [1, 32, 33].
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HEeMpOHHOI yHKUiT B ymoBax cTpecy. Lle 6yno npo-
OEMOHCTPOBAHO B KNIHIYHMX OOCHIOKEHHAX, SKi BKIIHO-
Yanu nauieHTiB 3 PI3HUMMU YpaKeHHAMMW LeHTparbHol
HEepBOBOI CUCTEMM, TaKMUX SK IHCYNbT i YepernHO-MO3KOBI
Tpasmu [26, 32, 33].

OpoHuM 3 BaXkNMMBUX acnekTiB TepaneBTUYHOI rino-
TepMii € Te, O BOHA 3HWXYE CMOXWBAHHSA €HOOTeHHMX
aHTUOKCMAAHTIB, WO [AO03BOMSE OpraHiamy edekTus-
Hilwe 6opoTucs 3 OKUCHIOBanNbHUM cTpecoM. Lle cTeoptoe
YMOBWM [N KPaLOro BiOHOBMEHHSI KMiTUH TOMNOBHOMO
MO3Ky nicnsl ilWemi4yHoro 4vM TpaBMaTUYHOrO MOLLKOA-
XKEHHs1. BHWXKEHHSI CMOXXMBAHHSA aHTUOKCUAAHTIB B yMOBaX
TI cnpusie Tomy, WO Li MONEeKynu 3anviarTbCcs AoCTYnN-
HUMWU ONA HeuTpanisauii BiNbHMX pagukanie, WO BUHU-
KalTb B pesynbTaTi OKUCHIOBanbHMX npoueciB [27].
Kpim Toro, TI moxe GrnokyBaTu akTUBHICTb Cynepokcua-
ancMmyTasn — BaxnmBoro depmMeHTy, wo Gepe ydvacTb
y NEepeTBOpPEHHi CynepoKCUAHMX paavKkaniB Ha MeHLU
TOKCWYHI MOMEKYIU, L0 3HWXKYE piBEHb NEPOKCUAY BOOHIO
Ta riApOKCUNbHUX pagukanis, TUM CaMuM 3MEHLLYYM
oKcuaaTMBHE NOLLKOMKEHHS KNiTKH [1, 32, 33].

OTxe, MexaHiamMu HeWponpoTekuii, wo 3abesnevy-
I0TbCS1 TEPAMNEBTUYHOK TNOTEPMIED, NONAralTb y 3HW-
XKEHHI OKCWAATUBHOIO CTpecy Ta akTuBauii 3axMCHUX
aHTUOKCMAAHTHMX MexaHi3MiB, Le 003Bonse epeKkTUBHO
36epirati CTpyKTypy Ta OYHKLi0 KMiTUH FONIOBHOITO MO3KY
B YMOBaXx iLeMii Ta TpaBMMu.

BapTo Big3HaunTK, WO Npu ilLEMIHHNX NOLLKOOXKEHHSX
ronoBHOr0 MO3Ky BigOyBaeTbca kackagd GioxiMibyHMX
peakuin, Ski MOXYTb NPU3BECTU OO0 MiABULLEHHSA PiBHA
No3akniTMHHOro rnyTamary, LWo B CBOK 4epry niaBuLLye
yyTnuBiCTb HempoHiB Ao aktusauii NMDA-peuenTopis.
Lle npusBoguTb OO MoganbLUOro HEpPBOBOrO MOLUKOA-
XeHHs1 i 3armbeni HenpoHiB [32]. Ockinbku akTMBaUis
NMDA-peLenTopiB € OCHOBHUM MEXaHi3MOM eKCanlTOTOK-
CUYHOCTI, WO YacTo CMoCTepiraeTbCs Nig 4ac iemir,
BaXINNBO KOHTPOSOBAaTW piBEHb 30yaXKylouMX Henpo-
mMegiatopiB. TepaneBTUYHa rinoTepMia Mae 3OaTHICTb
3HUXKYBATU piBEHb Takmx HevpomepgiaTopiB sk godamiH
i rmyTamart, Lo Jonomarae 3MeHLWWTU rinep3byanueictb
HEepBOBOI cCMCTEMM Ta MonepeauTy noganblue NoLkon-
XKEHHs1 KNITUH ronoBHOro mo3ky. Lle BinGyBaeTbca Tomy,
WO 3HWXKEHHs Temnepatypyn OOMexXye BUBINbHEHHSA
UMX HevpomepgiaTopiB i 3HWXKYE iX 30aTHICTb OO aKTu-
BaUii peuenTtopis [32].

MiunH € Baxnmeum ansa aktmeauii NMDA-peuen-
TOpIB, i MOro NiABULLEHHSA NPM3BOAUTL A0 akTuBauii LmX
peLenTopiB, L0 B CBOK Yepry MOCUIIIOE TOKCUYHUIA
BnnuB rnytamaty. OgHak, T[T 3HMXye piBeHb rMiuuHy B
MO3Ky, LU0 NepeLukogXae HagMipHOMY akTMBaLinHOMY
BnnuBy rmyTtamaty Ha NMDA-peuentopu, 3MeHLUy4Yn
TakuM YMHOM PU3MK eKcamToTokcuyHocTi [32, 33]. Lle €
BaXINMBUM MEXaHI3MOM HEMpPONpPOTEKLi, OCKiNbKM Groky-
BaHHA HagmipHoi aktusauii NMDA-peuenTopiB 3HUXYye
MOLLUKOKEHHS KNITUH TOMOBHOIO MO3KY, CMpPUYMHEHE
30yKyBanbHMMK HerpomMeaiaTopamu.

KpiMm TOro, rinoTepmisi 3HWXY€E CMOXMBAHHSA [IHOKO3M
B MO3KYy, WO [o03Bonse 36epiratu eHepreTuyHi 3anacu
KNiTMH, 3okpema ATO®. Lle BaxnmBo nig 4ac iwemii,
OCKiNTbKM OOMEXEHHSI MocTadaHHsl KACHIO | TMHoKo3n [0
TKaHWH FONMOBHOMO MO3KY BUKITUMKAE MOPYLUEHHS eHepre-
TUYHOro MeTaboniamy. SHMKEHHSI CNOXWBAHHSA TNOKO3M
[O3BONSIE YMNOBINBHUTM (PEPMEHTATMBHI MpoLecH, Lo

Thus, the neuroprotective mechanisms provided
by therapeutic hypothermia involve reducing oxidative
stress and activating protective antioxidant mechanisms,
effectively preserving brain cell structure and function
under ischemic and traumatic conditions.

It is important to note that ischemic brain injuries
trigger a cascade of biochemical reactions that can
lead to increased extracellular glutamate levels, which,
in turn, heightens neuronal sensitivity to NMDA receptor
activation. This leads to further neuronal damage and
cell death [32]. Since NMDA receptor activation is a pri-
mary mechanism of excitotoxicity commonly observed
during ischemia, controlling excitatory neurotransmitter
levels is essential. Therapeutic hypothermia (TH) has
the ability to lower the levels of excitatory neurotrans-
mitters such as dopamine and glutamate, helping to
reduce neuronal hyperexcitability and prevent further
brain cell damage. This occurs because reduced
temperature limits neurotransmitter release and decrea-
ses their ability to activate receptors [32].

Glycine plays a crucial role in NMDA receptor
activation, and its elevation enhances glutamate-induced
excitotoxicity. However, therapeutic hypothermia reduces
glycine levels in the brain, preventing excessive activa-
tion of NMDA receptors and thereby lowering the risk
of excitotoxicity [32, 33]. This is an important neuropro-
tective mechanism, as blocking excessive NMDA
receptor activation reduces brain cell damage caused
by excitatory neurotransmitters.

Furthermore, hypothermia reduces glucose consump-
tion in the brain, allowing cells to preserve their energy
reserves, particularly ATP. This is crucial during ische-
mia, as restricted oxygen and glucose supply to brain
tissues disrupts energy metabolism. Lower glucose
consumption slows enzymatic processes, thereby reduc-
ing energy demand and helping to maintain cellular
viability [33].

Studies have shown that therapeutic hypothermia
can prevent apoptosis in the early stages of ischemic
injury. This occurs by reducing the activity of caspases —
proteins that play a key role in apoptosis. TH also increa-
ses levels of the anti-apoptotic protein Bcl-2, which
helps maintain mitochondrial integrity and prevent its
disruption, one of the primary causes of cell death under
ischemic conditions [1, 32, 33]. Thus, TH functions
not only as a protective mechanism against excito-
toxicity and oxidative stress but also as a powerful
method for preventing apoptosis, ultimately preserving
neuronal function in brain injury conditions.

A summary of the key mechanisms of the neuro-
protective effects of therapeutic hypothermia is presented
in Figure 1.

Moreover, hypothermia plays a crucial role in modu-
lating inflammatory factors, enabling a reduction in the
body’s inflammatory response. In acute traumatic brain
injury, activation of the complement system stimulates
neutrophil activation pathways, leading to increased
levels of pro-inflammatory cytokines such as IL-1pB, IL-6,
IL-18, and TNF, which, in turn, exacerbate neuronal
damage [34, 35]. Studies have shown that hypothermia
can lower pro-inflammatory cytokine levels while
simultaneously promoting the production of anti-
inflammatory cytokines such as IL-10, which contributes
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B CBOI Yepry 3MeHLUye NoTpeby B eHepreTu4HmUx pecyp-
cax i gonomarae 36epertTu XUTTeaianbHICTb KNiTUH [33].

[ocnigxeHHss nokasanu, WO TepaneBTUYHA Trino-
TepMis 3gatHa 3anobiraty anonTo3y Ha paHHiX eTanax
iLuemiyHoro nowkomkeHHs. Lle BinbyBaeTbcsi yepes
3HMXKEHHS1 aKTMBHOCTI kacna3 — 6inkiB, ski BigirpatoTb
Knto4yoBy ponb y npoueci anontody. TIT Takox nigsuLlye
piBeHb aHTManonTo3Horo Ginka Bcl-2, wo gonomarae 36e-
piratu UinicHicTe MiToXoHApIN Ta 3anobiraTy ix NopyLleH-
HIO, LLIO € OOHIE 3 OCHOBHUX NPWUYUH KNITUHHOT 3arnbeni
B ymoBax iwewmii [1, 32, 33]. Tomy Tl BUCTynae He nuwe
AK 3aXVUCHUIN MeXaHi3M Bif eKCanTOTOKCUYHOCTI Ta OKUC-
HIOBanbHOrO CTpecy, ane M sk NOTYXHWWA MeTon 3ano-
GiraHHA anonTo3y, WO [03Bonse 36epertu HeWpOoHHY
YHKLiI0 B yMOBaX MOLLKOPKEHHS TONTOBHOTO MO3KY.

Y3aranbHeHe ysABNEHHS NpPO KIYOBi  MexaHi3mMu
HENPOMNPOTEKTOPHOI Aiil TepaneBTUYHOI rinoTepmii HaBe-
OeHo Ha puc. 1.

HEWPOMELIATOPU
Neurotransmitters

to the suppression of the inflammatory response [36].
However, anti-inflammatory cytokines such as IL-10
may also be reduced due to the effects of hypothermia,
indicating the complexity of its role in regulating inflam-
matory processes [37]. This suggests that hypothermia
plays a multifaceted role in inflammation modulation
aimed at protecting neurons; however, these processes
require further investigation [8].

NO3AKNITHHHI piBHI MMyTaMaTty T7a rmiunHy.
Reduces ex

ellular levels of glutamate and glycine.

Smerwye UepebpansHWi Kposoobir, WeKaKcTs

METABONI3M
Metabolis

METE!EDHI':Z*M",' Ta CMNEWBAEHHA KWCHID Ta IMKKoan
Decreases cerebral blood flow, metabolic rate, and oxygen

and glucose consumption.

MpwrHivyc anonToa Yepes aHKHEHHA aKTHBHOCTI

ANonTo3

KacnasW, nigenennss ekcnpecii Bel-2 | sanobirands

Apoptosis

BINBHI PAOWUKAITN
Free Radicals

MITOXOHARIANEHOT aucdyHKLIL.
Inhibits apoptosis by reducing caspase activity, increasing
Bcl-2 expression, and preventing mitochandrial dysfunction.

SHUHYE YTEBODEHHA BINbHWE pagvkanie | cnoMMBEAHHA
SHAOTEHHWUX aHTHOKCWOaHTIE.
Reduces the formation of free radicals and the consumption
of endogenous antioxidants

Puc. 1. MexaHiamu HenponpoTekTopHoi aii Tl (agantoBaHo 3a Urits |. [1])
Fig. 1. Mechanisms of the neuroprotective effects of therapeutic hypothermia (adapted from Urits I. [1])

Kpim ToOro, rinotepmia Bigirpae BaxnueBy porb Y
MoAynsuii dakTopiB 3ananeHHs, Lo A03BOMSE 3MEHLLUTH
3anarnbHy BianoBiAb opraHiamy. [pu rocTpin TpaBmi ronoe-
HOro MO3KYy aKkTMBaLisi KOMMNIEMEHTHOI CUCTEMWU CTUMY-
M0E WAAXM akTueauii HenTpodinis, WO NpM3BOAUTL
00 MiABULLIEHHS PiBHIB Npo3ananbHUX LWTOKIHIB, Takux
ak IL-18, IL-6, IL-18 i TNF, wo B cBol Yepry nocunioe
MOLLUKOKEHHS HewnpoHis [34, 35]. [docnigXeHHs noka-
3anu, Wo rinoTepMia 34aTHa 3HUXKYBAaTW piBeHb Mpo3a-
nanbHWX LIMTOKIHIB | BOAHOYAC CTUMYNIOBaTV BUPOBIEHHS
npoTusananbHUX LUTOKIHIB, Takux sk IL-10, wo cnpusie
ranbMyBaHHIO 3anansHoi Bignosiai [36]. OgHak npotusa-
nanbHi UUTOKIHM, Taki sk IL-10, MOXyTb Takox OyTu 3HW-
XEHi BHacnigoK BNMMBY rinoTepmMil, Lo BKasye Ha cknag-
HiCTb iT AiT y perynsauii 3anansHux npouecis [37]. Lie cBia-
YNTb NPO Te, O FiNoTEPMiA MOXe MaTu CKNagHy ponb
y Mogynsuii 3ananeHHs, HauineHy Ha 3aXUCT HEeNpOHIB,
ofHak Ui npouecy noTpebyoTb NoganbLIoro BUBYEHHS [8].

