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PE3IOME

AxTyanbHicTb. He3Baxaloum Ha CydvacHi OOCATHEHHS MeOWUMHW, HEBUHOLLYBaHHS
BariTHOCTI 3anMIAaETbCd OCHOBHOK MNPOGMEMOI0 aKyLIepCbKO-TIHEKOMOriYHOT Hayku
i NpaKkTuKn.

MeTta po6otu. OuiHUTM 0COBNMBOCTI CTaHy eKCTpaeMOpioHaNbHUX CTPYKTyp npwu
HEBUHOLLYBaAHHI Ha paHHiX TepMiHax recTauii.

Marepianu ta metogu. lig cnoctepexeHHsm 6yno 32 nauieHTku (OCHOBHa rpymna)
3 BepundiKoBaHOO 3arpo30i0 NepepmnBaHHA BariTHOCTi 3 KPOBOTEYEH B eMOpioHanbHOMY
nepiogi rectauii (4o 10 TwxHiB) i 20 XiHOK (KOHTponbHa rpyna) 3 di3ionoriYHM
nepebirom paHHiX TepmiHiB BariTHOCTI. KpuTepismu BUKMOYEHHS 3 OOCHIOKEHHS
Oynu nauieHTkM 3 iHOyKOBaHOKW BariTHiCTI0, GaratonniggsM, aHomanisiMu pO3BUTKY
XIHOYMX CTaTEBUX OPraHiB.

Bcim nauieHTkam npoBoaunock CTaHgapTHeE KhiHiKo-nabopaTopHe OBCTEXEHHS.
[Mpun yneTpa3BykoBOMY AOCHIAXEHHI OLiHIOBaNu sik cTaH emMbpioHa, Tak i CTaH ekcTpa-
emMbpioHanbHUX CTpykTyp: 06’eM nnigHoro sanus (V n/g), cepegHbOBHYTPILLHIA giameTp
)KOBTOYHOIO MillKa, XapakTep BacKynsipu3auii >XOBTOro Tina, CTaH remMoauHamikm
B Miometpii. Mpu TpaHcBariHanbHOMY YNbTPa3ByKOBOMY AOCHIAXEHHI 3a 4OMOMOro
cneujanbHoi TpuBuMMipHOi nporpamu  VOCAL npoBoguBCcs nigpaxyHok o06’emy
xopioHy (Vx) Ta ouiHoBaBcs iHaeKc noro Backynspu3aadii (VI).

Pe3ynbrati Ta ix o6roBopeHHs. AHani3 6ioMeTpii eMOpiOHIB B AOCHIAXEHNX rpynax
OOCTOBIpHOI pi3HMUi He BusiBMB. lMpu OUiHUi CTaHy ekcTpaeMOpioHanbHUX CTPYKTYp
HaMM BCTaHOBMEHO, WO O06’'eM NNigHOrO AWUA Ta CepeaHbOBHYTPILIHIN AdiameTp
)KOBTOYHOIO MilLKa Y XXIHOK 3 HEBWHOLLYBaHHSIM B eMOpioHanbHOMY nepiodi recrauiji
OyB AOCTOBIPHO HUXYUM.

OG’eM XOBTOro Tina sie4HMKa B OCHOBHIN rpyni gopisHioBae 3,0 + 0,3 cm® B KOHTpOmb-
Hin — 5,3 £ 0,61 cm?, (p < 0,05). Backynsipusauisi KoBTOro Tina y nauieHToK 3 KpoB'si-
HUCTUMU BULINEHHAMW B paHHi TEPMiHM BariTHOCTi Takox Oyna 3HmxeHa.

Y nauieHTOK 3 3arpo3ol0 nepepvBaHHA BariTHOCTI 3 KpoBOTevel VX CTaHOBMB
32,5 + 2,08 cm?; B koHTponi 71,6 + 2,4 cm®. IHaekc Backynsipusalii XopioHy y BariTHUX
OCHOBHOI rpynu gopiBHoBaB 9,5 + 1,2, T0o4i K y XiHOK 3 dpisionoriyHum nepebirom
rectauii BiH 6yB 19,1 + 1,7 (p < 0,05).

Mpw ouiHUi remoguHaMikn B MiOMETPIi TakoXX BCTAHOBMEHO, O iHAEKC PE3UCTEHTHOCTI
B MaTKOBMX Ta CripanbHUX apTepisix y NauieHTOK OCHOBHOI rpynu 6yB 3HAYHO BULLMM
MOPIBHAHO 3 BariTHUMWN KOHTPOMbHOT FPynu.

BucHoBku. Npu 3arposi nepepmBaHHSA BariTHOCTI 3 KPOBOTEYED B e€MOpiOHanbHOMY
nepiogy BHYTPILWHbOYTPOOHOrO PO3BUTKY AWTUHM 3HAYHMX 3MiH HabyBalTb ekcTpa-
eMOpioHanbHi CTPYKTYpW.

3HWKEHHA o06’eMy nnigHOro ANUSA, CepedHbOBHYTPILHBOIO AdiameTpa >KOBTOYHOro
MiLLKa, NOPYLUEHHS1 KPOBOTOKY B >XOBTOMY Tifli Ta MIOMETPII, 3HWKEHHS BacKynsipusa-
Lji xopioHa Ta MOro rinonnasis CTBOPIOIOTb BMCOKUA PU3MK PO3BUTKY MnaueHTapHOl
AuncdpyHKUiT Ta noripLwytoTb NPOrHO3 BariTHOCTI.

KpaByeHko O.B. OcobnuBocTi cTaHy ekcTpaembpioHanbHUX CTYKTYp NMpU HEBUHOLLYBaHHI B paHHIX TepMiHax rectadlii.
BicHuk Xapkiscbko2o HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa. Cepis «MeduyuHax». 2024. T. 32. Ne 1(48).
C. 8-14. DOI: https://doi.org/10.26565/2313-6693-2024-48-01
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ABSTRACT

Background. Despite the modern achievements of medicine, miscarriage remains
the main problem of obstetrics and gynecology science and practice.

Purpose — to assess the features of the state of extraembryonic structures in case
of miscarriage in the early stages of gestation.

Materials and Methods. Under observation were 32 patients (main group) with
a verified threat of pregnancy termination with bleeding in the embryonic period of
gestation (up to 10 weeks) and 20 women (control group) with a physiological course
of early pregnancy. The exclusion criteria from the study were patients with
induced pregnancy, multiple pregnancies, anomalies of the development of female
genital organs.

All patients underwent a standard clinical and laboratory examination. During the
ultrasound examination, both the state of the embryo and the state of extra-
embryonic structures were evaluated: the volume of the fertilized egg (V fle), the
average internal diameter of the yolk sac, the nature of vascularization of the
corpus luteum, the state of hemodynamics in the myometrium. During transvaginal
ultrasound, the chorionic volume (Vc) was calculated and its vascularization index (VI)
was evaluated using a special three-dimensional VOCAL program.

Results. Analysis of embryo biometrics in the studied groups did not reveal any
significant difference. When assessing the state of extra-embryonic structures,
we found that the volume of the fertilized egg and the average internal diameter
of the yolk sac in women with miscarriage in the embryonic period of gestation
was significantly lower.

The volume of the corpus luteum of the ovary in the main group was equal
to 3.0£0.3 cm?® in the control group — 5.3¢0.61 cm?3, (p < 0.05). Vascularization of
the corpus luteum in patients with bleeding in early pregnancy was also reduced.

In patients with threatened termination of pregnancy with bleeding, Vc was
32.5+2.08 cm?® in control 71.6+2.4 cm®. The vascularization index of the chorion in
pregnant women of the main group was equal to 9.5+1.2, while in women with
a physiological course of gestation it was 19.1+1.7 (p <0.05).

When evaluating the hemodynamics in the myometrium, it was also established that
the resistance index in the uterine and spiral arteries in the patients of the main group
was significantly higher compared to the pregnant women of the control group.
Conclusions. When there is a threat of pregnancy termination with bleeding in
the embryonic period of intrauterine development of the child, significant changes
occur in extraembryonic structures.

A decrease in the volume of the fertilized egg, the average internal diameter of the
yolk sac, blood flow disorders in the corpus luteum and myometrium, a decrease in
vascularization of the chorion and its hypoplasia create a high risk of developing
placental dysfunction and worsen the prognosis of pregnancy.

DOI: https://doi.org/10.26565/2313-6693-2024-48-01
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the state of extraembryonic structures in early terms of pregnancy.
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INTRODUCTION

HesBaxatoun Ha cyyacHi [OOCATHEHHS MeOWLMHM,
HEBUHOLLYBaHHSI BariTHOCTI  3anuvLI@ETbCA OCHOBHOMO
npobnemMoto  aKyLepCbKO-TIHEKOMONYHOT HayKu i Mpak-
Tukm [1-3]. CborogHi BTpata BariTHOCTi MOB’SI3yETbCSA
B CYCNifbCTBi HE TifbKW 3 MOPYLUEHHSM NCUXOeMOoLin-
HOro CTaTycCy XiHKM, couianbHumu npobnemamu cim’i,
a W po3rnsgaeTbCa 9K gemorpacdpivHa  Kpusa  Ha
AepxaBHoOMY piBHi [4—6].

MpUYMHM  HEBUHOLWIYBAHHA Pi3HOMAHITHI: OO0 HUX
Hanexarb reHeTUYHi, TpPoMO0odinivHi, iMyHoMoriyHi, eHao-
KPWHHI YnHHUKM [7—11]. Ha pgokniHiYHOMY eTani cborogHi
BTpayaetbcss A0 70% BariTHOCTeN, Ha KMiHIYHOMY —
no 15% [12, 13]. MNpuyomy Ha embGpioHanbHU nepiog
(no 70 pHiB rectauii) npunagae 10-12% i nuwe
2-3% BariTHOCTEN NepepuBaETLCA Ha NNOAOBOMY eTani
po3BuTKY anTuHmM [14]. OTxe, npouecwm, ski BiobyBatoTbca

Despite the modern achievements of medicine,
miscarriage remains the main problem of obstetrics
and gynecology science and practice [1-3]. Today, the
loss of pregnancy is associated in society not only with
a violation of the psycho-emotional status of a woman,
social problems of the family, but is also considered
as a demographic crisis at the state level [4-6].

The causes of miscarriage are diverse: they include
genetic, thrombophilic, immunological, and endocrine
factors [7—11]. At the preclinical stage, up to 70% of
pregnancies are lost today, at the clinical stage —
up to 15% [12, 13]. Moreover, the embryonic period
(up to 70 days of gestation) accounts for 10-12% and
only 2-3% of pregnancies are terminated at the fetal
stage of the child’s development [14]. Therefore, the
processes that occur in the chorio-embryonic system
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B XopioeMbpioHanbHin cucteMi Ao 10 TWXHIB BariTHOCTI,
€ Hanmbinblw 3anexHuMu Big ¢aKkToOpiB HABKOMULLHBOIO
cepefoBMLLa, cnocoby XUTTA Ta 3aranbHOro 340pOB’A
MaTEpPUHCBKOro OpraHiamy.

YyacTb ecTpaembpioHanbHUX CTPYKTyp B iHTerpadii
0OMiHHMX MpoueciB MiXX opraHiamom MaTepi i eMbpi-
OoHa € HesanepedHoto [15]. OpgHak KomnecaTopHoO-
npucToCyBarnbHi MOXIMBOCTI XOpio-nnaueHTapHoOI cucte
MU MaloTb MEBHUA pe3epB, MPU BUCHAXKEHHI SKOrO
HacTalTb HE3BOPOTHI MaTOMOriyHi 3MiHW, SKi MOXYTb
OyTV MPUYMHOI MOPYLUEHb XUTTEBO-BaXXNUBUX (YHK-
Lin MmanbyTHLOro nrnoga Ta CnpusTU PO3BUTKY HECTPUSIT-
NMBUX HACNIAKIB i penpoayKTUBHUX BTpaT [16].

Y 3B’s13Ky 3 UMM, CTaH eKCTpaemMOpioHanbHUX CTPYK-
Typ cnig po3rnmagatym 3 ypaxyBaHHSM [OECTYKTUBHUX
i KOMMEHCATOpHWX MPOLECiB, CTyMiHb 36epexeHHsi
SKMX BU3HaA4Yae CTaH MaTtepi i emOpioHa Ha paHHiX
TepMiHax recraui.

Meta po6oTM — oOUiHUTM O0COBNUBOCTI CTaHy
€eKCTpaeMOpioHanbHUX CTPYKTYP MpU  HEBUHOLLYBAHHI
B paHHIX TepMiHax rectauii.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Mig cnocrepexeHHsam 6yno 32 nauieHTkn (OCHOBHa
rpyna) 3 BepudikOBaHOK 3arpo30l MNepepuBaHHs Ba-
rTHOCTI 3 KpoBOTeYew B embpioHanbHOMY nepioai
rectauii (3o 10 TwxHiB) i 20 XiHOK (KOHTpOMnbHa rpyna)
3 (pigionoriyHMm nepebirom paHHiX TepMiHIB BariTHOCTI.
Kputepismu BuknioveHHS 3 AocnimpkeHHa Oynu  naui-
€HTKW 3 iHOYKOBAHO0 BariTHICTIO, Garatonnigasam, aHoma-
NiSMM PO3BMTKY XiIHOYMX CTaTEBMX OpPraHiB.

3a BikOM, coujanbHUM CTaTycoM, akyLlepCbKOo-CoMa-
TUYHUM aHaMHEe30M, rpynu AOoCnifpkeHHA Oynu penpe-
3eHTaTuBHI. BciM mauieHTkam npoBoaunocb ctaHaapTHe
KniHiko-nabopatopHe obcTexeHHs. [lpu  yneTpassyko-
BOMY [OOCHiAXEHHI OUiHIOBanM a9k cTaH embpioHa, Tak
i CTaH ekcTpaeMOpioHanbHMX CTPYKTyp: 06’em nnigHoro
anus (V n/a), cepeaHbo-BHYTPILLHIA AiaMeTp )XOBTOYHOTO
MillKa, XapakTep BacKynspu3auii XOBTOro Tina, crtaH
remoguHamikn B miomeTpii. [Mpu TpaHcBariHanbHOMY
yNbTPa3ByKOBOMY  AOCHIMKEHHI 32 [0MNOMOrol  cre-
uianeHoi TpmsumipHoi nporpamn VOCAL nposoausca
nigpaxyHok ob’emy xopioHa (VX) Ta ouiHioBaBCS iHAEKC
noro Backynsapu3aadii (VI).

CTaTuUCTMYHUIA aHani3 BUKOHyBanu 3a 3aranbHonpui-
HATUMUW MeTOAAMM BapiaLiHOT CTaTUCTUKK. [JOCTOBIPHICTb
ouiHoBann 3a f-kputepiem CTblogeHTa. BigmiHHOCTI
BM3Ha4Yanucs iCTOTHUMK Npm piBHi 3HavywocTi p < 0,05.

O6cTexxeHHs Ta nikyBaHHS 34iMCHIOBaNV nuiie nicns
OTpUMaHHS iIHPOPMOBAHOT 3roan NaLieHTKN.

MpoBeneHHs pocnimkeHb norogxeHe  Kowmicieto
3 NnUTaHb GioMegn4HOT eTUKM ByKOBUHCBHKOrO Aep>KaBHOrO
MEAMNYHOTO YHIBEPCUTETY OO0 AOTPUMAHHSA MOPanbHO-
NpaBoOBMX MpaBuI MPOBEAEHHS MEAUYHUX HayKOBUX
pocnigxeHb (npotokon Ne 4 Big 28.12.2023 p.).

PE3YABTATU TA iX OBFOBOPEHHS

CepeaHini Bik 0OGCTEXEHUX BariTHAX OCHOBHOI rpynu
ctaHoBuB 24,4 + 3,1 poky, KOHTponbHOi — 23,5 + 4,1.
B OCHOBHIiN Ta B KOHTPOIMbHIN pyni XogHa nauieHTka
He Mana HagnuwkoBoi macu Tina. pu awHanisi aky-

up to 10 weeks of pregnancy are most dependent
on environmental factors, lifestyle and general health
of the mother’s body.

The participation of estraembryonic structures in the
integration of exchange processes between the orga-
nism of the mother and the embryo is undeniable [15].
However, the compensatory and adaptive capabilities
of the chorio-placental system have a certain reserve,
when depleted, irreversible pathological changes occur,
which can be the cause of violations of the vital functions
of the future fetus and contribute to the development
of adverse consequences and reproductive losses [16].

In this regard, the state of extraembryonic struc-
tures should be considered taking into account destruc-
tive and compensatory processes, the degree of
preservation of which determines the state of the
mother and the embryo in the early stages of gestation.

Objective — is to assess the peculiarities of the state
of extraembryonic structures in the event of miscarriage
in the early stages of gestation.

MATERIALS AND METHODS

And methods 32 patients (main group) with a verified
threat of pregnancy termination with bleeding in the
embryonic period of gestation (up to 10 weeks) and
20 women (control group) with a physiological course
of early pregnancy were under observation. Exclusion
criteria from the study were patients with induced
pregnancy, multiple pregnancies, anomalies of the deve-
lopment of female genital organs.

The research groups were representative in terms
of age, social status, obstetrical and somatic anamnesis.
All patients underwent a standard clinical and laboratory
examination. During the ultrasound examination, both
the state of the embryo and the state of extraembryonic
structures were evaluated: the volume of the fertilized
egg (V fle), the average internal diameter of the yolk
sac, the nature of vascularization of the corpus luteum,
the state of hemodynamics in the myometrium. During
the transvaginal ultrasound examination, the volume
of the chorion (Vc) was calculated and its vasculari-
zation index (VI) was evaluated using a special three-
dimensional VOCAL program.

Statistical analysis was performed according to gene-
rally accepted methods of variational statistics. Reliabi-
lity was assessed by Student’s t test. Differences were
defined as significant at a significance level of p <0.05.

Examination and treatment were carried out only
after obtaining the patient’s informed consent.

The conduct of research was approved by the
Biomedical Ethics Committee of the Bukovyna State
Medical University regarding compliance with the moral
and legal rules for conducting medical scientific research
(protocol No. 4 dated 12/28/2023).

RESULTS AND DISCUSSION

The average age of the examined pregnant women
of the main group was 24.4 + 3.1 years, the control group
was 23.5 + 4.1. In the main and in the control group, not
a single patient had excess body weight. When analyzing
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LLEepPCbKO-TIHEKOMONYHOr0O aHaMHe3y BCTaHOBIEHO, LU0
Yactota apTtudiliiHux abopTiB y MauUiEHTOK OCHOBHOI
rpynu cknagana 18,7% (6), canbniHroocoput B aHam-
Hesi Bigmivanm 12,5% (4) xiHok, y 9,4% (3) BariTHMX
B aHaMHesi Oynu onepaTuBHi BTpPyYaHHs Ha opraHax
YepeBHOI MOPOXHUHW, 2 nauieHTkn (%) cTpaxganu
Ha NOMiKiCTO3 A€YHUKIB. Y KOHTPOMbHIMA rpyni 3anarnbHi
3aXBOPIOBaHHSI PENPOAYKTUBHUX OpraHiB Gynu BUSIBMEHI
B aHamHesi y 4 XiHok (20%). Eposis wuiikn maTtkn B faHin
rpyni 6yna piarHoctoBaHa y 15% (3) nauieHTok, mioma
matkn y 5% (1), nopyweHHs MeHCTpyanbHOro LMKy
y 10% (2) obcrexxeHux. lMoBTOpHOBAriTHi B OCHOBHIl
rpyni ctaHoBunu 43,7% (14), B kKOHTponbHiN 45% (9).

Bci BariTHi OCHOBHOI rpynu CKapXWnucsa Ha KpoB's-
HWUCTI BMAINEHHs i3 ctateBux wnsaxis. Y 84,4% (27) su-
nagkie Oyna pgiarHoctoBaHa peTpoxopianbHa rema-
Toma (PXT), y 15,6% (5) BariTHux gaHux 3a PXI" He Byno
BcTaHoBneHo. O6’em PXI B obGcTexeHux y cepegHboMy
crtaHoemB 1,15 + 0,26 cm®. Y 96,8% (31) nauieHTok
npyu Y3[ BigMiyanu cermMeHTapHe CKOPOYEHHsI MioMeT-
pis. BonboBun cuHgpom crnoctepirascs y 87,5% (28) xi-
HOK OCHOBHOI rpynu.

Mpu GiomeTpii embpioHa B gocnimkeHin rpyni 6yno
BCTAHOBMEHO BiACTaBaHHSA KYMPUKO-TIM'SHOTO  PO3Mi-
py (KTP) Big rectauiiHoro TepMiHy BinbLue HiXX Ha 7 OHIiB
y 6% BMNagkiB, B KOHTPOMbHiA rpyni LewW noKasHWK
ctaHoBnB 5% (1). HopmanbHa uvactoTa cepuebutTts
embpioHa B OCHOBHIl rpyni carana 84,4% (27), B KOHT-
ponbHii  95% (19) BunagkisB. bpaawvkapgis ©6yna
piarHocToBaHa y 15,6% (5) BariTHUXx B OCHOBHOI Ta
B 5% (1) KOHTPOMbLHOI rpynu.

Mpu ouiHUi cTaHy eKkcTpaembpioHanbHUX CTPYKTYp
HamMu BCTaHOBMEHO, WO CepeaHbOBHYTPILWHIN AiameTp
YKOBTOYHOTO MiLLKa Y XIHOK 3 HEBMHOLLYBaHHSAM B eMOpio-
HanbHOMY nepiogi rectauii ctaHoBuB 3,6 + 2,1 MM,
B KOHTpONi faHui nokasHuk 6ys 4,5 + 0,6 mm (p < 0,05).
[OCTOBIpHO HMXYMM Yy NaUIiEHTOK OCHOBHOI rpynu
OyB Takox i o6’em nnigHoro swua (12,4 + 7,1 mm3;
19,4 £ 9,1 mm3, p < 0,05).

O6’em >XOBTOrO Tina Ssie4HUKA B OCHOBHIN rpyni
popisHioBae 3,0 £0 ,3 cm® B KOHTPOSbHIN — 5,3 £ 0,61 cm®,
(p < 0,05). Backynsipusauisi OBTOro Tina y nauieHToK
3 KPOB'AHUCTUMUW BUAINEHHAMM B pPaHHi TepPMiHW BariT-
HOCTi Takoxx Oyna 3HWXKeHa, Npo Lo CBiAYUTbL iHAEKC
pesucteHTHocTi (IP) Ta nynbcauinHun iHgekc (M)
B apTepii )X0BTOro Tina (ame. Tabn. 1).

the obstetric and gynecological history, it was estab-
lished that the frequency of artificial abortions in patients
of the main group was 18.7% (6), salpingo-oophoritis
in history was noted in 12.5% (4) of women, in 9.4% (3)
of pregnant women in history there were surgical inter-
ventions on abdominal organs, 2 patients (%) suffered
from polycystic ovaries. In the control group, 4 wo-
men (20%) had a history of inflammatory diseases of
the reproductive organs. Cervical erosion in this group
was diagnosed in 15% (3) of patients, uterine fibroids
in 5% (1), menstrual cycle disorders in 10% (2) of the
examined. Repeat pregnancies in the main group
were 43.7% (14), in the control group 45% (9).

All pregnant women of the main group complained
of bleeding from the genital tract. In 84.4% (27) cases,
retrochorial hematoma (RCH) was diagnosed, in
15.6% (5) of pregnant women, data on RCH was not
established. The volume of the RCH in the examinees
averaged 1.15 + 0.26 cm®. In 96.8% (31) of patients,
segmental shortening of the myometrium was noted
during ultrasound. Pain syndrome was observed in
87.5% (28) women of the main group.

During the biometrics of the embryo in the studied
group, a lag of coccygeal-parietal size (CPS) from the
gestational period was established by more than 7 days
in (6%) cases, in the control group this indicator
was 5% (1). The normal heart rate of the embryo in
the main group reached 84.4% (27), in the control
95% (19) of cases. Bradycardia was diagnosed
in 15.6% (5) of pregnant women in the main group
and in 5% (1) of the control group.

When assessing the state of extraembryonic struc-
tures, we found that the average internal diameter of
the yolk sac in women with miscarriage in the embryonic
period of gestation was 3.6 + 2.1 mm, in controls this
indicator was 4.5 + 0.6 mm (p < 0, 05). The volume of
the fertile egg was also significantly lower in patients
of the main group (12.4+7.1 mm?3; 19.4+9.1mm?, p <0.05).

The volume of the corpus luteum of the ovary in the
main group was equal to 3.0+0.3 cm?® in the control
group — 5.320.61 cm?, (p < 0.05). Vascularization of
the corpus luteum in patients with bleeding in early
pregnancy was also reduced, as evidenced by resis-
tance index (IR) and pulsatility index (PI) in the corpus
luteum artery. (see table 1)

Tabnuusa 1. JonnnepomeTpryHa XxapaKkTeprcTuKa KpOBOTOKY apTepil XOBTOro Tina
y BariTHUX 3 HEBUHOLLYBaHHSAM B eMOpioHanbLHOMY nepiogi rectauii (8—9 Tux.)
Table 1. Doppler characterization of blood flow in the corpus luteum artery
in pregnant women with miscarriage in the embryonic period of gestation (8—9 weeks)

Mpynu obCTexeHNX
Groups of examinees

IHaekc peancTeHTHOCTI (IP)
Index resistance (IR)

Mynbcauiinmm ivgeke (M1)/
Pulsating index (Pl

OcHosHa rpyna / Main group 32

0,61* + 0,02

0,74* + 0,01

KoHTtponbHa rpyna / Control group 20

0,46 + 0,03

0,64 £ 0,03

Mpumimku: *(p < 0,05)
Notes: *(p<0,05)

OujiHka 6e3nocepenHbo 06’eMy XxopioHa i 1ioro Bac-
Kynsipusauii npoBeaeHa B KiHLi embpioHanbHoro nepiogy
(9—10 TxHiB) B 000X rpynax AocnimpkeHux. Y nauieHTok
3 3arpo3ol0 NepepuBaHHA BariTHOCTI 3 KpoBoTeyer VX
ctaHoBuB 32,5 + 2,08 cm®; B KoHTponi 71,6 + 2,4 cm®.

The assessment of the volume of the chorion and its
vascularization was carried out at the end of the embry-
onic period (9-10 weeks) in both groups of subjects.
In patients with threatened termination of pregnancy with
bleeding, Vx was 32.5+2.08 cm?® in control 71.6+2.4 cm?®.
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Fig. 1. Changes in the volume of the chorion in pregnant women with miscarriage in the embryonic period of gestation (8—9 weeks)

IHOekc Backynsipusauii XopioHa y BariTHUX OCHOBHOI
rpynu gopisHiooBaB 9,5 £ 1,2, Tofi SK y XiHOK 3 @isiono-
rivHum nepebirom rectauii BiH 6yB 19,1 + 1,7 (p < 0,05).

Mig 4ac ouiHKM remogMHamiku B MiOMETPil Hamu
BCT@HOBIEHO, WO iHAEKC PEe3NUCTEHTHOCTI B MaTKOBMX
Ta cnipanbHUX apTepisx Yy nauieHTOK OCHOBHOI rpynu
OyB 3Ha4YHO BULLUM Yy MOPIBHSIHHI 3 BaAriTHUMWN KOHTPOIb-
HOI rpynu, BignosigHo: |IP B MaTKOBUX apTepisx Aopis-
HioBaB 0,82 + 0,03; 0,73 + 0,01 (p < 0,05); iHoekc
PE3UCTEHTHOCTI B ChipanbHUX apTepisx CTaHOBUB
0,70 + 0,04; 0,61 + 0,01(p < 0,05).

Takum 4nHOM, remMogmMHaMiyHi 3MiHMW B CyamHax
MaTKy Npu3BOASiTb O MOPYLUEHHS BEHO3HOMO BiATOKY,
a noTiM i apTepianbHOro NPUTOKY KPOBi MO chipanbHUX
apTepisix OO0 MiKBOPCUHKOBOrO MpPOCTOPY, A€ MOXe
pO3BMBATMCA CTa3 KPOBi, SKWUA, B CBOIO 4epry, nopyLuye
06MiHHI npouecy y TpochobnacTi Ta 3yMOBINIOE HEMOBHO-
UiHHe dopMyBaHHSA embpioHa. [NpoBeaeHi [ocnioKEHHS
nokasanu TaKoX, LU0 NMpW KpoBOTeYax Ha paHHix Tep-
MiHax rectauii cnocTepiraeTbCA MOPYLUEHHA CTaHy
eKcTpaeMObpioHanbHUX CTPYKTYp. BpaxoBytouu, Lo nNpoBi-
30pHi OpraHu Ta iX BMNepemXyl4mn pict 3abesnedye
HopmanbHWA nepebir rectauiiHoro nepiogy, 3MmiHW
SKi B HUX BigbyBalTbCA NpU HEBMHOLLYBaHHI B eMOGpio-
HanbHOMY Mepiodi CTBOPKOKTL CEPWMO3Hi PU3UKM  MO-
JanbLuoro po3BuTKy nroga Ta nrnaueHTapHOi CUCTEMM.

BUCHOBKHU

[Mpn 3arposi nepepuBaHHA BariTHOCTI 3 KpPOBOTEYEH
B embpioHanbHOMY nepiogy BHYTPILUHLOYTPOBGHOro pos-
BUTKY AWTUHW 3HA4YHWX 3MiH HabyBaloTb ekcTpaembpio-
HanbHi CTPYKTYypu.

3HWKeHHss 00’'emy nnigHoro AnuUdA, cepenHbo-
BHYTPILLUHBOrO AiaMeTpa XXOBTOYHOTO MilUKa, MOPYLUEHHS
KPOBOTOKY B >KOBTOMY Tifli Ta MIOMETPii, 3HWXKEHHS
BacKynapusauii xopioHa Ta Woro rinonnasia CTBOpPHO-
IOTb BMCOKUI PU3MK PO3BUTKY MIlaueHTapHOI AUCAYHKLUIT
Ta NoripLwyoTb NPOrHO3 BariTHOCTI.

The vascularization index of the chorion in preg-
nant women of the main group was equal to 9.5+1.2,
while in women with a physiological course of gestation
it was 19.1+1.7 (p <0.05).

When evaluating hemodynamics in the myometrium,
we found that the index of resistance in uterine and
spiral arteries in patients of the main group was signi-
ficantly higher compared to pregnant women in the
control group, respectively: IR in uterine arteries was
equal to 0.82+0.03; 0.73+0.01 (p<0.05); the resistance
index in spiral arteries was 0.70+0.04; 0.61+0.01
(p <0.05).

Thus, hemodynamic changes in the vessels of the
uterus lead to a violation of venous outflow, and then
arterial blood flow through the spiral arteries to the
intervillous space, where blood stasis can develop,
which, in turn, disrupts metabolic processes in the
trophoblast and causes defective embryo formation.
The conducted studies also showed that with bleeding
in the early stages of pregnancy, there is a violation
of the state of extraembryonic structures. Given that the
provisional organs and their anticipatory growth ensure
the normal course of the gestational period, the changes
that occur in them during miscarriage in the embryonic
period create serious risks for the further development
of the fetus and the placental system.

CONCLUSIONS

When there is a threat of termination of pregnancy
with bleeding in the embryonic period of intrauterine
development of the child, extraembryonic structures
undergo significant changes.

A decrease in the volume of the fetal egg, the mean
internal diameter of the yolk sac, impaired blood flow
in the corpus luteum and myometrium, decreased
vascularization of the chorion and its hypoplasia create
a high risk of developing placental dysfunction and
worsen the prognosis of pregnancy.
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Prospects for further research

Prospects is to study the peculiarities of the state of extara-
embryonic structures in case of miscarriage at different ges-
tational ages.
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PE3IOME

AktyanbHicTb. MeTaboniynuii cuHgpom (MC) xapakTepusyeTbCsi pO3BUTKOM naTo-
FEHETUYHNX MEXaHi3MiB, siKi NOTEHUiloloTb abaoMiHanbHe OXMUPIHHS Ta iHCyniHO-
PE3UCTEHTHICTb. OXMPIHHA € CTUMYNATOPOM CUHTE3Y aKTUBHWX KOMMOHEHTIB XXMPOBOI
TKaHUHU — agunoumnTiB (AT), sike NpU3BOAWUTbL OO YUCIIEHHUX METAbOMIYHUX Ta remo-
OvHaMiYHMX po3nagiB. BuB4YeHHs natodpisionoriyHnx MexaHiamiB, Wo 6GasyTbes Ha
OCHOBi MOpP(OMETPUYHMX Ta BioxiMiYHMX napameTpiB agunoumMTiB 3 ypaxyBaHHAM
BiKOBOrO Ta CTaTEBOrO acreKTiB Ma€ Befnvke akTyanbHe 3Ha4YeHHS.

Meta po6oTu. BuaButu BigMiHHOCTI MOpPCONOriYHUX Ta FCTOMOrYHUX NapameTpis
aaunouuTiB Ha TNi PO3BUTKY METabomniYHOro CMHAPOMY Y TBapWH pi3HOro BiKy Ta cTari.
Martepianu Ta Metoau. [ns [OCArHEHHs MoOCTaBreHoi MeTu Oyno npoBedeHo
ekcnepumeHTanbHe gocnigkeHHss Ha 108 6inux wypax nonynsauii WAG/G  Sto.
KoxHa BikoBa rpyna cknaganacs 3 KOHTponbHoi (36) Ta ekcnepumeHTanbHoI cepii (72),
ne TBapuHu Bynu posnoginexi 3a crattio. [Jo 1-i rpynu yBinwnuM monogi HectateBo-
3pini TpuMmicsdHi wypu KoHTponbHoi (1K) Ta ekcnepumeHTtanbHoi (1A) nigrpynw.
lpyna 2 cknaganacb i3 36 cTaTeBo3pinux LWypiB BiKOM 5—6 MicsuiB, po3nogineHux
Ha 2 nigrpynu: KOHTpomnbHy (2K) Ta ekcnepumeHTanbHy (2A). TpeTio rpyny cknanwu
36 cTapux wypis BikoM 18 mic., nogineHux Ha koHTponbHy 3K (12) nigrpyny (6 ctapux ca-
MOK Ta 6 cTapux camuiB), Ta ekcnepumMmeHTanbHy nigrpyny 3A — 12 camok 1a 12 camuiB.
PesynbraTtu Ta ix o6roBopeHHs. igLKipHO-X1MpoBa TKaHWHA BCiX eKkcrepuMeHTarnb-
HWUX FPyn CKNagaeTbca 3 aguMnoumTie, po3mip, ddopMa Ta LWifbHICTb SAKUX Manu BiKOBI
Ta crtartesi BigMiHHOCTI. Y rpyni 1A o6ox niarpyn KniTMHW Manu Kpyriy Ta oBanbHY
hopmy, Bynu 3HaYHO MEHLUMMM Y PO3Mipi NOpPiBHSIHO 3 rpynamu 2A Ta 3A. Agunouutu
WypiB MaTb MOPMOMOriYHi 3MiHM Ha TNi eKkcnepuMeHTanbHoro mogentoBaHHsa MC
3 ypaxyBaHHsIM BIiKOBOro Ta CTaTeBOro acnekTiB. BcTaHoBneHo, Wwo came y rpyni
cTapux TBapuH y AT npeBantolTb rinepTpodiyHi Npouecn Ha Trli CUIIbHO 3HWXKEHWUX
rinepnnacTuyHMx. AHanisylody Ta MOPIBHIOKYM PO3MIP KIITUH XKMPOBOI  TKaHWUHU
MiX ekcrnepumeHTanbHumn rpynamu 1A, 2A Ta 3A MOXHa Big3HauMTe 3anexHicTb
36inblUEHHsI pO3MipiB agunoLMTIB, sika NOB’sI3aHa 3 BIkOM TBApPUHM.

BucHoBku. EkcnepuMeHTanbHi 3MiHW iHTerpatMBHUX MOKa3HWKIB agunouuTiB LLypiB
y naTtoreHesi meTaboniyHoro cCuMHApPOMY MOB’si3aHi 3 BikoM Ta cTaTTio. BigsHaueHo
3BOPOTHO NPOMNOPLIAHY 3aMneXHICTb 3HWKEHHSI PEe3UCTEHTHOCTI agunouuTiB Yy Mipy
36inblueHHst Biky TBapuHW. OTpuMaHi pe3ynstat MOXyTb OyTu BU3HaudeHi sik bGioro-
riYHWA Mapkep, WO MOKa3ye PO3BUTOK OXUPIHHA Ha (OOHI MOpyLleHb CUCTEMHOI
3ananbHOI BiANoBiAi Ta iHCYNiHOPE3UCTEHTHOCTI.

KysbmiHa I.}O., Ky3abmiHa O.O. BikoBi 3MiHM ninigHoro npodinto LypiB Ha (OOHi ekcriepumeHTanbHoro MetaboniyHoro
cuHApoMmy. BiCHUK Xapkiecbko2o HauioHarnbH020 yHieepcumemy imeHi B.H. KapasiHa. Cepisi «MeduyuHa». 2024.
T. 32. Ne 1(48). C. 15-27. DOI: https://doi.org/10.26565/2313-6693-2024-48-02

OpuwuriHanbHi 4oCnigpKeHHSs

15 Original research


https://doi.org/10.26565/2313-6693-2024-48-02
https://orcid.org/0000-0003-4180-2045
https://orcid.org/0000-0001-8311-9493
https://orcid.org/0000-0003-4180-2045
https://orcid.org/0000-0001-8311-9493
https://doi.org/10.26565/2313-6693-2024-48-02

BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.
Cepia «MeaunuuHar. 2024. T. 32. Ne 1(48). C. 15-27

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

The Journal of V.N. Karazin Kharkiv National University.
Series «Medicine». 2024;32(1(48)):15-27

Key words:

syndrome, obesity, pathophysiological
mechanisms, insulin resistance, adipo-
cytes, hypertrophic processes.

For correspondence:

Kuzmina Iryna Yuriivna

Kharkiv National Medical University of
the Ministry of Health Care of Ukraine;

4 Nauky Ave., Kharkiv, Ukraine, 61022;
e-mail: irina.u.kuzmina@gmail.com

© Kuzmina I.Yu., Kuzmina O.0., 2024

For citation:

ABSTRACT

Background. Metabolic syndrome (MS) is characterized by the development of
pathogenetic mechanisms that potentiate abdominal obesity and insulin resistance.
Obesity is a stimulator of the synthesis of active components of adipose tissue —
adipocytes (AT), which leads to numerous metabolic and hemodynamic disorders.
The study of pathophysiological mechanisms based on the basis of morphometric
and biochemical parameters of blood pressure, taking into account age and gender
aspects, is of great topical importance.

Purpose — of the study is to identify differences in the morphological and histological
parameters of adipocytes against the background of the development of metabolic
syndrome in animals of different ages and sexes.

Materials and Methods. To achieve the goal, an experimental study was conducted
on 108 white rats of the WAG/G Sto population. Each age group consisted of
a control (36) and an experimental series (72), where the animals were divided by sex.
The 1%t group included young immature 3-month-old rats of the control (1K) and
experimental (1A) subgroups. Group 2 consisted of 36 sexually mature rats aged
5-6 months, divided into 2 subgroups: control (2K) and experimental (2A).
The third group consisted of 36 old rats aged 18 months, divided into the control
3K (12) subgroup (6 old females and 6 old males), and the experimental subgroup 3A —
of 12 females and 12 males.

Results. The hypodermic tissue of all experimental groups consists of adipocytes,
the size, shape and density of which had age and gender differences. In group 1A
of both subgroups, the cells had a round and oval shape and were significantly
smaller in size compared to groups 2A and 3A. Adipocytes of rats have morphological
changes against the background of experimental modeling of MS in taking into
account age and gender aspects. It was established that in the group of old animals,
hypertrophic processes prevail in BP, against the background of greatly reduced
hyperplastic processes. Analyzing and comparing the size of adipose tissue cells
between experimental groups 1A, 2A and 3A, the dependence of the increase in the
size of adipocytes, which is related to the age of the animal, was noted.

Conclusions. Experimental changes in the integrative indicators of AT of rats in the
pathogenesis of MS are related to age and sex. An inversely proportional dependence
of the decrease in the resistance of adipocytes as the age of the animal increases
was noted. The obtained results can be designated as a biological marker that
determines the development of obesity against the background of disorders of the
systemic inflammatory response and insulin resistance.

Kuzmina IYu, Kuzmina OO. Age changes in the lipid profile of rats against experimental metabolic syndrome.
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BCTYN

INTRODUCTION

Mpobnema metaboniuHoro cuHgpomy (MC) — ogHa
3 MNpIOPUTETHUX NAHOK Yy CyvacHin dyHOamMeHTanbHin
Ta KMiHIYHIN MeguuMHI, Ta € NoegHaHHAM NaToNOriYHMX
KOMMOHEHTIB, O BWMHWKaKOTbL Ha TNi MOPYLUEHb Byrne-
BoAHOro Ta ninigHoro o6minie [1]. MC BigHoCATb 00
Tak 3BaHWX noniMopbigHMX CTaHiB, WO XapakTepuay-
I0TbCA  PO3BUTKOM MAaTOrEHETUYHUX MEeXaHi3MiB, SKi
NOTEHLIOI0TL  PO3BUTOK  YCKNaAHEeHHs i Npu3BOAATb
00 PO3BUTKY «CUHOPOMY B3AaEMHOIO OOTSXKEHHSA» [2].

lfonoBHumn naHkamu natoreHedy MC BBaxaloTb
abaomiHanbHe OXMPIHHA Ta iHCYNiHOPE3UCTEHTHICTL [3].
CninbHi  MexaHi3aMu  rMIOKO30TOKCUYHOCTI, MiNOTOKCUY-
HOCTI, 3ananeHHs Ta OKCuAaTUBHOIO CTPecy Mpu po3BUT-
Ky MC nexaTb B OCHOBi B3aEMO3B'A3KIB MK pe3nc-
TEHTHICTIO [0 iHCYniHY Ta AWcdyHKUiE eHaoTenito Ta
CrpUSIOTb PO3BUTKY MeTabonivyHnX 3axBoptoBaHb [4].

EK30reHHO-KOHCTUTYLiIiHE OXWUPIHHA € CTUMYMATO-
POM CUHTE3Y aKTUBHMX KOMMOHEHTIB XXMPOBOI TKAHUHN —
agunouuTiB (AT), Wo NpM3BOAUTL OO0 YMCMEHHUX MeTabo-
NiYHMX Ta remoamMHamiyHMx posnagis [5]. BignosigHo Ao

The problem of metabolic syndrome (MS) is one
of the priority areas in modern fundamental and clinical
medicine and is a combination of pathological compo-
nents that arise against the background of carbohydrate
and lipid metabolism disorders [1]. MS belongs to the
so-called polymorbid conditions, which are characte-
rized by the development of pathogenetic mechanisms
that potentiate the development of complications
and lead to the development of the «mutual burden
syndrome» [2].

Abdominal obesity and insulin resistance are consi-
dered the main links in the pathogenesis of MS [3].
Common mechanisms of glucose toxicity, lipotoxicity,
inflammation, and oxidative stress in the development
of MS underlie the relationship between insulin resis-
tance and endothelial dysfunction and contribute to the
development of metabolic diseases [4].

Exogenous and constitutional obesity is a stimulator
of the synthesis of active components of adipose
tissue — adipocytes (AT), which leads to numerous
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perioHanbHOro po3TallyBaHHSA XWPY Y TPU3YHIB BUgi-
NaTb NiAWKIPHY Ta BicuepanbHy nokanisawito XupoBoi
kniTkoBuHW. MMigwkipHa (6ina) xupoBa TkaHuHa (IKT)
po3TalloBaHa B MifLKIPHO-XXMPOBI KNITKOBWHI Ta npea-
ctaBneHa AT manoro poamipy. BoHa mMae HU3bKy iHTEH-
CVBHiCTb MeTaboniamy rntoko3un Ta ninigis [6]. Bicuepans-
Ha xupoBa TkaHuHa (BXXT) acouinioBaHa 3 BHYTpiLLHIMK
opraHamu Ta nowmpeHa no Bcbomy Tini [7]. BXXT noga-
Ha Kinbkoma niaBMAaMu: Me3eHTepianbHOK KMPOBOIO
TKkaHuHoto (MXKT), sika posTalloBaHa Yy NETNSAX KULeuy-
Huka, 3aoyepeBuHHOO (3XKT) — nokanizoBaHo 3a HWp-
kamu Ta enigngumaneHoto (EXXT) — ska 3HaxoguTbcs
B Manomy Tasi HaBKOMO CiM'siHMKiB abo sieqHukiB [8].
MXT mae Hanbinbwy metaboniyHy akTMBHICTb i cknaga-
€TbCSl MEpPEeBaXHO 3 aauMnouMTiB Marioro poamipy.
BoHa Mae BUCOKY aKTMBHICTb Y HaKOMUYeHHi ninigis,
nigBuLLEeHy LWinNbHICTb CyAWHHOI CTiHKM Ta BNNUBae
Ha iHTEeHCMBHMI KpoBOOOGiIr [9].

BuByeHHs naTodizionoriyHnx mexaHiamis, wo 6asy-
IOTbCA Ha OCHOBi MOPKOMETPUYHMX Ta BioXiMiYHMX
napametpiB AT 3 ypaxyBaHHsIM BiKOBOro Ta CTaTeBOro
acnekTiB Ma€e akTyanbHe 3HayeHHs. [lpu KniHiYHOMY
obCcTexxeHHi HeoOXiQHO MpoBecTV [iarHOCTWKY perio-
HanbHOro PO3noainy XUPOBOI TKAHUHW, OCKINbKN MOpPdO-
METPWUYHI MapaMeTpu KNiTUH aKTUBHWUX KOMMOHEHTIB
XKMPOBOI TKAHWHU MOXYTb OyTW iHOMKaTopamu MeTa-
6onivyHoro craHy.

MeTa po60TU — BUSIBUTU BiAMIHHOCTi MOPdONOrivYHMX
Ta ricTonoriyHnx napameTpis aaunoLmnTiB Ha TNi pO3BUTKY
mMeTaboniyHoro CUHAPOMY y TBAPUH Pi3HOTrO BiKy Ta cTaTi.

MATEPIAAU TA METOAU AOCAIAXXEHHA

[Ona pocarHeHHst noctaeneHoi MeTn Gyno NnpoBeaeHo
eKkcnepuMeHTanbHe gocrigkeHHs Ha 108 Ginux wypax
nonynauii WAG/G Sto. KoxHa BikoBa rpyna cknaganacs
3 KOHTpOsbHOI (36) Ta ekcrnepumeHTanbHOI cepii (72),
e TBapvHu Bynu po3nogaineHi 3a ctartTio (Tabn. 1).

metabolic and hemodynamic disorders [5]. According
to the regional location of fat in rodents, subcutaneous
and visceral localization of adipose tissue are dis-
tinguished. Subcutaneous (white) adipose tissue (SAT)
is located in the subcutaneous adipose tissue and is
represented by a small AT. It has a low intensity of glucose
and lipid metabolism [6]. Visceral adipose tissue (VAT)
is associated with internal organs and distributed
throughout the body [7].

VAT is represented by several subtypes: mesenteric
adipose tissue (MAT), which is located in the loops of
the intestine, retroperitoneal (RAT) — located behind the
kidneys, and epididymal (EAT) — which is located in the
pelvis around the testicles or ovaries [8]. MAT has the
greatest metabolic activity and consists mainly of small
adipocytes. It has a high activity in the accumulation
of lipids, an increased density of the vascular wall
and affects intensive blood circulation [9].

The study of pathophysiological mechanisms based
on the basis of morphometric and biochemical para-
meters AT, taking into account age and gender aspects,
is of urgent importance. During the clinical examination,
it is necessary to diagnose the regional distribution of
adipose tissue, since the morphometric parameters of
the cells of the active components of the adipose tissue
can be indicators of the metabolic state.

Objective — is to identify differences in the morpho-
logical and histological parameters of adipocytes
against the background of the development of metabolic
syndrome in animals of different ages and sexes.

MATERIALS AND METHODS

To achieve the goal, an experimental study was
conducted on 108 white rats of the WAG/G Sto popu-
lation. Each age group consisted of a control (36) and
an experimental series (72), where the animals were
divided by sex (Table 1).

Ta6nuus 1. Po3nogin TBapuH Ha ekcrnepuMeHTarnbHi rpynu BiAMNoBIiAHO A0 3aBAaHb €KCNEPUMEHTY
Table 1. Distribution of animals into experimental groups according to the tasks of the experiment

Cepis ekcnepumeHTy
A series of experiments

'pyna TBapuH / Groups of animals

1 rpyna / 1 group
Monoai (HectateBo3pini)
The young (immature)

2 rpyna/ 2 group
popocni (ctateBo3pini)
Adults (adults)

3 rpyna/ 3 group
cTapi (NocTNpoAyKTUBHI)
Old (post-productive)

o | o | o | s
KoHTpornb Migrpynu / Subgroups
Control Ko@) | 1k36) | 2ko6) | 2ka6) | 3koe) [ 3Kkae)
EkcnepuMeHTansbHe MogentoBaHHs MC Migrpynw / Subgroups

Experimental modeling MS

1A9 (12) | 1a2(12) | 2a0(12) | 2a3(12) | 3A9 (12) | 3A2(12)

[o 1-i rpynu yBiAWNW MOMOAI HecTaTeBO3pini Lypu
(6 TBapwH), Bikom 3 MicAuUi, 3 BMXiOHOK CcepeaHbOo
macoto Tina 170,0 £ 7,8 r, aki 6ynv nogineHi Ha 2 nigrpynu:
koHTponbHy (1K) Ta ekcnepumeHTtanbHy (1A). Migrpyna
1K Gyna KOHTPONbLHOW TPyMno Ta BKMYanu 12 iHTakT-
HMX 300pOoBMX LypiB (MO 6 KOXHOI cTaTi). BoHM Takox
3anuanucs Ha CTaHAapTHIA AieTi NpoTAroM  ycboro
ekcrniepumeHTy. Migrpyny 1A monoaux wypis posnoginu-
N1 Ha caMOK Ta camuiB, No 12 TBapWH Y KOXHIN.

The 1st group included young immature rats
(6 animals), 3 months old, with an initial average body
weight of 170.0 + 7.8. g, which were divided into 2 sub-
groups: control (1K) and experimental (1A). Subgroup 1K
was the control group and included 12 intact healthy
rats (6 of each sex). They also remained on a standard
diet throughout the experiment. Subgroup 1A of
young rats was divided into females and males,
12 animals each.
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lpyna 2 cknapanacb i3 36 cTareBO3pinux LWypiB
BiKOM 5—6 MicsLiB 3 NO4aTKOBOK CepeaHbO Macoto Tina
240,0 =+ 14,7 r. Wypwn 6ynn posnogineHi Ha 2 niarpynu:
KOHTponbHy (2K) Ta ekcnepumeHTanbHy (2A). KoxHa
nigrpyna Oyna [ogaTkoBO po3nogineHa 3a craTTio Ta
BKINtoYana 12 KOHTPOMbHMX IHTAKTHMX LLYypIiB (Mo 6 y KOX-
Hil) Ta ekcnepumeHTanbHy (2A) No 12 TBApUH Y KOXHIN.

TperTio rpyny cknanu 36 ctapux wypis Bikom 18 mic.,
noyaTkoBa cepegHs maca Tina skux 360 £ 21,6 r. Mig-
rpyna 3K cknaganacs i3 6 ctapux camok Ta 6 crapux
camuis, a nigrpyna 3A — 12 camok Ta 12 camuis (tabn. 1).

EkcnepMMeHT npoBoaMBCA Ha TBapuHax, Yy SKWX
crnocTepiraeTbca MakcumarnbHa nogibHicTb 4o Mopdono-
MYHUX Ta TFICTOMOrYHMX nNapameTpiB  NIOOWHK, WO
[O3BONSE EKCTpanosoBaTh pe3ynsTaT  OOCNISKEHHS
Ha naax 3 4OCTaTHLOW BreBHeHicTHo [10].

MogentoBaHHs MC npoBegeHo  BignoBsigHO Ao
«3aranbHUX MPUWHLMMIB E€KCNEPUMEHTIB Ha TBapuHaxy,
cxBaneHnx | HauioHanbHMM KOHrpecom 3 GioeTuku
(20.09.01 p. KuiB, YkpaiHa) Ta norogXeHUMmu 3 noroxeH-
HAMU «EBpPONENCbKOi KOHBEHLIT Npo 3axucT xpebeTHux
TBapWH, WO BMKOPUCTOBYKTLCSA ANS eKCrepuMeHTanb-
HUX Ta [HWWX HayKoBMX Linen», a TakoX BianoBigHO
0O BMMOr Ta HOPM TWMOBOMO MOSIOXKEHHS 3 MUTaHb
eTukn MiHicTepcTBa oxopoHu 3gopoB’st YkpaiHn Ne 690
Big 23.09.2009 p.

MC BiaTeoptoBanu Ha Llypax LWMsxXoM KomGiHauii
BMCOKO >XMPOBOi Ta BWCOKOBYrNEBOAHOI AiETWM Ha Tni
dhapmMaKkonoriyHoi Kopekuii ranbmyBaHHSA ¢isionoriyHoro
Hacu4eHHs TBapuH. Lia momens MC ©Gyna po3pobneHa
aBTopaMn, OTPUMaHO naTeHT Ha BuHaxig [11]. TBapuH
BUBOOMIN 3 ekcriepumeHTy MuTTesoto CO, acdikciero.

Maca xupoBoi TkaHuHu wypi (MXKT, EXT, 3XKT
Ta MMKT) BM3Hayanacsi LWNSAXOM 3BaXyBaHHS Ha aHani-
TUYHUX Barax, po3paxoByBanacs ii nMToma Bara (mMaca
XMpoBoi TkaHuHM Ha 100 r Macu Tina wypa). 3 KOXHOro
3paska >XMPOBOI TKaHWHW BMpi3anu No gea parmMeHTw,
matepian dikcyBanu B 10% po3uunHi dopmaniHy, piguHi
Hukndoposa, xnopodopmi Ta 3anueBanu B napadiH.
3 npurotoBneHux GrokiB rotyBanu cepinHi 3pian TOBLUK-
Hoto 4-5x10° M, ski 3abapenioBany reMaToKCUMiHOM
i eo3nHomMm, nikpodykcnuHom 3a Bad [i3oHom, Mannopi,
cygaHom lll. Mikponpenapatn BuBYanuM Ha Mikpockomi
Olympus BH-2 (AnoHist) 3 BWKOpPUCTaHHSAM Kamepwu
Baumer/optronic Type: CX05c Ta nporpam «Olympus
DP-Soft (Version 3:1)», 3a gonomMoroto siKkoi nposBogunu
MopdoMeTpUYHE AocnigxeHHs [12].

[na koxHoOi nigrpynu TBapuH BM3HA4YaBCs cepefHin
po3mip 500 XXnpoBUX KNITKH, OLiIHIOBABCS PO3MOAIN KMNiTUH
3a po3MipoM (% kniTuH manoro (<50 MKM), cepegHbLOro
(50-100 mkm) Ta Benukoro (100> mMkm) po3mipy).

[Ons crtaTMCTUYHOI OUiHKM BCi AaHi Oynu BHeCeHi
[0 eneKkTpoHHUX Tabnuupb Excel. OTpumaHi umdposi gaHi
onpauboByBanuM MeTogamy MaTeMaTU4HOI CTaTUCTUKM
3 BWKOPWCTaHHSAM BapiauiiHOro Ta anbTepHaTMBHOMO
aHanisis. AHani3 pesynbraTiB NPOBOAMIMM 3 BUKOPUCTaH-
HAM NiLeH3INHNX cTaTUCTUYHKMX nporpam Microsoft Excel
i Statistika 6,0 [13]. MNpw ubomy obuncntoBanucs cepeaHi

3HAYEHHs KOXHOF0 MoKasHMKa 3  BUKOPUCTAHHSAM
t-kpuTepito CTblogeHTa, cepedHe KBagpaTUYHe BiaXUNeH-
HA, cepegHa nomuika cepegHboi  apuMETUYHOI,

a TakoX ouiHka posnoainy BenuuuH. CepefHst Ta cTaH-
paptHa nomunka (M £ SE) BukopucToByBanacs Ansi 3miH,
LLLO NigKOPANNCS HOPManbHOMY 3aKOHY PO3noAiny.

Group 2 consisted of 36 sexually mature rats
aged 5-6 months with an initial average body weight
of 240.0+14.7 g. The rats were divided into 2 subgroups:
control (2K) and experimental (2A). Each subgroup was
further divided by sex and included 12 control intact
rats (6 each) and experimental (2A) 12 animals each.

The third group consisted of 36 old rats aged
18 months, whose initial average body weight was
360 + 21.6 g. Subgroup 3K consisted of 6 old females
and 6 old males, and subgroup 3A — 12 females and
12 males (Table 1).

The experiment was conducted on animals, in
which the maximum similarity to the morphological
and histological parameters of humans is observed,
which allows extrapolating the results of the study on
humans with sufficient confidence [10].

MC modeling was carried out in accordance with
the «General Principles of Animal Experiments»
approved by the 1st National Congress on Bioethics
(September 20, 2001, Kyiv, Ukraine) and agreed with
the provisions of the «European Convention for the
Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes», as well as in accor-
dance with the requirements and norms of the standard
regulation on ethics of the Ministry of Health of Ukraine
No. 690 dated 23.09.2009.

MS was reproduced in rats by a combination of
a high-fat and high-carbohydrate diet against the
background of pharmacological correction of inhibition
of physiological satiety in animals. This MS model was
developed by the authors, a patent for the invention
was obtained [11]. Animals were removed from the
experiment by instant CO, asphyxiation.

The mass of adipose tissue of rats (MAT, EAT, RAT
and SAT) was determined by weighing on analytical
scales, and its specific weight was calculated
(fat tissue mass per 100 g of rat body weight).
Two fragments were cut from each sample of adipose
tissue, the material was fixed in 10% formalin solution,
Nikiforov’s liquid, chloro-form and embedded in paraffin.
From the prepared blocks, serial sections with
a thickness of 4-5x10°® m were prepared, which were
stained with hematoxylin and eosin, Van Gieson’s
picrofuchsin, Mallory, Sudan Ill. Micropre-parations
were studied on an Olympus BN-2 microscope (Japan)
using a Baumer/optronic Type: CX05c camera and
«Olympus DP-Soft (Version 3:1)» software, which was
used for morphometric research [12].

For each subgroup of animals, the average size
of 500 fat cells was determined, and the size distribu-
tion of cells was evaluated (% of cells of small (<50 ym),
medium (50-100 pm) and large (>100 ym) size).

For statistical evaluation, all data were entered
into Excel spreadsheets. The obtained digital data were
processed by methods of mathematical statistics using
variational and alternative analyses. The analysis of
the results was carried out using licensed statistical
programs Microsoft Excel and Statistics 6.0 [13].
At the same time, the average values of each indicator
were calculated using the Student’s t-test, the mean
square deviation, the mean error of the arithmetic
mean, as well as the estimation of the distribution
of values. Mean and standard error (M+SE) were used
for changes that followed a normal distribution.
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Puc. 1. Agunouutun MXKT wypa manoro poamipy (< 50 Mkm), 3abapBreHHs1 reMaTokcuniHom Ta eo3nHom, x100
Fig. 1. Small (<50 pm) adipocytes of the rat’s gastrointestinal tract, staining with hematoxylin and eosin, x100

Puc. 2. 36inbweHi agunouuty MXT wypa Micusimm okpyrno-
oBarnbHOI, MiCLAMMN HenpaBunbHOI hopMu BENMKOro po3mipy
(50-100 mkMm), 3ab6apBreHHs reMaToKCuNiHOM Ta eo3nHoM, x100
Fig. 2. Large-sized (50-100 um) enlarged adipocytes of the
rat’s gastrointestinal tract, sometimes round-oval, sometimes
irregular in shape. Staining with hematoxylin and eosin, x100

PE3YABTATU TA iX OBFOBOPEHHS

Y xopi ekcnepMMeHTy nokasaHo, Wwo y nigrpyni 1A,
[ocToBipHO, 25% monoamx camuiB i 27% mMonogux
CaMOK [0 KiHUSI eKCMepUMEHTY Manu AOCTaTHi aHTpOoMno-
METPUYHI O3HaKM OXMPIHHA — X Maca Tina Xxapak-
TepusyBanacs $K HagMmipHa. Y iHWUX TBapuH Ui€i
nigrpynu Big3HayeHo OOCTOBiIpHE 36iNblUeHHS Macu Tina
B cepegHbomMy Ha 40% (p < 0,01), npnyomy 306inbLUEHHSA
Macu Tina camui Oyno Ginbwum, HiX y camMok, Bian-
oBigHo (p < 0,001). BigsHayeHO niABULLIEHHS 3ararnbHOI
NATOMOI Macu XMpOBOI TKaHuWHM B 1,4 pasn y camok
i B 1,7 pa3u y camuiB, NOPiBHAHO 3 KOHTporeM, (p < 0,01).

36inbweHHa 3aranbHoi nuTomoi Macu AT y nig-
rpyni 1AQ BigbyBanocs 3a paxyHok nutomoi macu KT,
il NMOKasHWKM nepeBuLlyBanyM 3HadeHHA B 1,5 paswu
(p < 0,05) y nopiBHAHHI 3 KOHTponem, wo B 1,3 pasu
Oinble, Hixx nutoma maca MXKT y camuis.

3HavyeHHa nuTomoi macu MXKT i 3XKT pgo kiHus
eKCNepPUMEHTY 3anuwanvcs 6rnm3bkuMuM OO KOHTPOIb-
Hux. Y nigrpyni 1AJ3 36inblueHHA 3aranbHoi NUTOMOT
Macu XXMPOBOI TKaHUHW BiOOyBanocsl 3a paxyHOK Kinb-
kocTi KT i MXXT y nopiBHSAHHI 3 koHTpornem, a 3XKT —
y 0,5 pasu, Ta EXXT -y 0,9 pasu (tabn. 2).

Puc. 3. 36inbLeHi agunouutu MKT wypa
HenpasuibHOT opmu Bennkoro po3mipy (> 100 Mkm),
3abapBreHHsi reMaTokcuniHoM Ta eo3nHoM, x100
Fig. 3. Enlarged adipocytes of the irregularly shaped,
large-sized (>100 um) rat SAT.

Staining with hematoxylin and eosin, x100

RESULTS AND DISCUSSION

During the experiment, it was shown that in sub-
group 1A, reliably, 25% of young males and 27% of
young females had sufficient anthropometric signs of
obesity by the end of the experiment — their weight was
characterized as overweight. In other animals of this
subgroup, a significant increase in body weight was
noted on average by 40% (p<0.01), and the increase in
body weight of males was greater than that of females,
respectively (p<0.001). An increase in the total specific
mass of adipose tissue was noted by 1.4 times in females
and 1.7 times in males, compared to the control (p<0.01).

The increase in the total specific mass of AT in
subgroup 1A® occurred at the expense of the specific
mass of the PVT, its indicators exceeded the value
by 1.5 times (p<0.05) compared to the control, which is
1.3 times more than the specific mass of the SAT in males.

The values of the specific mass of MZA and RAT r
emained close to the control values until the end of
the experiment. In the subgroup 1AJ, the increase in
the total specific mass of adipose tissue occurred due
to the amount of SAT and MAT compared to the control,
and RAT by 0.5 times and EAT by 0.9 times (Table 2).
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Ta6nuus 2. MNoka3HWKM Macu Tina Ta NUToMoi Macu

Me3eHTepianbHoI, eniagnaMmarnbHoi, 3a04epeBUHHOI, NiALLKIPHOT XXMPOBOI TKAHWHM LWYpIiB Ha TNi ekcnepumeHTaneHoro MC
Table 2. Indicators of body weight and specific mass

of mesenteric, epididymal, retroperitoneal, subcutaneous adipose tissue of rats against the background of experimental MS
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lMpumimka:
* — pocToBipHicTb p < 0,05; ** —p < 0,01; *** — p < 0,001 — NOPIBHAHO 3 Bi4MNOBIQHOIO NIAPYNOK KOHTPOIO
o — pocToBipHicTb p < 0,05; oo — p < 0,01; coo — p < 0,001 — B NopiBHSHHI 3 Niarpynamm 2A
® — [1O0CTOBIpHICTb p < 0,05; @@ —p < 0,01; eee —p < 0,001 — y NopiBHAHHI 3 Niarpynamu 3A
y Yy
Note:
* — reliability p <0.05; ** — p <0.01; *** — p <0.001 — compared to the corresponding control subgroup
o — reliability p <0.05; oo — p <0.01; ocoo — p <0.001 — compared to subgroups 2A
y
o — reliability p <0.05; ee — p <0.01; eee — p <0.0010 — compared to subgroups 3A
Y nigrpyni 1A 0O KiHUSI €KCNEepUMEHTY MPOCTEXEHO In subgroup 1A, by the end of the experiment,

30inblUEHHA MO BIOHOLWIEHHIO [0 KOHTPOMK cepeaHboi  an increase in the average number of adipocytes in the
kinekocTi agunountiB y KT (y 1,1 pasum y camuie SAT (by 1.1 times in males and 1.2 times in females)
Tay 1,2 pa3u y camok) (tabn. 3). was observed compared to the control (Table 3).
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Ta6nuusa 3. MopdonorivHi XxapkepuUTCTUKN aaWNOLUTIB XXUPOBOI TKAHWHM LLYPIB Ha Tni ekcnepumeHTansHoro MC
Table 3. Morphological characteristics of adipocytes of adipose tissue of rats against the background of experimental MS
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* — pocToBipHicTb p < 0,05; ** — p < 0,01; *** — p < 0,001 — NOPIBHSAHO 3 BiAMOBIAHOIO NIATPYNO KOHTPOMIO

0 — AOCTOBIpHICTb p < 0,05; co —p <0,01; coo —p < 0,001 — y NnopiBHSAHHI 3 nigrpynammn 2A
® — 1OCTOBIpHICTb p < 0,05; e —p < 0,01; eee —p < 0,001 — nopiBHAHO 3 nigrpynammn 3A

lMpumimka:

Note:

* — reliability p<0.05; ** — p <0.01; *** — p <0.001 — according to subgroup control
o — reliability p<0.05; oo — p <0.01; ooo — p <0.001 — compared to subgroups 2A
o — reliability p<0.05; ee — p <0.01; eee — p <0.001 — compared to subgroups 3A
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Kinbkictb knituH 3XKT T1a EXT 36inbwunace B
1,08 pasu (p < 0,05 po p < 0,01), 6e3 gocTOBipHMX BiA-
MiHHOCTEW y rpynax 3a ctatTio. OgHo4vacHo 3i 30inbLueH-
HSIM KiNbKOCTi Ta po3mipy 3adikcoBaHO 36iNnblUeHHS
nokasHuka cepegHboro po3mipy AT: y KT y 1,12 paan y
camok Ta 'y 1,15 pasu y camuis, NOPIBHAHO 3 KOHTPONEM.

B ekcnepumeHTanbHi rpyni 2A (ctaTeBo3pini Lypm)
30iMblUEHHS Macu Tina TBapuMH Marno MeHLW BupasHi
cTaTeBi BiAMIHHOCTI Yy MOPIiBHSAHHI 3 rpynoto 1A, dka
BigbyBanacb 3a paxyHOK 36iNnbLUeHHs MUTOMOI Macu
BCix BMAiB AT.

Y rpyni 2A B NOpPIBHAHHI 3 KOHTpOMem crocTepira-
nocsi 36inbweHHss macu AT y 1,45 pasu, ge nutoma
Maca MXXT nepesuilyBana BuxigHi 3HayeHHs B 1,8 pasu
(p<0,01),alMKTy 1,5 pasm (p < 0,05).

Y nigrpyni 2A3 wmaca TBapuH 36GinbluyBanacs
B 1,58 pasu noOpiBHAHO 3 KOHTpPONEM 3a paxyHoK
nutomoi mMacu MXT, 17 nokasHuku OGynu Ginblummm
3a KOHTpOrb B 2 pasn i B 1,6 pasun, Hix MXKT. MNpupict
Macw Tina camuiB y Ui nigrpyni 6y Ginbl iHTEHCUBHUM,
H>XK y camok. [lpu ubomy, y TBapuH rpynun 2A
3 TpuBanicTio AieT Ha Tni 36inbWweHHs NMTOMOI Macu
AT npocTtexyBanacs TeHOEHUi A0 3HWXKEHHS Kifb-
KOCTi KniTuH ocobnueo B MXKT: y nigrpyni 2AZ B 1,9 pasu,
Ta B nigrpyni 2A9 — B 1,7 pa3su (p < 0,001).

Y rpyni 3A, sKy cknanu cTtapi TBapuHu, 30inbLUEHHsI
XMpOBUX Aeno BigbyBanocsa 3a paxyHOK MUTOMOI macwu
M>XXT nopiBHaAHO 3 koHTporem: y 1,2 pasu y camuis
i B 1,1 pa3u y camok (p < 0,05). MNMutoma maca EXT
36inbwyBanacs y cepegHeomy 1,1 pasu (p < 0,05),
a nutoma Maca 3XT mano BigpisHsnacsa Big KOHT-
pOnbHUX 3HAYeHb, 6e3 BMPa3HNX CTaTEBUX BiAMIHHOCTEN.
Y nigrpynax 3AJ Ta 3AQ BigsHavanaca TeHAeHUis
00  3MeHLWeHHsa  KinbkocTi  agunoumtiB  y  [TDKT
B 1,8 pasu (Tabn. 3).

Mikpockonia TDKT Bcix ekcnepumeHTanbHUX rpyn
nokasye, Wo uen tvn AT cknagaeTbes 3 XUPOBUX KNITUH
(agunouutis, ninouuTiB), po3mip, dopma Ta LWinbHICTb
AKMX Manu BikOBi Ta cTaTesi BigMiHHOCTI [14]. Tak, y rpyni
1A ob6ox nigrpyn KniTMHW Manu Kpyrny Ta OBaribHYy
dopMy, OynM 3HAYHO MEHLUMMMU Yy PO3MIpi MOPIBHAHO
3 rpynamu 2A Ta 3A. Y tBapuH nigrpyn 2A Ta 3A B xogi
eKCMepuMEeHTY Bif3Havanocss [[OCTOBipHE 30inbLUEHHSs!
XUPOBUX KNITUH Yy PO3MIpi Ha TNi 3HWXEHHS NOKasHWKa
«cepefHs KinbkicTb agMnounTiB» y BCix Buaax AT.

36inblweHHA kNiTMH ©6yno HeoaHOPIAHUM: KUPOBI
KNITUHW Manu opMy BiJ OKpYrno-oBanbHOI Manoro
po3Mipy 4O HenpaBwnbHOI GaraTokyTHOI hopMU riraHT-
CbKMx po3MipiB. ToMy Anst GinbLLU TOYHOT XapaKTepUCTUKM
skicHoro cknagy AT B Mexax OAHOro XMpOBOro Aerno
KNiTMHM Oynu pos3nofineHi Hamm 3a po3Mipom Ha mani
(niametpom po 50 wmkm), cepegHi (giameTtp Big 50
po 100 mkm) Ta Benuki (miamerp noHag 100 Mkm).
BcTaHOBNEHO, L0 Y BCiX KOHTPOMBbHUX Fpynax, He3anexHo
Big BiKy Ta ctati TBapuH, y MXT nepeBaxanu KniTuHu
manoro poamipy (8o 50 mkm), B EXXT — kniTuHu Benu-
koro po3mipy (noHag 100 mkm), y 3XT — KnitnHu
cepefHboro Ta Benukoro po3Mipis  (50-100 Mkm),
B KT — manoro Ta cepeaHboro po3mipis. B Town xe yac,
y TBapuH 2A Ta 3A rpyn, npu po3sutky MC Big3HavyeHo
TEHAEHUI0 0O 3MEHLUEHHS KiNbKOCTi agnnoumTiB cepeq-
Hboro po3mipy B KT sk y camok, Tak i y camuis [15].

Moka3HuK «cepegHin po3mip agunouuTiB» y BCiX
TPbOX €EKCMepMMEHTanNbHUX rpynax TBapuH 36inbLuy-

The number of cells of the RAT and EAT increased
by 1.08 times (p<0.05 to p<0.01), without significant
differences in groups by gender. Simultaneously with
an increase in the number and size, an increase in
the average size of the AT was recorded: in the SAT
by 1.12 times in females and by 1.15 times in males
compared to the control.

In experimental group 2A (sexually mature rats),
the increase in the body weight of animals had less
pronounced gender differences compared to group 1A,
which occurred due to an increase in the specific
mass of all types of AT.

In group 2A, in comparison with the control,
an increase in the mass of AT by 1.45 times was
observed, where the specific mass of MAT exceeded
the initial values by 1.8 times (p<0.01), and SAT
by 1.5 times (p<0.05 ).

In the subgroup 2AJ, the weight of animals increa-
sed by 1.58 times compared to the control, due to the
specific mass of the MAT, its indicators were 2 times
greater than the control and 1.6 times more than the SAT.
The increase in body weight of males in this subgroup
was more intense than that of females. At the same time,
in animals of group 2A with the duration of the diet
against the background of an increase in the specific
mass of AT, a tendency to decrease the number of
cells was observed, especially in the SAT: in sub-
group 2AZ by 1.9 times and in subgroup 2AQ
by 1.7 times (p <0.001).

In group 3A, which consisted of old animals, the
increase in fat depots occurred at the expense of
the specific mass of MAT compared to the control:
1.2 times in males and 1.1 times in females (p<0.05).
The specific mass of EAT increased by an average
of 1.1 times (p <0.05), and the specific mass of EAT
was little different from the control values, without
significant gender differences. In subgroups 3AJ
and 3AQ, a tendency to decrease the number of
adipocytes in the SAT by 1.8 times was noted (Table 3).

Microscopy of SAT of all experimental groups
shows that this type of AT consists of fat cells (adipo-
cytes, lipocytes), the size, shape and density of which
had age and gender differences [14]. Thus, in group 1A
of both subgroups, the cells had a round and oval
shape, were significantly smaller in size compared
to groups 2A and 3A. In the animals of subgroups 2A
and 3A, during the experiment, a significant increase
in the size of fat cells was noted against the back-
ground of a decrease in the «average number of
adipocytes» indicator in all types of AT.

Cell enlargement was heterogeneous: fat cells
ranged in shape from small round-oval to giant
irregular polygonal shapes. Therefore, for a more

accurate characterization of the qualitative composition
of AT within one fat depot, we divided them into small
(with a diameter of up to 50 ym), medium (with a dia-
meter of 50 to 100 um), and large (with a diameter of
more than 100 pm). It was established that in all ¢
ontrol groups, regardless of the age and sex of the
animals, small-sized cells (up to 50 pm) predominated
in the MAT, large-sized cells (over 100 ym) in the EAT,
medium and large-sized cells (50 — 100 ym), in small
and medium-sized RAT. At the same time, in animals
of 2A and 3A groups, during the development of MS,
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BaBCS Ha Tni BMMMBY OCHOBHOIMO BaXXIMBOro hakTopa —
NO3NTUBHOIO EHEPreTUYHOr0 HaBaHTaXeHHs, | OyB
GinbluMM 3a KOHTPOMbHI 3HaveHHs y MXXT Ha 60%
(p < 0,005), B EXXT Ha 22% (p < 0,01), y 3XKT Ha 16%
(p < 0,01) i B TDKT — Ha 12% (p < 0,05) nopiBHAHO
3 rpynol LWypiB, fAKi OTpMMyBanu CTaHAAPTHY OiETy.
Mpuyomy, y caMuiB Ui NOKa3HUKM Oynu GinbLUMMK, HiXX
y camok Big, 3% 0o 5% (Tabn. 3). BiazHayeHa, no3vTnBHa
OuHamika  30inblweHHs nnowi  3pisie  agunouuTie
y cepeaHbomy B 1,05 pasu (p < 0,001 ip < 0,01).

MopdonorivHi 3MiHM y AT LWypiB MaloTb 3HaAYEHHS
npyv OpMyBaHHi 3ananbHOI peakuii Ha Tni ekcnepu-
MeHTanbHoro mogentoBaHHa MC 3 ypaxyBaHHSM BiKO-
BOr0 Ta CTaTeBOro acnektis [16].

CyvyacHa pgiarHocTvka OxupiHHA Ta MC Bknovae
OUiHKY aHTPOMOMETPUYHWX NapaMeTpiB, Takmx $K
iHgekc macu Tina (IMT), nutomuiA npupicT Macu Tina
Ta 3aranbHa Maca XvpoBoi TkaHuHW. OpHak, HeofHo-
PigHWA CKNag KOMMOHEHTIB >KMPOBOI TKaAHUHW Npwu
POpMyBaHHI  HaAMWLIKOBOI Macu Tina 3yMOBIOE
HegoCcTaTHbO OO’EKTUMBHI  MOKA3HWKM  ONst  BUSIBIEHHS
MeXaHi3miB BUHUKHeHHs1 MC [17].

Bnnue animeHTapHoro daktopa npu3BoauMTb OO
MOpyLUEHHS1 BHYTPIWHBLOI cUCTeMHOI perynsauii B8 AT
Ta 3anyckae MexaHi3aMM  pO3BUTKY  HU3bkogude-
peHUinHoro xpoHiyHoro 3ananeHHs (HX3). Mpu ubomy
BUSABIEHHS naTomoponoriyHmx ocobnusocTemn
AT cTaloTb LeHTpanbHUM MeXaHi3MOM PO3BWUTKY LMKy
«KMiTUHa <« 3ananbHa peakuis», WO BUHMKAE
SIK npegukTop y chopmysanHHi MC [18].

Y pasi aHanidy Ta MOpiBHAHHA OTPUMaHUX XapakTe-
puctuk AT y TpbOX BIKOBMX rpynax LLypiB BCTAHOBMEHO,
Wwo 36inbleHHs nutomoi macu AT y mMomnogux Lypis
BinOyBaeTbCcs Oinbl CTpUMaHO, MOPIBHAHO 3 rpynamu
Jopocnux Ta crapux TBapuH. Y rpyni 1A 36inblieHHs
nutomoi Macu AT BigOyBaeTbCsi NepeBaXHO 3a paxy-
HOK 30iNbLUEHHS KiNbKOCTI XUPOBUX KITITUH  LUNSIXOM
iX noAginy, BW3HauyeHO, LWO rinepnracTU4Hi npouecu
HanbinbLw BupaxeHi B MXT y camok i MXKT y camuis [19].
lNnepnnasito XWPOBOI TKaHWHW Yy MOMOAMX TBapWH
MOXHa MOSICHUTU $IK 3axXWUCHY peakuito opraHiamy
y BiONoOBiAb Ha NATOMEHHUA EK30TEHHUA YUHHUK —
nepeigaHHsi, TOOGTO $IK «MexaHiaM  BiOHOBMNEHHS»
meTaboniyHmx 3miH y AT y BignoBigb Ha aniMeHTapHe
HaBaHTaxeHHs [20].

3 opHoro 6oky, rinepnnasis MKT ranbMye po3BuTOK
OXWPIHHS Y MOMNOAMX TBapwH, NMpO L0 CBIigYMTb BUSIB-
NeHWNn HanpuKiHui ekcnepumeHTy y rpyni 1A BigCcOTOK
TBapVH i3 HOpPMarbHOK Macow Tina Ha Tni BMUCOKO-
XKMPOBOi Ta BWCOKOBYrMeBOAHOI AieTn. 3 iHWoro 6oky,
rinepnnagia MKT y Mmonogux TBapuH, ocobrnmBo XiHOYOT
cTaTi, MOXe 3yMOBMOBAaTW MPOLIECH, LIO CMPSMOBaHI
Ha 3HWKEHHS YyTNMBOCTI A0 IHCYNiHY.

AktmBHicTe [DKT He Bigirpae nposigHoi poni
Yy PO3BUTKY IHCYNiIHOPE3UCTEHTHOCTI B OpraHiami, Togi
K cepefHin po3mip agunoumty BXXT 3HauHO Kkoperntoe
3 MM nokasHukom [21].

Y TBapuH, Ski yBiiwnuM go rpynu 2A (ctateBo3pini
caMLi Ta camku) Ha Tri BMCOKOBYIMEBOAHOI Ta BUCOKO-
XWPOBOI AieTN npeBantoe 306iMblLUEHHS MPaKTUYHO BCiX
TMnie AT 3 nepeBaXHMM 306iNbLUEHHAM MUTOMOI Macu
MXXT y camuiB Ta nutomol macu [DKT y camok.
BigsHayeHo, Wo 3a cTyneHem BUPa3HOCTI 36iNnbLUEHHS
NUTOMOI Macu Tina camuiB Y3rofXyeTbCcs 3i CTyneHem

a tendency to decrease the number of medium-sized
adipocytes in the SAT was noted in both females
and males [15].

The indicator «average size of adipocytes» in all
3 experimental groups of animals increased against
the background of the influence of the main important
factor — positive energy load, and was greater than
the control values in MAT by 60% (p<0.005), in EAT
by 22% (p < 0.01), by 16% (p<0.01) and 12% (p<0.05)
in the SAT compared to the group of rats that received
a standard diet. Moreover, in males these indicators
were higher than in females by 3% to 5% (Table 3).
The positive dynamics of the increase in the area
of adipocyte sections was noted by an average
of 1.05 times (p<0.001 and p<0.01).

Morphological changes in AT of rats have significance
in the formation of an inflammatory reaction against
the background of experimental modeling of MS,
taking into account age and gender aspects [16].

Modern diagnosis of obesity and MS includes
assessment of anthropometric parameters such as
body mass index (BMI), specific increase in body weight
and total mass of adipose tissue. However, the hetero-
geneous composition of adipose tissue components,
during the formation of excess body weight, leads
to insufficiently objective indicators for identifying
the mechanisms of MS [17].

The influence of the alimentary factor leads to
a violation of the internal system regulation in BP
and triggers the mechanisms of the development
of low-differentiation chronic inflammation (LCI).
At the same time, the detection of pathomorphological
features of AT become the central mechanism of the
development of the «cell < inflammatory reaction»
cycle, which occurs as a predictor in the formation
of MS [18].

Analyzing and comparing the obtained characte-
ristics of AT in three age groups of rats, it was estab-
lished that the increase in the specific mass of AT in
young rats is more restrained, compared to groups
of adults and old animals. In group 1A, the increase
in the specific mass of AT occurs mainly due to
an increase in the number of fat cells through their
division: where hyperplastic processes are most
pronounced in the SAT in females and MAT in males [19].
Hyperplasia of adipose tissue in young animals can be
explained as a protective reaction of the body in
response to a pathogenic exogenous factor — overeating,
i.e. as a «recovery mechanism» of metabolic changes
in AT in response to food load [20].

On the one hand, hyperplasia of SAT inhibits the
development of obesity in young animals, as evidenced
by the percentage of animals with normal body weight
found at the end of the experiment in group 1A,
against the background of a high-fat and high-carbo-
hydrate diet. On the other hand, hyperplasia of SAT
in young animals, especially in females, can cause
processes aimed at reducing insulin sensitivity.

The activity of SAT does not play a leading role in
the development of insulin resistance in the body, while
the average size of the adipocyte of VAT significantly
correlates with this indicator [21].

In animals included in group 2A (sexually mature
males and females) against the background of a high-
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36inbweHHs AT y KinbkocTi, a TakoX 3i 36inbLUeHHs M
X cepeaHbOro po3mipy.

Y nigrpynax 2AJ, Ha BigmiHy Big nigrpyn 1AJ,
npocTexeHa €K rinepnnactuyHa, Tak i rinepTpodiyHa
mogudpikauii AT. Y rpyni 2A3 sk y MXKT, Tak i B MXT,
no Mmipi 36inbleHHs Macu Tina TBapuHWU Big3Havanocs
36inblweHHss  po3mipiB AT, MOXNMBO 3a paxyHOK
BiOKNadeHHA Xupy B camux KniTuHax. [lapanenbHo
B MXXT Big3Hayanaca 3miHa OpMWU XXMPOBMX KMiTUH
(HenpaBunbHa dopma, nosiBa OKPEeMUX FiraHTCbKUX
knitH). OpHak y 3XT T1a EXT we 3anuwaerbca
[OCTaTHA KinbKiCTb KNITMH Manoro ta cepegHboro pos-
MipiB, WO MOXe CBiOYMTU MNPO HASABHICTb Y >XMPOBIN
TKaHWHI NepexigHMX MexaHi3miB, sKi CnpusalTb nepe-
XoAy Bif rinepnnacTtu4Horo Tuny 3poctaHHa AT go rinep-
TpodpiyHoro. Bigomo, WO 36inblIeHHs agunounTy
y pO3Mmipi — BaxnuBa nepegymoBa MoripleHHs 3acBo-
€HHS  [NIOKO3N  IHCYNIHO3anNeXHNUMN  TKaHuHamu  [22]
i Mae 3BOPOTHO NPOMOPUINHY 3aneXHIiCTb Y PO3BUTKY
OXMPiHHA. Lli 3Ha4eHHsa He 3anexaTb Big cTaTi Ta Macu
Tina, ogHaK Len NOKa3HWK KOpemne 3 piBHEM iHCYRiHY
y Nna3mi Ta YyTnuBOCTi A0 iHCcyniHy [23].

BpaxoBytoun TOM pakT, wo rpyna 2A cknaganacs
i3 cTaTteBo3pinMX TBapwH, 0COOGNMBOCTI 36iMbLUEHHS
X XupoBux geno 6arato B YoMy Mornu GyTu onocepep-
KOBaHi aKTUBHWM rOPMOHanNbHUM (OHOM, MOPIBHAHO
3 rpynamn 1A Ta 3A.

Y HaykoBii niTepaTypi OOCTaTHbO AaHWX Mpo Te,
WO KpiM TrEHEeTUYHUX Ta eK3oreHHux cpakTopis (ymoBwu
XWUTTS, fieTa, isuyHe HaBaHTaXXeHHs), BaXINMBOIO pery-
nauielo BiAKNaAeHHs Xupy € ctatesi ropmoHu. Bigomo,
O ecTporeHu, peuentopu sikux npesantotoTe B KT,
BMMMBalOTb Ha npouecwu rinepnnasii AT [24]. OTxe, rinep-
nnasia KT y QgopocrnomMy opraHiami rpae OXOPOHHY
ponb Yy pPO3BUTKY OXWPiIHHA. Hanwsuale OXMpPiHHA
pO3BMBAaETLCA Y TBapUH rpynu 3A (cTapi wypwu), y SKnx
npeBantoTb rinepTpodidHi npouecn i AT  Benukux
posmipie. lpu UbOMY, NpU OXMPIHHI Nig Jielo eHao-
KPUHHUX (pakTopiB MoXe BigbyBaTucs K 36inblUEHHS
po3mipy aaunouuTiB, Tak i 36inbLEeHHS iX KinbkocTi [25].

BBaxaeTbcst, Wwo 3 Bikom came AT y BXT 36inb-
WYyeTbCA  LWiNbHICTL  B-agpeHopeuenTopiB, KOPTUKO-
CTEPOIAHMX Ta aHAPOreHHUX PpeLenTopiB Ta 3MEHLUY-
€TbCA LWINbHICTb a2-agpeHopeLenTopiB Ta peLenTopis
[o iHcyniHy. Lle i BM3Ha4yae 0coGnvMBO BWUCOKY 4yTnu-
Bictb BXT go ninoniTuyHoi Aii kKatexonamiHiB Ta 00
aHTuninoniTM4Hoi Aii iHcyniHy B rpyni 2A, sika 3abes-
nevyye XopoLly CNpURHATAMBICTE [0 TFOPMOHAaNbHUX
3MiH Ta crnpusie po3BUTKY abaoOMiHaNbHOMO OXMPIHHS
3 noganbwyM OpPMYyBaHHAM  KriHiko-MeTaboniyHmx
ycknagHeHb. 3 BiKOM MexaHi3M 36inbLUEHHSI KinbKOCTI
XUPOBUX KNITUH BUYEPNYETLCS | OpraHiaM BUKOPUCTO-
BYE TiNbKM rinepTpodiyHy KOHCTPYKLUit0 36inblUeHHS
KNMITUHU B 006CcA3i, L0 BBAXXaETbCA OinbLL NaTONOrN4YHUM.

AHanisytoun Ta MOpPIBHIOKYN PO3MIP KNITUH >XMPOBOT
TKAHWHW MDK ekcrnepumeHTanbHuMu rpynamu 1A, 2A
Ta 3A TakoX MO)Ha BiA3HAYMUTK 3aneXHiCTb 30iNbLUEHHSA
po3mipiB AT, O NOB’A3aHO 3 BiKOM TBapWHW.

Y rpyni 1A Monogux TBapuH (He3anexHo Big cTari)
3a3HadeHo, wo y KT ta MXT nepeBaxanu KniTHW
Manoro Ta cepegHboro poamipie, a B EXT T1a 3XT —
KNiTMHKM Benukoro po3mipy (50—-100 Mkm). Y xopi ekcne-
PUMEHTY B YCiX BikoBMX rpynax 6yno Big3HauyeHo HasiB-
HICTb NiMdoigHO-MakpodaranbHoOl iHINETpaLii, 03Hakn

carbohydrate and high-fat diet, an increase in almost
all types of AT prevails, with a predominant increase
in the specific mass of MAT in males and the specific
mass of SAT in females. It was noted that the degree
of expressiveness of the increase in the specific body
weight of males is consistent with the degree of
increase in AT in number, as well as with the increase
in their average size.

In subgroups 2AJ, in contrast to subgroups 1AJ,
both hyperplastic and hypertrophic modifications
of AT are observed. In group 2AJ, both in the SAT
and in the MAT, as the body weight of the animal
increased, an increase in AT was noted, possibly due
to the deposition of fat in the cells themselves. At the
same time, a change in the shape of fat cells (incorrect
shape, appearance of individual giant cells) was
noted in MAT. However, there is still a sufficient number
of small and medium-sized cells in the RAT and EAT,
which may indicate the presence of transitional
mechanisms in adipose tissue that contribute to the
transition from a hyperplastic type of AT growth to
a hypertrophic one. It is known that an increase in
adipocyte size is an important prerequisite for the
deterioration of glucose absorption by insulin-depen-
dent tissues [22] and has an inversely proportional
dependence on the development of obesity. These values
do not depend on gender and body weight, but this
indicator correlates with the level of insulin in the
plasma and sensitivity to insulin [23].

Considering the fact that group 2A consisted of
sexually mature animals, the features of the increase in
their fat depots could be largely mediated by an active
hormonal background compared to groups 1A and 3A.

In modern literature, there is enough evidence that,
in addition to genetic and exogenous factors (living con-
ditions, diet, physical activity), sex hormones are
an important regulation of fat deposition. It is known
that estrogens, the receptors of which prevail in SAT,
affect the processes of hyperplasia of AT [24]. Therefore,
hyperplasia of SAT in an adult organism plays a pro-
tective role in the development of obesity. Obesity
develops fastest in animals of group 3A (old rats) in
which hypertrophic processes and large AT prevail.
At the same time, with obesity, under the influence
of endocrine factors, both the size of adipocytes and
their number may increase [25].

It is believed that with age, it is the AT in VAT that
increases the density of B-adrenoceptors, corticosteroid
and androgen receptors, and decreases the density
of a2-adrenoceptors and insulin receptors. This deter-
mines the particularly high sensitivity of VAT to the
lipolytic action of catecholamines and to the antilipolytic
action of insulin in group 2A, which ensures good
susceptibility to hormonal changes and contributes
to the development of abdominal obesity with the
subsequent formation of clinical and metabolic compli-
cations. With age, the mechanism of increasing the
number of fat cells is exhausted and the body uses
only the hypertrophic structure of cell increase in the
amount that is considered more pathological.

Analyzing and comparing the size of adipose tissue
cells between experimental groups 1A, 2A and 3A
also noted the dependence of the increase in the size
of AT, which is associated with the age of the animal.
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nopyLUeHHs1 KpoBoobiry B cyouHax MiKpoUMpKynsiTop-
HOro pycrna Ta nosiBa CKMepOTUYHMX 3MiH, BUPA3HICTb
SKMX  HapocTana 3  BWCOKOKaNopiHOK  OieTolo.
Lli maHi € 3HayHMM nNOKa3HMKOM 3anycKy MexaHi3miB
HU3bKOCTYMNEHEeBOro XPOHiYHOro 3ananeHHa HXB, Bupas-
HiCTb SIkMX Moxe OyTu ysromxeHa came 3 rinepTpo-
di4HUM TMNOM 3pocTaHHA AT.

BUCHOBKHU

HuHawmika rictonoriyHnx Ta mopdonoriyHnx amiH B AT
y WwypiB, WO POPMYyeETLCH Nif BNAVBOM aniMeHTapHoro
daktopa npu MC, noe’A3aHa 3 BiKOM, CTaTTiO Ta Macow
Tina. Y monoaux LwypiB 36inblUeHHs iHAeKCy macu Tina
BinOyBaeTbCA MEepeBaxkHO 3a paxyHOK rinepnnasii Kni-
TuH MXT Ta BXT. 36inbweHHa AT y monogomy opraHiami
npu pJii natoreHHoro daktopa 3aBXauM MNOYMHAETLCH
3 KOMMEHCATOPHOro, rinepnnacTtuyHoro  MexaHiamy.
3 BikOM rinepnnacTuyHmiA TN 3pocTanHs AT nepeTBopo-
€TbCS Ha rinepTpodivHmiA, ocobnueo y MXKT. BigzHayeHo
3BOPOTHO MPOMOPLINHY 3anexHiCTb 3HWXKEHHA pesunc-
TEHTHOCTI agunouuTiB (ocobnmeo BXXT) B mipy 36inb-
WEHHA BiKy TBapuHW. 3HWXKEHHS PEe3NCTEHTHOCTI
KnitnH AT 0O eHOOreHHMX MexaHi3aMiB KOHTPOM pery-
nAuii, Ski Npu3BOAATbL A0 NMEPEeMUKaHHs rinepnnacTuny-
HOro TUNy 3pocTaHHA AT 49K MOXIIMBOrO MexaHiamy
rarbMyBaHHS PO3BUTKY OXWPIHHA, Ha rinepTpoMivyHUiA.
ICHye BikOBa 3anexHiCcTb 30inbLUeHHst MMToMOi macu AT
Ha TNi 3HWKEHHS NOKa3HWKIB cepeaHbOoi KifTbKOCTi aanmno-
uunTiB Ta 306iMbLIEHHS MOro0 CepeaHboro po3mipy. 3MiHa
CTPYKTYPHUX | PYHKUIOHanNbHUX Xxapaktepuctuk AT,
CTUMYNbOBAHMX PO3BUTKOM OXUPIHHA MOXyTb OyTu
OCHOBOK PO3YMIHHA MiABULLEHHA MeTabomnivyHOI aKTuB-
HOCTi Y BUIMSAI peakuiil HU3bKOCTYNEHEBOro XPOHIYHOMO
3ananeHHs HXB §K NepBMHHOI MaTOreHeTWYHO!I naH-
km MC. OTpumaHi pesynsratm MOXyTb OyTVW BU3HAYeEHi
sk BionoriyHun Mmapkep, Lo BU3Ha4YaEe acoLifioBaHi 3 OXu-
PiHHAM MOPYLUEHHS, K CUHAPOM CUCTEMHOI 3anarnbHoil
BigNOBIAi, Ae TBapuHKU Byny po3nogineHi 3a cTaTTio.
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In group 1A of young animals (regardless of sex),
it was noted that small and medium-sized cells pre-
dominated in the SAT and MAT, and large-sized cells
(50-100 pm) in the EAT and RAT. During the experiment,
the presence of lymphoid-macrophage infiltration,
signs of impaired blood circulation in the vessels of the
microcirculatory channel, and the appearance of scle-
rotic changes, the expressiveness of which increased
with a high-calorie diet, were noted in all age groups.
These data are a significant indicator of the activation
of the mechanisms of HCV, the expressiveness of
which can be coordinated precisely with the hypertrophic
type of AT growth.

CONCLUSIONS

The dynamics of histological and morphological
changes in AT in rats, formed under the influence of the
alimentary factor in MS, are related to age, sex and
body weight. In young rats, the increase in BMI occurs
mainly due to hyperplasia of cells of the SAT and VAT.
An increase in AT in a young organism under the influ-
ence of a pathogenic factor always begins with a com-
pensatory, hyperplastic mechanism. With age, the
hyperplastic type of AT growth turns into a hypertrophic
type, especially in the MAT. An inversely proportional
dependence of the decrease in adipocyte resistance
(especially VAT) as the age of the animal increases
was noted. A decrease in the resistance of AT cells to
endogenous regulation control mechanisms, which lead
to the switch from a hyperplastic type of AT growth as
a possible mechanism for inhibiting the development
of obesity to a hypertrophic one. There is an age-depen-
dent increase in the specific mass of AT against the
background of a decrease in the average number of
adipocytes and an increase in its average size.
Changes in the structural and functional characteris-
tics of AT, stimulated by the development of obesity,
may underlie the understanding of increased metabolic
activity in the form of LCI reactions as the primary
pathogenetic link of MS. The obtained results can be
designated as a biological marker that determines
obesity-associated disorders, such as systemic inflam-
matory response syndrome, where the animals were
divided by sex.
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MepcnekTUBU NOAAABLUMX AOCAIAXEHD

[MepcnekTvBn noganbliMX AOCHiAXEHb CTOCYHTbLCS MOPIBHAMNb-
HOI naTogi3ionoriyHoi OUiHKM MeTaboniYHNX 3MiH Yy pi3HKX
opraHax i TkKaHMHax (Crnony4yHa TKaHUHa, XXMpoBa TKaHUHa, ceple,
neviHka, HUPKK, TONMOBHUI MO30K), LLO BiAOyBalOTbCA BHACMIAOK
NiOBULLEHHS aKTMBHOCTI JKMPOBOI TKaHWHMW, fiIka BBaXaeTbCs
iHiLianbHOIO NaHKOK MaToreHesy HU3bKOCTYMEHEBOrO XPOHiY-
HOro 3ananeHHs Ha TNi pO3BUTKY METabomiYHOro CMHAPOMY.

KoHdAIKT iHTEpEcCiB

ABTOpPWU pYyKOMMCY CBIAOMO 3acBiAYylOTb BIiACYTHICTb haKTU4-
Horo abo MOTEHLINHOrO KOHMIKTY IHTEpeCiB Woao pesynbraTiB
Ljiei poboTu.

IHdbopmauis Npo cbiHAHCYBAHHSA

Pobota thiHaHCyeTbCS BUAATKaMu AepxaBHOro 6rokeTy YkpaiHu.
CraTTa € dhparMeHTOM MMaHoBOI HayKOBO-AOCNiAHOI poboTn ka-
deapw 3aranbHoi Ta KniHivyHOI natodisionorii im. [.0. AnbnepHa
XapkiBCbKOro HaLioHanbLHOro Mean4Horo yHisepcutety MiHictep-
CTBa OXOPOHW 300pOB’A YKpaiHW «Porb XpPOHIYHOrO 3ananeHHsi
B PO3BUTKY MOPMOMYHKLIOHANbHNX 3MiH Pi3HUX OpraHiB npu
eKCMepuMeHTanbHOMy MeTaboniyHoOMy CUHAPOMI Yy  LLypiB»,
Homep [AepxasHoi peectpauii:  0118U000952, npuknagHa,
TEPMiH BUKOHaHHSA: 6epe3eHb 2021-2025 pp., HayKOBUIA KEPIBHWK,
[OKTOp MeanyHux Hayk, npodecop M.C. MUPOLLHNYEHKO.

Noaska

ABTOPY BWCMNOBMIOKTL WMPY NOAsKy cniBpobiTHUKam kadbenpu
3aranbHOi Ta KniHiYHOI natodpisionorii im. [1.0. AnbnepHa
XapKiBCbKOro HaLioHanbHOro Mean4Horo yHisepcutety MiHictep-
CTBa OXOPOHW 300poB’st YkpaiHu, wo Oynu 3afisHi y BUKOHAHHI
HayKoBO-Z0CHiAHOT po6oTy.
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KysbmiHa IpuHa HOpiiBHa — [OKTOp MEAMYHUX Hayk,
npodecop, npodpecop kadenpw 3aranbHOI Ta KNiHIYHOI naTo-
igionorii im. 0.0. AnbnepHa XapkiBCbKOro HauioHanbHOro
Mean4HOro yHiBepcuteTy MiHicTepcTBa OXOpPOHM 340pOB’A
Ykpainu; np. Hayku, 6ya. 4, m. Xapkis, Ykpaina, 61022;

e-mail: irina.u.kuzmina@gmail.com

Ten.: +38 (057) 707-73-40

BHecok aemopa: koHuenuis ma OQu3salH 0ocnid-
)XeHHs1, 36ip OaHux, aHania ma iHmeprnpemauis
OaHux, HanucaHHsi cmammi, peda2ysaHHs cmammi,
ocmamoyHe 3ameepdxeHHs cmammi.

KysbmiHa Onbra OnekcaHgpiBHa — KaHAMAaT MeaunyHUX
HayK, [OOUEeHT Kadeapw akywepctBa Ta riHekonorii Ne 1
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Prospects for further research

Prospects for further research relate to the comparative
pathophysiological assessment of metabolic changes in various
organs and tissues (connective tissue, adipose tissue, heart,
liver, kidneys, brain), which occur as a result of increased
activity of adipose tissue, which is considered the initial link
in the pathogenesis of low-grade chronic inflammation against
the background of development metabolic syndrome.
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PE3IOME

AxtyanbHicTb. KorHiTuBHa AOucdyHKUiIS y XBopux Ha poscigHuii cknepo3 (PC)
3yCTpiYaETbCSl AOCUTb 4YacTo, NPOTE Ha Hel He 3aBXAW 3BepTalTb yBary, OCKiMbKu
3HWKEHHST KOTHITUBHMX (DYHKUIA OOCUTb YacTO MacKyHTbCS 3@ MOTOPHWMM, CEHCOp-
H/MW Ta 30POBMMW MOpPYLIEHHSMW. HeobxigHe aKTWMBHe PpO3MUTYBaHHSA MauieHTIB
Ta CKPVHIHT 32 HEMPOKOTHITUBHUMW LUKanamu AN BUSBMNEHHSA KOTHITUBHWUX NOpYLUEHb
y nauieHTiB 3 PC, HaBiTb Ha paHHiX cTafisix 3aXBOPIOBaHHSI.

MeTa po6oTu. BusHaunTh 4acToTy, BUPaXKEHICTb Ta KMiHiYHI 0OCOBNMBOCTI KOTHITUBHMX
MopylleHb Yy XBOPUX Ha PeuVauBYOYO-PEMITYIONMIA TUM  PO3CIAHOMO  CKNepo3y
3 ypaxyBaHHSIM TPMBAaNoCTi 3aXBOPIOBAHHA Ta CTYNeHs iHBanign3adii nauieHTis.
MaTtepianu Ta metoau. byno obcTtexeHo 67 nauieHTiB 3i BCTAHOBMNEHWMM [AiarHO30M
peLMaNBYHOHO-PEMITYIOHNMIA TUN PO3CISIHOTO Cknepo3dy. Bci obcTexxeHi xBopi nponwnu
peTenbHe HEBPOMOriYyHEe, MCUXOMETPUYHE Ta IHCTPYMEHTanbHe obcTexeHHst. MauieHTis
po3nodineHo Ha 3 rpynu 3anexHo BiA4 TpuBanocTi 3axBoptoBaHHA: 1-wa rpyna
[o 5 pokiB (24 nauieHtn), 2-ra rpyna — Big 5 ao 10 pokie (22 nauieHTn), 3-Ta rpyna —
noHag 10 pokiB (21 nauieHT). [Ons ouiHKM HEWPONCUXONOriYHOrO CTaTycy XBOPWX
Oynu BukopucTaHi TecT uucno-cumBon SDMT Ta MoHpeanbcbka LWKamna OLiHKK
nisHaBanbHuX dyHkuin MoCA.

Pesynbtat Ta ix o6GroBopeHHsl. [lpoBegeHuii KopensuiiHMiA aHania nokasas
HasiBHICTb BipOrigHOro 3BOPOTHOrO 3B’sI3KY MixX 6amom 3a wkanoto EDSS ta 6anamu
3a wkanamm SDMT ta MoCA (r = -0,61 (p < 0,05); r = -=0,63 (p < 0,05) BignoBigHo),
O NigTBEpAXYyBaro Nporpecyroye 3HWKEHHS KOTHITUBHMX (PyHKUI y Mipy nporpecy-
BaHHSA TSDKKOCTI 3aXBOPIOBAHHSA Ta CTaHy nauieHTiB. OgHak 3B’A30K MiXK TpuBanicTio
3aXBOPIOBAHHSA Ta AAHUMMU TECTYBaHHS KOTHITUBHUX (PYHKLiA BUSBMBCS MEHLU TiCHAM
" HabyBaB nuwe 3BOpoTHOI TeHaeHuii (r = —0,29 (p > 0,05); r = -0,12 (p > 0,05)
ons 6anis 3a wkanamm SDMT ta MoCA BignosigHo). Takox, Hamu ByB oTpvMaHuii
BIpOriAHUI NPAMUIA KOPENALIMHWIA 3B’A30K Mk 6anamu TecTyBaHHs 3a Likanoo MoCA
Ta SDMT (B 1-1 rpyni r= 0,63, p < 0,05, y 2-in rpynir = 0,89, p < 0,05, y 3-i rpyni r = 0,64,
p < 0,05) B ycix gocnigXeHux rpynax, TobTo B yCi Nepioay TpMBanocTi 3aXBOPIOBaHHS.
BucHoBku. OTpumaHi gaHi KopensuiHoro aHanisy ceigyaTb Npo 3B’SA30K MiK TSK-
KICTIO KOTHITUBHMX MopylleHb 3a 6anamu TecTyBaHHsi, CTyrneHeM iHBanigusauii
nauieHTiB Ta TPUBanICTIO 3aXBOPIOBAHHS.

TecneHko O.C., ToBaxHsiHcbka O.J1. KniHiuHi 0cOGNMMBOCTI KOTHITMBHOI AWMCAYHKUii Yy nauieHTiB 3 peunamBHO-
PEMITYIOUMM TUMOM PO3CIIHOTO CKneposy. BicHUK XapKiecbKko2o HauioHabHo20 yHisepcumemy imeHi B.H. KapasiHa.
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ABSTRACT

Background. Cognitive dysfunction in patients with multiple sclerosis is quite common,
but attention is not always paid to it, since the decline of cognitive functions is
often masked by motor, sensory, and visual disorders. Active patient questioning
and neurocognitive screening are needed to identify cognitive impairment in patients
with multiple sclerosis, even in the early stages of the disease.

The goal of the study is to determine the frequency, severity, and clinical features
of cognitive impairment in patients with relapsing-remitting multiple sclerosis, taking
into account the duration of the disease and the level of disability of the patients.
Materials and Methods. 67 patients with a diagnosis of relapsing-remitting multiple
sclerosis were examined. All examined patients underwent a thorough neurological,
psychometric, and instrumental examination. Patients were divided into 3 groups
depending on the duration of the disease: 1%t group up to 5 years (24 patients),
2 group — from 5 to 10 years (22 patients), 3™ group more than 10 years (21 patients).
The Symbol Digit Modalities Test (SDMT) and the Montreal Cognitive Function
Assessment Scale (MoCA) were used to assess patients’ neuropsychological status.
Results. The conducted correlation analysis showed the presence of a probable
inverse relationship between the score on the EDSS scale and the scores on the
SDMT and MoSA scales (r = —0.61 (p<0.05); r = -0.63 (p<0.05), respectively),
which confirmed the progressive decline of cognitive functions as the severity of
the disease and the patient’s condition progressed. At the same time, the relationship
between the duration of the disease and the data of cognitive function testing
turned out to be less close and acquired only an inverse tendency (r = —0.29 (p>0.05);
r = -0.12 (p>0.05) for scores on SDMT and MoCA scales, respectively). We also
obtained a probable directly proportional correlation between the test scores
on the MoCA scale and SDMT (in 1%t group = 0.63, p<0.05, in 2" group = 0.89,
p<0.05, in the 3 group r = 0.64, p<0.05) in all studied groups, i.e. for all periods
of the disease duration.

Conclusions. The obtained data of the correlation analysis indicate a relationship
between the severity of cognitive impairment according to the test scores, the
degree of disability of the patients, and the duration of the disease.

Teslenko OS, Tovazhnyanska OL. Clinical features of cognitive dysfunction in patients with relapsing-remitting

type of multiple sclerosis.
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BCTYN

INTRODUCTION

Poscignuin cknepos (PC) — xpoHiyHe 3ananbHe
JemieninisyBanbHe Ta HeWpoaereHepaTtMBHE 3axXBOPIO-
BaHHS, IO NPWU3BOAWUTb OO MOLLUKOAXKEHHS sik 6inoi, Tak
i Cipoi pe4oBMHM LieHTpanbHOi HepBoBoi cuctemu (LIHC)
[1, 2, 12]. PC nepeBaxHO ypaxye Moroaumx nwoaewn
(Bin 18 mo 40 pokiB) i € OfHIED 3 OCHOBHWMX MPUYMH
HEBPOMOriYHNX nopylleHb Yy uin Bikosin rpyni [1, 3].
Ocob6nuBICTIO 3aXBOPKOBAHHS € OfHOYACHE YpaXkeHHs
OEKiNnbKOX pi3HMX BiadiniB HEpPBOBOI CUCTEMM, LLO MpuU-
3BOOUTb [0 LUMPOKOrO CMEKTPa Pi3HOMaHITHUX Mopy-
WeHb, BUPaXeHICTb SKUX 3anexuTb Big nokanisauil
AewmieninisysanbHoro npouecy [3].

3aranbHOBIAOMO, WO HanbinbLl YacTUMU KNiHIYHUMUN
nposiBaMy 3axBOPKOBAHHS € MOTOPHI, CTaTUKO-KOOPAM-
HaTOPHIi, 30pOBI MOPYLUEHHS, PO3Naan TasoBUX OYHKLUIN
Ta yepenHoi iHHepBalii [3, 4]. MpoTe, ocTaHHIM Yacom
yBary OOCNIAHWKIB Ta KNiHiLUCTIB npuBepTae npobnema
KOTHITMBHMX nopyLueHb npu PC, siki BUHMKaOTL Npnonmns-
HO Y 70% nauieHTiB NPOTArOM XUTTS N MOXYTb CMOCTEpi-
raTucs Sk Ha Mi3HiX, Tak i paHHiX cTagisgx 3axBOptOBaHHS
[6, 7, 9]. IcHyIOTb AaHi, O KOTHITUBHI MOPYLUEHHS MOXYTb
HaBiTb BMNEpPemMKaTh iHWI CUMMNTOMM Binblue HiX Ha pik,
Ta OyTM OOHMMM 3 OCHOBHWX MNPOSIBIB 3aXBOPIOBAHHS
[9, 10, 18], saymoBniotoun gesagantauito Ta iHBanigusadito
nauieHTiB Ta NoripLwyoyn SKiCTb IXHBOTO XUTTS [5, 6, 15].

Multiple sclerosis (MS) is a chronic inflammatory
demyelinating and neurodegenerative disease that
leads to damage to both white and gray matter of the
central nervous system (CNS) [1, 2, 12]. MS mainly
affects young people (18 to 40 years old) and is one of
the main causes of neurological disorders in this age
group [1, 3]. A feature of the disease is the simultaneous
damage to several different parts of the nervous system,
which leads to a wide range of different disorders,
the severity of which depends on the localization of
the demyelinating process [3].

It is well known that the most common clinical
manifestations of the disease are motor, static-
coordinative, visual disorders, pelvic function disorders,
and cranial innervation disorders [3, 4]. However,
recently, the attention of researchers and clinicians
has been drawn to the problem of cognitive impairment
in MS, which occurs in about 70% of patients during
their lifetime and can be observed both in the late and
early stages of the disease [6, 7, 9]. There is evidence
that cognitive disorders can even outpace other
symptoms by more than a year and be one of the main
manifestations of the disease [9, 10, 18], causing
maladjustment and disability of patients and worsening
their quality of life [5, 6, 15].
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CryniHb iHBanigmsauii y nauieHtiB 3 PC Bu3Hada-
€Tbcst  3a pgonomoroto  wkann EDSS  (Expanded
Disability Status Scale). EDSS — wue wkana ouiHku
dyHkuioHanbHux cuctem LHC, sika BuKoOpuCTOBYETHCSA
ONsi onucy MporpecyBaHHs 3aXBOPKOBAaHHSI y MauieHTiB
3 PC Ta onsa OUiHKM TSKKOCTi 3aXBOPIOBAHHS (CTyneHsi
iHBanigu3auii) Ta edeKkTUBHOCTI nikyBaHHA. BiH ckna-
Jaetbca 3 OanbHOi cuctemu 3  AianasoHom Big 0
(HopmanbHui HeBponoriyHui ctatyc) go 10 (cmepTb
nauieHTa BHacnigok PC) Ta iHTepanom 0,5 6anis [31].

Ha cborogHi ouiHka KOrHITUBHOI (PYHKLiOHAMNbHOCTI
xBopux Ha PC 3a craHgaptamMu 3A4iMCHIOETbCA 3a
ponomoroto TectiB SDMT T1a PASAT (3-1A 4acTtuHa).
Ane npoBefeHHs LuX TecTiB notpebye cneuundiyHoro
JOMOMIDKHOTrO MaTepiany Ta 3acobiB, a TakoX MNEBHMX
HaBMYOK, WO OOMexXye iX LWMPOKE BUKOPUCTAHHSA
y npakTtuui nikapiB-HeBponoris Ta ciMeiHux nikapis,
SKi 3a3BUYal CNOCTEpIraTb 3a Liet0 KOropToK NauieHTIB.
B Tom camui yac, gocuTb 4acTo B 3arasnbHill HEBPOSO-
MYHIM NpakTuui ANs BU3HAYEeHHA CTaHy KOTHITUBHUX
YHKUIn  BUKOpUCTOBYETbCA MOHpeanbcbka LiKana
OUiHKM  ni3HaBanbHMx  dyHkuin  (lLkana MoCA),
ehekTMBHICTb kol y nauieHTiB 3 PC € HeoaHO3Ha4YHO
[4, 29, 30]. Heski pocnigpkeHHA nNoOBigOMNATb, LWO
BukopuctaHHs MoCA He € cneumdivyHMM Ans OuiHKK
KOTHITUBHUX (PYHKLIN Yy NaLieHTiB, OCKiNbKMN He BpaxoBye
KOHKPETHI KOTHITUBHI cdhepwn, SKi HandacTile 3asHalTb
ypaxeHHs npu PC [29, 30]. Mpote, y aeskux gocnia-
XEHHsIX AosefeHo, wo MoCA € aieBuM iHCTpyMEHTOM
CKPWUHIHIY, HaBiTb MOPIBHAHO 3i CTaHAApPTHWM Hewnpo-
MCUXOMNOFYHUM TECTYBaHHSIM, $IKe MNepeBaXHO BUKO-
pucToBytoTb Npu PC [20-22].

Takum YnHOM, NpobrnemMa paHHbOro BUSIBITIEHHSI KOTHi-
TUMBHUX MopylleHb npyu PC, BM3HaYeHHNA AieBUX iHCTPY-
MEHTIB OUIHKW CTaHy Ta TSXKOCTi KOTHITMBHWUX COYHKLIN
y nauieHTiB 3 PC € goci aktyanbHo Meanko-couianbHo
npobrnemoto.  oTpebytoTb  NoganbWoro  BUBYEHHSA
TakoX, (PaKTopu pU3NKy NPOrpecyBaHHs Ta 0CobMMBOCTI
KNiHIYHOI CTPYKTYpWY KOTHITUBHOI AncdyHkuii npu PC.

MeTolo pocnigxeHHA Oyno BU3HAYUTU 4YacToOTY,
BUPaXeHICTb Ta Aesiki KniHiYHi 0COBnMBOCTI KOrHITUBHMX
NopyLLEHb Y XBOPUX Ha peumanBHoO-peMiTytoumn tun PC
(PPPC) 3 ypaxyBaHHIM TpWUBanoCTi 3axBOPIOBAHHS
Ta CTyneHs iHBanigusauii nauieHTiB.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Byno ob6ctexxeHo 67 nauieHTiB (kuteniB XapkiBCbKoi
obnacrti), siki nepebyBanu Ha cTauioHapHOMY niKyBaHHi
B HeBpororiyHoMy BiggineHHi Ne 1 KomyHanbHOro Heko-
MepuirHoro nignpuemcTBa XapkiBcbkoi obnacHoi paau
«ObnacHa kniHiYHa nikapHsa», 3i BCTAHOBMEHWM Aiar
Ho3om PC peumauBytodo-peMiTytoumn  tun nepebiry
BignosigHo o kputepiiB McDonald (2018 pik). Bik xBo-
pux KonmeaBscs B Mexax Big 19 go 65 pokis. Bci o6cTexeHi
xBopi Ha PC nicns nignucaHHs iHdopmoBaHOi 3rogun
Ha yYacTb Yy OaHOMY [AOCHiIXEHHI Npownn peTenbHe
HEeBpOIOriyHe, NCUXOMETPUYHE Ta IHCTpyMeHTanbHe 06-
cTexeHHs. CTyniHb TsbkkocTi PC BCcTaHoBnoBaBCcH Bia-
noBigHO A0 Wwkanu iHBanigusauii 3a J. Kurtzke (EDSS).
[nsi ouiHKM HEeMpPOMNCKMXONOriYHOro cTaTycy XBopux Gynu
BMKOpPUCTaHi TecT uucro-cumeon SDMT (ons ouiHku
LUBUAOKOCTI KOTHITUBHMX MPOLECIB i BidyanbHOI KOpPOT-

The degree of disability in patients with MS is deter-
mined using the EDSS (Expanded Disability Status
Scale). The EDSS is a scale for assessing the functional
systems of the central nervous system, which is used
to describe the progression of the disease in patients
with MS and to assess the severity of the disease
(degree of disability) and the effectiveness of treatment.
It consists of a scoring system with a with a range
from O (normal neurological status) to 10 (death of the
patient due to MS) and an interval of 0.5 points [31].

Today, the assessment of the cognitive functionality
of patients with MS is standards is carried out using
the SDMT and PASAT tests (Part 3). But conducting
these tests requires specific auxiliary material and tools,
as well as certain skills, which limits their widespread
use in the practice of neurologists and family doctors,
who usually observe this cohort of patients. At the same
time, quite often in general neurological practice,
the Montreal cognitive function assessment scale
(MoCA scale) is used to determine the state of cognitive
functions, the effectiveness of which in patients
with MS is ambiguous [4, 29, 30]. Some studies report
that the use of MoCA is not specific for assessment
of cognitive functions in patients, as it does not take
into account specific cognitive areas that are most often
affected in MS [29, 30]. However, a number of studies
have shown that the MoCA is an effective screening
tool, even compared to standard neuropsychological
testing, which is mainly used in MS [20, 21, 22].

Thus, the problem of early detection of cognitive
disorders in MS, determination of effective tools for
assessing the state and severity of cognitive functions
in patients with MS is still a relevant medical and social
problem. Also, risk factors for progression and features
of the clinical structure of cognitive dysfunction in
MS require further study.

The aim of the study was to determine the frequency,
severity and some clinical and some clinical features of
cognitive impairment in patients with relapsing-remitting
MS (RRMS), taking into account the duration of the
disease and the degree of disability of patients.

MATERIALS AND METHODS

We examined 67 patients from the Kharkiv region
who were on inpatient treatment in the neurological
department No. 1 of the Municipal Clinical Hospital of
Kharkiv with a diagnosis of relapsing-remitting MS
according to the criteria of McDonald (2018). The age of
patients ranged from 19 to 65 years. All examined pati-
ents with MS after signing an informed consent to
participate in this study underwent a thorough neurolo-
gical psychometric and instrumental examinations.
The severity of MS was determined according to
the J. Kurtzke Disability Status Scale (EDSS).

To assess the neuropsychological status of patients,
the SDMT number-symbol test (to assess the speed of
cognitive processes and visual short-term memory) [18]
and the Montreal Cognitive Function Assessment Scale
(MoCA Scale) [20] were used.
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kodacHoi nam’saTi) [18] Ta MoHpeanbcbka Likana ouiHKu
nisHaBanbHUx yHkuin (LLkana MoCA) [20].

MauieHTiB 6yno po3nodineHo Ha Tpu rpynu B 3anex-
HOCTi Big TPWMBaNOCTi 3axBOPIOBaHHA: y 1-wy rpyny
yBiWNKW 24 nauieHTn i3 TpuBanicTio 3axBOPHOBaHHS
no 5 pokiB (15 xiHOK Ta 9 4onoBikiB), cepefHi Bik
nauieHTis — 37,86 poku (gianasoH 19-57 pokiB),
y 2-ry rpyny — 22 nauieHTu 3 TpuBanicTio 3aXBOPIOBaHHS
Bin 5 no 10 pokiB (15 xiHOK Ta 7 4omnoBiKiB), cepeqHii
Bik nauieHTiB — 41,64 piku (gianasoH 33-54 poku),
y 3-Tto rpyny yBinwnm 21 nauieHT i3 TpuBanicTio 3axBopto-
BaHHs noHap 10 pokis (12 xiHOK Ta 9 YonoBikiB), cepeaHii
Bik nauieHTiB — 49,33 poku (aianasoH 32—65 pokis).

CepeaHsl TpyBanicTb 3axXBOPHOBaHHSA y 1-14 rpyni ckna-
pana 2,302 poku (giana3oH Big 1 micsus 0o 4 pokis),
y 2-in rpyni — 7,045 poku (mianasoH Big 5 go 10 pokis)
i B 3-11 — 17,095 poku (gmianasoH Big 11 go 35 pokis).

CepepHirt 6an 3a po3LmMpeHoto LWKanoto iHBaniansauii
(EDSS) y 1-# rpyni cknagas 2,42 + 1,26, y 2-i rpyni —
3,47 £ 1,29, y 3-n rpyni — 4,36 £ 1,28, BignosigHo.

PE3YABTATU TA iX OBrOBOPEHHS

MpoBeneHe kniHiko-HeBpororiYyHe OOCTEXEHHS BU-
3HAYMIIO OCHOBHI KMNiHIYHI cUMHOPOMM B OOGCTEXEHMX
xBopux Ha PPPC, ski npeactaeneHi B Tabnuui 1.
Ak BMOHO 3 AaHoi Tabnuui, NpoBigHMMW HEBPOMOriy-
HAMMW CUHApPOMaMW TPaAMLiINHO Gynn MOTOPHI, CEHCOPHI
Ta 30pOBi NOPYLUEHHS, MO304YKOBO-aTaKTUYHWUIA CUHLAPOM.

The patients were divided into 3 groups depending
on the duration of the disease: the 1%t group included
24 patients with a duration of the disease up to 5 years
(15 women and 9 men), the average age of the patients
was 37.86 years (range 19-57 years), the 2" group —
22 patients with a duration of the disease from 5 to
10 years (15 women and 7 men), the average age of the
patients — 41.64 years (range 33 — 54 years), the 3" group
included 21 patients with a duration disease for more
than 10 years (12 women and 9 men), the average age
of patients — 49.33 years (range 32 — 65 years).

The average duration of the disease in the 1t group
was 2.302 years (range from 1 month to 4 years).
The average duration of the disease in the 2" group
was 7.045 years (range from 5 to 10 years). In the 3" group,
the average duration of the disease was 17.095 years
(range from 11 to 35 years).

The average EDSS score in the 1% group was
2.4241.26, in the 2" group — was 3.47+1.29, in the
3 group the average EDSS score — 4.36 + 1.28.

RESULTS AND DISCUSSION

The conducted clinical and neurological examination
determined the main clinical syndromes in the examined
patients with RRRS, which are presented in table 1.
As can be seen from this table, the leading neurological
syndromes were traditionally motor, sensory and visual
disorders, cerebellar-ataxic syndrome.

Ta6nuus 1. KniHiko-HeBpororiyHa xapakTepuctuka obctexeHmx xsopux Ha PPPC B 3anexHoCTi Bif TpMBanocTi 3axXBOpHOBaHHS
Table 1. Clinical and neurological characteristics of the examined patients with RRRS depending on the duration of the disease

1-wa rpyna / 1 group

OasHaka / Sign =24

Bcboro / Total
n=67

2-ra rpyna / 2 group
n=22

3-ta rpyna / 3 group
n=21

MipamigHun cnHgpom

0,
Pyramid syndrome 9(37.5%)

6 (27,27%) 6 (28,57%) 21 (31,34%)

MoTopHi nopyLieHHst (napesu)

0,
Motor disorders (paresis) 8 (33,33%)

11 (50%) 14 (66,66%) 33 (49,25%)

Mo304KOBO-aTakTUYHNI CUHOPOM

0,
Cerebellar ataxic syndrome 10 (41,66%)

14 (63,63%) 15 (71,43%) 39 (58,21%)

MopyLueHHs dyHKLiT Ta30BUX OpraHis

0,
Dysfunction of the pelvic organs 3 (12,5%)

4 (18,18%) 5 (23,81%) 12 (17,91%)

CeHCOopHIi MopyLUEHHs

0,
Sensory disorders 15 (62,5%)

11 (50%) 12 (57,14%) 38 (56,71%)

30poBi NopyLUEHHS

0,
Visual disturbances 11(45,83%)

12 (54,54%) 8 (38,09%) 31 (46,27%)

MopyLweHHs YepenHoi iHHepBaUil
(cToBBYpPOBI MOPYLLEHHS)

Mental disorders (anxiety, depression)

0, 0, 0, 0,
Disorders of cranial innervation 3 (12,5%) 4 (18,18%) 3 (14,28%) 10 (14,92%)
(stem disorders)
lMevixivHi nopyLUeHHs (TpuBora, Aenpecist) 2 (8,33%) 4 (18,18%) 5 (23,81%) 1 (16,42%)

Okpemo MM npoaHanidyBanu AaHi Woao 4actoty Ta
CTPYKTYPWU KOTHITUBHMX MOpPYLUEHb Ha niacTasi ckapr,
SKi NauieHTW aKkTMBHO BMCYBanu, a TaKOX CKapr, sKi
BM3HaYanucss Mpu akTUBHOMY OMUTYBaHHI MNaLjieHTIB
(Tabnuus 2).

Ak BUAHO 3 Tabnuui 2 B 1-7 rpyni ckapri Ha KOTHIiTUBHI
nopyweHHs (KIM) sucnosnioBanu 8 3 24 nauieHTis, a npu
aKTUBHOMY po3nuTyBaHHi — Wwe 13 nauieHTiB. OCHOBHUMMU

Separately, we analyzed data on the frequency
and structure of cognitive impairments based on
complaints that patients actively raised, as well as
complaints that were determined during an active patient
survey (Table 2).

As can be seen from Table 2, 8 out of 24 patients
in the 1%t group complained about cognitive impairment,
and 13 more patients during active questioning. The main
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ckapramu B Ui rpyni 6ynu 6e3nam’aATHICTbL Ta LWBMAKA
BTOMITIOBaHICTb MPU PO3YMOBIN OisifIbHOCTI.

Y 2-n rpyni KOrHITUBHI NOpYLEeHHs BiaMiyanu 8
3 22 nauieHTiB, a NpuM aKTUBHOMY PO3NUTYBaHHI —
we 12 nauieHtiB. OCHOBHUMW ckapramy cepes nauieHTiB
apyroi rpynu Gynu noriplueHHs nam’aATi Ta 3HWKEHHSA
KOHLeHTpaLii ysaru.

B 3-n rpyni ckapru Ha KOFHiTMBHI NOPYLUEHHS
BucnosnoBanuM 7 3 21 nauieHTiB, a Npy aKTUBHOMY
po3nuTyBaHHi — wWwe 13 nauieHTiB. OCHOBHUMW CKaprammu
B Uin rpyni Oynu 3HWKEHHS KOHLUEHTpauii yBarn Ta
NOTiPLUEHHS!, 3HWXKEHHS NaM’ATi.

complaints in this group were forgetfulness and rapid
fatigue during mental activity.

In the 2™ group, cognitive impairment was noted
in 8 out of 22 patients, and during active questioning —
in another 12 patients. The main complaints among
patients in the second group were memory impairment
and reduced concentration.

In the 3 group, 7 out of 21 patients complained
about cognitive impairment, and during active ques-
tioning — 13 more patients. The main complaints in
this group were a decrease in concentration and
deterioration, a decrease in memory.

Ta6nuua 2. KorHiTnBHI nopyLieHHs y xBopux Ha PPPC 3a gaHMmun onuTyBaHHs
Table 2. Cognitive disorders in patients on RRRS according to survey data

OasHaka / Sign

1-wa rpyna/ 1 group
n=24

2-ra rpyna/ 2 group
n=22

3-1a rpyna / 3 group
n=21

Bcboro / Total
n =67

KOrHiTMBHI NopyLUeHHs:
Cognitive impairments:

21 (87,5%)

20 (90,91%)

20 (95,24%)

61 (91,04%)

Ckapru Ha KT/ Complaints about CP

— CaMOCTIVHO Big naujieHTiB
— independently of patients

8 (33,33%)

8 (36,36%)

7 (33,33%)

23 (34,33%)

— MPW aKTMBHOMY PO3MUTYBaHHI
— during active questioning

13 (54,16%)

12 (54,54%)

13 (61,9%)

38 (56,72%)

MopyleHHsa nam’ati / Memory impairment

— CaMOCTINHO Bif NauieHTiB o o o o
_ independently of patients 1(4,16%) 4 (18,18%) 5(23,81%) 10 (14,93%)
- |'|p|/| aKTI/IB.HOMy pO?.’rIVI:I'yBaHHI 2 (8,33%) 5 (22‘73‘%) 6 (28,57%) 13 (19‘4%)
— during active questioning

Beboro / Total 3 9 1" 23
3HMKeHHS KoHUeHTpauii yBaru / Decreased concentration of attention

— CaMOCTINHO Bif NaUieHTIB o o o o

— independently of patients 1(4,16%) 2 (9,09%) 1(4,76%) 4 (5,97%)
— NPV AKTMBHOMY PO3NUTYBAHHI 3 (12,5%) 3 (13,64%) 4 (19,05%) 10 (14,93%)
— during active questioning

Bcboro / Total 4 5 5 14
Besnam’'sTHicTb / Forgetfulness

— CaMOCTINHO Bif NaLjieHTiB o o _ o

— independently of patients 4 (16,66%) 1(4.54%) 5(7,46%)
— NPV aKTUBHOMY PO3NUTYBaHHi 6 (25%) 1(4,54%) _ 7 (10,45%)
— during active questioning ’ ’
Bcboro / Total 10 2 - 12
LLiBnaka BTOMMNIOBaHICTL Npu po3ymoBin AisnbHocTi / Rapid fatigue during mental activity

— CaMOCTINHO Big NaujieHTIB o o o o

— independently of patients 2 (8,33%) 1(4,54%) 1(4,76%) 4 (5,97%)
P AKTMBHOMY PO3NTYBAHHI 2 (8,33%) 3 (13,64%) 3 (14,29%) 8 (11,94%)
— during active questioning

Beboro / Total 4 4 4 12

Ons ob’ekTuBisauii

cTaHy

KOTHITUBHUX  QDYHKLUIN

Neuropsychological testing was performed using

y nauientis 3 PPPC Gyno npoBegeHe HeMpOMncuxoso-
riyHe TecTyBaHHA 3 BuKopucTaHHaM Tecty SDMT Ta
MoHpeanbCbKoi LIKanu OUiHKM Ni3HaBanbHUX QYHKLiN
(Wkana MoCA).

SDMT HabyB LUMPOKOro BUKOPWUCTAHHSA cepen KniHi-
uMCTiB Ta OOCNIOHWKIB, TOMY LLO € NPOCTUM Y BUKOPUC-
TaHHi, weuakmm (90 cekyHA), HaZiNnHUM NPY MOBTOPHOMY
TECTYBaHHi Ta Mae BWUCOKY YYyTNMBICTb AN TOYHOrO
BU3HAYEHHS MAUIEHTIB 3 KOTHITUBHUMMW MOPYLLUEHHAMU Ta

the SDMT test and the Montreal Cognitive Assessment
Scale (MoCA Scale) to objectively assess the state
of cognitive functions in patients with RRRS.

The SDMT has gained widespread use among
clinicians and researchers because it is easy to use,
quick (90 seconds), test-retest-reliable, and highly
sensitive to accurately identify patients with and without
cognitive impairment [18, 23, 24]. The SDMT is the most
effective tool for assessing cognitive functions, including
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6e3 Hux [18, 23, 24]. SDMT € Haibinbw edeKTUBHNM
IHCTPYMEHTOM ANl OUIHKM  KOTHITUBHUX  COYHKLUIN,
30KpeMa LWBMAKOCTI 06pobkM iHdopmauii, 30poBoi
poboyoi nNam’siTi Ta KOHUEHTpauii yBaru, nNOpyLUIEHHSA
SKMX 3as3Buyan crnoctepiraetbcsi npu PC, HaBiTb Ha
pPaHHiX CTagisx 3axBoptoBaHHA [23, 24, 27]. Y pesikmux
nitepatypHux [gxepenax Oyno nNpoaeMOHCTPOBaHO,
wo SDMT pyxe nobpe KOpentoe 3 TSHKKICTIO Ta CTy-
neHeM CTPYKTYPHUX ypaXkeHb FOfIOBHOrO MO3Ky [23, 27].
Takox, SDMT € eanHuUm TecToMm, BKIOYEHUM B YCi KOMM-
fleKcu HenponCcUXOonoriYyHOro TecTyBaHHS, SKi 3a3Bu4an
BMKOPWUCTOBYIOTb ANS  AiarHOCTUKM  KOTHITUBHOI  AuC-
dyHkuii y nauientis 3 PC [27]. Kpim TOro, B aesikux
JocnigKeHHsIX noBigomnsanocb, Wwo pesynstatn SDMT
€ [iarHoCTUYHO BaXNMBUMWU ANst ManbyTHLOrO NPOrHo-
3yBaHHS 3HWKEHHS KOTHITUBHUX (DYHKLUIN [25—-27].

MpoBeneHe TecTyBaHHSA 3a gonomorot Tecty SDMT
nauieHTieB 3 PPPC 3anexHo Big TpuBanocTi 3axBopto-
BaHHA BM3HAuYMNO Yy XBOpUX 1-I rpynn 3HUXKEHHSA
cepeaHboi KiNbKOCTI onpaubOBaHWX 3HaKIB 3a TeCTOM
SDMT 36,5 + 2,7. 3 Hux npaBuneHux Bignosigen 6yno
35,1 £ 2,7. Y 2-A rpyni cepeaHs KinbKiCTb onpauboBaHNX
3HakiB 3a TectToM SDMT cknana 35,6 + 2,6. 3 HuX npa-
BUINbHUX BignoBigen 6yno HagaHo 34,1 + 2,6. Y xBopux
Ha PPPC 3-i rpynn cepefHs KinbKiCTb OnpalbOBaHWX
3HakiB 3a Tectom SDMT cknapaB 27,8 + 2,5, 3 Akux
npaBunbHux Bignosigen 6yno nuwe 26,3 * 2,5.
OTxe, oTpuMaHi faHi 06’eKTMBHO NiATBEPOKYBANU HasiB-
HICTb KOTHITMBHMX MopylleHb Yy xBopux Ha PPPC.
Takox, Oyna BM3Ha4yeHa 3BOpPOTHA KopensuiiHa 3anex-
HiCTb M pesynbratom 3a Tectom SDMT Ta TpuBanicTio
3axBoptoBaHHs (r = —0,3192; p = 0,0347).

IcHye GaraTo gaHux woao edeKkTUBHOCTI Ta OOCTO-
BIPHOCTi BMSIBNEHHS KOTHITUBHUX MOPYLUEHb 33 A0MNOMO-
roto TecTyBaHHs 3a wkanoto MoCA [20-22]. BBaxaeTbcs,
wo MoCA moxe OyTu BUKOPWUCTaAHWIA ONS KOTHITUBHOIO
CKPUWHiHry nauieHTiB 3 PC, ockinbku BiH ouiHloe Garato
OOMEHIB, TaKMX $IK 30pPOBO-MPOCTOPOBI Ta BUKOHABMI
dyHKUii, yBara (KOHLEHTpaLis Ta KOMMIeKcHa yBara),
MOBa (LUBMAKICTb Ta MaBHICTb MOBIEHHsI), abcTpakuis,
namM’aTb Ta BigkNageHe npuragyBaHHs, oOpieHTaUid.
Takox, TecT Mae GaraTo nepeear: 4ac npoBeneHHs
(MeHwe Hik 10 XBUNWH), HagiNHICTb Ta edEeKTUBHICTb
Yy BWSIBMEHHI KOTHITUBHWX MOpPYLUEHb B TUX [AOMEHaX,
SKi NnepeBaxxHO BpaxaroTbest npu PC, Takmx sik 30poBO-
NPOCTOPOBI Ta BMKOHaBYi HaBWYKKM, yBara Ta BepbarbHi
dyHkuii [22]. Tak, B gocnigxeHHi Sandra Freitas, Sonia
Batista, Ana Cristina Afonso Ta cniBaBT. 6yno obcTexeHo
59 nauieHTiB 3 pO3CiAHUM CKnepo3oM, a 59 nauieHTis
cknagano rpyny KoHTpont. 3aranbHa 0GanbHa ouiHka
3a wkanoto MoCA Gyna 3Ha4yHO HWX4YOM Y MNaLieHTIB i3
PC, nopiBHsHO 3i 300poBMMU 0cOGaMu KOHTPOBLHOIT Fpynn
6e3 KOrHITMBHMX MopylleHb. 3a peaynbratamu Aocnia-
HUKM Bu3HayawTb MOCA sK HaginHuM Ta 4yTnuBuiA
IHCTPYMEHT CKPUWHIHIY AOnsi BUSIBMEHHS  KOTHITUBHUX
nopyLLeHb, siKi cnocTepiratoTbes y nadieHTis 3 PC [20].

AHania pesynbraTtiB TecTyBaHHs 3a Lwwkanoiw MoCA
nokasas, LWo Yy nauieHtis 3 PPPC 1-i rpynu KOrHiTMBHI
nopyLueHHs 6ynu BusieneHi y 21 3 24 nauieHTiB, cepeaHii
6an 3a wkanow MoCA cknapaB 22,6 + 0,8. Y xoai
NpoBedEHHs] TeCcTyBaHHA Oyno BUSIBNEHO MNOPYLUEHHSA
y AOMEHax 30pOBO-KOHCTPYKTUBHWX Ta BUKOHABYMX Ha-
Bu4oK (87,5%), yBaru (70,83%), BepbanbHOI LWBWUAKOCTI,

speed of information processing, visual working memory,
and concentration, which are commonly impaired in MS,
even in the early stages of the disease [23, 24, 27].

In a number of literature sources, it has been
demonstrated that SDMT correlates very well with the
severity and degree of structural brain lesions [23, 27].
Also, the SDMT is the only test included in all neuro-
psychological testing complexes that are commonly
used to diagnose cognitive dysfunction in patients
with MS [27]. In addition, some studies have reported
that SDMT results are diagnostically important for
future prediction of cognitive decline [25, 26, 27].

Testing with the SDMT test of patients with RRRS,
depending on the duration of the disease, determined
a decrease in the average number of processed signs
according to the SDMT test of 36.5+2.7 in patients
of the 1%t group. Of them, there were 35.112.7
correct answers.

In the 2™ group, the average number of processed
signs according to the SDMT test was 35.6+2.6.
Of them, 34.1+2.6 correct answers were given.
In patients with RRRS of the 3rd group, the average
number of processed signs according to the SDMT test
was 27.8+2.5, of which there were only 26.3+2.5 correct
answers. Therefore, the obtained data objectively
confirmed the presence of cognitive disorders in patients
with RRRS. Also, an inverse correlation was determined
between the result of the SDMT test and the duration
of the disease (r= —-0.3192; p=0.0347).

There is a lot of data on the effectiveness and
reliability of detecting cognitive impairment using
MoCA testing [20-22].

It is believed that MoCA can be used for cognitive
screening of patients with MS, as it assesses many
domains such as visuospatial and executive functions,
attention  (concentration and complex attention),
language (speech speed and fluency), abstraction,
memory and delayed recall, orientation. Also, the test
has many advantages: administration time (less than
10 minutes), reliability and efficiency in detecting cogni-
tive impairments in those domains that are mainly
affected in MS, such as visual-spatial and executive
skills, attention and verbal functions [22]. Thus, in the
study of Sandra Freitas, Sonia Batista, Ana Cristina
Afonso and co-authors, 59 patients with multiple sclerosis
were examined, and 59 patients were a control group.

The MoCA total score was significantly lower in
MS patients compared to healthy controls without
cognitive impairment. According to the results, the
researchers define the MoCA as a reliable and sensitive
screening tool for detecting cognitive impairments
observed in patients with MS [20].

Analysis of the results of testing on the MoCA
scale in patients with PPRS of the 1%t group, cognitive
impairments were found in 21 of 24 patients, the
average score on the MoCA scale was 22.6+0.8. During
the testing, violations were found in the domains of
visual-constructive and executive skills (87.5%), atten-
tion (70.83%), verbal speed, repetition of sentences
(62.5%), delayed repetition, memory (62.5%).

In the 2" group, cognitive impairments were found
in 20 out of 22 patients. According to the MoCA scale,
the average score was 22.1£0.8. We observed most
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NOBTOPEHHS peyeHb (62,5%), BigknaaeHoro NoBTOPEHHS,
nam’aTi (62,5%).