Okpim TOro, rinotepMisi 3abesnevye 3Ha4Hy Hemnpo-
NPOTEKLiI0, 3MEHLLYIOUN EKCAaNTOTOKCUYHICTb, SKa € BaX-
nMBMM PaKTOPOM Y NaToreHesi HeMPOHHMX NMOLUKOAXEHb.
HakonnyeHHs1 eKCamTOTOKCMYHMX aMiHOKMUCHOT, Takux siK

In addition, hypothermia provides significant neuro-
protection by reducing excitotoxicity, a critical factor in
the pathogenesis of neuronal injury. The accumulation
of excitotoxic amino acids such as glutamate plays
a key role in the development of ischemic injury, as exce-
ssive glutamate release activates NMDA and AMPA
(a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid)
receptors, leading to excessive calcium influx into cells
and triggering calcium-mediated cascades that result
in neuronal death [38, 39]. Hypothermia reduces
glutamate release by downregulating AMPA recep-
tors, thereby limiting calcium influx into cells and faci-
litating the activation of the human glial glutamate trans-
porter (hGLT-1), which efficiently transports glutamate
from the extracellular space back into cells, thus reducing
excitotoxicity levels [8].

Through this mechanism, hypothermia helps prevent
neuronal damage resulting from neurotransmission
disturbances and provides brain protection during i
schemic events.
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rmyTamar, Mae KI4YOBE 3HAYEHHS Yy PO3BUTKY iLLEMiY-
HOrO YLLIKOZXKEHHSI, OCKiMbKW FryTamart, BUBINbHSAYMUCH
B HagMipHin kinbkocTi, aktmeye peuentopy NMDA
i aMiHO-3-rigpoKcn-5-meTnn-4-isokcason-nponiHOBOI KUC-
notn (AMPA), Lo cnpuYvHSAE HaAMIpPHUIA NPUNMWB Kanb-
Lito B KNiTMHM Ta 3anyck KanbuieBUX Kackafis, siki npu-
3BOASATb A0 3arnbeni HenpoHie [38, 39]. NinoTepmisa 3gaTHa
3MEHLUNTU BUBIMbHEHHS MyTaMaTy 4Yepes3 MOHWXYBarb-
Hy perynsuito AMPA-peLenTopiB, Wo obmMexye KanbtLiie-
BUMA MOTIK Yy KNiTUHW Ta Cnpusie akTusauil NoACbKOro
rmianbHoro TpaHcnoptepa rnytamaty (hGLT-1), skuia
eheKkTMBHO TpaHCNopTye rnyTamaTr 3 M03akniTMHHOro
NpocTopy Ha3azd Yy KMiTUHW, TUM CaMUM 3HUXKYHYN PiBEHb
eKcanToOTOKCUYHOCTI [8].

3aBasKkM TakoMy MexaHiamy rinotepmis gornomarae
3ano6irtT HEMPOHHMM  YLIKOMXKEHHSIM, LU0 BUHMKAKOTb
y pesynbraTi NopyLUEHHS HEeNpoTpaHcMicii, i 3abe3nedye
3aXMCT rofloBHOro MO3KY NiA Yac iLeMivYHUX noAiun.

POAb TEpANEBTUYHOI rinoTepMmii

B HEMpONPOTEKLLi NPH iLUEMIYHHOMY IHCYAbTI

IlWeMiyHMA IHCYNbT € OfHIE 3 TOMOBHUX MNPUYMH
CMepTi Ta iHBanigHoOCTi B YCbOMY CBITi, i cTaTuCTuKa
BKA3ye Ha 3pOCTaHHS pIiBHA LbOr0 3axBOPHOBAHHS.
Lle cepiosHe 3axBOpOBaHHS BUMHMKAE, KOMW KPOBOOOIr
[0 NEeBHOI AiNSHKM roNoBHOMO MO3KY MOPYLLYETLCS Yepes
3aKynopky abo 3MeHLUEHHS MOTOKY KPOBi, O MpPU3BO-
OWTb [0 BIiACYTHOCTI MOCTaYaHHS KUCHIO Ta MOXUBHMUX
pe4oBWH. BHacnigok Lboro KniTMHWM rofloBHOrO MO3KY -
HYTb Yepe3 KUCHEBE ronofyBaHHS i MopyLleHHs meTabo-
niyHMx npouecis. CborogHi €EAMHMM METO40M, CXBaneHUM
YnpaBniHHAM 3 Xap4oBUX MPOAYKTIB i MeauKaMeHTIB
CLA (FDA) gns nikyBaHHS! roCTpOro iLleMi4HOro iHcyrb-
Ty, € TPOMOBOMITUYHE NiKyBaHHSA 32 4OMOMOIOK PeKombi-
HaHTHOrO TKAHWHHOIO akTuBaTopa nnamiHoreHy (T-Arll).
Llen meton cnpsiMoBaHWA Ha PO34YMHEHHSI TPOMOYy, LIO
6rnokye kpoBoOGir B MO3Ky, i BiJHOBMEHHSI HOPMarnbHOro
KpOBOMOCTa4YaHHS B YpaKeHin OinsHui.

OpHak, He3BaXkaroun Ha HasiBHICTb LIbOro IikyBaHHS,
MOro 3acToCyBaHHsi € 0OMEXeHUM Yepe3 YacoBi paMKku
Ta MPOTMMNOKasaHHs [0 BMKOPUCTaHHS, WO pobutb
HeoOXiaHMM MOLUYK iHLIMX TepaneBTUYHUX CTpaTerii ons
3MEHLLUEHHS ieMiYHMX ywKkomkeHb. OcTaHHi gocnia-
KEHHS1 Nokasanu, WO NOeAHAaHHST Pi3HOMaHITHUX HeWpo-
NPOTEKTOPHMX CTpaTerii, Taknx sk TepaneBTU4YHa rino-
TepMisi, MOXXe cTaTu NepcrnekTUBHUM OOMOBHEHHSAM OO
TpaguuinHoro nikyBaHHS ilWeMivyHoro iHcynety. [ino-
TepMis, 3HWXKYyIUM TemnepaTypy Tina, Mae 34aTHICTb
3MeHLUyBaTM MeTabomnivyHy akTMBHICTb KNiTUH rONOBHOMO
MO3KY, LLO CMpUsiE 3MEHLLEHHIO NOTpebu B KWUCHI i 3axu-
LLa€ KNiTUHM Big NoAanbLLIOro NOWKOoMKeHHs. BoHa wupo-
KO [OOCNIoKYETbCA [Ansi MOMErLeHHs ilemiyHoro ypa-
XKEHHSI, L0 BMHUKAE TaKOX BHACMIOOK 3YMWHKM cepus,
rinoKCUYHo-ilemiyHoi eHuedpanonatii abo ypaxeHHs
CMUHHOro mo3ky [40].

Ller nigxig [o3BOMNSi€ 3HAYHO MOKpaLUUTU pPe3yrib-
TaTU NiKyBaHHA MpU TaKMX CTaHaX, 3HWXYHUU PU3KK
PO3BUTKY TSDKKMX HacnigkiB Ansg nauieHtiB. Tepanes-
TUYHA TriNOTEPMIA CNpUSiE 3HWKEHHIO PiBHA HENpono-
LUKOMXKEHHS, MOAynALuii 3ananbHUX npoueciB i nokpa-
LLIEHHIO KNITUHHOTO BiQHOBIEHHS, WO pOOUTHL ii BaXKNTMBUM
iHCTpyMeHTOM Yy 60poTbbi 3 ileMiYHMMM NOLLKOOKEH-
HSIMU FONOBHOIO MO3KY Ta iHLLUMX OpraHiB.

The role of therapeutic hypothermia
in neuroprotection in ischemic stroke

Ischemic stroke is one of the leading causes of
death and disability worldwide, with statistics indicating
an increasing incidence. This severe condition occurs
when blood flow to a specific area of the brain is disrupted
due to an obstruction or reduction in blood supply,
leading to oxygen and nutrient deprivation. As a result,
brain cells die due to hypoxia and metabolic dysfunc-
tion. Currently, the only treatment for acute ischemic
stroke approved by the U.S. Food and Drug Admi-
nistration (FDA) is thrombolytic therapy using recom-
binant tissue plasminogen activator (tPA). This method
aims to dissolve the clot obstructing cerebral blood
flow and restore normal circulation in the affected area.

However, despite the availability of this treatment,
its application is limited by time constraints and contra-
indications, necessitating the exploration of alternative
therapeutic strategies to mitigate ischemic damage.
Recent studies have shown that combining various
neuroprotective strategies, such as therapeutic hypo-
thermia, may serve as a promising adjunct to conven-
tional ischemic stroke treatment. By lowering body
temperature, hypothermia can reduce the metabolic
activity of brain cells, thereby decreasing oxygen
demand and protecting neurons from further damage.
It is extensively studied for mitigating ischemic damage
occurring as a result of cardiac arrest, hypoxic-ischemic
encephalopathy, or spinal cord injury [40].

This approach significantly improves treatment
outcomes by reducing the risk of severe complications
for patients. Therapeutic hypothermia contributes to
reducing neuronal injury, modulating inflammatory
processes, and enhancing cellular recovery, making it
a crucial tool in combating ischemic damage in the
brain and other organs.
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Ta6nuus 1. OujiHka KniHiYHOT eheKTUBHOCTI HEMPONPOTEKTOPHOTO NiKyBaHHS
B MOEQHAHHI 3 TEpaneBTUYHOMO FiNOTEPMIED NpU iLleMiYHOMY iHCYnbTi (aganToBaHo 3a Zhang Z. [40])
Table 1. Clinical Evaluation of Neuroprotective Treatment Combined
with Therapeutic Hypothermia in Ischemic Stroke (adapted from Zhang Z. [40])

Tun iwemii M Temnepatypa (°C) |KombGiHoBaHe nikyBaHHsi Merta gocnigXeHHs OujiHka MocunaHHs
Type of Ischemia| Temperature (°C) Combined Treatment Study Objective Evaluation Reference
TpariauTopha 33 T-AN/tPA Mocuneruin eexr Hemae / No | [Hemmen T™,]
Transient Enhanced effect
TpaHauTopHa MNocuneHnin edpekt .
Transient 32-34 T-AN / tPA Enhanced effect Hemae / No [Bi M,]
TpaHanTopHa . MoxxnuBuin/kpalyuii pedynsrart .

Transient <35,5 T-ATT/PA Possible / Better Outcome Tax/ Yes [Piironen K]

TpaH3uTopHa 3meHLWwmnTY NobivHy Aito T-All

Transient 34,5 T-ATT/tPA Reduce tPA side effects Tak/Yes [Hong JM.]

TpaH:s_MTopHa 3MEHLUeHHs 2 T-AM/ tPA Mox(nv_lso i 6eaneyHo Tak / Yes [Chen J]

Transient Yy MO3KYy Possible and safe

TpaH3nTopHa KodpeiHon + T-All . . .

Transient 33-35 Caffeinol + tPA Moxnmeo / Possible Tak/ Yes [[Martin-Schild S]
[ekomnpecinHa

MocTinHa KpaHiekToMis MNocunexwui edpekt

Permanent 35 Decompressive Enhanced effect Tak [ Yes [Els T.]

craniectomy

lMpumimka: T-All — TKaHVMHHWIA aKTUBATOP NNas3MiHOreHy.
Note: tPA — tissue plasminogen activator.

Y GaratoueHTpoBOMY AocniaXeHHi [41] Oyno BuB4eHO
BMKOPUCTaHHSI €HO0BACKYMSAPHOIO OXOSIO[KYHUOro npu-
CTPOIO B NOEAHAHHI 3 BBEAEHHAM PEKOMOIHAHTHOro Tka-
HWHHOrO akTuBatopa nnasmiHoreHy (T-All) y nauieHTiB
3 roctpum iHcynestoM. [lauieHTiB nikyBanu B nepiog
3 0 go 6 roguH nicrns noyaTtky CMMMATOMIB, @ NOTIM Npo-
BOOWUNW eHA0BacKynsipHe oxonomxkeHHst o 33°C npots-
rom 24 roguH. Lle nikyBaHHs [obpe nepeHocurnocs
nauieHtamy, xo4a Oyno 3adikcoBaHO MiABULLEHHS 4Yac-
TOTW MHEBMOHIi cepep y4acHUKiB gocnigpkeHHs [14, 25].

IHWKMM NepcrnekTMBHUM MIiOXOOAOM € MOEQHAHHS
HU3bKMX 003 KObeiHy Ta eTaHony, BigoMUX K KodeiHon,
AKAN MOXe eDEKTMBHO 3MEHLUUTU MOLLUKOXKEHHS MO3KY
npy moaensax dokanbHoi LepebpanbHoi iwemii. Lle Big-
OyBaeTbCsl 4epe3 CTUMYMALi0  LWMAXiB - TpaHCAYKUi,
onocepenKoBaHUX afeHO3MHOM, L0 NPUTHIYYyTb pelen-
Topy ramma-amiHomacnsHoi kucrotu (FAMK) i NMDA [42].
HenponpoTekTopHy Aito KOEiHONy MOXHa MOCUIUTY,
KOMOGiHytoun woro 3 rinotepmieto (35°C) Ha mopensx
TPaH3UTOPHOI OKMIO3ii cepeaHboi MO3KOBOI apTepii [43].
Baxxnveo 3a3HaunTu, Wo epekTUBHICTL Liel Tepanii 3Hay-
HO 3anexuTb Bi4 TOYHO BM3HAYEHOro TEpaneBTUYHOrO
BiKHa, OCKiNbKW LWoAeHHe BBEAEHHS KOeiHOMNY NpoTArom
OBOX TWXKHIB OO0 MoYaTKy iWeMiYHOro iHCynbTy MoOXe
YCYHYTW NOro HEMPOMPOTEKTOPHY Aito [44].

Lli ctpaterii AeMOHCTpyloTb MoTeHuian Ansa nokpa-
LWEeHHA pes3ynbTaTiB  MiKyBaHHS  iLLEMIYHOro iHCYnbTY,
ane TakoX MiaKpPecnoTb BaXIMBICTb NpaBUbHO Nigidpa-
HOro TepaneBTUYHOrO BiKHA Ta MOXMIMBMX MOBIYHUX
edekTiB, Takmx $K 36iNblUEHHS 4YacTOTU NHEBMOHIi
B eSIKUX BUNagKax.

MopyweHHs remaToeHuedaniyHoro 6ap’epy (FEB)
nicns rocTpux iHCYNeTiB cnpaBdi Mae 3HaYHWA BMMWB
Ha PO3BWUTOK MOAAmnbLUMX YLIKOMKEHb FOMOBHOMO MO3KY,
Takux sk Habpsik Ta KPOBOBUMMBK. Lle nopyLlieHHs BUHK-
Kae 4yepe3 3MiHM B Binkax LWinbHUX 3'€dHaHb, TpaHc-
noptTHMx Oinkax, kniTMHaX eHgoTenito, acTpouuTax

A multicenter study by [41] investigated the use of
an endovascular cooling device combined with recom-
binant tissue plasminogen activator (tPA) administration
in patients with acute stroke. Patients were treated
within 0 to 6 hours after symptom onset, followed
by endovascular cooling to 33°C for 24 hours. The treat-
ment was well tolerated, though an increased inci-
dence of pneumonia was reported among study parti-
cipants [14, 25].