Y 2-i rpyni KOTHITUBHI MOpPYLUEHHA Oynu BWUSIBMEHI
y 20 3 22 nauieHTiB, cepegHi 6an 3a wkanotw MoCA
cknagas 22,1 + 0,8. Hanbinbwe nopylieHb crnocTepira-
nocb Y AOMEHax 30pPOBO-KOHCTPYKTMBHMX Ta BUKOHABYUX
HaBm4yok (90,9%), yearu (86,36%), BigknageHoro noeTo-
peHHsi, nam’ati (72,73%), BepbanbHOi LWBWAKOCTI, MO-
BTOpEHHS peyeHb (72,73%), abeTpakuii (45,45%).

Y 3-i rpyni KOTHITUBHI NOpPYLUEHHS Oynu BUSIBMEHI
y 20 3 21 nauieHTiB, cepegHi 6an 3a wkanotw MoCA
cknagas 21,8 + 0,8. Y pgaHin rpyni cnoctepiranocb 3Hu-
XKEHHs1 Y [OMEeHax BigKnageHoro MoBTOPEHHSA, nam’AaTi
(95,24%), 30pOBO-KOHCTPYKTMBHUX Ta BWKOHABYMX Ha-
BuyoK (90,48%), BepbanbHOI LWBMAKOCTI, MOBTOPEHHSA
peyeHb (80,95%), yBarn (71,42%), abcTpakuii (47,62%),
opieHTauii (38,09%).

AHani3 pesynbraTiB TeCTyBaHHs MoKasas, L0 naui-
€HTM B 1-i rpyni nerko po3yminu nocTtaeneHe nepen
HAMW 3aBOaHHs, OOHAK Yac, BUTPAYeHUA Ha BUMKOHAHHS
TecTiB, NepeBuLLYBaB KOHTPOIbHI NokasHukn. OgHak, na-
uieHTam y 2-i4 rpyni goBenocs Kinbka pasiB nosicHioBaTu
3aBAaHHSA TECTYBaHHSA i MNOCMiIAOBHICTb NOr0 BUKOHAHHS.
XBopi 3-i rpynu Tex BuMMaranu petanbHUX MOBTOP-
HUX MOSICHEHb 3aBAaHb, @ TaKOX Yac ANs Bi4NOYMHKY
MiXX TECTYBaHHSIMU.

[poBegeHUn KopenauinHUn aHania nokasaB HasB-
HiCTb BipOrigHOro 3BOPOTHOrO 3B'sI3KY M Oanom 3a
wkanoto EDSS Ta 6anamu 3a wkanamu SDMT ta MoCA
(r =-0,61 (p < 0,05); r = -0,63 (p < 0,05) BignoBigHo),
WO NiATBEPIpKYBano NPOrpecytode 3HWKEHHSI KOTHITUB-
HUX CPYHKLIN y Mipy NporpecyBaHHS TAXXKOCTi 3aXBOPHOBaH-
HA Ta CTaHy nauieHTiB. B To camuin yac, 3B’A30K MiX
TpUBanicTio 3aXBOPIOBAHHSA Ta AaHNMW TECTYBaHHSI KOTHi-
TUBHUX (YHKLIA BUSIBUBCA MEHLW TiCHUM W# HabyBaB
nuLe 3BOpOoTHOI TeHAaeHLiji (r =-0,29 (p > 0,05); r=-0,12
(p > 0,05) ons Ganie 3a wkanamm SDMT T1a MoCA
BionoBiaHO). TakoX, Hamu OyB OTPMMaHWIA BIPOTiAHWUIA
NpsAMAUIA KOPENsILIHUIA 3B’A30K Mk 6anamu TecTyBaHHSA
3a wkanot MoCA ta SDMT (B 1-1 rpynir = 0,63, p < 0,05,
y 2-n rpynir=0,89, p < 0,05, y 3-i rpynir = 0,64, p < 0,05)
B YyCiX JocnigXeHux rpynax, To6To B yci nepioam Tpusa-
nocti 3axeBoptoBaHHsA. Lle niaTBepaxye MOXNUBICTb
BUKOPUCTaHHA wkann MoCA pns obcTexeHHs nadi-
eHTiB 3 PPPC.

MpoBeneHe pocnigXeHHs nokasano, Lo MopyLUEHHS
KOTHITUBHMX (DyHKLiA y xBopux Ha PPPC pgocutb 4acto
BiOXOOSATb Ha ApPYrui nnaH, Mackytoumucb 3a MOTOPHUMU,
CEHCOpPHUMM Ta 30pOBUMMU MoOpyLUeHHsiMU. [poTe, npu
aKTMBHOMY PO3MWTYBaHHi Ta TecTyBaHHi Byno BMSBNEHO
LUMPOKY PO3MOBCHAXKEHICTb W KOTHITUBHMX MOPYLUEHb
(y 87,5%; 90,9%; 95,2% obcTexxeHux nauieHTiB Ha
PPPC B nepuiv, gpyriin Ta TperTi rpynax BignosigHoO),
WO CBiAYNTb NPO BaXNMBICTb aKTUBHOMO PO3NUTYBaHHSA
npu obCTeXeHHi gaHoi koropTu nauieHTiB. OCHOBHUMU
ckapramy npu Lpomy Oynu ckapru Ha 6e3nam’siTHICTb,
3HWKEHHS KOHLUeHTpaLii yBaru, LWBMAKY BTOMMOBAHICTb
npyv po3yMOBI AIFNbHOCTI, MOMPLIEHHA Ta 3HWXEHHSA
nam’sTi. Byno BigmiveHo, Wo 3i 36inbLEHHAM TpuBanocTi
3aXBOPIOBaAHHS Yy MauUieHTIB 3pocTae 4actoTa ckapr Ha
KOTHITMBHI MOPYLUEHHA Ta Pi3HOMAaHITHICTb Taknx cKapr.

[MpoBegeHe Hamu TeCcTyBaHHA 3a HEWPOKOrHITMB-
HUMM LLKanamu nigTBepAuUIo, WO KOTHITUBHI NOPYLUEHHS
€ ofHUM 3 npoBigHux cuHgpomie npu PPPC 3i 3pocTaH-

impairments in domains of visual-spatial and executive
functions (90.9%), attention (86.36%), delayed recall,
memory (72.73%), verbal fluency, sentence repetition
(72.73%), abstraction (45.45%).

In the 3 group, cognitive impairments were found
in 20 out of 21 patients, and the average MoCA score
was 22.1+0.8. We observed a decline in domains of
delayed recall, memory (95.24%), visual-spatial and
executive functions (90.48%), verbal fluency, sentence
repetition (80.95%), attention (71.42%), abstraction
(47.62%), orientation (38.09%).

The analysis of testing results showed that patients
of the 1%t group easily understood the task, but the
time it took them to finish the test exceeded control value.
For patients of the 2nd group, we had to explain the
tasks of the test and their sequence several times.
Patients of the 3rd group also required detailed, repeated
explanations of tasks, as well as rest between them.

The conducted correlation analysis showed the
presence of a probable inverse relationship between
the EDSS score and the SDMT and MoCA scores
(r = =0.61 (p<0.05); r = —0.63 (p<0.05), respectively),
which confirmed the progressive decline of cognitive
functions as the severity of the disease and the patient’s
condition progressed. At the same time, the relationship
between the duration of the disease and the data of
cognitive function testing turned out to be less close
and acquired only an inverse tendency (r = —0.29
(p>0.05); r =—-0.12 (p>0.05) for SDMT and MoCA scores,
respectively). We also obtained a probable direct pro-
portional correlation between the MOCA and SDMT
scores (in the 1%t group r = 0.63, p<0.05, in the 2" group
r = 0.89, p<0.05, in the 3 group r = 0.64, p<0.05) in
all studied groups, i.e., during all periods of the disease.
These data confirm the possibility of using the MoCA
scale for testing patients with RRMS.

The performed research showed that impairments
of cognitive functions in patients with RRMS quite often
go into the background, as they are masked by motor,
sensory, and visual disorders. However, active ques-
tioning and testing showed wide occurrence of cognitive
impairments (in 87.5%; 90.9%; 95.2% of patients
with RRMS in the first, second, and third groups,
respectively), which indicates the importance of active
questioning when examining this patient cohort.
The main complaints were forgetfulness, impaired
concentration, quick tiredness when engaging in mental
activity, and hypomnesia. It was also noted that the
longer the duration of the disease in patients, the more
frequently they complained about cognitive impairments
and the more varied those complaints were.

The performed testing with neurocognitive scales
confirmed that cognitive impairments are one of the
leading syndromes (by both occurrence rate and number
of affected domains) in RRMS that progress as the
disease develops. When objectivizing complaints of
patients according to the MoCA scale, we observed
a deficit primarily in the domains of visual-spatial and
executive functions, attention, verbal fluency, and
sentence repetition. In patients with the longest duration
of the disease, cognitive impairments manifested most
often in the domains of delayed recall and memory.
SDMT testing confirmed a progressing decline in
information processing rate, visual working memory,
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HAM y Mipy 30inblUeHHsi TpWMBanocTi 3axBOpHOBaHHA
K 3a 4YacTOTOl 3YCTpiYanbHOCTi, Tak M 3a KiNbKiCTo
ypaxeHux aomeHiB. Mpu o6’ekTuBi3aLii ckapr nauieHTis
3a wkanoto MoCA pediunT nepeBaxHO crnoctepiraBcs
y [OOMEHax 30pOBO-KOHCTPYKTUBHMX Ta BMKOHABYMX
HaBWMYOK, yBaru, BepbanbHOI LUBWAKOCTI, MOBTOPEHHSA
peyveHb, a y nauieHTiB 3 BinbLIo TpUBanicTO 3axBopto-
BaHHS KOTHITMBHI MOpyLUEHHs Hanbinblue nNposiBNSANMCH
y [OOMeHax BiOKNageHoro MOBTOPEHHA Ta nam’saTi.
TecTyBaHHa 3a wkanoto SDMT nigTBepauno npo-
rpecytode 3HWXKEHHSI LUBMAKOCTI 06pobkM iHdopmaLii,
30poBOiI poboYoi NaM’'ATi Ta KOHUEeHTpauil yBarn y Mipy
3pOCTaHHA TpUBArNoOCTi 3axBOPKOBaHHSA W 3BOPOTHO
KopentoBano i3 3aranbHum 6anom EDSS, To6TO nopy-
LUEHHSAMU B iHLWMX (PYHKUIOHaNbHUX CUCTEMAX.

Mpu aHanisi pesynbraTiB TecTyBaHHA Oyno BusB-
NEeHO 3MeHLIEeHHs GanbHOi OUiHKM NpsiMO NponopuiHe
TskkocTi PC 3a wkanoto EDSS.

OTpumaHi AaHi 36iraloTbecst 3 AaHMMK niTepaTtypu,
WO Ha paHHix cTagiax PC korHiTMBHuin  gediunt
cnocrepiraeTbcs y LWBUAKOCTI 06pobkM iHpopmalii Ta
BMKOHaBYMX (yHKUisX Ta/abo yBaru, a Hagani, 3 npo-
rPecyBaHHsIM  3axXBOPIOBAHHS, CTpaxaalTb [JOMEHU
nam’'sati [9, 19]. Takox, B OesKMX OOCHILKEHHAX MOBi-
OOMIANOCh, WO 3HWXKEHHS LBMAKOCTI 06pobkM iHdop-
mauii Moxe OyTW BUSIBNEHO, HaBiTb Y NALIEHTIB Y, SKNX
Bnepwe giarHoctoBaHo PPPC [14, 18, 28]. MopyLieHHs
B AinsHUi obpobku iHdopMauii Bkntovae nigsuLeHe
BiJBOrMiKaHHA Ta YMNOBiIMbHEHHS PO3YMOBOro (PYHKLiOHY-
BaHHA, WO BNMWBaAE Ha 3BWUYHY AiSNbHICTb NauieHTiB
Ta yyacTb y noBcsakgeHHomy xuTTi [9, 23]. Ak i BCi
cumntomn PC, KOrHiTMBHI MOPYLIEHHA MOXYTb OyTu
OyXe pi3HOMaHITHUMW Ta BIiApI3HATUCA 3a TSXKKICTIO Ta
CTyneHeMm nporpecyBaHHA. Y [OesiKMX NauieHTIB KOrHi-
TMBHa AMCKYHKUIA MOXe nporpecyBatM MOBINbHO,
a B iHLINX MOXEe CNOCTEpiraTucsl 3Ha4YHe 3HUKEHHS KOTHi-
TUBHUX PYHKUIA. |HKONM KOTHITUBHI NOPYLUEHHS MOXYTb
OyT BIQHOCHO MOMIPHUMW Ta NErko KOMMEHCYyBaTKCS,
ToOi SK iHWi MOXYTb BAAMBATM Ha (YHKUIOHYBaHHS
B OCHOBHMX cdhepax NOBCAKAEHHOrO XuTT4 [8, 18].

Bnnve TpuBanocTi 3axBOpPKOBaHHA Ha KOMHITUBHI
nopyLieHHs y nauieHTiB 3 PC 3anuwaetbcsi cynepeu-
nvBMM. 3rigHO 3 OTPUMaHUMM HamMu JaHumu OyB BUSIB-
NeHnn nuwe cnabkuii 3BOPOTHIN KOPensLiiHUIA 3B’s130K
MK KOTHITUBHMMW MOpPYLUEHHsIMM Yy nauieHTiB 3 PPPC
Ta TpUBanicTio 3aXBOPIOBaHHS.

Y [peskux OOCMiIKEeHHAX NOBIOOMASAETbCA  Mpo
BIOCYTHICTb KOpensuii MK TpuBanicTio 3axBOPHOBaHHA
Ta KOTHITUBHUMW yHKUiamu [13], npoTe TeHaeHuisa Ao
36inbLUEHHS] 4acTOTW KOTHITUBHUX NopyLlueHb Byna BusiB-
neHa y nauieHTiB 3 6inblIol TpMBamMicTO 3axBOpH-
BaHHA [14]. B Toi camuii yac B BinbllocCTi AocnigXeHb
aBTOPW BKa3yloTb, LIO TiCHUN 3B’SI30K MK KOTHITUBHUMMU
NOpYLLUEHHAMW Ta TPMUBAMICTIO 3aXBOPIOBaHHSA BU3Ha4aB-
ca nuwe npu nporpecytodnx Tunax PC (nepBuMHHO-NpO-
rpecyrounii Ta BTOprHHO-nporpecytouunii unu PC) [16, 17].

3a pesynbTataMu  MPOCMEKTUBHOMO  AOCHiKEHHS
Euphrosyna Koutsouraki, Thaleia Kalatha Ta cnisaBT.
Oyno BUSIBNEHO KOPENALit MK KOTHITUBHUM AediunTom
i TpmBanicTio PC, a TakoX MiX KOTHITMBHMMMK MoOpy-
WEHHAMW Ta TUMNOM 3axBOpPHOBaHHA. 3a BWCHOBKaMWu
aBTOPIB, KOTHITUBHI MOPYLUEHHS CYTTEBO KOPENoKTb
i3 NporpecyBaHHAM 3axBOptoBaHHs [16].

and concentration, as the duration of the disease
increased, and it was inversely correlated with total
EDSS score, i.e., impairments in other functional systems.

When analyzing testing results, we found that the
decrease in score was directly proportional to the severity
of multiple sclerosis according to the EDSS scale.

The obtained data that showed that in early stages
of MS, cognitive deficit is observed in information
processing rate and executive functions and/or attention,
and then, as the disease progresses, domains of atten-
tion decline, too, correspond with literature data [9, 19].
Moreover, in some studies, it was found that a decline in
information processing rate could be detected even in pa-
tients who are primarily diagnosed with RRMS [14, 18, 28].
Impairments in the domain of information processing
include increased distractibility and retardation of
intellectual functioning, which has an impact on regular
activity of patients and their everyday life [9, 23]. Like all
symptoms of MS, cognitive impairments can be quite
varied and differ according to severity and degree of
progression. In some patients, cognitive dysfunction
can progress slowly, whereas in other patients, a signi-
ficant decline in cognitive functions can be observed.
Sometimes, cognitive impairments can be relatively
moderate and be easily compensated, while others
may have an impact on functioning in the main spheres
of everyday life [8, 18].

The impact of the disease’s duration on cognitive im-
pairments in patients with MS remains controversial. Ac-
cording to the obtained data, we found only weak inverse
correlation between cognitive impairments in patients with
RRMS and the duration of the disease.

Other studies report the absence of the correlation
between the disease’s duration and cognitive func-
tions [13], although a tendency towards the increase
in occurrence rate of cognitive impairments was found
in patients with longer duration of the disease [14].
At the same time, most studies show that strong
correlation between cognitive impairments and duration
of the disease is found only in progressive types of
MS (primary progressive and secondary progressive
types of MS) [16, 17].

According to the results of a prospective study by
Euphrosyna Koutsouraki, Thaleia Kalatha et al., the
authors found the correlation between cognitive deficit
and the duration of MS, as well as the correlation
between cognitive impairments and type of the disease.
The study concludes that cognitive impairments
significantly correlate with the disease progression [16].

In our study, we also demonstrated the possibility
of using the MoCA scale to diagnose cognitive impair-
ments, even in mild forms of the disease in early stages
of MS based on the presence of a close correlation
between the MoCA and SDMT scores of all patient groups.
In a study by Selma Sabanagic-Hajric et al. (2023),
the impact of disability, duration, and type of the disease
on cognitive functions in patients with MS was also
assessed using the MoCA scale. The authors found that
cognitive dysfunction was detected in 84.2% of patients
with the score < 4.5 according to the Expanded Disability
Status Scale (EDSS). The increased duration of the
disease, disability, and progressive type of MS signi-
ficantly correlated with a decline in cognitive functions.
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Takox B HawoMmy pgocnimpkeHi Oyna nokasaHa
MOXIMBICTb BMKOpUCTaHHS wkann MoCA gnsa giarHoc-
TUKM KOTHITUBHMX MOPYLUEHb HaBiTb NpW Nerknx gopmMax
3axBOplOBaHHA Ta paHHix ctagisx PC Ha nigcrtasi
HasIBHOCTi TiICHOTO KOpensuiiHoro 3B’s3Ky MiXk 6anbHO
OLJiHKOI XBOpUX BCix rpyn 3a wkanamm SDMT 1a MoCA.
B pocnigxeHHi Selma Sabanagic-Hajric Ta cnisagT. (2023)
Takox Oyno ouiHeHO BNNMB iHBaNigHOCTI, TPMBAanNoCTi
Ta TUMy 3aXBOPKOBAHHA Ha KOrHITUBHI PYHKLIT Yy nauieHTiB
3 PC 3 BukopuctaHHaMm wkanu MoCA. ABTopu BU3Ha-
ynnu, wo y 84,2% nauieHTiB 3 6anom < 4,5 3a poswmpe-
HOW LWKanow iHBanigusauii (EDSS) 6yna BusiBneHa
KOTHITMBHa AucdyHKuUiA. MNpy uboMy binblua TpuBanicTb
3aXBOPIOBaHHs Ta iHBanigusauis, nporpecytoyunin Tun PC
OOCTOBIpDHO  KOpemntoBanu 3i 3HWKEHHAM  KOTHITUBHUX
dyHKUiN. YacTile, KOrHITUBHI MOpYLUEHHS Bynn BUSIBNEHI
y nauieHTiB 3 nporpecytouMM Tunom nepebiry PC Ta
3 OinblIO TpMBanicTIO 3axBOpPHOBaHHA, OCOOMMBO Y
chepax BUKOHABUYMX PYHKLUiA Ta MmoBu [17].

3a pesynbratamu Haloro AOCHIIXEHHS Ta [aHuX
niTepaTtypu ouiHKa KOTHITUBHUX (OYHKLIN Mae ByTu BKIo-
YeHa B perynspHUn CKpUHIHT navieHTiB 3 PC, ocKinbkM BOHM
CYTTEBO KOPEMIOKTb i3 NPOrpecyBaHHsIM 3aXBOPIOBaHHS.

BUCHOBKHU

3HWKEHHST  KOTHITMBHMX  (PYHKLIA [OCUTb  4acTo
MacKylTbCH 328 MOTOPHVMMMW, CEHCOPHMMMK Ta 30POBUMM
MOpyLUEHHAMW, NPOTE He MOCTYynarTbCHd iM 3a 4acTo-
TOK Ta 3a BMJIMBOM Ha SKiCTb XWUTTA. HeobxigHe
aKTMBHE PO3NUTYBAHHA NaUI€HTIB Ta CKPUHIHT 32 HEMpo-
KOTHITUBHUMW LUKanamn Ans BUSBNEHHSA KOTHITUBHUX
nopyweHb y nauieHTiB 3 PC HaBiTb Ha paHHiX cTagisix
3axBoptoBaHHA. OTpuMaHi AaHi KopensauiiHoro aHanisy
cBig4aTb NpPO 3B’A30K MK TSXKKICTIO KOTHITMBHMX MOpPY-
LUEHb (3HWKEHHS LWBMAKOCTI 06pobku iHcbopmalLii, 30poBo-
KOHCTPYKTMBHUX Ta BWKOHABYMX HaBWYOK, BepbanbHOl
LUBWMAKOCTI, KOHUEHTpaUii yBarn 1a nam’siti) 3a 6anamm
TECTyBaHHA Ta CTyneHeM iHBanigusadii nauieHTiB Ta
TPUBanicTIO 3aXBOPIOBaHHS.

TakMM 4YMHOM, AiarHOCTUKa KOTHITUBHWUX MOPYLUEHb
y nauieHTiB 3 PC Mae Benvke 3Ha4YeHHsi, OCKiNbku Le
Moxe 6yTn BU3Ha4anbHUM (hakTopoM ANs NPOrHO3yBaH-
HSi PO3BMTKY Ta OCOBGNMBOCTEN KOTHITUBHOI AMCAYHKLUIT,
a TaKoX TSHKKICTIO nepebiry 3axBOPIOBaHHS B LifOMY.
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More often, cognitive impairments were detected in
patients with progressive type of MS and longer duration
of the disease, especially in the domains of executive
functions and speech [17].

According to the results of our work and literature
data, the assessment of cognitive functions must be
included in regular screening of patients with MS
because they significantly correlate with the disease
progression.

CONCLUSIONS

Altough decline in cognitive functions is often masked
by motor, sensory, and visual disorders, it is not inferior
to them in terms of occurrence rate and impact on life.
Active patient questioning and neurocognitive screening
tests are needed to identify cognitive impairments in
patients with multiple sclerosis, even in the early stages
of the disease. The obtained data of the correlation
analysis indicate a relationship between the severity of
cognitive impairment (decline in information processing
rate, visual-spatial and executive functions, verbal
fluency, concentration, and memory) according to the
test scores, the degree of disability of the patients,
and the duration of the disease.

Thus, diagnostics of cognitive impairments in patients
with MS is of great importance, as it can be a deter-
mining factor for predicting development and features
of cognitive dysfunction, and also severity of disease
in general.
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PE3IOME

AkTyanbHicTb. [lepcnekTMBHMM METOAOM PaHHbOTO  BUSBINEHHS  ANCHYHKLUIT
Miokapaa € oLiHKa MexaHi4HOiT QUCUHXPOHIT Miokapaa NiBoro WiyHouka, edpekTUBHICTb
BMKOPWCTaHHA AKOi B [AiarHOCTWLi TPUCYAMHHONO YpaXeHHs MoKa3aHa TifNbKu
B €4MHOMY OOCHIOKEHHI | NoTpebye noaanbLIoro BUBYEHHS.

MeTta po6otu. OuiHUTK 3B’A30K KiNbKOCTi ypaXeHUX KOPOHapHUX apTepilt 3 HasBHICTIO
MeXxaHiYHOi AMCUHXPOHIi Miokapaa Ta ii 3HaYeHHs B NPOrHO3yBaHHiI TPUCYAMHHOIO
ypakeHHs Y XBOpMX 3 KOPOHapHO XBOPoboto cepus.

Marepianu Ta metoau. Y pocnigkeHHs Gynu BkrouveHi 134 xBopux, SIKUM NpPOBO-
avnacb KopoHapoaHriorpadis 3 peBacKynspusauielo KOpoHapHuX aptepiin. XBopi
PO3MOAINANMUCL Ha rpynu MOPIBHAHHSA B 3aneXHOCTi Bif, KiMbKOCTi ypa)KeHWX Kopo-
HapHuX apTepin (0e3 ypaxeHHs, ogHa, OBi Ta TpPM KOpoHapHi apTepii). Bcim xBopum
BM3HAYanu MoOKa3HUKN MEXaHiYHOI OUCUHXPOHIT Miokapaa 3a [OoMoMOrok ynsTpa-
3BYKOBOTO [AOCMIIXEHHS Cepus 3 BMKOPUCTaHHAM [OMNMNEepiBCbKOro AOCHIIKEHHS
Ta CUHXpOHi3auieto 3 EKT.

PesynbraTty Ta ix o6roBopeHHsi. Hanbinblia BigHOCHa KiNbKiCTb XBOPUX 3 AWCUHXPO-
Hielo Miokapga Oyna B rpyni 3 ypakeHHsM TPbOX KOpOHapHuXx aptepii — 23 (52%),
HasiBHICTb OMCUHXPOHIi Miokapay mamna poctoBipHy kopensuito 3 SYNTAX SCORE
(r=0,18, p = 0,035). Yac nepecyBaHHsI B aOpPTy Yy XBOPUX 3 ypaKeHHAM TPbOX KOpOHap-
HUX apTepii OOCTOBIPHO Oinblie, NMpoOTe 4Yac nepecyBaHHS B JIEreHeBy apTepito
OHAaKOBWUM y rpynax MopiBHSAHHA. BHacnigok Uiei pisHWLi MiXLLMTyHOYKOBa MexaHiyHa
3aTpMMKa [OCTOBIpHO Oinblue B rpyni 3 YpaKeHHAM TpbO KOPOHApHWX apTepin
(54,8 £ 36,6 mc; p = 0,043). Yac go niky CUCTONIYHOI LUBUAKOCTI B rpyni 3 ypaXKeHHAM
TPbOX KOPOHApHWUX apTepi pocToBipHO Oinbwe (32,1 + 8,0 mc; p = 0,021),
B MOPIBHSHHI 3 rpyno XBopux 6e3 aTepoCKNepoTUYHOMO YpaXeHHs, Ta Mae Mo3nTuB-
HUI KopensauiiHMi 3B’a3ok (r = 0,190, p = 0,003). ROC aHani3 npeanKTopHUX
MOXITMBOCTEN YPaKEHHS TPbOX KOPOHApHMX apTepit kombiHauii cakTopiB HasB-
HOCTi OWMCUHXPOHIi MiokapAa, dpakuii BUKMAy MiBOrO LUMYHOYKa, iHTEPBEHTpU-
KYNAPHOI MeXaHiYHOI 3aTPpUMKKM, cepefHbOKBaAPaTUYHOTO BiOAXWIEHHSI Yacy A0 Niky
CUCTOMIYHOI LUIBMAKOCTI Ta cniBBigHOLWeHHs E/A nokasaB goctaTtHio YytnueicTb (0,89)
Ta cneuymdiynicTs (0,87).

BucHoBKU. XBOpi 3 ypaXeHHAM TpbOX KOPOHapHWX apTepii MalTb [OCTOBIPHO
BUMLLY BiJHOCHY YacCTOTy MeXaHiYHOI AMCUHXPOHIi MioKapAy, B MOPIBHSAHHI 3 XBOPWMM
6e3 ypaxkeHHS Ta 3 ypaxeHHsIM ofHiei abo ABOX KOpPOHapHWX apTepiil; BMABMEHO
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ABSTRACT

Background. A promising method for early detection of myocardial dysfunction
is the evaluation of mechanical dyssynchrony of the left ventricular myocardium,
the prognostic value of which in the diagnosis of 3-vessel lesions was shown only
in a single study and requires further confirmation.

Purpose — to assess the relationship between the number of affected coronary
arteries and the presence of mechanical dyssynchrony of the myocardium, and its
significance in predicting 3-vessel lesions in patients with coronary heart disease.
Materials and Methods. 134 patients who underwent coronary angiography with
revascularization of coronary arteries were included in the study. Patients were divided
into comparison groups depending on the number of affected coronary arteries (without
lesions, one, two and three coronary arteries). Variables of mechanical myocardial
dyssynchrony were determined for all patients by ultrasound examination of the
heart using Doppler examination and synchronization with the ECG.

Results. The largest relative number of patients with myocardial dyssynchrony was
observed in the group with lesions of 3 coronary arteries — 23 (52%). The presence
of myocardial dyssynchrony had a significant correlation with SYNTAX SCORE
(r=0.18, p=0.035). The aortic pre-ejection interval in the group of patients with lesions
of 3 coronary arteries was significantly longer compared to the group of patients
without lesions of the coronary arteries, however, the pulmonary pre-ejection
interval was the same in the comparison groups. As a result of this difference,
interventricular mechanical delay was significantly greater in the group of patients
with occlusion of 3 coronary arteries (54,8+36,6 ms; p=0,043). The time to peak systolic
velocity in the group of patients with lesions of 3 coronary arteries was significantly
longer (32,148,0 ms; p=0,021) compared to the group of patients without athero-
sclerotic lesions, which was confirmed by a positive correlation (r=0.190, p=0.003).
The ROC analysis of the predictive capabilities of the combination of the factors
of the presence of myocardial dyssynchrony, left ventricular ejection fraction, inter-
ventricular mechanical delay, root mean square deviation of the time to the peak
of systolic velocity, and the E/A ratio in relation to lesions of 3 coronary arteries
showed sufficient sensitivity (0.89) and specificity (0.87).

Conclusions. Patients with lesions to 3 coronary arteries have a significantly
higher relative frequency of mechanical myocardial dyssynchrony compared to
patients without and lesions of 1 or 2 coronary arteries; correlation of myocardial
dyssynchrony with 3-vessel lesions and SYNTAX SCORE was also found.
The combination of variables of myocardial dyssynchrony in terms of predicting
3-vessel occlusion of coronary arteries has sufficient sensitivity and specificity.
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BCTYN

INTRODUCTION

OOHVMM 3 NEepcrnekTUBHWX METOAIB PaHHbOrO BUSB-
NeHHs gucdyHKUiT Miokapaa € oOuiHKa MeXaHidHoi
OUCUHXPOHIT miokapga (OM) niBoro wnyHouka [1].
OCHOBHVMMM HanpsiMKamy BUKOPUCTaHHA Moka3Hukie M
Yy XBOPUX Ha KOpOHapHy xBopoby cepusa (KXC), kpim
NPOrHO3yBaHHA BI4MNOBIAI HA PECUMHXPOHI3y4y Tepanito
€ OuiHKa BIpOrigHOCTI CepueBO-CYOMHHUX Moai Ta
BUSIBMEHHA ribepHizoBaHoro miokapaa [2]. 3a panumun

The assessment of mechanical myocardial dyssyn-
chrony (MD) of the left ventricle is one of the promising
methods of early detection of myocardial dysfunction [1].
The assessment of the probability of cardiovascular
events and the detection of hibernating myocardium
are the main directions of using MD indicators in patients
with coronary heart disease (CHD), in addition to
predicting the response to resynchronization therapy [2].
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obMeXxeHoi KiNbKoCTi AoCnimkeHb Malke odHa TpeTuHa
nauieHTiB 3 KXC mana 3HadHy [IM, sika acouitoBanacb
3 nonepeaHiM iHpapKToM Miokapaa Ta HasIBHICTHO iemil
Miokapga, npoTe, nonepeaHe 4YepesLKipHe KOopoHapHe
BTpy4aHHs (YKB) Ta aopTokopoHapHe LWyHTYBaHHSA
(AKLL) He 6ynu HesanexHumu npegukTopamu OM [3].
lemogmHamiyHMMKn - dakTopamn, nos’sasaHummn 3 OM,
€ CKOpouyBarbHa 34aTHICTb Miokapaa, MnocTHaBaHTa-
XKEHHS1 Ha LUMYHOYKM Ta YacToTa CepLEeBUX CKOPOYEHb,
OfdHaK CMiBBIAHOWEHHA MK UMMM bakTopamu Bigpis-
HSINOCS NPOTAroM cepueBoro umkny [4]. 3meHweHHs OM
nicna pesackynsipusauii € KOPUCHUM Afs NPOrHo3y-
BaHHS MOKpAaLLEeHHs1 nMporHo3y y nadieHtiB 3 KXC [5, 6].
OcTaHHIM 4acoM BWBYAETLCHA pPONb MokasHukie [OM
y NiABULLEHHI OiarHOCTUYHOI TOYHOCTI BUSABNEHHS TPUCY-
AvHHoi KXC, OCKinbKM HasiBHICTb Y XBOPOrO YpaXKEHHS
TPbOX KOpOHapHux apTepin (KA) Bu3Hayae 3MiHy
nofanbLUoi TakTUKN MiKyBaHHS Ta € OOHWM i3 KpuTepiiB
NpoBedeHHA peBacKkynsapu3auii y XBOpUX 3 XPOHiy-
Hoto KXC [7-9]. lMpote, 4yTnuBicTb Ta chneumndivHiCcTb
BMKOPWUCTaHHA nokasHukis M B giarHocTuui TpucyavH-
HOrO YpaXXeHHs MNokasaHa TiNbkM B €OUHOMY OAHO-
LEeHTPOBOMY [JOChifKeHHi i noTpebye nopanbLioro
BmBYeHHsA [10, 11].

MeTta po60TU — OUIHWTU 3B’A30K KiNbKOCTI ypaxe-
Hux KA i HasBHOCTIi MexaHiyHoi [OM, Ta ii 3Ha4yeHHs
B MNPOrHO3yBaHHi TPWCYAMHHOIO YPaXEHHS Yy XBOPWX
Ha KXC, sikum npoBogunacb peBackynspusadis.

MATEPIAAU TA METOAU AOCAIAXEHHSA

lMpoBegeHe opgHoUeHTpoBe p[ocnigXeHHs Ha 6asi
KapaionoriyHoro  BigAineHHs  XapkiBCbKOi  KriHiYHOT
nikapHi Ha 3anisHu4yHomy TpaHcnopti Ne1 B pamkax
HaykoBoi Temu «[laToreHeTu4Hi MexaHi3Mu PO3BUTKY
XPOHIYHOI CcepLeBoi HedoCTaTHOCTI Ta meToaum i KO-
pekKuii y XBOpMX 3 KOPOHApHO XxBopoboto cepusa». B go-
CMigXeHHs BKMYanucb XBOPi, SKUM npoBoaunach
KopoHapoaHriorpadia 3 pesackynsapusauieto KA 3rigHo
3 pekoMeHAauisMu €BponencbKoro ToBapucTea Kapgio-
noris 2018 poky [12]. [JocnigXeHHs [03BOMEHO KOMICito
3 bioeTmkn HaB4yanbHO-HayKOBOro iHCTUTYTY nicns-
OUNAOMHOI OCBiTM XapKiBCbKOro HauioHaneHOro meamyd-
Horo yHiBepcuteTy MiHicTepcTBa OXOpPOHW 3[40pPOB’A
YkpaiHn, BCi XBOpi CaMOCTIMHO nignmucanu iHdopmo-
BaHy 3rody Ha y4yacTb Yy HAayKOBOMY HeiHTEpBEHLiNHOMY
KNiHIYHOMY OOCTIiAXKEHHI.

Y pocnigxeHHsa Oynu  BknwoueHi 134 xBopwx,
3 akmx 105 yonosikiB (78,4%) Ta 29 xiHok (21,6%)
Bikom 56,2 + 9,7 poku. Y 64,1% xBopux giarHocToBaHa
apTtepianbHa rinepteHsia, 56,7% manu XpoHidyHYy cep-
ueBy HepocTaTHicTb, 44,0% cynyTHi uykpoBuin aiabet
2-ro Tuny. XBOpi PO3NOAINANUCL Ha YOTUPW Tpynu
MOPIBHAHHA B 3anNeXHOCTi Big KiNbKOCTi ypaxeHux KA
3a JaHumn KopoHapoaHriorpadii: B nepuly yBsilLAW
26 xBopuX, B AKMX He Oyno BuUsiBMEHO ypaxeHHs KA,
B 2-ry rpyny BkmntoveHi 35 xBopux, B Skmx 6yno BUsSBNEHO
aTepocknepotTudHe ypaxeHHss opHiei KA (mepgiaHa
SYNTAX SCORE 2.00 (0-18; 95% Al 0,562-3,44)),
B 3-Tio rpyny — 29 xBopuX 3 ypakeHHAM ABox KA (meaiaHa
SYNTAX SCORE 5,00 (0-27; 95% Al 0,655-9,35)) Ta
B 4-Ty rpyny — 44 xBopux 3 ypaxeHHAM Tpbox KA (meaiaHa
SYNTAX SCORE 8.00 (2 — 25; 95% [I 5,361-10,64)).

According to a limited number of studies, almost one-third
of patients with CHD had significant MD, which was
associated with previous myocardial infarction and the
presence of myocardial ischemia, however, previous
percutaneous coronary intervention (PCl) and coronary
artery bypass grafting (CABG) were not independent
predictors of MD [3].

Hemodynamic factors which associated with MD
are myocardial contractility, ventricular afterload, and
heart rate, but the relationship between these factors
varied throughout the cardiac cycle [4]. MD reduction
after revascularization is useful for predicting improved
prognosis in patients with CHD [5, 6]. Recently, the role
of MD indicators in increasing the diagnostic accuracy
of detecting 3-vessel CHD has been studied, since
the presence of a lesion of 3 coronary arteries (CA)
in a patient determines a change in further treatment
tactics and is one of the criteria for revascularization
in patients with chronic CHD [7-9]. However, at present,
the sensitivity and specificity of the use of MD indica-
tors in the diagnosis of 3 vascular lesions has been
shown only in a single single-center study and requires
further study [10, 11].

Objective — to evaluate the relationship between the
number of affected CAs and the presence of mechanical
MD, and its value in predicting 3 vascular lesions in
patients with CHD who underwent revascularization.

MATERIALS AND METHODS

A single-center investigation was conducted on the
basis of the cardiology department of the Kharkiv
Clinical Hospital on railway transport No. 1 within the
framework of the scientific topic «Pathogenetic
mechanisms of the development of chronic heart failure
and methods of its correction in patients with coronary
heart disease», No. 0122U600032. The investigation
included patients who underwent coronary angiography
with CA revascularization according to the recommen-
dations of the European Society of Cardiology in
2018 [12]. The study was approved by the bioethics
commission of the Institute of Postgraduate Education
of the Kharkiv National Medical University of the
Ministry of Health of Ukraine, all patients indepen-
dently signed informed consent to participate in
a scientific non-interventional clinical investigation.

134 patients were included in the investigation, of
which 105 men (78.4%) and 29 women (21.6%) aged
56.2+9.7 years. 64.1% of patients the hypertension
was diagnosed, 56.7% had chronic heart failure, and
44.0% had type Il diabetes mellitus. Patients were
divided into 4 groups of comparison depending on the
number of affected CAs according to coronary angio-
graphy data. The first group included 26 patients which
had no CA damage, the 2" group included 35 patients
in whom atherosclerotic lesions of one CA were detec-
ted (median SYNTAX SCORE 2.00 (0 — 18; 95% CI
0.562-3.44)), the 3¢ group consists 29 patients with
lesions of two CA (median SYNTAX SCORE 5.00
(0 — 27; 95% CI 0.655-9.35)) and the 4™ group consists
44 patients with lesions of three CA (median SYNTAX
SCORE 8.00 (2 — 25; 95% CI 5.361 —10.64)).
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Bcim xBOpMM o npoBeaeHHA KopoHaporpadii Bu3Ha-
Yanu nokasHuku MmexadivyHoi OM: SPWMD (3atpumky
akTuBauii 3agHebivHOT CTiHKM niBoro wnyHouvka), APEI
(yac nepecyBaHHsi B aopTy, PPEl (4ac nepecyBaHHs
B nereHesy apTtepito), IVMD (iHTepBeHTpuKynspHa mexa-
HiYHa 3aTpuMKa), sika BKMYae 3anvc BUXIOHOTO TPaKTy
JILL (BepxiBkOBUIM M'ATUKAMEPHWA BWA) i BUXIZHOIO
TpakTy [N (napactepHanbHWiA BUA MaricTpanbHUX Cy-
OVH 32 KOpPOTKOK BiCCl) i 0OYMCNEHHS pisHWUi B 4aci
MiX noyatkom 3y6usa Q Ha EKI i noyatkom BigToky JLLU
i yacoMm Mix noyatkoM Q i noyatkom BigToky MW, LVFT
(4ac HanoBHeHHS niBoro wwnyHouka), LVET (4ac BUrHaHHs
3 nieoro wnyHou4ka), IVRT (4ac izoBontoMiyHoro po3scnab-
nenHs JNUW), DT (4ac ynoBinbHEHHS MOTOKY pPaHHbOIO
HanoBHEHHSI LINyHOUYKIB), To (Y4ac Big novaTky KOMMeKcy
QRS po novatky nikoBoi cucTonivHoi wemakocTi), To-SD
(cepeoHbOKBaApaTUYHE BiOXWMEHHSI Yacy [0 MoyaTtky
cucToniyHoi wemakocTi JIW), Ts (4ac go niky cuctoniy-
Hoi wBuakocTi), Ts-SD cepeaHbOKBAAPaTUYHOIO BigXK-
neHHa 4Yacy Ao niky cuctonivyHoi wswuakocti  JIL,
3a [J0MOMOroK YrbTPa3ByKOBOIO [OCHIMKEHHS cepusi
Ha anapati SiemensAcUSONSC 2000, (CLUA) srigHo
3 MDKHapogHUMM  pekomeHgauiaMn  AMepukaHCbKOT
CrniNbHOTK 3 exokapgiorpadii Ta €ponencbkoi acouiadii
KapgioBackynsipHoro 3o6paxeHHs [13] 3 BukopucTaH-
HAM pdatymka Big 3,5 go 7 MIu. bynu BukopuctaHi
M-pexum, 2D-pexnm, iMnynbCHO-XBUNBbOBA Ta TKAHWHHA
ponnneporpacdisa 3rigHO 3 3aranbHOMNPUAHATOK METOoAM-
koto [14]. Exo-KI' cuHxpoHizyBanu 3 peectpauieto EKIM
Y YOTUPbLOX CEepLIEBUX LMKNax 3i CTaH4aPTHMX JOCTYMIB.

EnektpoHHa 6asa pgaHux copmyBanacb 3a [OMo-
mMoroto nporpamu Excel for Windows, cratuctnynmii
aHania  MpoBoAMBCA  3a  [OMOMOrOK  Mporpamu
Jamovi-2.4.11. [Ina nepeBipkM rinote3anm HOpMarbHOCTI
po3nogineHHs BukopucToByBanu TecT KonmoropoBa—
CwmipHoBa. 3 MeTOH NepeBipkM PIBHOCTI cepedHix 3Ha-
YyeHb y ABOX BuBipkax npu HOpManbHOMY po3nogini
BMKopucTtoByBanu t-kputepii CTblogeHTa ansa Hesa-
nexHux BMOIpOK, a npwu po3nogini, BiAMIHHOMY Bif
HOpMarnbHOro, BMKOpUCTOBYBanu kKpuTepin Kpackena—
Yonneca. KopenauinHuii aHania npoBO4MBCA 3 BUKOPUC-
TaHHAM  KoedilieHTy kopensuii  paHry  CnipmeHa.
YyTnueicTb Ta cneumdivHicTb nokasHukis M y giarHoc-
TUUi TpucyauMHHoro ypaxeHHs KA ouiHioBanu 3a gono-
moroto ROC aHanisy. [oBipuuin iHTepBan BCTaHOBMO-
BaBCs Ha piBHI 95%.

PE3YABTATU TA IX OBFOBOPEHHS

Y nepuwin rpyni 6 xsopux (23%) manu AUCUHXPOHIO
Mmiokapga, B Apyrin rpyni — 12 (34%), B TpeTin rpyni —
8 xBopux (27,5%). Hanbinblua BigHOCHA KiNbKiCTb XBOPUX
3 1M cnoctepiranacbk y rpyni 3 ypaxeHHaM Tpbox KA —
23 (52%). Xsopi 3 AM manu Ginbwmin SYNTAX SCORE
(mepiana 5,00 (0-27; 95% [l 1,05-3,95) B NOpiBHSAHHI
3 xsopumun 6e3 OM (vegmiaHa 2,50 (0 — 18; 95% QI
3,05-6,95), Takox HasBHicTb [IM mMana [JoCTOBipHY
kopensuito 3 SYNTAX SCORE (r = 0,18, p = 0,035).

®pakuia Bukugy nisoro wnyHodka (®B W) y rpyni
XBOpUX 3 ypaKeHHsM TpboxX KA Byna JOCTOBIPHO HMXYe,
B MOPIBHAHHI 3 rpynammu xsopux 6e3 ypaxeHHa KA,
Ta Mana MOMIpHOI CUNW HeraTMBHUA KopensuinHun
3B’A30K 3 KinbkicTio ypaxeHux KA (r = -0,312, p = 0,028).

Mechanical MD parameters were determined for

all patients before coronary angiography, SPWMD
(left ventricular posterior wall activation delay),
APEIl (aortic transit time, PPEIl (pulmonary artery

transit time), IVMD (interventricular mechanical delay),
which includes recording of the LV outflow tract
(apical 5-chamber view) and the LV outflow tract
(parasternal view of the main vessels along the short axis)
and calculation of the time difference between the
beginning of the Q wave on the ECG and the beginning
of LV outflow and the time between the beginning
of Q and the beginning of LV outflow, LVFT (left ven-
tricular filling time ventricle), LVET (left ventricular
ejection time), IVRT (LV isovolumic relaxation time),
DT (deceleration time of early ventricular filling flow),
To (time from the beginning of the QRS complex to the
beginning of the peak systolic velocity), To-SD (mean
standard deviation time to the onset of LV systolic
velocity), Ts (time to peak systolic velocity), Ts-SD of the
mean standard deviation of the time to peak LV systolic
velocity — (Yu index) using ultrasound of the heart on
the SiemensAcUSONSC 2000 device, (USA) according
to the international recommendations of the American
of the echocardiography community and the European
Association for Cardiovascular Imaging [13] using
a 3.5to 7 MHz sensor.

The following were used: M-mode, 2D-mode, pulse-
wave and tissue dopplerography according to generally
accepted methods [14]. Echo-KG was synchronized
with ECG registration in four cardiac cycles from
standard accesses.

The electronic database was created using the
Excel for Windows program, statistical analysis
was performed using the Jamovi-2.4.11 program.
The Kolmogorov—Smirnov test was used to test the
hypothesis of normality of distribution. In order to check
the equality of mean values in two selective totalities,
the Student’s t-test for independent selective totalities
was used for a normal distribution, and the Kruskel—
Wallace test was used for a non-normal distribution.
Correlation analysis was performed using Spearman’s
rank correlation coefficient. The sensitivity and speci-
ficity of MD indicators in the diagnosis of 3 vascular
lesions of CA were evaluated using ROC analysis.
The confidence interval was set at the level of 95%.

RESULTS AND DISCUSSION

The 6 patients (23%) in the first group had myocardial
dyssynchrony, 12 patients (34%) — in the second group,
and 8 patients (27.5%) in the third group. The largest
relative number of patients with MD was observed
in the group with lesions of 3 CAs — 23 (52%). Patients
with MD had a higher SYNTAX SCORE (median 5.00
(0 — 27; 95% CIl 1.05-3.95)) compared to patients
without MD (median 2.50 (0 — 18; 95% CI 3.05-6.95),
also the presence of MD had a significant correlation
with SYNTAX SCORE (r=0.18, p=0.035).

The left ventricular ejection fraction (LVEF) in the group
of patients with lesions of 3 CAs was significantly lower
compared to the groups of patients without CA lesions
and had a moderately strong negative correlation with
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MokasHuk APEI y rpyni xBopux 3 ypaxeHHsaM Tpbox KA
O6yB OOCTOBIpHO Ginbliue B MOPIBHAHHI 3 rpynoK XBOpUX
6e3 ypaxeHHs KA (p = 0,049) B TOM e 4ac NOKasHWK
PPEI 6yB ogHakoBMM Yy rpynax MopiBHSHHS. BHacnigok
Uiei pisHMUi nokasHWK MixwnyHodkosoi M IVMD 6ys
JocToBipHO Ginblie B 4-1 rpyni XBOpUX B MOPIBHSHHI
3 xBopumun 6e3 ypaxeHHs KA (p = 0,043) (tabnuvus 1)
i MaB [OOCTOBIPHUA KOPENAUiNnHUIA 3B’SI30K 3 KiNbKiCTIO
ypaxeHux KA (r = 0,153, p = 0,011), npoTte He kopenioBas
3 SYNTAX SCORE.

the number of affected CAs (r=-0.312, p=0.028).
The APEI index in the group of patients with lesions
of 3 CAs was significantly higher in comparison with the
group of patients without CA lesions (p=0.049), while
the PPEI index was the same in groups of the com-
parison. As a result of this difference, the indicator of
interventricular MD IVMD was significantly higher in the
4" group of patients compared to patients without CA
lesions (p=0.043) (table 1) and had a reliable correlation
with the number of affected CAs (r=0.153, p=0.011),
but did not correlate with SYNTAX SCORE.

Tabnuus 1. MNMoka3Huku mexaHivyHoi [IM y xBopux Ha KXC 3anexHo Big KinbKkocTi ypaxeHux KA
3a AaHMMK KopoHapoaHriorpadii (M+sd)
Table 1. Variables of mechanical MD in patients with CHD depending on the number of affected coronary arteries
according to coronary angiography data (Msd)

KinbkicTb ypaxxeHnx kopoHapHux aptepii / Number of affected coronary arteries
[Moka3HukK, Mc I'pyna 1 / Group 1 lpyna 2 / Group 2 Ipyna 3 / Group 3 lpyna 4 / Group 4
Indexes, ms 1" o3 ypawers / without damage 1KA / 1CA 2KA / 2CA 3KA / 3CA

(n = 26) (n = 35) (n =29) (n=44)
SPWMD 43,3+23,5 47,8 £32,2 51,1+37,7 56,3 + 38,0
APEI 106,6 + 23,0 110,0 + 28,8 112,1£32,0 120,0 + 31,5*
PPEI 66,4 + 4,6 64,9 +8,9 65,1+9,2 66,3 £ 9,2
IVMD 41,3247 459+ 31,3 47,7+353 54,8 + 36,6*
LVFT 53,3+7,0 51,5+8,2 51,6+9,2 49,3 +9,8*
LVET 331,3+20,2 3272214 329,5+24,6 334,6 +28,4
IVRT 76,8+6,9 75,477 75,4 +87 755+9,3
DT 2152+19,4 215,4 + 25,2 213,1+28,0 211,4 £ 30,9
To-SD 15,0+2,4 15,6 + 3,9 15,5+ 4,2 16,6 + 4,1
Ts-SD 27,8+6,3 29,5+8,3 28,9+8,9 32,1+38,0*

lMpumimku: MokasHuku OM:

SPWMD - 3atpumka akTuBaLii 3agHebiuHoi cTiHkm J1LL;

APEI — yac nepecyBaHHs B aopTy;
PPEI — yac nepecyBaHHs B NiereHeBy apTepito;
IVMD — MiXLLITYHOYKOBa MEXaHiYHa 3aTpuMKa;

LVFT — yac HanoBHeHHs J1LW, LVET — yac BurHanHs 3 J1L;

IVRT — yac izoBontoMiyHoro poscnabnents JiLL);

DT — yac ynoBinbHEHHS1 MOTOKY paHHBbOrO HAMOBHEHHS LLITYHOYKIB;
To — vac Big noyatky komnnekcy QRS 0o noyatky MikoBOi CUCTONIYHOI LUBUAKOCTI;
To-SD — cepenHbOKBagpaTUYHe BigXUIIEHHS Yacy A0 novaTky CUCTOMiYHOI WwaeuakocTi JILL;

Ts — yac [0 NiKy CUCTOMIYHOI LWBUAKOCTI;

Ts-SD — cepenHbOKBaZpaTUYHe BiAXMIEHHS Yacy A0 niky cuctonivyHoi weuakocTi J1L;

* — p < 0,05 mix rpynamu nopiBHAHHS 1-i Ta 4-i

MD indicators:

SPWMD - LV posterior wall activation delay;
APEI — aortic transit time;

PPEI — pulmonary artery transit time;

IVMD - interventricular mechanical delay;
LVFT — LV filling time;

LVET - LV ejection time;

IVRT — time isovolumic relaxation of the LV);

Notes:

DT - the time of slowing down of the flow of early ventricular filling;
To — the time from the beginning of the QRS complex to the beginning of the peak systolic velocity;
To-SD - the root mean square deviation of the time to the beginning of the systolic velocity of the LV;

Ts — the time to the peak of the systolic velocity;

Ts-SD — of mean standard deviation of time to peak LV systolic velocity;

* — p<0.05 between comparison groups 1 and 4

MokasHuk aTtpioBeHTpukynapHoi OM LVFT B 4-11 rpyni
xBopux ByB AOCTOBIpHO Ginblue B MOPIBHSAHHI 3 rpynoto
xBopux 6e3 ypaxeHHs KA (p = 0,0031), Ta maB gocto-
BipHy kopensiito 3 SYNTAX SCORE (r=0,217, p=0,011),

The indicator of atrio-ventricular MD LVFT in the
4™ group of patients was significantly higher in comparison
with the group of patients without CA lesions (p=0.0031)
and had a significant correlation with SYNTAX SCORE
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a LVET He Bigpi3HABCS OOCTOBIPHO MiX rpynamu nopis-
HsiHHA. Cepen NOKa3HMKIB BHYTPILLUHbO-BEHTPUKYNAPHOT
IOM vac To maB TeHAeHL0 A0 36iNbLUEHHS B rpyni XBOPUX
3 ypaxeHHsM Tpbox KA B NOpPIBHAHHI 3 rpynol XBOpUX
6e3 ypaxxeHb KA, ane pi3HuUsi He Jocsirna 4OCTOBIPHOCTI.
MpoTte, yac Ts y rpyni XBOpuX 3 ypaxeHHsM Tpbox KA
OyB OOCTOBIpHO Ginblue B MOPIBHAHHI 3 rPynol XBOPUX
6e3 ypaxeHHss KA (p = 0,021), wo niaTBepaxyBanocb
NO3NTUBHUM  KopensuinHum  38’sskom  (r = 0,190,
p = 0,003). SPWMD He 6GyB noB’si3aHWiA 3 KiNbKiCTO
ypaxeHux KA, npote MaB [OCTOBIpHY KOpensuito
3SYNTAXSCORE (r=0,197,p =0,021). CniBBigHOLUEHHS
E/A mano TeHgeHujito o 36inblieHHst B rpyni 4 B nopie-
HAHHI 3 rpynoto 1 Ta Mano AOCTOBIPHWUIA Kopensuin-
HUM 3B'A30K 3 KinbkicTio KA 3 arepocknepoTU4HUM
ypaxeHHsam (0,159, p = 0,042) ta 3 SYNTAX SCORE
(r=0,222, p = 0,009).

MpoegeHun ROC aHani3 NporHOCTUYHMX MOXTMBOC-
Ten kombiHauii dakTopiB: HassHocTi OM, OBIW (%),
nokasHukis IVMD (mc), Ts-SD (mc) Ta E/A wopo ypa-
XeHHs1 Tpbox KA (puc. 1).

1.00 . 4

0.75 4

0.50

Sensitivity
YyTnueicte

0.25 1

0.00

(r=0.217, p=0.011), and LVET did not differ signifi-
cantly between groups of comparison. Among the indica-
tors of intraventricular MD, the «To» time had a tendency
to increase in the group of patients with lesions of 3 CAs
in comparison with the group of patients without lesions
of CAs, but the difference did not reach significance.
However, Ts time in the group of patients with lesions
of 3 CAs was significantly longer compared to the group
of patients without CA lesions (p=0.021), which was
confirmed by a positive correlation (r=0.190, p=0.003).
SPWMD was not associated with the number of CAs
affected, but had a significant correlation with SYNTAX
SCORE (r=0.197, p=0.021). The E/A ratio tended to
increase in group 4 compared to group 1 and had
a significant correlation with the number of CAs with
atherosclerotic lesions (0.159, p=0.042) and with
SYNTAX SCORE (r=0.222, p=0.009).

The ROC analysis of the prognostic possibilities of the
combination of factors: the presence of MD, FVLSH (%),
IVMD indicators (ms), Ts-SD (ms) and E/A in relation
to the damage of 3 CAs (Fig. 1.).

0.00 0.25

0.50 0.75 1.00

CneyudivHicte

Specificity

Puc. 1. ROC kpuBa kombiHoBaHa. CymapHuii aHani3 NpeauKTOPHUX MOXITMBOCTEN
dakTopis HasBHocTi M, ®BJILU, nokasHukis IVMD (mc), Ts-SD (mc) Ta E/A woa0 nporHo3yBaHHs ypaxkeHHs Tpbox KA
Fig. 1. The ROC curve combined. Summarized analysis
of the predictive capabilities of MD, EFLV, IVMD (ms), Ts-SD (ms) and E/A variables in predicting the lesion of 3 CAs

KombGiHauia nokasHukie M y BigHOLIEHHI NporHosy-
BaHHSA TPUCYAMHHOTO ypakeHHs KA Mae JocTaTHio 4yT-
nuBicTb (0,89) Ta cneundpivnicTb (0,87), Wo niaTBepaxye
nepcrneKkTMBY 3aCTOCYBaHHS 1i B KMiHIYHIA NpakTuLi.

Y Hawomy [oCnigXeHHi nokasaHa 3HayHo Oinblia
BiJHOCHa YacToTa HasABHOCTI MexaHiuHoi [IM y xBopux
Ha KXC 3 ypaxeHHsm Tpbox KA. BuasneHo 36inblieHHs
IVMD Ta yacy Ts, Wwo mMoxe OyTu NpOsiBOM iLLeMiYHOI
Kapgiomionatii Ta NOpYLUEHHAM CMCTOMIYHOI Ta AiacTo-
NiYHOI OYHKUIT NiBOrO LWINyHOYKa y XBopux 3 Garartocy-
OVHHUM ypaxeHHam KA. Paniwe Hamu 6yno nokasaHo,
wo nosHa okntosia KA npussBoanTb A0 3HAYHOro 36inb-
weHHa nposiBiB M, €K BHYTPILUHLO-LLNYHOYKOBOI,
Tak i MDKWAYHOYKOBOI Ta aTpioBeHTpukynsapHoi [15].
Y Hesenukomy pocnimpkeHHi Aljaroudi W. Ta cnisasT.
He BOanocb BMABUTK 3B’a3Ky [IM 3 po3Mipom iLuemivyHoro
ypaxeHHs [16], npoTe 6yno nokasaHo, Lo HasiBHICTb [1M,

The combination of MD indicators in terms of
predicting 3 vascular lesions of CA has sufficient sen-
sitivity (0.89) and specificity (0.87), which confirms
the prospects of its use in clinical practice.

Our study showed a significantly higher relative
frequency of mechanical MD in patients with CHD
with damage to 3 CAs. An increase in IVMD and Ts time
was revealed, which may be a manifestation of ischemic
cardiomyopathy and a violation of the systolic and
diastolic function of the left ventricle in patients with
multivessel CA damage. We previously showed that
complete CA occlusion leads to a significant increase
in the manifestations of MD, both intraventricular, inter-
ventricular, and atrioventricular [15]. In a small investi-
gation by Aljaroudi W. et al., it was not possible to
detect the relationship of MD with the size of the ischemic
lesion [16], however, it was shown that the presence
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30kpeMa, 306inbweHHs Ts-SD € HecnpuaTiMBUM Mpor-
HOCTUYHMM (DAKTOPOM Yy KOPOTKOCTPOKOBOMY nepiofi
nicns NpoBeAeHHSA aoOpPTO-KOPOHAPHOIO LWYHTYBaHHS [17].

Takox B rpyni 3 ypaxeHHAM Tpbox KA BusiBneHo
pocToBipHo MeHwy OBJIW, wo kopentoBano 3 HasB-
HicTio [IM. PaHiwe 6yno nokasaHo, LIO y XBOpUX 3 iLle-
Mieto Miokapga, nagiHHa OBJILW y signosigb Ha HaBaH-
TaXEHHS KOpemntoe 3 HasiBHICTO MexaHivyHoi OM [18].
BigsHauyanocs, wo 3miHn ®BJIW y Bignosigb Ha HaBaH-
TaXKeHHs1 fatoTb GinbL BaxnuBy iHdopmauito, Hix OBJILL
y cTaHi cnokoto [11], npoTe, AaHi, OTpMMaHi B Hallomy
JocnigxkeHHi nokasyoTb, wo PBJIW y cTtaHi cnokoto
MOXe BMKOPUCTOBYBaTUChb Y KOMOiHaUii 3 mokasHukammu
OM ona nporHosyBaHHsi TPUCYAMHHOro ypakeHHs KA.
BusiBneHHa Tskkoro GaraTtocyauHHOro ypaxeHHs KA
CTUKaETbCA 3 TpygHoWamu 4Yepes3 36anaHcoBaHy ille-
Mito [19], BHAcnigok 4oro BMBYAETLCS MOXIUBICTb BUKO-
pUCTaHHA nokasHukie [OM ana nokpaweHHs TO4YHOCTI
JiarHoCTuKK1, ofHaK, AOUINbHICTb Takoro nigxogy npo-
posxye auckytysatuch [10]. OaHi Hawworo AocnimKeHHS
[O3BONSATL  PO3rNsAAaTM  MOXMIMBICTb  3aCTOCYBaHHSA
nokasHukis [M, oTpumaHux 3a [AOMOMOroK ynbTpa-
3BYKOBOTO JOCHIQKEHHSI cepLs ANnsi NOKPaLLEeHHs MPOrHo-
3yBaHHsI TpUCyaAMHHOro ypaxeHHst KA, o niaTeepoxye
naHi Garcia-Cardenas M. Ta cnigasr. [11].

BUCHOBKHU

XBopi Ha KXC 3 ypaxeHHAM TpbOX KOPOHApHUX
apTepii, SKMM MPOBOAMNACH peBacKynspu3auis, manu
3HayHO Oinbluy vactoty BussneHHa OM (52%) B nopie-
HSIHHI 3 XBOPVMMMK 0€e3 ypaKeHHS Ta YpaXeHHAM OfHiel
abo pasox KA. [MokasHVKM BHYTPILLHBO-LLTYHOYKOBOI
(Ts), mixwnyHo4kosoi (IVMD) Ta aTpioBeHTpuKynsp-
Hoi (LVFT) OM manu 38’530k 3 ypaxeHHaM Tpbox KA
Ta SYNTAX SCORE;

KombGiHauisa nokasHukie M y BigHOLIEHHI NpoOrHosy-
BaHHA TpucyamHHoro ypaxeHHa KA mae pocrtaTtHio
YyTMAMBICTb Ta CNeundIYHICTb, WO CTBOPIOE NEPCMNEKTUBMU
3aCcTOCYBaHHS i B KMiHIYHIN NpakTuLi.
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of MD, in particular, an increase in Ts-SD is an unfa-
vorable prognostic factor in the short-term period after
aorto-coronary shunting [17].

Also, in the group with lesions of 3 CAs, a significantly
smaller LVEF was found, which correlated with the
presence of MD. It was previously shown that in patients
with myocardial ischemia, the drop in LVEF in response
to exercise correlates with the presence of mecha-
nical MD [18]. It was noted that changes in LVEF in
response to exercise provide more important infor-
mation than LVEF at rest [11], however, the data
obtained in our study show that LVEF at rest can be used
in combination with MD indicators to predict 3 vascular
lesion of CA. Detection of severe multivessel lesions of
the CA faces difficulties due to balanced ischemia [19],
as a result of which the possibility of using MD indicators
to improve the accuracy of diagnosis is being studied,
however, the feasibility of such an approach continues
to be debated [10]. The data of our investigation allow
us to consider the possibility of using MD indicators
obtained by ultrasound of the heart to improve the pre-
diction of 3-vessel vascular lesions of CA, which confirms
the data of Garcia-Cardenas M. and co-authors [11].

CONCLUSIONS

Patients with CHD with lesions of 3 CAs who
underwent revascularization had a significantly higher
frequency of detection of MD (52%) compared to
patients without lesions and lesions of one or two CAs.
Indicators of intraventricular (Ts), interventricular (IVMD)
and atrioventricular (LVFT) MD were related to the
damage of 3 CAs and SYNTAX SCORE;

The combination of MD indicators in terms of pre-
dicting 3 vascular lesions of CA has sufficient sensitivity
and specificity, which creates prospects for its use in
clinical practice.
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Prospects for further research

Based on the data obtained in the study, further prospects
for research are determining the feasibility of using indicators

of

mechanical myocardial dyssynchrony according to the

proposed model in predicting 3 vascular lesions in patients
with coronary heart disease and making decisions about
patient management tactics, namely the feasibility of revascu-
larization in patients with stable coronary heart disease. Testing
this hypothesis is the goal of the next phase of research.
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PE3IOME

AxTyanbHicTb. BHacnigok pocificbkoi arpecii 6arato rpomagsH YkpaiHu 3myLleHi
emirpyBatm po 6e3neyHux KpaiH. 3 noyaTky BiiHM 3 YkpaiHM BuWixano noHag
17 minbioHiB nogen. MNig Yac BiMHWM HaceneHHa NiaaaeTbCs NOCTINHOMY CTPECOBOMY
dakTopy, SKUA He € OAHOpIOHMM. Y Oesikux nofden ue nos’s3aHo 3 nepebyBaHHAM
y 30Hi BoroBux Ai, obcTpinamm Ta nepebyBaHHSIM B YKpPUTTAX. ONs iHWMX ue BUKNK-
KaHO BUMYLLEHOIO Mirpaui€to, BigpvBOM Bid POAMHU, BaXKOK ajanTauielo 40 HOBOro
couianbHoro cepefoBuwa. Hanbinblw BpasnuBa kaTeropis — iU Ta nignitku.
Cepepn pitent i nigniTkie, siki 3MyLUEHi WyKaTU NPUTYNKY B YyXUX KpaiHax, HanbinbL
NOLUMPEHWI NocTTpaBmMaTuYHUiA ctpecosuin posnag (MTCP).

MeTta po60oTu. AHani3 NncuxiyHoro cTaHy Ta puanky po3sutky NMTCP y aitein Ta nigniTkis,
Lo 6ynu BUMYLLEHI BUiXaTy 3 YKpaiHu nig Yac BiiHW.

MaTepianu Ta MeToau. Y gocnifkeHHi B3anu yyactb 50 giten Bikom Big 8 Ao 17 pokis
(cepegHint Bik 11,2 + 2,4), aki Buixanu o kpaiH €Bponu nicnsi noyaTtky 36powHoro
KOHMIKTY B YKpaiHi.

Pe3ynbraTty Ta ix o6roBopeHHsi. CepeHin 3aranbHuii 6an PTSST ctaHoBuB 19 6anis
[QR 15; 23]; 42,0 + 6,9% pecnoHAeHTiB Manu BUCOKUI PU3MK PO3BUTKY NOCTTPaBMaTny-
Horo cTpecoBoro po3nagy (6an PTSST = 21); 44,0 + 7,1% — cepefHiii pu3nk po3BUTKY
MNTCP (PTSST Bia 10 go 20), 14,0 + 4,9% — HX3bKUIA piBeHb TPABMAaTUYHOIO CTPecy
(PTSST = 10). Takum umHOM, 86% p[iTeh Manu 3HaYHI MCUXOMOriYHI NPOsABK
Ta notpebyBanu KoHcynbTauii cneuianicta i kBanidgikoBaHoi gonomoru. Mpu aHanisi
CTYNeHsi OMTSYOro TPaBMaTUYHOTO CTPECY 3anexHo Big BiKy BWSBMEHO, WO AiTW
7-10 pokiB 3HauyHO Ginblue cxunbHi o0 pusnky po3suTky MTCP, wo nigkpecntoe
BPa3nMBICTb LibOro nepiogy XUTTS.

BucHoBKu. 3rigHO 3 ONUTYBaHHSM, NCUXIYHWI CTaH GiTel 3a3Hae 3HaYHMX 3MiH, HaBiTb
KON BOHM BUIXAXaOTb 3a KOPAOH i nepebyBatoTb y 6e3neyHmx ymosax. [itn Bikom
Big 7 o 10 pokiB BUSBUIMCS HaWbinbLL YyTNMBMMU OO BMNMBY CTPECOBMX (hakTopiB
Ta puanky po3sutky MNTCP. BcTtaHoBneHo B3aemMo3anexHiCTb 6aTbKiBCbKOro BrnuvBy
Ta CTaHy MCUXiYHOro 340POB’S AiTEN, KU BU3HAYaBCH OCBITHIM piBHEM DaTbkiB.
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ABSTRACT

Background. As a result of Russian aggression, many citizens of Ukraine are forced
to migrate to safe countries. Since the beginning of the war, more than 17 million
people have left Ukraine. During the war, the population is exposed to a constant
stress factor that is not homogeneous. For some people, this is due to being in the
war zone, exposure to shelling, and staying in shelters. For others, it is caused by
forced migration, separation from family, and difficult adaptation to a new social
environment. The most vulnerable category is children and adolescents. Among
children and adolescents who are forced to seek refuge in foreign countries, the most
common post-traumatic stress disorder (PTSD).

Purpose — analysis of the mental state and risk of PTSD in children and adolescents
who were forced to leave Ukraine during the war.

Materials and Methods. We studied 50 children aged 8 to 17 years (mean
age: 11.2+2.4) who had left for European countries after the outbreak of the
armed conflict in Ukraine.

Results. The median total score of the PTSST was 19 points [QR 15; 23]; 42.0+6.9%
of respondents were at high risk of developing post-traumatic stress disorder
(PTSST score = 21); 44.0+7.1% of children had an average risk of developing
PTSD (PTSST from 10 to 20), 14.0+4.9% had a low level of traumatic childhood
stress (PTSST < 10). Thus, 86% of children had significant psychological manifes-
tations that will require specialist consultation and qualified assistance. When analy-
sing the degree of childhood traumatic stress depending on the child’s age, it was
found that children aged 7-10 years were significantly more at risk of developing
PTSD, which highlights the vulnerability of this period of life.

Conclusions. According to the survey, children undergo significant changes in
their mental state, even when they travel abroad and stay in safe conditions. Children
aged 7 to 10 were the most sensitive to the impact of stress factors and the risk of
developing PTSD. The interdependence of parental influence and the state of
children’s mental health, which was determined by the educational level of parents,
was established.

Shleenkova GO, Kulik SA, Shevchenko NS, Cherkashin MM, Golovina OV, Nosova OM. Results of mental
health screening of children who were forced to leave ukraine in 2022. The Journal of V.N. Karazin Kharkiv National
University. Series «Medicine». 2024;32(1(48)):49-56. DOI: https://doi.org/10.26565/2313-6693-2024-48-05

BCTYN

Pocilicbka BiicbkoBa arpecisi npoTtu YkpaiHun npussena

INTRODUCTION

Russia’s military aggression against Ukraine has

[0 YMCNEHHOT BUMYLLIEHOI Mirpauii HaceneHHs! B 6e3neyHi
KpaiHn €sponu. 3 noyatky BiMHW 3 YKpaiHW Buixano
noHag 17 minbioHiB nogen [1, 2]. Hanbinbwy YactuHy
GixeHuiB npuiHana Monbwa — Big 1,5 40 2 MinNbiOHIB.
B ocHoBHOMY Le Oynu monoai xiHku 3 Aitbmu [3, 6].
Ha gpyromy micui 3a KinbKicTio nepeceneHuis 3 YkpaiHu
3Haxooutbcsa HimeydmHa. Tak, cTaHOM Ha KBiTe€Hb
2023 poky HimewunHa npuiHana noHad MinbWoH
OikeHUiB, SIKi MOKWHYNM CBOi AOMIBKW, Yy TOMY u4uCHi
maixe 200 000 giten Ta nignitkie [4, 5].

Mig yac BiMHM HaceneHHs 3HaxXoAUTbCA Nifg BMSUBOM
NOCTINHOIO CTPECOBOro hakTopa, KN HE € OQHOPIAHM.
Ons vactvHu nogein ue 3yMoBreHo nepebyBaHHAM
B 30Hi OOMOBMX Aiii, HasiBHICTIO 0BCTPIniB, NnepebyBaHHAM
B YKpUTTAX. [Ns iHWKWX — BUMYLLEHOO Mirpauieto, po3ny-
YEHHSM 3 OnM3bKUMK NOABMW, BaXKKO ajanTtalielo Ao
HOBOrO coLianbHoro cepegosua [6, 7]. B bygb-sikomy

resulted in a large-scale forced migration of the popu-
lation to safe countries in Europe. Since the beginning
of the war, more than 17 million people have left
Ukraine [1, 2]. Poland received the largest number of
refugees — from 1.5 to 2 million. Most of them were
young women with children [3, 6]. Germany is the second
largest host country for refugees from Ukraine. Thus, as
of April 2023, Germany has hosted more than a million
refugees who fled their homes, including almost
200,000 children and adolescents [4, 5].

During the war, the population is exposed to a constant
stress factor that is not homogeneous. For some people,
this is due to being in the war zone, exposure to shelling,
and staying in shelters. For others, it is caused by forced
migration, separation from family, and difficult adap-
tation to a new social environment [6, 7]. In any case, the
most vulnerable category is children and adolescents.
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pasi Hanbinbw Bpas3nNMBOK KaTeropieto € Aitm Ta nia-
NiTKN. YncneHHi HewopaBHi 30poNnHI KOHANIKTA | BilHK
(Hanpuknag, B Adpranictani, Konymb6ii, Ipaky, Comani,
Cynasi, Cwpii, FOrocnagii) npussenu o Toro, Lo B cyyac-
HOMY CYCNiNbCTBI 3’ABUMOCS Uifie NOKOMiHHA AiTen, sk
He MOXYTb YHUKHYTW CrioragiB npo xax, BTedy, nepexute
HacCUNbCTBO Ta CBiOAYeHHst BOMBCTB 4neHiB cim’i [7, 12].
3a paHuMM Oesikux OOChiAXeHb NepexuBaHHs Takol
TpaBMM MOXe NPU3BECTU A0 NOCTIMHMUX 3MiH HEMPOHHMX
3B’A3KiB ¥ MO3Ky [7, 9]. O4eBUAHO, O NOB’A3aHi 3 HUMK
Herapasam Ta TpaBMWU MOXYTb MaTu CEPO3Hi HeraTuBHI
Hacnigkn B NoAdanblUoOMy XWUTTI, AK i3udHi, Tak i ncu-
XivHi [1, 4, 13]. Peakuia KOXHOI OWTUHW Ha cTpec
iHOuBiOyanbHa Ta 3anexuTb Big 6Garatbox dakTopis,
TakuXx SIK BiK, CTaTb, EKOHOMIYHUI CTaTyC PoAuHMU, OCBIiTa
6aTbkiB, npobnemu iHTerpauii 4o cycninbCcTBa B KpaiHi,
Ae BuMmylleHa Mewkatn gutuHa [1, 2, 10]. 3a gaHumn
niTepatypy nNocTTpaBMaTW4YHUIA  CTPECOBWUIA  po3nag
(NTCP) i penpecia € 0OgHMMM 3 HAWMOLUMPEHILLNX NCUXO-
NoriYHMX posnagis y paiten i nignitki-6ixeHuis, Lo
BMMYLLUEHi  lUykaTM npuTynok. Tak, 3a [aHumu
Blackmore et al., 2020, 3rigHo 3 HellogaBHIM MeTa-
aHanisom nowwupeHicte MTCP cknana 6nm3bko 22%,
aenpecii — 14% [7].

MoxHa npunycTutu, Wwo Garato aiten i nignitkis, ski
BUMYLLEHi Bynu BuixaTu 3 YKpaiHu, Takox MaroTb NogiGHi
NcuUXonorivyHi  npobnemu BHACNIgOK BiiHWM, 0COGNMBO
TOMY, LLIO 3Ha4YHA YaCTUHa HacemneHHs KpaiHu BXe Kinbka
pOKiB CTpaxaae Bif HaCcWUMbHWULBKOro KoHMnikTy [2, 11].
Kpim Toro, y cyyacHomy LM@POBOMY CBIiTi HaBiTb AiTW,
AKi BMiXanu 3 YKpaiHM Ha paHHbOMY eTani BiiHU Ta
He Oynu cBigkamu OOMOBWMX [il, 4acTO MPOAOBXYHTb
OnocepenKkoBaHO Big4vyBaTM KOHMMIKT 4Yepe3 LUMpOKe
BuUcBiTNeHHs B 3MI, yepes couianbHi Media Ta 3B’5130K
3 yneHamu cimen, ki 3anuwunuca B YkpaiHi [12—14].
BpaxoBytoun 3asHadeHe BuLle, iCHye HeobXigHiCTb
B paHHbOMY BUSIBMEHHI MCUXOMOrYHUX PU3MKIB PO3-
BuTKy MTCP 3 meTtot 3anobiraHHs HeraTMBHUX LOBrO-
CTPOKOBMX HacnigkiB a4nsg NcuxiyHoro 340poB’s.

Meta po6oTu — aHania NCMxi4YHOro cTaHy Ta pU3nNKy
po3suTky MTCP y giten Ta nignitkis, WwWo 6yny BUMYLLEHI
BUIXaTu 3 YKpaiHu nig vac BiHW.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Mig Hawwum cnocTtepexeHHaM 3Haxoaunocb 50 aiten
Bikom Big 8 go 17 pokiB (cepegHin Bik: 11,2 £ 2,4),
Wo Bwuixanu A0 KpaiH €sponu nicna novatky 36pou-
HOro KOHNIKTy Ha TepuTopii YkpaiHu. [ocnimkeHHs
NpoOBOAMMUCH 3riAHO 3 MNpuHUunaMmy [enbCiHCbKOi Aek-
napauii, npunHaTtolo [eHepanbHol acambneetlo Bce-
CBiITHBOI Megu4Hoi acouiauii, KoHseHuii Pagn €sponu
npo npaBa nwauHM Ta 6GiomeauumHy, BigNOBIAHMX
nonoxeHo BOOSB, MixHapogHoi pagM  MeaunyHux
HaykoBux ToBapucTB, MiXHapOOHOro KOO4EKCY MeanvHoi
€TWKM Ta 3aKOoHIB YKpaiHu.

Byno npoBegeHO CKPUHIHF  MNCUXIYHOrO  3A4,0POB’A
3a pgonomoroto onutyBanbHuka «Pediatric Traumatic
Stress Screening Tool» (PTSST), pospobrneHoro ans
BUSIBNEHHSA Ta YNpaBniHHA nefiaTpu4HUM TpaBmaTtuy-
HUM CTPECOM Y 3aKnagax NepBUHHOI Meau4Hoi 4oNoMoru
Ta UeHTpax 3axucTy npaBs fiTen, kadegpoto negiatpii
YHiBepcutery wtaty Ota Ta LeHTpy 6e3nedHux

Numerous recent armed conflicts and wars (for example,
in Afghanistan, Colombia, Iraq, Somalia, Sudan, Syria,
Yugoslavia) have led to the emergence of a whole
generation of children in modern society who cannot
escape the memories of horror, flight, violence and
witnessing the death of family members [7, 12].
According to some studies, experiencing such trauma
can lead to permanent changes in neural connections
in the brain [7, 9]. Obviously, the associated adversity
and trauma can have serious negative consequences,
both physical and mental, in later life [1, 4, 13]. Each
child’s reaction to stress is unique and depends on many
factors, such as age, gender, economic status of the
family, parents’ education, and problems of integration
into society in the country where the child is forced to
live [1, 2, 10]. According to the literature, post-traumatic
stress disorder (PTSD) and depression are among the
most common psychological disorders among refugee
children and adolescents forced to seek asylum. Thus,
according to Blackmore et al., 2020, a recent meta-
analysis estimated the prevalence of PTSD at around
22% and depression at 14% [7].

It can be assumed that many children and ado-
lescents who were forced to leave Ukraine also have
similar psychological problems as a result of the war,
especially as a significant part of the country’s popu-
lation has been suffering from violent conflict for several
years [2, 11]. In addition, in today’s digital world, even
children who left Ukraine at an early stage of the war and
did not witness the fighting often continue to experience
the conflict indirectly through extensive media coverage,
social media and contact with family members who
remained in Ukraine [12, 13, 14]. Given the above
mentioned, there is a need for early detection of psycho-
logical risks of PTSD in order to prevent negative
long-term mental health consequences.

Objective of the study. Analysis of the mental state
and risk of PTSD in children and adolescents who were
forced to leave Ukraine during the war.

MATERIALS AND METHODS

We studied 50 children aged 8 to 17 years (mean
age: 11.2+2.4) who had left for European countries after
the outbreak of the armed conflict in Ukraine. The study
was conducted in accordance with the principles
of the Helsinki Declaration adopted by the General
Assembly of the World Medical Association, the Council
of Europe Convention on Human Rights and Bio-
medicine, relevant WHO guidelines, the International
Council for Medical Research Societies, the International
Code of Medical Ethics and the laws of Ukraine.

Mental health screening was conducted using the
Pediatric Traumatic Stress Screening Tool (PTSST),
developed to identify and manage paediatric traumatic
stress in primary care and child protection centres by
the Department of Paediatrics at the University of
Utah and the Centre for Safe and Healthy Families at
Intermountain Healthcare Primary Children’s Hospital [8].
According to the authors’ recommendation, the level of
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i 300poBMX CiMe npwu MNEePBUHHIN AUTAYIA  NiKapHi
Intermountain  Healthcare [8]. 3a pekomeHaauieto
aBToOpiB piBeHb puauky po3sutky MTCP ouiHoeTbeA B
6anax Big 0 go 48 (0 — 10 Ganie — nerkmMn pusnk abo
BiOCYTHICTb pu3uky dopmyBaHHs MTCP, 10 — 20 —
noMipHuiA, 21 Ta GinbLue — BUCOKUN).

HocnigpXeHHs NpoBOAMNOCSA 3 TpaBHS MO >KOBTEHb
2023 poky, yepes 15~19 wmicauiB nicna pocicbkoro
BTOPrHEeHHss B YKpaiHy. AHKeTyBaHHS NpoBOAMIOCH
nicna HagaHHa NUCbMOBOI 3rogu Ha yvacTb Yy gocnig-
XKEHHi Ta 06pobKN NEepCOHaNbHUX AaHUX.

MaTtemaTtnyHa obpobka faHuX npoBoaunacs MeTo-
OOM BapiauinHoi cTtatucTukn. [aHi nepesipeHi wWwono
BiOMOBIAHOCTI OaHWX 3aKOoHY HOpMarbHOro posnoginy
layca. lpu posnogini, BiAMIHHOMY BiA4 HOPMAarnbHOrO,
03Haku onucysanu y Burnagi megianu (Me), 25 ta 75 nep-
ueHTuniB [25%; 75%)]. O3Hakn OBOX He3anexHux Bubi-
pPOK nopiBHOBanu 3a gonomoroto U-kputepito MaHHa—
YiTHn (p,), O3HaKM TPbOX HesaNnexHUX BUOGIPOK 3a
nonomoroto  kputepito  Kpackena—Yonnica (K-W) (p, ).
[Mpn NOpPIBHAHHI ABOX BENWYMH PI3HULKD MK HUMMK
BBaXanu CTaTUCTUYHO 3HA4YyLLOK MNpU  [OCATHYTOMY
piBHi p < 0,05.

PE3YABTATU TA IX OBrOBOPEHHS

Cepen ocib, ski B3anM yyacTb Yy [OOCHIOXKEHHI,
xnonuukn cknanu 44,0 + 7,0% (22 ocobwu), giB4atka —
56,0 + 7,0% (28 oci6). binbla 4YacTuHa AiTen mellkana
B HimeuumnHi — 92% (46/50), a Takox y BenukobpuTaHii —
6% (3/50) Ta B Yexii — 2% (1/50). Bci agitm Ha MomeHT
aHKeTyBaHHA BidBidyBanu HaByanbHi 3aknagun Ta
BMBYanNM MOBY KpaiHW, B SKii npoxusanu. [eTanbHui
aHania  couianbHo-gemorpadidyHoi  XapaKTepPUCTUKN:
BiK, CTaTb, piBEHb OCBIiTV 6aTbKiB HaBeaeHW y Tabnuui 1.

risk of developing PTSD is assessed in points from 0
to 48 (0—10 points — low risk or no risk of PTSD, 10-20 —
moderate, 21 and more — high).

The study was conducted from May to October 2023,
15~19 months after the Russian invasion of Ukraine.
The survey was conducted after providing written
consent to participate in the study and to the processing
of personal data.

Mathematical processing of the data was carried
out using the method of variation statistics. The data was
checked for compliance with the Gaussian normal
distribution law. In the case of a non-normal distribution,
the signs were described as median (Me), 25" and
75" percentiles [25%; 75%]. The characteristics of
2 independent samples were compared using the
Mann-Whitney U-test (p,), the characteristics of 3 -
independent samples using the Kruskal-Wallis
(K-W)-test (p,,).- When comparing two values, the
difference between them was considered statistically
significant at the level of p<0.05.

RESULTS AND DISCUSSION

Among the individuals who took part in the study,
boys accounted for 44, 0+7.0% (22 people), and girls —
56.0+7.0% (28 people). Most of the children lived in
Germany — 92% (46/50), followed by the UK — 6% (3/50)
and the Czech Republic — 2% (1/50). At the time of the
survey, all children were attending school and learning
the language of the country in which they lived. A detailed
analysis of the socio-demographic characteristics:
age, gender, and level of parental education is pre-
sented in Table 1.

Ta6nuus 1. CouiansHo-gemorpadiyHa xapaktepuctuka yyacHukis (n = 50)
Table 1. Socio-demographic characteristics of the participants (n=50)

CouianbHo-aemMorpadiyHi NoKkasHUKN 3
- ) . % N
Socio-demographic characteristics

Bik 7 — 10 pokis / Age 7 — 10 years old 44,07 1 22
Bik 11 — 13 pokis / Age 11 — 13 years old 32,045,6 16
Bik 14 — 17 pokiB / Age 14 — 17 years old 24,0+6,1 12
Cratb (aiB4arta)/Gender (girls) 56,0+7,0 28
Batbkn matoTb BuLy ocBiTy / Parents have higher education 38,046,8 19
Batbkun matoTb cepeaHio abo cepeqHio cneuianbHy OCBITY

: : . . 62,0£6,8 31
Parents have vocational or semi professional education

AHarni3 oTpuMaHux BiAnoBiaen Npu aHKeTyBaHHI Noka-
3aB, Lo MefiaHa 3aranbHoro 6ana PTSST cknana 19 6a-
nie [QR 15; 23]; y 42,0 £ 6,9% (21/50) pecnonaeHTIB
CrocTepiraBcs BWCOKWMIA PU3UK PO3BUTKY MOCTTpaBMa-
TUYHOrO CTpecoBoro posnagy (6ann PTSST = 21);
44,0 £ 7,1% (22/50) piten manu cepegHii CTyniHb PU3NKy
po3sutky MTCP (PTSST Big 10 go 20), 14,0 £+ 4,9%
(7/50) HM3bKUIA piBEHb TPAaBMAaTUYHOTO AUTSYOrO CTpecy
(PTSST < 10). Takum ynHoM, y 86% AiTen manu micue 3Ha-
YyLli NCUXOMOriYHi NposiBK, AKi NepeabavarTb HeoOXia-
HiCTb KOHCynbTaUii cneujianicTa i kBanidikoBaHOi LONOMOTH.

The analysis of the survey responses showed that
the median total score of the PTSST was 19 points
[QR 15; 23]; 42.0+6.9% (21/50) of respondents were
at high risk of developing post-traumatic stress disorder
(PTSST score = 21); 44.04¢7.1% (22/50) of children
had an average risk of developing PTSD (PTSST
from 10 to 20), 14.0+4.9% (7/50) had a low level of
traumatic childhood stress (PTSST < 10). Thus, 86%
of children had significant psychological manifesta-
tions that will require specialist consultation and
qualified assistance.
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Mig yac aHanisy cTyneHs OUTAYOro TPaBMaTU4YHOIO
CTpecy B 3anexHOCTi Bif BiKy AUTWHU BAANOCh 3’AcyBaTy,
WO [JOCTOBIpHO Oinbll CXUNbHI OO PU3UKY PO3BUTKY
MTCP 6ynu gitn Bikom 7—-10 pokiB, To6TO AiTM Monoa-
LIOro LWKIMbHOrO BiKY, WO MiAKPEeCnoe BPasfnmMBICTb
uboro nepiogy XuTTa. Tak, 3a OaHUMK aHKEeTyBaHHSA
y piteir 7-10 pokiB mepiaHa PTSST cknana 20 6anis
[QR 18; 23] npotn nokasHuka megiaHn y giten 11-13 po-
ki (17 Ganis [QR 13; 22,5, p,_ 1-2 = 0,05]) Ta cepen
niten 14-17 pokis (19,5 6anis [QR 7; 23,5, p,,1-3 = 0,65,
P,..2-3 = 0,36]) (puc. 1).

When analysing the degree of childhood traumatic
stress depending on the child’s age, it was found that
children aged 7-10 years, i.e. primary school children,
were significantly more at risk of developing PTSD,
which highlights the vulnerability of this period of life.
Thus, according to the survey, children aged 7-10 years
had a median PTSST score of 20 points [QR 18; 23]
compared to the median for children aged 11-13
(17 points [QR 13; 22.5, p, 1-2=0, 05]) and among
children aged 14-17 (19.5 points [QR 7; 23.5,
P, 1-3=0.65, p,  2-3=0.36]) (Fig. 1).

Posnogin pieHto PTSST B 3anesHOCTI Big siky

35

I

PTSST (points)
PTSST (Ganwu)

) |

1

T

0 o Median
7 - 10 poxie 11 - 13 poxie 14 - 17 pokis D25%_;5%
T-10years 11-13years 14 - 17 years T Min-Max
Bix (porat) / Age

Puc. 1. PieHb PTSST y piten 3anexHo Big Biky
Fig. 1. PTSST levels in children depending on age

[Mpy NopiBHSAHHI BUPaXXEHOCTi TpaBMaTU4HOI CTpPeco-
BOI peakuii cepeq aiten pi3Hoi cTaTi Hamu Gyno BUSIBNEHO,
Wwo y pgiByaT MepiaHa 3a kinbkicTio 6Ganie PTSST
[OCTOBIpHO BULLe, HiXX y xnonuis: 21 6an [QR 15,5; 23]
npotu 17 Ganis [QR 13; 23; p, = 0,03] sianosigHo, Lo
cnisnagae 3 JaHWMuK niTepaTypHUx axepen npo GinbL
BaromMy peakLito Ha cTpec ocib xiHo4oi cTari [10].

AHani3 couianbHOI CKNagoBOi ceped Aiten Ta nig-
niTkiB nokasas, WO AiTW, SKUX BUXOBYBanu 6aTbku
3 BULLIOKO OCBITOI, Manu MeHLWwui pusunk possutky MNTCP.
Tak, piBeHb megniaHn PTSST y pitet 6aTbkiB i3 cepen-
HbOIO OCBITOH BYB JOCTOBIPHO BULLE, HiX Y AiTel 6aTbkiB
3 BuUWot0 oceiTo: 21 6an [QR 16; 25] npotn 16 6anis
[QR 13,5; 21; p, = 0,04] Bignosia+o.

Pesynbtat gocnigxeHHa nokasanu, Wo y AiTen, ski
BUiXanu 3a KOpAoHW YKpaiHu i 3HaxoaAaTbes B 6e3neyHmx
yMOBaXx, BigbyBatoTbCsl BaroMi 3MiHW B NCUXIYHOMY CTaHi.
B Hawomy gocnimxeHHi 6pana y4acTb HeBenuka rpyna
JiTen, WO cnig npunumatM OO0 yBaru, OCKifbKW aHanis
OyOb-sIKMX aHKeT, a Takox igeHTudikauis Bcix dakTopis
pu3uKy, MOB'sI3aHUX 3 Mncuxonatonorieto, noTpebye
GinbLl YMCNeHHMX JdocnigxeHb. BpaxoBykouun ue, oTpu-
MaHi 3aKOHOMIpPHOCTi HEe MOXHa MOoLIMpPOBaTM Ha BCHO
NonynsiLito HEMOBHOMITHIX YKpaiHCbkUX BixeHUiB. Pasom
3 TUM, pe3ynbTaTv HaLoro AOCHiMKEHHs crhiBnagatTb

When comparing the severity of the traumatic
stress reaction among children of different sexes, we
found that the median number of PTSST scores in
girls was significantly higher than in boys: 21 points
[QR 15.5; 23] versus 17 points [QR 13; 23; p =0.03],
respectively, which is consistent with the literature data
on a more significant reaction to stress in females [10].

An analysis of the social component among children
and adolescents showed that children raised by parents
with an academic degree were at lower risk of deve-
loping PTSD. Thus, the median level of PTSST in
children of parents with an academic degree was signi-
ficantly higher than in children of parents with higher
education: 21 points [QR 16; 25] versus 16 points
[QR 13.5; 21; p, =0.04], respectively.

The results of the study showed that children who
have travelled abroad and are in safe conditions
experience significant changes to their mental state.
A small group of children took part in our study, which
should be taken into account, since the analysis of
any questionnaires, as well as the identification of all
risk factors associated with psychopathology, requires
numerous studies. Given this, the obtained patterns
cannot be applied to the entire population of Ukrainian
refugee minors. At the same time, the results of our
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3 JaHUMK HWKX aBTOpiB, KOTPi BKasyloTb Ha dopmy-
BaHHSA MCUXIYHUX MOpYyLIeHb Yy BinbLIoi KinbkocTi Aitew
Ta NigniTkie, WO B Ti 4M iHWIN Mipi nepexunu OocBig
BinHM [1-3, 5, 13]. Tak, BcTaHOBNEHO, Lo Mig Yac obnoru
1994 p. y CapaeBo (KOrocnasist) cepen 791 OnTuHM
79% nosigomMunu Npo cMepTb Apyra abo uneHa cimf,
41% manu KniHiYHo 3Ha4yLi cumnTomu cTpecy [15, 17].

BaxnuBicTb 4aHOr0 NUTaHHSA NOMArae TakoX B TOMY,
WO pPO3BMTOK TpaBMaTUYHUX po3nagiB Mae nogarb-
WWIA HeraTUBHUIA BNNMB Ha (POPMYBaHHA OCOOMCTOCTI.
MocTtTpaBmaTuyHuin ctpecoBuii posnag (MTCP), skuii
TICHO MOB’AI3aHMM i3 BNNMBOM BIMHW, B MOJAnNbLIOMY
Ma€e BMMMB Ha Pi3HOMaHITHI acnekTn GrM3bKNx CTOCYHKIB
i cimenHoro dyHkuioHyBaHHs [18]. BinbyBatoTbcs 3MiHM
B3aEMOBIOHOCUH OaTbKiB i AiTel, 3MiHU noBefdiHkN 6aTb-
KiB, CNPUIHATTS, ecpeKTMBHOCTI BiHOCUH. Lle moxe ByTn
NPUYMHOK BUMHUKHEHHST arpecii, KOHMNIKTIB, 3MEHLLEHHS
ONU3bKOCTI Ta MO3UTUBHUX eMOoLii B cepeauHi poauHu.
Pasom 3 uum Bigomo, WO nocuneHe TepaneBTUYHE
BTPYYaHHA Ha MCuUxiyHe 340poB’d MaTepiB noninwye
ncuxocoujianbHe YHKUIOHYBaHHS Ta NCUXiYyHe 340pOoB’A
niten. Ha ponb 6GaTbkiB Ta ix 30aTHOCTI CTBOPUTU
Ginbl Ge3neyHe cepedoBULLE OJ1S1 EMOLINHOIO 300pOoB’s
JiTen Bkasye BMNMB PIBHA OCBITUM Ha PU3MK PO3BUTKY
MTCP y obcTexeHux giTen.

BiookpemneHHs1 oci®6 3 6inbll BUCOKMM PU3NKOM
dhopMyBaHHsi NocTTpaBMaTUYHNX po3nagis Oyae cnpus-
TW MNOCUIIEHHIO CNPOMOXHOCTI BI4MOBICTU Ha CTBOPEHI
[O0ATKOBI HaBaHTaXXEHHS Ha 340POB’'St OUTMHU BINHOW
(British Journal of General Practice, June 2022, 273).

BUCHOBKHU

3a paHuMn aHKeTyBaHHs y Aiten BigbyeatoTbes
Baromi 3miHW B NCUXiY4HOMY CTaHi, HaBiTb 3a YMOB BUi3ay
3a KOpAOHW YKpaiHu i 3HaxomKeHHs B 6e3ne4HNX ymoBax.

HanbinbLu 4yTnMBMMM 0O BNNMBY CTPECOBMX haKTopiB
Ta pusnky copmysaHHa MTCP Busisunuca gitm Bikom
Big 7 go 10 poki..

BcTtaHoBneHa  B3aemo3anexHicTb  6aTbKiBCbKOro
BMMAMBY Ta CTaHy MCUXIYHOrO 3A40POB'A AiTen, skKa
3yMOBIIEHA OCBITHIM piBHEM GaTbKiB.
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study coincide with the data of other authors who point
to the formation of mental disorders in a larger number
of children and adolescents who have experienced war
to some extent [1-3, 5, 13]. For example, it was found
that during the 1994 siege in Sarajevo, Yugoslavia,
79% of 791 children reported the death of a friend
or family member, and 41% had clinically significant
symptoms of stress [15, 17].

The importance of this issue also lies in the fact
that the development of traumatic disorders has a further
negative impact on personality development. Post-trau-
matic stress disorder (PTSD), which is closely related
to the impact of war, subsequently has an impact on
various aspects of close relationships and family
functioning [18]. There are changes in the relationship
between parents and children, changes in parental
behavior, perception, and effectiveness of relationships.
This can be the cause of aggression, conflicts, reduced
closeness and reduced positive emotions within the
family. At the same time, it is known that enhanced
therapeutic interventions for mothers’ mental health
improve the psychosocial functioning and mental health
of children. The role of fathers and their ability to create
a safer environment for children’s emotional health
is indicated by the impact of education level on the risk
of developing PTSD in the children surveyed.

Separating those at higher risk of developing
post-traumatic stress disorder will help increase the
ability to respond to the additional burdens on children’s
health created by war (British Journal of General Practice,
June 2022 273).

CONCLUSIONS

According to the survey, children undergo signifi-
cant changes in their mental state, even when they
travel abroad and stay in safe conditions.

Girls and children aged 7 to 10 were the most
sensitive to the impact of stress factors and the risk
of developing PTSD.

The interdependence of parental influence and the
state of children’s mental health, which was determined
by the educational level of parents, was established.
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Prospects for further research

The continuation of the war in Ukraine is the basis for further
changes in the mental and somatic state of the population,
especially children and young people. Therefore, research
within the framework of these problems should continue to
isolate the most vulnerable group.
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PE3IOME

AkTyanbHicTb. CvHapom Mipis3i € ogHUM i3 HAUTSHKYMX YCKNaAHEHb >XOBYHOKAM SHOI
XBOpOOM i HaWcknagHilWMM MaTonoriYyHMm npouecom y GiniapHin xipyprii B3arani.
[ocTpo cTOiTh MUTaHHA ynbTPa3ByKoBOI AiarHocTukn CuHopomy Mipissi y xBopwmx
Ha >KOBYHOKaM'sHy XBOpoOy Ha jpoonepauinHoMy eTani Ans nnaHyBaHHSA obcsary
XipypriYHOro BTpyYaHHs Ta NONepemMKeHHs nauieHTa Npo MOXMBI YCKNaOHEHHS.

Meta po6Gotu. BusHauntn 4yTnuBiCTb AoonepauiiHOro YnbTPa3ByKOBOro AOCHiA-
XXEHHSA Npu AdiarHocTuui cuHapomy Mipiasi Ta 3HalTV HanbinbLL 3HaYyLLYy €X0-03HaKy.
Martepianu Ta metoam. [NpoaHanisoBaHo pesynsrat 9126 XONeuUCTEKTOMIN, BUKO-
HaHMX B XapkKiBCbKi KNiHIYHIA NikapHi Ha 3anisHnyHomy TpaHcnopti Ne 2 3a nepioa
3 1997 no 2023 pik, npn uboMy cuHApoM Mipi33i Npu ynLTPa3ByKOBIN AiarHOCTUL
3anigospunun y 159 (1,7%) nauientis. Cepen 159 nauieHTis, y skux 6ynu 3a 4onomororo
yNbTPa3BYKOBOrO AOCHIMKEHHS BUSBIEHHI O3Hakn cuHapomy Mipissi, iHTpaonepa-
uinHo Byno niaTeepmkeHo cuHapoM Mipissi y 116 (72,9%) nauienTis, y 43 (27,1%)
cmHapom Mipiasi He BusiBneHo. Cungpom Mipissi | Tuny sBusiBneHo y 98 (84,49%) xsopux,
CuHgpom Mipissi Il Tuny —y 18 (15,51%), xiHok 6yno 87 (75%), yonosikis — 29 (25%),
BiK MauieHTiB Konueascs B Mexax Bia 37 Ao 80 pokiB (B cepeaHbomy — 66+1 pp.).
[na aHanidy 4yTnvMBOCTI NEBHMX €XOO3HaK Nif Yac [OooMnepauifHOI yNbsTPpa3BYKOBOI
AiarHoCcTVKM npu nigo3pi Ha cuHapoM Mipissi, BUKOPUCTOBYBaBCA MOKAa3HWK AiarHoc-
TUYHOI Yy TIMBOCTI.

Pe3ynbrati Ta ix 06roBopeHHsi. BctaHoBNEHO, WO HabINbLL YyTIIMBOK €XO03HAKO
€ BiACYTHICTb YiTKOI MeXi MiX 3aAHbOIO CTiHKOI XXOBYHOIrO Mixypa i renaTmkoxoneaoxa,
piarHocTnyHa JytnuBicTb cknana 75,40%. HacTynHow 03Hakow 3a 4yTnuBICTHO,
Ky Oyno migTBepOXXeHO iHTpaonepauinHo, 6yB 3MOPLLEHWIA XXOBYHUIA MiXYP, MOKa3HUK
[iarHoCTMYHOT YyTnMBOCTI cknaB 54,55%. TakoX BCTAHOBMEHO, WO MNpU MOEOHAHHI
TaKUX €X0-03HaK, K 3MOPLUEHWIA >KOBYHUMA MiXyp Ta BIACYTHICTb YiTKOI MexXi Mix
3a[HbOIO CTIHKOK XOBYHOTO MiXypa i renaTukoxorefoxa, MOXHa 3 BMCOKOK BiACOT-
KOBOIO BiporigHicTio (92%) 3a 4ONOMOro YNbTPa3ByKOBOro AOCNIAKEHHSA Ha Joonepa-
LinHomy etani npunycTuT cuHapom Mipissi.

BucHoBKK. YnbTpa3BykoBa AiarHOCTMKa [03BONsie 3 BUCOKUM (72,9%) CTyneHem
MNMOBIPHOCTI BCTaHOBUTW HasABHICTb cuHApomy Mipi3si Ha pgoonepauiiHoMmy eTani.
BiporigHoto ynbTpasByKOBOK O3HAKOK HasBHOCTI cuHapoMy Mipissi € Bisyanisauis
3aranbHOI CTIHK/ MK XOBYHUM MiXypOM i renaTukoxoneqoxom — AiarHoCTUYHa YyTnu-
BicTb 75,40%. MNpn kombBiHaLii exoo3Hak 3MOPLLEHWIN XOBYHUI MiXyp i Aedopmauis
CTIHKW renaTuMKOXoneaoxa B MiCLi MPUMSraHHSA XXOBYHOTO MiXypa MOXHa 3 BWCOKOM
BiporigHicTio (92%) npunyctutn cuHapom Mipi33i 3a [onNOMOrow  ynsTpasByKOBOT
AiarHocTvkvM Ha goonepadinHomy etani. OTpuMaHa iHdopmauis npo BMCOKY MMOBIp-
HiCTb HasiBHOCTI cuHapomy Mipis3i 4o onepauii [03BONSE MpaBUMbHO ChnlaHyBaTH
MOXINMBI BapiaHTN 06cAry i TakTMKM onepaTMBHOMO BTPYYaHHS.

Bunukos C.O., CasenbeB B.B. [JoonepauiiHa ynbTpasBykoBa AiarHOCTvKa cuHgpomy Mipissi. BicHUK XapKieCbko20
HauioHanbHo20 yHigepcumemy imeHi B.H. KapasiHa. Cepis «MeduyuHa». 2024. T. 32. Ne 1(48). C. 57-64.
DOI: https://doi.org/10.26565/2313-6693-2024-48-06
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ABSTRACT

Background. Mirizzi syndrome (MS) is one of the most severe complications of the
gastrointestinal tract and the most complex pathological process in biliary surgery in
general. The issue of ultrasound diagnostics (USD) of MS in patients with gallstone
disease (GLC) at the preoperative stage for planning the scope of surgical intervention
and warning the patient about possible complications is acute.

The goal. Determine the sensitivity of preoperative ultrasound in the diagnosis
of MS and finding the most significant echo pattern of MS during ultrasound.

Materials and Methods. The results of 9126 cholecystectomies performed in the
Kharkiv Clinical Hospital on railway transport No. 2 for the period from 1997 to 2023
were analyzed, while MS was suspected in 159 (1.7%) patients by ultrasound. Out of 159
in whom signs of MS were detected by ultrasound, MS was reliably confirmed intra-
operatively in 116 (72,9%) patients, and no SM was detected in 43 (27,1%) patients.
MS | type was detected in 98 (84.49%) patients, MS Il type — 18 (15.51%). Among them
there were 87 (75) women, 29 (25) men, the age of the patients ranged from 37
to 80 years (on average — 66.4 years). To analyze the sensitivity of certain echo
characteristics during preoperative ultrasound in case of suspicion of SM, the diag-
nostic sensitivity index (DS) was used.

Results. It was established that the most sensitive echocardiogram is the absence
of a clear border between the back wall of the gallbladder and the hepaticochole-
dochus, the frequency is 75.40%. The next sign of sensitivity, which was confirmed
intraoperatively, is a shrunken gall bladder, the DS indicator is 54.55%. It was also
established that the combination of such echo features as: a shrunken gallbladder
and the absence of a clear border between the back wall of the gallbladder and
hepatic choledochal, which was detected in 25, in 23 of them, MS was confirmed
intraoperatively, the DS rate was 92%.

Conclusions. Ultrasound allows with a high (72,9%) degree of probability to establish
the presence of SM at the preoperative stage. A reliable ultrasound sign of the presence
of SM is the visualization of the common wall between the gallbladder and the
hepaticocholedochus — DS 75.40%. With a combination of echo signs: shrunken
gallbladder and deformation of the wall of the hepaticocholedochus in the place
of attachment of the gallbladder, it is possible to assume MS with a high percentage
of reliability (92%) with the help of ultrasound at the preoperative stage. The received
information about the high probability of the presence of MS before the operation allows
you to correctly plan possible options for the volume and tactics of surgical intervention.

Syndrome. The Journal

National ~ University.  Series  «Medicine».  2024;32(1(48)):57-64. DOI:
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BCTYN

INTRODUCTION

YKosuyHokam’aHa xBopoba (PKKX) € ogHum 3 Hawno-
LUMPEHILIMX XipYpriYHWX 3aXBOPKOBaHb OpraHiB 4YepeBHOI
nopoXxHuHW. 3axsoptoBaHicTb Ha XKKX i KinbkicTb NoB’sa-
3aHMX 3 Hel YCKrnagHeHb HeyXunbHO 36inbluyeTbes.
3apas y €Bponi, 3okpema B YkpaiHi, Ha XXKX cTpaxaae
0o 20% [popocnoro HacerneHHsl i LWOpPIYHO gaHa narto-
noria giarHoctyetbca B 1 MnH HaceneHHs [1]. CuHgpom
Mipi3si (CM) € ogHum i3 HanTsxumx ycknagHeHb XKKX
i HancknagHilwMM naTonoriYyHMM npouecom B GiniapHin
xipyprii B3arani. CM pgiarHocTyetbea y 0,3—6,0% xBopux
3 pisHumn opmammn XKKX. lMonpu noHag nieeikoBy
icTopito BuB4eHHs1 CM BiH € OOHI€0 3 HaMEHLL BUBHEHNX
npobnem y Xipyprii >koB4HMX NpoTokiB [2, 3].

[o TenepiwHbLOro Yacy HeMae €OuHOI OYyMKW B MNu-
TaHHAX MOPAONOriYHOi CYTHOCTI NaToOMOriYHMX 3MiH,
O CTaHOBMNATb OCHOBY CUMHAOPOMY, cTagin nepebiry
i TUNiB, AiarHOCTWKW, BUAY Ta obcary onepadii npu Lbomy
rpisHomy ycknagHeHHi XKKX [4, 5]. Y HaykoBux poboTtax
HefoCTaTHLO BUCBITIIEHa npobnema KOMMMEKCHOro Ao-
CNiMKEHHST MOXITMBOCTEN Cy4aCcHMX METOAIB AiarHoc-
TUKM — yNbTPa3BykoBoOro JocnigxeHHs (Y3[), eHpo-

Cholelithiasis is one of the most common surgical
diseases of the abdominal cavity. The morbidity of
gastrointestinal disorders and the number of related
complications is steadily increasing. Now in Europe,
including in Ukraine, up to 20% of the adult population
suffers from gastro-intestinal tract disorders, and this
pathology is diagnosed in 1 million people every year [1].
Mirizzi syndrome (MS) is one of the most severe compli-
cations of the gastrointestinal tract and the most complex
pathological process in biliary surgery in general. MS is
diagnosed in 0.3-6% of patients with cholelithiasis
disorders. Despite more than half-century history of
the MS studying, it is one of the least studied problems
in bile duct surgery [2, 3].

Until now, there is no general consensus on the
morphology of the pathological changes that form the
basis of the syndrome, the stages of the course and
types, diagnosis, type and scope of surgery for this
formidable complication of cholelithiasis [4, 5]. In scientific
works, the problem of comprehensive research of the
possibilities of modern diagnostic methods — ultrasound
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CKOMiYHOI peTporpagHoi XonaHrionaHkpeatorpadii, nana-
pOCKOMiYHOI  iHTpaonepauinHoi  xonaHriorpadii. [Oyxe
BaXXMMBUM MUTaAHHSAM € goonepadiiHa giarHoctuka CM,
sika [03BOMsie 3anobirtu ATPOreHHOMY MOLUKOOXKEHHIO
YKOBYHUX MPOTOKIB i KPOBOHOCHWX CYAMWH Nig 4vac orne-
pauii. lMpy BUKOPUCTaHHI BCiX METOAIB AOCHIOKEHHA 4O-
onepauiiHa giarHocTuka ckrnagae He Ginbwe 13-20%,
i BMXOOAYM 3 UbOro, paHHs AdiarHOCTMKa LbOro 3axBo-
ploBaHHs1 Bigirpae Baxnuey ponb. [iarHoctnka CM
PO3BMBAETLCSA NapanenbHO 3 MPOrPecoM TEXHIYHOro
OCHaLLEHHS Y MeauUWHi, TOMY y CyvacHii MeguuuHi Ha
gonomory Xipypry npuxogsiTb HOBi TexHonorii, a came
Y3[l 4epeBHOi MNOPOXHUHW € OAHMM 3 MPOBIAHUX
MeToAiB BUSIBMIEHHSA MaTOMOrii »XOBYOBUBIOHUX LLMSAXIB.
3asHayeHuin MeTop, € CKpUHiHroM ctocoBHo CM [6].

IHWi meToaM AiarHOCTUKW, SiKi MOXYTb [OMOMOITU
BCTAHOAUTW NpaBuUNbHWUIA JoonepauiiHui giarHos, YacTto
€ iHBa3VHUMM Ta MOXYTb MPWU3BOAUTM OO YCKNaaHEeHb
abo BumaralTb cknagHoro obnagHaHHs. Tomy Y3[
BUpILLYE Ui NUTaHHA, Hagawun iHPOPMaTUBHUN, HeiHBa-
3MBHUIA MeToA AOCHIAXKEHHS, AkuiA Moxe OyTu nposefe-
HUA wBmako 6e3 nonepegHbOi MiArOTOBKW, HEe3aneXxHo
Bi CTYNEeHs TSXKKOCTi CTaHy nauieHTa.

3HayeHHs Y3[ y po3B’aAzaHHi npobnemu poonepa-
uinHoi giarHoctukn CM, XMBHO HeoOoLiHIOTb, O MOXe
Nnpu3BoAMTM A0 MOMMIIOK Mig Yac nnaHyBaHHA obcsary
XipypriyHoro BTpy4YaHHs. 3a AaHUMWU NPOBEOEHUMX HaMu
pocnigpkeHb Y3[] BigoGpaxae cydacHi ctaHgapTv i €
BaXXMMBOIO CKMNagoBoK Yy XipypriyHOMy rikyBaHHi YKKX
Ta il ycknagHeHs [7].

Meta pocnifXeHHA — BU3HAYUTM  YYTNUBICTb
poonepadinHoro Y3[ npu pgiarHoctuui CM Ta 3Hantm
HanbinbL 3HavyLLy exo-o3Haky CM npw Y3[.

MATEPIAAU TA METOAU AOCAIAXXEHHA

MpoaHanisoBaHo pesynbrat 9126 XOneuncTeKToMIlN,
BMKOHaHMX B XapKiBCbKil KMiHIYHIN nikapHi Ha 3anis-
HU4HoMmy TpaHcnopTi Ne 2 3a nepiog 3 1997 no 2023 pik,
npy ubomy CM npu Y3[ 3anigospunun y 159 (1,7%).
Cepen, 159 nauieHTiB, y sikux Oynu 3a gonomorot Y3[
BUsiBNEHi exoo3Hakn CM, iHTpaonepauiniHo ©Oyrno nig-
TBepaxeHo CM y 116 (72,9%) nauieHTiB, y 43 (27,1%)
nauieHTiB CM He BusiBneHo. CM | Tuny BusiBNeHo
y 98 (84,49%) xBopux, CM Il tuny — y 18 (15,51%),
XiHok 6yno 87 (75%), yonogikiB — 29 (25%), Bik naujieHTiB
konmBaBcs B Mexax Big 37 go 80 pokiB (B cepegn-
HbOMY — 6611 pp.). MauieHTam 6yno npoBeaeHe NOBHO-
LiHHe OOCTEeXeHHS, WO BKIYano KniHiko-nabopaTopHi
meTtoan, Y3, PEFAC, 3a HasABHOCTI MoOKasaHb €HOOo-
CKOMiYyHy peTporpagHy xonaHriorpaqito.

Y3[1 opraHiB 4epeBHOI MOPOXHMHU NPOBOAUIIOCA
3 BUKOPUCTaHHAM anapatiB Sonoace 4800 dipmu
Medison i Philips HDI 4500. BusHayanucsa Taki 03Haku
CM: 3MOpLUEHMIA KOBYHWUIA MiXyp, XOMaHriT, Xonego-
XoniTias, gedopmauis CTiHKM renaTtMkoxornegoxa B Micui
NPUNAraHHS XOBYHOIO Mixypa, BKIIMHEHUA BESMKUN
KOHKPEMEHT Y LUMIAKY >KOBYHOrO Mixypa, BIOCYTHICTb
YiTKOI MeXi MK 3adHbOK CTIHKOKH >XOBYHOIO Mixypa
i renaTtukoxonegoxa.

Ona aHanisy edekTuBHOCTI goonepadinHoro Y3[
npu CM 3a NeBHOK €X003HAKOK AOLifNlbHE BU3HAYEHHSA
[0iarHOCTMYHOI YyTnMBOCTi. [liarHocTuyHa yytnueicTb (O4Y)

examination, endoscopic retrograde cholangiopancreato-
graphy, laparoscopic intraoperative cholangiography
is not sufficiently studied. A very important issue is the
preoperative diagnosis of MS, which allows to prevent
iatrogenic damage to the bile ducts and blood vessels
during surgery. Preoperative diagnosis, when using all
research methods, is no more than 13—-20%. Based on
this, early diagnosis of this disease plays an important
role in the MS diagnosis. Diagnostics of MS develops
in parallel with the progress of technical equipment in
medicine, therefore, in modern medicine, new techno-
logies come to the aid of the surgeon, and in particular,
ultrasound diagnostics of the abdominal cavity is one
of the leading methods of pathology of the biliary
tract detection. The specified method is intended for
MS screening [6].

Other diagnostic methods that can help in making
a correct preoperative diagnosis are often invasive and
can lead to complications or require complex equipment.
Therefore, ultrasound examination solves these matters by
providing an informative, non-invasive research method
that can be performed quickly without prior preparation,
regardless of the severity of the patient’s condition.

The value of ultrasound examination in the problem
solving of preoperative MS diagnosis is falsely underesti-
mated, which can lead to errors when planning the scope
of surgical intervention. According to the data of our
studies, ultrasound diagnostics reflects modern stan-
dards and is an important component in the surgical
treatment of cholelithiasis and its complications [7].

Objective — to determine the sensitivity of preopera-
tive ultrasound in the diagnosis of MS and to find the most
significant echo-sign of MS by ultrasound examination.

MATERIALS AND METHODS

The results of 9,126 cholecystectomies performed
in the Kharkiv Clinical Hospital on railway transport No. 2
for the period from 1997 to 2023 were analyzed, while
MS was suspected in 159 (1.7%) by ultrasound exami-
nation. Out of 159 patients in whom echo signs of MS
were detected by ultrasound examination, MS was
confirmed intraoperatively in 116 (72.9%) patients,
MS was not detected in 43 (27.1%) patients. MS | type was
found in 98 (84.49%) patients, MS Il type — 18 (15.51%).
Among them, there were 87 (75) women, 29 (25) men,
the age of the patients ranged from 37 to 80 years
(on average — 66x1 years). The patients underwent
a full examination, which included: clinical and laboratory
methods, ultrasound examination, FEGDS, endoscopic
retrograde cholangiography, if indicated.

Abdominal ultrasound examination was performed
using the Medison Sonoace 4800 and Philips HDI 4500
devices. The following signs of MS were determined:
shrunken gallbladder, cholangitis, choledocholithiasis,
wall deformation of the hepaticocholedochus at the site
of the gallbladder, a large stone impaled in the neck
of the gallbladder, lack of a clear border between the
back wall of the gallbladder and the hepaticocholedochus.

To analyze the effectiveness of preoperative MS
ultrasound diagnostics by a certain echo feature, it is
appropriate to determine the diagnostic sensitivity.
Diagnostic sensitivity (DS) of the test: determines the
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TECTY BM3HAYaE€ BiACOTOK iICTUHHO MO3WUTUBHUX PE3Yrb-
TaTiB TECTY Yy XBOpPUX Ha nNeBHe 3axBoptoBaHHA. Y €
Ba)XMMBOK XapaKTEPUCTUKOK O3HaKW, OCKINbKW [O03BO-
NSi€ OUiHWTW 34aTHICTb OO0 BUSIBNEHHSI 3axXBOPHOBaHHS
y nauieHTiB, WO AilcHO xBopi. PopMyna Ansa po3paxyHKy
OiarHOCTUYHOI Yy TNMBOCTI:

JIg

Ae Il — KiNbKiCTb iICTMHHO NO3UTUMBHUX pPe3ynbLTaTiB,
X — 3ararnbHa KinbKiCTb XBOPMX 3 MEBHOK €XO03HAKOH.
BiporigHo BigoOMO, WO 4MM BUWEe 3HayeHHa [O4
Ons NeBHOI  eX003HakW, TMM BMLIE  IMOBIPHICTb
BcTaHoBneHHa CM Ha goonepauiiHomy eTani.

= nx100% ,

PE3YABTATU TA iX OBrOBOPEHHS

Cepen 159 (100%) obcCTexxeHux HaMu nauieHTIB
y sikMx Oynu BusBneHHi o3Hakm CM 3a pgonomoroto Y3[,
iHTpaonepauiiHo 6yno niaTBepaxeHo CM y 116 (72,9%)
naujeHTiB, y 43 (27,1%) nauieHtis CM He BuSIBNEHO.
3a pesynbratamu pocnigpxeHHs 6yno BusHadeHo A4
AN TakMx O3Hak: BiOCYTHICTb YiTKOI MeXi MiX 3a4HbO
CTIHKOIO XXOBYHOro Mixypa i renatukoxonegoxa, 3mop-
LLEHUA XOBYHUIA MiXyp, Aedopmalis CTiHKM renaTuko-
xonegoxa B MiICLi MPUMSiraHHST )KOBYHOIO Mixypa, BKIU-
HEHWUIN BEMUKNIA KOHKPEMEHT Y LUMINKY XXOBYHOIO Mixypa,
XOMaHriT, XonegoxoniTias.

OTpuMaHi pesynstati falTb iHopmalito npo Te,
Ky YYTNMBICTb Mae KOXHa 3 exoo3Hak npu Y3[
Ha goonepauiniHomMy etani (Tabn. 1).

percentage of true positive test results in patients with
a certain disease. DS is an important characteristic
of the sign, as it allows to assess the ability to detect
the disease in patients who are really sick. Formula for
diagnostic sensitivity calculating:

DS = ™ x100% .
X

where TP — the number of true positive results,
X is the total number of patients with a certain
echo characteristic.
It is probably known that the higher the value of DS,
for a certain echo feature, the higher the probability
of MS diagnosing at the preoperative stage.

RESULTS AND DISCUSSION

Out of 159 (100%) patients examined by us with
the help of ultrasound, in whom signs of MS were
detected, MS was confirmed intraoperatively in
116 (72.9%) patients, in 43 (27.1%) patients MS
was not detected. According to the results of the study,
DS was determined for the following signs: the absence
of a clear border between the back wall of the gallb-
ladder and the hepaticocholedochus, shrunken gallb-
ladder, deformation of the wall of the hepaticochole-
dochus at the place of attachment of the gallbladder,
a large stone impaled in the neck of the gallbladder,
cholangitis, choledocholithiasis.

The obtained results provide information about
the sensitivity of each of the echo characteristics during
preoperative ultrasound diagnostics (Table 1).

Ta6nuusa 1. [liarHoCTMYHa YyTNMBICTb €X003HaK Npu cuHApoMi Mupissi
Table 1. Diagnostic sensitivity of echo characteristics in MS

3 z -
) o o = o =z ) I _ % 2=
OsHak BUsiBNeHi npu Y3 z E & % I E o % I §Z = 3
renatukobiniapHoi 30HK = T, 2a|& T, E3| 2. % _.asf| £ 2 <8
o oot oZo|lox2ToJo|ol o O T a5 ,90
Characteristics were detected - =) -g 8_-2 P -g o c|l ok o 2-8 Bi= =53 =
during ultrasound of the hepatobiliary zone | 5 £ 5 & 5 o<l TR £5 Pl T &F 5 ca| 83590270
2535520 %8535520|%535525| £EE 958 8
mn o oS L ®mMO0Es mopn 0= T FO®E&ES ®
SoovocPlEosoocs PlEooEpcs B E5%x20c
¥YcaogdFocs | ¥ITaoagFOC|X¥Xaoagl koo 500 n O
3mo| 7 n Mi
PLUEHUIA XKOBYHUIA MiXyp 36 30 66 54,55%
Shrunken gall bladder
XonaHriT, xoneaoxoniTia3s
e 11 20 31 35,48%
Cholangitis, choledocholithiasis mere
[edopmauisa CTiHKM renaTnkoxoneaoxa
B MiCLji NpunsraHHs XOBYHOTO Mixypa 13 22 35 37 14%
Deformation of the hepaticocholedochus wall e
at the place of the gallbladder attachment
Benvikvin BKNMMHEHWI KOHKPEMEHT
Y LUMIAKY XXOBYHOTO MixXypa 20 70 20 22 229,
A large impaled calculus ’
in the neck of the gall bladder
BigcyTHiCTb YiTKOT Mexi
MiX 3a4HbOIO CTIHKOIO XXOBYHOTO Mixypa
i renaTvkoxonenoxa
56 15 71 75,40%
Absence of a clear border °
between the back wall of the gallbladder
and the hepaticocholedochus

BigcyTHiCTb uiTKOI Mexi MK 3aaHbOK  CTIHKOH
XKOBYHOrO Mixypa i renatukoxonegoxa Oyno BusBREHO

Absence of a clear border between the back wall
of the gallbladder and hepaticocholedochus was detected
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Ha Y3[ y 71 xBoporo, 3 sikux y 56 xBopux iHTpaonepa-
uinHo 6yno nigTBepmkeHo CM. TlMokasHuk OY cknas
75,40% (puc. 1).

3MOpLLEHNI KOBYHUIA MiXyp criocTepiraBcs y 66 xBo-
pux nig 4ac Y3, iHTpaonepauiiHo CM 6yno nigteepa-
eHo y 36 3 Hux. MNokasHuk AY cknas 54,55% (pwuc. 2).

by ultrasound in 71 patients, of which MS was confir-
med intraoperatively in 56 patients. The MS rate was
75.40% (Fig. 1).

A shrunken gall bladder was observed in 66 pati-
ents during ultrasound, MS was confirmed intraopera-
tively in 36. The DS indicator was 54.55% (Fig. 2).

Puc. 1. BigcyTHicTb YiTKOi Mexi
MiX 3aHbOI CTIHKOI XOBYHOTO MiXypa i renaTnkoxornenoxa
Fig. 1. Absence of a clear border between
the back wall of the gallbladder and hepaticocholedochus

Hedbopmauia cTiHKM renaTukoxonegoxa B MicLi
NPUNsSraHHs  XOBYHOTO MiXypa cnocTepiranacsi npu
Y¥3[ y 35 xBopux, ane iHTpaonepaduinHo nuwe y 13 xso-
pux 6yno nigtBepmxeHo CM, A4 cknas 37,14% (puc. 3).

Benvkuin BKNMHEHUA KOHKPEMEHT Y LUMIALi XOBYHOrO
mixypa npv Y3[ cnoctepirascs y 90 xBopux 3 Nigo3poto
Ha CM, ane iHTpaonepauiiHo 6yno niaTBepgxeHo CM
nuwe y 20 3 Hux, 4 cknae 22,22% (puc. 4).
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Puc. 3. [ledopmalisa CTiHku renatnkoxonegoxa
B MiCLli NpunsiraHHs XX0BYHOIO Mixypa
Fig. 3. Deformation of the wall of the hepaticocholedochus
in the site of the gallbladder attachment

XonaHriT, xonegoxoniTiad — Ui €X003Hakn CrnocTepi-
ranucs nig 4Yac goonepadiviHoro ¥3[ y 31 xBoporo, ane
nig 4ac onepauinHoro BTpydYaHHs CM niaTBepaXeHo
nnwe y 11 xsopwux, 4 cknas 35,48% (puc. 5).

BcTaHOBNEHO TakoX, WO BUAINEHI HaMW COHorpa-
diyHi 03HaKK, Taki Sk Aaedopmalis CTiHKM renaTukoxore-
Joxa B MiCLli MpunsiraHHSA XXOBYHOIO Mixypa, BErnuKui
BKITMHEHNI KOHKPEMEHT Yy LUMIAKY >KOBYHOrO Mixypa,
XOMaHriT, XoNneaoxoniTtia3, 4acTto crnocTepiranvcs y nadi-
€HTIB 3 iHWMMKU popmamm 2KKX, i MOXyTb ByTr posLiHeHi
AK HecneuundidHi.

BapTo 3a3HauMTh, WO MOEAHAHHA TakMx €XOO03Hak,
AK 3MOPLUEHUIN XOBYHUA MiXyp Ta BIiACYTHICTb MiTKOI
MeXi MK 3a[HbOI CTIHKOK XXOBYHOroO Mixypa i renaTuko-

Puc. 2. 3MOpLLEHWI XXOBYHMI MiXyp
Fig. 2. Shrunken gall bladder

Deformation of the hepaticocholedochus wall at the
site of gallbladder attachment was observed during ultra-
sound in 35 patients, but intraoperatively only 13 patients
were confirmed to have MS, the DS was 37.14% (Fig. 3).

Alarge impaled calculus in the neck of the gall bladder
during ultrasound was observed in 90 patients with
suspicion for MS, but only 20 of them were intraopera-
tively confirmed to have MS, the DS was 22.22% (Fig. 4).
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Puc. 4. BKNMHEHU KOHKPEMEHT Y LLMIKY XXOBYHOTO MiXypa
Fig. 4. Impaled calculus in the neck of the gall bladder

Cholangitis, choledocholithiasis, these echo-signswere
observed during preoperative ultrasound in 31 patients,
but during surgery MS was confirmed only in 11 patients,
DS was 35.48% (Fig. 5).

It was also established that identified by us sono-
graphic characteristics such as deformation of the hepa-
ticocholedochus wall in the place of the gallbladder
attachment, a large impaled stone in the neck of the
gallbladder, cholangitis, choledocholithiasis were often
observed in patients with other forms of cholelithiasis
disorders, and can be considered as nonspecific.

It is worth noting that the combination of such echo
features as a shrunken gallbladder and the absence of
a clear border between the back wall of the gallbladder
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xonegoxa, 6yno BusiBNeHo y 25 nauieHTiB, 3 Skux y 23
nigtBepgxeHo CM iHTpaonepauinHo (92%), wo [o3Bo-
nse 3 BMCOKOK BiACOTKOBOK BipOrigHICTIO Ha goonepa-
uinHomy etani npunyctutu CM.

and the hepaticocholedochus was found in 25 patients,
of which 23 were confirmed to have MS intraoperatively
(92%), which allows with a high percent probability to
diagnose MS at the preoperative stage.

Puc. 5. Xonanrit
Fig. 5. Cholangitis

[o TenepilwHbLOro 4Yacy Hemae 4YyTnNMBUX AiarHoc-
TUYMHUX TecTiB anga giarHocTukn CM. Ak i npy iHWKX
3axXBOPHOBAHHSAX >XOBYOBMBIOHUX wWwnsxie, Y3[ € aiar-
HOCTUYHUM TECTOM MepLloi MiHil, YyTNMBICTb SKOro
BapitoeTecs Big, 8,3% Ao 75% (72,9% vy Hawomy
aocnigxeHHi) [8]. YnbTpasByk BUABMSE Pi3Hi XapakTepHi
ocobnumeocTi CM, Taki siK BigCyTHICTb YiTKOI MexXi Mix
3a[JHbOK CTIHKOK >KOBYHOIO MiXxypa i renaTukoxornenoxa,
3MOPpLLEHUIN XOBYHUIA Mixyp, OedopMmalis CTiHKM rena-
TUKOXOMeaoxa B MicUi MPUNSiraHHsE >KOBYHOrO Mixypa,
BKMVHEHUA BEIUKUA KOHKPEMEHT Y LUMIKY XOBYHOro
Mixypa, XonaHriT, xonegoxoniTia3 [9].

Y xogi pocnigxeHHs ©yno npoaHanisoBaHoO pi3Hi
ynbTpasByKoOBi 03Haku Ans giarHoctukn CM. Pesynsratu
nokasanu 3HayHy pPi3HOMAaHITHICTb Yy [AiarHOCTUYHIN
YYTNMBOCTI Pi3HMX ex003Hak. Hanbinbw 3HavyLmmm
Oynu Taki SK BiACYTHICTb YiTKOI MeXi MiX 3agHbOI CTiH-
KO >XOBYHOro Mixypa i renatukoxonegoxa (OY 75,40%)
i amopLueHuit xxoBYHMIA Mixyp (04 54,55%).

Tpeba 3a3HauMTK, WO Aesiki YyrnbTpa3ByKOBi O3HaKM,
Taki sk gedopmalis CTiHKM renaTukoxoregoxa B Micui
NPUAsiraHHA  KOBYHOTO  MiXypa, BEMUKUA BKIMHEHUN
KOHKPEMEHT Y LUMIAKY XOBYHOIO MiXypa Ta XONaHriT, Xo-
negoxoniTias, 4acTo 3yCcTpivaloTbCs Y NaUieHTIB 3 iHLWMMK
32aXBOPIOBAHHSIMU KOBYOBUBIAHUX LUNSXIB, i HE MOXYTb
Oyt po3uiHeHi sK pgiarHocTUyHO 4ytnuei ans CM.
OpHak, nNpu BUSIBNEHHI KOMGIHAaLi: 3MOPLLEHMIA XKOBYHUI
MiXyp i BIOCYTHICTb 4iTKOI Mexi MK 3aAHbOK CTIHKOI
YKOBYHOTO Mixypa i renaTMkoxonenoxa, MoXHa 3 BUCOKOH
BigcoTkosoto yvytnusicTio (OY 92%) 3a gonomoroto Y3[
Ha goonepadinHomy etani npunyctutu CM.

Pesynbratv JOCNIOKEHHS MalOTb BaXNMBE 3HAYEHHS
ONa KNiHIYHOT NPaKTUKK, OCKINbKM gonomMaratoTb nikapsim
nPUAMaTN BUBAXKEHI PIlLEHHS WOAO0 NodanblUMX KPOKiB
y AiarHOCTu1Li Ta NikyBaHHI nauieHTiB 3 nigo3poto Ha CM.

BUCHOBKHU

Y3 € iHdopmMaTMBHUM METOAOM, SIKMA [O03BOISIE
3 BUCOKMM (72,9%) cTyneHeM iMOBIpHOCTI BCTaHOBUTU
HasiBHicTb CM Ha goonepaduinHomy eTani.

To date, there are no sensitive diagnostic tests for
the MS diagnosis. As for the diagnostics of other
diseases of the biliary tract, ultrasound is the first-line
diagnostic test, the sensitivity of which varies from 8.3%
to 75% (72.9% in our study) [8]. Ultrasound reveals
various characteristic features of Mirizzi syndrome,
such as the absence of a clear border between the
back wall of the gallbladder and the hepaticocholedochus,
a shrunken gallbladder, deformation of the wall of the
hepaticocholedochus at the site of gallbladder attach-
ment, a large stone impaled in the neck of the gallbladder,
cholangitis, choledocholithiasis [9].

In the course of the study, various ultrasound signs for
the MS diagnosis were analyzed. The results showed
a significant diversity in the diagnostic sensitivity of
various echo features. The most significant were, for
example, the absence of a clear boundary between the
back wall of the gallbladder and the hepaticocholedochus
(DS — 75.40%) and for shrunken gallbladder was 54.55%.

It should be noted that some ultrasound signs, such as
deformation of the hepaticocholedochus wall in the place
of the gallbladder attachment, a large impaled stone in
the neck of the gallbladder and cholangitis, choledo-
cholithiasis are often found in patients with other biliary
tract diseases and cannot be considered as diagnosti-
cally sensitive for MS. However, when such combination
is detected: a shrunken gallbladder and the absence of
a clear border between the back wall of the gallbladder
and the hepaticocholedochus, it is possible to diagnose
MS with a high percentage sensitivity (DS — 92%) by
ultrasound diagnostics at the preoperative stage.

The results of the study are important for clinical
practice, as they help doctors make informed decisions
about the next steps in the diagnosis and treatment
of patients with suspected MS.

CONCLUSIONS

Ultrasound diagnostics is an informative method
that allows with a high degree of probability (72.9%)
to diagnose the MS presence at the preoperative stage.
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HanbinbL 4yTnMBoto exoo3Hakoto npu HasBHocTi CM
€ Bi3yanisauis 3aranbHOi CTIHKM MK XXOBYHUM MiXypom
i renaTuKoxornenoxXoM.

Mpn KoMmbGiHauii TakMX €eX003HaK $K 3MOpPLUEHUI
XKOBYHUIA MiXyp i Aedopmalia CTiHKM renatukoxornegoxa
B MiCLi NpUnsraHHs XKOBYHOTO MiXypa MOXHa 3 BUCOKOHO
BiJCOTKOBOIO u4yTnuBicTI0O 3a pgonomorot Y3[ Ha po-
onepadinHomy etani npunyctutn CM.

OTpuMaHHsa iHdopmauii Npo BUCOKY WMOBIPHICTb
HasiBHocTi CM po onepauii, [o03BoOMsi€ MpaBWUiibHO
cnnaHyBaTy MOXNUBI BapiaHTM obcsary i TakTuku one-
paTMBHOrO BTPyYaHHsl, MonepeauTu nauieHta npo
MOXNMBICTb pOo3LUMpEHHs obcsiry onepadii, 3MeHLWUTH
MCUXONOriYHE HaBaHTaXEHHS Ha onepauinHy Opuraay.
Y nigcymky ue npvBOAUTbL [0 MOMIMWEHHA pe3yrib-
TaTiB npoBedeHoi onepaduii, 3MeHweHHA o6'emy Ta
iHBa3MBHOCTI BTpy4YaHHsl. CKOpOYYETbCS PU3UK BUHUK-
HEHHs1 YCKNaHEHb.
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MepcnekTMBU NOAAABLUMX AOCAIAXEHD

HeobxigHi nopganblii  AoChiAXeHHS 3  BinbluuMM  po3MipoM
BMOIpKN ANS NiATBEPAPKEHHS pes3ynbTaTiB LibOro JOCHIMKEHHS.

KoHdAIKT iHTepeciB
ABTOPY He MaloTb KOHMNIKTY IHTEPEeCiB, NP0 AKWUI CNif, 3asaBUTHN.
IHdbopmaLis Npo cbiHAHCYBAHHSA

[HocnigpkeHHs npoBoaunocs 3 iHiLiateM aBToOpiB i He iHaHCy-
Basiocs XXOAHUM [JKEPENoMm.

The most sensitive echo feature in case of MS
presence is visualization of the common wall between
the gallbladder and the hepaticocholedochus.

With a combination of echo signs such as a shrunken
gallbladder and deformation of the hepaticocholedochal
wall at the site of the gallbladder attachment, it is possible
to diagnose MS with a high percent sensitivity using
ultrasound at the preoperative stage.

Obtaining information concerning the high probability
of the MS presence before the operation allows you
to plan possible variants of the scope and tactics of
surgical intervention correctly, it is necessary to warn
the patient about the possibility of the range of the
operation expanding, it will reduce the psychological
burden on the operating team. As a result, this leads to
an improvement in the results of the carried out operation,
a reduction in the range and invasiveness of the inter-
vention. The risk of complications is reduced.
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Prospects for further research

Further research with a larger sample size is warranted to
reaffirm the findings of this study.
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PE3IOME

AxTyanbHicTb. HanBaxnusilwmm etanomM B nikyBaHHi 6e3nnigas mae BNpoBagXXeHHs
B KIiHiYHY NpaKkTVKy METOAIB ekcTpakoprnopanbHoro 3annigHeHHs (EK3), wo 3pobuno
MOXINMBMM peani3auito  yHKUii OiTOHApOMKEHHS MpPakTUYHO npu BCiX hopmax
XiHovoro 6esnnigas. BnpoBagXeHHS eHOOCKONIYHUX TEXHOMOri A03BOMNWMAO 3HAYHO
PO3LUMPUTN AiarHOCTUYHI MOXIMBOCTI Ta YTOMHUTM XapaKTep BHYTPILIHbOMATKOBOI
naTonorii Npu 3acToCcyBaHHiI JOMOMIKHUX PenpoayKTUBHUX TEXHOIMOTIN.

MeTta po6oTu. [ligBueHHss edeKTUBHOCTI MNiKyBaHHS >iHo4yoro 6e3nnigas npu
3aCToCyBaHHi JOMOMIKHUX penpoayKTMBHUX TEXHOSOTIN Ta ricTepockonii.

Marepiann Ta metoam. [lpoBegeHo pocnimkeHHs 42 nauieHTok 3 6Ge3nnigasm
Bikom 32-38 pokiB. B ycix >xiHOK Bu3Hayanu MOPCOMOriYHUIA CTaH eHOOMETpIs
nicns giarHoCTUYHOI rictepockonii. MauieHTkn Bynu po3nogineHi Ha 2 KNiHiYHI rpynu.
[o nepwoi rpynu Bxoaunnum 28 xiHoK, siki nepebyBanu y ctaHi nigrotoBkm o EK3 nicns
rictepockonii 3i 3MiHamMu, XapakTepHUMW Ans NaTonorii eHAOMETPis, WO 3HanaeHi
npu Y3[. Oo apyroi rpynu yBirwnm 14 nauieHTok, y sikux 3a gaHumu Y3[ He Big3Ha-
Yanucsa CTPYKTYPHI 3MiHM eHgomeTpia. Lli nauieHTn npoviwnu Heegany cnpoby EKS.
Y HacTynHoMy LmKRi XiHkam OGyna npoBegeHa AiarHOCTMYHA FiCTEpOCKOoNist y 3B’A3KY
3 BiCYTHICTIO HaCcTaHHA BariTHOCTI nicns nepLuoi cnpobu EKS3.

Pe3ynbrat Ta ix o6roBopeHHs. JomnimkeHHs nauieHTok 1-i rpynu (n = 28) 3i 3mi-
Hamu eHgomeTpst neped EK3 nokasanu, wo npuumHamu nartonorii 6ynu rinepnnasisa
eHpgomeTpito (53,6%); xpoHiuHnin eHgomeTpuT (21,4%), eHaomeTpios (25%). Tomy nepen
CTMMynsiUielo  CcynepoBymsuii  npoBogunacst  rictepockonis 3 NiGTBEPMKEHHSAM
MopdonoriyHoro AiarHody. Y BCix nauieHTok 2-i rpynu (n = 14) nicns rictepockonii
Ta riCTONOriYHOro AOCAIAXKEHHs1 3HangeHi NaTonoriyHi 3MiHM eHOoMeTpIs. XPOHIYHWI
eHgomeTput 3ycTpivyaeca B 5 Bunagkax (35,7%), Mikpornonino3 eHgomeTpia —
B 6 (42,9%), eHpometpios — 3 (21,4%). Y 1-n rpyni kniHi4Ha BariTHICTb HacTana
y 17 nauientok (60,7%), y apyrii —y 9 (64,2%).