Another promising approach involves the combination
of low doses of caffeine and ethanol, known as caffeinol,
which may effectively reduce brain damage in models
of focal cerebral ischemia. This occurs through the
stimulation of adenosine-mediated transduction pathways
that inhibit gamma-aminobutyric acid (GABA) and
NMDA receptors [42]. The neuroprotective effect of
caffeinol can be enhanced when combined with hypo-
thermia (35°C) in models of transient middle cerebral
artery occlusion [43]. It is important to note that the
efficacy of this therapy is highly dependent on a pre-
cisely defined therapeutic window, as daily administration
of caffeinol for two weeks before ischemic stroke
onset may nullify its neuroprotective effect [44].

These strategies demonstrate potential for improving
ischemic stroke treatment outcomes but also highlight
the importance of selecting an appropriate therapeutic
window and considering possible side effects, such as
increased pneumonia incidence in some cases.

Disruption of the blood-brain barrier (BBB) following
acute strokes significantly impacts the development of
further brain damage, including edema and hemorr-
hages. This disruption arises from changes in tight
junction proteins, transport proteins, endothelial cells,
astrocytes, and neurons, leading to increased vascular
permeability and potentially severe complications.
Studies have shown that hypothermia, particularly
mild to moderate, exerts a protective effect on the BBB
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Ta HeWpoHax, WO Bege A0 MigBULLEHOI MPOHMKHOCTI
CYAVH | MOXITMBMX CEPNO3HUX YCKnaaHeHb. JocnigxeHHs
nokasyrTb, L0 FinoTepMisi, 30Kpema nerka Ta nomipHa,
Mae 3axucHun edekt Ha [EB, 3meHLyoun yTBOpeHHS
HabpsikiB Ta 3anobiralum BTpaTam GinkiB  cyguHHOT
ocHoBu [45, 46]. Lle, nmoBipHO, NOB’A3aHO 3 BMSVBOM
Ha akTMBHICTb MaTpuU4HWMX MeTanonpoTeiHas (MMI),
SIKi BigirpatoTb BaXnuBy ponb y aectabinisauii NEB.
MaTtpwnyHi meTanonpoteiHaan, Taki sk MMP-2, -3 Ta -9,
akTMBHO GepyTb y4yacTb Yy PpyWMHYBaHHi MO3aKNiTUHHOIO
MaTpuKcy npu LepebpanbHin iwemii. 3okpema, MMP-9,
LLO NPOAYKYETLCS B IMYHHWUX KMiTUHAX, Bidirpae Kno4voBy
ponb Yy NiCNAIHCYNLETHOMY PyMHYBaHHI TKaHWH. igsuieHa
ekcnpecia MMP-9 kopentoe 3 noripweHHsaM  KhiHiYHUX
pesyneraTie [4]. OgHak rinoTepMist MOXe 3HU3UTU aKTUB-
HICTb UMX MeTanonpoTeiHas, 3MeHLUylouM gerpagadito
6inkiB 6asanbHoi MembpaHu cyauH Ta MO3akniTUHHOro
maTpukcy. KpiMm Toro, rinotepmia gonomarae nigsuwunTint
piBeHb eHaoreHHuX iHribiTopie MMP, Takux ik TKAHUHHWIA
iHriGiTop meTanonpoteiHaan-2 (TIMP-2), Lo Takox cnpusie
ctabinizauii F'EB nicns iwemivHoro iHcynbTy [13, 14, 48].
TakMM YMHOM, rinoTepmis He nue obmexye yLIKoa-
XKEHHSI TKaHWH MO3KY LUMSIXOM 3HWXKEHHS aKTUBHOCTI
MMTT, ane 1 niaTpumye cTabinbHicTb rematoeHuedaniy-
Horo 6ap’epy, IO € BaXNMUBMM KOMMOHEHTOM Afsi 3MEH-
WEHHS nodanbLlUMX YyCKNagHeHb Ta MOMIMLEHHS KMiHiY-
HWUX pe3ynbTaTiB Yy NauieHTIB i3 rOCTPUM iHCYNBETOM.
OcTaHHIM YacoM cnocTepiraeTbCcs 3HaYHUIA iHTepec
00 BMBYEHHSA MEeAMKaMEHTO3HOI rinoTepMii ik NOTeHUin-
HOro i edqEeKTMBHOMO MeTody IiKyBaHHS iLeMiYHOro
iHcynbty [44, 49]. Taka TepaneBTW4Ha cTparteria Gyna
3anpornoHoBaHa 3 METO [OOCSArHEeHHs  Halkpalmx
pesynbTaTiB Big 3acTOCYBaHHsS rinoTepMmii B KRiHIYHMX
yMOBax, Mpu LbOMY 3 MakCUmarnbHO MOXIMBUM
3MEHLLUEHHSIM PU3UKY BUHWKHEHHSI MOGIYHUX edeKTiB,
AKi MOXYTb CYNpPOBOMKYBATU TpaguuinHi Metoan isny-
HOrO OXONOMXEHHs. BpaxoByroun BaxnMBICTb CBOevac-
HOro Ta emeKTUBHOro BTPYYaHHS Mpu iLleMiYHoMYy
iHCYNnbTi, MeOVKaMEHTO3HI METOAM MOXYTb CTaTu Yydo-
BOIO arnbTepHAaTUBOI AN AOCATHEHHS Ba)xxaHoro pesynb-
Taty 6e3 3HayHuMX ycknagHeHb. Ha cborogHi icHye Bicim
OCHOBHWX rpyn gpapMakonoriyHnx 3acobis abo aroHicTis,
WO 34aTHi iHQyKyBaTu rinotepmito. Lli akTuBHI pedyoBUHU
MaloTb PiBHOMaHITHMIA BNMMB Ha qi3ionoriyHi cucTemm
OpraHi3amy, cepef siKMx BapTO 3a3Ha4uMTu kaHabiHoiaw,
onioign, BaHinoin 1 (TRPV1), HeNWpOTEH3WH, NoXigHi
TUPOKCUHY, AodaMiH, a TaKoX rasu, 30KpeMa KCEHOH
Ta renin, i noxigHi ageHo3uHy. OcobnuBo UikaBuM €
Ton dhakT, Wo Aeski 3 uux chapmakonoriyHux 3acobis,
30KpemMa KaHabiHOigM, MOXYTb He TiNnbKM iHiuitoBaTh
rinoTepmito 3 METOK HEMPONpPOTEKLUii, ane i MalTb iHLUi
KOPUCHI chapmakonoriyHi edekTn, LWo gornomararTb
3axuwiatu HepBoBYy cucTemy. Hanpuknag, kaHabiHoigm
30aTHi  3HWXKyBaTW 3ananbHi  Mpouecu Ta  CnpusaTv
3MEHLLUEHHIO PIBHA OKCMOATMBHOMO CTPEecy B KIiTUHaX,
WO MOXe 3Ha4yHO nMoninwuTXU CcTaH nauieHTiB, ski
nepeHecnu iHcynet [49]. Lle BigkpuTTa MOXe CBiguuTu
npo Te, WO MeauKaMeHTO3Ha TrinotepMis € OGinblu
NepCrneKTUBHO i pe3ynbTaTUBHOK CTpaTerieto NikyBaHHA
B MOPIBHAHHI 3 TpaguuinHumMn MeTogamu isnyHoro
OXOFOMKEHHS, 3aBASKA J0O4ATKOBOMY  CUMHEPTiYHOMY
eheKTy aKTMBHUX PEYOBUH, SIKi BUKOPUCTOBYHOTLCS OIS
[OCSArHEeHHs1 HelponpoTekuii. Taki kombiHauil akTUBHMX
dapmakonoriyHMx 3acobiB MOXYTb 3HAYHO NiABULLUTU

by reducing edema formation and preventing the loss
of vascular structural proteins [45, 46]. This effect is
likely due to the modulation of matrix metalloprotei-
nase (MMP) activity, which plays a crucial role in
BBB destabilization.

Matrix metalloproteinases such as MMP-2, -3, and -9
actively contribute to extracellular matrix degradation
during cerebral ischemia. Specifically, MMP-9, produced
by immune cells, plays a key role in post-stroke
tissue breakdown. Increased MMP-9 expression corre-
lates with poorer clinical outcomes [4]. However, hypo-
thermia can reduce the activity of these metalloprotei-
nases, limiting the degradation of basement membrane
proteins and the extracellular matrix. Additionally,
hypothermia helps increase the levels of endogenous
MMP inhibitors, such as tissue inhibitor of metallopro-
teinase-2 (TIMP-2), further stabilizing the BBB following
ischemic stroke [13, 14, 48].

Thus, hypothermia not only mitigates brain tissue
damage by reducing MMP activity but also maintains
BBB stability, which is essential for minimizing compli-
cations and improving clinical outcomes in patients
with acute stroke.

Recently, there has been significant interest in inves-
tigating pharmacologically induced hypothermia as
a potential and effective method for ischemic stroke
treatment [44, 49]. This therapeutic strategy has been
proposed to maximize the benefits of hypothermia in
clinical settings while minimizing the risk of side effects
associated with traditional physical cooling methods.
Given the importance of timely and effective intervention
in ischemic stroke, pharmacological approaches may
serve as a valuable alternative for achieving the desired
neuroprotective effects without substantial complica-
tions. To date, eight major classes of pharmacological
agents or agonists have been identified that can induce
hypothermia. These active substances exert diverse
effects on physiological systems, including cannabinoids,
opioids, vanilloid receptor 1 (TRPV1) agonists, neuro-
tensin, thyroxine derivatives, dopamine, and gases
such as xenon and helium, as well as adenosine
derivatives. Notably, some of these pharmacological
agents, such as cannabinoids, not only induce hypo-
thermia for neuroprotection but also possess additional
beneficial pharmacological effects that help safeguard
the nervous system. For instance, cannabinoids can
reduce inflammation and oxidative stress levels in cells,
which may significantly improve the condition of stroke
patients [49]. These findings suggest that pharmaco-
logically induced hypothermia represents a more promi-
sing and effective treatment strategy compared to
traditional physical cooling methods, as it offers addi-
tional synergistic benefits from active compounds used
for neuroprotection. Such combinations of pharmaco-
logical agents may significantly enhance ischemic
stroke treatment efficacy, reducing the risk of neurological
complications and improving long-term outcomes [50].

Another major advantage of pharmacologically
induced hypothermia is its ability to influence central
thermoregulation, particularly through mechanisms
controlled by the hypothalamus, which serves as the
primary thermoregulatory center in the body [49].
Research in this field has demonstrated that certain
drugs, particularly those interacting with TRPV1 receptors,
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eEeKTUBHICTb NiKyBaHHSA iLLEMIYHOro iHCYMbTY, 3HUXY-
04N PU3MK PO3BUTKY HEBPOIMOTYHUX YCKMagHEHb Ta
nokpaltlyoun gosrotpmsani pesynsratu [50].

IHWO 3HaYHO MepeBarold MeguKaMeHTO3HO iHAY-
KOoBaHOI rinotepmii € 1 34aTHICTb BRAAMBATW Ha LEHT-
panbHy TepMOperynsuito, 30Kpema 4epe3 MexaHi3mu,
L0 KOHTPOIMIOKTLCSA FiNoTanamycoMm, SIKUA € FONOBHUM
LeHTpoM Tepmoperynsuii B opraHiami [49]. JocnigxeHHs,
npoBedeHi B Ui ranysi, nokasanu, Wo AesKi nikapcbkKi
3acobu, 3okpema Ti, SKi B3aeMoiloTb 3 peLenTopom
TRPV1, HenNpoTeH3MHOM Ta MOXiOHUMWU TUPOKCUHY,
MalTb 34aTHICTb BMAMAMBATUM Ha MeXaHi3MW KOHTPOI0
Temnepatypu Tina. Ui dapmakonoriyHi areHTu 3aatHi
3HWXKYBATU aKTMBHICTb KOMMEHCATOPHUX TepMoperyns-
TOPHMX peakuin Npu OXOMNOMKEHHI, WO € BaXnMBUM
acnektoMm gns 3abesnedeHHs1 eddeKTMBHOCTI rinoTepmii
npu nikyBaHHi iLleMiyHoro iHcynbTy. 3okpema, Meguka-
MEHTO3Ha iHOYKLUis rinoTepmii Moxe 3MeHLMTU NposiBu
Takunx isionoriYyHMx peakuin, K TPEMTIHHS Ta CyOUHHUI
cnasMm, siKi YacTo 3aBaxaloTb eHEKTUBHOMY NPOBEAEHHIO
rinotepmii y nauieHTiB 3 iHcynsToM. Lle ocobnueo Bax-
NMBO B TWUX BMMNagkax, KOnu nauieHTu nepebysBaioTb Y
CBiAOMOCTI, OCKifbKW 3HWXEHHSA AUCKOMAOPTY 403BONSAE
npoBoanTU Tepanito 6e3 3Ha4HOro CTpecy AN XBOporo.

Takum 4YMHOM, BUKOPUCTaHHS TakuMx 3acobiB moxe
OyTV HaA3BMYAMHO KOPUCHWM Yy MOEAHAHHI 3 hi3nyHUM
OXOMNOXKEHHSIM, af)ke BOHO 103BONSAE 3HAYHO 3MEHLLUTU
anckomdopT y nauieHTiB, NPUCKOPUTU MPOLIEC OXOrnop-
XEHHS Tina Ta NPoAOBXMTU Yac, NPOTSAroM SIKOro MOXHa
6e3nevyHo  3[iNCHIOBATW  OXONMOOXKEHHs 6e3  pusmky
ONsi 300poB’s nauieHTa. 3HWXKyoun HebaxkaHi nobidHi
edeKkT, Taki MegMKamMeHTO3Hi cTpaterii MOXyTb iCTOTHO
NOKpaLUMTN pe3ynbTaTUBHICTb NiKyBaHHA i J03BONSAOTH
6e3neYyHo npoBOANTM Tepanito FiNoTEepMIiEd MPOTSArom
Tpusanoro yacy [49].

Takum 4mHom, metog Tl € oaHUM i3 HanbinbLu
obHagiinMBmMx | nepcrnekTUBHUX nigxodis Ao Tepanii
iwemiyHoro iHcynbTy. Llem metog Mae BenuvyesHuin
noTeHuian, OCKiNbKW 30aTHUIA CYTTEBO MOKPALUWUTU CTaH
NauieHTiB, 3MEHLLYIOYN OBCAr ypaXKEeHHS MO3KY, @ TakoX
MIHIMi3YHOUM PU3MKN PO3BUTKY BTOPUHHUX MOLLKOMKEHb,
L0 YaCTO BMHUKAIOTbL MICrsi OCHOBHOrO iHCYNbTY. 3HaYyHa
KINbKICTb JOCNifpKeHb, WO OynyM nNpoBefeHi B OCTaHHI
poku, Ao3Bonuna rmunblue 3po3yMiTU OCHOBHI MEXaHiamu,
SKi nexaTb B OCHOBi TepaneBTUYHOI rinoTepMii, a Takox
nigTeepanTM i ePeKTUBHICTb Y 3axuCTi HepBOBUX Kni-
TMH BiO NOAanbLIOrO MOLIKOOXKEHHS!, CMPUYNHEHOTO
iwemieto. Lli pesynsratu BigKpuBalOTb HOBi FOPU3OHTU
0N BUKOPUCTaHHS MeToay B KMiHIYHIA npakTuui.