BucHoBku. [lictepockonis 3 MOpdOMoriYyHMM AOCAIAKEHHSIM eHOOMETPIA 3anuwia-
€TbCA OCHOBHMM METOAOM [AiarHOCTWMKM BHYTPILUHbOMATKOBOI natororii. [diarHocTuka
HennigHOCTI LWAAXoM ricTepockonii Bigirpae AyXe BaXnvBy ponb And Hopmanisauii
penpoayKTUBHOI  yHKUii Mpu MNpOBEAEHHI EeKCTPaKkopnoparnbHOro OOCHIMKEHHS.
Micna HeBganoi cnpobwu EK3, npu BigcyTHOCTI natonoriyHMx 3MmiH B eHOOMeTpii,
NoTpibHO pobUTK AiarHOCTUYHY FiCTEPOCKONItO0 ANs BUKIIOYEHHS NaTonorii eHgoMeTpis.

Tyubkuin A.C. MigrotoBKka eHOOMETPIs B Nporpamax AOMOMiIKHUX PenpogyKTUBHUX TEXHOMOTIA Npu 6e3nnigai y »iHok.
BicHuk Xapkiscbko2o HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa. Cepis «MeduyuHax». 2024. T. 32. Ne 1(48).
C. 65—72. DOI: https://doi.org/10.26565/2313-6693-2024-48-07
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ABSTRACT

Background. The most important stage in the treatment of infertility is the introduction
into clinical practice of the methods of in vitro fertilization (IVF), which made it
possible to implement the function of childbirth in almost all forms of female infertility.
The introduction of endoscopic technologies made it possible to significantly expand
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diagnostic possibilities and clarify the nature of intrauterine pathology when using
assisted reproductive technologies.

Purpose — of the research should be to increase the effectiveness of the treatment
of female infertility when using assisted reproductive technologies and hysteroscopy
by creating conditions in the endometrium for embryo implantation.

Materials and Methods. A study was conducted in 42 patients with infertility aged 32
to 38 years. In all women, the morphological state of the endometrium was determined
after diagnostic hysteroscopy. The patients were divided into 2 clinical groups. Group 1
included 28 women who were in a state of preparation for IVF after hysteroscopy
with changes characteristic of endometrial pathology, which were found during
ultrasound. The second group included 14 patients in whom, according to ultrasound,
no structural changes of the endometrium were noted. These patients had a failed IVF
attempt. In the next cycle, the women underwent a diagnostic hysteroscopy due to
the lack of pregnancy after the first IVF attempt.

Results. Group 1 patients (n = 28) with endometrial changes before IVF showed that
the causes of pathology were: endometrial hyperplasia (53.6%); chronic endomet-
ritis (21.4%), endometriosis (25%). Therefore, before stimulation of superovulation,
a hysteroscopy was performed to confirm the morphological diagnosis. In patients
of the 2" group (n = 14) after hysteroscopy and histological examination, pathological
changes of the endometrium were found in all patients. Chronic endometritis occurred
in 5 cases (35.7%), micropolyposis of the endometrium — in 6 (42.9%), endomet-
riosis — 3 (21.4%). Clinical pregnancy occurred in 17 patients (60.7%) in the first group,
in 9 (64.2%) in the second group.

Conclusions. Hysteroscopy with morphological examination of the endometrium
remains the main method of diagnosing intrauterine pathology. Diagnosis of infertility
by hysteroscopy plays a very important role in the normalization of reproductive
function during in vitro fertilization (IVF). After an unsuccessful IVF attempt, in the
absence of pathological changes in the endometrium, a diagnostic hysteroscopy
should be performed to rule out endometrial pathology.
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BCTYN

INTRODUCTION

Besnnigas B wnobi 3anuwiaeTbcs HaWbinNbLW akTy-
anbHOKW NpobrnemMol CbOroAEHHA Ta Mae MeauyHe,
coujianbHo-gemorpadiyHe Ta eKOHOMiYHe 3HadeHHst [1].
MpoTArom >XUTTA >KiHKM €HOOMETPIM NPOoXoauTb Mpu-
6nnsHo 500 umkniB pocTy Ta perpecii nig ropMoHanb-
HWUM KOHTPONEM, Ta € OAHMM i3 KIYOBMX (paKTopiB
penpogyKkTnBHoro ycnixy [2]. TkaHuHa eHgomeTpis —
ue cknagHa GaraTOKOMMOHEHTHa cuUcTeMa, sika € 4YyT-
NMBOI0 MILLEHHIO AN CTepoigHUX CTaTeBUX TFOPMOHIB
i 30aTHa 3MiHIOBaTW CBOI CTPYKTYPHI XapakTepUCTUKW.
BupaxeHi BigxuneHHs y MopdonoriyHux, remoguHa-
MiYHMX, IMYHOMOrMYHUX Ta MOMEKYNSAPHO-TEHETUYHUX
napameTpax, $Ki XapakTepu3yloTb HOPMarnbHUIA CTaH
€HOOMETPIS, MOXYTb CNPUATU 3HUKEHHIO NOro peLenTuB-
HoCTI, i Ik Hacnigok — 6e3nnigas [3].

MpoGnemun 6e3nnigas, ki BNAMBaOTb HA HEHACTaHHS
BariTHOCTI B MporpamMax ekcTpakoproparnbHOro 3annig-
HeHHa (EK3), maiwTb Benvke 3HauveHHs. HarBaxnusi-
MM eTanoM y nikyBaHHi 6e3nnigas crana pospobka
Ta BNpOBaXEHHS B KMiHIYHY MpakTuky metonis EK3,
Lo 3pobuno MoXNMBUM peanisauio (yHKUiT AiToHapoa-
KEHHS1 MNpaKkTUYHO npu BCiX dopmax xiHovoro 6es-
nnigas, B TOMY YUCHi | NpU TUX, SIKi paHille BBaxanucs
6e3nepcnekTusHMMM [4].

OpgHa 3 npoBigHWX ponew y peanisauii penpogyk-
TUMBHOI (YHKUii, 6€3CYMHIBHO, HanexuTb €eHOOMETPItO.
Mpu ubomy, npuxoBaHa abo HeBMsIBNEHa naTonoris

Infertility in marriage remains the most pressing
problem of today and has medical, socio-demographic
and economic significance [1].

During a woman'’s lifetime, the endometrium under-
goes approximately 500 cycles of growth and regression
under hormonal control and is one of the key factors
in reproductive success [2]. Endometrial tissue is
a complex multicomponent system that is a sensitive
target for steroid sex hormones and is capable of
changing its structural characteristics. Significant
abnormalities in morphological, hemodynamic, immuno-
logical, and molecular genetic parameters that characte-
rize the normal state of the endometrium can contribute to
a decrease in its receptivity and, as a result, infertility [3].

The infertility problems that affect pregnancy failure
in in vitro fertilization (IVF) programs are of great
importance. The most important stage in the treatment
of infertility was the development and implementation
of IVF methods in clinical practice, which made it possible
to realize the function of childbearing in almost all forms
of female infertility, including those that were previously
considered unpromising [4].

One of the leading roles in the realization of repro-
ductive function undoubtedly belongs to the endo-
metrium. At the same time, latent or undetected
pathology in many cases can cause unsuccessful
embryo implantation. Implantation is an important
stage in the interaction between the blastocyst and
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B GaraTbOX BMNagkax MOXe CTaTu MpUYMHOK HeBaanoil
iMnnaHTauii embpioHa.

IMNnaHTauia € BaxxnMBUM eTanomMm B3aemofii bnacTto-
UMCTM Ta eHOOMETPISA Yy OOCArHEeHHi 6aaHoi BariTHOCTI.
Ha ycniwHy iMnnaHTauito BAAMBaKOTb Taki akTopu K
300pOBMI eMOpIoH Ta pelenTopn eHaoMeTpisi. BuHukae
HeoOXiOHICTb MOLUYKY HOBUX MapKepiB peLenTUBHOCTI
€HOOMETPIsA, BUKOPWUCTAHHA SKUX MOXEe MNpPOrHo3yBaTtu
ycniwHicTb iManaHTadii. Mpouec iMnnaHTauii MOXnNuBMIN
niwe 3a ymMOBM BIiANOBi4I YYTNMBOCTI  €HOOMETPIis
i 3gaTHocCTi GnacToumcTn oo imMnnanTauii [5].

Mowyk WnaxiB NiaBULLEHHSA pe3ynbTaTUBHOCTI 4OMNO-
MDKHUX penpodykTuBHuUX TexHonorin (OPT) Ta nigrotoBku
eHgoMeTpia Ans iMnnaHTauii eMOpioHiB MaloTb aKTy-
anbHe 3Ha4YeHHs.

ToBLMHA eHOOMETPIS — 0AMH 3 HaWBINbLI BaXIMBUX
dakTopiB, WO BMMUBaOTb HA YaCTOTy HacTaHHSA BariT-
Hocti B OPT gna ycniwHoi iMnnaHTauii. Y nauieHTok
3 TOHKUM eHOOMETpIiEM (MeHLe 6,3 MM) Bia3Ha4YaeTbCst
3HAYHO HMXKYa YacToTa HacTaHHA BariTHOCTI i Monoris.

MopyLleHHs peuenTUBHOCTI eHOOMETpIA Moxe OyTu
NPUYMHOK HeBAdad iMnnaHTauii B nporpami EK3 [6].
YcniwHa imnnaHTauis nepeabavae HasiBHICTb CUHXPOHHOIT
B3aemogii brnactouncTn i eHgomeTpis. FOTOBHICTL eHAao-
MeTpist 4o imnnaHTauii, abo Moro peuenTUBHICTb, PO3BK-
BaETbCA Y (PepTUnbHUX XIHOK nuve Yy BIKHO iMnnaH-
Tauii — cepegHio dasy cekpeuii MEHCTpyanbHOro LMKIY.
MopyLleHHs peLenTMBHOCTI eHOOMETPISt XapaKkTepHo Ans
XIHOK 3 6e3nnigasam i BBaXaeTbCs OAHielo 3 HambinbLu
yacTux npuyMH noBTOpHUX HeBgady [OPT 3a ymoBu
nepeHeceHHs1 eMBpPIOHIB XOPOLLIOT SIKOCTi.

Y 3B’A3Ky 3 UMM MM NOCTaBUNW 3aBAaHHS BiOHOBUTU
depTUnbHY YHKUiO XKIHOK LUMSAXOM  YAOCKOHaneHHs
METOAMK MiQrOTOBKM €HOOMETpia  And  iManaHTauii
eMOpioHiB y nporpamax [AOMNOMDKHUX PenpoayKTuB-
HUX TEXHONMOTIN.

MeTa po60Tu — NiABULLMTY eDEKTUBHICTD NiKyBaHHA

XiHovoro 6e3nnigos npy  3acTocyBaHHI  AOMOMIDKHMX
penpoayKTUBHUX TexXHomnorin Ta ricTepockonii  Ang
nigrotoBkn eHOoMeTpis [o  iMnnaHTauii  emOpioHiB

3 NiATPUMKOIO NIOTETHOBOI hasu.
MATEPIAAU TA METOAU AOCAIAXEHHA

MpoBeneHo pocnigXeHHss y 42 nauieHTok 3 6es-
nnigaam Bikom 32—-38 pokiB. B ycix XiHOK BW3Hayanu
MOPQOSOriYHUI CTaH eHOOMETPIs Nicnsa AiarHOCTUYHOI
rictepockonii. Onepauii y Bcix XiHOK Oynu 3gicHeHi
B NNaHoBOMY MOpsSiAKy 3 nepegonepaliiHiM  obcTte-
)KEHHsIM Ta NiAroTOBKOK [0 ONepaTUBHOIO BTPYYaHHS.

MauieHTkn Gynu posnoAineHi Ha ABi KMiHiYHI rpynu.
Oo 1-i rpynn Bxogunu 28 xiHokK, siki nepebyBanu y cTaHi
nigrotoBkn ao EK3. Bcim im 6yno 3pobneHo rictepocko-
nito, ockinbkn 3a paHumu Y3[ B HUX BigsHavanucs
3MiHUW, XapaKkTepHi 4ns naTonorii eHgoMeTpis.

Ho ppyroi rpynn ysinwnu 14 nauieHTok, y AKuX
3a fgaHumu Y3[ He Big3Havanucst CTPYKTYPHI 3MiHW
eHaoMeTpis, npoTe LuM XiHkam Oyna npoBeaeHa
JiarHocTu4Ha rictepockonia y 3B'A3KYy 3 BIiACYTHICTIO
HacTaHHS BariTHOCTI nicns cnpobu EKS.

Ons nipBuweHHsa pesynstatnBHocTi EK3 npusHava-
N1 NiaTpUMKy NoTeiHoBoi dasu (1P) 90 Mr nporectepoHy
y BUrNSAI BariHanbHOro rento BCiM XiHkam 1-i Ta 2-1 rpynu

the endometrium in achieving the desired pregnancy.
Successful implantation is influenced by factors such
as a healthy embryo and endometrial receptors. There is
a need to search for new markers of endometrial recep-
tivity, the use of which can predict the success of
implantation. The implantation process is possible
only if the endometrial receptor response and the ability
of the blastocyst to implant are met [5].

The search for ways to improve the effectiveness
of assisted reproductive technologies (ART) and the
preparation of the endometrium for embryo implanta-
tion is of great importance.

Endometrial thickness is one of the most important
factors affecting the pregnancy rate in ART for success-
ful implantation. Patients with a thin endometrium
(less than 6.3 mm) have a significantly lower rate of
pregnancy and childbirth.

Impaired endometrial receptivity can be the cause
of implantation failures in an IVF program [6]. Success-
ful implantation requires synchronized interaction
between the blastocyst and the endometrium. The endo-
metrium’s readiness for implantation, or its receptivity,
develops in fertle women only during the implantation
window — the middle phase of menstrual secretion.
Impaired endometrial receptivity is typical for women
with infertility and is considered one of the most common
causes of repeated ART failures, provided that good
quality embryos are transferred.

In this regard, we have set a goal to restore the
fertile function of women by improving the methods of
endometrial preparation for embryo implantation in
assisted reproductive technologies programs.

Objective — to improve the effectiveness of female
infertility treatment using assisted reproductive techno-
logies and hysteroscopy to prepare the endometrium
for implantation of luteal phase embryos.

MATERIALS AND METHODS

The study was conducted in 42 patients with infer-
tility aged 32 to 38 years. In all women, the morpholo-
gical state of the endometrium was determined after
diagnostic hysteroscopy. All women underwent surgeries
as planned with preoperative examination and prepa-
ration for surgery.

Patients were divided into 2 clinical groups. Group 1
included 28 women who were in preparation for IVF.
All of them underwent hysteroscopy, since according
to the ultrasound, they had changes characteristic of
endometrial pathology.

The second group included 14 patients who did not
have structural changes in the endometrium according
to ultrasound, but these women underwent diagnostic
hysteroscopy due to the absence of pregnancy after
an IVF attempt.

To increase the effectiveness of IVF, luteal phase (LP)
support with 90 mg of progesterone in the form of a vaginal
gel was prescribed to all women in groups 1 and 2.
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cnoctepexeHHs. Mpu uin nigtpumui J1® TpaHchopmauis
eHgomeTpis Bignosigana 4-5 AHo nicns oBynAuii.

[poBeneHHa giarHOCTUYHOI  rictepockonii  nepeg
BUAANEHHAM €eHOOMETPIS Mae 3Ha4yeHHst Ansl BU3Ha-
YEHHS1 NOro CTPYKTYPU Ta MOXINBOT MPUYMHU BiACYTHOCTI
HacTaHHsA BariTHOCTi. [py UbOMY, NPOBEOEHHS CXEeMWU
niaTpumkn  nioTeiHoBoi dasn umkny cnpusie 36epe-
JKEHHIO TOPMOHANbHOTO NOTEHLjany, siKMin HanalToBaHWUiA
Ha iMnnaHTauilo i noganblMiAi PO3BUTOK eMbpioHa, Lo
3Ha4yHO MiaBULLYE WMOBIpHiCTb EK3. Takuii meTtoq 3Ha4HO
noninwye pesynsTaTUBHICTL AOMNOMIKHUX pPenpoayKTUB-
Hux TexHonorii (OPT), B YoMy nonsrae HaykoBa HOBWU3HA
OTPUMaHUX Y AOCRIMKEHI JaHNX.

OcHOBHOLO ckaprot y BCix nauieHTok byno 6e3nnigas.
MepBuHHe 6e3nninas Big3Havanoca y 17 (40,5%) xsopux,
BTOpUHHE — Y 25 (59,5%).

KoxHin nauieHTui ©yno BWKOHAHO MNOBHE KHiHiKO-
nabopatopHe gocnigpkeHHsi, npoBegeHo Y3[l opraHiB
Marnoro Tasa Ta iHWi npoueaypu, 3rigHO 3 MPOTOKOSIOM
obcTexeHHs1 nauieHTok 3 6e3nniggsam Ao npoBedeHHs
rictrepockonii. [1oporoBMM 3Ha4Ye€HHSIM  CTaTUCTUYHOI
[ocToBipHOCTI NpuiHaTo p < 0,05.

[iarHocTnyHy rictepockonilo nNpoBoavMnuM 3a [[omno-
MOFOK )XOPCTKOFO €HAO0CKOMa 3 30BHILLHIM OiaMeTpoM
auctanbHoi YactuHn 2,4 MM dipmn KARL STORZ.
3BepTanu yBary Ha Kormip Ta TOBLUUHY eHAOMETPIs, Noro
BiANOBiAHICTb 80O6I MEHCTpyanbHOro LMKy, dopMy i Benu-
YMHY MOPOXHWHU MaTKW, HasBHICTb TUX YW  iHLIMX
NaTonoriYyHNx yTBOPeHb abo BKMOYEHb, pPenbed CTiHOK,
cTaH rupn maTkoBux Tpyb. MNpu BUSBNEHHI ocepeakoBoi
natonorii 6yna BuKOHaHa npuuinbHa Gioncis eHgomeT-
pis. [icTonoriyHi BMCHOBKM popMynoBanu BiAnoBigHO
0O Cy4vacHMX CcTaHAapTiB Ta 3 ypaxyBaHHSM BUMOr
MixxHapogHoi knacudgikaLii XBopo6, a Takox 3 ypaxyBaH-
HAM pPO3pobrneHnx KputepiieB MopdoMeTpuyHOi giarHoc-
TUKK natonorii eHgomeTpis [7].

lcTepockonito NpoBOAMMM B paHHIO  OMIKYNSpHY
a3y Ha 5-12 OeHb MeHCTpyarnbHOro LUuKmy, TOMy Lo
came B AaHin dasi uMKny eHOOMETpPI Ta MOPOXHMHA
maTku fobpe Bisyanisytotbecs [8]. IHTpaonepauinHux Ta
nocronepauiHuMx ycknagHeHb nicns BTpy4YaHb Yy nauieH-
TOK BiJ3HA4YeHO He Byro.

[ns ouiHk1M eHOoMeTpis BUKOPUCTOBYBANUCS TpaHC-
BariHanbHe ynbTpa3BykoBe 06CTEXEHHS MaTKOBOI MOPOX-
HWHK, sIKE BKIIHOYAro OUiHKY TOBLUMHW €HOOMETPIsi, Moro
€XOreHHICTb Ta KMCTO3HW KOMMOHEHT. [lig Yac rictepo-
ckonii 6ynu cnpobu BuAanuTn BCO TKAHUHY 3 MOPOXHUHU
matku. Big koxHoi nauieHTkn 6yno BigibpaHo Big TpbOX
0O M'sATKM 3paskiB eHaoMeTpis. ExoreHHicTb eHaomeTpis
OLiHIOBanN® B MOPIBHAHHI 3 EXOreHHICTI0 MiOMeTpis.
[omoreHHicTb eHOOMeTpis ouiHIoBanacb 3a WOro CTpyk-
TYpol, fIka Mae TpWLapoBy TOBLUMHY. BHyTpilLIHbO-
NMOPOXHWUHHI YTBOpPEHHA Oynu onucaHi Sk eHaoMeTpi-
anbHi  MOLWIKOAXEHHS, WO BWHUKAOTL 3 MIOMETPIS.
Knacudikauito eHoomeTpis BUKOPUCTOBYBanu AN BU-
MiploBaHHSA ONMCy NaTonorii 3 nokanisawieto B NOPOXHUHI
MaTKu, siki MOXYTb OyTM BUKOPUCTaHI SIK Yy LLOAEHHIN
npakTuui nikapis, Tak i B HayKOBUX JOCTiAXEHHSAX.

OUiHKy ropMOHarnbHMX NOKa3HWUKIB BU3Ha4Yanu iMyHo-
dhepmeHTHUM MeTooM: donikynocTumyntotodoro (OCrI),
ntoteinisytodoro  (JIM), nponaktuHy (MPJ1), ocHoBHoOro
Mapkepa OBapianbHOro pe3epBy — aHTUMIONEpoOBa rop-
moHy (AMT), ectpagiony (E2), nporectepony ().

With this LF support, endometrial transformation
corresponded to 4-5 days after ovulation.

Diagnostic hysteroscopy before endometrial removal
is important for determining its structure and the possible
cause of pregnancy failure. At the same time, a scheme
to support the luteal phase of the cycle helps to preserve
the hormonal potential, which is tuned to implantation
and further development of the embryo, which signifi-
cantly increases the likelihood of IVF. All of this signi-
ficantly improves the effectiveness of assisted repro-
ductive technologies (ART), which is the scientific novelty
of the data presented in the article.

The main complaint of all patients was infertility.
Primary infertility was noted in 17 (40.5%) patients,
secondary in 25 (59.5%).

Each patient underwent a complete clinical and
laboratory examination, pelvic ultrasound and other
findings, according to the protocol for the examination of
patients with infertility, before hysteroscopy. The threshold
value of statistical significance was p<0.05.

Diagnostic hysteroscopy was performed using
a rigid endoscope with an outer diameter of the distal
part of 2.4 mm by KARL STORZ. Attention was paid to
the color and thickness of the endometrium, its corres-
pondence to the day of the menstrual cycle, the shape
and size of the uterine cavity, the presence of certain
pathological formations or inclusions, wall relief, and the
condition of the fallopian tube mouths. If focal endometrial
pathology was detected, a targeted endometrial biopsy
was performed. Histologic conclusions were formulated
in accordance with modern standards and taking into
account the requirements of the International Classifi-
cation of Diseases, as well as the developed criteria for
morphometric diagnosis of endometrial pathology [7].

Hysteroscopy was performed in the early follicular
phase on days 5-12 of the menstrual cycle, because
it is in this phase of the cycle that the endometrium
and uterine cavity are well visualized [8]. The patients
had no intraoperative or postoperative complications
after the interventions.

Transvaginal ultrasound examination of the uterine
cavity was used to evaluate the endometrium, which
included an assessment of endometrial thickness,
echogenicity, and cystic component. During hysteroscopy,
attempts were made to remove all tissue from the
uterine cavity. Three to five endometrial samples were
taken from one patient. The echogenicity of the endo-
metrium was evaluated in comparison with the echo-
genicity of the myometrium. Endometrial homogeneity
was assessed by its structure, which has a three-layer
thickness. Intracavitary lesions were described as
endometrial lesions arising from the myometrium.
The endometrial classification was used to measure
the description of pathology with localization in the
uterine cavity, which can be used both in the daily
practice of doctors and in scientific research.

Hormonal parameters were assessed by enzyme-
linked immunosorbent assay: follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), prolactin (PRL),
the main marker of ovarian reserve — antimullerian
hormone (AMH), estradiol (E2), progesterone (PG).

The study of the state of the hypothalamic-
pituitary-ovarian system was carried out in the early
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BuB4eHHs cTaHy rinoTanamo-rinodizapHoO-ae4HMKO-
BOI CUCTEMW NPOBOAWUMOCHA Y pPaHHIO OnNiKyniHOBY
a3y MeHCTpyanbHOro uukny. BusHavanu koHueHTpauii
ropmoHis ®CT, I, MPN, E2 , AMI, y nna3mi kpoBi Ha
2-5 poby Ta Ha 22—-24 noby — nporectepoHy (") oBapio-
MEHCTPYarbHOI0 LMKITY.

CratuctnyHa o6pobka ogepkaHoro maTepiany npoBo-
avnacs 3a gonomoroto kputepito CTeloaeHTa.

PE3YABTATU TA iX OBFOBOPEHHS

lMpoBegoeHo [OCMiIOKEHHA NiABULEHHA edeKTuB-
HocTi nikyBaHHs EK3 gns nigrotoBkM eHpgometpito o
iMmnnaHTauii eMOpIioHIB WNsiXoM onTMMi3auii nikyBanbHO-
AiarHocTuyHuX 3axogiB. Y nauieHTkok 1-i rpynu (n = 28)
B pes3ynbraTti YnbTPasByKOBOrO AOCIIAXEHHS BUSIBNEHI
3MiHW eHaomeTpisa. Ha nonepegHbOMy eTani nporpamu
EK3 6yno Bum3HauyeHo, WO npuyvHamu nartonorii 6ynm
rinepnnasisa eHgometpis (53,6%); XpOHiYHUIA eHOoMeT-
put (21,4%), engometpios (25%). Tomy, nepen cTumyns-
Lieto cynepoBynsauii npoBogunacsa rictepockonis 3 nig-
TBEPOKEHHAM MOPGONOriYyHOro giarHosy. [iarHo3 Bepu-
ikoBaHO Mmicna  MAaToMOPAOSOriYHOrO  AOCHIAXKEHHS
TKaHWHW, OTPMMAHOI MiJ Yac NPOBEAEHHS ricTepocKonmii.

Y nauieHTok 2-i rpynu (n = 14) nig vyac Y3[ natono-
riYHMX yTBOPEHb B eHAOMETpii He 3Haxoawunu. B none-
pedHbOMY  LMKNi  npoBedeHa cnpoba nepeHeceHHs
eMOpioHa B MaTKy, sika He 3akiH4Mnacsl HacTaHHAM BariT-
HocTi. Mig vac rictepockonii npoBeAeHa Bakyym-acnipa-
uia engometpia. lictonoriyHe AOCRIAXEHHS BUSBUIO
naTonorivyHi 3MiHM eHOOMETPIS B YCiX Naui€eHTOK. XPOHiy-
HWUIA eHOOMETPUT 3ycTpiYaBcs B M'ATu Bunazgkax (35,7%),
Mikpononino3 eHgomeTpis — y wectn (42,9), eHgomer-
pio3 — y Tpbox (21,4%). MNicna nikyBaHHA XPOHIYHOro
€HOOMETPUTY 4Yepe3 UMKI Micnst rictepockonii npoBo-
ONnn nepeHeceHHa embpioHa nicna MIAO. Y 1-in rpyni
KniHiYHa BariTHiCTb Hactana y 17 nauieHTok (60,7%),
y apyrin —y 9 (64,2%).

Ak BuAHO 3 pesyneraTtiB AOCNimKeHHA (Tabn. 1),
NMOKa3HWKN Y CMPOBATL KPOBI JHOTEIHI3YO4Oro rOPMOHY,
NPONakTUHy Ta ecTpaaiony y NOpiBHIOBAHUX rpynax Kiii-
HIYHOro AOCHiMKEHHST 3HAaXoauNNCs y Mexax pedepeHc-
HUX 3HaYeHb, Ta CTAaTUCTUYHO 3HAYyLi BiAMIHHOCTI 3a iX
BMICTOM MiX rpynamu He 6ynu Hamu BusierieHi (p > 0,05).

follicular phase of the menstrual cycle. The concentra-
tions of hormones in the blood plasma were determined
on days 2-5 of the FSH, LH, PRL, E2, AMH and on days
22-24 of the ovario-menstrual cycle.

The statistical processing of the obtained material
was performed using the Student’s t-test.

RESULTS AND DISCUSSION

A study was conducted to improve the effectiveness
of IVF treatment by optimizing treatment and diagnostic
measures to prepare the endometrium for embryo
implantation. In this regard, patients of group 1 (n = 28)
with endometrial changes detected by ultrasound exa-
mination, at the preliminary stage of the IVF program,
showed that the causes of pathology were: endometrial
hyperplasia (53.6%); chronic endometritis (21.4%),
endometriosis (25%). Therefore, before stimulation of
superovulation, hysteroscopy was performed to confirm
the morphological diagnosis. The diagnosis was verified
after patho-morphological examination of the tissue
obtained during hysteroscopy.

In patients of the 2™ group (n = 14), no pathological
formations were found in the endometrium during
ultrasound. In the previous cycle, an attempt was made
to transfer the embryo into the uterus, which did not
result in pregnancy. During hysteroscopy, vacuum
aspiration of the endometrium was performed. Histolo-
gical examination revealed pathological changes in the
endometrium in all patients. Chronic endometritis was
found in 5 cases (35.7%), endometrial micropolyposis —
in 6 (42.9), endometriosis — in 3 (21.4%). After the treat-
ment of chronic endometritis, embryo transfer after
PGD was performed one cycle after hysteroscopy.
In group 1, clinical pregnancy occurred in 17 patients
(60.7%), in group 2 —in 9 (64.2%).

As can be seen from the results of the study (Table 1),
serum levels of luteinizing hormone, prolactin, and
estradiol in the compared groups of the clinical trial were
within the reference values and we did not find statisti-
cally significant differences in their content between
the groups (p > 0.05).

Tabnuua 1. KoHueHTpauisi ropMOHIB y cMpoBaTLi KpoBi neped npoBefeHHsM EK3
Table 1. Concentration of hormones in blood serum after LF maintenance before IVF

lopmoH / Hormone

1-wa rpyna / 1 group

2-rarpyna / 2 group

Luteinizing hormone, 1U/ml

(n=28) (n=14)
donikynocTumyniorounii ropmoH, MEa/mn
Follicle-stimulating hormone Med/ml 6,2+ 1,69 58+1,81
JTioTeinidytoumn ropmoH, MEa/mn 3554073 2.82 40,92

MponakTtnH, ME/Mn
Prolactin, IlU/mL

224,71 + 35,31

209,52 + 33,22

Ectpagion, nr/mn
Estradiol, pg/ml

36,18 + 3,26

34,33 £ 3,12

AHTMMIONEPIB FOPMOH, HI/MM
Antimullerian hormone ng/ml

0,97 £0,15

1,01 +£0,25

lMpumimka: JocToBipHICTb BigMiHHOCTeN He BCcTaHoBneHa (p > 0,05).

Notes: The differences are not significant (p > 0.05).
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donikynapHun peseps — AMI™ y 1-i4 rpyni cnoctepe-
XEHHs1 OYyB Ha HWXHIN MexXi OonyCTUMWX 3HaveHb Ta
cknagas y cepegHboMy 0,97 + 0,15 Hr/mn, y 2-1 KniHiv-
Hin rpyni — 1,01 = 0,25 Hr/mMmn. OTpuMMaHi Hamu nokas-
HUKM CMPOBAaTKOBUX KOHLUeHTpauin AMIT Ta ®CI mornun
CBIgYMTM NPO HOpManbHWUIA ONIKyNSpHUIA pe3eps B 060X
JocnigkyBaHMX KMiHIYHWMX rpynax Ta nepenbadyBaHiii
ajekBaTHi BignNoBigi Ha CTUMynAUilo cynepoBynsuii.
MpoBeneHe ropMoHanbHe OOCHIOXEHHsI Mokasano, Lo
Mamxe KOXHa nauieHTKa Mamna HopMmarnbHun doniky-
NAPHUA pe3epB, WO Moxe nepegbavatn agekBaTHY
BiANOBIAb Ha CTUMYNAL0 cynepoBynsuii (Tabn. 2).

Follicular reserve — AMH in the 1% observation
group was at the lower limit of acceptable values and
averaged 0.97+0.15 ng/ml, in the 2™ clinical group —
1.0120.25 ng/ml. Our findings of serum concentrations
of AMH and FSH could indicate a normal follicular
reserve in both clinical groups and an expected adequate
response to superovulation stimulation. The hormonal
study showed that almost every patient had a normal
follicular reserve, which may indicate an adequate
response to superovulation stimulation (Table 2).

Tabnuus 2. Em6pionoriyHa xapakTepucTuKa XiHok 1-i Ta 2-i rpyn, wo 6ynu 3aaisHi y nporpami EK3, M £ m
Table 2. Embryological characteristics of women of groups 1 and 2 who were involved in the IVF program, M + m

MokasHuk, wo gocnigxysasca / The investigated indicators ! rpyréizlzg)group 2 rpyn(i=/1f)gr0up
Kinbkictb dponikynis / Number of follicles 144 +0,5 13,7+0,3
Kinbkictb oountie / Number of oocytes 12,1+0,4 10,9+£0,2
KinbkicTb 3pinux oouutis / Number of mature oocytes 10,5 +£0,3* 6,8+0,1
Kinbkictb embpioHiB / Number of embryos 8,9+0,6 58+04
Kinbkicte 6nactoumct / Number of blastocysts 6,7 +£0,2* 21+0,2
KinbkicTb sikicHnx 6nactoumct / Number of quality blastocysts 5,5+ 0,7 1,7+0,3

lMpumimka: *BCcTaHOBNEHa AOCTOBIPHICTb BigMmiHHOCTeN (p < 0,05).
Notes: *the differences were found to be significant (p < 0.05).

MigpaxyHOK KinbKOCTi OTPUMaHUX OOLMTIB HE BUSBIB
CTaTUCTWUYHOI BIOMIHHOCTI MiXX >XiHkamu 1-i Ta 2-i rpyn
pocnigkeHHa (12,1 + 0,4 ta 10,9 + 0,2, BignoBigHoO).
Mpote, y nauieHTok 1-i rpynn oTpumaHo Ginblue 3pinux
ooumTiB (10,5 + 0,3), y ToM 4ac K aHamnoriYyHW Nokas-
HVK y nauieHToK 2-i rpynu ctaHoswms 6,8 + 0,1.

Byno BuWsIBMEHO CTATUCTUYHO 3HaYyLly BiAMIHHICTb
Y KifbKOCTI i AKOCTi OTpMMaHnx eMopioHiB (y 1-i rpyni —
8,9+0,6,y2-nrpyni—5,8+0,4).

Yepe3 2 umknu nicnsa rictepockonii y npupogHoOMy
MEeHCTpyanbHOMY UuKNi 4epe3 5 pgHiB nicna osynsauii
npoBOAWMM NepeHeceHHs eynnoigHoro embpioHa. Tpak-
chep embpioHiB y MOPOXHWMHY MaTku 6yno 3aiicHeHo
y BCix nauieHTok o6ox gocnigxysaHux rpyn (100%).

ToBLUMHa eHAOMETPIA B AeHb eMBpioTpaHcdepy y na-
uieHTok obox rpyn byna maimke ogHakosa — 9,7 £ 0,7 Mm
(8 1-v rpyni 9,8 £ 0,4 mMm, y 2-1 — 9,6mmMm). [NepeHeceHHs
emObpioHiB NpoBoAMNOCH Ha N'ATY A00Y KyNbTUBYBaHHS.

Y 1-7 rpyni kniHiYHa BariTHICTb HacTanay 17 nauieHTok
(60,7%), y apyrin —y 9 (64,2%).

HocnigxeHns edpektuBHocTi EK3 nonsrae B Tomy, Wwo
BiJCOTOK HACTaHHSA BariTHOCTi, B JaHOMYy BWNagky, He
Bigirpae cyTtTeBoi poni. [onoBHa meTa nomnsrae B TOMY,
Lo nicnsa BUAANEHHA eHAOMETPIA 3 MaTKu, NPOBOAUTLCA
MOro OHOBIEHHS, i MicnsA Uboro Yyepes 2 uuknu Biabysa-
€TbCA MEepeHEeCeHHsa eynnoigHoro emobpioHa y npupoa-
HOMY MEHCTpyanbHOMY UuKMi 4Yepe3 5 pOHiB nicna
osynadii [9]. Tomy EKS3 y Bcix xiHOK 3gincHioBanu nicns
HasIBHOCTI Y MaTKOBIll MOPOXHWHI 340POBOr0 €HAOMET-
pid. Lle BnnuHyno Ha Ginbw edektuBHuMi pesynsrat EK3
y obox rpynax cnoctepexeHHs (y 1-v rpyni BariTHIiCTb
HacTtana y 17 nauieHTok (60,7%), y apyrii —y 9 (64,2%).
Lle Takox nigTBEpPOXKYE TOWN (PaKT, LU0 iCHYIOTb (hakTopu,
WO BNAMBalTb Ha 3MiHW €HOOMETPIs, sKki NPU3BOAATb
[0 BiOCYTHOCTI BariTHOCTI Yepe3 Hesigomi npuynHmn [10].

Counting the number of oocytes obtained did not
reveal any statistical difference between women in
groups 1 and 2 (12.1 £ 0.4 and 10.9 + 0.2, respectively).
However, patients in group 1 received more mature
oocytes (10.5 £ 0.3), while the same indicator in patients
in group 2 was 6.8 £ 0.1.

A statistically significant difference was found in
the number and quality of embryos obtained (in group 1 —
8.9+0.6,ingroup2-5.8+0.4).

In 2 cycles after hysteroscopy, euploid embryo transfer
was performed in the natural menstrual cycle 5 days
after ovulation. Embryo transfer into the uterine cavity was
performed in all patients of both study groups (100%).

The endometrial thickness on the day of embryo
transfer in patients of both groups was almost the same —
9.7£0.7 mm (in group 1 — 9.8+0.4 mm, in group 2 — 9.6).
The embryo transfer was performed on the fifth day
of cultivation.

In group 1, clinical pregnancy occurred in 17 patients
(60.7%), and in group 2 — in 9 (64.2%).

The study of IVF effectiveness is that the percen-
tage of pregnancy, in this case, does not play a signifi-
cant role. The main goal is that after the endometrium
is removed from the uterus, it is renewed, and then
after 2 cycles, the euploid embryo is transferred in the
natural menstrual cycle 5 days after ovulation [9].
Therefore, IVF in all women was performed after the
presence of a healthy endometrium in the uterine cavity.
This resulted in a more effective IVF outcome in both
study groups (in group 1, pregnancy occurred in 17 pa-
tients (60.7%), in group 2 — in 9 (64.2%). This also
confirms the fact that there are factors that affect
endometrial changes that lead to the absence of preg-
nancy for unknown reasons [10].
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BUCHOBKHU

[icrepockonis 3 MOpPMOMoriYHMM  AOCHIOKEHHAM
€HOOMETpIs  3anuaeTbCad OCHOBHMM METOAOM Jiar-
HOCTMKW BHYTPIiLUHbOMATKOBOI MaTonorii Ta Bigirpae
OyXe BaxnuBy ponb Ans HopMmanisauii penpogykTuB-
HOI cpyHKUii npu npoeeaeHHi EKS3. lNMepen BuaoaneHHsm
eHOoMeTpis HeoOXiOHO BM3HAYEHHsI MOro CTPYKTypu Ta
MOXIUBOI MPUYMHM BIACYTHOCTI HACTaHHA BariTHOCTI.
HaiiGinblw edekTMBHUM METOAOM OLiHKM eHAOoMeTpis
€ TpaHcBariHanbHe ynsTPa3ByKOBE OOCTEXEHHSI MaTKo-
BOI NOPOXHUHW, sike Hagae iHbopmaLilo NPo pPi3Hy CTPykK-
TYpY BHYTPILUHLOMATKOBOI MaTonorii y XiHOK penpoayk-
TUBHOrO BIKY.

[poBegeHHA cxemu NIigTPUMKM NHOTETHOBOI basun
UMKy cnpusie 36epexXeHHI0 TOpMOHarnbHOro noTeHuiany,
AKMMA HanawToBaHMW Ha iMnnaHTauilo i noganbLUnin
pO3BMTOK eMOpioHa, 3HAYHO NiABULLYE NMOBIPHICTb Yac-
TOTOTM HaCTaHHA KNiHIYHOI BariTHOCTI npu EK3.

Mpu nnaHyBaHHi npotokony EK3 e HeobxigHum
KOMMNMEKCHE OOCTEXEHHSI XIHOK 3 ypaxyBaHHSIM YCixX
KOMMOHEHTIB AiarHOCTUYHOIO MpOLECy, WO [J03BONUTL
BM3HAYMTU TaKTWUKYy MOJanblIOr0 BEAEHHsSI MaLieHTOK 3
6e3nnigasm Ta 3Ha4YHoO NiABULLNTY pe3ynbTaTuBHICTL EKS.
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CONCLUSIONS

Hysteroscopy with morphological study of the
endometrium remains the main method of diagnosing
intrauterine pathology and plays a very important role
in normalizing reproductive function during IVF. Before
removing the endometrium, it is necessary to determine
its structure and the possible cause of the absence of
pregnancy. The most effective method of endometrial
evaluation is transvaginal ultrasound examination of
the uterine cavity, which provides information on the
different structure of intrauterine pathology in women
of reproductive age.

Conducting a scheme to support the luteal phase
of the cycle helps to preserve the hormonal potential,
which is tuned to implantation and further development
of the embryo, significantly increases the likelihood
of clinical pregnancy in IVF.

When planning an IVF protocol, a comprehensive
examination of women is necessary, taking into account
all components of the diagnostic process, which will
determine the tactics of further management of pati-
ents with infertility and significantly improve the
effectiveness of IVF.
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MepcnekTUBU NOATABLLUMX AOCAIAXEHb

Mopanbwi gocnifkeHHa OyayTb MPUCBSYEHI  akTyasnbHIn
npobnemi cyyacHoi riHekomnorii — NiABULLEHHIO edeKTUBHOCTI
nporpaM [AOMOMDKHUX PEenpOAYyKTUBHUX TEXHOSOrN  LUISXOM
BVMBYEHHS OCHOBHMX MaTOTEHETUYHMX MNaHLUIorMB  3anexHo
Bi, CXemMu MiATPUMKU noTeiHoBOI hasmn, wo 6Oyge cnpusatu
NiABULLEHHIO pe3ynsTaTMBHOCTI NiKyBaHHA 6e3nniaas.

KoHAIKT iHTEpeciB

ABTOp pyKOnUCy CBIiOOMO 3acBifyye BIACYTHICTb (DaAKTUYHOro
abo MOTeHUNHOrO KOHQMIKTY iHTepeciB LoAO pesynbraTiB
uiei pobotn. PiHaHCOBa MIATPUMKA MOXYTb OyTu NOB’s3aHi
3 MpeaMeToM HajaHux MmartepianiB avceprauinHoi poboTw,
AIKi CNOHCOpyBanu NpoBeAeHi AOCHIAKEHHS.

IHdbopMmaLis Nnpo chiHAHCYBAHHS

diHaHcyBaHHs BuaaTkamu [JepxxaBHoro bromkeTy YkpaiHu.

Moasika

ABTOp BWCMOBMIOE LWUMPY NOAsKY ChiBpobiTHMKaM kadeapu
akywepcTtBa Ta riHekornorii N2 2 XapkiBCbKOro HauioHanbLHOro
MeAuyHoro yHiBepcuteTy MiHicTepcTBa OXOpPOHM  300POB’S
YKpainu, wo 6ynu 3aaisHi y BUKOHaHHI HayKOBO-A0CHIAHOT poboTu.

BIAOMOCTI NPO ABTOPIB

Nyubkuin AHapin CeprinoBuy — kaHAMAAT MeOUYHUX HayK
(ookTop hinocogii B ranysi OXOpoOHM 300POB’'st 3a cneianb-
HicTio «MeguuuHa»), acucTeHT Kadpeapu akyluepcTBa Ta riHe-
konorii Ne2 XapkiBCbKOro HauioHanbHOro MeAWMYHOro YHiBep-
cuteTy MiHicTepcTBa OXOpOHM 300poB’'st YKpaiHu; npocn. Hayku,
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BHecok aemopa: KoHuenuisi ma ousalH 00CNiOXeHHS,
36ip OaHux, aHania ma iHmeprnpemauis 0OaHux,
HarnucaHHs cmammi, peda2ysaHHsi crmammi.

Prospects for further research

Longer studies will be devoted to the current problem of
modern gynecology — increasing the effectiveness of assisted
reproductive technology programs by studying the main
pathogenetic chains depending on the luteal phase support
scheme, which will contribute to increasing the effectiveness
of infertility treatment
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PE3IOME

AkTyanbHicTb. Y natoreHesi GaraTbox iHTpa- Ta nicnsionepauiiHux ycknagHeHb
3HayHy ponb BigirpaTb cknag, ob’em i Temn iHdysiHoi Tepanii (IT), ocobnueo
aKkTyanbHOKW LU npobnema € Ans nauieHTiB i3 CynyTHbOK XPOHIYHOK NaTornoriern
CcepueBO-CyaANHHOI, AMXanbHOi CUCTEM Ta HWUPOK. IHOpMaTUBHUMK MOKa3HUKaMU
ONA OUHKM KOPEKTHOCTI MpoBefeHHsA IT i paHHbOI AiarHOCTUKM iHTpaonepauiiHmux
yCKNagHeHb, NOB’si3aHNX 3 noxubkamu ii NpoBedeHHSs!, € KOMMNEKCHWUA MOHITOPUHT
dYHKLOHaNbHMUX NMOKa3HWUKIB cepLeBO-CYAUHHOI Ta ANXarnbHOI CUCTEM.

MeTta po6otu. [ocnigntn 3miHM GioximiyHMX MapkepiB cepueBoi HeaocTaTHOCTI
Ta Y3[l-03Haku BEHO3HOro 3acTOK MpW OBOX pexumax iHdysinHoi Tepanii (pecTpuk-
TMBHOMY Ta nibepanbHOMy), Ha niAcTaBi MOPIBHAMNBLHOIO AOCHIAXEHHS BU3HAYUTU
ONTUManbHUI pexum nepionepauinHoi IT y nauieHTiB, sk onepyTbCa Yy NnaHOBOMY
nopsiaKy 3 NMpUBOAY 3aXBOPHOBaHb OpraHiB YepeBHOI MOPOXHWUHM Ta MatkoTb CYMyTHIO
natonorito y Burnagi iuemiyHoi xsopobu cepus (IXC) Ta cepuesoi HepoctaTHocTi (CH).
Martepianu Tta meroau. B ogHoueHTpoBe, MPOCMNEKTUBHE, paHAOMi3oBaHe Aocnifg-
XeHHs1 BkMounnu 86 nauieHTiB. Yci nauieHTu G6ynu posnogineHi Ha ABi rpynu paH-
OOMHMM LUMNSIXOM 3anexHO Bif pexumMy iHTpaonepaduiiHoi IT: B nepwin rpyni (n = 44) —
OyB 3acTOCOBaHUI PECTPUKTUBHUIA pexum 5-8 mn/kr/roguHy, B gpyrii (n = 42) —
nibepanbHM. Ha eTanax [JdoCnigXeHHs B MOPIBHIOBAHWX rpynax npoBOoaunoch
BM3HAYEHHS PiBHSI MPOropMOHY MO3KOBOro HaTpinypetuuHoro nentugy (NT-proBNP)
Ta BUKOHyBanacb exokapgiorpadis. OuiHoBanacb ckopodyBanbHa 30aTHICTb cepus,
LUeHTpanbHa remoavHamika, dpakuis Bukugy. BukoHyBanocb Y3-gocnigkeHHs
HWXHBOI NopoxHUCTOl BeHu (inferior vena cava, IVC) nig yac OuxaHHsi siK HeiHBa-
3UBHMWI CMNOCi6 OLiHKM BHYTPILLUHbOCYAMHHOTO 06’eMy KpoBi. BusHavaBcs giameTp BeHM
nig 4Yac BOoxy Ta Buamxy. Ha ocHoBi pecnipaTtopHoi 3miHu giameTpa IVC pospaxosy-
BaBCS KaBanbHWUI iHOEKC, SIKUIA BUPAXaeTbCsa Y BiAcoTKax. IHAEKE, Wo HabnmkaeTbes
fo 100%, Bkasdye Ha Maike MOBHWIA Konanc Ta WMOBIPHE BUCHAXEHHS 06’emy,
TUM YacoM siK iHAeKkc, 6nmabkuii Ao 0 %, cnocTepiraeTbCcst NpY MiHiManbHOMY pecnipa-
TOPHOMY CNafiHHi CTIHOK BEHW i BHYTPILUHbOCYAWHHOMY MepenoBHeHHi. Y3[ nereHb
nposoaunu 3rigHo 3 BLUE-NpOTOKONOM KOHBEKCHUM AaT4YMKOM B 8 30HaX MO nepeaHin
rPYAHIN CTiHUi. TsXKKICTb NereHeBoro 3acTol OLUjiHIOBany Ha OCHOBI NigPaxyHKy Cymu
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AAS LUTYBAHHS:

B-niHii: 5 Ta MeHwe — BiAgCyTHICTb 3acTol, Bid 6 A0 15 — He3HauyHuW 3acTin,
Big 15 0o 29 — nomipHui, 30 Ta Ginblue — 3HaYHWN.

PesynbraTn Ta ix obroBopeHHs. MpoBeaeHe OOCHiMXEHHS CBiQYUUTL MPO nepesary
pecTpuKTUBHOrO pexumy IT y nauieHTiB i3 cynyTHboto IXC Ta MiHiManbHUMU o3Hakamu
3acrtiiHoi CH nig yac abgoMiHanbHUX XipypridHux onepauii. Pexum 3 obMexeHHsM
BHYTPILUHBOBEHHOTO BBEAEHHS PiAVHW BUSIBUBCS  KpalLUM, OCKIfbKM 3MEHLUYE
BEHO3HWI 3acCTiil, 3HWXKYE KiNbKICTb PIAMHW B IHTEPCTULINHOMY MNpPOCTOpPi rfereHb,
BMKINNKAE MEHLLY KOMMEHCATOpPHY peakuilo cepueBO-CYAWHHOI CUCTEMWU Ha iHAY3ito
i3 HopManbHUMK 3HayveHHsMu NT-proBNP. 3aBpaHHs aHecTesionora npu Lbomy —
peTenbHUiA KOHTPONb 4060BOro Ta KYMYNSITUBHOIO rigpobanaHcy, agekBaTHUA MOHITO-
PVIHT NOKa3HWKIB CepLEeBO-CYANHHOI CUCTEMU, BUKOPUCTAHHS cyqacHunx Y3[ TexHonorin
Ta NPOTOKOMIB KOHTPOIO BOMEMIYHOrO CTaTycCy, OLjiHka AMHaMikv Giomapkepis cepLeBoOi
HEeQOoCTaTHOCTI, WO [03BONUTL GesnevyHo NpoBecTU cknadHi abgomiHanbHi onepauii
nauieHTam i3 3HWXKEeHUM KapgianbHUM pe3epBoM.

BucHoBKW. Y pesynbrati NpoBEAEHOro AOCHIAKEHHS1 BCTAHOBMEHO, LIO 3acTocy-
BaHHS nibepanbHOro pexumy iHdysiiHOi Tepanii B nepionepauiiHomy nepiogi
y xBopux 3 IXC 1a XCH I, I-ll ®K, nopiBHSHO 3 PECTPUKTUBHUM PEXUMOM, NPU3BOAUTH
00 CTaTUCTMYHO 3HauyLloro 3pocTaHHsi GiomapkepiB cepuLeBOi HeLoCTaTHOCTI Ta
Y3[1 03HaK BONEMIYHOIO NepeHaBaHTaXEHHS.

PectpuktBHuiA pexum IT B gosi 5-8 mn/kr/roamHy, nopiBHsHO 3 nibepanbHuM,
y posi 12 — 15 mn/kr/rognHy mMoxe OyTW BU3HAHUM oNTUManbHUM Ta 6e3nevyHum
y nauieHTiB 3 IXC ta XCH I, |-l ®K npu onepauisi Ha opraHax YepeBHOT MOPOXHUHM.
3acTocyBaHHS Ta LUMPOKE BNPOBaAXXEHHS B NMPAKTUKY KOMMIIEKCHOMO BU3HAYEHHS! PiBHS
aMiHO-KIHLIEBOrO MPOTrOpMOHY MO3KOBOro HaTtpitypetuyHoro nentugy (NT-proBNP)
NT-proBNP, HeiHBasuBHMX MeTogiB Y3[ cepusi — exokapgiorpacii, Y3[ nereHb
Ta UEHTPanbHUX CYAUH — OLHKM AMHAMIYHOMO HAamOBHEHHSI HWXHBbOI MOPOXHUCTOI
BeHu (IVC) go3Bonsie CyTTEBO AOMOBHUTM KIiHIYHY iHpopMaLuilo LWoAo BOMEMIYHOro
cTaTycy, BEHO3HOIO 3aCTOK, CKOPOYyBarbHOI 34aTHOCTI cepus Ta 3aTPUMKW PigvHU
B iHTEPCTULIMHOMY MNpPOCTOpi NereHb, Ta MOXyTb OyTU KMHOYOBMMU B MpodinakTuui
KapgianbHUX ycknageHb y AaHoi KaTeropii nauieHTiB.

Lisenko O.l, Martseenko M.C., Jlawok A.Jl., BuykoBa O.lO., LiBeHko B.M. MoHiTOpyHr iHdy3inHoi Tepanii

y nauieHTiB 3i
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ABSTRACT

Background. In the pathogenesis of many intra- and postoperative complications,
the composition, volume and rate of infusion therapy (IT) play a significant role.
This problem is especially relevant for patients with concomitant chronic pathology
of the cardiovascular, respiratory systems and kidneys. Informative indicators for
assessing the correctness of IT and early diagnosis of intraoperative complications
associated with errors in its implementation are complex monitoring of functional
indicators of the cardiovascular and respiratory systems.

Purpose — of the study is to investigate changes in biochemical markers of heart failure
and ultrasound signs of venous stasis in two modes of infusion therapy (restrictive
and liberal), on the basis of a comparative study, to determine the optimal mode of
perioperative IT in patients undergoing elective surgery for diseases of the abdominal
cavity and have comorbid pathology in the form of coronary heart disease (CHD)
and heart failure (HF).

Materials and Methods. 86 patients were included in a single-center, prospective,
randomized study. All patients were randomly divided into two groups depending
on the mode of intraoperative IT: in the first group (n = 44) — a restrictive mode
of 5-8 ml/kg/hour was applied, in the second (n = 42) — a liberal mode. Echocardio-
graphy was performed at the stages of the study. Heart contractility, central hemo-
dynamics, and ejection fraction were evaluated. An ultrasound scan of the inferior
vena cava (IVC) was performed during breathing as a non-invasive method of assessing
the intravascular blood volume. The diameter of the vein during inhalation and
exhalation was evaluated. Based on the respiratory change in the diameter of the IVC,
the caval index is calculated, which is expressed as a percentage. An index approaching
100% indicates near-complete collapse and probable volume depletion, while an index
close to 0% indicates minimal collapse and intravascular overflow. Ultrasound of the
lungs was performed according to the BLUE protocol with a convex sensor in 8 zones
along the front chest wall. The severity of pulmonary congestion was assessed
based on the sum of B-lines: 5 and less — no congestion, 6 to 15 — slight congestion,
15 to 29 — moderate, 30 and more — significant.
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Results. The conducted study shows the advantage of the restrictive regimen of IT
in patients with concomitant coronary artery disease and minimal signs of congestive
heart failure during abdominal surgical operations. The regime with restriction of
intravenous fluid administration was better, as it reduces venous congestion, reduces
the amount of fluid in the interstitial space of the lungs, causes a smaller compensatory
reaction of the cardiovascular system to infusion with normal values of NT-proBNP.
The task of the anesthesiologist in this case is careful control of daily and cumulative
water balance, adequate monitoring of indicators of the cardiovascular system, use
of modern ultrasound technologies and protocols for controlling volemic status,
assessment of the dynamics of biomarkers of heart failure, which will allow complex
abdominal operations to be safely performed in patients with reduced cardiac reserve.
Conclusions. As a result of the conducted research, it was established that: the use
of a liberal regimen of infusion therapy in the perioperative period in patients with
coronary heart disease and HF |, |-l FC compared to a restrictive regimen leads
to a statistically significant increase in biomarkers of heart failure and ultrasound
signs of volemic overload.

The restrictive regimen of IT in a dose of 5-8 ml/kg/hour, in comparison with a liberal
one in a dose of 12—15 ml/kg/hour, can be recognized as optimal and safe in patients
with coronary heart disease and HF |, I-ll FC during surgery on the organs of the
abdominal cavity.

The use and widespread implementation in practice of complex determination of the
level of the amino-terminal prohormone of brain natriuretic peptide (NT-proBNP)
NT-proBNP, non-invasive methods of ultrasound of the heart — echocardiography,
ultrasound of the lungs and central vessels — assessment of the dynamic filling
of the inferior vena cava (IVC) allows significantly supplement clinical information
on volemic status, venous stasis, contractility of the heart and fluid retention in the
interstitial space of the lungs and may be key in the prevention of cardiac complications

in this category of patients.
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BCTYN

OcTaHHE pecAaTupiyds 03HAMEHOBAHO 3HAYHUMU,
iHKONN PEBONIOLIMHUMWN LOCATHEHHAMM B MEOULUMHI 1,
30KpemMa, B Xipyprii, Ski NOB’A3aHi 3 HOBMMU MeTogamu
3HebOoeHHs, BNpoBadXEHHAM METOAIB i TEXHOMOrIN, Lo
3HAYHO 3HVKYHOTb TPAaBMaTUYHICTbL ONepaTUBHUX yTPyYaHb
i peakuito Ha nepionepaLiiHui CTpec, Ta LUMPOKE 3acTOCy-
BaHHS MiHi-iHBa3MBHUX €HOOCKOMIYHMX onepauin. AHania
OTPMMaHMX pe3ynbTaTiB CTaB HayKOBMM NiArpyHTAM Ansi
pO3pobKM Ta BNPOBALXKEHHS HANPsSIMKY pPO3BUTKY Xipypril
nig, 3aranibHOK Ha3BOK — CTpaTeris NPUCKOPEHOTO nicns-
onepauinHoro BigHoBneHHs (Enhanced recovery after
surgery (ERAS) abo fast track (uBugkui wnsx)). OctaHHi
OOCArHeHHs1 y po3yMiHHI nepionepadiiHoi naTodisionorii
nokasanw, Lo AesiKi YMHHWKM CNpUSOTb PO3BUTKY Micsi-
onepauifnHmx ycknagHeHb, 36inbLuyoTe TpMBanicTb rocni-
Tanisauii, BiaTepMiHylOTb ogyxaHHs Ta NoBHy peabiniTa-
uito. Lle uinun komnnekc nepeg-, iHTpa- Ta nicndonepa-
LiMHOrO BeAeHHs1 nauieHTiB, KU/ BignoBigae cydYacHuUM
Kputepiam @isionoriyHoCTi, MiHITpaBMaTUYHOCTI Ta Wwag-
HOr0 NMCUXOSONYHOrO HaBaHTAXXEHHS, MOB’A3aHOro 3onepa-
uieto. NonoeHe B cTpaterii ERAS — ue 3BegeHHs 00
MiHiIMiMYy CTpeCcoBUX peakLiv B nepionepauinHomMy nepiog,i.
MepenbayaeTbcsl MakCcMManbHO pPaHHE BigHOBMEHHS
eHTeparnbHOro xapyyBaHHs W gisU4HOI akTMBHOCTI. dap-
MaKosoriyHa KopekLuisi MoBMHHA OyTu iHOMBIgyanisoBaHa,
KOpPOTKOTEpPMiHOBa, Ta Mae MNpPOBOAUTUCH CyBOpPO 3a
nokasaHHaMK. Lle nepLu 3a Bce ctocyeTbest 06’eMy iHAY-
3iHOT Tepanii, nepebinblleHHs SIKOro MoXe MNpPU3BECTU
00 PO3BUTKY YCKMagHeHb Npu XipyprivHux yTpyyaHHsx [1].

INTRODUCTION

The last decade has been marked by significant,
sometimes revolutionary, achievements in medicine and
in particular in surgery, which are associated with new
methods of anesthesia, implementation of methods and
technologies that significantly reduce the traumatization
of surgical interventions and the response to perio-
perative stress and widespread use of mini-invasive
endoscopic surgeries. The analysis of the results became
the scientific basis for the development and implemen-
tation the area of surgery under the general name —
the strategy of enchanced recovery after surgery (ERAS)
or fast track. Recent achievements in the understanding
of perioperative pathophysiology have shown that
several factors contribute to the development of post-
operative complications, increase the duration of hospi-
talization, delay recovery and complete rehabilitation.
This is a wide complex of pre-, intra- and postoperative
management of patients, which corresponds to the
modern criteria of physiological, minitraumatic and
sparing psychological burden associated with the surgery.
The main part of the ERAS strategy is the reduction of
stress reactions in the perioperative period to a minimum.
The earliest possible restoration of enteral nutrition and
physical activity are supposed. Pharmacological correc-
tion should be individualized, short-term, and should be
carried out strictly according to indications. This primarily
concerns the volume of infusion therapy, the oversupply
of which can lead to the development of complications
during surgical interventions [1].
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CyyacHa TakTuMka iHTpaonepauiiHoi  iHdys3iiHOT
Tepanii (IT) BMKNVMKae Benuky 3auikaBneHicTb AOCHiAHU-
KiB, OCKINIbKW CyTTEBO BMNMMBAE Ha KiNbKiCTb KapgianbHuX
yCKnagHeHb, 0COBNUBO Yy XBOPWX i3 CYMYTHLOIO iLLEMIYHOD
xBopoboto cepusa (IXC), rinepToHiyHot xBopobGoto (IMX),
cepueBoto HegocTaTHicTio (CH), siki cTaHOBNSATE Yumany
YacTuHY cepef YCiX nauieHTiB XipypriyHoro npoainto.
3a CcTaTUCTUYHUMWN JaHWMK, Xo4a YCKMaAHEHHs 3 BoKy
CepLieBO-CyAMHHOI cucTtemn BUHMKaTb y 0,2-6,2% Bu-
nagkis Npu HekapAaianbHUX onepaTUBHUX BTPYYaHHSAX [2],
came BOHW € TFOfIOBHOK MPUYMHOID NeTanbHOCTI B nepi-
onepauinHoMy nepioi, TOMy OOHWM 3 FOfIOBHMX 3aBOaHb
€ MOoMNepedXeHHs, paHHA fiarHocThka Ta NiKyBaHHS
uMx ycknagHeHb [3].

XipypriuHi MaHinynsuii, 3aranbHa aHecTesis Ta pexum
iHy3inHOI Tepanii BANMBalOTb Ha iHTpaonepauinHuii
rigpo6anaHc. Byab-sika 3aranbHa aHecTesisi CynpoBOaXKY-
€TbCS1 MEBHO [ENpeciel0 Miokapaa, 3HWKEHHSIM cepue-
BOrO BWKWUAY, 3MiHAMW TOHYCY NEepUGEPUYHUX CYLAUH.
Mpu aboomiHanbHMX onepauisx cuTyauilo yCcKnagHe Li-
na Hu3ka gopatkoBux dakTopiB: 0cobnMBoCTi nepegone-
paLiiHOT NiArOTOBKM LUMYHKOBO-KULLKOBOTO TpakTy (LLUKT),
natodisionorias  Ta ocobnueocTi nepebiry OCHOBHOIO
3axBOpPOBaHHSA, (hbakTopu nepen- 1 iHTpaonepauinHoro
cTpecy, TpaBMaTU4HICTb onepauii, KpoBoBTpaTa, nepcni-
pauisi [3]. Bce ue Mae ocobnuBuiA BNNMB Ha MNauieHTIB
3 oOMexeHUM KapgianbHUM pesepBoM. [NauieHTn 3 nepi-
onepadiHoto roctpoto abo xpoHiyHoto CH matoTb nigeu-
LEHUA pU3NK CMEPTHOCTI Nif Yac HekapgianbHuUX YyTpy-
YaHb. Y HelwloaaBHoO onybnikoBaHoMy aHanisi 21 rocni-
Tanisauii 3 npuBoAy HekapaianbHUX YTpyyYaHb y NauieHTiB
3 HasBHicTi0 byab-skoro ctyneHs CH 6Gyna nokasaHa
3HaYyHO BMLWA BHYTPIWHBOMIKAPHAHA CMEPTHICTb Big
yCciX npuWyMH, nopiBHSHO 3 nauieHtamn 6e3 CH
(4,8% npotn 0,78%). Cepen nauieHTiB 3 AiarHo3om
XpoHivyHoi CH nepionepauiiHa cmepTHiCTb OGyna BuLLOO
y MauieHTiB i3 3arocTpeHHsiM XpoHiyHoi CH, nopiBHsHO
i3 nauieHTamm 3 KOMNEeHCcoBaHO XpoHivHoto CH. Y Hepas-
HbOMY BENMKOMacLUTabHOMY KOrOpTHOMY [OCHiKEHHI
ocib, skum npoBoaunu XipypriyHe BTpyYaHHs, Npubnma-
HUA nokasHWK cmepTHocTi 3a 90 AgHiB ctaHoBuB 2,0%
cepeq nadienTiB i3 CH i 0,4% cepen naujieHTiB 6e3 CH.
BaranbHui pusnk 30-AeHHMX nicrisionepauinHmMx ycknaga-
HeHb cTaHoBMB 5,7% i 2,7% BianosiaHo. Cnig 3a3HaunTy,
WO PWU3MK CMEPTHOCTI MPOrpecuBHO 3poCTaB 3i 3HW-
XKEHHAM cucTonivHoi cyHKUiT [4]. Lia kaTeropis nauieHTis
0co6nMBO 4yTnMBa A0 36iMbLUEHHSA BHYTPILUHLOCYAWH-
Horo 06’emy pianHu.

OpHVM i3 OCHOBHMX IHCTPYMEHTIB aHecTtesionora B
onTMMI3aUii iHTpaonepauinHoi reMoguMHaMikn, TKaHUHHOT
nepdysii Ta okcureHauii € iHdy3itHa Tepanisa. Hasitb
nomipHa iHTpaonepauiiHa rinosonemis (10-15% aedi-
unty ob’emy umpkyntotodoi kposi (OLIK)) moxe 3ymos-
noBaTK NOpYLUEHHS KaninsapHoi nepdysii, Wo HecnpusaT-
NMBO BMNMMBAE Ha KiNbKiCTb nicnsonepauiiHux ycknag-
HeHb Ta Ha pesynbraT ofnepaTMBHOrO BTpy4aHHs [4, 5].
Haenaku, npu nepeHaBaHTaXXeHHi piguHO, 0cobnMBo
y MauieHTiB 3i 3HWKEHUMU YHKLIOHANbHUMU MOXIN-
BOCTSIMM  CEpLEeBO-CYAUHHOI cucTemun, BiabyBaeTbcs
3aTpUMKa piavHU Yy BEHO3HOMY pycni, Lo MNpU3BOAUTL
0O 3HWKEHHs1 apTepio-BEHO3HOMo rpagieHTa TUCKY B
XUTTEBO-BAXMUBMX OpraHax, Ta MOPYLUEHHS afeKBaTHOI
TKaHWHHOT Nepdysii [5]. TpvBane nigBULLEHHSA Kaninsp-
HOro riApOCTaTUYHOrO TUCKY MNPU3BOAMTL OO PO3BUTKY

Modern tactics of intraoperative infusion therapy (IT)
are of great interest to researchers, since it significantly
affects the number of cardiac complications, especially
in patients with comorbed coronary heart disease (CHD),
hypertension, heart failure (HF), which make up a consi-
derable part among all patients of the surgical profile.
According to statistics, although cardiovascular compli-
cations occur in 0.2-6.2% of cases with non-cardiac
surgical interventions [2], they are the main cause
of mortality in the perioperative period, therefore, one
of the main tasks is the prevention, early diagnosis
and treatment of these complications [3].

Surgical interventions, general anesthesia and infu-
sion therapy regimen affect the intraoperative fluid
balance. Any general anesthesia is accompanied by
a certain depression of the myocardium, a decrease in
cardiac output and changes in the tone of the peripheral
vessels. In abdominal operations, the situation is compli-
cated by a great number of additional factors: specifics
of the gastrointestinal tract (GIT) preoperative prepa-
ration, pathophysiology and specifics of the underlying
disease, factors of pre- and intraoperative stress, trauma
of the surgery, blood loss, perspiration [3]. All this has
a special effect on patients with the limited cardiac
reserve. Patients with perioperative acute or chronic HF
have an increased risk of mortality during non-cardiac
interventions. In a recently published analysis of 21 hospi-
talizations for non-cardiac interventions, patients with
any grade of HF were shown to have significantly higher
in-hospital all-cause mortality rate compared to patients
without HF (4.8% versus 0.78%). Perioperative mortality
was higher in patients with exacerbation of chronic HF
compared to patients with compensated chronic HF
among all patients diagnosed with chronic HF. In a recent
large-scale cohort study of individuals who underwent
surgery, the approximate 90-day mortality rate was 2.0%
among patients with HF and 0.4% among patients
without HF. The overall risk of 30-day postoperative
complications was 5.7% and 2.7%, respectively. It should
be noted that the risk of mortality increased progressi-
vely with a decrease in systolic function. [4]. This category
of patients is highly sensitive to increased intravas-
cular fluid volume.

One of the main tools of the anesthesiologist in
optimization of intraoperative hemodynamics, tissue
perfusion and oxygenation is IT. Even moderate intra-
operative hypovolemia (10-15% deficit in the circulating
blood volume) can cause an capillary perfusion
impairment, which adversely affects the number of post-
operative complications and the result of surgical
intervention [4, 5]. On the contrary, with fluid overload,
especially in patients with reduced functional capabilities
of the cardiovascular system, fluid retention occurs in
the venous bed, that leads to a decrease in the arterio-
venous pressure gradient in vital organs and an adequate
tissue perfusion impairment [5]. Prolonged increase of
capillary hydrostatic pressure leads to the development
of interstitial edema, which significantly impairs blood
circulation and oxygenation of encapsulated organs,
such as kidneys, brain due to compression, and lungs,
due to the deterioration of ventilation-perfusion relations.
This is of a great importance for patients who initially
have signs of CHF and limited cardiac reserve. Patients
undergoing non-cardiac surgery are at risk of developing
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iHTEpCTULIAHOrO HabpsiKy, LIO 3Ha4YHO MOripLlye KpOBO-
o6ir Ta okcureHauito iHKancynbOBaHWX OpraHiB, Takux
SIK HUPKW, TOMOBHWUIA MO30K 3a PaxyHOK CTUCKaHHSA, Ta
nereHb, 3a paxyHOK MOripLEeHHS BeHTUNSAUinHO-nepdy-
3iHMX BigHOCKMH. Lle mae ocobnuBe 3HayeHHs Aans
nauieHTiB, Wo y BixigHOMy cTaHi matwTb o3Haku XCH
Ta OoOMeXeHuln KapgianbHui pesepB. Y NauUieHTiB, ski
nepeHocATb He KapAioXipypridHi BTpyYaHHs!, iCHYE pU3nK
pO3BMTKY rocTpoi AekomneHcoBaHoi CH i3 wBuakoto
nosiBoto abo MoripLeHHsM cuMnToMiB Ta/abo o3Hak CH,
CNPUYMHEHMX HaKOMWYEHHSAM piguHW Ta/abo cynyTHIMU
3axBoptoBaHHAMM [6]. Ockinbku nepionepauiiHuin pu3nk
CepLeBMX YCKMagHeHb 3anexuTb BiA4 HasIBHOCTI Ta
CTYNeHs1 CepLEBOro 3axBOPHOBAHHSA, LUMPOKOAOCTYIHI
Ta npocTi Giomapkepu, ki BUSBNSAOTb i KiNbKiICHO BU3Ha-
YalTb BaXIMBi MPOrHOCTUYHI acMeKTU YpaXeHHs cepus,
MOXYTb AOMOMOITM B OUiHUI CTaHy nauieHTa. Bucoko-
4YyTnMBMIA cepueBuin TponoHiH T/l (Hs-cTn T/I) kinbkicHO
OLiHIOE MOLIKOMKEHHA Miokapga, a BNP i NT-proBNP
KifTbKICHO BW3Ha4yalTb FEMOAMHAMIYHUIA CTPEeC CTiHKK
cepusi. Kinbka Benuvkux nNPOCNEKTUBHUX OOCHioKEHb
nokasanun, wo sk hs-cTn T/I, Tak i BNP/NT-proBNP,
MalTb BUCOKY Ta [J0OATKOBY MPOrHOCTMYHY UiHHICTb
ONs nepuonepauinHux cepueBuX YCKNagHeHb, BKITHO-
YalwuMm CepueBO-CyAVMHHY CMepTb, 3YNWHKY Cepus,
roctpy CH i Taxiaputmii [7].