CknagHicTb i pisHOMaHITHICTb MexaHi3miB Aaii Tepa-
NeBTUYHOI rinoTepMii 4alTb NiACTaBM BBaXaTw, WO LEN
METO/ Ma€ MOTY)XHUI TepaneBTUYHUIA BNAMB Ha HEPBOBY
CUCTEMY, KU MOXE 3Ha4YHO MONINWMTK KMiHiYHI pe3ynb-
TaT niKyBaHHA MauieHTiB 3 ilWeMiYHUM iHCYNbTOM.
MpoTe, He3Baxaluum Ha 3HA4Hi pesynsTatu, BCE Lie
iCHYIOTb [esiki nNuTaHHA, Ha ski He Oyno 3HawnaeHo
OAHO3Ha4YHMX | uiTKMX Bignosigen. Lle cBiguMTb npo
HeoOXigHICTb NpoBeAEHHS NoAanbLUNX HAaYKOBUX JOCNia-
XXeHb, LWo6 6inbl AeTanbHO AOCAIAUTU  MexaHi3mMu
ait TI i BM3HaAUMT onTumanbHi yMOBM Ans i 3acTocy-
BaHHS B KNiHIYHIA npakTuu,.

Ons Toro, wo6 MakcumanbHO peanisyBaTu MNOTEH-
uian uboro Metoay nikyBaHHsi i 3ab6e3neunTn noro 6es-
neyHe Ta ecpekTUBHE BUKOPUCTaAHHS, HEOOXiAHO NPOBECTH

neurotensin, and thyroxine derivatives, can modulate
body temperature control mechanisms. These pharma-
cological agents can reduce compensatory thermo-
regulatory reactions during cooling, an important
aspect of ensuring hypothermia effectiveness in ischemic
stroke treatment.

Furthermore, the use of such agents in combination
with physical cooling may be highly beneficial, as it sig-
nificantly reduces patient discomfort, accelerates body
cooling, and extends the safe duration of cooling
without posing health risks. By minimizing unwanted
side effects, these pharmacological strategies can
significantly enhance treatment efficacy and allow for
safe long-term hypothermia therapy [49].

Thus, therapeutic hypothermia remains one of the
most promising and hopeful approaches for ischemic
stroke therapy. This method has enormous potential,
as it can significantly improve patient outcomes by
reducing brain damage and minimizing the risks of
secondary injuries that often occur after the primary
stroke. A substantial number of studies conducted in
recent years have provided a deeper understanding
of the key mechanisms underlying therapeutic hypo-
thermia and confirmed its effectiveness in protecting
neural cells from further ischemic damage. These fin-
dings open new horizons for applying this method in
clinical practice.

The complexity and diversity of therapeutic hypo-
thermia’s mechanisms of action suggest that this method
has a powerful therapeutic impact on the nervous
system, which can substantially improve clinical outcomes
for ischemic stroke patients. However, despite its pro-
mising results, there are still some unresolved questions
requiring further scientific investigation. This highlights
the need for continued research to explore the mecha-
nisms of therapeutic hypothermia in greater detail and
determine the optimal conditions for its application
in clinical practice.

To fully realize the potential of this treatment
method and ensure its safe and effective use, additional
experimental trials and clinical studies are necessary.
This will allow for the precise establishment of the
most effective therapeutic hypothermia applications,
as well as the determination of optimal dosages and
time intervals for its use, making this method even more
accessible and efficient in treating ischemic stroke [49].
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[OLATKOBI eKcrnepuMeHTarnbHi BUNPOOyBaHHS Ta KIiHiYHi
pocnigxkeHHsa. Lle 0o3BonuTb TOYHO BCTAHOBUTWU Hau-
GinbL edekTUBHI cNOCcobM 3acToCcyBaHHSA TepaneBTUYHOT
rinoTepmii, a TakoX BU3HAYUTW OMNTMMAarbHi 403yBaHHA
Ta YacoBi iHTepBanu ans i BUKOPUCTAHHS, WO 3pobuTb
uer meton we O6inblw JOCTYNHUM i pe3ynsTaTUBHUM
y NiKyBaHHi illemiyHoro iHcynety [49].

BnAuB TepaneBTUYHOI rinoTepMmii

HAQ HEUMPONAACTUYHICTb TA BIAHOBAEHHS

niCAA YepenHO-MO3KOBUX TPABM:

MOXAUBOCTI T4 BUKAUKMU

Ak BinomMo, 4YepenHo-mo3koBa Tpasma (UMT) 3a3Bu-
Yal NpuU3BOAMTbL OO0 CEPNO3HMX MOLUKOAKEHb FOfIOBHOMO
MO3KY, 30Kpema [0 AeHOPWUTHOI Ta CUMHANTU4YHOI Aere-
Hepauii, 3armbeni kniTMH, HaOpsIKy, 3CyBY aKCOHIB,
KPOBOBUINBY, @ TaKOX 3HWKEHHS 30yanuBOCTi Henpo-
HiB. Y pe3ynbTaTi Takux MOLWKOAKEHb OpraHiaMm rnoknaga-
€TbCS Ha NNaCTUYHI Npouecu Ans KoMneHcauii TpaBmu
Ta BiAHOBMEHHSA OYHKUIN HEVMpoHanbHUX mepex. Henpo-
NNacTUYHICTb, KA € OCHOBHMM MeXaHi3MOM BiAHOB-
NeHHs MO3KOBMX (YHKLIA nicns TpasBmu, BKNoYae
MONEKYNSAPHI Ta aHaTOMiYHi MoauaikaLil, WO BUHUKAKOTb
SK BiONOBIOgb Ha Pi3HI YMHHMKK, 30KpPEMaA CTapiHHSA, nepe-
XKWUTi CTpecKn, ropMoHanbHi 3MiHM, NiKapcbki npenapaTtw,
a TaKoX Ppi3HOMaHITHI 3axBoptoBaHHs abo TpaBmU
rorioBHoro mosky [51-53].

HelponnactunyHictb onucye npouecu, 4Yepes ski
MO30K 3MIHIETLCS Ta afanTyeETbCs MiCMAsS MOLUKOMKEHb.
Lle Bkntovyae MonekynsipHi Ta CTPYKTYPHi 3MiHW Ha piBHi
HeMpoHiB i ix 3’eaHaHb. OCHOBHMMM MexaHiamamu, ki
3AINCHIOKTL Ui NNacTUYHI 3MiHW, € CMHAaNTOreHes, Henpo-
reHes i aHrioreHes. CuHanToreHes BiAHOCUTLCS 10 hOpMY-
BaHHS HOBMX CUHAanMCiB MiXX HEWMpOHaMW, HEMpOreHes —
00 YyTBOPEHHS HOBUX HEWpOHIB, a aHrioreHe3 — oo op-
MYBaHHSI HOBMX KPOBOHOCHWX CYyAWH, LU0 MiATPUMYHOTb
BioHOBNEeHi abo HOBi HelpoHanbHi cTpykTypw. Lli aHaTo-
MiYHi 3MiHW MiATPUMYIOTECH YUCAEHHUMW MONEKYNsp-
HAMW Mpouecamu, TakMMmn K akTopu pocTy, WO Bigi-
rpaloTb KMAKYOBY pofb Yy CTUMYNAUii Ta opraHizauil
unx npouecis [51, 54-56]. Lli kackagn MonekynspHuUx
peakuint (hopMYOTbCS Ta BOOCKOHAMOKTLCA K BHYTPILL-
HiMW, TaK i 30BHILWIHIMKM (hbakTopamMu, BKMOYaO4M HENPO-
XiMiYHi curHanu, MexaHiyHi Bnn1BK, a TakoX BMinB HAaBKO-
NWLLHBOrO cepenoBULLa Ta peabiniTauiiHux npouenyp.

3rigHoO 3 HasiBHUMW OaHWMK, TepaneBTUYHa rinoTep-
Misi He 3aBaXkae Hemponnactu4HocTti abo HerporeHesy,
npoTe € Kinbka BaXNMBUX acnekTiB, ski noTpebytoTb
noganbLuoroibinbL geTanbHOro gocnimkeHHs. Mo-nepe,
HeoOxigHO npoBecTu OGinblue AocnimpkeHb Ans Toro,
wo6 ouiHMTK noBHWIA cnekTp BnnuBy Tl Ha Hewponnac-
TUYHICTb, OCKiNMbKM BiNblWiCTb HaykoBMX POBIT 4O LbOro
yacy He posrnsgganu npsMi 4n Henpsmi edektn Uiel
Tepanii Ha nnacTu4Hi npouecn B MO3Ky. Lle Baxnuse
NUTaHHS, agXe NMacTUYHICTb € OCHOBHUM MEXaHi3MOM
BiQHOBNEHHS (PYHKUiA HEpBOBOI cUCTEMW MiCNsA TpaBM
abo 3axBoptoBaHb, i il 3MIHW MOXYTb MaTu CyTTEBUN
BNMB Ha pe3ynsTaTi MikyBaHHS.

Mo-gpyre, onsa TouHiwoi ouiHkM edpekTnsHoCTI TI cnig
BMKOPUCTOBYBaTU Oinbll KOMMMEKCHI MeToau BUMIpto-
BaHHSA HEWpPONNaCTUYHOCTI, a TaKoX BM3HAYUTU ONTU-
MarbHi 4YacoBi napameTpu gns cnocrepexeHb. Lle go-
3BONMUTb TOYHIlLle BUSABUTW, Ha SKi eTanu BigHOBMNEHHS
HepBOBOi cuctemn Bnnueae TI, Ta SK QOBro TpuBae

The impact of therapeutic hypothermia
on neuroplasticity and recovery

after traumatic brain injury:
opportunities and challenges

It is well known that traumatic brain injury (TBI)
typically leads to a range of severe brain damages,
including dendritic and synaptic degeneration, cell death,
edema, axonal shearing, hemorrhage, and reduced
neuronal excitability. As a result of such injuries, the body
relies on plastic processes to compensate for trauma and
restore the functions of neural networks. Neuroplasticity,
the primary mechanism of brain function recovery after
trauma, involves molecular and anatomical modifications
in response to various factors, including aging, stress,
hormonal changes, pharmaceutical agents, and various
neurological diseases or injuries [51-53].

Neuroplasticity describes the processes through
which the brain changes and adapts following injury.
This includes molecular and structural changes at the
level of neurons and their connections. The primary
mechanisms responsible for these plastic changes are
synaptogenesis, neurogenesis, and angiogenesis.
Synaptogenesis refers to the formation of new synapses
between neurons, neurogenesis involves the genera-
tion of new neurons, and angiogenesis pertains to the
development of new blood vessels that support either
restored or newly formed neuronal structures. These ana-
tomical changes are maintained by numerous molecular
processes, such as growth factors that play a key role in
stimulating and organizing these processes [51, 54-56].
These molecular reaction cascades are influenced and
refined by both internal and external factors, including
neurochemical signals, mechanical influences, as well as
environmental and rehabilitation interventions.

According to existing data, therapeutic hypother-
mia (TH) does not interfere with neuroplasticity or
neurogenesis. However, several critical aspects require
further and more detailed investigation. First, addi-
tional research is needed to fully evaluate the spectrum
of TH's effects on neuroplasticity, as most scientific
studies to date have not considered the direct or indirect
effects of this therapy on plastic processes in the brain.
This is a crucial issue since plasticity is the primary
mechanism for restoring nervous system functions
after injury or disease, and its modulation could
significantly impact treatment outcomes.

Second, to accurately assess the efficacy of TH,
more comprehensive methods for measuring neuro-
plasticity should be used, along with determining the
optimal time parameters for observations. This will help
to better identify the specific stages of nervous system
recovery affected by TH and the duration of its effects.
Third, most of the studies discussed in the scientific
literature have used a moderate level of hypothermia,
with temperatures ranging from 30°C to 35°C. However,
it is essential to conduct experiments varying factors
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ecpekT ii 3actocyBaHHs. [lo-TpeTe, GinblwicTb Aocnia-
XeHb, L0 0OroBOPIOTLCA B HAYKOBIW NiTepaTypi, BUKO-
pucToByBanu MOMIpHWA piBEeHb rinoTepmii, 3 Temnepa-
Typoto B gianasoHi Big 30°C go 35°C. lNMpote Baxnveo
NpPOBOAWTU EKCMEPUMEHTU, B sikMX OyaoyTb BapitoBaTucs
Taki napameTpu, SK rMMOMHA OXONOOKEHHS, TpUBanicTb
OXOSOMKEHHSA Ta Yac nmovatky Tepanii, Wwob 3po3ymiTy,
siKi came napameTpu Hanbinbl edeKkTUBHI Ans CTUMY-
nauii  HeMponnacTUYHOCTI, a $Ki, HaBnaku, MOXYyTb
YNHUTM HEraTMBHWUIA BMIIMB Ha NPOLIECU BiOHOBIEHHS.
Lle ocobnuBo BaXnMBO B KOHTEKCTI BUKOPUCTaAHHS
NOKanbHOro OXONOAXEHHS!, OCKINIbKM MOro epeKTUBHICTb
MOXE BapitoBaTWU 3anexHO Bi4 KOHKPETHOI AiNsiHKK
MO3KY, LLIO OXONOOKYETHCS.

[Mo-yeTBepTEe, bapmakonorivyHi npenapaTu, SKi YacTo
BMKOPUCTOBYIOTbCA pa3oM 3 Tl y KRiHIYHIN npakTuui,
MatTb OyTW peTenbHO OUiHEHI B AOKMIHIYHUMX MoAensx
ans Toro, wob BM3HAYMTK iX BMAMB Ha HelponnacTud-
HiCTb nicns pisHWx natonorin. Lle gactb 3mory 3abes-
neunTyn ix 6e3nevHicTb i ecpeKkTUBHICTb y noeaHaHHi 3 TI.
Taki gocnigXeHHst MOBUHHI NpOBOANTUCA AMS BCiX TUNMIB
mMoZenewn i natonorin, Wwob maTtn amMory oTpumaTy noBHO-
UiHHY Ta O0O’eKTMBHY iHdopMaLito, sIKy MoxHa Oyae
3actocyBaTM B KNiHIYHIN npakTvui Ans nigBULLEeHHs
pes3ynbTaTUBHOCTI NikyBaHHA [51].

Ha BigmiHy Big cnpuaTnMBOro BNNUBY rinoTepmir,
YMCNEHHI eKcnepuMeHTanbHi Ta KMiHiYHI SOCNIAXEHHS
NigKPecnowTb WKIANMBUA BANWB HaBiTb Nerkoro nig-
BULLIEHHS BHYTPILLHBOT TemnepaTtypu Tina nicnsa 6aratbox
BMAiB TpaBM ronosHoro mo3ky (M) [57-59]. Lie Baxnuse
CMOCTEPEXEHHS, OCKINbKM  MiABULLEHA Temnepartypa
MOX€E MaTW CEPNO3HI HacnigkM Ans nauieHTiB 3 YepenHo-
mMo3koBuMK TpaBmamu (UMT). Y kniHivHIn npakTuui
nauieHTn, ski NepexuBaloTb YepernHO-MO3KOBI TpaBMU,
YyacTo NpoxoaaTb Yepes enisoam anpakcii abo rineptepmii
NPOTArOM NEPLUMX KiNbKOX OHIB MNIiCNA BaXKKO! TpaBMW.
Lli nepiogn nigBuLeHHA TemnepaTypu Tina notpebytoTb
iHTEHCUBHOI Tepanii i MoXyTb ByTu acouinoBaHi 3 TpuBa-
niwnm nepebyBaHHAM NaUEHTIB Y BiaAiNeHHAX iIHTEHCKB-
HOI Tepanii, Wo, y CBOK Yepry, Noripwye 3aranbHi pe-
3ynbTatu NikyBaHHA Ta BiQHOBMEHHs NauieHTiB. Takum
YMHOM, FiNepTepMmis MOXe 3HAYHO YCKNagHUTU KNiHIYHWUI
Kypc nicnsi TpaBMm i 36inbLUMTHN pu3uK ycknagHeHs [60, 61].

[onatkoBo, NigBULLEHHA TemnepaTypyu HaBKOMMLL-
HbOro cepefoBulWa Yy nauieHTiB 3 Tskkoto YUMT Ha
gorocnitanbHOMY eTani TakoX acouitoeTbCs 3 TipLIMMn
pesynsTataMmu MikyBaHHs, WO MiATBEPAXYETbCA AaHUMU
3 KniHiYHOT NpakTukK [59]. Taka cuTyauis Moxe noripwmnTn
nepebir xBopobu i CNPUYNHUTK BinbLUi ypaXKeHHs1 TKaHUH
MO3KY, OCKiNlbkM TemnepaTtypa € KpUTUYHUM (hakTopoMm
y npouecax mMeTaboniamy HEeMpOHIB i BiAHOBMNEHHS Micnsi
TpaBmu. MogibHi BUCHOBKM Bynu oTpumaHi i B ekcnepu-
MeHTarnbHMX Mopensax cybapaxHoiganbHOro KpoBOBM-
NVBY Ta MOLUKOOXKEHHSI CMMHHOIO MO3KY, e MoCTTpaBMa-
TUYHa rinepTtepmis Oyna noB’si3aHa 3 MOCUMEHHSIM
ricTonaTonoriYyHnX YLKOMKEHb, 36iNblIEHHAM HabpsiKy
Ta MNOripLUeHHAM [OBrOCTPOKOBMX MOPYLUEHb MOBEAHKM.
Lle cBigunTb nNpo cepro3HM BNNUB TemnepaTypu Ha
TSDKKICTb TpaBM i iX Hacnigkvm ansa nauieHTis [57, 62].

Kpim TOro, reteporeHHictb nauieHTiB i3 UMT € Bax-
nMBuUM paKTOPOM, LWO 3HA4YHOK Mipol BMMMBaE Ha
edeKTUBHICTb rinoTepMivHoi Tepanii. Bigomo, wo pesynb-
TaTh NikyBaHHA 3a JOMOMOrOH0 rinoTepMii MOXyTb Bapito-
BaTMCA 3anexHo Bia Moaenen ywkomkeHb. Lie 3ymoeneHo

such as cooling depth, duration, and initiation time of
therapy to determine which parameters are most effec-
tive in stimulating neuroplasticity and which may have
a negative impact on recovery processes. This is par-
ticularly important in the context of localized cooling,
as its effectiveness may vary depending on the specific
brain region being cooled.

Fourth, pharmaceutical agents often used in combi-
nation with TH in clinical practice should be carefully
evaluated in preclinical models to assess their impact on
neuroplasticity following different pathologies. This would
ensure their safety and efficacy when combined with TH.
Such studies should be conducted across various
models and pathologies to obtain comprehensive
and objective information applicable in clinical practice
to enhance treatment outcomes [51].

Unlike the beneficial effects of hypothermia, nume-
rous experimental and clinical studies highlight the
detrimental impact of even mild increases in core body
temperature following various types of brain injuries
(BI) [57-59]. This is an important observation, as eleva-
ted temperature can have serious consequences for
patients with traumatic brain injuries (TBI). In clinical
practice, patients who experience TBI often undergo
episodes of apraxia or hyperthermia within the first
few days after severe injury. These periods of increased
body temperature require intensive therapy and may be
associated with prolonged stays in intensive care units,
which, in turn, worsen overall treatment and recovery
outcomes. Thus, hyperthermia can significantly compli-
cate the clinical course post-injury and increase the risk
of complications [60, 61].

Additionally, elevated environmental temperatures
in patients with severe TBI at the pre-hospital stage
have also been associated with poorer treatment
outcomes, as confirmed by clinical practice data [59].
Such conditions can worsen disease progression and
lead to more extensive brain tissue damage, as tem-
perature is a critical factor in neuronal metabolism
and post-injury recovery. Similar findings have been
obtained in experimental models of subarachnoid hemo-
rrhage and spinal cord injury, where post-traumatic
hyperthermia was associated with increased histo-
pathological damage, exacerbated edema, and worsened
long-term behavioral impairments. This highlights the
significant impact of temperature on the severity of
injuries and their consequences for patients [57, 62].

Moreover, the heterogeneity of TBI patients is
an important factor that significantly influences the
effectiveness of hypothermic therapy. It is known
that treatment outcomes using hypothermia may vary
depending on the model of injury. This is due to diffe-
rences in injury severity or neuropathological charac-
teristics of patients, such as focal or diffuse brain damage.
Therefore, applying a single therapeutic strategy for
different types of traumatic injuries may be challenging
and not always effective, as different types of injuries
require an individualized treatment approach [57].
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BiOMIHHOCTSIMM Yy TsKKOCTi TpaBM abo B HeBponarono-
riYHUX XapaKTepuCcTUKax NauieHTiB, HaNpuknag, BOrHuLLe-
BUMU Y/ ONEY3HUMU YLLKOOXKEHHSIMU TOMIOBHOTO MO3KY.
Tomy 3actocyBaHHA OfHI€l TepaneBTUYHOI cTparTeril
ONsi NiKyBaHHA Pi3HUX TUMIB TpaBMaTUYHWUX YLUKOOXKEHb
Moxe ByTu ckrnagHuM i He 3aBXau edPeKTUBHUM, OCKINbKN
Pi3Hi TMNW TpaBM BUMaraloTb iHAMBIAYyanbHOro nNiaxoay
00 nikyBaHH4A [57].

BUCHOBKHU

TepaneBTM4YHa riNOTEPMId, 30KpeEMa CENeKTUBHE OXO-
TNOMPKEHHS TOMIOBHOIO MO3KY, € MEPCMEKTUBHUM Hanpsim-
KOM HEMpOMnpOTEKTOPHOI Tepanii, Lo A03BONSE 3HA4YHO
3HWKYBATU MeTaboniyHi noTpebyn MO3KOBMX KMIiTWH,
obmexylun Wwkody Big iwemii Ta TpaBMaTUYHMX
YIWKOMKEHb. MexaHiamn i Aii BKNHOYalTb  3HMDKEHHS
OKCMOATMBHOIO CTPecy, 0OMeXeHHS eKCaluTOTOKCUYHOCTI,
a TaKoX 3MEHLLEHHS 3anarnbH1X MNPOLECIB, LLO CNpUsOTb
30epexeHH0 (PyHKUiOHANbHOI LiniCHOCTI HEPBOBOI TKa-
HUHW. CenekTnBHE OXONOOKEHHS, 3aBASAKN CBOEMY POKyCY
Ha MO30K, [03BOMNSA€ AOCAITU TepaneBTUYHOro edekTy
npy MiHiMizadii cuctemMHmMx nobGiyHMX edpekTiB, WO
XapakTepHi Ana  3aranbHoi rinotepmii. HesBaxatroum
Ha obHaginnuBei pesynsraTtu, 30Kpema y KOHTEKCTi iluemil
Ta 4YepernHo-MO3KOBUX TpaBM, HeoOXxigHi moganbli Oo-
CNiMKEHHS1 ONs OEeTamnbHIlOoro pPO3yMiHHA MeXxaHi3MiB
HEeMpOonpOTEKLUIi Ta yAOCKOHANEHHs1 TepaneBTUYHNX CTpa-
Teriv. Lle 0o3BonuTbL MakcumarnbHO eeKTUBHO iHTerpy-
BaTV TepaneBTUYHY TNoTEPMIt0 B KITiHIYHY NPaKTUKy Ans
NiKyBaHHA Pi3HOMaHITHUX HEBPOIOTYHNX 3aXBOPHOBaHb.

TepaneBTMYHa rinoTepmis € NepcnekTMBHUM METOA0M
NiKyBaHHS iLLEMIYHOrO iHCYNbTY, O A03BOMSE 3HKYBATH
HEMPOMOLLKOAXKEHHSA Yepe3 3MEHLUEHHS MeTabonivyHoi
aKTMBHOCTI KMiTUH MO3KY Ta 3HWKEHHS NOTPedu B KUCHI.
BoHa edpekTMBHO 3MeHLIye piBeHb 3ananeHHs, okcuaa-
TMBHOIO CTpecy i MiaTpMMye CTabinbHICTL reMaToeHue-
daniyHoro 6ap’epy, WO CNpUsie 3MEHLUEHHIO NOAanbLUNX
ywKogXKeHb. [MoegHaHHA rinoTepMil 3 iHWUMKW Tepanes-
TUYHUMUW CTpaTerisMun, TaknMu SK TKAHUHHUIA akTueBaTop
nnasmiHoreHy Ta KoeiHom, MoXe NoKpaLUTX pesynsraTu
NiKyBaHHHA, X04a BaXNUBMM € TOYHO BM3HA4YeHe Tepa-
neBTMYHE BikHO ANs 1i 3acTocyBaHHSA. HesBaxawoun Ha
obHapinnuei pesynbtatv, HeOOXigHI noganblii gocnia-
XKEHHSI AN YTOYHEHHS OnTUMarnbHWUX A03yBaHb Ta YMOB
3aCTOCYyBaHHS TiNOTepMIi, @ TakoX A8 MiHiMi3auii NoTeH-
LiHMX NobiyHMX edpekTiB, Taknx SK NigBMLIEHa YacToTa
NHEBMOHiT abo MopyLLeHHs TepMoperynsii.

HelponnacTuyHICTb € BaXXNMBUM MEXaHi3MOM BiAHOB-
NEHHs OYHKLIi FONIOBHOIO MO3KY MiCMsi YepenHO-MO3KOBOI
TpPaBMW, SKUA BKIHOYAE MOMEKYNSPHI Ta CTPYKTYPHI 3MiHMW,
Taki Ik CMHaNToreHes, HeMporeHe3 Ta aHrioreHes. Tepa-
NeBTUYHA TiNOTEPMIS MOXE MO3UTMBHO BMIMBATWU Ha Ui
npouecu, ane anga Ginbl TOYHOrO OUiIHIOBaHHS ii edoek-
TUBHOCTI HeoOXigHi JoaaTKoBi OOCHiOXXEHHS, Lo 3oce-
pemKeHi Ha onTMarnbHUX NapameTpax Tepanii, B3aemogii
3 (hapmakonoriyHMMu npenapaTaMmu Ta BMAUBI Ha PisHi
eranv BigHOBNeHHs. BogHoyac nigBuLeHHs Temnepatypuy
TiNa 4M HaBKOINMULUHBOrO cepefoBuLLa MiCNA YepenHo-
MO3KOBUX TPaBM MO>Xe MOTipLNTX pe3ynbTaT NikyBaHHA Ta
CMPUYNHUTY OAATKOBI MOLLUKOAXEHHS MO3Ky. BpaxyBaHHsi
reTeporeHHOCTi nauieHTiB 3 UMT € TakoX KpUTUYHUM Ons
pO3p06KM iHOMBIAYaNi30BaHMX TepaneBTUYHMX NiAXOAIB.

CONCLUSIONS

Therapeutic hypothermia, particularly selective brain
cooling, is a promising approach in neuroprotective
therapy that significantly reduces the metabolic demands
of brain cells, thereby limiting damage from ischemia
and traumatic injuries. lts mechanisms of action include
reducing oxidative stress, limiting excitotoxicity, and
decreasing inflammatory processes, all of which contri-
bute to maintaining the functional integrity of nervous
tissue. Selective cooling, by targeting the brain
specifically, achieves therapeutic effects while minimizing
the systemic side effects associated with whole-body
hypothermia. Despite encouraging results, particularly
in the context of ischemia and traumatic brain injuries,
further research is needed to gain a more detailed
understanding of neuroprotection mechanisms and to
refine therapeutic strategies. This will enable the most
effective integration of therapeutic hypothermia into
clinical practice for the treatment of various neurolo-
gical disorders.

Therapeutic hypothermia is a promising treatment
for ischemic stroke, as it reduces neuronal damage by
lowering the metabolic activity of brain cells and decrea-
sing oxygen demand. It effectively mitigates inflamma-
tion, oxidative stress, and helps maintain the stability
of the blood-brain barrier, thereby reducing further
damage. Combining hypothermia with other therapeutic
strategies, such as tissue plasminogen activator (tPA)
and caffeinol, may enhance treatment outcomes,
although precise determination of the therapeutic window
for its application is crucial. Despite promising results,
further research is necessary to refine optimal dosages
and application conditions for hypothermia, as well as to
minimize potential side effects, such as an increased
incidence of pneumonia or disruptions in thermoregulation.

Neuroplasticity is a key mechanism in brain function
recovery following traumatic brain injury (TBI), involving
molecular and structural changes such as synapto-
genesis, neurogenesis, and angiogenesis. Therapeutic
hypothermia may have a beneficial effect on these
processes, but additional research is needed to precisely
assess its efficacy, focusing on optimal therapy
parameters, interactions with pharmacological agents,
and effects on different stages of recovery. At the same
time, elevated body or environmental temperature
following TBI can worsen treatment outcomes and
lead to further brain damage. Considering the hetero-
geneity of TBI patients is also critical for developing
individualized therapeutic approaches.
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nepcneK'ruBu MOAQABLUUX AOCAIAXEHD

OouinbHnm BGaYaeTbCA MPOBEAEHHS PaHOOMI30BaHUX KOHT-
ponboBaHMX AOCNiMKEHb ANA OLUiHKM edeKTMBHOCTI Ta 6e3-
neku rinotepmii y nauieHTiB 3 iHcynstom Ta UMT y pisHux
BiKOBUX rpymnax.