TouHa pgiarHocTMka nepionepauinHUX nopyLleHb pi-
OVHHOTO romeocTasdy 3a [OMOMOro cyyacHux bBioxi-
Mi4YHMX MapkepiB Ta Y3[ O03BOMsAKOTL CBOEYACHO Aiar-
HOCTYyBaTW NATOMOrYHI 3MiHW, KOMKU LWe HeMae iX SBHUX
KNiHIYHMX O3HaK Ta obpaTu pauioHanbHy TakTuky IT.
Pesynbtat meTaaHanisy, B $KOMY BWKOHanu mnopis-
HANMbHY XapakTepucTuky 18 pocnigeHb, nokasanu Lo:
nigsueHHs pisHa NT-ProBNP y paHHboMY nicnsionepa-
LinHOMY nepioAi — HaNCUMbHILMN He3anexHUn npeavk-
TOp BMHWKHEHHS1 yCKNagHeHb 3 OOKy cepLieBO-CyAMHHOT
cuctemn (cepueBa HefocTaTHICTb, HedaTtanbHWUA iH-
cdapkT miokapaa Ta cmepTb) i Yepes 30, i 180 gHiB nicns
onepaTMBHOIO BTpyYaHHS. ABTOpU MeTaaHanisy npunyc-
KalTb, Wo niaBuweHHa piBHa NT-ProBNP y nepeg-
onepauinHoMy nepiogi € BUCOKONPOrHOCTUYHUM (PaKTo-
pOM CEpPUO3HUX CEPLIEBO-CYAMHHUX YCKMNagHeHb nicns
HeKkapaioXipypriyHMx onepauii i mMoxe OyTu kpawmm
npeavkTopoM Lmx nogdin, Hix iHgekc RCRI [8]. CyyacHi
npoTokonu Y3[ 0o3BonsoTb WBMAKO Ta SIKICHO OLHUTK
BONEMIiYHWIA cTaTyc, CKOpoYyBarbHY 34aTHICTb Miokapaa,
HasiBHICTb BEHO3HOro 3actoto [9]. Ynbrpa3sBykoBe CKaHy-
BaHHSA nereHb 6ina nikka — AyXXe UiHHWIA JiarHOCTUYHUIA
METOZ, OCKiNbKW BiH [LO3BOMSE BUSBUTWM PaHHi BigMiHHI
XapaKTepHi O3Haku rigpocTaTuyHoro HabpsKy (Hanpuk-
nap, piBHOMIpHWIA pO3MNoain iHTepCTULIHOTO Habpsiky,
noe’a3aHoro 3 > 3 niHiamu B) Ta MP3[ (Hanpvknag, 3MeH-
LUEHHS «KOB3aHHSA» IereHb, 30HM KOHconigauii, nynsc,
noBiTpsiHi GpoHxorpamu, noToBLLeHHs nnespu) [10, 11].
LlikaBo, wo dikcauis 306inbleHHa KinbkocTi B-niHin,
Bignosigae 30inblUeHHIO MacKu Tina, NigBULLEHHIO PiBHSA
HaTPiNypeTUYHUX NenTuaiB Yy KPOBi Ta 3HWKEHHIO ChiB-
BigHoweHHs PaO,/FiO, y nepwi aHi nicnsa onepadii [12].

Taknm 4YMHOM, 3HaAYHa KiMbKiCTb XipypriyHuX nadi-
€HTIB 3 naTonoriel cepueBo-CYAMHHOI CUCTEMMU, BUHUK-
HEHHs1 Y HUX came KappianbHUX yCKnagHeHb, siKi 4acTo
npu3BoaaTb [0 36iNblUeHHs NeTanbHOCTI, pa3oM
3 BIOCYTHICTIO €QuHOro nigxody B paHHin AiarHocTuui
M Kopekuii nepionepauiiHux ycknagHeHb, WO 3yMOBMEHi

acute decompensated HF with rapid onset or worsening
of symptoms and/or signs of HF caused by fluid
accumulation and/or comorbidities [6]. Since the peri-
operative risk of cardiac complications depends on the
presence and grade of cardiac disease, widely available
and simple biomarkers that identify and quantify impor-
tant prognostic aspects of cardiac involvement can help
in assessing patient’s condition. Highly sensitive cardiac
troponin T/l (Hs-cTn T/I) quantifies myocardial injury,
BNP and NT-proBNP quantify hemodynamic stress of
the heart wall. Several large prospective studies have
shown that both hs-cTn T/I and BNP/NT-proBNP have
high and additional predictive value for perioperative
cardiac complications, including cardiovascular death,
cardiac arrest, acute HF and tachyarrhythmias [7].

Accurate diagnosis of perioperative disorders of
liquid homeostasis with the help of modern biochemical
markers and ultrasound studies allows us to diagnose
pathological changes promptly when there are no obvious
clinical signs of them yet and choose rational IT tactics.
The results of the meta-analysis, in which a compa-
rative characterization of 18 studies was performed,
have shown: an increase in the level of NT-ProBNP
in the early postoperative period is the strongest inde-
pendent predictor of the occurrence of cardiovascular
complications (heart failure, non-fatal myocardial
infarction and death) in 30 and 180 days after surgery.
The authors of the meta-analysis suggest that
an increased NT-ProBNP level in the preoperative
period is a highly prognostic factor for serious cardio-
vascular complications after non-cardiac surgeries
and may be a better predictor of these events than
the RCRI index [8]. Modern ultrasound protocols allow
to assess the volemic status, myocardial contractility,
the presence of venous congestion quickly and qualita-
tively [9]. Ultrasound scanning of the lungs near the
bed is a very valuable diagnostic method because it
allows to identify early distinctive characteristic signs
of hydrostatic edema (for example, an equal distribution
of interstitial edema associated with > 3 B-lines) and ARI
(for example, a decrease in the «sliding» of the lungs,
consolidation zones, pulse, air bronchograms, pleural
thickening) [10, 11]. Interestingly, the fixation of
an increase in the number of B-lines corresponds
to an increase in weight, the level of natriuretic peptides
in the blood and a decrease in the ratio of PaO,/FiO,
in the first days after surgery [12].

Thus, a significant number of surgical patients with
pathology of the cardiovascular system, the occurrence
of cardiac complications in them, which often leads
to an increase in mortality, together with the lack of
a unified approach to early diagnosis and correction
of perioperative complications due to the state of
liquid homeostasis, as well as the desire to improve
diagnostic and treatment programs, aroused our i
nterest in solving this problem. Accurate identification
of the required volume of infusion in the perioperative
period, together with monitoring of its effectiveness,
provides hemodynamic stability, adequate tissue
perfusion and oxygen delivery to tissues and, as
a result, reduces the incidence of perioperative cardiac
complications in this category of patients [13, 14].
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CTaHOM piAMHHOTO roMeocTasy, a TaKoX MparHeHHs
0O YOOCKOHamneHHs OiarHOCTUYHO-MiKyBarbHUX Nporpam
BUKIMKANN Hal iHTepec A0 BUPILLEeHHSsI AaHoi npobnemu.
ToyHe BM3HaYeHHs NoTpibHoro ob’emy iHdy3ii B nepi-
onepauriHomMy nepiogi pasomM 3 MOHITOPUHroMm Ti edek-
TMBHOCTI, 3abe3neyye remognHamiyHy cTabinbHiCTb,
afekBaTHy TKaHWHHY nepdysito Ta [OCTaBKy KUCHIO
TKaHMHaM i, SIK HacnigoK, J03BONSAE 3HU3UTU HLUWOEHT-
HiCTb  nepionepauinHux  KapgianbHUX  YCKNagHeHb
y 3a3HayeHol kaTteropii nauieHTis [13, 14].

MeTta po6otu — gocnigntn 3miHm GioxiMidHMX map-
KepiB cepueBoi HegocTaTHOCTI Ta Y3[1-03Hakn BEHO3HOro
3acTol Npu ABOX pexumax iHdysinHoi Tepanii (pecTpuk-
TMBHOMY Ta nibepansHoMy). Ha niactasi nopiBHsiNbHOrO
OOCNIMKEHHS BU3HAYUTU ONTUMArbHUMA PEXUM nNepi-
onepadinHoi IT y nauieHTiB, sKi onepyoTbCs y nnaHo-
BOMY MOPsiAKy 3 MpUBOAY 3axBOPHOBaHb OpraHiB
YepeBHOI MOPOXHWHWM Ta MatTb CYMNyTHIO NaTosorio
y BUMsAi iwemiyHoi xBopobu cepus (IXC) Ta cepuesoi
HepocTtaTHocTi (CH).

MATEPIAAU TA METOAU AOCAIAXEHHSA

B opgHoueHTpOBe, NpPOCNEKTMBHE, paHAOMi3oBaHe
JocnigkeHHst BKMoumMnu 86 nauieHTiB, ki nepebysanu
Ha nikyBaHHi y XapkKiBCbKill KMiHIYHIN nikapHi Ha 3anis-
HuU4HOMY TpaHcnopTi Ne 2 dinii LeHtpy OxopoHu
3popoB’a AkuioHepHoro ToBapuctBa «YkpaiHCbka 3a-
nisHmuys»  (2018-2021 pp.). Ycim naudieHtam  Gynu
npoBeAeHi NNaHoBi onepaTuBHi BTPyYaHHS 3 MPUBOAY
XipypriyHMX 3aXBOPIOBaHb OpraHiB YepeBHOI NOPOXHUHM:
»KOBYHOKaM'siHOi XBOpoOM, xonegoxonitiady, nicnsionepa-
LiHOT BeHTpanbHOI  Kunu, AdiadparManbHOi  Kumnu,
cnneHekToMii 3 manapoToMHOro Aoctyny. AHecTesiono-
rivHa NpoTeKuiss — ToTanbHa BHYTPILUHbOBEHHA aHecTe-
3is (TBBA) Ha ocHoBI nponodony, aHanresis — deHTaHin,
Miopenakcauisg — Tpakpiym. YCiM XBOpuMM npoBoAuMnacs
WTy4yHa BeHTUnAUia nereHb (LUBJT) y pexumi Hopmo-
BeHTUnALiT 3 FiO, = 0,3.

KpiM UbOro, KpUTEpPiIIMM BKITHOYEHHS B AOCHILKEHHS
6ynu: Bik noHag 60 pokiB, aHamHe3 IXC 3i cTyneHem
xpoHiyHoi CH 3a NYHA I-l, puauk 3a RCRI 2-3, ouiHka
3a LWKanow KriHiyHoro craHy xsoporo 3 XCH (LLUOKC)
I-1l ®K (3-5 BaniB); nokasaHHsi ANSA BUKOHAHHSI PO3LUK-
peHoro abgoMiHambHOrO  OMepaTMBHOTO  BTPYyYaHHS,
knac 3a ASA |lI-lll, iHTpaonepauinHa kpoBoBTpaTa
He Ginbwe Hix 10% OUK. KpuTepisMu BUKNIOYEHHS:
BiAMOBa nauieHTa Big y4acTi B AOCNIOXEHHI, YPreHTHICTb
OnepaTMBHOIO BTPYYaHHs, FOCTPUA KOPOHAPHWA CUHA-
poOM B aHaMHesi MpoTAroM ocTaHHix 6 wmicauis, XCH
3a NYHA Il i 6inbwe, iHTpaonepadiiHa KpoBOBTpaTa
noHag 10%, nopyLleHHs cepLieBOro puTmy.

JocnigxyBaHi rpynu nauieHTiB He Manu BiaMiHHOC-
Tel 3a BUXiAHMMMW aHTPOMOMETPUYHUMW AaHUMMU, BiKOM,
cTaTTio, iHOeKCOM Macu Tina, nepenikom XipypridHmx
3axBOPOBaHb, BUAAMN Ta METOAAaMU OMNepaTUBHUX BTPY-
YaHb Ta aHecTesionoriyHoro 3abesneveHHsi, aHecTesio-
NOriYHMM  Ta  KapaianbHWM  PU3WKOM, KOPOHapHUM
pesepBoM (Tabn. 1).

Y xogi [ocnigkeHHs nauieHTn Oynu posnoAineti
pPaHOOMHMM LUMSIXOM Ha ABi IPpynu, 3anexHo Big pexvmy
iHTpaonepauiiHoi IT: B nepwin rpyni (n = 44) — 6yno
3aCTOCOBaHO PEeCTPUKTUBHUIA pexum IT, Wwo gopiBHIOBaB
5-8 wmn/kr/roguHy, B apyrii (n = 42) — nibepanbHui,

Objective — to investigate changes in biochemical
markers of heart failure and ultrasound signs of venous
congestion in two modes of infusion therapy (restrictive
and liberal), on the basis of a comparative study to
determine the optimal mode of perioperative IT in
patients who are operated in a planned manner for
abdominal diseases and have concomitant pathology
in the form of coronary heart disease (CHD) and
heart failure (HF).

MATERIALS AND METHODS

A single-center, prospective, randomized study
included 86 patients who were treated in Primary Trade
Union Organization «Kharkiv Clinical Hospital at Railway
Transport 2» Branch of the Center for Health Care
Ukrzaliznytsya (2018-2021 years). All patients underwent
planned surgical interventions for surgical diseases of
the abdominal cavity: cholelithiasis, choledocholithiasis,
postoperative ventral keel, diaphragmatic keel, splenec-
tomy from laparotomy access. The operative inter-
ventions were performed using total intravenous anes-
thesia (TIVA). TIVA based on propofol, analgesia —
fentanyl, muscle relaxation — tracrium. All patients
underwent mechanical ventilation in normoventilation
mode with FiO2 = 0.3.

In addition, the criteria for inclusion to the study were:
age over 60 years, history of coronary artery disease
with a degree of chronic HF according to NYHA | — I,
risk according to RCRI 2 — 3, score on the scale of the
clinical state of the patient with CHF I-1l FC (3-5 points);
indications for extended abdominal surgery, ASA
class Il — Ill, intraoperative blood loss no more than
10% BCC. Exclusion criteria: patient's refusal to
participate in the study, surgery urgency, history of acute
coronary syndrome during the last 6 months, CHF
by NYHA Ill and more, intraoperative blood loss of
more than 10%, cardiac rhythm disturbance.

The investigated groups of patients had no differences
in initial anthropometric data, age, sex, body mass index,
list of surgical diseases, types and methods of surgical
intervention and anesthesiological support, anesthesio-
logical and cardiac risk, coronary reserve (Table 1).

During the study, patients were randomized into
two groups, depending on the intraoperative IT regimen:
in the first group (n = 44) a restrictive IT regimen was
applied, that was equal to 5-8 ml/kg/hour, in the
second group (n = 42) liberal IT regimen, at a dose
of 12-15 ml/kg/hour, was applied. IT in both groups
was carried out using balanced crystalloids solutions.
After completion of the surgery, stabilization of the
patient’s condition and the function of external respiration
restoration, all patients were transferred to the intensive
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Ta6nuus 1. KniHiko-aHTpononoriyHa xapakTepucTuka rpyn nauieHTis
Table 1. Clinical and anthropological characteristics of patient groups

Xapaktepuctuka / Characteristics

Ipyna I/Group | I'pyna 1l/Group I

Kinekicte / Number 44 42
Cratb / Gender

Yonosukn / Male 24 20
XKiHkn / Female 20 22
Bik / Age 69,6 +1,3 68,9+ 1,1

MegiaHa iHaekcy macm Tina, kr/m?
Median of body mass index, kg/m?

32,4 [27,7; 38,4] 33,1[26,1; 37,2]

MNaniHHs / Smoking, n (%) 15 18
AptepianbHa rinepTonia / Arterial hypertension, n (%) 44 46
CTaui_OHapHe nikyBaHHSA 3 npusoay XC_H 3a nonepeHi 12 wmic, n (%) 29 19
Hospital treatment for CHF in the previous 12 months, n (%)

IHdapkT Miokapaa B aHaMHesi / Anamnesis of myocardial infarction, n (%)

Pibpunsauia nepeacepap, / Atrial fibrillation, n (%)

Llykposuii giabet / Diabetes mellitus 11 12
OuiHka 3a ASA / ASA class

Knacll / Class Il 21 24
Knac Il / Class llI 23 18
OuiHka kapgianbHoro pusuky 3a RCRI / RCRI score

2 6anun / Score 2 24 20
3 6anmn / Score 3 20 22

y posi 12—15 mn/kr/roguHy. IT B 060x rpynax nposoau-
nacb 3 BMKOPUCTaHHAM 30anaHCoBaHWMX PO34YMHIB KpUC-
Tanoigis. llicna 3aBeplUeHHs onepauii, cTabinisauii
CTaHy Ta BiQHOBMNEHHS (YHKLii 30BHILUHBOIO AMXaHHS
BCi MauieHTM NepeBOOUNNCL OO0 BiAAINEHHs peaHimadii
Ta iHTeHcuBHOI Tepanii (BPIT). TepmiH nepebyBaHHsA y
BPIT gns koxHoro nawieHTa Bu3HadaBcs iHAUBIQYyanbHO.
[un3anH gocnigXeHHs BKoYaB TpU eTany KOHTPO —
nepen onepatMBHUM BTpy4YaHHAM (1 KT), yepes 6 roguH,
KOnu yci nauieHTn 6ynu ekcTyboBaHi i AMxanu camocCTilNHO
(2 KT), yepes 24 rognHu nicng onepadii (3 KT). Mpu ubomy,
B XOAi OOCHIIKEHHS KOHTpOmBanuM napameTpu remo-
avHawmikn (AT, ATcp., YCC), nposognnu EKI-MoHiTOpWHT,
KinbkiCHe OLiHIOBaHHsSI GioMapkepiB cepueBoi HegocTar-
HOCTi — aMiHO-KiHLLEBOro NPOropMOHYy MO3KOBOIO HaTpin-
ypeTtuyHoro nentuay (NT-proBNP), 3poctaHHs skoro cBif-
YnTb NPO NepeHaBaHTaXeHHsA NpasBux BiAAiNiB cepusa Ta
Y3[ — ouiHKy BONEMIYHOIO CTaTyCy Ta BEHO3HOMO 3aCTOH).
Ha Bcix 3a3HayeHUx eTanax OOCRIgXEHHS NpoBoau-
nacb exokapgiorpadisi. OuiHioBanacb CKopovyBanbHa
30aTHICTb cepus, NapameTpu LLeHTparnbHOI remoanHaMiky,
dpakuis Bukuay. BukoHysanoch ynerpassykoBe AOCiA-
XKEHHS HWKHBOI NMOpOXHUCTOI BeHu (inferior vena cava,
IVC) nig yac AMxaHHS K HeiHBa3MBHUIM CMoci® OUiHKM
BHYTpILLHbOCYAMHHOro ob’emy kposi. OuiHioBaBca Aia-
METP BEHW MiA4 Yac BAMXY Ta Buauxy, 6asyloumncb Ha
ToMy, Wo giameTp IVC Ha BMAMXY 32 YyMOB HOPMOBOSEMIi
ctaHoBuTb 1,5-2,5 cm, cTyniHb cnagiHHa IVC B Hopwmi
nig Yyac BAMXy — MeHwe Hix Ha 50% ceoro pgiametpa
Buauxy. Ha ocHoBi pecnipatopHoi 3MiHu giametpa IVC
po3paxoByBaBCsA KaBanbHUW iHAEKC, KU BUpPaXaeTbCA
y BiiCOTKax, 3a (bopMyrioto:
niameTp euauxy IVC — giameTtp sauxy IVC
giameTp suauxy IVC

*x100% .

care unit (ICU). The period of staying in the ICU for
each patient was determined individually.

The study design included three stages of control —
before surgery (CP 1), 6 hours after, when all patients
were extubated and breathing independently (CP 2) and
24 hours after surgery (CP 3). In this case hemodynamic
parameters (BP, MAP, HR) were monitored, ECG moni-
toring, quantitative assessment of heart failure bio-
markers- amino-terminal prohormone of brain natriuretic
peptide (NT-proBNP), the growth of which indicates
the right chambers of the heart overload, and ultrasound
assessment of volemic status and venous congestion
were performed.

Echocardiography was performed at all these stages
of the study. The contractility of the heart, parameters
of central hemodynamics, ejection fraction were
evaluated. Ultrasound examination of the inferior vena
cava (IVC) during breathing was performed as a non-
invasive way to assess intravascular blood volume.
The diameter of the vein during inhalation and exhalation
was estimated, based on the fact that the diameter
of the IVC on exhalation under the conditions of
normovolemia is 1.5-2.5 cm, the degree of IVC collapse,
normally during inhalation, is less than 50% of its
exhalation diameter. Based on the respiratory change
in the IVC diameter, the caval index was calculated,
which is expressed in percent by the formula:

IVC exhalation diameter — IVC inhalation diameter
IVC exhalation diameter

An index approaching 100% indicates a near-
complete collapse and a significant decrease in the
circulating blood volume, while an index close to 0% in-
dicates a minimal decrease in the diameter of the vein
during inhalation, which is a sign of fluid overload [10, 11].

x100% .
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IHaekce, wo HabnwkaeTbesa Ao 100%, Bkasye Ha Maixe
MOBHUWI KoMnarnc Ta 3HavyHe 3HWKEHHS 06’eMy LMpKyItoto-
Yoi KpoBi, a iHgekc, 6nuabkuii o 0%, cBigYUTL NPO MiHi-
MarnbHe 3MEHLUEHHs AiaMeTpa BeHW nig 4ac BAWXY,
O € O03HaKOoKW nepeHaBaHTaXeHHsA piguHoto [10, 11].
Y3[ nereHb nposogunu 3rigHo 3 BLUE-npoTokonom
KOHBEKCHUM AaTyMKoM Yy 8 30Hax no nepegHin rpyaHin
CTiHUi. TsKKiCTb nereHeBOro 3acTol OLjiHOBanu Ha oc-
HOBI MigpaxyHKy cymu B-niHiii: 5 Ta MeHLe — BiACYTHICTb
3acToto, oT 6 go 15 — He3HayHun 3acTin, ot 15 go 29 —
nomipHwuia, 30 Ta Ginblue — 3Ha4Hun [12].

Ipynu Gynn NOpiBHSAHHI 3a KiNbKiCTHO NaLieHTiB, Tpu-
BanicTio Ta ob6’eMamu onepaTMBHMX BTpy4YaHb. [ocnia-
XKyBaHi rpynu Bigpi3Hsnuck 3a 06’emoM iHdy3inHoT Tepanii
iHTpaonepauiHO Ta 3a nepwy AoOy nicna onepadii,
noboBuM pigMHHMM GanaHcoM Ta 3araflbHUM 4acom
nepebyBaHHs B KNiHiLji, W0 BigobpaxeHo B Tabn. 2.

Tabnuus 2. XapaktepucTuka

Lung ultrasound was performed according to the
BLUE protocol with a convex sensor in 8 zones along
the front chest wall. The severity of pulmonary congestion
was assessed based on the sum of B-lines: 5 or less —
the absence of congestion, from 6 to 15 — slight
congestion, from 15 to 29 — moderate, 30 or more —
significant [12].

The groups were compared in number of patients,
duration and volume of surgical interventions. The study
groups were different in the volume of infusion therapy
intraoperatively and at the first day after surgery, daily
fluid balance, and the total time spent in the clinic,
that is reflected in Table 2.

nepionepadinHoro nepiogy

Table 2. The perioperative period characteristics

OsHaka / Characteristics Ipyna | / Group | lpyna Il / Group Il
KinbkicTb nauieHTiB / The number of patients n=44 n=42
TpuvBanicTb onepaTMBHOIO BTPyYaHHs, xB / Surgery duration, min 1245+71 118,6 £ 6,5
|HTpaOI‘Iepa‘LI,II7I‘Ha IH.beSIVIHa Tepanisi, Mn 1614,3 + 67,0* 25478 +73.9"
Intraoperative infusion therapy, ml
Temn iHTpaonepauinHoi IT, mn/kr/roa . .
Intraoperative IT rate, ml/kg/h 7.0£0.2 13.9£06
Mepionepauiina IT, 1-wa goba, mn " .
Perioperative IT at the first day, ml 2681+ 92 3668,5 £ 125,5
Temn nepionepauinHoi IT, 1-wa goba, mn/kr . "
Perioperative IT rate at the first day, ml/kg 40.8+1.3 50,1£25
Hiypes 3a 1-wy no6y, mn / Urine output for the first day, ml 1421,4 £ 81,4 1619,5 + 128,9
BogHun 6anaHc, 1-wa goba, mn / Fluid balance, first day, ml +192,9 + 120,3* +575,2 + 179,3*
Yac nepebyBaHHs y BPIT, gi6 / Time spent in ICU, days 4,4+0/1 45+0,1
Yac nepebyBaHHs B kniHiui, 4i6 / Time spent at the hospital, days 16,8 £ 0,7 18,4 +0,6*

TMpumimka: *BiporigHi BiaMiHHOCTI Mix rpynamm (p < 0,001)
Notes: *likely differences between groups, p < 0,001

HocnigxeHHsa Bynu BUKOHaHI BiANOBIAHO 40 OCHOBHUX
bioeTnyHnx Hopm lenbCiHCbKOI Aeknapadii BcecBiTHbOI
Meau4yHoi acouiauii Npo eTWUYHi NpUHUUNK 34INCHEHHA
HayKOBO-MeANYHUX JocnimkeHb 3i 3miHamu (2000 p.
Ta 2008 p.). Bxuto BCiXx 3axopiB ana 3abesneyeHHs
aHOHIMHOCTI  nauieHTiB. CTaTtucTU4He oOnpauloBaHHSA
AaHuX 30INCHUNMKM napamMeTpuyHMMKM Ta HenapameTpuy-
HUMK MeTodamu BinkokcoHa (ansa NopiBHAHHSA B AMHAMIL
y nauieHTiB ogHiei rpynu) Ta ManHa — YiTHi (ansa ouiHto-
BaHHSA BiAMIHHOCTEN MiX rpynamu). Pesynstatu HaBegeHi
AK cepefHe apudmeTnyHe 3HadveHHsa (M) Ta ctangapT-
He BigxuneHHs (SD), abo sk mepiaHa i 25%, 75% ksap-
Tuni, Me [Q1; Q3].

PE3YABTATU TA IX OBTOBOPEHHS

B o6ox gocnigkyBaHux rpynax nig yac onepadii Ta
B nicrisonepauvinHoMy nepiogdi MOKasHWKNU CUCTEMHOI W
LEeHTpanbHOI remoaMHaMiki 3anuwianucb cTabinbHUMK
Ta He notpebyBanu gogaTtkoBoi kopekuii. [ig Yac npo-
BegeHHss EKIT MOHiTOpuHry 3Hadywmx enizogis iwemii
MiokapAa Ta nopyLleHb cepLeBoro putMmy B o6ox rpynax

The studies were carried out in compliance with the
fundamental bioethical principles established by the
Declaration of Helsinki of the World Medical Association
regarding the ethical principles of scientific and medical
research, with adjustments made in 2000 and 2008.
All measures have been taken to ensure the anonymity
of patients. Statistical data processing was carried out
by parametric and non-parametric methods of Wilcoxon
(for comparison in dynamics in patients of the same
group) and Mann-Whitney (for assessing differences
between groups). Results are given as arithmetic
mean (M) and standard deviation (SD), or as median
and 25%, 75% quartiles, Me [Q1; Q3].

RESULTS AND DISCUSSION

During the surgery and in the postoperative period
the indicators of systemic and central hemodynamics
remained stable and did not require additional correction
in both studied groups. The ECG monitoring had shown
that there were no significant episodes of myocardial
ischemia and heart rhythm disturbances in both groups
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Ha eTanax AocnimkeHHs He 6yno. KniHiyHux o3Hak npo-
rpecyBaHHsi cepLeBoi HeJOCTaTHOCTI TakoX He crocTte-
piranocb. MNokasHukn Na, Ht, 3aranbHoro 6inka, kpeatu-
HiHy B [OCNifKyBaHUX rpynax 3anuwanicb B Mexax
pedepeHTHNX 3HAYEHb.

Mpu nopiBHSAHHI piBHIB BiomapkepiB cepLeBoi Heaoc-
TaATHOCTI — MNPOrOpMOHY MO3KOBOIMO HaTpilypeTUyHOro
nentuay (NT-proBNP), B nepwin rpyni nauieHTiB 3 pe-
CTPUKTUBHUM PEXMMOM iHOY3iNHOI Tepanii Ha eTanax
[OChigKEeHHA crnocTepiranocs nNoMipHe 3pOCTaHHSA PiBHSA
6iomapkepa 3 67,9 nr/mn B KT 1 go 72,9 nr/mn y KT 2
Ta 78,0 nr/mn y KT 3. Mportee, y apyrin rpyni 3 nibepans-
HAM pEeXMMOM iHTpaonepaLliiHol iHdy3inHOI Tepanil
BUSIBUIM 3HA4YHO Oinbwe 3pocTaHHA NT-proBNP 3
62,8 nr/mn B KT 1 o 120,9 nr/mn y KT 2, Ta— 183,1 nr/mn
y KT 3, wo moxe cBig4MTn Npo NOMIpHY rinepBonemito
Ta NiaBULLIEHUIA CUMHTE3 FOPMOHY Yy BiAnNoBiAb Ha nepe-
pO3TSIryBaHHSA CTIHOK cepusi (Tabn. 3).

at the study stages. Clinical signs of heart failure pro-
gression were also not observed. Na, Ht, total protein,
creatinine in the study groups remained within the
reference values.

Comparing the levels of biomarkers of heart failure —
prohormone of brain natriuretic peptide (NT-proBNP),
in the first group of patients with a restrictive infusion
therapy regimen a moderate increase in the level of
biomarker from 67.9 pg/ml at CP 1 to 72.9 pg/ml at CP 2
and 78.0 pg/ml at CP 3 was observed at the study
stages. However, in the second group with a liberal
intraoperative infusion therapy regimen, NT-proBNP
increased significantly from 62.8 pg/ml at CP 1 to
120.9 pg/ml at CP 2, and — 183.1 pg/ml at CP 3, that
may indicate moderate hypervolemia and increased
hormone synthesis as a response to overextension
of the heart walls (Table 3).

Tabnuusa 3. bioximiuHi Ta PYHKLiOHaNbHI NOKa3HWKK B rpyrnax Ha eTanax AOoCMimKeHHS
Table 3. Biochemical and functional parameters in the groups at the study stages

MokasHuk / Parameters

lpynal / Group | Ipyna ll / Group Il

NTpro-BNP (KT 1) / NTpro-BNP (CP 1)

67,9 [52,3; 72,1] 62,8 [53,9; 67,3]

NTpro-BNP (KT 2) / NTpro-BNP (CP 2)

72,9 [68,9; 53,6]* 120,9 [114,1; 128,9]*

NTpro-BNP (KT 3) / NTpro-BNP (CP 3)

78,0 [68,6; 87,7]** 183,1 [157,9; 220,9]**

IVC diameter, exhalation, cm (CP 3)

OB JIK, % (KT 1) / EF of the LV, % (CP 1) 55 [43; 60] 53 [41; 58]
OB JIK, % (KT 2) / EF of the LV, % (CP 2) 52 [43; 60] 48 [43; 60]
B JIK, % (KT 3) / EF of the LV, % (CP 3) 50 [43; 60] 44 [30; 51]
Oiametp HIMB, Bugwmx, cm (KT 1) . .

IVC diameter, exhalation, cm (CP 1) 1.711,6:1.8] 18[1,5,2.3]
HiameTp HIMB, Buagwnx, cm (KT 2) . .

IVC diameter, exhalation, cm (CP 2) 24[2:4,26] 25[23:27]
OiameTp HMB, Bugwmx, cm (KT 3) 2.3[2.1: 2,5] 2.712,5; 3,3]

KasanbHun iHgeke, % (KT 1) / Caval index, % (CP 1)

42,2 [36,4; 44,1] 43,6 [40,2; 46,1]

KaBanbHui iHaeke, % (KT 2) / Caval index, % (CP 2)

36,4 [31,1; 40,2]* 28,1 [24,3; 33,5]*

KasanbHui iHaeke, % (KT 3) / Caval index, % (CP 3)

30,8 [22,4; 36,5]** 12,6 [9,8; 16,7]**

Cyma B-nixitt, n (KT 1) / B-lines sum, n (CP 1) 8 [4; 11] 10 [6; 13]
Cyma B-ninint, n (KT 2) / B-lines sum, n (CP 2) 12 [8; 16] 1519; 19]
Cyma B-niHiit, n (KT 3) / B-lines sum, n (CP 3) 15[11; 18]* 21[18; 27]*

lpumimka:
*3HauyLwi BigMiHHOCTI Mk rpynamm p < 0,01;
**BiporigHo 3HauvyLWi BiAMIHHOCTI Mk rpynamu p < 0,001
Notes:
*significant differences between groups p < 0,01;
**likely significant differences between groups p < 0,001

lMpu BWKOHaHHI exokapaiorpadii B gocnigxyBaHUX
rpynax CyTTEBUX 3MiH CKOPOTNMBOCTI Ta cppakuii BUKK-
ay (®B) Ha ertanax OocnigXeHHA He crnocTepiranochb.
MokasHukn ®B B nepwin rpyni manu 3HaveHHs 55%,
52% T1a 50%, BignosigHO B 1, 2 Ta 3 KOHTPOSbHNX TOYKAX,
a B apyrii 3amiHoBanucsa 3 53% no 48% T1a 44% B 1, 2
Ta 3 KT. OpgHak 6ynu BusBneHi Y3[-03Hakn BEHO3HOMO
3aCTOK 3i 3POCTaHHAM fiamMeTpa HUMXKHbLOI MOPOXHUCTOI
BEHW Ha BMAMXY B nepuwin rpyni 3 1,7 cm go 2,4 cm
Ta 2,3 cmy 1, 2 Ta 3 KT, BignosigHo, Ta B Apyrin rpyni —
318cmy 1 KT po25cmy 2 KT 1a27cmy 3 KT
Binblw 3HauyWMMKN BUABUAMUCE 3MiHWM KaBarbHOro iHAEK-
Cy, SIKMN BigoOpaxae 3anexHiCTb CTyrneHs cnagiHHA

There was no significant changes in contractility
and ejection fraction (EF) in the study groups at the
study stages during the echocardiography. EF rates in
the first group was 55%, 52% and 50%, respectively,
at the control points 1, 2 and 3, and in the second group
changed from 53% to 48% and 44% at the CP 1, 2
and 3. However, ultrasound signs of venous congestion
were found with an increase in the diameter of the
inferior vena cava on exhalation in the first group from
1.7cmto2.4cmand2.3cmat CP 1, 2 and 3, respectively,
and in the second group — from 1.8 cm at CP 1 to 2.5 cm
at CP 2 and 2.7 cm at CP 3. The changes of the caval
index, which reflects the dependence of the degree of
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CTIHOK HWXHbOT MOPOXHUCTOI BEHW MpWU AWXaHHi Big i
HanoBHeHoCTi. Moro 3HayeHHs 3MiHIOBaNUCh y nepLuiii
rpyni Bin 42,2% B 1 KT po 36,4% B 2 KT 1a 30,8%
B 3 KT. Y ppyri rpyni 3miHn Bigbynuce 3 43,6%
no 28,1% B 2 KT 1a oo 12,6% B 3 KT, wWo cBia4MTb
Npo BEHO3HUM 3acTil Ta Mae CTaTUCTUYHO 3HauyLly
BigMiHHiCTb. TakoX nigTBEepAXeHa 3aTpyMKa piguHn B
nereHsix y rpyni 3 nibepanbHuM pexmmom y apyrin (15)
Ta TpeTin (21) KOHTPOMbHMX TOYKaX 3a KiMNbKiCTHO
B-niHiiA, nopiBHAHO 3 BuMXxigHUM piBHem (10), Ta Mix
rpynamm — B rpyni 3 PeCTPUKTUBHUM PEXUMOM Kifb-
KicTb B-niHin — 8, 12, 15 B 1, 2 Ta 3 KOHTPONbHNX TOYKAxX
BiOMOBIAHO, WO TakoX CKNano CTaTUCTUYHO 3HaudyLly
pisHMUt0 MiX rpynamu (Tabn. 3).

lMpoBegeHe pocnigXeHHA CBiAYUMTL MpPO  CyTTEBE
3pOCTaHHS MapKepiB CepLeBOi HEAOCTATHOCTI Ha eTanax
JocnigxkeHHa y nauieHTiB i3 cynyTHboto IXC Ta MiHi-
ManbHUMWU oO3Hakamu 3acTinHoi CH nig 4ac a6aomi-
HanbHUX XipypriYHMx onepauinn npu 3actocyBaHHi nibe-
panbHOro pexuMmy iHdysivHoi Tepanii. B uii rpyni Takox
crnocTepiranicb siBMLA BEHO3HOIO 3acTol B CUCTEMI
HWKHBOI MOPOXHUCTOI BEHW Ta HAKOMWYEHHS pPianHN B
iHTEepCTULIMHOMY NpOCTOpi nereHi, wo gosegeHo Y3[-
JocnigkeHHsM. HaBnaku, pexum 3 OOMEXEHHSM BHYT-
PiLUHBOBEHHOrO BBEAEHHS piAVHM y daHoi KaTteropil
XBOPUX He NpM3BOAMB OO0 3POCTaHHi piBHA MapkepiB
cepueBOoi HedoCTaTHOCTI, BEHO3HOMO 3aCTOK Ta HaKomu-
YEHHS1 PiAWHN B NEreHsx.

MpoBeneHe [OCNIMKEHHA OEMOHCTPYE, LO KOMI-
nekcHe Bu3HavyeHHs NT-proBNP, ouiHka AvHaMiYHOro
HamnoBHEHHS1 HWXHbOT nopoxHucToi Berun (IVC) ta Y3[
nereHb MOXYTb AaBaTW BWYepnHy iHdopmaLio wWwoao
06paHHs pexuMmy iHdysinHOT Tepanii y AaHoi kateropil
nauieHTiB, MOHITOpyBaTU peakuii remogiHamikn Ang
cBoevacHoi kopekuii IT, a TakoX npu MNpPOrHo3yBaHHI
Ta npodpinakTuui KapaianbHUX ycknagHeHb. Y3[-03Haku
BEHO3HOTO 3acTo Ta 3aTPUMKM PiaMHU B JereHsx
y rpyni 3 nibepanbHUM pexXuMMOM Yy Jpyrin Ta TpeTin
KOHTPOIBbHUX TOYKaX AEMOHCTPYOTb MOXMUBICTb NioBu-
LWEeHOro pU3MKy pPO3BWUTKY KapAianbHUX YCKMNagHEeHb
y BUMAA4I NporpecyBaHHs cepueBOi HegoCTaTHOCTI Ta
BMCOKOI BipOrifHOCTi po3BUTKY Habpsiky nereHb y rpyni
3 nibepanbHUM peXnMoM iHdy3iiHOI Tepanii, Wwo nia-
TBEpAXYeTbCs NiaBuwWeHHAM piBHS NT-proBNP. Pusnk
HECNPUATANBUX MicnsaonepauinHux nogih, noB’sa3aHnX
i3 CH, 3anexuTb Big Toro, un 3bepexeHa abo 3HMKeHa
cuctoniyHa dyHkuia I, Big remoguHamivyHOT KOMMNEH-
cauji Ta Big HasBHoCTi abo BigcyTHocTti cumnTomisa CH
y BUXiQHOMY CTaHi. 3acToCcyBaHHS HeiHBa3VBHWX, LIBUA-
KMX Ta TOYHUX CyvacHUX MeToadiB Y3-giarHoCcTuku, ki
BMKOHYHOTbCSI 6insi nixkka XBOPOro 3a NiYeHi XBWUMWHW,
[O3BONSATL  CBOEYACHO OTPMMYBATU BaxNMBI - AaHi
WoAo CTaHy naujieHTa Ta, 3a HeoOXigHOCTi, MpoBoAMTH
KOpekKLito Tepanii.

BUCHOBKHU

B pesynbraTti npoBedeHOro OOCHIgXeHHS BCTaHOB-
NIeHO, WO 3acTOCyBaHHA NiGepanbHOro pexumy iHgy-
3iHOT Tepanii B nepionepauiiHOMy nepiogi y XBOPUX
3 IXC 1a XCH I, I-ll ®K, nopiBHSHO 3 pPeCTPUKTUBHUM
PEXUMOM, MNPU3BOAWUTL [0 CTATUCTUYHO 3Ha4yLloro
3pocTaHHsA GiomapkepiB cepueBoi HegoCTaTHOCTI Ta Y3[
03HaK BONEMIYHOTO NepeHaBaHTaXEHHS.

the inferior vena cava walls collapse during breathing
on its fullness, were more significant. Its values varied
from 42.2% at CP 1 to 36.4% at CP 2 and 30.8% at CP 3
in the first group. In the second group changes occurred
from 43.6% to 28.1% at CP 1 and 2 and up to 12.6%
at CP 3, which indicated venous stagnation and had
a statistically significant difference. Also fluid retention
in the lungs in the group with a liberal regimen was
confirmed at the second (15) and third (21) control points
by the number of B-lines in comparison with the
baseline (10) and between the groups — in the group
with a restrictive regime, the number of B-lines was
8, 12, 15, at the control points 1, 2 and 3, respectively,
that was also statistically significant difference between
the groups (Table 3).

The study showed a significant increase in heart
failure markers at the study stages in patients with
concomitant coronary artery disease and minimal signs
of congestive HF during abdominal surgical operations
when a liberal infusion therapy regimen was used.
In this group the phenomena of venous congestion
in the inferior vena cava system and the accumulation
of fluid in the lung interstitial space were also observed,
that was proved by ultrasound examination. On the
contrary, a restrictive intravenous fluid administration
regimen in this category of patients did not lead to
an increase in the level of heart failure markers, venous
congestion and fluid accumulation in the lungs.

The study demonstrated that a complex detection
of NT-proBNP, assessment of dynamic inferior vena
cava (IVC) filling and ultrasound of the lungs can provide
comprehensive information for the choice of infusion
therapy in this category of patients, monitor hemody-
namic reactions for prompt correction of IT, as well as in
the prediction and prevention of cardiac complications.
Ultrasound signs of venous congestion and fluid
retention in the lungs in the group with a liberal regimen
at the second and third control points demonstrated
the possibility of an increased risk of developing cardiac
complications in the form of a heart failure progression
and a high probability of a pulmonary edema developing
in the group with a liberal infusion therapy regimen, that
was confirmed by an increase in the level of NT-proBNP.
The risk of adverse postoperative events associated
with HF depends on whether the systolic function of LV is
preserved or reduced, on hemodynamic compensation,
and on the initial presence or absence of symptoms
of HF. The use of non-invasive, fast and accurate modern
methods of ultrasound diagnostics, which are performed
at the patient’'s bedside in a matter of minutes, allow
to obtaining important data on the patient’s condition
promptly and, if necessary, to correct the therapy.

CONCLUSIONS

Based on the study, it was discovered that:

The use of a liberal regimen of infusion therapy in
the perioperative period in patients with coronary heart
disease and HF |, |-l FC compared to a restrictive
regimen leads to a statistically significant increase
in biomarkers of heart failure and ultrasound signs of
volemic overload.
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PectpuktuBHuin pexum IT B gosi 5-8 mn/kr/roguHy,
NnopiBHAHO 3 nibepanbHUM B [03i 12—15 mn/kr/roguHy,
Moxe OyTu BM3HaHMM onTUManbHUM Ta 6e3nevyHuM
y nauieHtiB 3 IXC ta XCH I, I-ll ®K npu onepauis
Ha opraHax YepeBHOI MOPOXHUHW.

BukopuctaHHA Ta LIMPOKE BMPOBAMKEHHS B Mpak-
TUKY KOMMIIEKCHOrO BW3HAYEHHS1 PIiBHA aMiHO-KiHLe-
BOrO MPOrOpPMOHY MO3KOBOIO HaTpilypeTUYHOro nentuay
(NT-proBNP), HeiHBasuBHux meTogie Y3[ cepus —
exokapgiorpadii, Y3[] nereHb Ta LEHTpanbHUX CyOWUH —
OLiHKM OAMHAMIYHOrO HaMOBHEHHS HWXHBOI MOPOXHUCTOI
BeHn (IVC) po3BOnsitoTb CYTTEBO [AOMOBHUTU KITiHIYHY
iHdbopMauilo Woao BOMEMIYHOro CTaTycy, BEHO3HOro
3acTOl, CKOPOYYyBanbHOI 30aTHOCTI cepusi Ta 3aTPUMKM
PiAVMHN B iIHTEPCTULIMHOMY MPOCTOPI fereHb, Ta MOXYyTb
OyTV KMHYOBUMK B NPOdMMaKkTULi KapgianbHUX yckna-
OeHb y JaHoi KaTeropii nauieHTiB.
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The restrictive regimen of IT in a dose of 5 — 8 mi/kg/hour,
in comparison with a liberal one in adose of 12— 15 ml/kg/hour,
can be recognized as optimal and safe in patients with
coronary heart disease and HF 1, I-1l FC during surgery
on the organs of the abdominal cavity.

The use and widespread implementation in practice of
complex determination of the level of the amino-terminal
prohormone of brain natriuretic peptide (NT-proBNP)
NT-proBNP, non-invasive methods of ultrasound of the
heart — echocardiography, ultrasound of the lungs and
central vessels — assessment of the dynamic filling of the
inferior vena cava (IVC) allows significantly supplement
clinical information on volemic status, venous stasis,
contractility of the heart and fluid retention in the inter-
stitial space of the lungs and may be key in the prevention
of cardiac complications in this category of patients.
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Prospects for further research

An appropriate further study of the correlations of biochemical
markers of heart failure and ultrasound signs of venous
stasis in different modes of infusion therapy in patients
undergoing planned or urgent surgery for diseases of the
abdominal cavity and having concomitant pathology in the form
of coronary heart disease (CHD) and heart failure (HF).
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PE3IOME

COVID-19, cepueBo-cyamHHi 3axBopto-  AKTyanbHicTb. [lpobnema COVID-19 Ha cborogHi € ogHieto 3 HanbinbLl HEBUPILLEHNUX.
BaHHs1, MioKapgianbHe ypaXeHHsI. HaykoBui i nikapi 6aratbox kpaiH CBiTy HamaratoTbCsi BUBYUTM OCOBNUBOCTI NaToreHesy

AAf KOpEeCNOHAEHLI:

Liei xBopobu AN nowyky Hanbinblw eeKkTUBHNX MeTOAIB MikyBaHHS. MoniopraHHiCcTb
ycknagHeHs COVID-19 npusBogutb 00 CMepTi Ta iHBanigisauii nauieHTiB. XBopoba
MaHicpecTye cuMnToMamun ypaxeHHs1 fiereHeBoi CUCTeMU 3 NOAANbLUMM YLLKOOKEHHSM
iHWKX cuctem i opraHiB. BpaxoBywouu, WO CepueBO-CyAMHHI 3aXBOPIOBAHHSA
3anuLLalTbCsA FONTOBHOK MPUYMHOK CMEPTHOCTI y BCbOMY CBITi, BKpan HeobXxigH1M €

bina Hamansi Borodumupie+a BMBYEHHS ocobnmBocTeil Tedii COVID-19 Ha Thi iCHYI040i CepLieBO-Cy/AUHHOI NaTONOril.
XapkiBCbkWi HaLiOHaNbHUA YHIBEPCUTET  MeTa po60TH — aHani3 Ta y3aranbHeHHs! AaHUX NiTepaTypHUX JXXepen, siki NpUCBsAYeHi
imeHi B.H. KapasiHa MiHicTepcTBa OCBITU  ByByeHHIO ypaxeHHs CepLIEBO-CYAMHHOT cUCTEMM BHACTIIOK nepeHeceHoro COVID-19.
i Hayku YkpaiHu, kacenpa nporenes-  Marepianu i Metoau. [Mig6ip nybnikauii BMKOHAHO 3a KIIIOYOBMMM CrOBaMu
TUKU BHYTPILIHBOT MEANUMHM i (iSMYHOT B Gasax paHux PubMed (https://pubmed.ncbi.nim.nih.gov/) Ta Google Scholar

peabiniTauii;

(https://scholar.google.com/), ony6nikoBaHunx y 2020—2022 pp.

Mavinan CeoGoawn, 6yn. 4, XapkiB, PesyniraTi Ta ix 06roBopeHHs. B cTaTTi NpoaHaniaoBaHi icHytoui JaHi MeTa-aHani3is

YkpaiHa, 61022;

OO YacTOTU PO3BUTKY CEPLIEBO-CYAMHHUX YCKNagHEHb XBOPOGOW, BMMMB LyKPOBOIO

e-mail: natory3@gmail.com piabeTy Ha mepeBir 3axBOPIOBAHHSI, iCHYloUi Teopii maToreHesy ypaxeHb CepLieBO-

cyauHHOT cuctemu npu COVID-19.

© bina H.B., bpursa M.C., TakoxX HaBeAEHO KIiHIYHI BapiaHTW ypaxeHHs! cepust npu COVID-19, siki Ha cborog-

TumapeHko H.B., 2024

AAS LUTYBAHHS:

HSILLHINA AeHb onucaHi y nitepatypi. Ocobnusy yBary npuaineHo ocobnmMBoCTSM pO3BUTKY
i MpOTiKaHHA MNOCTKOBIAHOrO MiOKapAUTY, SKUW € O4HUM 3 HaHaAMMOLUMPEHILINX
ycknagHeHb COVID-19 3 6oky cepueBo-cyauHHoi cuctemn. Ocobnusoi yBarn 3acny-
roBye ToM pakT, WO 3a AaHUMK MiTepaTypy YacTMHa nauieHTiB Mae miokapgut 6e3
KNiHIYHNX 03HaK. TOMY LiikaBMMW € AaHi riCTNOriYHOro AOCNIMKEHHS Miokapay nauieHTiB
COVID-19 6e3 cumntomiB MiokapauTa. TpyAHOLLi BUHMKAOTb i HAa eTani AiarHoCTyBaHHS
MioKapauTy, amKe 3aranbHOMPUWHATI OO0 CbOrOAHSILUHLOIMO 4Yacy MeToau 4acoMm €
HeiHdopmaTMBHMMU. MacoBa BakuiHauia Big COVID-19, Ha xanb, Takox mana Taki
HebaxaHi 606i4Hi ABULLA, K NOCTIH EKUIHUIA MiOKapauT.

HaBegeHo pgaHi niTepatypu BiQHOCHO PO3BWMTKY AWMMATaLiMHOI KapgiomionaTii micns
nepeHeceHoro COVID-19. [ungaTtauinHa kapgiomionatia npu LbOMYy MoOxe OyTu
pes3ynbTaToM He nuwie NepeHeceHoro MiokapawTa, ane NnepBMHHOI0 peakuieto Ha Aito
LIMTOKIHIB, LLO BUAINSOTLCS BipyCOM.

BucHoBku. COVID-19 moxe ycknagHiooBaTu nepebir iCHyro4oi kapaioBackynspHoOi
naTtonorii Ta MNPOBOKyBaTWM [OCTPe YypaXeHHsi Miokapga, LWo noripwye nepebir
3aXBOPHOBAHHSI Ta NPOrHO3 XUTTSI XBOPOIO.

bina H.B., BpuHsa M.C., TutapeHko H.B. CepueBo-cyauHHi ycknagHeHHs COVID-19. BicHuk Xapkiecbko2o
HauyioHanbHo20 yHigepcumemy imeHi B.H. KapasiHa. Cepisi «MeduyuHa». 2024. T. 32. Ne 1(48). C. 86-97.
DOI: https://doi.org/10.26565/2313-6693-2024-48-09
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ABSTRACT

Background. The problem of COVID-19 today is the most unresolved worldwide.
Scientists and doctors all over the world are trying to study features of pathogenesis
this disease to find the most effective treatment methods. Multiple organ compli-
cations COVID-19 lead to death and disability of patients. The disease manifests
itself with symptoms of damage to the pulmonary system with subsequent damage
other systems and organs. Considering that cardiovascular diseases remain the
leading cause of death worldwide, it is necessary to study the features of flow COVID-19
against the background of existing cardiovascular pathology.

Purpose — the purpose of the study was to analyze and summarize literature sources,
which are devoted to the study of damage to the cardiovascular system as a result
of COVID-19 affection.

Materials and Methods. Publications were selected using keywords in PubMed
(https://pubmed.ncbi.nim.nih.gov/) and Google Scholar (https://scholar.google.com/)
databases published over the period from 2020 to 2022.

Results. The article analyzes the existing data of meta-analyzes regarding the
incidence of cardiovascular disease, the effect of diabetes mellitus on the course
of the disease, existing theories of the pathogenesis of cardiovascular disease
in COVID-19. Clinical variants of heart damage in COVID-19 are also given, which
are described in the literature today. Particular attention is paid to the peculiarities
of development and the course of postcoid myocarditis, which is one of the most
common complications of COVID-19 on the part of the cardiovascular system.
Particularly noteworthy is the fact that according to the literature, some patients
were diagnosed with myocarditis without clinical manifestations. Therefore, the data of
histological examination of the myocardium of COVID-19 patients without myocarditis
symptoms are of great interest. Difficulties also arise at the stage of diagnosing
myocarditis, because the currently accepted methods are sometimes uninformative.
Mass vaccination against COVID-19, unfortunately, also had such undesirable side
effects as post-injection myocarditis. The literature data on the development of
dilated cardiomyopathy after suffering from COVID-19 are presented. At the same time,
dilated cardiomyopathy can be the result not only of the transferred myocarditis,
but also a primary reaction to the effect of cytokines released by the virus.
Conclusions. COVID-19 can exacerbate pre-existing cardiovascular pathology
and provoke acute myocardial injury, deteriorating the course of the disease and
the life prognosis for the patient.

Bila NV. Brynza MS. Tytarenko NV. Cardiovascular complications of COVID-19. The Journal of V.N. Karazin Kharkiv
National University. Series «Medicine». 2024;32(1(48)):86—97. DOI: https://doi.org/10.26565/2313-6693-2024-48-09

BCTYN

INTRODUCTION

Ha cborogHsIWwHiA 4yac npobrnema MoCTKOBIOHWUX
ycknagHeHb HabyBae Bce 6inblIOi  akTyanbHOCTI.
Lle noB’dA3aHO 3i LIOAEHHOK MOSBOKO BCE HOBUX [aHMX
MeTa-aHanisis, ski cBig4aTb MPO PO3BUTOK YCKNagHEHb
y XBOPWUX Ha KOBig He nuLle B rOCTPOMY, ane v y Bigaa-
neHomy nepiogax, Konu niognHa BBaxae cebe Uinkom
3gopoBoto. OcobnunBo 3arpo3nuBuMM € Tou hakT, Lo
NOCTKOBIAHI  YCKNagHEHHS pO3BMBaOTLCS Yy XBOPWUX
MOoAoro BiKy, @ TaKOX Yy XBOPWX, SKi NnepeHecnu iHdek-
Lito y nerkin copmi. ToX CTaH iX 300pOB’S He BUKMUKaE
cTyp6oBaHOCTI y CiMenHMX nikapis.

MeTta po6otu. AHania Ta y3aranbHEHHS [aHWX
3 niTepaTypHUX [pKepen, $Ki NPUCBSAYEHI BUBYEHHIO
YpaKeHHs1  CepLeBO-CYQMHHOI  CUCTEMM  BHacnigoK
nepeHeceHoro COVID-19.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Migbip nybnikauii BUKOHAHO 3a KIMHYOBUMMW CrOBaMu
B 6a3ax gaHnx PubMed (https://pubmed.ncbi.nim.nih.gov/)
Ta Google Scholar (https://scholar.google.com/), ony6ni-

Today, the concern surrounding post-COVID compli-
cations is escalating, driven by the continual emergence
of new meta-analysis findings that highlight the occur-
rence of complications in COVID-19 patients, not only
during the acute phase but also in the subsequent
periods when individuals perceive themselves to be
fully recovered. It is particularly alarming that post-COVID
complications are manifesting in younger patients and
those who had mild infections, often overlooked by
general practitioners due to the seemingly non-serious
nature of their health condition.

The objective of the study was to summarize
the information about cardiovascular system damage
as a result of COVID-19 affection.

MATERIALS AND METHODS

Publications were selected using keywords in
PubMed (https://pubmed.ncbi.nlm.nih.gov/) and Google
Scholar (https://scholar.google.com/) databases publi-
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koBaHux y 2020-2022 pp., y SKMX BUCBITNIOBaNuCb AaHi
JocnigkeHb  LWOAO  KaphioBacKynspHUX  yCKNagHeHb
COVID-19.

PE3YABTATU TA IX OBTOBOPEHHS

COVID-19 Ha doHi icHylo4oi

KapAioBACKyAsipHOI naToAorii

BesymoBHO, B nepwy uyepry, ans SARS-CoV-2
npuTamaHHUM € TponiaMm A0 nereHb. B Ton xe y4ac npwu
COVID-19 cnocTtepira€eTbCs BUCOKUI PU3KK PO3BUTKY
CcepLueBO-CyaNHHUX ypaxeHb. Ha TenepilHii 4yac MoxHa
BUAINUTWM [AeKinbka CKMagoBMX KapgianbHOI nartonoril
npn COVID-19. Le possutok COVID-19 Ha Tni icHytoumx
cepueBO-CyaMHHMX  3axeBoptoBaHb (CC3), posBuTOK
CepLeBO-CyAMHHOI NaTomnorii y paHi 340poBuUX nioaen
i KApAIOTOKCUYHMI edbeKT nikapcbkmx 3acobis, LU0 3acTo-
coBylTb Ana nikyBaHHa COVID-19 [1]. Takox psag
OoCnigHVKIB BBaxae, WO KapaianbHi MposiBu MOXYTb
6ytn nepsuHHuMK npn COVID-19 (cepuesuin cdeHoTMN
3aXBOPIOBAHHSA), abo BTOPUMHHWUMM, 3'ABNATUCS Ha (OHI
nereHeBoro ypaxkeHHsi (3MillaHui nereHeBo-cepLeBuin
deHotun) [2].

HasBHiCTb CynyTHIX CcepLeBO-CYANHHUX 3axBOplo-
BaHb BNNNBAE Ha TsxkkicTb nepebiry COVID-19 i nigsuye
pusuk netansHocTi [3]. Cepen kapaioBackynspHux dak-
TOpIB PM3NKY Han4acTille cnocTepiralTbCa apTepianbHa
rinepteHsia (Al), oxupiHHS | uykposwui agiabet (LUAO).
3a gaHumMn peTpoCneKTUBHOIO aHanidy BUNagkiB XBOPUX
Ha COVID-19 (n = 1590), wo 6ynun otpumaHi B 575 kni-
Hikax Kutat, y 25% xBopux Oynn BuSABMEHi CynyTHi
3axBoptoBaHHs. Cepen Hux Al cknagana 16,9%, iHwi
CC3 cnocrtepiranuce y 53,7% xsopux, L[ 6ys Busasne-
HiM y 8,2% [4]. 3a gaHumm Onder G et al. cepen
22512 xBopux Ha COVID-19 cynyTHs iwemiyHa xBopoba
cepusa (IXC) cnocrtepiranacb y 30% xBopux, ¢ibpu-
nauis nepeacepab — Y 24,5%, iHCYynbT B aHamHesi —
y 9,6%, U -y 35,5% [5].

Richardson S et al. npn ananisi 5700 Bunagkis
Ha COVID-19 eigmivatoTb HasaBHicTb Al y 56,6%, IXC —
y 11,1%, oxupiHHa —y 41,7% i U1 — y 33,8% xBopux [6].
Y metaananisi 6 gocnigxenb (n = 1 558), nposegeHomy
Wu C et al., BCTaHOBMNEHO He3anexHWMn npeavkTopaMmm
Baxxkoro nepebiry COVID-19 Taki 3axBOplOBaHHS $IK
Al' (BigHOwWeHHsA waHciB (BW) — 2,29, p < 0,001), iHwi
CC3 (BW - 2,93; p < 0,001), uepebpoBackynsipHa nato-
noria (BW - 3,89; p = 0,002), U (B - 2,47; p < 0,001),
XpOHiYHa 06CTpykTMBHa xBopoba nereHb (Bl — 5,97;
p < 0,001) [7]. 3a paHummn Zhou F et al. npu HasBHicTi
IXC BiporigHicTb po3BuUTKYy Tsbkkmx dopm COVID-19
nigsuwysanack B 2,5 paan [8]. Inciardi R.M et al., Bus-
BUMKY, WO AecTabinisauia cTaHy cepueBO-CYQUHHOI cuc-
TEMW 3HaAYHO niABuULLYyBana pu3WK neTanbHOCTI npu
CYNyTHIX CepuLeBO-CYAMHHMX 3axBOpoBaHHAX. CwmepT-
HicTb Oyna 3Ha4yHO BUWLIE Yy MAUIEHTIB 3 KapAianbHO
naTororieto y NopiBHAHHI 3 nauieHTamu 6e3 kapaiansHol
nartonorii (35.8% npotn 15.2%; norpaHroBbIi TeCT:
P = 0.019; BsigHocHun pusuk 2.35; 95% posipuun iH-
Tepsan 1.08-5.09) [1].

B iHWoMy gocnigxkeHHi npu aHanisi 44672 Bunagkis
xBopux Ha COVID-19 6yno B1siBNeHo BUCOKY NeTanbHiCTb
y xsopux 3 CC3 (10,5%), Al (6,0%) i LI (7,3%), B Ton yac
SIK 3aranbHUN NOKa3HMK NeTanbHoOCTI ckrnagaes 2,3% [9].

shed over the period from 2020 to 2022 that covered
information of the research data on cardiovascular
complications of COVID-19.

RESULTS AND DISCUSSION

COVID-19 against the background of existing

cardiovascular pathology

Initially, SARS-CoV-2 is known for its affinity for the
lungs. Nevertheless, there’s a significant risk associated
with cardiovascular damage during COVID-19. At present,
the cardiovascular implications of COVID-19 can be cate-
gorized into several areas: the impact of COVID-19 on
individuals with pre-existing cardiovascular conditions,
the onset of cardiovascular issues in those previously
healthy, and the cardiotoxic effects of medications used
in COVID-19 treatment [1]. Some scholars propose that
cardiac symptoms could either be a primary manifes-
tation of COVID-19 (cardiac phenotype) or secondary,
emerging due to pulmonary damage (combined
pulmonary-cardiac phenotype) [2].

The coexistence of cardiovascular diseases signifi-
cantly worsens the COVID-19 course and elevates
mortality risk [3]. Hypertension (HTN), obesity, and
diabetes mellitus (DM) are among the most frequently
observed cardiovascular risk factors. A retrospective
analysis of COVID-19 cases (n = 1,590) from 575
Chinese clinics revealed that 25% of the patients had
comorbid conditions. Of these, HTN was presentin 16.9%,
other cardiovascular conditions in 53.7% of patients,
and DM was found in 8.2% [4]. Data from Onder G et al.
showed that among 22,512 individuals with COVID-19,
concomitant coronary artery disease (CAD) was found
in 30% of cases, atrial fibrillation in 24.5%, a history
of stroke in 9.6%, and DM in 35.5% [5].

The growing issue of post-COVID sequelae is be-
coming increasingly prominent due to ongoing revela-
tions from new meta-analyses. These studies highlight
not only the immediate complications following COVID-19
infection but also long-term effects that can persist even
when individuals feel fully recovered. Alarmingly, such
post-COVID conditions are emerging among younger
patients and those who had a mild course of the infection,
often not raising concerns among primary care physicians.

While SARS-CoV-2 primarily targets the lungs, there’s
a considerable risk for cardiovascular system involvement
in COVID-19. Presently, we can distinguish between seve-
ral facets of heart-related pathology in COVID-19: the
aggravation of pre-existing cardiovascular diseases (CVD)
by COVID-19, the onset of new cardiovascular pathology
in previously healthy individuals, and the cardiotoxic
impacts of COVID-19 treatment medications [1]. Some
researchers suggest that cardiac symptoms in COVID-19
can be primary (cardiac phenotype of the disease) or
secondary, arising from pulmonary involvement
(a combined pulmonary-cardiac phenotype) [2].

The coexistence of cardiovascular conditions
exacerbates the course of COVID-19 and heightens the
risk of fatal outcomes [3]. Hypertension, obesity, and
diabetes mellitus are among the most common cardio-
vascular risk factors. An analysis by Richardson S et al.
of 5,700 COVID-19 cases showed that 56.6% had HTN,
11.1% had coronary artery disease (CAD), 41.7% were
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Takox UikaBMMW € gaHi OOCRigKEHHS, NPOBEaEHOro
S. Tai et al., B skomy 6yno nopiBHAHO ABi rpyny XBOpUX
Ha COVID-19 3i cepeaHbo-TsXKkMM  nepebirom
iHcpekuii: xBopi 3 HasiBHicTIo CC3 (n = 48, 14,5%)
i xBopi 6e3 CC3 (n = 284, 85,5%). XBopi 3 HasBHICTO
cepLeBO-CyaAMHHOI natonorii 6ynu cTapwi 3a Bikom
(cepegnHin Bik 56 pokie vs 50 pokiB; p = 0,007), yacTiwe
mManu ckapru Ha cnabkictb (28,3% vs 11,1%; p = 0,002),
anckomdpopt 3a rpyavHoto (40,0% vs 6,0%; p < 0,001)
Ta mianrito (13,0% vs 2,6%; p = 0,001), Takox y Lux
xBopux uJacTiwe cnocTepirasca LA (8,3% vs 2,5%;
p < 0,05) i 3axBoptoBaHHs nereHb (8,3% vs 1,1%;
p < 0,05), a Takox Ui xBOpi YacTiwe G6ynu rocnitaniso-
BaHi y BigaineHHs iHTeHcuBHoI Tepanii (47,9% vs 12,4%;
p < 0,001). IHTeHcMBHOI gonomorn ocobnumeo noTpedy-
Banun xBopi 3 Al (44,7% vs 13,9%; p < 0,001)
i IXC (90,9% vs 15,0%; p < 0,001) y nopiBHSAHHI 3 XBO-
pumn, ki manu iHwi CC3. 3a gaHumu GaratodakTop-
Horo aHanisy 6yno BuaHa4eHo, o cynyTHi CC3 aensioTb
coboK HezanexHun akTop po3BUTKY TSHKKUX hopm
COVID-19 (noxmbka waHcis (MW) — 2,652, 95%-n
posipunii iHTepsan (OI) — 1,019-6,899) [10]. Otxe,
HasBHiCTb komopbigHoi natonorii y Burnsai CC3 y xBo-
pux Ha COVID-19 ycknagHioBana nepebir 3axsopto-
BaHHS i cnpusina po3BuTKy Tsxknx doopm COVID-19.

CepL.eBO-CyAUHHI 3MiHM

Ha TAi COVID-19

Ha cborogHsLWwHin aeHb 3a pesynsraTamu 4ochigKeHb
BUAINATL AeKinbKa KMiHIYHUX BapiaHTiB  ypaXeHHS
cepusi y xsopux Ha COVID-19:

— noripLieHHs nepebiry XpoHiYHMX cepLeBO-CyANHHMX
3axsoptoBaHb [11];

— PO3BUTOK roCcTporo iHgapkTa miokapga (IM) BHacni-
[OK TPOMO03a SIK 3MIHEHMX, TaK | HE3MIHEHNX KOPOHaPHMX
aptepin [12];

— pO3BUTOK apuTmin [13];

— pO3BUTOK MioKkapauTy i nepukapauty [14];

— PO3BUTOK KapAiOreHHOro LUOKY, rocTpoi cepueBoil
HegocTaTHOCTI y nauieHTiB 6e3 nonepegHix 3axBopto-
BaHb cepus [1];

— NiABWLLIEHHS pPiBHS KapaiocneLmdivyHUX Mapkepis (Tpono-
HiHa, NT-proBNP) B kpoBi, sike cnocTtepiraetbes y 8% XBOpUX
i He 3aBXauM CynPOBOMAXKYETHCA KMiHIYHUM noripLueHHsaM [15].

CepeanatoreHeTUYHMX MEXaHi3MiB pO3BUTKY CEpLIEBO-
CYOVHHUX ycknagHeHb npyu COVID-19 BuainsatoTh Taki:

— npsiMa nowkompkytoya pfis Bipyca SARSCoV-2
Ha nepiunTn, KapgiomiounTn i pibpobnacTu [16];

obese, and 33.8% had DM [6]. In a meta-analysis of
6 studies (n = 1,558) by Wu C et al., independent predic-
tors of severe COVID-19 course were identified as HTN
(odds ratio (OR)—-2.29, p<0.001), other CVDs (OR-2.93;
p<0.001),cerebrovasculardiseases (OR-3.89;p=0.002),
DM (OR — 2.47; p < 0.001), and chronic obstructive
pulmonary disease (OR — 5.97; p < 0.001) [7]. According
to Zhou F et al., the presence of CAD was associated
with a 2.5-fold increase in the risk of severe COVID-19 [8].
Inciardi R.M et al. discovered that cardiovascular system
destabilization significantly elevated mortality risk in
patients with concurrent cardiovascular diseases, with
a notably higher mortality rate observed in patients
with cardiac pathology compared to those without
(35.8% vs 15.2%; Log-rank test: P = 0.019; relative risk
2.35; 95% confidence interval 1.08-5.09) [1].