KoHdAikT iHTepeciB

ABTOpPM pyKonucy CBIAOMO 3acBigvytoTb BIACYTHICTb haKTUYHOro
abo noTeHUiHOro KOHMIKTY iHTepeciB LWoAo pesynbraTiB
uiei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOBHMKaMM
6iomeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisiMu, Yni NPoayKTK,
nocnyr, piHaHcoBa nigTpUMKa MOXyTb OyTW NOB’sI3aHi
3 NpeaMeToM HagaHux Matepianie abo ski cnoHcopysanu
nposeeHi JOCMiaXEHHS.

IHdbopmalis Npo hiHAOHCYBAHHS
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Kadpeapn iHdekuiiHnx xBopob Ta KniHi4YHOI iMyHonorii Xapkis-
CbKOTO HauioHanbHoro yHiBepcuteTy imeHi B.H. KapasiHa MiHic-
TepcTBa OCBITM | Hayku YkpaiHn «BuBYeHHA poni iMyHHWX,
aBTOIMYHHMX Ta MeTabornivyHVX po3nagiB y naToreHesi Ta Hacnia-
Kax iHeKuiiHoro npouecy, WO BUKNMKAHUA BakTepigMu,
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TaKTUKW NiKyBaHHA», HOMep aepxxaBHoi peectpauii 0123U105022,
TEPMIH BUKOHaHHs: 2023-2028 pp., KepiBHUK — 3aBigyBayka
kacdpenpy iHekuiiHux xBopob Ta  KNiHiYHOI  iMyHonorii,
KaHauaaT MeauyHuX Hayk, aoueHT O.B. Bonobyesa.
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Prospects for further research

It seems appropriate to conduct randomized controlled ftrials
to assess the efficacy and safety of hypothermia in patients
with stroke and TBI across different age groups.
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PE3IOME

AkTyanbHicTb. 3a ocTaHHi AecsaTuniTTa Oyno [OCArHyTO BENUYE3HOro Mporpecy
B PO3YMiHHi, AiarHOCTULi Ta NikyBaHHi BTOPMHHUX hopM apTepianbHoi rinepteHsii (Al).
MowwupeHicTb BTOpUHHOI Al MOMITHO HeOOOUiHIOETbCA. 3a AaHMMKM  NPOBIOHMX
eKcnepTiB ranysi BOHM MOXYTb OXOMNMOBaTW A0 OAHIEi TPeTMHW BUNaKiB cepen
ycix nauieHTiB 3 Al Ta 4O NOMOBUHU TUX, XTO Mae pe3ncteHTHy Al. Y nepeBaxHoi
GinNbLIOCTI riNEepTOHIKIB HIKOMW He LUYKalTb NMPUYNHY BUCOKOTO TUCKY, TOOTO «BTOPUHHY»
dopmy Al Lie nosicHioe, YoMy nuLle y HEBENUKOTO BiACOTKa MauieHTIB 3 rinepTeHsieto
BpeLUTi-peLUT AiarHOCTyeTbCa BTOpuHHa Al

MeTta po60TM — NpoAeMOHCTPYBaTK MpoLec NOLyKy npuimHM Al 'y Monogoi nioauHu
Ha npuknagi KniHiYyHOro BUNaaKy.

Matepianu Ta metoau. lNpeacraBneHa ictopis XxBopobu XiHkn 33 poKiB, sika 3BepHY-
nacs go nikapsa 3 npveody nepioguyHoro nigsuwieHHs AT, pe3nCTeHTHOro [0 CTaH-
OapTHOI rinoTeH3WBHOI Tepanii NpoTsarom 6 MicAuiB, i y sIKOI 3anifo3peHa BTOPUHHA
A" BHacnigok ropMoHarnbHO akTMBHOI afeHOMW HaAHMPKOBOI 3aro3u.

Pe3synbraTi Ta ix 06roBOpeHHs. Y CTaTTi HAaBEAEHWUIA anropuTM MOLLYKY BTOPUHHOI
npuunHn Al y nauieHTkn monogoro Biky. [MokpokoBo onucaHi Aii cimenHoro nikaps,
SKi AO3BOMMNN 3BY3UTW Ai@arHOCTUYHWMIA NOWYK A0 Bepudikauii NyxnuHW HagHup-
KOBOi 3amno3u i BW3HaAYeHHs1 ii rOpMOHanbHOI aKkTMBHOCTI. BcTaHoBneHHs diarHosy
(HEOXPOMOLIMTOMM SIK MPULMHU BTOPUHHOI AlT JO3BONUNO NPU3HAYMTV NaLieHTLi naTo-
reHeTU4Hy Tepanito Ta NPoBeCTU NPOMINakTUKy MOXIUBUX YCKNaAHEHb 3aXBOPHOBAHHS.
BucHoBku. [MauieHT Monopgoro Biky 3 nigBuweHHam AT noTtpebyioTb 000B’ A3-
KOBOro 06CTEXEHHS LoAo HasBHOCTI BTOPUMHHOI Al BpaxoBytoun ii YuCneHHi MOXIKMBI
MPUYMHN | HEOOXIOHICTb «3BYXXEHHS» Kona MnoLykKy, iHOpPMaTVBHUM AnA nikaps
Ta abcontoTHO 6e3nevyHVM AN nauieHTa € ynbTpa3BykoBe AOCnifXeHHs. Hessaxatoum
Ha Te, WO Ue OBOCTeXEeHHS He € CaMOCTIiHUM Yy AiarHOCTULi afeHOM HaOHUPKOBUX
3ano3 Ta notpebye OOMOBHEHHS iHWMMU BidyanisauilHUMyW MeTogamMu, BOHO 3AaTHe
nigkasatu nikapito noganblly TakTuky. BusaeneHHs etionorii BTopuHHOI AlT y Benukoi
YacTKN XBOPUX [O3BONSIE NPU3HAYMTM NaTOreHETUYHY Tepanito Ta yCyHyTW NiABULLEHHS
AT, a B pasi HEMOXIMBOCTI paguKanbHOIO BUPILIEHHST NPOGNeMM — MPU3HAYUTK
afeKkBaTHY 3HaWAEeHIN NPUYMHI riNOTEH3UBHY Tepanito.

Bunagok i3 npakTukun

157 A case from practice
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ABSTRACT

Background. Over the past decades, tremendous progress has been made in
understanding, diagnosing, and treating secondary forms of arterial hypertension (AH).
The prevalence of secondary AH is significantly underestimated. According to leading
in the field, it may account for up to one-third of all patients with AH and up to half
of those with resistant AH. In the vast majority of hypertensive patients, the cause
of their high blood pressure (BP) is never sought, that is, the «secondary» form of AH.
This explains why only a small percentage of hypertensive patients are ultimately
diagnosed with the secondary form of AH.

Purpose — to demonstrate the algorithm for searching for a secondary cause of AH
in a young patient using a clinical case example.

Materials and methods. The case history of a 33-year-old woman is presented.
She consulted a physician due to periodic hypertension, resistant to standard
antihypertensive therapy for 6 months. A secondary form of AH was suspected due
to hormonally active adrenal adenoma.

Results and discussion.The article illustrates the algorithm for searching for
a secondary cause of AH in a young patient. The family doctor’ s actions are described
step by step, which allowed narrowing the diagnostic search to the verification of
an adrenal tumor and determining its hormonal activity. Establishing the diagnosis
of pheochromocytoma as the cause of secondary form of AH allowed to prescribe
the patient pathogenetic therapy and thus prevent possible complications of the disease.
Conclusions. Young patients with elevated BP require mandatory examination for
the presence of secondary form of AH. Taking into consideration its numerous
possible causes and the need to «narrow» the search scope, US is an informative
method for the doctor and absolutely safe for the patient. Despite the fact that this
examination is not an independent one in the diagnosis of adrenal adenomas and
requires supplementation with other imaging methods, it is able to prompt the doctor
for further tactics. Identification of the etiology of secondary form of AH in a large
proportion of patients allows to prescribe the pathogenetic therapy and eliminate
elevated BP, and in the case of the impossibility of the problem radical solution to
administrate antihypertensive therapy adequate to the found cause.

Barabash NYe, Zlatkina VV, Lebedynska MM, Gorshunska MYu, Shop IV. Secondary arterial hypertension in the
practice of a family doctor: analysis of a clinical case. The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(1(52)):157—165. DOI: https://doi.org/10.26565/2313-6693-2025-52-13

BCTYN

INTRODUCTION

3a gaHnMun enigemionoriyHMx AocnigXeHb, nolumpe-
HiCTb apTepianbHoi rinepTeHsii (AlN) ctaHoBuTb 40 30—40%
3i 3pOCTaHHAM 3 BiKOM Ta 3Ha4YHWUM BNVBOM Ha
cepueBo-CyanHHUN puank [1-2]. EceHuianbHa copma
Al — rinepToHiyHa xBopoba — 3yCTpivyaeTbCs HanyacrTille,
ogHak 5-10% nauieHTiB cTpaxgaloTb Big cneundivHoi
Ta NOTEHUINHO OBOPOTHOI MPUYUHUK NIABULLEHHS apTepi-
anbHoro Tucky (AT). Y Takmx BunagKax BCTAHOBMIOETHLCA
AiarHo3 BTopuHHOT Al [3].

Ekcneptn pobouoi rpynu International Society of
Hypertension (ISH), nigTBepoXytounm HeBenuky 4acTky
3aranbHOi MOLIMPEHOCTI BTOPUHHWUX opM Al MK Tum
BBaXaloTb, LLO CNPaBXHA PO3MNOBCIOOXKEHICTb CUMMNTOMa-
TMyHOI Al TOYHO He BigoOMa 4epes ynepemxeHicTb
BiAbopy [ocnigxeHb, 3HAYHYy KiNbKiCTb HediarHocTo-
BaHUX BMNagkiB, NONynsuiiHi BiAMIHHOCTI Ta pisHi nig-
Xxoau Ao Bepudikauii BTopuHHMX popm Al [4]. BogHouac,
y nepeBaxHoi OinbLIOCTi FNEpPTOHIKIB HiKOMM He Ly-

According to epidemiological studies, the prevalence
of arterial hypertension (AH) is up to 30—40%, increasing
with age and significantly affecting cardiovascular
risk [1, 2]. The essential form of AH is the most common,
but 5-10% of patients suffer from a specific and poten-
tially reversible cause of increased blood pressure (BP).
In such cases, a diagnosis of secondary AH is estab-
lished [3].

Experts from the International Society of Hypertension
(ISH) working group, while confirming a small proportion
of the overall prevalence of secondary forms of AH,
believe that the true prevalence of symptomatic AH is not
precisely known due to study selection bias, a significant
number of undiagnosed cases, population differences,
and different approaches to verifying secondary forms
of AH [4]. At the same time, the vast majority of hyper-
tensive patients are never investigated for the cause
of high BP. This partly explains the small percentage
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KalTb npuunHy Bucokoro AT. Lle 4acTkoBO nOsiCHIOE
HEBENVKUN BIACOTOK MaUieHTIB, Y SKUX BpeLTi-pewT
giarHoctyetbcs BTOpuHHa Al Po3noBCIOAXEHICTb i,
TakMM YMHOM, TMOMITHO HEOOOLHIOETbCHA, Xoda TaKi
Al OXOnnoTb A0 NOMOBUHU TUX, XTO BaXKKO NiAAaeTbCcA
nikysaHHto [5].

Mpn BTOpMHHIN Al nigBuweHHs AT cnpuynMHeHe
OCHOBHMM 3aXBOPIOBAHHSAM, sIke NMOTEHLiNHO nigaaeTbes
nikyBaHHto. Cepep mornogmx ocib 3 BiacyTHicTO Bigno-
BiQHOro CiMerMHOro aHamHesy, paHHbOK MaHidecTauieto
Al abo noripweHHAM nonepedHbo 406pe KOHTPOSbO-
BaHOi Al, a TakoX cepef nauieHTiB, SKi MaloTb rinepTeH-
3il0, WO BaXKO MiAAaeTbCA MiKyBaHHIO, MOLUMPEHICTb
BTOPWHHOI ¢hopMn xBopobu 3Ha4yHO BuULa. BapiaHToM
niarpyHTs Ansa nigsuweHoro AT, 3o0kpema y Monoamx ocib,
€ HasIBHICTb OXMPIHHA 3 MOPYLUEHHSIM MeTaboniyHoro
npodinto [6]. JocnigkeHHs NpogeMOHCTpyBanu, Wo 3i
36inNbLUEHHsIM iHOEKCY Macu Tina nigBuLLYETbCA PU3KK
po3BuTKy Al Ta cynyTHiX po3nagiB o6miHy pe4oBuH [7].
Ockinbkn igeHTUdikauia Ta cneumdiyHa Tepaniss BTO-
puHHOT AT MOXKe NpU3BECTM OO0 3HWXKEHHs abo HaBiTb
Hopmanisauii nigsuweHoro AT B GinbllocTi Bunagkis,
LinecnpsamoBaHa giarHOCTUKa Mae Benuke 3Ha4YeHHs [8].

Oeski nyxnuHW € BIOQHOCHO pPIOKICHOK MPUYMHOK
BTOpPUHHOI All, sika 4acTo MOB’si3aHa 3 BULLOK CepLeBo-
CYOVHHOIO 3aXBOPIOBAHICTIO Ta CMEPTHICTIO MOPIBHAHO
3 TakMMU SIK cepepf 3aranbHoi nonynsuii, Tak i cepeq
nauieHTiB 3 eceHuianbHoto Al [ipwun NporHo3 He €
3YMOBMEHWUM BUKIHOYHO NiaBULLEEHHSAM AT, OCKinbkv BUAI-
NEHHSI TOPMOHANBHUX PEYOBMH 3 MyXJNIMHW MOXE BMU-
BaTM sIK Ha AuHamiky AT, Tak i Ha meTaboniyHi 3cyBu.
Kpim Toro, ropmMoHarnbHi pe4OBUHU, L0 BUGINAIOTLCA MyX-
nvHamu, 6e3nocepenHbo YLIKOOXYTb OpraHu-MilleHi [9].

Cepen Al nNyxnMHHOTO reHe3y MEepBUHHWUIA rinep-
anbAoCTepoHi3M, cuHapoM KywmHra Ta deoxpomouu-
TOMa € HanvacTilnMMKM NpUYMHaAMM €HOOKPUHHOI rinep-
TEH3ii, NOB’sI3aHOI 3 aBTOHOMHOK CEKpELE FOPMOHIB
NyXNMHOK HagHWPKOBMX 3ano3 (ogHo- abo ABobivHO),
iHOAi MYXIMHHOKIO MAacol Mo3a  HaaHMpHUKaMu.  Ix
JiarHocTvka Moxe ByTu cknagHow, ocobnmBo y nauieHTiB
3 Al sk nepLumM Ta/abo i30nboBaHMM KiiHIYHMM NPOSIBOM.