In another analysis of 44,672 COVID-19 cases, high
mortality rates were found in patients with CVD (10.5%),
HTN (6.0%), and DM (7.3%), compared to an overall
mortality rate of 2.3% [9]. An interesting study by
S.Tai et al. compared two groups of COVID-19 patients
with a moderate-to-severe infection course: those with
CVD (n = 48, 14.5%) and without CVD (n = 284, 85.5%).
Patients with cardiovascular pathology were older
(average age 56 years vs 50 years; p = 0.007), more
frequently reported weakness (28.3% vs 11.1%; p=0.002),
chest discomfort (40.0% vs 6.0%; p < 0.001), and myalgia
(13.0% vs 2.6%; p = 0.001). These patients also had
a higher prevalence of DM (8.3% vs 2.5%; p < 0.05) and
lung diseases (8.3% vs 1.1%; p < 0.05), and were more
often admitted to intensive care units (47.9% vs 12.4%;
p < 0.001). Intensive care was particularly required for
patients with HTN (44.7% vs 13.9%; p < 0.001) and CAD
(90.9% vs 15.0%; p < 0.001) compared to those with
other CVDs. Multifactorial analysis determined comorbid
CVDs to be an independent predictor of severe COVID-19
development (odds error (OE) — 2.652, 95% confidence
interval (Cl) — 1.019-6.899) [10]. Hence, the presence
of comorbid CVD in COVID-19 patients complicates
the disease course and leads to the development of
severe COVID-19 forms.

Cardiovascular changes against the back-
ground of COVID-19

The development of cardiovascular complications
in COVID-19 involves several key pathogenetic mecha-
nisms, including:

— the direct harmful effect of the SARS-CoV-2 virus
on pericytes, cardiomyocytes, and fibroblasts, leading
to cellular damage [16];

— indirect consequences of SARS-CoV-2 on the
myocardium through a «cytokine storm», characterized
by an overproduction of inflammatory mediators and
cytokines/chemokines [17];

— the direct detrimental action of SARS-CoV-2
on the endothelial cells of blood vessels, resulting in
endothelial dysfunction [18, 19];

— the induction of hypercoagulability due to endo-
thelial dysfunction, increased platelet activity, and
elevated levels of von Willebrand factor, which disrupts
blood flow and leads to the formation of micro- and
macrothromboses [18];

— severe hypoxemia causing an increase in anaerobic
processes, intracellular acidosis, and oxidative stress
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— onocepegkoBaHuin Bnnue Bipyca SARS-CoV-2
Ha MioKapd B YMOBax «LMTOKIHOBOrO LUTOPMY» (BUKMAY
HaaMIipHOT KiNbKOCTi 3ananbHUX MegiaTopiB i LUTOKIHIB/
XeMOKiHiB) [17];

— npsiMa nowkomkytoya pfis Bipyca SARSCoV-2
Ha CyAWHHUA eHOoTenid, WO NpuU3BOAMTbL 4O MOro Auc-
dyHKuUiT [18, 19];

— PO3BUTOK rinepkoarynsuii BHacnigok eHgoTtenianb-
HOI  AnCAYHKUIT, NiABULLEHHS aKTUBHOCTI TpoMOGouMTIB
i hakTopa BinnebpaHaa, B pe3ynsrati 4oro nopyLuyeTbcs
KpoB0oOOir 3 hopMyBaHHAM MiKpo- i MakpoTpombo3is [18];

—BUPaXeHa rinokcemis, ika NpM3BoaUTb 40 MOCUIEHHSI
aHaepoOHMX MNpOoUECiB, BHYTPILUHLOKNITUHHOIO auuao3y
i oKCcuaaTMBHOrO cTpecy (NpsiMa Ais Bipycy Ha remornobiH,
Lo BeAE 00 3MEHLUEHHS KMCHEBOi EMHOCTI KpoBi) [18];

— paucbanaHc Mk noTtpebot Miokapaa Yy KMCHI
Ta Noro AOCTaBKOO Ha TNi BipyC-iHAYKOBAHOIo 3anareHHs,
rinoKcui, OKCMAATUBHOIO CTPeCy, eHAoTeNianbHOro yLIKOA-
XKEHHS | rinepkoarynsauii, Wo BUKMMKAE roctpe MNoLkoa-
XXEHH1 Miokapda, HecTabinbHicTb atepomu i i po3pus
3 TpombB030M KopoHapHOi apTepii [20];

— aKTuBaLis cCMMNaTUYHOI CUCTeMU 3i CTpec-iHayKo-
BaHVM BMKMOOM Yy KPOB KaTexomnamiHiB, IO Npu3BOAUTb
[o Basocna3my, rinonepdysii / iwemii Miokapga i pos-
BUTKY apuTMmin [21];

— enekTponiTHMN AncbanaHc (po3BUTOK rinokaniemii
npu Tshkkomy nepebiry COVID-19 BHacnigok B3aemo-
nii SARS-CoV-2 3 peHiH-aHrioTeH3nH-anb40CTePHOBOO
cuctemoto) [18].

OTxe naTtoreHeTUYHi MexaHi3Mu ypaxkeHHs Miokapaa
npu COVID-19 pyxe pisHOHanpaBneHi, TOMYy MOXYTb
BMKINMKATK Pi3Hi OPMU FOCTPOro ypaxkeHHA Miokapaa.
3pebinbLioro HaykoBLi BUAINAKOTb YpaXKeHHs!, NOB’'si3aHe
3 MPOLECOM HeilleMiYHOro reHesy (MiokapauT, LIMTOKIH-
abo cTpec-iHOykoBaHa kapaiomionartia) abo 3 Mmiokap-
fianbHOLo iWemieo BHACNigok atepoTpomMbo3a KopoHap-
HUX apTepin [22]. PiBeHb BUCOKOYYTNMBOrO CEPLEBOro
TPONOHiHY |, Wwo nepesuiLye 99- NepueHTiNb BEPXHbLOI
pedepeHCHOI MexXi, € MapKepoMm roCTporo Miokapgi-
anbHOro noLukomkeHHs npu COVID-19 [23].

3a paHumK pi3HUX aBTopiB y xBopux Ha COVID-19
rocTpe MOLUKOMKEHHS Miokapga crnocrtepiranocb Y
10-30% xBopux [15, 8, 24]. B pesynbrati meTaaHanisa
Jekinbkox gocnimxkeHb (n = 1 527) BcTaHOBNEHa BUCOKa
BiporigHicTe Tskkoro nepebiry COVID-19 npu roctpomMy
MiokapgiansHomy ypaxenHi (MW — 13,48, 95%-n OI —
3,60-50,47; p = 0,0001) [3].

Shaobo S at al. npoaHnanizyBanu 671 BuMnNagok
xBopux Ha COVID-19 3 Tskkmm nepebirom xBopobu
(62 — Bmepnu; 609 — Bwxunu). Haibinbw vactor
komopbigHoto natonorieto 6ynu Al (29.7%), UA (14.5%),
IXC (8.9%). Biacotok xBopux Ha Al, IXC Ta XpOHiuHy
CH 6yB BiporigHO BuLle cepen MauieHTiB, SKi BMepnu
(59,7% vs 26,6%; 33,9% vs 6,4%; 21,0% vs 9%, Big-
nosigHo, P < 0.01). Takox rocTpe miokapgianbHe ypaxeH-
Hs1 6yno npuynHoto cmepTi y 30,6% xBopux, roctpa CH —
y 19,4%. 3a gonomoroto ROC aHanisy 6yno BcTaHOBIIEHO
noporosi 3Ha4deHHs MB-dpakuii kpeaTuHdocdokiHa3n
(CK-MB), miorno6iHa (MYQ), Ta kapgianbHOro TponoHiHy |
(cTnl) B siKOCTi NPeanKTOpiB CMEPTHOCTI NPOTAroM nepe-
OyBaHHA XBOpUX 3 TshxkkuM nepebirom COVID-19 B cTa-
yioHapi. Mnowa nig kpusoto ROC (AUC) anst cMepTHOCTI
craHosuna 0,87 (95% Ql, 0,81-0,93), 0,88 (95% QOI,
0,83-0,93) Ta 0,92 (95% nl, 0,87-0,96), BignosigHo,

(a direct effect of the virus on hemoglobin, leading to
reduced oxygen-carrying capacity of the blood) [18];

— a mismatch between the oxygen demand of the
myocardium and its supply amidst virus-induced
inflammation, hypoxia, oxidative stress, endothelial
injury, and hypercoagulability, causing acute myo-
cardial injury, atheroma instability, and coronary artery
thrombosis [20];

— activation of the sympathetic nervous system
with stress-induced catecholamine release, leading to
vasospasm, myocardial hypoperfusion/ischemia, and
the development of arrhythmias [21];

— electrolyte imbalances (development of hypo-
kalemia in severe COVID-19 cases due to interactions
between SARS-CoV-2 and the renin-angiotensin-aldo-
sterone system) [18].

Therefore, the pathogenetic mechanisms of myo-
cardial injury in COVID-19 are multifaceted and can
cause various forms of acute myocardial injury. Most
researchers distinguish between injuries related to
non-ischemic genesis (myocarditis, cytokine- or stress-
induced cardiomyopathy) or myocardial ischemia due to
coronary artery atherothrombosis [22]. Elevated levels
of high-sensitivity cardiac troponin | above the
99t percentile of the upper reference limit are markers
of acute myocardial injury in COVID-19 [23].

According to various authors, acute myocardial injury
was observed in 10-30% of COVID-19 patients [15, 8, 24].
A meta-analysis of several studies (n = 1,527) iden-
tified a high likelihood of severe COVID-19 course in
patients with acute myocardial injury (odds ratio — 13.48,
95% CIl — 3.60-50.47; p = 0.0001) [3].

Shaobo S et al. analyzed 671 severe COVID-19
cases (62 deaths; 609 survivors). The most common
comorbidities were hypertension (29.7%), diabetes
mellitus (14.5%), and coronary artery disease (8.9%).
The percentage of patients with hypertension, coronary
artery disease, and chronic heart failure was signifi-
cantly higher among those who died (59.7% vs 26.6%;
33.9% vs 6.4%; 21.0% vs 9%, respectively, P < 0.01).
Acute myocardial injury was the cause of death in 30.6%
of cases, and acute heart failure in 19.4%. ROC analysis
established threshold values for CK-MB fraction,
myoglobin (MYQO), and cardiac troponin | (cTnl)
as mortality predictors for patients with severe COVID-19
in hospitals. The area under the ROC curve (AUC) for
mortality was 0.87 (95% CI, 0.81-0.93), 0.88 (95% ClI,
0.83-0.93), and 0.92 (95% CI, 0.87-0.96), respectively,
all with significant sensitivity and specificity (all P <0.001).
The threshold concentrations for CK-MB, MYO, and
cTnl were 2.2 ng/mL, 73 pg/L, and 0.026 ng/mL,
respectively. Myocardial injury was significantly more
frequent in deceased patients compared to survivors
(75.8% vs 9.7%; P < 0.001) [25].
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yCi  3i 3HA4yHOKW YYTNMBICTIO Ta  cneuudiyHicTio
(yci P < 0,001). MNoporosi koHueHTpaujii CK-MB, MYO Ta
cTnl craHoBunK 2,2 Hr/mn, 73 mkr/n Ta 0,026 Hr/mn, Bigno-
BiHO. Y NauieHTiB, AKi BMepnu, 3Ha4yHO YacTille cnocTepi-
ranocb MiokapAianbHe ypaKeHHs y MOPiBHSAHHI 3 nauieH-
Tamu, sKi Buxunu (75.8% npotun 9.7%; P < 0.001) [25].

COVID-19 i po3BMTOK MiOKAPAUTY

MiokapouTn Ha CbOrofHi 3anuLarTbCA OQHUM 3 Hal-
Hebe3neyHiwmx ycknagHeHs COVID-19. BoHu MaHidec-
TYIOTb CKapramy XBOpMX Ha 3afuLUKy, Big4yTTS OWCKOM-
dopTy B rpygHin NOpoXHWHI i cepuedbutta. 3a gaHumu
Pi3HNX aBTOPiB PO3BUTOK FOCTPOrO HeilleMiyHoro ypa-
XKEHHS Miokapga y BUrNSaai MiokapauTy Yy XBOpUX Ha
COVID-19 cnocTepiraetbest y 8-12% Bunagkis [20, 26].
OpHak KniHiyHi nposien nauieHTiB 3 COVID-19 miokap-
OUTOM MOXYyTb BapitoBaTh y pisHMX nauieHTiB. [eski
nauieHTn MatoTb BiQHOCHO NeErki NPosiBM TakKi, SK Kallesb,
nMxomaHka Ta 3aguvwka. Lli cumntomm MoxyTb OyTu
Hacnigkom camoro COVID-19, a He miokapauty. Tomy
YacThHa XBOPUX MOXe MaTh HernoMiTHI nposieu COVID-19
MiokapauTy [27]. [desiki nauieHTn MoXyTb BigvyBaTu Ginb
y Tpyasx, sSKMn Moxe ByTn onucaHui sik Tuck. B ogHomy
3 onMcaHux BuMNagkiB uewn Binb y rpyasx 6yB NpuUcyTHIN
6e3 BTOMW, Kawno abo 3aguwkm [28]. Heski nauieHTn
TaKOX MOXYTb BigvyBaTu cepuebuTTa pasom 3 iHWKMMK
cumnToMamn. FAKWO nNiKyBaHHS He po3no4yato BYacHO
abo HeapgekBaTHe, nicns NepBUHHOI MaHidecTalii cTaH
nauieHTiB MOXe MOripLuMTUCA BHacnigoK pO3BUTKY cep-
LeBoi HegocTaTHOCTI [29]. Y Baxknx BUnagKax y nauieHTis
MOXe crovaTtky 3'sIBUTUCSI cepueBa HegoCTaTHICTb 3a
BiACYTHOCTi aHaMHe3y CepLeBO-CyAVHHUX 3axBopto-
BaHb [30]. Lle € nposiBoM hynbMiHAHTHOIO MiOKapAuUTY,
CTaHy, LU0 XapakTepuayeTbCa panToBUM i BaXKKUM 3ana-
NEHHSM CepLeBoro M’a3y, sike MOXe Npu3BecTy A0 apuUTMii,
TSDKKOI cepLieBOi HepocTaTHocTi abo cmepTi [31]. B ymoBax
BMCOKOIO BIipyCHOIO HaBaHTaXEHHS OnucaHi BUMNagku
pa3BuTKy ynbMiHaHTHOrO MiokapguTy (NpmbnusHo y 7%
xBopux) [32]. Tomy, nikapsim cnig 6yTV NUNBHUM 3 NaLieH-
TaMu, ki 3BepTaloTbCs 3i CKapraMy Ha FinoTeHs3ito, 3MiHu
EKI (hanpuknag, wnyHoukoBa Taxikapaisi, bpaguaputmii,
penpecis cermHTy ST) abo KniHiYHMMKM O3Hakamu cep-
LeBOi HeQOCTaTHOCTI, TaKUMU SIK NepudepuyHi HabpsIKK.

AK BiZOMO, MiOKapauT BU3HAYaETbCS AK 3ananeHHsi
CepLieBOro M’'si3y, sike NpM3BoAUTL 40 AOTO NOLLUKOXKEHHS
y BigcyTHocTi iwemii. Bipyc SARS-CoV-2 notpannse
[0 NoACHKMX KNITUH LLMNSAXOM 3B’A3yBaHHs1 3 6inkom arHrio-
TEH3UH-2-KOrHBepTYyr4oro chepmeHTa. Ller 6inok ekcnpe-
CYETbCH Ha anbBeonsApHUX knituHax Il Tny amxanbHux
Wwnsxis, Wo Bege Ao pecnipatopHux nposisie COVID-19.
Takox Ui GinkM MoxHa 3HalWTK Ha kapgiomioumTax [33].
Tak, 3a gonomoroto eHgomiokapaiansHoi Gioncii miokap-
oy xBoporo Ha COVID-19 6yno BWsIBNEHO HasiBHICTb
BipycHux 4actuHok SARS-CoV-2 B miokapogi [34].
Kpim TOro, aytoncisa 20 3pa3skiB nogcbkoro cepus nadi-
EHTIB, iHbikoBaHux BipycoMm SARS-CoV2, nokasana HasB-
HICTb BipYCHUX YacCTMHOK nopsfg 3 iHginsTpauieto Makpo-
daramm y cboMox 3paskax [35]. Tomy € MOXNUBUM, LLO
Bipyc SARS-CoV-2 Takox Moxe iHdikyBaTM Kapgio-
MioUMTH, WO NpM3BOAUTL A0 BipyCHOro miokapauty [36].
AnbTepHaTUBHMIN  LWINAX YLWKOMKEHHS KapaiomiouuTis
SARSCoV-2 ue nowKomKeHHs eHpoTenianbHUX KiTUH
cepusa [37]. LUa Teopia nigTBepaXyeTbCA BUSBMEHHAM
SARS-CoV-2 B eHpgoTenianbHUX KIiTMHaAX 6Garatbox

COVID-19 and the development of myocarditis

Myocarditis remains a significant and dangerous
complication of COVID-19, presenting with patient
complaints such as shortness of breath, chest discomfort,
and palpitations. According to various sources, the
incidence of acute non-ischemic myocardial damage,
manifested as myocarditis in COVID-19 patients, occurs
in about 8-12% of cases [20, 26]. However, the clinical
presentation of COVID-19-associated myocarditis can
vary widely among patients. Some may exhibit relatively
mild symptoms like cough, fever, and shortness of breath,
which could be attributed to COVID-19 itself rather than
myocarditis, making the myocarditis manifestations
in some patients subtle and potentially overlooked [27].
Others might experience chest pain described as
a pressing sensation. In one reported case, this chest pain
occurred without fatigue, cough, or shortness of breath [28].
Patients may also experience palpitations along with
other symptoms. Without timely or adequate treatment,
the patient’s condition could deteriorate due to the onset
of heart failure following the initial manifestation [29].
In severe cases, patients might initially present with heart
failure even in the absence of a history of cardiovascular
diseases [30], indicative of fulminant myocarditis —
a condition characterized by sudden and severe inflam-
mation of the heart muscle, potentially leading to
arrhythmias, severe heart failure, or death [31]. In the
context of high viral loads, cases of fulminant myo-
carditis have been reported (approximately in 7% of
patients) [32]. Therefore, clinicians should remain vigilant
with patients presenting with hypotension, ECG chan-
ges (e.g., ventricular tachycardia, bradyarrhythmias,
ST-segment depression), or clinical signs of heart failure,
such as peripheral edema.

Myocarditis, defined as inflammation of the heart
muscle leading to its damage in the absence of ischemia,
allows SARS-CoV-2 to enter human cells by binding to the
angiotensin-converting enzyme 2 receptor. This receptor
is expressed on type Il alveolar cells of the respiratory
tract, leading to respiratory manifestations of COVID-19.
However, these receptors are also found on cardio-
myocytes [33]. Endomyocardial biopsy in a COVID-19
patient revealed the presence of SARS-CoV-2 viral
particles in the myocardium [34]. Furthermore, an autopsy
of 20 human heart samples from patients infected
with SARS-CoV-2 showed viral particles along with
macrophage infiltration in seven samples [35], sugges-
ting the virus could also infect cardiomyocytes, leading
to viral myocarditis [36]. An alternative pathway for
SARSCoV-2-induced cardiomyocyte damage is through
the injury of heart endothelial cells [37], supported by
the detection of SARS-CoV-2 in endothelial cells across
multiple organs, including the heart, during histologi-
cal examinations [38, 39].

Currently, COVID-19 vaccination remains the sole
method to reduce morbidity as etiotropic treatment
methods have yet to be discovered. With the increasing
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OpraHiBs, BKNKOYakuM cepue, nNig Yac riCTONOrYHOro
pocnigxkeHHHs [38, 39].

BakuumHauis Big COVID-19 Ha TenepilwHi yac 3anu-
LIAETbCH EOUHNM METOAOM 3MEHLLUEHHS! 3aXBOPIOBAHOCTI,
a[pKke MeToAiB eTIOTPOMNHOrO NiKyBaHHS LUe He BUHAWAEHO.
3i 30inbLLUEHHAM KiNbKOCTi BakLiHOBaHUX NioAen Bce Yac-
Tiwe B niTepatypi 3'ABNATLCA BiAOMOCTI Npo MOGiYHi
edeKkTn BakUUH. Y pagi Bunagkis Ui epekT nposBnsitoThb-
CA NiABULLEHHSAM arperauii TpomboumTie, TpoM6o3y i 3a-
naneHHs. OgHMM i3 NOTEHUINHMX MEXaHi3miB Moxe ByTu
POpMyBaHHA KMiTMHaMK OpraHiaMy, Ha siki HauineHa gis
BaKLMH, BiNlbHO LIMPKYIOKYNX cnanikoBux Ginkis, Ski 3gar-
Hi B3aemogiatu 3 peuentopamamu Ald2 [40]. Miokapant
[JOBOMi 4acTo perecTpyeTbecs, SK ofAHe 3 HebaxaHux
ycKnagHeHb BakuiHauii. Tak, 6ynu 3apeecTpoBaHi Bunaa-
K/ MiokapauTy i nepukapauTy nicns BakuuHauii Big
COVID-19 (nepeBaxHo nicns 6 roguH 0o 4 gHie) [41, 42],
nepeBaHo cepef TUX Ocib, AKi OTpUMyBanu BaKLUHY
Ha ocHoBi MPHK (Pfizer Ta Moderna). B I3paini 6yno npo-
BeOEeHO [Ba BENMUKMX PETPOCMEKTUBHUX [OOCNIMKEHHS
cepep nioaen, siki otpumanu BakuuHy Pfizer. Y xogi ogHoro
3 Hux Mevorach D et al. Cepeq Ginbwe 5,1 minbioHa
yyacHukiB (4epe3 21 AeHb nicnst NpuUBMTTA NepLUoi 4031
Ta yepe3 30 gHiB nicns apyroi) BuseneHo 136 Bunagkis
miokapauTy. Y 95% 6ynu nerki cuMnToMm1, 0OaAMH BUNaaokK
3akiH4YMBCS neTanbHo [43]. 3a3HaveHo, WO HanyacTiwe
nogibHi CMMNTOMU BUHUKANM y MOfIOAUX YOroBikiB. IHWe
pocnigkeHHs, nposeaeHe B xofi iHWOro gocnigpkeHHs,
nposegeHoro Witberg G et al., 6ynu npoaHanizoBaHi go-
KyMeHTU GinbLue Hix 2,5 MinbioHiB BakLMHOBaHUX. B xoai
JocnigkeHHsi 6yno BUABIEHO, LLIO YacToTa 3yCTpivaemMocTi
MiokapauTy cknagana 2,3 sunagkm Ha 100000 oci6,
npuyomy y rpyni Monogmx nogewn sikom Big 16 go 29 pokis
yacToTa ctaHosuna 10 sunagkie Ha 100000 oci6 [44].
Takox B niTepaTypi HABOAATLCA AaHi, L0 CyMapHUIA PU3NK
po3BUTKY MiokapauTy B 18,28 pasiB BUWUA Yy TUX, XTO
iHbikoBaHwmI 36yaHMKkom COVID-19, Hix y HeiHdikoBaHMX,
TOGTO 3HAYHO BMLUMIA PU3MK PO3BUTKY MIOKapAMWTY, HiX
nicna BakuuHauii (y cepefHbomy 3,24 pasu BULLE, HiX
y HeBaKuMHOBaHuX) [45]. Y HaBemeHux [oChiaXeHHsX
cumnTomMM MiokapauTy Oynu noe’sidaHi 3 BakuiHauieo
i aBTOPY BWKIKOYUMM [HLWI MOXNMBI NPUYUHU PO3BUTKY
MiokapauTy, Tob6TO came BakuuHauis Oyna BW3HaHa
Nnpu4MHOIO pa3BuTKy MiokapauTy. OfgHak, natodisionoria
[aHoro npouecy 3anuuunach MoKW L0 HEBUBYEHOIO.
ICHylOTb MpUNYLUEHHS, WO MOCTBAaKUiMHUA MioKapauT
MOXe BUHUKaTV Yepe3 HecneumdivHy 3ananbHy peakLito
abo € pesynbTaToM NepexpecHOi pPeakTUBHOCTI aHTUTIN
BHacnigok monekynsipHoi Mimikpii. Lle cniBBigHOCUTbCA
3 TUM, LLIO CTaH MaLieHTIB NMOKpallyeTbCA Ha Tni NpoTu-
3ananbHoi Tepanii [41].

COVID-19 i po3BuTOK

AMAQTALUIMHOI KapAiomionaTii

Takox BigOMO, LLO BipyCHI iHgpeKUii, iki MatoTb Tpomni3m
[0 cepLeBoro M'sidy, cepep iHLMX YUHHUKIB BBaXatoTbCA
BaXXMMBUM iHiLil0l4MM aKTOPOM Y PO3BUTKY Annarauin-
Hoi kapgiomionarii (OKMI). Y pnocnigxeHHi Alexander L.
et al. 6yno BuB4eHO BNNMB KopoHaBgipyca kponis (RbCV)
Ha possuTok KM [46]. CimgecaT aes’sitb kponis 6yno
iHbikoBaHo RbCV. TBapuHu BMepnu Ha 2—12 geHb, 3a-
ranbHa cmMepTHicTb cknana—60%. Aeagusteyotupm (30%)
BMepnu B roctpy dasy i manu 36inbLueHi cepus, avna-
Tauitlo NpaBoOro LWMAYHOYKA, PiavHY Yy nneBpanbHUX Mo-

number of vaccinated individuals, reports of vaccine side
effects are emerging more frequently in the literature.
In some cases, these effects manifest as increased
platelet aggregation, thrombosis, and inflammation.
One potential mechanism could be the formation of
freely circulating spike proteins by cells targeted by the
vaccines, capable of interacting with ACE2 receptors [40].
Myocarditis is often registered as an adverse compli-
cation of vaccination. Cases of myocarditis and pericar-
ditis post-COVID-19 vaccination have been documented
(mostly occurring from 6 hours to 4 days post-vaccination)
[41, 42], primarily among those who received mRNA-
based vaccines (Pfizer and Moderna). In Israel, two exten-
sive retrospective studies were conducted among
individuals who received the Pfizer vaccine. In one of
them, Mevorach D et al. identified 136 cases of myo-
carditis among over 5.1 million participants (21 days after
the first dose and 30 days after the second), with 95%
presenting mild symptoms and one case resulting in
death [43]. It was noted that such symptoms were
more common among young men. Another study by
Witberg G et al. analyzed records of over 2.5 million
vaccinated individuals, finding that the incidence of
myocarditis was 2.3 cases per 100,000 people, with
the rate in the 16-29 age group being 10 cases
per 100,000 [44]. Literature also indicates that the
overall risk of developing myocarditis is 18.28 times
higher in those infected with the COVID-19 virus
compared to the uninfected, thus significantly higher
than the risk post-vaccination (on average, 3.24 times
higher than in the unvaccinated) [45].

In the mentioned studies, the link between myo-
carditis symptoms and vaccination was established,
with other potential causes for myocarditis being
excluded by the authors. Thus, vaccination has been
identified as the direct cause of myocarditis onset.
However, the underlying pathophysiological mechanisms
remain largely unexplored. It's theorized that post-
vaccination myocarditis could emerge from a general
inflammatory response or due to antibody cross-reactivity
stemming from molecular mimicry. This hypothesis is sup-
ported by the observation that patients show improvement
when administered anti-inflammatory treatments [41].

COVID-19 and the development

of dilated cardiomyopathy
Viral infections with affinity for the heart muscle are
also recognized as a significant initial factor in the deve-
lopment of dilated cardiomyopathy (DCM). In research
conducted by Alexander L. et al., the effect of rabbit
coronavirus (RbCV) on DCM progression was investi-
gated [46]. Seventy-nine rabbits infected with RbCV
experienced a 60% mortality rate within 2—12 days. A third
of these (30%) died in the acute phase, showing symp-
toms of enlarged hearts, right ventricular dilation, pleural
effusion, and lung edema. Another third (30%) succumbed
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pOXHMHaxX i Habpsik nereHb. OBaguste Yotvpu (30%)
BMepnu B nigroctpy ¢asy BHacnigok XCH i manu pisHi
CTYynNeHi rigpoTopakcy, Habpsiky nereHb, 36iNbLUEHHS cepus,
BUpaxeHy BiBEHTPIKyNspHy Aunaradito i acuur. 13 79 Tea-
pvH, 40% BWXUNW Ta Manu pi3Hi CTyneHi gunaradii wny-
HOYKIB, MioKapauTy, iHTepcTuUianbHOro i 3amillyro4oro
MiokapgianeHoro ibpoay, rineptpodii MiouuTiB. Husbki
KOHUeHTpauii Bipyca O6ynu BusiBNeHi B TKaHWHI cepus
Yy 4oTUpPbOX 3 cboMn RbCV-iHikoBaHNX KponukiB Yepes
30-111 gHiB nicnsa iHdekuii. MNepcncTeHuia Bipyca i HU3b-
kuii piBeHb ekcnpecii RbCV aHTureHa B miouuTax moxe
NpU3BOAMTN A0 XPOHIYHOro Miokapauty 4epes 111 gHiB
nicns iHpekyBaHHS. 3a ansTepHaTNBY aBTOPU BBaXakTb
HasiBHICTb ayTOIMYyHHUX MEXaHi3MiB NepcuUCTyHOro Mio-
kapguTa. Tak, BipyCHWUI A reHoM Gyno BUSIBNEHO Y 3pa3kax
miokapgy nauieHTiB 3 KMI1 HaBiTb Konu He Gyno BusiB-
NeHo iHdinkTpavii 3anansHUMM KniTuHamu [47]. Kpim Toro,
y [OeskMx nauieHTiB 3 MioKkapauToM MOBTOPHOBANUCs
LUMKNM peumameiB Ta pemicin [48]. Tox akTmBauisa CTin-
KOro iMyHHOro MexaHi3mMy npu BipyCHOI iHdekuii moxe
6yTV OOMiHYO4YMM haKTOPOM, Lo NPU3BOAUTL 40 POPMY-
BaHHs OKMI. Binbw TOro, 3a gaHummn Oesikux aBTopiB,
NnoTeHUiHa CTilika iHdeKUis Miokapay He Moxe OyTu
BUKITIOMEeHa HaBiTb nicnsa Toro, sk SARS-CoV-2 He BusiB-
NAeTbCA NPWU NoniMepasHin NaHUrosin peakuii 3paskis,
OTpUMaHMX 3i CNM3oBoi 060MOHKN HocornoTkK [49].

COVID-19 i po3BuTOK

rocTporo KOPOHApPHOro CUHAPOMY

Lo cTocyeTbCa rOCTPOro ypaXeHHs Miokapay
B pesynbraTi roctpoi iwemii miokapay, TO Yy XBOpUX
3 COVID-19-acouiipeaHo0 NMHEBMOHIEID CrocTepiraloTb
pO3BMTOK rocTporo iHapkTy Miokapaa 1-ro Tuny (BHacni-
[OK KOpOHapHoro atepoTpomb6o3y Ha ¢oHi po3pua/
HagpwBa aTepoMu, OKKIH3ii enikapaianbHUX KOPOHAPHMX
apTepiit), ane 4YacTilwe crnocTtepiratoTb rocTpui iHpapkT
Miokapga gpyroro Tuny (BHacnigok gucbanaHcy Mixk
notpebolo Miokapaa y KUCHI Ta WOro [OCTaBKOo,
meTabonidyHoro ctpecy) [50]. FocTpe NoLKoaXeHHs Mio-
Kapda, sike BBaXaeTbCs sIK FOCTPUM iHGApPKT Miokapaa
2-ro Tmny, BctaHoeneHo y 7-30% xsopux COVID-19 [15].

Bigomo, Lo BipycHi 3axBOptoBaHHS MOXYTb AecTabi-
nizyBatu nepebir xpoHiyHnx CC3 3a paxyHOK CUCTEMHOIO
3ananeHHs, sike BUKMMKaHe BipycoM. Hacnigkom uporo
€ pecrtabinisauis atepocknepoTUYHOI BNALKN Yy XBOPUX
iLLeMi4HO XBOPOOOID cepLs. Takox CUCTEMHE 3anarneH-
HS, WO BW3BaHE BIPYCHOI iHGEKLUie, Npu3BoanTb A0
npokoarynsiHTHoro edekTy. PO3BUTOK roCTpPOro Kopo-
HapHoro cuHgpomy npu SARS-CoV-2-iHdekLii naTtoreHe-
TUYHO TMOB’A3YIOTb 3 BUPAKEHUM MIKPOBACKYNSIPHUM
3ananeHHsM, eHgoTteniansHo AMChYHKLUIED, TpoM6o-
TUYHUMU  NOPYLUEHHAMM | remMoguHaMiYHUMKU  3MiHa-
mu [50]. CmepTHiCcTb Big rocTporo iHapkTy Mmiokapaa
cknagae 40% 3aranbHoi cmepTHocTi npu COVID-19 [15].

Linpkyntoroumn iHTepnemnkiH-6 € ogHUM i3 KryYoBUX
3ananbHUX akTopiB atepoTpomBosy. WMoro piseHb
po3rnsigaeTbCsl B sIKOCTi Giomapkepa BUCOKOI neTarb-
HocTi npu COVID-19 [20]. Y xBopux COVID-19, ski paHiLu
nepeHecnu iHBasvBHe abo onepaTtMBHE BTPyYaHHSA
Ha cyavMHax cepus, MiABULLYETLCS PU3NK PO3BUTKY
Tpomb03a CTeHTIB i WyHTIB [51].

in the subacute phase due to congestive heart failure,
exhibiting varying degrees of hydrothorax, lung edema,
heart enlargement, pronounced biventricular dilation,
and ascites. Of the initial group, 40% survived and pre-
sented varying levels of ventricular dilation, myocarditis,
interstitial and replacement myocardial fibrosis, and
myocyte hypertrophy. Low viral concentrations were
detected in the heart tissue of four out of seven RbCV-
infected rabbits 30-111 days post-infection. The virus’s
persistence and the low level of RbCV antigen expression
in myocytes could lead to chronic myocarditis 111 days
after infection. The authors also propose the possibility
of autoimmune mechanisms in ongoing myocarditis.
The viral genome was detected in myocardial samples
from DCM patients even in the absence of inflammatory
cell infiltration [47]. Moreover, some myocarditis pati-
ents experienced repeated cycles of relapses and
remissions [48], suggesting that a sustained immune
response to the viral infection might be the primary
factor leading to DCM. Furthermore, some researchers
argue that a persistent myocardial infection cannot be
dismissed even when SARS-CoV-2 is not detected
through polymerase chain reaction in nasopharyngeal
mucosa samples [49].

COVID-19 and the development
of acute coronary syndrome

Regarding acute myocardial injury due to myocardial
ischemia, patients with COVID-19-associated pneumonia
often develop type 1 acute myocardial infarction (AMI)
due to coronary atherothrombosis following atheroma
rupture/erosion and occlusion of epicardial coronary
arteries. However, type 2 AMI, resulting from a mismatch
between myocardial oxygen demand and supply, is
more commonly observed [50]. This type of acute
myocardial injury, classified as type 2 AMI, has been
identified in 7-30% of COVID-19 patients [15].

Viral diseases are known to destabilize the progres-
sion of chronic cardiovascular diseases (CVDs)
through systemic inflammation induced by the virus.
This leads to the destabilization of atherosclerotic plaque
in patients with coronary artery disease and a procoa-
gulant effect. The development of acute coronary
syndrome in SARS-CoV-2 infection is pathogenetically
associated with pronounced microvascular inflammation,
endothelial dysfunction, thrombotic disturbances, and
hemodynamic changes [50]. The mortality rate from
acute myocardial infarction accounts for 40% of the
overall COVID-19 mortality [15].

Circulating interleukin-6, a crucial inflammatory
factor in atherothrombosis, is considered a biomarker
for high mortality in COVID-19 [20]. For COVID-19
patients who have previously undergone invasive or
surgical procedures on heart vessels, there’s an increa-
sed risk of thrombosis in stents and grafts [51].
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COVID-19 i po3BUTOK ApPUTMIN

Takox koBigHa iH(eKLiS MoXe BUKAMKATU SIK OEKOM-
neHcauilo iCHYI4O0I XPOHIYHOI cepueBoi HeaoCTaTHOCTI,
Tak i NPOBOKyBaTW PO3BUTOK CepuEeBOi HegoCTaTHOCTI
Brnepwe. Yactotra CH B nomepnux Big COVID-19 ckna-
nana 52%, a cepep Tux, wo suwxkunm — 12% (p < 0,0001),
yactota HoBux Bunagkie CH y rocniTanisoBaHux
3 COVID-19 cknapgana B cepegHbomMy 23% [8].

Possutok aputmin B pgocnigpxkeHHi Wang D at al.
6yno BusieneHo y 16,7% BigcotkiB xBopux Ha COVID-19.
Mpu TspxKOMY Nepebiry COVID-19 apuTmii 6yno giarHoc-
TOBaHO B S pasiB vacTile, HiX npu HeTskkomy. Peunan-
Byloya napokcuamanbHa —ibpunsauia  nepencepab
dikcyBanacb y 23-33% nauieHTiB 3 TsHKkuM nepebirom
COVID-19, napokcmamu, WO BUHWKNK Bheplie Oynu
3acpikcoaHi y 10% [15].

BUCHOBKHU

Takum ynHom, COVID-19 moxe ycknagHioBaTu nepe-
Bir iCHyr04Oi KapAio-BacKynsApHOI NaTomnorii Ta NpPoBOKY-
BaTW roCTpe ypaXeHHA Miokapaa, WO noripwye nepebir
3aXBOPIOBAHHS Ta MPOrHO3 XWUTTA XBOPOro. Y 3B’A3KY
3 UMM BKpamn NepCrneKkTUBHOI € OLiHKa PU3UKIB PO3BUTKY
i NporpecyBaHHSA rOCTPOro0 KOPOHAPHOrO CUHAPOMY, Mio-
kapauty, OKMI Ta iHWoi kapgioBackynspHoOi natonorii
nicna COVID-19, ocobnvBo y acCMMNTOMHUX NaLi€HTiB.

BpaxoBytoun, WO 3a AaHUMW ayTOMCii KapAioTPOrnHi
Bipycu, Ha 3pasok SARS-CoV-1, moxyTb 306epiratuca
B TKaHMHaxX MiokapAa NPOTAroM AeKiNbKOX TMXKHIB i HaBITb
micsauis [52], oueBnaHumM € dakT, wo xBopi Ha SARS-CoV-1
noTpedyoTb TPMBANOro CNOCTEPEXEHHS Nikapsi-kapaionora.
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COVID-19 and the development of arrhythmias

COVID-19 infection can also lead to the decom-
pensation of pre-existing chronic heart failure or trigger
the development of heart failure for the first time.
The incidence of heart failure among deceased COVID-19
patients was 52%, in contrast to 12% among survivors
(p < 0.0001), with new cases of heart failure among hos-
pitalized COVID-19 patients averaging around 23% [8].

The occurrence of arrhythmias was detected in 16.7%
of COVID-19 patients in the study by Wang D et al.
In severe cases of COVID-19, arrhythmias were
diagnosed five times more frequently than in milder
cases. Recurrent paroxysmal atrial fibrillation was noted
in 23-33% of patients with severe COVID-19, with
first-time episodes recorded in 10% [15].

CONCLUSIONS

Thus, COVID-19 can exacerbate pre-existing cardio-
vascular pathology and provoke acute myocardial injury,
deteriorating the course of the disease and the life prog-
nosis for the patient. Evaluating the risks of developing
and progressing acute coronary syndrome, myocarditis,
DCM, and other cardiovascular conditions post-COVID-19,
particularly in asymptomatic patients, becomes crucial.

Considering autopsy data showing that cardiotropic
viruses, such as SARS-CoV-1, can persist in myocardial
tissues for weeks or even months [52], it's evident
that SARS-CoV-1 patients require prolonged observation
by a cardiologist.
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PE3IOME

AkTyanbHicTb. KoHTpippuTaUis — Le WTy4yHe noBepxHeBe (isnyHe NogpasHeHHs, ske
3HiMae 6inb Yv 3ananeHHs MubLINX cTPyKTyp. Lle oauH i3 HancTapilwmx i HaUNPOCTILLMX
MeTofiB 3HATTSE Gono Ta 3ananeHHs, sikuiA NpeacTaBneHui y cydvacHii isndHin
Tepanii pisHOMaHITHUIMKU MeToAUKaMMU.

Meta po6GoTu. AHania BUKOPUCTaHHS 3acobiB MPOTUMNOAPA3HEHHS Y MedWdHin
npaktuui  XIX—XXI cTonite. Matepianom [OCRIMDKEHHA MNOCAYXWNW  TpakTaTtu
3 (pismkanbHoi Tepanii XIX ctoniTra Ta Haykosi nyGnikauii XX—XXI ctoniTTsa, npucesyeHi
BUBYEHHIO KOHTUPPUTAHTIB.

Marepianu Ta metogu. BctaHoBneHo, wo npotarom XIX—XXI ctonite igea npotuaii
noApasHeHHI0 YCriWHO peanisyeTbcs. 3 yacie aHTM4HOI [peuii Ao cepeamHn XIX cro-
NiTTA MEAUYHI 3HaHHSA He [O03BOMSNW BCTaHOBUTW MeXaHi3Mu BNAMBY npoTunoapas-
HUKIB, Y 3B'AI3Ky 3 4MM Tepanis npoTunogpasHukamy GasyBanacs BUKIIIOYHO Ha
eMNipUYHMUX CNOoCTepeXeHHsIX. HesBaxaloum Ha Te, WO BCi METOAM NPOTUNOAPAa3HEHHS
6ynu gyxe Gonounumuy (pisHOMaHITHI NMpunikaHHA Ta nnacTupi), Taka disiyHa Tepanis
6yna Hag3BMYalHO nowMpeHa B EBponi, OCKINbKWM MPakTUKytoYi nikapi He Manu
rigHoOi anbTepHaTmeu. Jlvwe y Apyrin nonosuHi XIX CTONITTA BMBYEHHS MeEXaHi3miB
NpOTMNOAPa3HEHHs OTpUMarno HaykoBy OCHOBY Ta Oyno BCTAHOBMEHO BaXnuBy
ponb pedneKTOpHOro BMMMBY, OMNOCEPEAKOBAHOrO 4Yepe3 BigMoOBigHI CermMeHTu
CMWHHOTO MO3KY.

PesynbTaTty Ta ix 06roBopeHHs. TexHikv npoTunogpasHeHHs B XX CTONITTi MOCTynoBo
BAOCKOHaIOBanucs BiANOBIAHO [0 3pOCTaHHA BUMOr Ao 6e3nekn Ta edeKTUBHOCTI
nikyBaHHs. XXI cToniTT 03HamMeHyBanocs TUM, O METOAM 3acTOCyBaHHA CTanu
Ginblw  edekTMBHUMKM, 6Ge3nevyHuMM Ta KOMMOPTHUMM, 3acCTOCYBaHHSI MPUHLMNY
NpoOTUMNOAPA3HEHHS B OXOPOHI 340POB’St BUWLIMO 32 paMku 3HeGOMHBanbHOro
Ta npoTu3ananbHoro Bnnuey. Bigomi we 3 XIX cTonitTs pisHOMaHITHI BMAM Macaxy,
6aHku1, nnacTupi, NporpiBaHHs Ta NpunikaHHs, Lo JOBENV CBOK HaAiMHICTb, B HaLL Yac
3HA4YHOK MipOIO NOCTYNUAMCA KiHesioTepanii Ta HeMpoCTUMYNSLii.

BucHoBKkKU. HesBaxalouuM Ha YMCREHHi CyyacHi OOCRiMKeHHs, MexaHi3Mu aHanre-
TMYHOI Ta NpoTM3ananbHoi il NpoTUNoApasHUKIB AOCi A0 KiHUs He BUBYEHI. Lle o3Havae,
Lo X TepaneBTUYHI MOXIMBOCTI He BuYepnaHi. MNosiBa B OCTaHHE OECATUNITTS HOBUX
TEXHIYHUX 3acobiB, WO BMKOPUCTOBYHOTb 3BYKOBi Ta CBIiTMOBI CTUMYNMW, BUCBITIIOE
HOBI LUMAXU PO3BUTKY METOAY KOHTpUppUTaLii.

BYOpa,
Cepisi

cborogHi, 3aBTpa. BicHuk Xapkigcbko20  HayioOHanbHO20
«Meduyura». 2024. T. 32. Ne 1(48). C. 98-110. DOI:

https://doi.org/10.26565/2313-6693-2024-48-10

Key words:

counterirritation, counterirritants, reflex

therapy, physical therapy.

ABSTRACT

Background. Counterirritation is a physical therapy technique that has been used
for centuries to relieve pain and inflammation. It involves creating an artificial irritation
on the skin to alleviate the irritation or inflammation of deeper structures.

The purpose — of this study is to analyze the use of counterirritants in medical
practice during the XIX and XXI centuries. The study utilized XIX century physical
therapy treatises and XX—XXI century counterirritants research.
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Materials and Methods. The search for sources was carried out in the databases
Scopus Web of Science, PubMed, MEDIars onLINE, Crossref, and Google Scholar,
as well as in the libraries and repositories of medical universities. The study used the
following methodology: analysis and synthesis methods, historical, source,
comparative, and generalizing, ways of studying physical therapy techniques based
on the counterirritation principle.

Results. In ancient times until the mid-XIX century, medical practitioners did not fully
understand the mechanisms of action of counterirritants. Therefore, therapy with
counterirritants was based solely on empirical observations. Despite being painful,
such physical therapy was widespread in Europe because there were no better
alternatives. In the second half of the XIX century, the study of counterirritation
mechanisms received a scientific basis, and the important role of reflex influence
mediated through the corresponding segments of the spinal cord was established.
In the XX century, counterirritation methods improved with increased requirements
for the safety and effectiveness of treatment. In the XXI century, the application of
counterirritation in healthcare expanded beyond the scope of analgesic and anti-
inflammatory effects. The emergence of new technical means using sound and
light stimuli illuminates novel ways for the development of the counter-irritation
method over time.

Various traditional practices like massage, cupping, patches, heating, and cauterization,
which have been reliable since the XIX century, have now largely been replaced
by kinesiotherapy and neurostimulation. Recent research has uncovered unknown
effects of peripheral neurostimulation that require further investigation.

Conclusions. Despite numerous studies, the mechanisms of the analgesic and
anti-inflammatory effects of counterirritants are still not fully understood. This means

that their therapeutic possibilities are far from exhausted.
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BCTYN

Y cyyacHux nigpyyHukax 3 dpigiotepanii Ta dpapma-
Konorii 3a3HayeHo, Wo «KoHTpupputaHTh — Le 3acobu,
AKi BUKMUKaOTb MOBEPXHEBE MOAPA3HEHHA B OAHIN
YacTuHi Tina, ANA 3HATTA po3gpaTyBaHHA B iHLWIW Yac-
TuHi» lapr [1]. NogpasHnku CTUMYNIOKTb YyTNMBI HEPBOBI
3aKiHYEHHS! | BUKNUKAaOTb 3ananeHHst B Micli HaHeceH-
HS. 3anexHO Bif XxapakTepy NogpasHeHHs Ta YyTnvBOCTI
LKIPX BOHW BUWKMNMKaKOTb BiOYYTTS OXONMOOXeHHs abo
Tenna, MNOKOMBaHHs, rinepecTesito abo OHIMIHHA Ta
MicueBy Basogunarauito [2]. MNMpuHuun npoTtuaii posgpa-
TYBaHHIO TOK YN iHLLOK MipOI0 peani3oBaHuii B GinbLUoCTi
CyYaCHWX METOAMK NiKyBarnbHOi (i3KynbTypu. |aes KoHTp-
posgpaTyBaHHA JdyXe [aBHA i, Ha nepwui nornsag,
aocutb npuMmiTMBHA: Ginb abo 3ananeHHsl, BUKMMKaHI
LWITYYHUM po3gpaTyBaHHAM, «BiABONiKaOTb yBary» opra-
Hi3My Big HasiBHOro Gont i 3ananeHHsa. Bigomun dpan-
uy3bkun nikap Xax-Jlyi Mapi Anibep (1768—1837) nucas
y cBoin npaui «Hosi TepaneBTnyHi enemeHT» (1805)
npo npoTtunoapasHeHHs: «JliognHa, gka npugymana KoH-
Lenuito BUTSAryBaHHA 3anarneHHs Ha3oBHi 3 Tina, 3aMicTb
Toro, wob 3anuwaTtym Knoro nTyBaTU BCEpPEOUHi;
PO3Cilol04M NOro enemMeHTU i NoLmpioYmM ix Ha GinbLuy
KINbKICTb OpraHiB, Bigkpura OAMH 3 HaWBaXNUBILLMX
npvHUmMnie MmeguuunHn. Lia ines Gyna Bneplue 3anporno-
HoBaHa [innokpaTom i narna B OCHOBY TepaneBTU4HOI
NPaKTUKN B Yacu PO3KBITY rpeLbKoi LUKONWM MeanumHmny [3].

Bigomuin  ©putaHCbkMiA  iCTOpUK MeauumHu  Binb-
am BpokbeHk (1900-1984) Tak onucaB NOXOMXEHHS
nepwmnx metogis disiotepanii: «Hawi npegkn BBaxanw,
WO BWKNWKaHHA 3ananbHOi peakuii Ta YTBOPEHHA
paHun MOXe [OMOMOITY BMBECTU 3 OpraHiamy LUKIANuBI

INTRODUCTION

Modern textbooks on physical therapy and pharma-
cology indicate that «A counterirritants are an agent
that produces a superficial irritation in one part of the
body that is intended to relieve irritation in another
part» Garg [1]. Irritants stimulate sensory nerve endings
and induce inflammation at the site of application.
Depending on the irritation nature and skin sensitivity,
they produce cooling sensation or warmth, pricking
and tingling, hyperaesthesia or numbness and local
vasodilatation [2]. The principle of counterirritation is
implemented in most modern physical therapy techniques
in some way. The idea of counterirritation is very ancient
and, at first glance, quite primitive: pain or inflammation
caused by artificial irritation «distracts the attention»
of the body from existing pain and inflammation. Famous
French physician Jean-Louis Marie Alibert (1768-1837)
wrote in his Nouveaux elements de therapeutique
(from French: New therapeutic elements) 1805 about
counterirritation: «The person who came up with the
concept of drawing inflammation outwards from the body,
instead of leaving it to rage within; by dispersing its
elements and spreading them over more organs,
discovered one of the most significant principles of
medicine. This idea was first introduced by Hippocrates
and provided abundant therapeutic resources during
the prime days of the Greek school of medicine» [3].

Famous Britain historian of medicine William Brock-
bank (1900-1984) described the origins of the first
physical therapy techniques as follows: «Our forbears
believed that causing an inflammatory reaction and
creating a running sore could help drain the body
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peyvoBuHU. W06 gocsartv Lboro, BOHWM BUKOPUCTOBYBanu
pi3Hi meToam, Taki sk 3acobu AnNs YTBOPEHHSI MyXupiB,
BOSIOre Ta Cyxe KynipyBaHHS, CETOHW, BUMYCKW, Npuni-
KaHHs. Lls npaktuka Gyna Bigoma sIK KOHTpuppuTauis
i LUMPOKO BMKOPWUCTOBYBamnacs Ansi NikyBaHHS OO noyart-
Ky XX cToniTTs i HaBiTb nisHiwe» [4]. Bigomo, Wwo B Meau-
uvHi CtapogaBHboro Kutato Ta IHAgii 3actocoByBanucs
pi3Hi npoTunogpasHioBanbHi 3acobu [5]. Cygsum 3
yCbOro, KaHTapiauM Bheplle BuKopucTaB ApeTen Ans
HaTUpaHHA MNyXupIiB y nepLli poku Apyroro ctonitta [4].
BiH mopaguB HaHOCUTW Ha MOrofieHy roroBy BiANOBIA-
HWUIA 3aci® Big ronoBHoro 6onto, a TakoX KPOBOCMMHHI
3acobu, Taki Ik oneopesvH, NeMHeCTUC, Mosfiodan, nenni-
Topi abo cik Tancii, siki Npy BTUPaHHI B LLKIPY BUKNMKaOTb
CUMbHe 3ananeHHs i rHiIHWYKOBMM BUCUMN, LLO Haragye
Bicny) [4]. Y €sponi Ta CLWA npotunogpasHioBanbHi
3acobu Habynu nesHoi nonynsipHocTi B XVI cTtoniTTi, ane
niky nonynspHocTi BoHW gocarnn B XIX, konu cranu
HeBiA’EMHOI0 YaCTMHOI KOMMMEKCHOTO MiKyBaHHSA Mawxe
BCiX 3axBoptoBaHb. [linsiHka 3acTOCyBaHHS MpOTUMO-
OpasHioBanbHux 3acobiB 3By3unacs OO AOMOMIKHUX
3acobiB npu nikyBaHHi 3axXBOPIOBaHb OMOPHO-PYXOBOTO
anaparty B €poni B XX—XXI ctonittax [1]. OgHak iHTe-
pec OocnigHUKIB OO TepaneBTUYHUX edekTiB NpoTuno-
OpasHeHHs1 He 3HUK [6—8]. O4yeBMaHO, WO MeXxaHiamu aji
NpoTMNoapasHioBanuHMX 3acobiB A0 KiHUSA He BUBYEHI,
a 3HauNTb X TepaneBTUYHI MOXIMBOCTI TAKOX HE MOXHa
BBaXaTu BuuyeprnaHumu. AHania HakonuyeHoro [ocBigy
HeOoOXiaHMI ANSA NPOrHO3yBaHHSA PO3BUTKY KOHTpUppUTaLlii.

MeTa po6oTn. AHani3 BUKOPUCTAHHSA KOHTPUPPUTAH-
TiB 'y MmeanyHin npaktuui 3 XIX no XXI cTonitrta 3 To4kK
30py X MexaHi3my, epekTUBHOCTI Ta NoKasaHb.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Ons uboro ornsigy 6yno 3aiicHeHo aeTanbHUIA NOLyK
nitepatypu y Scopus, WoS, PubMed, Google Scholar,
KokpaHiBcbkin  GibnioTeui, apxiBax Ta penosuTapisix
MeauvHuX yHiBepcuTeTiB. MaTepian gocnigXeHHs ckna-
OaBcs 3 TepaneBTUYHUX METOAMK, 3aCHOBAHMX Ha MPUWH-
LUMnNi KOHTPNOApPa3HEHHs, B3ATUX 3 MEAMYHUX TpakTaTiB
XIX cToniTTs, HAayKoBMX cTaTen i MoHorpadin 3 isnyHol
Tepanii XX—XXI| cTtonitb. ¥ AOCAIOXEHHI BUKOPUCTAHO
MEeTOA0MNOori0: METOAN aHanisy Ta CUHTe3sy, iICTOPUYHI,
JKeperbHi, MOPIBHANBHI Ta y3aranbHIO4i  cnocobu
BUBYEHHS MeTOAIB (i3MYHOI Tepanii, 3acHoBaHi Ha
NPUHLMNI NPOTUNOOPA3HEHHS.

PE3YABTATU TA IX OBFOBOPEHHS

KoHTpuppuTauis B XIX cToAiTTi

ITanivicekni nikap i nuceMeHHUK ABrycT Bouui paH-
Binb (1783-1872), aBTOp KHUMM «KOHTpMppUTaLis, NpuH-
uunu i npaktnka» (1838), 3a3HauMB y CBOEMY TpaKTari:
«lMoxogxeHHs TepMiHy "KOHTpuppuTauis" MoxHa nosic-
HUTU 4epe3 noro ictopito. Konn BBaXaeTbCs, WO NEBHI
po3naan BUKMMKaHI po3gpaTyBaHHSAM, i KON BUSIBNS-
€TbCHA, WO CTUMYNSAUIA aHanoriyHoi ApaTiBHOI Aii Ha
iHLY YaCTMHY Tina LWITYYHUM LUMISIXOM MOXeE BWMiKyBaTu
nepBiCHy XxBOpoOy, BMKMNMKaHa pO3ApaTyBaHHSAM [gis,
sika yCyBa€ po3nap, Ha3uBaeTbCA KOHTpuppuTauieto» [5].

of harmful substances. To achieve this, they used
various methods such as blistering agents, wet and dry
cupping, setons, issues, cautery, and moxa. This practice
was known as counterirritation and was commonly used
for medical treatment until the early XX century and
even beyond» [4]. It is known that different counterirritants
were used in medicine in ancient China and India [5].
Apparently, cantharides was first used by Aretaeus for
rubbing blisters in the early years of the second century [4].
He advised applying a suitable remedy for headaches
to the shaved head, as well as hemostatic agents such
as oleoresin, lemnestis, spurge, pellitorium or thapsia
juice, which cause severe inflammation and a pustular
rash resembling smallpox when rubbed into the skin) [4].
In Europe and the US, counterirritants gained some
fame in the XVI century, but they reached peak popu-
larity in the XIX when they became an essential part
of the complex treatment of almost all diseases.
The application area of counterirritants narrowed to
auxiliary means in the treatment of musculoskeletal
disorders in Europe in the XX and XXI centuries [1].
However, researchers» interest in the therapeutic effects
of counterirritation has not disappeared [6-8]. It is obvious
that the action mechanisms of counterirritants have not
been fully studied, which means that their therapeutic
possibilities cannot be considered exhausted either.
Analysis of accumulated experience is necessary to
predict the development of counterirritation.

Objective. The purpose of this study is to analyze
the use of counterirritation in medical practice from
the XIX to the XXI century from the point of view of
their mechanism, effectiveness, and indications.

MATERIALS AND METHODS

For this review, a detailed literature search was
carried out in Scopus, WoS, PubMed, Google Scholar,
Cochrane Library, medical university archives, and
repositories. The research material consisted of therapy
techniques based on the principle of counterirritation,
taken from medical ftreatises of the XIX century,
scientific articles, and monographs on physical therapy
of the XX and XXI centuries. The study used the
following methodology: analysis and synthesis methods,
historical, source, comparative, and generalizing, ways
of studying physical therapy techniques based on the
counterirritation principle.

RESULTS AND DISCUSSION

Counterirritation in the XIX century

An ltalian physician and writer Augustus Bozzi Gran-
ville (1783-1872), author of Counterirritation, its Principles
and Practice 1838 stated in his treatise: «The origin of
the term «counterirritation» can be explained through
its history. When certain disorders are believed to be
caused by irritation, and when it is discovered that the
stimulation of a similar irritating action on another part of
the body by artificial means can cure the original disease
caused by irritation, the action that removes the disorder
is called counterirritation» [5]. Granville gave a classifi-
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[paHBiNnb fgaB  knacudikauilo  NPOTUNOAPA3HIOKYMNX
3acobiB. epwmin Knac MexaHiYHuii: cyxe i HagmipHe
HarpiBaHHs (rapsiye nosiTpsi, abo YMCTi BaHHM 3 rapsvoto
BOAOW), CyXi (OpUKLIT; NEPKYCis; BanbLIOBaHHS HU3KOO
JepeB’sHNX Kineub; 3aCTOCYBaHHSA M'ABOK; KynipyBaHHS;
ckapudikaLii; CETOHM; FONKOBKOMOBAHHSA; MeTanu, HarpiTi
B KMMNsdiA BOAi; MpunikaHHS; ranbBaHi3am i enekTpo-
mMarHeTuam [5]. ®dapmaueBTUYHI npenapatu Apyroro
Knacy: rip4MyHi NMopoLuku, XpiH nogpibHeHwi; Bci Buam
KOpeHiB annieBux, Taki ik YacHWK i unbyns; cTpy4koBuiA
nepeLpb; nopoLKkonogdibHn imoup; i aeski kameai, kponvea
3BUYaNHA; Pi3Hi BUAM | PI3HOBMAM IOKMX MyX, LLUMPOKO
BiJOMMX Mig Ha3BOK «iCMAHCbKi MyXW», WO CTAHOBMSATb
OCHOBHWI EMEMEHT 3BUYaHUX NyXUpIB; KUCNOTa Mypax;
BCi Tak 3BaHi MiHeparnbHi Kncnotu [5].

MposigHi nikapi ®paHuii, BenukobputaHii Ta CLUA
BMKOPWUCTOBYBAnM y CBOIW NPakTULUi yCi aHTUnogpasHuKn
3icnucky paHBing. ®paHcya bpycce (1772—1838) BBaxas,
WO rerke KpOBOMYCKaHHA MOXe BWMiKyBaTh Oyab-sKy
xBopo0by. Bpycce npucTpacHo nponaryBaB BUKOPUCTaHHSI
MABOK Yy KpoBomnyckaHHi. [1po MiUHICTb nepekoHaHHSA
Bpycce B UIHHOCTI kpoBoOTeYi CBigYMTb TOW hakT, Lo,
CTpaxgatouu Bi4 posnagy TpaBneHHs, BiH LWiCTb pasis
CTikaB KpoB't0 B KinbkocTi 20 yHuin (600 mn 3a pas)
i oTpumyBaB 15 annikauin no 50-60 M’sABOK NPOTAroM
BiciMHaguaTn aHiB [9]. bpyccen i noro ymcneHHi nocni-
[OOBHMKM BBaXkanu, L0 «BM3HAYauu NigBULLEHUIA NOTAr
i NpUNAMB KPOBi OO OAHIEI YaCTUHW Tina, BOHW, TaKuM
YMHOM, nepelwKomKalTb ii XBOopoONMBIA Aii B iHWIN
yactuHi» [10]. Hanpwuknag, npo Hupku: «llonepekosi
apTepii 6epyTb no4aTok Big YepeBHOI aopTw, po3Tallo-
BaHOi Mopyy 3 HWpKoBuMK apTtepismu. Konu nm’siekm abo
GaHKM BTAryOTb KPOB Yepes LUKIpY CruHW, 6e3CyMHIBHO,
WO 3HWXKEHWA TUCK B MOMNEPEKoBUX apTepisx Oyae
BiOBOOUTW NEBHY KiNbKiCTb KPOBI Bif CYCIOHIX HUPKOBUX
aptepin» [10]. PpaHcya Bpycce npusHayas m’siBOK npwu
BCiX 3aXBOPIOBAHHAX: «NPOCTUN XPOHIYHWNIA KaTapy, «Xpo-
HIYHUA NNEBPUTY, «KPEBMATU3MY, «3ananeHHsa IereHiey,
«TybepKynbo3 nereHiB», «XpPOHiYHWIA uedanit, reminneris,
anonnekcis» [11]. Bpycce 4Yacto npuaHadas KynipyBaHHS
npu «rOCTPOMY i XPOHIYHOMY MMEBPUTI», «ereHeBoOMY
TyOpeKkynbo3i», «eHuedansHoMmy 3ananeHHi» [11]. Bpycce
OyB OyXe BMNSMBOBOIO NMOAMHOKW B €Bponi, TOMy 3axorn-
NeHHs Napu3bKkux fikapis MOro Teopiel CTBOPUIO rocTpy
HecTady m'sBok B MicTi. ¥ 1833 poui Mapwx imnoptyBas
41,5 MiNbMOHM M'ABOK Ha pik — Yy WICTHaAUATbL pasiB
Ginblle, HiK nikapi BUKOPWUCTOBYBanu [OEB'SATb POKiB
ToMmy [12]. Bpycce cnpuss nonynspusadii MOKCK, Ky BBa-
KaB HankpalwmmM 3acoboM npu nikyBaHHI MHEBMOHIT [11].
BiH TakoX BUWKOpPMCTOBYBaB MpUMiKaHHA | CETOHWU
«Ansa XpoHiyHoro katapy» [11].

BuHaxigHuk ctetockona PeHe JlaeHHek (1781-1826)
TaKOX BWKOPWUCTOBYBaB Pi3Hi MpoTunogpasHioBasnbHi
3acobu. JlaeHHek pekoMeHOyBaB CTaBUTW M'SIBOK Ha
roprno npw Kpyni y giten (amdtepiiHa aHriHa) [13], a npu
MHEBMOHIT Npu3HauMB ABaHaAUATb M'SBOK Ha rpyaHy
KniTKy i 8 Ha ckpoHi [13]. Tunosi peuenTtu JlaeHHeka anga
niKkyBaHHS CepLEeBUX 3axXBOPKOBaHb Oynu BubpaHnmu 3i
cnucky paHBIns: «Kinbka N’'ABOK OO aHyca, Kinbka HeBe-
NMKUX 03 OKCUAY PTYTi Ta KACTOPOBOI onii, M’'sika Ta Wwaga-
Ha pieTa, TiNecHWin Ta NCUXIYHUIA CMOKiN YacTo pobnsTb
GinbLUue Ans 3aCNOKOEHHS KpOBOODIry, HixX BinbLL akTMBHE
Ta rpy6e nikyBaHHs» [13]. Y 1833 p. BinoMuin 6putaHcbknii
nikap Yapnb3 Dxenmc bnasiyc Binbsmc (1805-1889)

cation of counterirritants. First class mechanical: dry and
excessive heat (hot air, or pure hot-water baths), dry
frictions; percussion; rolling with a series of wooden rings;
the application of leeches; cupping; scarifications; setons;
acupuncturation; the moxa; metals heated in boiling
water; cautery; galvanism and electro-magnetism [5].
Second class pharmaceutical: mustard powders, horse-
radish bruised; every species of alliaceous roots, such as
garlic and onions; capsicum; powdered ginger; and some
gums, the common nettle; the various species and varieties
of acrid flies, generally known by the name of «Spanish
flies», constituting the principal element of ordinary blisters;
the acid of ants; all the so-called mineral acids [5].

Leading physicians in France, Britain, and the US
used in their practice all the counterirritants from
Granville’s list. Francois Broussais (1772—1838) believed
that mild bloodletting could cure any disease. Broussais
passionately promoted the use of leeches in blood-
letting. The strength of Broussais’s conviction in the
value of bleeding, is evidenced by the fact that suffering
from indigestion he bled himself six times in the amount
of 20 ounces (600 ml at a time), and received 15 appli-
catioins of 50 to 60 leeches for eighteen days [9].
Broussais and his numerous followers thought that
«determining an increased attraction and flow of blood
to one part of the body they thus interferes with its morbid
action in some other part» [10]. For example, regarding
the kidneys: «the lumbar arteries arise from the abdomi-
nal aorta close by the renal arteries. When leeches or
cupping-glasses draw blood through the skin of the
back, it is certain that the diminished pressure within
the lumbar arteries will divert a certain quantity of blood
from the neighboring renal arteries» [10]. Francois
Broussais prescribed leeches for all diseases: «simple
chronic catarrh», «chronic pleurisy», «rheumatism», «lung
inflammations», «lung tuberculosis», «chronic cephalitis,
hemiplegia, apoplexy» [11]. Broussais often prescribed
cupping for «acute and chronic pleurisy», «pulmonary
tubreculosis», «encephalic inflammation» [11]. Broussais
was a very influential person in Europe, so the passion
of Parisian physicians for his theory created an acute
shortage of leeches in the city. In 1833 Paris imported
41.5 million leeches a year — sixteen times more than
physicians used nine years earlier [12]. Broussais
contributed to the popularization of moxa, which he
considered as the best remedy in the treatment of
pneumonia [11]. He also used the cautery and the
setons «for chronic catarrh» [11].

The inventor of the stethoscope, Rene Laennec
(1781-1826), also used different counterirritants.
Laennec recommended putting leeches on the throat
for croup in children (diphtheria sore throat) [13] and
prescribed twelve leeches on the chest and 8 on the
temples for pneumonia [13]. Laennec’s typical prescrip-
tions for heart diseases were a selection from Granville’s
list: «a few leeches to the prsecordia or anus, some
small doses of oxide of mercury and castor oil, a mild
and spare diet and bodily and mental repose, will often
do more to tranquillize the circulation than more active
and rougher treatment» [13]. In 1833, the famous British
physician Charles James Blasius Williams (1805-1889)
summed up the experience of studying counterirritants
with the following words: «to understand the value of
counterirritation in the treatment of disease, it is
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nigcymyBaB [OCBIf BUBYEHHS KOHTPIPPUTAHTIB TakuMu
cnoBamu: «LLo6 3po3ymiTM 3HaA4YeHHs KOHTproapas-
HEHHst B nikyBaHHi XxBOpoOW, HeobOXigHO gocnignTn
NpUHUMNM MOro nikyBanbHoro Bnnuey. Haxanb, ue go-
CnigXeHHs1 OOMeXeHe MexaMu Hawux 3HaHb Ha TeMy
3ananeHHs Ta nogpasHeHHsa» [14].

Y nepuwin nonosuHi XIX cToniTTa €BpoOnenchKi nikapi
BMKOPUCTOBYBanu pi3Hi nNpoTunoapasHioBarnbHi 3acobu
6e3 Oynb-AKOro HaykoBOrO OOIpYHTYBaHHSl, Crnvpato-
YMCb BUKNIOYHO Ha AOCBIA, CBOIX NONepeaHuKiB. YO0CKOHa-
NEHHs MeToAiB NpOTMAIT MOAPa3HEHHI0 34iNcHIoBanocs
WnsxoM npob i MoMWMoK, WO npu3Beno Ao BigMoBU
Bi4 npuiomis, siki 6ynn HagmipHo GontouumK | He manu
Oyab-akoro disionoriyHoro niarpyHTa. PeHe JlaeHHek
y CBOEMY TpakTtaTi nucaB: «[leski NpakTUKM B OCTaHHI
pOKM Hamaranucs npunikatv 40 Kpaw aHanbHOro OTBOpY
i BUpOONATM LWITYYHWA CBWLY, 3a [JOMOMOIOK CETOHa.
Ane s He 6ayuB i He YyB Hi4oro, LWo pobuno 6 uen Bua
BMBELEHHS KOPUCHILLNM, HixX iHLWi [13].

Y gpyrin nonosuHi XIX cToniTTs QOCRIAHMKA Nepeko-
Hanucs B pedrekTopHOMY MexaHi3Mi KOoHTpnoapas-
HEHHs1, SIKUA MOCMYXMB KM4YeM OO0 POo3pobku HayKoBO
06r'pyHTOBaHMX METOAIB KOHTPPO3apaTyBaHHS!.

BupatHun Hespornor Lapne BpayH-Cekapg (1817-
1894) chopmynioBaB 3aranbHWUA NPUHLUMM, 3riGHO 3 AKUM
npu BuOOpI Micusi AN HAaHECEHHS KOHTPIpPUTYHYOro
3acoby cnig BubMpatu Ty YacTuHy LiKipu abo crnv3osoi
000noHKM, sika Mae HanbinbLL BUpaXKeHi HepBOBi 3B’A3KM
3 Tielo YacTuHo, WO nignsdrae BnavBy. Y OGinblIOCTI
BMNAOKiB YacTWMHU, WO AiloTb 3 HaNbINbLIOK HEPBOBOID
CWMOK Ha iHWIi, — ue Ti, AKi OTPUMYIOTb CBOI HEpPBU Bif
O[HOrO0 | TOro » CerMeHta MO3KOBO-CMMHHOMO3KOBOI
oci» [10]. OcobnueuiA iHTepec nNpeacTaBnsie BUCHOBOK
3acigaHHa ToeapucTtBa nikapie LiMHUMHHATI, npucesiye-
HOro obroBopeHHIo MexaHiaMy KOHTpuppuTaLii B 1874 po-
ui: «Tema MexaHi3aMy KOHTppo3apaTyBaHHA Oarato
obroBoptoBanacsi, ane BOHa Le HacTiNbkM Janeka
Bi BUpILIEHHA, WO KOPOTKMMA BMKMag AyMOK i ornsag
iCHYHHYOro CTaHy NuUTaHHSA, WMOBIpHO, OyayTb UikaBUMMK
i kopucHummny [10].