MeTa po60Tu — NPOAEMOHCTPYBATU MPOLIEC MOLLYKY
npuunHn Al y Monogoil NAMHU Ha NpuKNagi KniHiy-
HOro BMNagkKy.

MATEPIAAU TA METOAU AOCAIAXEHHA

Onuc KAiHIYHOro BUNAAKy

MauieHTka M., 33 poku, 3BepHynacsa [o nikapsa 3i
cKkapramu Ha Nerkuin ronoBHMi Ginb B NOTUINWYHIN QinNsHU.

3 aHamHe3y 3axBOpPHBaHHSA Bi4OMO, WO MPOTArOM
6 Mic. xBopa Bigmidana nepioguyHe niaBuWeHHA AT,
MakcumanbHo o 165/110 MM PpT.CT., 3 BUPaAXEHUM
rorfioBHMM OOfnem, 3Ha4YHUM MOTiPLUEHHAM CaMOMOYyTTS.
CimelnHum nikapem npoBeaeHo OBCTEeXeHHsT BianoBigHO
00 cyyacHux pekomergauin [10]: kniHiYHMI aHani3 Kposi,
KNiHIYHMI aHani3 cevi, yHKUiS HUPOK, 3aranbHUn xonec-
TepUH —y Mexax Hopmu, EKI™ — 6e3 natonorii. MprsHayeHo
paminpun 10 wmr, iHganamig 2,5 Mmr. HesBaxawuu Ha
perynsapHuUin MpurUoOM aHTUriNepTeH3MBHUX npenaparTis,
piBeHb AT cTtabinisyBatn He Bganocs.

AHaMHE3 XUTTHA: XPOHIYHI 3aXBOPIOBaAHHA NauieHTKa
3anepevyBana. CiMelHWA aHamHe3 OOTSXKEHWI LWoao

of patients who are ultimately diagnosed with secon-
dary AH. Its prevalence is therefore significantly unde-
restimated, although such forms of AH account for up to
half of those who are difficult to treat [5] .

In secondary AH, the elevation of BP is caused by
an underlying disease that is potentially treatable.
Among young patients, those with no relevant family
history, early onset of AH or worsening of previously
well-controlled AH, and those with refractory AH, the
prevalence of the secondary form of the disease is
significantly higher. Obesity with impaired metabolic
profile can be a possible cause of high blood pressure,
including in young people [6]. Studies have shown
that with an increase in body mass index, the risk of
developing hypertension and concomitant metabolic
disorders increases [7]. Since identification and specific
therapy of secondary AH can lead to a decrease or
even normalization of elevated BP in most cases,
targeted diagnostics are of great importance [8].

Some tumors are a relatively rare cause of secon-
dary AH, which is often associated with higher cardio-
vascular morbidity and mortality compared with those
in general population as well as in patients with
essential AH. The poorer prognosis in such cases is not
due solely to the increase in BP, as the release of hormo-
nal substances from the tumor can affect both BP dyna-
mics and metabolic shifts. In addition, hormonal substanc-
es released by tumors directly damage target organs [9].

Among the neoplastic causes of AH, primary hyper-
aldosteronism, Cushing’ s syndrome, and pheochromo-
cytoma are the most common causes of endocrine AH
associated with autonomous hormone secretion by
an adrenal tumor (unilateral or bilateral), sometimes by
an extraadrenal tumor mass. Their diagnosis can be
difficult, especially in patients with AH as the first and/or
isolated clinical manifestation.

Objective — to demonstrate the algorithm for
searching for a secondary cause of AH in a young patient
using a clinical case example.

MATERIALS AND METHODS

Clinical case description

A 33-year-old woman M., consulted a doctor with
complaints of mild headache in the occipital region.

From the medical history it is known that during
previous 6 months the patient noted a periodic hyper-
tension, maximum up to 165/110 mm Hg, which was
accompanied by severe headache, significant deterio-
ration in well-being. The family doctor conducted
an examination in accordance with current guidelines [10]:
complete blood count, urinalysis, kidney function test,
total cholesterol — within normal limits, ECG — without
pathology. Ramipril 10 mg, indapamide 2.5 mg were
prescribed. Despite regular intake of antihypertensive
drugs, the BP level could not be stabilized.

Anamnesis vitae: the patient denied any chronic
diseases. The family history is burdened with AH —
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Al — y Gatbka rinepTtoHiyHa xBopoba 3 50-pivHoro BiKy,
y BiUi 54 poku nepeHic iHpapkT miokapaa.

O6’ekTMBHO: LWIKipa 4KUCTa, 3BMYAWHOIO KOMbOPY.
IMT — 24,8 kr/m?. HeBponoriyHuii ctatyc — 6e3 ocobnu-
BocTen. [lepudepuyHi nimcoBy3nu He nNanbnyTbCA.
OnopHo-pyxoBa cuctema 6e3 Buagumux gedopmauin,
pyx y cyrnobax y noBHoMmy o6cs3i. Lutonoai6Ha
3anosa nanbnyeTbcs B TUMOBOMY MicLi, He 30inbLueHa,
OOHOPIAHOT M’SIKO-enacTUYHOI KOHcUCTeHLi. HabyxaHHs
WWAHMX BEH, PO3LUMPEHHST NiALWKIPHUX BeH Tynyba Ta
KiHLIBOK, BMAMMA nNynbcauid COHHMX Ta nepudepuyHmxX
apTepin BiOCYTHi. B nereHax AuxaHHS Be3UKynspHe,
nobiyHi anxanbHi Wymn He BucnyxoByloTbes. Cepuesa
LiSANbHICTb PUTMIYHA, TOHW YACTI, akueHT Il ToHy Ha aopTi,
AT 140/85 mm prt.cT.,, UCC 74 ypapiB Ha xB. Mexi cepus
He po3wupeHi. [MepudepnyHux HabpskieB HeMae.
CenesiHka He nanbnyeTbcsi. O3HaK CKYMYEHHS! BiNbHOI
piavHN B 4YeEpeBHIA MNOPOXHMHI Hemae. [logaTKoBMX
NaTonoriYyHnx yTBOPEHb B YepeBHI MOPOXHWUHI MeTo-
Jom nanbnadii He BusiBneHo. NocTykyBaHHS B nonepe-
KoBit ginsaHui B npoekuii Xll pebpa 6e3donicHe 3 06ox
6okiB. disionoriyni BignpaeneHHs 6e3 ocobnmMBoCcTeN.

BpaxoBytoun monogun Bik NauieHTKU Ta HeedeKTuB-
HICTb PEKOMEHOO0BaHOI rNOTEH3MBHOI Tepanii, nauieHTui
npu3Ha4eHo O00OCTEXEHHS1 ANsl BUSIBNEHHST MOXITMBUX
NPWUYMH NigBuLLEeHHSA AT.

Odranbmockonis — 6e3 natonorii. EKI — npaBunbHMiA
cuHycoBuii putMm 3 YCC 76/xB, o3Hak rinepTpodii nisoro
LUMYHOYKA He BUSIBMEHO. YMbTPa3BYKOBE OOCHIOKEHHS
(Y3[) cepust — Kamepu cepus He AunaToBaHi, knanaH-
HWIA anapaT B Hopmi, dpakuia Bukmagy 70%. [Miokosa
HaTle, rnikoBaHWA reMornobiH — B MeXax HOpPMU.
JlinigHWiA npodinb — B Mexax Hopmu. Kanii 4,2 mmonb/n
(Hopma 3,5-5,6 MMonb/n), Hatpin 134 mmonb/n (Hopma
130-150 wmmone/n), kanbuin 2,54 mmons/n (Hopma
2,2-2,65). Ce4oBuMHa, KpeaTWHiH, LUBUAKICTb KIy60o4YKOBOT
GinbTpauii — 6e3 BiaxuneHb Big pedepeHCHUX 3HaYEHb.
CniBBigHoWweHHA  anbbymiH/kpeaTuHiH y cedi 0,01
(Hopma go 0,03). Y3[ wwrononibHoi 3ano3u, opraHis

YepeBHOI MOPOXHUHM — 6e3 nartonorii. Y3 HUpoK
3 pgonnneporpadietdo HUPKOBUX apTepi: HUPKN po3-
TawoBaHi TUMOBO, 3BU4YaAMHOI opMn Ta pPO3MIpIB.

MapeHxiMa Ta YallKOBO-MUCKOBUI koMmnnekc 6e3 narto-
norii. AHrioapxiTeKTOHiKa CyauH HUPOK Y PEXUMi KOMbOo-
pOBOro [OMMNMEPIBCLKOrO KapTyBaHHA He MopyLleHa,
CYAMHHWUIA MartoHOK NMOKYETLCS MO BCi NapeHXiMi piBHO-
MipHO, 30H iemii He BusiBNeHo. CnekTpanbHi xapakTte-
PUCTUKM KPOBOTOKY B 000X HUPKaX Ha BCiX PIBHSIX B Mexax
HOPMM, OaHWX OO BasopeHanbHoi AT He BMSIBNEHO.
B npoekuii niBoi HagHUMPKOBOI 3ano3n  BUSIBNEHO
YTBOPEHHS, sike nonepeaHbo Oyno po3uiHEHO K ageHoMa
HagHWPKOBOI 3a5103Mu.

BpaxoBytoun pesynstatn Y3[ y noegHaHHi 3 0cob-
nuBocTAMM nepebiry Al y nauieHTKM Monogoro BikY,
BMHWMKIa 0OrpyHTOBaHa nifo3pa Ha ropMOHanbHO akTUBHY
afeHoOMy HafHWPKOBOI 3ano3n §iK NPUYUHY BTOPWUHHOI
dopmm Al

PE3YABTATU TA iX OBFOBOPEHHS

[ns Bepudikauii AiarHo3y i BU3Ha4YeHHS xapakTtepy
rOPMOHaNbHOT aKTUBHOCTI MYXIMHM HA HACTYNMHOMY KpoLli
obCTexXxeHHA NpoBedeHO AOCHIMKEHHSA PiBHA TFOPMOHIB

her father had essential AH since the age of 50, and
at the age of 54 he suffered a myocardial infarction.

Objectively: the skin is clean, normal color. BMI —
24.8 kg/m2. Neurological status - unremarkable.
Peripheral lymph nodes are not palpable. The musculo-
skeletal system is without visible deformations, movement
in the joints is full. The thyroid gland is palpable in a typical
place, not enlarged, of a homogeneous soft-elastic
consistency. There is no swelling of the cervical veins,
dilation of the subcutaneous veins of the trunk and
extremities, no visible pulsation of the carotid and
peripheral arteries. Lungs are clear. Heart tones are clear,
accentuated |l tone over the aorta, BP 140/85 mm Hg,
heart rate 74 beats per minute. The borders of the heart
are not shifted. There are no peripheral edemas.
The spleen is not palpable. There is no shifting dullness.
No palpable mass in the abdominal cavity. Percussion
in the lumbar region in the projection of the XIlI rib is
painless on both sides. No change in bowel habits.

Taking into account the patient’ s young age and
the ineffectiveness of the prescribed antihypertensive
therapy, the patient was scheduled for further examination
to identify possible causes of elevated BP.

Fundoscopy — unremarkable. ECG — regular sinus
rhythm with heart rate of 76/min, no signs of left
ventricular hypertrophy. EchoCG - heart chambers
are not dilated, valvular apparatus is normal, ejection
fraction is 70%. Fasting glucose, glycated hemoglobin —
within normal range. Lipid profile — within normal range.
Potassium 4.2 mmol/l (normal 3.5-5.6 mmol/l),
sodium 134 mmol/l (normal 130—-150 mmol/l), calcium
2.54 mmol/l (normal 2.2-2.65). Urea, creatinine, glomeru-
lar filtration rate — within normal range. Albumin creatinine
ratio in urine 0.01 (normal up to 0.03). Ultrasound (US)
of the thyroid gland, organs of abdominal cavity —
unremarkable. US of the kidneys with dopplerography
of the renal arteries: the kidneys are located typically,
of normal shape and size. Parenchyma and calyceal-
pelvic complex without pathology. Angioarchitectonics
of the renal vessels in the color Doppler mapping mode
is not changed, the vascular pattern is located evenly
throughout the parenchyma, no ischemic zones are detect-
ed. Spectral characteristics of blood flow in both kidneys
at all levels are within normal values, data for vasorenal
AH are not detected. In the projection of the left adrenal
gland, a mass was detected, which was previously con
sidered as an adrenal adenoma.

Considering the results of US in combination with
the features of the AH course in a young patient,
there was a reasonable suspicion of hormonally active
adrenal adenoma as the cause of the secondary form
of hypertension.

RESULTS AND DISCUSSION

To verify the diagnosis and determine the nature of
the hormonal activity of the tumor, the next step of the
examination was to study the level of adrenal hormones
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HaZHMPKOBOI 3ano3un (KipkoBOi Ta MO3KOBOI PEYOBUHM).
OTpuMaHi pe3ynbTatv HagaHo B Tabnuui 1.

(cortical and medulla). The results obtained are presented
in Table 1.

Tabnuus 1. Pe3ynsratv OCNIOKEHHS PiBHA FOPMOHIB HaAHWPKOBOI 3ano3n nauieHTku M
Table 1. Results of the adrenal hormone levels study, patient M

FopMoHanbHWI NOKa3HNUK
Hormonal indicator

BusHaveHuii piBeHb
Patient results

PedepeHTHi 3HaueHHs 3a AaHnMmu nabopartopii
Reference values according to laboratory data

KOpTMSOH 247,95 Hmone/n (nmol /) | 140,72—469,03 Hmonbk/n (nmol /1)

Cortisol

AKTUBHWUI PEHiH 2,5-53,83 nr/mMmn B ropn3oHTanbHOMY MOSNOXEHHI
Active renin 11,33 nr/wn (pg/mi) 2,5-53,83 pg/ml, supine position

AnbgocTepoH

Aldosterone 58,9 nr/mn (pg/ml) 14,21-156,47 nr/mn (pg/ml)

AnbJoCTEPOH-PEHIHOBE CNIBBIAHOLLEHHS

Aldosterone-renin ratio 52

0,52-37,83 B ropu3oHTanbHOMY MOSOXKEHHI
0,52-37,83 supine position

MetaHedpuH 0o 100 nr/mn
Metanephrine 180 nr/mn (pg/mi) up to 100 pg/ml
HopmeTanedpuH 0o 216 nr/mn
Normetanephrine 220 ne/wn (pg/ml) up to 216 pg/ml

Ak BMOHO 3 HaBedeHWX pesynbTaTiB rOpMOHAaIbHOMo
OOCNiQKEHHs,, piBeHb KOPTWU30My KPOBi 3HAaxoaMBCHA
B CepeauHi pecbepeHTHOro AgianasoHy, wo 6yno o4vikyBaHo,
3BaXaluM Ha BIACYTHICTb TUMOBUX KNiHIYHUX O3HaK
rinepkoptuumamy (cuHgpomy KywimHra) y nadieHTkm [11].

CuHgpom KoHa Takoxk OyB BUWKITHOUYEHWA HA OCHOBI
HOpManbHOro piBHA anbAOCTEPOHY KPOBi i 3HAYEHHA
anb[OCTEPOH-PEHIHOBOIO  CMIiBBIQHOLWIEHHS B  Mexax
pedepeHcy. BigcyTHicTe uiei natonorii  TakoXx nig-
TBEpAXKyBanacs HaBeAeHVMM paHille [OOoCMiXKEeHHAM
€neKkTPoniTiB KPOBi, afgxe BiAOMO, O NEepBUHHWIA rinep-
anb[OCTEPOHI3M BHACNIAOK NaTOreHeTu4yHux ocobnu-
BOCTEWN CYNpOBOAXKYETbCS rinokaniemieto [12].

TakMM 4YMHOM, KOpa HagHUPKOBMX 3ano3 BUSBMMAcS
IHTAKTHOK B KOHTEKCTi MOXNMBOI eTionorii BTOPUHHOT Al

Mo3skoBui Wap HagHMPKOBUX 3anos, £K BigoMo,
BMpOONSE KaTtexonamiHv — agpeHaniH Ta HopagpeHani,
AKi MOXyTb OyTM npuumHol nigBuweHHs AT y pasi
HasIBHOCTI MyXnuHKU, WO ix Bupobnse. Ona KniHiYHOT
KapTMHN DEeOXpOMOLIMTOMU XapaKTepHa MneBHa pi3HO-
MaHITHICTb CMMMTOMIB, SIKa, B MepLly 4epry, 3anexitb
Bif, CMiBBIOHOLIEHHS KiNIbKOCTi CEeKpPeTOBaHUX MYyXJIMHOW
katexonamiHiB [13]. OpgHielo 3 HalxapakTepHInX puc
paHoi nartonorii € ii HanagonoaibHui nepebir, wWo
CYNPOBOKYETLCS PO3BUTKOM TUMOBMX Ta HETUMOBUX
KNiHIYHMX O03HaK. HanyacTiwi TMNoBi CUMNTOMM 3aXBOPHO-
BaHHS BKIOYalOTb NapokcuamarnbHe nigsuieHHa AT 3i
3HaYHNMK NOTO KonnBaHHAMM, Tpuany All, pedpaktepHy
[0 NiKyBaHHS, Ta ronoBHUN Ginb — came Ui 03Haku Gynu
NPUCYTHI y NpeacTaBneHOoMY KIliHIYHOMY BUMNAAKY.

HesBaxatounm Ha Te, WO came ajpeHaniH Ta Hop-
agpeHaniH € npuyuHol nigsuweHHs AT npu  deo-
XPOMOLIMTOMI, X BW3HAYEHHS Yy cCuUpoBaTLi KpoBi abo
cevi Mae obMeXeHy 3Ha4YMMICTb, OCKINIbKM mepiof HaniB-
BMBEAEHHS LIMX TOPMOHIB AyXXe KOpPOTKMA i ix gocnia-
XEHHS € iHjopMaTMBHMM MepeBaxHO Mig 4vac abo
oppasy nicnst Hanagy Al OgHoyacHo 3 UMM, BiZOMO, LU0
KatexonamiHu BcepeauHi  XpoMadiHHMX KIITUH MO3-
KOBOI PEYOBUHM HaOHWPKOBMX 3arno3 MetabonisyloTbcs
B HEaKTUBHI MeTUnoBaHi NOXigHi: BiANOBIAHO, agpeHaniH
B MeTaHedpwH, HopagpeHaniH B HopmeTaHedpuH.
BaxnmBo 3asHauvTH, WO BHYTPILUHBLOMYXIMHHO Mpouec
METUNYBaHHSI KaTexonamiHiB BigOyBaeTbCA MOCTINHO

As can be seen from the above hormonal test results,
the blood cortisol level was in the middle of the reference
range, which was expected, taking into account the
absence of typical clinical signs of hypercorticism
(Cushing’ s syndrome) in the patient [11].

Conn’ s syndrome was also excluded based on the
normal blood aldosterone level and the aldosterone-renin
ratio within the reference range. The absence of this
pathology was also confirmed by the previously men-
tioned blood electrolyte results, since it is known that
primary hyperaldosteronism due to pathogenetic features
is accompanied by hypokalemia [12].

Thus, the adrenal cortex appeared to be intact in the
context of a possible etiology of secondary hypertension.

The adrenal medulla, as is known, produces cate-
cholamines — epinephrine and norepinephrine, which
can cause hypertension in the presence of a tumor
that produces them. The clinical picture of pheochro-
mocytoma is characterized by a certain variety of
symptoms, which, first of all, depend on the ratio of the
amount of catecholamines secreted by the tumor [13].
One of the most characteristic features of this pathology
is its paroxysmal course, which is accompanied by the
development of typical and atypical clinical signs.
The most common typical symptoms of the disease
include paroxysmal increase in BP with significant
fluctuations, prolonged AH refractory to treatment,
and headache — these are the signs that were manifested
in the presented clinical case.

Despite of the fact that epinephrine and norepine-
phrine are the cause of hypertension in pheochromo-
cytoma, their determination in serum or urine is of
limited significance, since the half-life of these hormo-
nes is very short and their evaluation is informative
mainly during or immediately after an AH attack.
At the same time, it is known that catecholamines inside
the chromaffin cells of the adrenal medulla are
metabolized into inactive methylated derivatives: respec-
tively, epinephrine into metanephrine, norepinephrine
into normetanephrine. It is important to note that intra-
tumorally the process of catecholamines methylation
occurs constantly and does not depend on the time
of secretion of active catecholamines into the vessels,
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i He 3anexuTb Big Yacy cekpeuii aKkTMBHUX KaTexona-
MiHIB Y CyaAWHHE pycrno, y 3B’ £3KYy 3 4MM «30510TUM
cTaHgapTom» Yy AiarHoctuui heoxpoMouuToMU BBaxa-
€TbCS BU3HAYEHHS MeTaHedpuHy Ta HopMeTaHedpUHY
B nna3mi abo B ceuvi [14]. BkazaHuii MeToq xapakTepusy-
€TbCS HaA3BMYaAMHOK YYTMMBICTIO Ta BUCOKOK Cheuu-
divHicTio. 3a AaHMMM AeAKNX aBTOPIB, METOA BU3HAYEHHS
MeTaHedpuHIB y nnasmi kposi npu ceoxpomounTomi/
naparaHrniomi mae 4ytnueictb 90—-99% Ta cneundiyHiCTb
80-98%, wo nepesepllye OGinbLiCTb Ai@arHOCTUYHUX
TecTiB [15]. OTxe, NigBULEHHS BULLE3a3HAYEHUX MOoKa-
3HUKIB pO3rMAgacTbCs SK LiarHOCTUYHMIA KpUTepin deo-
XpPOMOUWUTOMMW, i, HaBNakW, HeraTMBHOINO pesynsraTty
[OCTaTHbO, LLIO6 BUKITIOYUTU Lie NaTornoriYH1i cTaH.

Ak BMAHO 3 Tabnuui, y nauieHTkn mMano micue nigsu-
LeHHA Malxe y 2 pa3n MeTaHedpuHy Ta Adesike nigsu-
LeHHA KOHLUeHTpauii HopMeTaHedpuHy, WO CBig4YnTb
Ha KOpPUCTb MYyXMMHW MO3KOBOIMO LUApy HagHWPKOBUX
3ano3. 3rigHO 3 JaHuMK niTepaTtypu, nepeBa)aHHs
MeTaHedpuHy Hag HoOpMeTaHedpPVMHOM XapaKTEpPHO
ONst NyXMHW HagHWPHWKOBOT nokanisauii (Ha BigmiHy
Bij MO3aHagHMPHMKOBOI — MaparaHrniomu), npote npo
maike 100% BiporigHiCTb NyXNWHW 34aTHE CBIgYUTH
OinbLU HixX YoTUpMpasoBe 30inbLUeHHS MeTaHedpuHy [16].

Y 3B’A3Ky 3 BUCOKO iHdopmaTtusHicTio KT Ta 3acto-
CyBaHHSAM MOro K Havkpalwloro MeTtody Bisyanisauil
NyXAvHU nauieHTui npu3HadeHo KT HagHUMPKOBWMX 3anos
3 KOHTpacTyBaHHsM. [lpoBedeHe [OCMIOXEHHS BUS-
BWUMO YTBOPEHHS BMCOKOI HATMBHOI LUINbHOCTI y niBin
HaLHMPKOBIN 3anosi po3mipamyn 16x13 MM, WO HaniMo-
BipHilLe BignoBigae ageHoMmi.

BpaxoBytoun pesynstat ropmMoHanbHoOro Ta Bisya-
nisauinHoroobcTexxeHb, BCTaHOBMNEHO AiarHo3: heoxpomo-
uutoma (ageHoma niBOi HaAHMPKOBOI 3anosu), BTO-
puHHa Al 1 cT.

MauieHTka ckepoBaHa [0 Xipypra Ans ornepaTuBHOIO
nikyBaHHS, sike € MeTogoM BMGOpY MpU ropMoHanbHO-
aKTMBHUX NyXNMHaxX HagHWPKOBKX 3aro3, 3okpema, eo-
XpomoumTomi. Kpim TOro, XBopili NpPOBEAEHO KOpPEKLLito
rinoTeH3nBHOI Tepanii: npuaHavyeHo anbda-agpeHobno-
KaTop OOKCa303uH no 1 Mr ABivi Ha AeHb, Wo cTabinisy-
Bano AT nauieHTKM Ta BigTak 3HA4YHO Mokpawmno ii
3aranbHe CaMono4yTTs.

BUCHOBKHU

B KOHTEKCTIi HaBedeHOro KniHiYHOro BWMMagKy BapTo
3BEPHYTU yBary Ha Taki MOMEHTMW.

MauieHT monogoro Biky 3 nigBuweHHAM AT no-
TpebytoTb 060B’ A3KOBOro OOGCTEXEHHS LWOAO HASBHOCTI
BTOpMHHOI Al TlinepToHiyHa xBopoba y Hux € giar-
HO30M BUKITHOYEHHS.

BpaxoByrounm YMCREHHI MOXIUBI MPUYUHUM BTOPWH-
HOi Al i HeoOXigHICTb «3BYXEHHSI» Komfa MOLUYKY,
iHpopmaTuBHMM AN nikapa Ta abcontoTHO GesnevyHnm
ona naudieHta € Y3[. Hespaxatoum Ha Te, WO Ue
0OCTEXEHHA HEe € CaMOCTIMHMM Y [iarHocTuui ageHoMm
HaHUPKOBMX 3ano3 Ta noTpebye AOMOBHEHHS iHLMMMU
BidyanisauinHMMn MeTodamMu, BOHO 34aTHe nigkasaTtu
nikapio nogarnbLuy TaKTUKY.

BusasneHHs etionorii BTOpuHHOI AlT y BENMKOi YacTku
XBOPUX [O3BONSE MNPU3HAYMTU NATOreHEeTMYHy Tepanito
Ta YCyHyTM nigBullieHHs AT, a B pasi HeMOXIMBOCTI

therefore the "golden standard" in the diagnosis of
pheochromocytoma is considered to be the determina-
tion of metanephrine and normetanephrine in plasma
or urine [14]. This method is characterized by extreme
sensitivity and high specificity. According to some
authors, the method for determining methanephrines
in blood plasma in pheochromocytoma/paraganglioma
has a sensitivity of 90-99% and a specificity of 80—98%,
which is superior to most diagnostic tests [15]. Thus,
an increase in the above indicators is considered
a diagnostic criterion for pheochromocytoma, and,
conversely, a negative result is sufficient to exclude
this pathological condition.

As can be seen from the table, the patient had
an almost 2-fold increase in metanephrine and a slight
increase in normetanephrine concentration, which indi-
cates a tumor of the adrenal medulla. According to
the literature, the predominance of methanephrine over
normethanephrine is typical for adrenal tumors (as oppo-
sed to extra-adrenal tumors, such as paragangliomas),
but a more than fourfold increase in methanephrine
can indicate an almost 100% probability of tumour [16].

Due to the high informativeness of computed tomo-
graphy (CT) and its use as the best method of tumor
visualization, the patient was prescribed a CT scan
of the adrenal glands with contrast. The study revealed
a high native density mass in the left adrenal gland
measuring 16x13 mm, which most likely corresponds
to an adenoma.

Taking into account the results of hormonal and
imaging examinations, the diagnosis was made:
pheochromocytoma (adenoma of the left adrenal gland),
secondary AH of the 1st degree.

The patient was referred to a surgeon for surgical
treatment, which is the method of choice for hormonally
active adrenal tumors, in particular, pheochromocy-
toma. In addition, the patient underwent correction of
antihypertensive therapy: the alpha-blocker doxazosin
1 mg twice a day was prescribed, which stabilized
the patient s BP and significantly improved her
general well-being.

CONCLUSIONS

In the context of the above clinical case, it is worth
paying attention to the following points.

Young patients with elevated BP require mandatory
examination for secondary AH. Essential AH in young
patients is a diagnosis of exclusion.

Considering the numerous possible causes of secon-
dary AH and the need to «narrow» the search scope,
US is an informative method for the doctor and abso-
lutely safe for the patient. Despite the fact that this
examination is not an independent one in the diagnosis
of adrenal adenomas and needs to be supplemented
with other imaging methods, it is able to prompt the doctor
about further tactics.

Identifying the etiology of secondary AH in a large
proportion of patients allows to administrate pathoge-
netic therapy and eliminate increased BP, and in case of
impossibility of the problem radical solution to the
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Prospects for further research

The material presented in the article justifies the need for
further research on etiopathogenetic factors and features
of the clinical course of arterial hypertension in people of different
age groups.
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KoHdbAikT iHTEepecis

ABTOpPW pyKONUCy CBIAOMO 3acBiA4vyoTb BiACYTHICTb PaKTUYHOIO
abo nOTEeHUNHOrO KOHNIKTY iHTepeciB LWOAO pe3ynbrarTiB
Liei pobotn 3 chapmMaueBTUHHMMU KOMMAHIMU, BUPOGHMKaMM
BGioMeanYHMX MPUCTPOIB, IHLUMMW OpraHi3auisMu, Yni NPoayKTK,
nocnyru, ciHaHcoBa niagTpPUMKa MOXyTb OyTu noB’ dA3aHi
3 npegMeTOM HagaHux Matepianis abo ki crnoHcopyBanu
nposeaeHi JOCNiAXEHHS.
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