KoHTpuppuTauis B XX CTOAITTI

Bio aHTM4HOCTI Ao XX cToniTTa GinblwicTe nikapiB
BBa)Kanu, WO TrocTpui OOMnboBUIA MNOAPA3HUK MOXe
OyTV BMKOpPUCTaHWIA ANsi NONErLeHHs Tpueat4oro 6ormno
(BimOMUIA SIK KOHTpnoapasHeHHs). BupatHuid wotnaHa-
cbkuin nikap xenmc MakkeHsi (1853—1925) sayBaxus
y 1909 poui: «[lonerweHHss ogHoro ©Oonto 3aBAsKK
CTBOPEHHIO iHLOMO [ano neBHY OCHOBY Ans Bipu
B BUKOPUCTaHHSA NpoTUNogpasHuKiB. 3BM4aiHo, NpuKnae-
WX NyXWp i 3anogisBLum 6inb, MoXHa HE TiNbKU BNAVHYTA
Ha 6inb, ane  3Ha4HO BNIMHYTU Ha B’A3KICTb, NPUYOMY
usa aist € peconektopHoto» [15].

Y 1910-1930-x pokax 3BW4YHi 3acobu npoTuaii
po3gpaTyBaHHIO CTanuM  3aMiHOBaTUCS  HOBOMOJHOM
enekTpocTumynsuieto: «Enektpoctumynsuia — ue Ta,
sKa cTana 3BMYHOW Yy hi3n4HI MeguuuHi, npoueaypa
KOHTpuppuTauii, sk i HasuBanu Hawi npegku, abo
pednekcotepanii. NonerweHHs Gono 3a [ONOMOro
MexaHi3aMy npoTuAail NoApasHEeHHI, |  BUHUKHEHHSA

necessary to inquire into the principles of its curative
influence. Unhappily, this inquiry is restricted by the
limits of our knowledge on the subject of inflammation
and irritation» [14].

In the first half of the XIX century, European physicians
used various counterirritants without any scientific basis,
relying solely on the experience of their predecessors.
The improvement of counterirritation methods was done
through trial and error, which led to the abandonment
of techniques that were excessively painful and lacked
any physiological basis. René Laennec in his treatise
stated: «Some practitioners have in late years attempted
to apply the cautery to the verge of the anus and to
produce an artificial fistula by means of a seton.
But | have neither seen nor heard anything which
tends to render this kind of derivation more useful
than the others» [13].

The eminent neurologist Charles Brown-Séquard
(1817-1894) formulated a general principle according
to which, when choosing a place for applying a coun-
terirritant, one should choose that part of the skin or
mucous membrane that has the most pronounced
nerve connections with the part to be affected:

In the second half of the XIX century, researchers
became convinced of the reflex mechanism of coun-
terirritation, which served as the key to the development
of scientifically based counterirritation techniques.
The eminent neurologist Charles Brown-Séquard (1817—
1894) formulated a general principle according to which,
when choosing a place for applying a counterirritant,
one should choose the part of the skin or mucous
membrane that has the most pronounced nerve
connections with the part to be affected): «In most
cases, the parts acting with the greatest nervous power
upon others are those which receive their nerves from
the same segment of the cerebro-spinal axis» [10].
The conclusion of the meeting of the Cincinnati
Physicians Society, devoted to the discussion of the
mechanism of counterirritation in 1874, is of particular
interest: «The subject of the mechanism of coun-
terirritation has been much debated, but it is still so
far from being settled, that a summary of opinions and
review of the existing status of the question will probably
be found interesting and serviceable» [10].

Counterirritation in the XX century

From antiquity until the XX century, most physicians
believed that an acute painful stimulus could be used
to relieve ongoing pain (known as counterirritation).
Prominent Scottish physician James Mackenzie (1853—
1925) noted in 1909: «The relief of one pain due to the
setting up of another afforded some foundation for the
belief in the use of counterirritants. Of course, by
applying a blister and causing pain one might not only
act upon the pain, but the viscus might also be consi-
derably influenced, the action being a reflex one» [15].

In the 1910-1930s, the usual means of coun-
terirritation began to be replaced by new-fashioned
electrical stimulation: «Electro stimulation is one that
had become familiar in physical medicine, a procedure
of counterirritation, as our ancestors called it, or of
reflexotherapy. Alleviation of pain through the mechanism
of counterirritation, and origination of certain therapeutic
effects that belong to reflexotherapy. There is an increase
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NeBHUX TepaneBTUYHUX edbekTiB, SAKi Hanexatb Ao
pednekcoTtepanii. BinbyBaeTbca 36inbLUeHHs MicLEeBOro
KpoBOOOIry i >XMBMEHHA AiNSHKA BiO €nekTpoais, sk
pesynkTaTt, nokpallyBaBcs MiCLEBUA TKAHWHHUIA OOMIH.
Cnigom 3a noninweHHsM KpoBoobiry BMBOASATLCS MpPO-
OyKTW 3ananeHHs» [16]. MNMpouedypa enekTpuyHOi CTUMY-
nauii Hepea mana 6Garato ChifbHOrO 3 akynmyHKTYpPOL.
Ons  nonerweHHs 6onto  Meauknm BUKOPUCTOBYBanu
COMaTUYHI MOAPAa3HUKN, AK LUKIANMBI, TaK i HELUKiaNuMBi.
Baxnueo Big3HauuTh, WO Yy BCiX BMnNagkax 3Hebonto-
BaHHA TpMBaE i Micnsa 3aKkiHYeHHA TepMiHy niKyBaHHS.
Jlokanizauisi nikyBaHHsi MO BigHOLUEHHIO 4O XBOPOOGNMBOI
OiNSIHKA OOCUTbL Pi3HOMaHiTHA: MoYMHalo4Kn Big XBOPOO-
nuBoro gepmaromMa i 3akiHdyluM Cysip’sM TOYOK B
KNacWu4Hin KNTanCcbKi akynyHkTypi [17].

AKynyHKTYpa Ta 4epesLlKipHa CTUMYnsLis HepBiB €
dopmMamMn  KOHTPNOOPA3HEHHS, SKi  aKTUMBYKTb  §K
oniaTHy, Tak i HeoniaTHy cuctemun. BapiabenbHui KniHiy-
HWUI edpekT, WO cnocTepiraeTbCca MiCns Takoro nikyBaHHS,
MMOBIPHO, € pe3ynsTaToM Habopy cermeHTapHuX, ekcTpa-
CerMeHTapHuX, omniaTHMX Ta HeoniaTHUX 3HebonoBanb-
HuXx cuctem [17]. | Bce X o kiHusg XX crtoniTta gocnig-
HUKW OIRWNAM  BUCHOBKY, WO «MeXaHi3M XPOHIYHOro
©onto Bce LLie HeaoCTaTHbO BUBYEHUI, AK | 3HEOOMHYNIA
edeKT KOHTpuppuTauii» [18].

KoHTppo3apaTyBaHHs B XXI cTOAITTI

YucneHHi JocnigkeHHsa, npoBedeHi B nepuwi aea
pecatunitta XX| cTonitTs, BigKpvBalOTb LUMPOKI nep-
CMEeKTMBU nodanbLloro NiaBuLLEHHS edeKTUBHOCTI Tepa-
NeBTUYHOro edekTy NpPOTUNOAPa3HIoBanbHUX 3acobiB.
OocnigxeHHsa, nposegeHi B 2010-x pokax MoKasyoTb,
LLIO aKTMBALlisi HOLMLENTOPIB BUKOPUCTOBYE TpUrep, Takuii
SIK TUCK, BUCOKa abo Hu3bka TemnepaTtypa abo XiMidHe
nogpasHeHHs. MNogpasHuK NepeTBOPIETLCS B NOTEHLian
4ii cneuianisoBaHMMW peuenTOpHUMK KaHanamum B Kni-
TUHHIN MeMOpaHi. Baxnueo nam’satatu, WO akTUBOBaHI
HOLMLENTOPM O4HOYACHO BMAINAKTL Npo3anarbHi XiMivHi
PEYOBUHN, HAKIi CNpuUsAOTb 3ananbHin peakuii B Micui
nowkomkeHHs [19]. LWkipHi Big4yTTs TOYHO moOKaniso-
BaHi. binbw rnmboki BigvyTTA 3 GOKY M’'A3iB, cyrnobis,
BHYTPILLHIX OpraHiB cnpunumarTbcs 6Ginbw  Andy3HO.
CNMHHOMO3KOBUIA CErMEHT, OTPUMYtoUM adepeHTHI M-
nynbCcu sIK Bi MOBEPXHEBMX, TakK i Big Ginbw rmubokmnx
opraHiB, MOAYyIOE X, MPOBOAAYN MEPEBAXHO [0 BULLUX
ueHTpie. Konu npotunogpasHioBanbHUiA 3acid HAaHOCUTb-
CA Ha [insHKY LWKipW, WO XWBUTbLCS HEpPBaMMU TOMO X
cerMeHTa, Wo i Ginbl rMMboKMIA opraH, 3 SIKOro BUXoasATb
6onboBi  iMNYNbCK, LIKIpHI  iMAYNbCKM  3aTEMHIOKTb
Ginbw rmuboki BigyyTTA. Po3gpaTtyBaHHs adepeHTHUX
HEPBOBMX 3akKiHYeHb BWKMMKAE PO3LUMPEHHS apTepion
Ha npunernuMx AiNsHKax LWKipY 3a paxyHOK aKCOHHOro
pednekcy. 3aBasiku cermMeHTapHin acouiauii adpepeHTiB
BinOyBaeTbCs po3LIMPEHHS CyauH y BianosiaHOMY GinbLu
rmmbokomy opraHi. NocuneHe KpoBomnocTaYaHHs [oMo-
mMarae 6opoTucs 3 npuynHoto Gonto i 3ananeHHs B GinbLu
rmmnbokux opraHax [19].

KiHesioTennyBaHHs — Ue cy4acHa mMeToguka npoTu-
nogpasHeHHsi, sika Habyna nonynspHocTi B opToneaii
Ta cnopTuBHIN MeauumHi y 2000-x pokax, HesBaxaroum
Ha Te, wWo Oyna BWHanWgeHa Tpboma AECATUNITTAMU
paHiwe. 3Hebontolounin  edekT  KiHesioTennyBaHHA
3aCHOBaHMM Ha nNpuHUMNI  KOHTpuppuTauii. [pouec
NnoApasHeHHs [OiNsAHOK LWKipW Ans nonerweHHs 6Gonto

in the local circulation and nutrition of the parts between
the electrodes, and thus an improvement of the local
tissue metabolism. Following the improvement in
circulation, the resorption of inflammatory products is
stimulated» [16]. The procedure of electrical nerve
stimulation had a great deal in common with acupuncture.
Physicians used somatic stimuli, both harmful and
harmless, to relieve pain. It is important to note that
in all cases, pain relief continues after the treatment
period. The location of treatment in relation to the painful
area is quite varied: ranging from the painful dermatome
to the theoretically unpredictable constellation of points
in classical Chinese acupuncture [17].

Acupuncture and transcutaneous nerve stimulation
are forms of counterirritation that activate both opiate
and non-opiate systems. The variable clinical effect
observed after such treatments are probably the result
of the differential recruitment of segmental, extra-
segmental, opiate, and non-opiate pain inhibitory sys-
tems [17]. And yet, by the end of the XX century,
researchers came to the conclusion that «the mecha-
nism of chronic pain is still poorly understood, as is the
analgesic effect of counterirritation» [18].

Counterirritation in the XXI century

Numerous studies conducted in the first two decades
of the XXI century open up broad prospects for further
increasing the effectiveness of the therapeutic effect
of counterirritants. Research carried out in the 2010s
shows that nociceptor activation uses a trigger such as
pressure, high or low temperature, or chemical irritation.
The stimulus is converted into an action potential by
specialized receptor channels in the cell membrane.
It is important to remember that activated nociceptors
simultaneously secrete pro-inflammatory chemicals that
promote the inflammatory response at the site of
injury [19, p. 17]. Skin sensations are precisely localized.
Deeper sensations from muscles, joints, and internal
organs are perceived more diffusely. The spinal segment,
receiving afferent impulses from both superficial and
deeper organs, modulates them, conducting predomi-
nantly to higher centers. When a counterirritant is applied
to an area of skin supplied by nerves of the same segment
as the deeper organ from which pain impulses emanate,
the skin impulses obscure the deeper sensations.
Irritation of afferent nerve endings causes dilation of
arterioles in adjacent areas of the skin due to the axon
reflex. Due to the segmental association of afferents,
vasodilation occurs in the corresponding deeper organ.
Increased blood supply helps fight the cause of pain
and inflammation in deeper organs [19, p. 948].

Kinesio taping is a modern counterirritation technique,
gained popularity in orthopedics and sports medicine
in the 2000s, despite being invented three decades
earlier. The analgesic effect of kinesio taping is based
on the principle of counterirritation. The process of
irritating areas of skin to relieve pain and promote
healing causes increased nerve signals to the brain,
making it more difficult for nociceptive signals to reach
the brain. These sensations can come from a variety of
sources including physical, thermal, and/or chemical.
Thus, it is reasonable to infer, that the application of
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Ta CMNPUSHHS 3arO€HHI0 BUKIMKAE MOCUIIEHHS HEpPBO-
BMX CUrHamiB y MO30K, LIO YCKNaAHIE [OCATHEHHSA
HOLUMLENTUBHUX cuUrHanis Ao Mo3ky. Lli BigyyTTs MOXyTb
BUHMKATM 3 PIi3HUX [Kepen, BKN4arum  isnyHi,
TennoBi Ta/abo xiMmivHi. TakMm YMHOM, PO3YMHO 3pobUTK
BMCHOBOK, LLIO HaknagaHHsa enacTUYHOl CTPIYKM Ha LWKipY,
CEeHCOpHa iHTepnpeTalis MOXe HacnpaBi BUKIMKATU
JocTaTHe po3gpaTyBaHHs (abo, MOXIMBO, CTUMYNSLIO),
Wwob TakoX NEepekpUTM HOUMLENTUBHI CUrHanmu B
Mo30k [19]. CucTemaTuyHWIA ornsg Ta MeTaaHanis, npo-
BegeHun y 2023 poui, O0BIB edeKTUBHICTb KiHe3io-
TeNnyBaHHA ANs NauieHTIB i3 XPOHIYHUM iHCYNbTOM SK
Yy 3HWXKEHHi iHTEeHCUBHOCTI ©Gonto, Tak i y BigHOBMNEHHI
pyxoBoi dyHkuii. MetaaHaniz Bknovas noHag 30 pak-
[OMi30BaHNX KOHTPONbOBAHMX JOCNIAKEHb, Y SKUX B3ANN
y4dacTb noHaa 1000 nauieHTiB y 20 kpaiHax [20].

B ocTaHHi pokuM edekTuBHiCTL i Gesneka MmeToaiB
npoTuaii nogpasHeHH Oynu nepeouiHeHi 3a Jonomo-
ror 4oka3oBoi MeguuuHu. MixHapoaHa komaHaa peabi-
niTonorie npoeena CUCTEMaTUYHUA aHani3 MexaHi3MiB
lya Wa — TpaguvuiiHOI MeTOAMKM O300POBMEHHS, siKa
nepenbayae CTBOPEHHSI METEXiN Ha LUKipi 3 MiKyBarnbHO
meToto. Ornsg obesry rpyHTyeTbest Ha 50 paHgomizoBa-
HUX KOHTPONbOBAHMX OOCMIAKEHHSIX 3a y4acTo MnoHazg
1500 nauieHTiB. BoHu Bussunu, wo Tepania lya LWa
MOXE CMYXWUTU MEXaHIYHUM CUrHanom Ans NoninweHHs
GYHKUIT iIMyHHOro Harnsgy LWKipy, WO Npu3BoAUTL A0
NOTEHLINHMX TepaneBTUYHMX NepeBar. BBaxaeTbes, WO
Wwkipa, HepBoBa cucTtema Ta iMyHHa cucTeMa B3aeMopi-
I0Tb Nif Yac NPUPOLHOr0 PO3CMOKTYBaHHSA METexin, Lo
npuM3BOAMTL OO0 Kackagy isionoriyHmMx peakuin, ki
MOXYTb MpPU3BECTM A0 TepaneBTUYHUX nepesar [21].
Y 2022 poui B4eHi 3 YHiBepcutety Cymatepa YTapa
(IHoOHe3iA) npoBenu JocnimxeHHs edEeKTUBHOCTI CyXoro
Ta BONOroro KynipysaHHsl. BoHu BusiBUNu, Lo KynipyBaH-
HA Bigirpae BupillanbHy ponb Y 3MeHLLeHHi MediaTopis
3anarneHHs, ski BUpobNsTbLCS B pe3ynbraTti 3anarieHHst
knituH. Li mepiatopn nocunatoTb ©0nboBi cuUrHanuM B
MO30K, TOMY iX 3MEHLUEHHSI MOXe [AOMNOMOrTV mnoner-
wutn Ginb. KynipyBaHHsi MOxe 3acTocoByBaTUCs Ons
NiKyBaHHA sIK MiCLIeBMX, TaK i CUCTEMHUX 3aXBOPIOBaHb,
BKIIH04AK4YM FONOBHUIA Ginb, CMHOPOM 3ar’siCTHOrO KaHa-
ny [22]. baHo4Ha Tepaniq, cTapogaBHA hopma HeTpaau-
LifHOT MeguuuHW, B OaHWA 4ac LUMPOKO BUKOPUCTOBY-
€TbCS B CMOPTUBHIA TpaBmaTtonorii. He Tinbku nikapi-
opToneaun, a  CNOPTUBHI TPEHEPU BKITOYAOTL Oro B CBOT
METOAMKM NiKyBaHHSA. 3rigHO 3 OMNWTYBaHHsIM, MpoBee-
HUM Acouiauieto cnopTuBHUX TpeHepiB wTtaty Orano
y 2020 poui, 6yno BusBneHo, Wo 6GinbLicTb TpeHepiB
BMKOPUCTOBYIOTb GaHOYHY Tepanito sk Ans NiKyBaHHS,
Tak i Anga npodinakTuk1 CnopTUBHKX Tpaem [23].

CyuyacHi HaykoBLi NpoOBOASTb HAyKOBO OGI'pyHTOBaHI
[ocnigaxeHHsl, WwWob nepeouiHnTN edeKTUBHICTbL cTapo-
OaBHIX KOHTPUPPUTYOUMX 3acobiB, Takmx $IK 3acToCy-
BaHHs xorogdy abo Ttenna. Y moHorpadii «lNceBgoHayka
B Tepanii: CKENTUYHUI NONbOBUI MNOCIGHUK 2023» npo-
aHani3oBaHO Kiflbka HeLWoOaBHIX paHO4OMI30BaHMX A0-
cnipxeHb. Bci  pocnigHukM  AOiWnNu - BUCHOBKY,  LWO
«KOHTppPO3apaTyBaHHSA pearnbHe, ane BOHO He € MOTYX-
HUM 3acobom nikyBaHHsi» [24]. YncneHHi gocnimkeHHs,
nposegeHi 3 2010-x pokiB NO TenepiwHin 4ac,
nokasanu, Wo MicueBa Tepanis xornogom abo Tennom
Moxe OyTu BuUCOKoedpekTMBHOWO Ta ©Oe3neyHol Ans
nonerweHHss 6on NpoTM nogpasHeHHs. Ons nokanb-

an elastic tape to the skin, sensory interpretation may
actually cause sufficient irritation (or perhaps stimulation)
to also override nociceptive signals to the brain [19, p. 130].
A systematic review and meta-analysis, performed
in 2023, proved the effectiveness of kinesio taping
for chronic stroke patients in both reducing the intensity
of pain and restoring motor function. The meta-analysis
comprised over 30 randomized controlled trials, involving
more than 1000 patients across 20 countries [20].

In recent years, the efficacy and safety of coun-
terirritation techniques have been reevaluated through
evidence-based medicine. An international team of
rehabilitation specialists has conducted a systematic
analysis of the mechanisms of Gua Sha, a traditional
healing technique that involves creating petechiae on
the skin for therapeutic purposes. The scoping review
is based on 50 randomized controlled trials with over
1,500 patients. They found that Gua Sha therapy could
serve as a mechanical signal to improve the immune
surveillance function of the skin, leading to potential
therapeutic benefits. It is believed that the skin, nervous
system, and immune system interact during the natural
resolving of the petechiae, resulting in a cascade of
physiological responses that may lead to therapeutic
benefits [21]. In 2022, scientists from University
Sumatera Utara (Indonesia) conducted a study on the
effectiveness of dry and wet cupping. They discovered
that cupping plays a crucial role in reducing inflamma-
tory mediators that are produced as a result of cell
inflammation. These mediators send pain signals to the
brain, so reducing them can help relieve pain. Cupping
can be used to treat both local and systemic diseases,
including headaches, carpal tunnel syndrome [22].
Cupping therapy, an ancient form of alternative medicine,
is now being widely utilized in sports traumatology.
Not just orthopedic doctors, but sports trainers include
it in their treatment methodologies. In according to
a survey conducted by the Ohio Athletic Trainers
Association in 2020, it was found that the majority
of coaches use cupping therapy for both to treat and
prevent sports injuries [23].

Researchers are now executing evidence-based
studies to re-evaluate the effectiveness of ancient
counterirritants, such as applying cold or heat.
The monograph Pseudoscience in Therapy: A Skeptical
Field Guide 2023 analyzed several recent randomized
trials. All researchers have concluded that «coun-
terirritation is real, but it is not a powerful treatment» [24].
Numerous studies conducted from the 2010s to the
present time have shown that local cold or heat therapy
can be highly effective and safe for counterirritation pain
relief. Cold wraps, gel packs, ice bags, and menthol were
used for local cooling. On the other hand, dry or moist
heat was applied using a heating pad, a tub of warm
water, a hot water bottle, plastic wrap, a handmade bag
filled with rice, or a commercial hot wrap to ensure
maximum patient mobility. Topical capsaicin creams
(0.025% to 0.075%) or capsaicin (0.025%) adhesive
patches were used for applying dry heat. Interestingly,
the stimulus of counterirritation relieves pain by bombar
ding the spinal relay system with less severe messages
that block the transmission of the more severe pain
signals [25]. Obstetricians have used heat, cold, and
aromatherapy to counteract pain throughout the history
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HOrO OXOSOMKEHHS BUKOPWUCTOBYBanu XxorofHi obrop-
TaHHSA, renesi NakeTW, MNakeTn i3 NbOAOM, MEHTOM.
3 iHworo 6oky, cyxe abo Borore Tenno 3acTOCOBYBa-
focs 3a OOMNOMOFOK TPifikM, BaHHM 3 TEMNOK BOAOH,
NASILWKM 3 rapsqol0 BOOOK, MOMIETUNEHOBOI MNNIBKM,
Millka pyyHOi po6oTu, HaNoOBHEHOro pucom, abo komep-
LiiHOro rapsiyoro obropTaHHs, Wo6 3abe3nevynTn Makcu-
MarnbHy PyxXnMBICTb nauieHTa. [ns HaHEeCEHHsi Cyxoro
Tenna BUKOPUCTOBYBanu MicLEeBi Kpemu 3 KancaiuMHoOM
(Bin 0,025% po 0,075%) abo kancaiumHosi (0,025%)
nevikonnactupi. LlikaBo, WO cTuMyn KOHTppo3gparty-
BaHHA 3HiMae 6inb, Gombapaylounm CNUHHOMO3KOBY
peneviHy CUCTEMY MEHLU BaXKMMU MOBIZOMMEHHAMN,
sKki  6nokytoTb nepegadvy Oinblw  cunbHUMX  BONBOBMX
curHanis [25]. AkyLlepu BUKOPUCTOBYBanNu Tensno, xonoq
i apomatepanito gns npotuaii Gonto npoTarom Bciel
icTopii MeguumnHKn. HelwonasHi aBa paHAoMi30BaHi KOHTPO-
nboBaHi gocnimkeHHs y 2020-x pokax, y sKux B3snu
ydyactb 60 >XiHOK, Mokasanu, WO XOrogHi Komnpecu
3 naBaHOOBOK apomartepanielo Ta Tenni Komnpecu
3 apomarteparielo NMMOHa MOXyTb OyTM edeKTUBHUM
HedapMaKornoriYyHMM MeToAOM IliKyBaHHA Ans 3MeH-
LLEeHHs nicnsnonorosoro 6omto B NpomMexuHi [26, 27].
OpHieto 3 HanpaaBHIWMX TexHiKk NpoTuAii po3gparty-
BaHHIO € Cyxui HigniHr. MonerweHHa 6onto gocsaraeTbcs
LUASXOM BBEOEHHS TBepAuX [ONKOBUX inamMeHTiB Yy
M’S131, CYXOXWUNNS Ta 3B’A3KK, o6 3abe3neuntn ctumyn,
SIKUA NPUTHIYYe HEpBOBI 3akiHYEHHS Ta 3MeHLye Ginb.
MetaaHaniz 2023 poky mMaB Ha MeTi OUiHUTK edeKTuB-
HICTb CyxOi ronku B IiKyBaHHi XPOHIYHUX OGOnNbOBKX
CTaHiB 3 TOYKM 30pYy A0Ka30BOI MeanuuHW. Byno npoaHani-
30BaHO Kinbka OecATKiB paHAOMi30BaHMX KOHTPONbOBa-
HUX pocnigkeHb abo MNPOCMEKTUBHMX OOCHigXeHb 3a
yyacTio noHag 750 nauieHTiB. Yci BubpaHi gocnigkeHHs
Ha UK KPUTMYHO OLHEHY TEMY 3Ha4YHO 3MEHLUWUMM Xpo-
HiYHMIA Binb. Lli noninweHHsa pobnsaTe cyxy ronky edek-
TMBHUM METOAO0M MiKyBaHHs1 XpOHi4HOro 6omto [28]).
Kamdopa 3 gaBHix YaciB BUKOPUCTOBYETLCS SIK NPOTH-
nogpasHioBanbHUin 3aci6. Ornsg macwrabis 2021 poky
MaB Ha METI OLHUTK NpoTM3ananbHy Ta 3HebonoBanbLHy
edeKTUBHICTb kamdopu. B pesynbrati aHaniTuyHoro
ornsagy, 3acHoBaHOro Ha 59 paHOoMmisoBaHUX [ocnia-
XKEHHsIX 3a y4yacTio noHag 1600 nauieHTiB, Oyno BUSIBNEHO,
Wo Kamdopa Mae 3acnokivnuMey i OXONoaXykouy Aito
i cnpusie 3aMeHLIEeHHI0 60NboBUX BiAYyTTiB. BoHa akTuByE
neBHi peuenTopu (peuenTopu NiAPOAMHM BaHinoigy
Ta MenacrtatuHy), siki 3abe3neuytoTb BigYyTTs Tenna Ta
6onto, Lo pobuTb NOro KOPUCHUM AN NiKyBaHHA HEMpPO-
naTu4Horo 60, ocTeoapTPUTY Ta iHWKX BMAiB 6onto [29].
IHWKnn MeTaaHanis 2022 poky nokasas, WO BWUKO-
PUCTaHHSA KOHTPUPPUTAHTIB Y MiKyBaHHI M’130BO-CKeneT-
Horo 6onto, Takoro sk Ginb y CMWHI Ta PO3TArHEHHS, €
noLuMpeHoo npakTukoto. MeTtaaHania GyB 3acHOBaHWiA
Ha 60 paHOOMI30BaHUX AOCHIMKEHHAX 3a yyacTo npu-
6nuaHo 2000 nauieHTiB. CnocTepeXeHHs eKcrnepTHol
CEHCOpHOI NaHeni, sika ouiHBana CeHCOpHi Ta gyHKLio-
HanbHi NapameTpu NPOTUMNOApPAa3HIOBasIbHUX NnacTupis,
nokasanu, Wo Ui nnactupi 3abe3nevyoTb MNEepeBaxHO
OXOIOKEHHS!, MOKOMNIOBAHHSI Ta HWU3bKi KOPOTKOTpuBani
BiOUyTTS 3irpiBaHHA 3 cunbHOW apresieto, 6e3 nnam
i mpakTu4Ho 6e3 3anuwikiB Xupy. TakoX BCTAHOBMEHO,
WO NpOTMNOAPa3HOBanbHi MnacTupi MoXyTb 3 Benu-
KO0 eheKTUBHICTIO BUKOPUCTOBYBATUCS B CKNafi MyrnbTy-

of medicine. Recent two randomized controlled trials
in the 2020s, involving 60 women, showed that cold
compresses with lavender aromatherapy and warm
compresses with lemon aromatherapy can be an effective
non-pharmacological treatment for reducing postpartum
perineal pain [26, 27].

One of the oldest counterirritation techniques is dry
needling. Alleviation of pain is achieved by inserting
solid filament needles into muscles, tendons, and
ligaments to provide a stimulus that inhibits nerve endings
and reduces pain. The 2023 meta-analysis aimed to
evaluate the effectiveness of dry needling in treating
chronic pain conditions from the perspective of
evidence-based medicine. Several dozen randomized
controlled trials or prospective studies involving more
than 750 patients were analyzed. All selected studies
on this critically evaluated topic significantly reduced
chronic pain. These improvements make dry needling
an effective treatment for chronic pain [28]).

Camphor has been used as an anti-irritant since
ancient times. A 2021 scoping review aimed to evaluate
the anti-inflammatory and analgesic effectiveness of
camphor. As a result of an analytical review based on
59 randomized trials involving more than 1,600 patients,
it was found that camphor has a calming and cooling
effect and helps reduce pain. It activates certain recep-
tors (vanilloid and melastatin-subfamily receptors)
that provide a sensation of warmth and pain, making
it useful in treating neuropathic pain, osteoarthritis, and
other types of pain [29].

Another 2022 meta-analysis found that the use of
counterirritants in the treatment of musculoskeletal pain
like backache, strains, and sprains is a common practice.
A meta-analysis was based on 60 randomized trials
involving approximately 2000 patients. Observations
from the expert sensory panel study evaluating sensory
and functional parameters of counterirritant patches
showed that these patches provide predominantly
cooling, tingling, and low short-lasting warming sen-
sations with strong adhesion, no stains and virtually no
grease residue. It has also been found that counterirritant
patches can be used with great effectiveness as part of
multimodal regimens for the treatment of pain in diseases
of the musculoskeletal system [30].

Over the last few years, numerous studies have been
conducted to assess the effectiveness and safety of
various anesthetic techniques in pediatric dentistry.
The meta-analysis included approximately 50 studies
with a total number of participants of more than
1,500 people. Most of these studies have used the
principle of counterirritation applying manual pressure
or vibration stimuli near the injection site or the use of
vibrating devices. Two extensive meta-analyses
have shown the effectiveness of specific vibration
devices [31, 32]. In a randomized controlled trial conduc-
ted by Indian researchers in 2021, it was found that
cold saline irrigation can effectively reduce post-operative
pain after a single visit for root canal treatment on teeth
with vital pulp. The counterirritant effect of cold saline
is responsible for reducing pain [33].

During the 2010s, researchers showed a growing
interest in applying the principle of counterirritation
through various peripheral neurostimulation techniques,
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MOZarnbHUX CXeM NiKyBaHHsS OOMN Npu 3axBOPHOBAHHAX
onopHo-pyxosoro anaparty [30].

3a ocTaHHi Kinbka pokiB Oynu NpoBefeHi YNCMEHHI
OOCIiaXeHH 3 METOK OUiHKM edeKTUBHOCTI Ta bes-
Nekn pisHWX aHecTesioNnoriYyHuX MeToauK Y AUTAYIn
ctomatororii. MeTtaaHanis BkntoyaB npubnusHo 50 ao-
cnigjxeHb i3 3aranbHOIO KINbKICTIO Yy4YacHWKIB MoHag
1500 oci6. Y 6inblocTi umMx gocnigXeHb BUKOPUCTOBY-
BaBCA MPUWHUMN NpoTUaii nogpasHeHHH, 3acToCyBaHHSA
py4yHoro Tucky abo BibpauiiHux cTumynie nobnusy
Micus iH'ekuii abo BMKOpUCTaHHS BiOpYHUMX NMPUCTPOIB.
[1Ba Benuknx metaaHanian nokasanu eeKkTUBHICTb cne-
undivyHux BiGpauinHux npuctpoie [31, 32]. Y paHgomi-
30BaHOMY KOHTPOMbOBAHOMY AOCHIAXKEHHI, NpOBEAEHOMY
iHgincekummn gocnigHnkamn 'y 2021 poui, 6yno BusiBneHo,
WO XOrloAHe MPOMWBAHHS CONMbOBUM PO3YMHOM MOXeE
edeKTUBHO 3MEHLUMTKN nicnsionepauinHuin  6inb  nicns
0QHOPa30BOro BiABiAYyBaHHA ANSA NiKyBaHHSA KOpPEHEBMX
KaHaniB Ha 3ybax i3 XWTTEBO BaXXNMBOK MYMbMO0.
[MpoTuMnogpasHioBanbHa Aig XonogHoro disionoriyHoro
po34uHy BignoBigae 3a 3aMeHLLeHHs 6onto [33].

Mpotarom 2010-x pokiB JOCAIOHMKN BUABWAN 3pOC-
Taluun iHTepec OO0 3acTOCyBaHHA MpUHUUMIY npoTuail
NoAapasHeHHI0 3a [OMOMOIoK Pi3HMX METoAiB nepu-
PepuYHOi  HEMPOCTUMYNALT, Takux $SK YepesLlKipHa
eneKkTpuyHa HEpBOBA CTUMYNSALiSt Ta ENEKTPUYHa CTUMY-
nsauis CNMHHOrO MO3KY. YucrneHHi gocnigxeHHs npoge-
MOHCTpPYBaru BUCOKY epeKTUBHICTb METOLiB HEMPOCTUMY-
nAuil 4Na NonerweHHsa XpOHIYHOro Ta BaXXKOBWUJTIKOBHOMO
6onto [34]. AHani3 maixke cTa gocnigkeHb, NpoBeaeHNX
3 2000 poky (3aranbHa KinbkicTb y4acHukiB noHag 3000),
SKi BMBYanuM eqeKkTUBHICTb nepndepudHol enekTpudHol
CTUMYNSLii HEpBIB ANsi NomnerweHHs XpoHivyHoro Gorto,
nokasas, WO BOHa 3HAYHO 3MEHLLYE BCi MOKa3HWKK
bono Ta nokpawye sikicTb xuTTs. Kpim Toro, 6yno
NPOOEMOHCTPOBAHO, O BOHA 3MEHLUYE BUKOPUCTaHHSA
onioigiB y AOCMiOXeHHAX, sKi BUBYanu nikyBaHHsA Gonto
B cnuHi [36]. B opToneguyHnx moHorpadisx, ony6niko-
BaHuX y 2023 poui, MeToanka 4YepesLKipHOT enekTpu4Hol
HEepBOBOI CTUMYNSAUIl BU3HAHA HaiNHUM METOAOM 3He-
OOoneHHst nMpu TpaBMax OMOPHO-PYXOBOro anaparty Ta
3ananbHUX 3axBOplOBaHHAX. PekomeHaauii nigkpinneHi
MaclTabHUMK OOChigKEHHAMM, NpPoBeaeHUMU BiOMnoB-
iAHO 4O NPMHUMNIB AOKa30BOI MeanuunHu [37].

MpuHUMN  nNpoTWAil NOApPasHEHHK TaK YW  iHaKwe
BMKOPUCTOBYETbCA B Oyab-skin  dopmi  dpisioTepanii.
Bynb-ska TexHika Macaxy, sika 3abe3nevye KOHTPOIbO-
BaHy CEHCOpHY CTMMYIsiLUilo, JOCUTb CUMbHY, Wob ByTn
CMPUNHATOK NaUiEHTOM §IK CUrHam «xopoluoro 6ontoy,
Moxe ByTu BUKoprCTaHa Ansi CTBOPEHHS KOHTpUppUTaLlii.
Bci meTogu Macaxy, BKIHOYal4M pPO3TUPAHHS, KOMu-
BaHHA (CTpyWyBaHHA) Ta iHWi, MOXYyTb BWKIUKaTH
KOHTpuppuTaLito. Teopist KOHTPOIO BOPIT MOXE NOACHUTH
KOHTPMPPUTALLilo, OCKINMbKU ranbMyBaHHS LIEHTpanbHNUX
CEHCOPHUX LLNAXIB, BUKIUKaHE TepTsAM abo CTpyLLyBaHHAM
neBHOI AiNsiHKM, MOXe OoMNoMOortTi nonerwuTtn 6inb [39].
PaHoomizoBaHe pocnigxeHHs 3a ydactio 40 nauien-
TiB, npoBegeHe y 2022 p. cTOCOBHO edyeKTiB MNpoTu-
noApasHoBanbHOT CTUMYMSALiT ONOPHO-PYXOBOro anapary,
SIK iIHHOBAUiNHOro nikyBaHHA MiodacLianbHUX TPUrepHux
TOYOK, MOKa3ano 3HWKEHHS CNpUAHATTA Gonto Ta Moay-
NOBaHHA aKTUBHOCTI BeretaTtMBHOI HEpPBOBOI CUCTEMU
3a paxyHOK MiABULLEHHSA TOHycy Onykatodoro Hepsa Ta

such as transcutaneous electrical nervous stimulation
and spinal cord electrical stimulation. Numerous studies
have demonstrated the high efficacy of neurostimulation
techniques in providing relief for chronic and intractable
pain [34]. An analysis of nearly one hundred studies
carried out since 2000 (total number of participants
of more than 3000), which investigated the efficacy of
peripheral electrical nerve stimulation for alleviating
chronic pain, has revealed that it significantly improves
all measures of pain and quality of life. Furthermore, it has
been demonstrated to reduce the use of opioids in studies
that examined back pain treatment [36]. In the ortho-
pedic monographs published in 2023, the transcutaneous
electrical nervous stimulation technique is recognized as
a reliable method for pain relief in musculoskeletal injuries
and inflammatory diseases. The recommendations are
supported by extensive research conducted according
to the principles of evidence-based medicine [37].

The principle of counterirritation is used one way or
another in every form of physical therapy. Any massage
technique that provides a controlled sensory stimula-
tion strong enough to be perceived by the patient as
a «good pain» signal can be used to create coun-
terirritation. All massage methods, including rubbing,
oscillating (shaking), and others, can produce coun-
terirritation. Gate control theory may explain coun-
terirritation, as inhibition in the central sensory pathways
caused by rubbing or shaking a specific area can help
alleviate pain [39]. Randomized trial of 40 patients
performed in 2022, the study of the effects of musculo-
skeletal interfiber counterirritant stimulation as an inno-
vative treatment of myofascial trigger points showed
a reduction in pain perception and modulates the auto-
nomic nervous system activity by an increase in vagal
tone, and a decrease in sympathetic tone [8]. Another
significant review of the use of counterirritants condacted
in 2022 found that capsaicin, menthol, and salicylates
produce analgesia by activating and then desensitizing
epidermal nociceptors. A scoping review was conducted
on approximately 60 randomized controlled trials that
included over 2,000 patients. Literature searches
provide evidence for their use in the management of
musculoskeletal pain [7].

Agroup of psychologists from the University of Montreal
(Canada) conducted a study on the effects of music on
pain management. A randomized, multi-center, open-
label, controlled, crossover clinical trial was conducted
with the participation of 33 individuals. They discovered
that the pain reduction from listening to least-liked music
was linked to a phenomenon known as conditioned pain
modulation. Apparently, the unpleasantness of the
least-liked music triggered a «counterirritation effect»
that helped alleviate the pain [40]. Scientific research
today is revealing previously unknown mechanisms
for implementing the principle of counterirritation, which
significantly expands the scope of its application in
medicine. British explorers in recent years has estab-
lished that «counterirritation or application of a com-
peting noxious stimulus which leads to activation of
regions in the brain responsible for anti-nociceptiony,
«but some postulated mechanisms of counterirritation
are not yet understood» [41]. Researchers from
Otto-Friedrich-University (Bamberg, Germany) conducted
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3HWXKEHHS CUMNaTUYHOro TOHycy [8]. IHWwuiA 3Ha4yHUin
ornsg BUMKOPUCTaHHS MpoTunogpasHioBanbHUX 3acobis,
nposedeHun y 2022 poui, nokasas, WO KancaiuyuH,
MEHTON i caniumnaTi BUKIUKaOTb aHanresit, akTUBYHUH,
a noTiM geceHcmbinisyroun, enigepmarnbHi HouMuenTopu.
Byno nposegeHo ornag npubnuaHo 60 paHOoMi30BaHMX
KOHTPOSbOBaHUX AOCNIMXKEHb, $Ki BKNoYanu noHaa
2000 nauieHTiB. lMowyk niTepaTypn Hagae gokasu iX
BMKOPUCTaHHS B NiKyBaHHi M'i30BO-cKeneTHoro 6onto [7].

pyna ncuxonoris 3 MoHpeanbCbKOro yHiBepcuteTy
(KaHapa) npoBena [oOCRigKEHHS BNAMBY My3MKM Ha
3HeboneHHsi. Byno npoBeneHo paHgomi3oBaHe, Garato-
LEeHTpoBe, BiOKpUTE, KOHTPONbOBaHe, nepexpecHe Kii-
HiYHe pocnigkeHHst 3a yyacTio 33 ocib. BoHu BusBunu,
WO 3MeHLUeHHs Oonto Big MNPOCNYyXOBYBaHHA MY3WKW,
fKka HalMeHLWe noaobaeTbCs, NoB’A3aHe 3 SABULLEM,
BiJOMMM sk ymMoBHa mopynsiuis 6onto. Cyasum 3 ycboro,
HEMPUEMHICTb MY3UMKM, sika HaviMeHwe nogobanacs,
BUKNMKaNa «edeKT KOHTpMppuTauii», sikuin gonomaras
nonerwntn 6inb [40]. HaykoBi JocnigxeHHs CbOrogHi
PO3KPMBalOTb paHille HEBiAOMI MexaHiamu peanisadii
NPUHLMMNY KOHTPPO34paTyBaHHS, WO 3HAYHO PO3LLMPIOE
cdepy MOro 3acTtocyBaHHS B MeauuUuHi. BputaHcbki
OOCNiAHMKM B OCTaHHI POKM BCTAHOBMWMMW, WO «KOHT-
puppuTauis abo 3acTOCyBaHHsi KOHKYPYHYOro LUKianuW-
BOr0 CTMMyMy, WO MpM3BOAUTb OO akTuBalii AingHOK
MO3KY, BiAnoBiganbHUX 3a aHTU-Houmuenuilo», «ane
Jeski NocTynbOBaHi MexaHi3aMu KOHTpuppuTauil we He
BuBYeHi» [41]. OocnigHuku 3 YHiBepcutety OTTo-®Ppigpixa
(Bambepr, HimeuunHa) npoBenu [oCRigKeEHHst peakuin
CNPUIAHATTS NPOTMPO34paTyBaHHSA Ta Nepensiky Ha pi3ko
ryyHi ToHn (63 ydacHwukn). MNig 4ac cBOro OOCNISKEHHS
BOHM BUSIBUMMW, LUO 3aCTOCYBaHHS LLUKIANMBOro noppas-
HMKa MOXe MNOM'SKLWNTU aBepCUBHI BigyyTTs, SKi He
000B’AA3k0BO crpu4MHeHi 6onem. Lle cBigumTb npo Te, LWo
edheKT KOHTpuppuTauii Moxe He obmexysaTtucsa Gonem,
ane TakoX MOXe BNNMBaTW Ha peakuild Ta CNpPUNAHATTA
iHLLMX aBepCUBHUX NOAPa3HUKIB [42]. Y cyyacHin di3nyHin
Tepanii BCTaHOBMNEHI SIK CTapodaBHi, Tak i CyvacHi Tepa-
NeBTUYHI METOAMKU, O peanisyloTb NPUHUMN NpoTuAil
nogpasHeHHto. Y MoHorpadii «CecTpuHCbKMIA gornsa»
(2024) HaBoOWTLCS BUYEPNHWUIA NEPENiK TepaneBTUYHUX
METOAMK, 3aCHOBaHMUX Ha edbekTax KOHTpuppuTauii [43].
OpHak B OCTaHHi pOKM 3aCcTOCYBaHHS NPUHLUMMY npotuaii
NoApasHEHHI0O BUMLLNO 3a paMKu MPUrHiYeHHs Gornto
abo 3ananeHHs y naujieHTa. Y 2021 poui itaninicbki ansa-
Hepu iHTep’epy nikapeHb 3anponoHyBanu BWKOPUCTO-
BYBaTW NPOTUMOAPA3HIOBaNbHi 3acobM B OXOPOHi 340-
poB’s.. BoHn npegctaBunuM CUHECTETUYHMM NigXxia 40
On3aiiHy, 3aCTOCOBaHUA OO MPOEKTYBaHHsS cepefoBuLla
Ansi cnpusiHHg Grnaronony4y4yto. OcobnvBa yBara B NpoeKTi
NPUAINSAETbCA CNPUAHATTIO OONK, SIKke € CEHCOPHOM
MOZAnbHICTIO, L0 BMMarae KpocC-CEHCOPHMX B3aEMOAIN,
TaKMX $IK 3BYK, 300paXKeHHst Ta iHwWi cTumMynu, ans
CTBOpPEHHs1 3HebontoBanbHOro edekty [44]. YcniwHe
3aCTOCYBaHHA MPWHLUMUMY KOHTpUppUTALii no3a pamkamu
naToreHeTU4HOro NikyBaHHSA 00Mto | 3ananbHUX CUHAPOMIB
BigKpMBa€e NepcnekTuBy MOro 3acToCyBaHHA B NCUXOMOTiT,
negaroriui, OCBITi Ta iHLWMX cdhepax NMOACHKOT AisfNbHOCTI.

a study on counterirritate perceptual and startle reactions
to aversively loud tones (63 participants). During their
research, they found that applying a noxious stimulus
can alleviate aversive sensations not necessarily caused
by pain. This suggests that the effects of counterirritation
may not be limited to pain, but can also affect responses
to and perception of other aversive stimuli that are not
related to noxious events [42].

In contemporary physical therapy, both ancient
and modern therapeutic techniques have been estab-
lished that implement the principle of counterirritation.
The nursing care monograph (2024) provides a compre-
hensive list of therapeutic techniques based on coun-
terirritation effects [43]. However, in recent vyears,
applying of the principle of counterirritation has
expanded beyond the suppression of pain or inflam-
mation in the patient. In 2021, Italian interior designers
of Hospitals proposed using counterirritants in healthcare.
They presented a synaesthetic design approach applied
to designing an environment to promote well-being.
The project pays particular attention to the perception
of pain, which is a sensory modality that requires
cross-sensory interactions, such as sound, image,
and other stimuli, to produce analgesic effects [44].
The successful application of the principle of coun-
terirritation outside the framework of pathogenetic
treatment of pain and inflammatory syndromes opens up
the prospect of its application in psychology, pedagogy,
education, and other areas of human activity.
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BUCHOBKHU

Mpotarom XIX—-XXI| cToniTe MpuHUMN NpPOTUAiT no-
OPa3HEHHIO YCMilLHO 3aCTOCOBYBaBCH MNpW  NiKyBaHHI
©0onto i 3ananeHHst Npy Pi3HOMAaHITHUX 3aXBOPIOBAHHSX.

Y XIX CTOniTTi KOHTPUPPUTAHTM LUMPOKO 3acTOCO-
ByBanucsa y disiotepanii y BCiXx obrnactax meguumHu.
KoHTpuppuTauis He mana natodisionoriyHoro obrpyH-
TYBaHHS Maxe O0 KiHust XIX cTonitTs, ToMy MEeToaukm
Cnupanucs Ha eMnipuyHi COCTEPEXEHHS.

Y XX cToniTTi, 3 BigKpuTTAM pedrneKkTopHnx mexa-
Hi3MiB MpoTMAji, WOro apceHan mnoMoBHUBCA GinbLu
edeKkTMBHUMK, Ge3nevyHnMu i KOMOPTHMUMKM MeToau-
KaMu enekTpoCTUMynsLii.

Y XXI ctoniTTi, nopaa 3 6aHkamu, NnyxvpsaMmu, TEMNNOM
i xonogom, akynyHKTYpOH i eneKTpOCTUMYMsLieto, SKi
MU [OCi BUKOPMUCTOBYEMO, Pi3Hi BUAW HeMpocTUMynsuii
3alMaroTb HENPOMOPLINHO BENWKY AENAHKY MEOULNHN.

[ocnigkeHHs, npoBedeHi B OCTaHHIi POKW, [aKTb
Hagilo Ha noganblue nigBULWEHHS edEeKTMBHOCTI Ta
Ge3nekn cyyacHMX METOAIB KOHTpMppUTaLii, a TakoX
Ha NOsIBY HOBMX TEXHIYHMX 3acobiB ANA 34iNCHEHHS
niKyBanbHOi CTUMYnSLi.
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CONCLUSIONS

During the XIX-XXI centuries, the principle of coun-
terirritation has been successfully used in the treatment
of pain and inflammation in a wide variety of diseases.

In the XIX century, counterirritants were widely used in
physical therapy in all areas of medicine. Counterirrita-
tion did not have a pathophysiological basis until
almost the end of the XIX century, so techniques relied
on empirical observations.

In the XX century, with the discovery of reflex
mechanisms of counterirritation, its arsenal was
replenished with more effective, safe and comfortable
electrical stimulation techniques.

In the XXI century, along with cupping, blisters, heat
and cold, acupuncture and electrical stimulation, which
we still use, various types of neurostimulation occupy
a disproportionately large area of medicine.

Research conducted in recent years gives hope for
a further increase in the effectiveness and safety of
modern methods of counterirritation, as well as for the
emergence of new technical means for the implemen-
tation of therapeutic stimulation.
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Prospects for further research

Further research is needed to understand how counterirritants
work and their practical healthcare applications.
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PE3IOME

AKTyanbHicTb. BaxnuBicTb CBOEYaCHOrO BUWSIBIEHHSI OCTEOMNOPO3y Yy XBOPMX
3yMOBIEHa MOoro TSXKKUMK Hacnigkamu, B NepLuy Yepry, y BUMMsigi OCTEONOPOTUYHMX
nepenoMis. 3axBoptoBaHHS MOxe ByTU SK NMEepPBUHHMM, Tak i MNOB’SA3aHUM 3 HasIBHOO
iHWoto natonorieto abo 3 Tepanieto, WO NPOBOAUTLCS, TOBTO BTOPUHHUM. Y MONoAamx
nauieHTiB B BinbLIOCTi BUNaaKkiB 0CTEONopo3 Mae BTOPUHHUIA xapakTep. BcTaHoBNEHHS
giarHo3y notpebye Bif nikaps HANONErNMBOCTI Ta 3HaHb.

Meta po6Gotu. [MpogemMoHCTpyBaT MPOLEC MOLIYKY MOXIMBOI MPUYUHU PO3BUTKY
0CTEeonoposy y MONoAol NIOANHY Ha NpUKnagi KNiHIYHOro BUNaaKy.

Marepianu Ta metoam. [peactasneHa ictopis xBopobu yornosika 32 pokiB, SKuUiA
3BepHYBCS [0 nikaps 3i ckapramu Ha TpvBani HUtoYi 6oni y CuHI, CKyTICTb y paHKOBUIA
Yyac y rpyaoHomy Bigaini xpebta Ta 6ontovicTe Yy HbOMYy Mpu pyxax, i sikomy OyB
BCTaHOBMEHWI AiarHO3 KOMMpPECIHOro nepernioMy xpebTa Ha i 3HWKEHHSI MiHepanb-
HOI LWiNbHOCTI KiCTKOBOT TKAHUHMU.

Pe3synbraTty Ta iXx 06roBopeHHs. Y ctatTi onucaHuii noeTanHuin NpoLec BCTAHOBIEHHS
fjarHo3y LUMsIXOM MOCTYMOBOrO BUKITKOYEHHSI MEPBUMHHOMO OCTEOMNOPO3Yy i MOXIUBUX
NPUYMH BTOPMHHOIO XapakTepy 3axBOPlOBaHHA. HaBegeHo iHopmaLilo Npo MOXNuBI
MexaHiamu opMyBaHHS OCTEONOpo3y MpU HaWbinNbLl PO3MOBCIIKEHUX CTaHaXx,
BKITIOYEHUX A0 AndepeHLiHoro giarHody. OnucaHuin anroputm AiarHOCTUYHOIO MOLLYKY
Moxe ByTV BUKOPUCTaHWI B NPaKTUYHIA AisnbHOCTI nikaps 6yab-siKoi cneuianbHOCTi.
BucHoBkuW. BcTaHOBNEHHS AiarHO3y 0CTeonopo3y Mae Bkiovatn B cebe andepeHLinHy
OiarHOCTUKY Oro hopM 3i BCTAHOBMEHHSIM reHeay i€l naTonorii. Y Monoamx nauieHTis
y GinbLllocTi BMNagKiB ocTeonopo3 € BTOPMHHUM i NoTpebye 0BOB’sI3KOBOro MOLLYKY
MOro NPUYMHM LUMSIXOM MOCTYMOBOMO i METOAMYHOIO BUKIOYEHHS! CTaHIB, sIKi MOXYTb
NPU3BOANTM A0 3HMXKEHHS MiHeparnbHOI LWiNbHOCTI KICTKOBOI TKaHWHW, 30Kpema,
reHeTUYHUX. Y MpakTuui 3ycTpivaloTbCsl BMNAAKW igionaTUYHOrO OCTEOMOopOo3y, KOmnu
nposeneHe o6CTeXeHHs He J03BOIISIE OAHO3HAYHO BCTAHOBUTY NPUYMHU, LLIO NpU3BENnn
00 3HWXKEHHS LWWinbHOCTI KicTku. Taki BUNagku notpebytoTb ocobnuBoi yBaru nikapis,
OCKiNbKku B MOAAIbLIOMY HE BUKITHOYAETLCS AiarHOCTyBaHHS OCHOBHOMO 3aXBOPHOBaHHS,
LLIO NpU3BENO 0 PO3BUTKY ocTeonopoasy. Mpu LboMy OfHO4aCHO 3 aHTUPE30POTUBHOI
Tepaniel, 3a MOXNMBOCTI, MPU3HAYaETbCA fiKyBaHHS BIiAMNOBIAHOMO CTaHy, SKUA €
NepLUONPUYNHOID PO3BUTKY OCTeonoposy. 3azHaveHa kombiHoBaHa Tepanis cnpusaTume
NigBULLEHHIO e(PEKTUBHOCTI NiKyBaHHSA Ta CKOPOYEHHIO MOro TPUBArOoCTI.

Bapabaw H.€., Koctiha T.B., TuxoHoBa T.M. [dudbepeHuinoBaHun nigxia 0o Bepudikauii reHedy ocTeonoposy
Ha npuknagi KniHiYHoro BwnagKky. BicHuk Xapkiecbko20 HauioHanbHO20 yHieepcumemy imeHi B.H. KapasiHa.
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ABSTRACT

Background. The importance of timely detection of osteoporosis in patients is
conditioned by its severe consequences such as osteoporotic fractures. The disease
can be both primary and related to the existing other pathology or to the therapy being
carried out, i.e. secondary. In young patients, in most cases, osteoporosis is secondary
in nature. Diagnosis verification requires doctor’s perseverance and knowledge.
Purpose — is to demonstrate an algorithm of finding a possible cause of the osteo-
porosis development in a young person on the example of a clinical case.

Materials and Methods. The medical history of a 32-year-old man is presented.
The man was consulted a doctor with complaints of long-lasting aching pain in the back,
stiffness in the morning in the thoracic spine and pain during movement, and was
diagnosed with a compression fracture of the spine on the background of a decrease
in bone mineral density.

Results. The article describes the step-by-step algorithm of making a diagnosis by
gradually excluding primary osteoporosis and possible causes of the secondary
nature of the disease. Information about the possible mechanisms of osteoporosis
formation in the most common conditions included to the differential diagnosis is
given in the article. The described diagnostic search algorithm can be used in the
practice of a doctor of any specialty.

Conclusions. Making a diagnosis of osteoporosis must include a differential diagnosis
of its forms with the establishment of the ethiology of this pathology. In young patients,
in most cases, osteoporosis has secondary nature and requires a mandatory search
for its cause by gradually and methodically excluding conditions that can lead to
a decrease in the mineral density of bone tissue, including genetic ones. In practice,
there are cases of idiopathic osteoporosis, when the examination does not allow
to clearly establish the reasons that led to a decrease in bone density. Such cases
require the special attention of doctors, because the diagnosis of the main disease
that led to the development of osteoporosis in the future can be detected. In this case
along with antiresorptive drugs, therapy of the condition, which is the root cause of the
development of osteoporosis, is prescribed, if possible. The specified combined therapy
will contribute to increasing the effectiveness of treatment and shortening its duration.

Barabash NY, Kostina TV, Tykhonova TM. An evidence-based algorithmic approach to osteoporosis etiology
verification on the example of a clinical case. The Journal of V.N. Karazin Kharkiv National University. Series
«Medicine». 2024;32(1(48)):111-128. DOI: https://doi.org/10.26565/2313-6693-2024-48-11

BCTYN

INTRODUCTION

Octeonopos (Ol1) € 3axBoptoBaHHAM, B OCHOBI SIKOrO
NEeXUTb NOPYLUEHHs1 BanaHcy MiXK KiCTKOYTBOPEHHSM Ta
KiCTKOBOI pe3opbuieto. Mpu LbOMY 3anexHo Bi4 NPUYNHA
MOXe CcrnocTepiraTuCcb nepeBaxaHHa pesopOuii Hag
YTBOPEHHAM KiCTKM, abO 3HWKEHe KiCTKOYTBOPEHHS,
abo ynoBinbHeHHs 000X cknagoBux MeTabornismy
KiCTKOBOI TKaHuHM [1, 2].

BaxnuBicTb cBoeyvacHoro BusBneHHa Ol 3ymoBneHa
MOro TSDKKMMMW Hacnigkamu y BUMmsgi OCTeonopoTuy-
HUX MepenomiB, siki HasuBalTb HU3bKOEHEPreTUYHUMMN
3 omsAgy Ha iX PO3BUTOK MpU MiHIManbHOMY BMMBI
30BHILLHIX YMHHUKIB abo HaBiTb B3arani CroOHTaHHO.
Mpn ubOMy KOXeH nonepefHin  OCTeoNnopPOTUYHUI
nepenom 3HayHO 30inblUye WMOBIPHICTb HACTYMHOMO
nepernomy. ToOX TOMOBHOIO METOK [fiarHOCTUKM Ta
cBoeyvacHoro nikyBaHHs Ol BBaxaeTbCs NonepemxeHHs
MepLLIoro OCTEOMNOPOTUYHOIO nepernomy i 3anobiraHHA
HaCTyMnHOro ix kackagy [3].

TpyoHowi giarHoctukm Ol noB’sizaHi 3 Moro mawxe
6e3cMMNTOMHMM nepebiroM ax 40 MOMEHTY BUHWMKHEHHS
nepernomy. | HaBiTb B LbOMY BMNAaAKy Yy BEMMWKOI YacTKu
XBOPMX KIiHiYHa KapTnHa Moxe OyTu 4OBOIi HEBMPA3HOIO.

MepBuHHUI Ol HepigKo 3ycTpiYaeTbes Yy XKiHOK nicnst
HacTaHHA MeHonaysu Ta B nogen obox craten noxu-
noro Biky. 3anigo3putn Ol y TakMx XBOPUX MOXHaA

Osteoporosis (OP) is a disease the basis of which
an imbalance between bone formation and bone
resorption is. At the same time, depending on the cause,
there may be a predominance of resorption over bone
formation, or reduced bone formation, or a slowdown
of both components of bone tissue metabolism [1, 2].

The importance of timely detection of OP is due to
its severe consequences in the form of osteoporotic
fractures, which are called low-energy fractures because
of their development with minimal impact of external
factors or even spontaneously. At the same time, each
previous osteoporotic fracture significantly increases
the likelihood of a subsequent fracture. Therefore, the
main goal of diagnosis and timely treatment of OP is
considered prevention of the first osteoporotic fracture
and prevention of their next cascade [3].

Difficulties in diagnosis of OP are related to its almost
asymptomatic nature during the course up to the moment
of fracture. And even in this case,the clinical picture in
a lot of patients may be rather vague.

Primary OP often occurs in women after menopause
and in elderly people of both sexes. It's possible to
suspect OP in such patients if there is pain in the back,
ribs, long bones, and muscles, which manifested in age
over 50 years, the need for frequent rest during the day,
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3a HasiBHOCTI Gonto B CnuHi, pebpax, AOBrMX KicTkax
Ta M’'s3ax, sikMM MaHidecTyBaB Yy Biui noHag 50 pokis,
HeobXigHOCTI YacToro BiANOYMHKY NPOTAroM AHs, 6axxaHo
B MOMOXEHHI nexadn, 3HWXKEHHS 3pOCTy, MNPUHANMHI
Ha 2 CM MOPIBHAHO 3 MonepesHiM 3a40KyMEHTOBaHUM
3pocTom abo 4 cm Ta GinbLue 3 Biky 20 pokiB.

Y monogux nauieHTiB B GinblwocTti Bunagkis Ol
Ma€ BTOPWHHUI XapakTep i NoB’s3aHuii abo 3 HasiBHOKO
iHWwoto natonorieto, abo 3 Tepanielo, WO NPOBOAUTLCS.
o mMeaunkameHTiB, $Ki 30aTHI BUKNUKATU 3HWKEHHS
MiHEeparnbHOi LWiNbHOCTI  KicTKOBOi TkaHuHuM (MLLKT),
HanexaTtb, MepLll 3a BCe, [MIOKOKOPTUKOIOW, a TakKoX
aHTMKOHBYINbCAHTW, iIMyHOOENPECAHTW, aroHICTU roHago-
TPONiH-PUNI3VUHI TOPMOHY, aHTauuau Ha OCHOBI anioMiHito,
TUMPEeOoiaHi ropmoHu, renapvH, BapdapuH, iHribiTopu
NPOTOHHOI MOMMKW, NETNbOBI AiyPEeTUKN, CENeKTUBHI iHri-
6iTopM 3BOPOTHLOIO 3aXOMMEHHS1 CEPOTOHIHY, Tia3onianH-
AioHw, iHribiTopn apomarasmu.

Meta po60Tu — NpogeMOHCTPYBaTU MPOLIEC MOLUYKY
MOXIMBOI NpuymMHu po3suTky Ol y mMonogoi noguHu
Ha npuknagi KniHiYHOro BUNaaky.

MATEPIAAU TA METOAU AOCAIAXEHHSA

OnuUC KAIHIYHOro BUNAAKY

Yonosik 32 pokiB 3BepHYBCS 00 fnikaps 3i ckapramu
Ha TpmBani HutoYi 6oni y CNYHI, CKYTICTb Y paHKOBWI Yac y
rpyoHomy Bigaini xpebrta ta 6ontodicTb y HbOMY NpuY pyxax,
XPYCKIT y cyrnobax npu pyxax, 4acTi KPOBOTEYi 3 ICEH.

3 aHaMHesy 3axBOplBaHHSA BigoMO, WO 6inb y rpya-
HOMy BigAaini xpebTa 3'ABMBCA panToBO Nicns MigHATTA
3HAYHOrO BaHTaxYy.

B aHamHesi XnTTa NpuBepTaB yBary nepenom nisoro
nepeannivyys B AuTsHoMy Bili. 3 ogHoro 60Ky, nepenommu
B AWTUHCTBI ONS X/OMYMKIB HE € HE3BMYHOIO CMpaBolo,
OCKiNnbKW, 3a3Buyai, NoB’si3aHi 3 TpaBmot. BopgHouac,
BpaxoBylouM CKapru, 3 SKUMW 3BEpPHYBCA Moroguii
nauieHT, MM Hamaranucsa 3'sicyBaTm nogpobuui wono
uboro enisogy. Haxanb, Yonosik He nam’aAtaB ob6CTaBUH,
3a AKMX Bigbynacsi 3a3HadeHa nogid, uu B3arani byna
skacb cepro3Ha TpaBma. Boanocs nuvwe BCTaHOBUTH,
Lo nepenom rokanisyBaBcs Ha niBoMmy nepegnnivdvi
(TouHe micue HeBigome). BuuieosHayeHe He [03BOMMIO
BIOKMHYTM rinoTe3y Npo MOXIUBUIA HU3bKOEHEePreTUYHWUIA
XapakTtep nepenomy B AUTUHCTBI.

MpoTarom ycboro XWTTS MauieHT Nped’sBnsiB cKapru
Ha BigYyTTS CYXOCTi O4elr, BHACMiAOK YOro NpoBoannocs
obCTexXeHHS 3 NpUBOAY WMOBIPHOT HASABHOCTI CUHAPOMY
LLlerpeHa. JaHa naTtonoria 6yna ByKmnoYeHa.

JHodamkoeo 0o aHamHe3y: NaLieHT MaB XPOHIYHWN
peunanBylouniAi  CTOMAaTUT, NIABULLEHY CXWIbHICTb 0
Kapiecy. 3a OBa pOKU [0 3BEPHEHHS Mpu OOCTEXEHHI
3 NpuBOAY CTOMATUTY AdiarHOCTOBAHO HOCIACTBO Bipycy
EnwTeniH — Bappa. 3a 30BHILWHIM BUIMSAOM YOSOBIK, 3a
Moro croBamu, Oyxe CXOXui Ha GaTtbka Ta gigycs, ski
Manu BUCOKWW 3pIiCT Ta HWU3bKy Bary, BHacnigok 4oro
Bi3yanbHO NPOTSAroM LOPOCMOrO XUTTA 3aBXAW Haragy-
Banu XIOM4MKiB.

O6’ekmugHO: NaLieHT acTeHIYHOI CTaTypw, 3HMKEHOTO
XapuyBaHHs (iHaekc macu Tina 17,5 kr/m?). Wkipa poxe-
BOro 3abapBneHHsl, 3 MHOXWHHUMWU MIrMEHTHUMW HEBY-
camun. bnakutHi cknepwu, OOBrMM Hic, goBrun inestp,
JoBre By3bke 00nuyus. lNauieHT Mae nigBulleHy pos-

preferably in a supine position, height reduction of
at least 2 cm compared to the previous documented
height or 4 cm or more from the age of 20 years.

In young patients, in most cases, OP has a secondary
nature and is related either to an existing other pathology
or to the therapy being carried out. Medicines that
can cause a decrease in bone mineral density (BMD)
include, first of all, glucocorticoids, as well as anti-
convulsants, immunosuppressants, gonadotropin-
releasing hormone agonists, aluminum-based antacids,
thyroid hormones, heparin, warfarin, proton pump
inhibitors, loop diuretics, selective serotonin reuptake
inhibitors, thiazolidinediones, aromatase inhibitors.

Purpose is to demonstrate the algorithm of finding
a possible cause for the development of OP in a young
person using the example of a clinical case.

MATERIALS AND METHODS

Clinical case description

A 32-year-old man turned to the doctor with
complaints of long-lasting aching back pain, stiffness
in the morning in the thoracic spine and pain in it during
movement, creaking in the joints during movement,
frequent bleeding from the gums.

From the anamnesis of the disease, it is known
that the pain in the thoracic spine appeared suddenly
after lifting a heavy object.

In the history of life, a fracture of the left forearm in
childhood attracted attention. On the one hand, childhood
fractures for boys are not unusual, as they are usually
associated with trauma. At the same time, taking into
account the complaints of the young patient, we tried
to find out the details of this episode. Unfortunately,
the man did not remember the circumstances under
which the this event took place, or whether there was
any serious injury at all. It was only possible to establish
that the fracture was localized on the left forearm
(the exact location is unknown). The above did not allow
us to reject the hypothesis about the possible low-energy
nature of the fracture in childhood.

Throughout his life, the patient complained of dry
eyes, so he was examined for the possible presence
of Sjogren’s syndrome. This pathology was excluded.

In addition to the anamnesis: the patient had chronic
recurrent stomatitis, increased susceptibility to caries.
Two years before the referral, during the examination
for stomatitis, a carrier of the Epstein-Barr virus was
diagnosed. In appearance, the man, according to his
words, is very similar to his father and grandfather,
who were tall and underweight, as a result of which
they always resembled boys visually throughout
their adult life.

Objectively: the patient has an asthenic stature,
undernourished (body mass index is 17.5 kg/m?).
The skin is pink in color, with multiple pigmented nevi.
Blue sclera, long nose, long filter, long narrow face.
The patient has increased extensibility skin, hypermobility
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TSDKHICTb  LWIKipW, rinepMobinbHicTb  cyrnobis.  OuiHka
3a wkanot bentoHa cBig4MTbL Ha KOPUCTb CMOMYy4YHO-
TKaHWHHOI Agucnnagsii. MauieHT Mae OoBry LMo, BY3bKy
rpyoHy KniTky, ckomnio3 3 S-nogibHoto copmoto xpebTa.
M’'a3u rinotpodpivHi. A3nk umcTuia, 6e3 BinbuTKIB 3yLiB,
BMCOKe NiaHEBIHHA. B nereHax Be3uKynsipHe AMXaHHS,
XpuniB Hemae. TOHM cepus Ty4Hi, YAUCTI, OiAnbHICTb
puTMiyHa. YacTtoTa cepueBMX CKOPOYEHb [OPIBHIOE
nynecy i ctaHoBUTb 80 yaapis 3a XBUNuUHY. ApTepianbHui
TMck 110/70 MM pr.cT. XKuit M'sikuii, GesbonicHui,
nedviHka nanbnaTopHo He 36inbleHa. [o6osui aiypes
npuénusHo 1,5 n, BUNopoXxHeHHs 6e3 ocobnmBocTe.

Ha peHTreHorpacdii BusBneHo KomnpecinHui nepe-
nom VIl rpyaHoro xpebus (Th VII). Ons 6inbw petenbHoi
Bidyanisauii nauieHTy npoBedeHa MarHiTHO-pe3oHaHCHa
Tomorpadpis  (MPT) xpebta, sika nigTBepguna Hasie-
HiCTb KomMpeciHoro nepenomy (puc. 1), BusiBUNa
MOMipHi NPOSIBU MONICErMEHTAPHOIO  OCTEOXOHAPO3Y,
CNoHAMNoapTpo3y rpyaHoro Biaainy xpebTta, kidockonio-
TUYHY aedopmadito oci xpebTa (puc. 2).

of joints. The assessment according to the Beighton
scale indicates in favor of connective tissue dysplasia.
The patient has a long neck, a narrow chest, scoliosis
with an S-shaped spine. Muscles are hypotrophic.
The tongue is clean, without teeth marks, high palate.
There is vesicular breathing in the lungs, no wheezing.
The tones of the heart are loud, clear, the activity is
rhythmic. The heart rate is equal to the pulse and
is 80 beats per minute. Blood pressure 110/70 mm Hg.
The abdomen is soft, painless, the liver is not enlarged
on palpation. Daily diures is about 1.5 I, defecation
without changes.

X-ray revealed a compression fracture of the
VIl thoracic vertebra (Th VII). For more thorough
visualization, the patient underwent magnetic resonance
imaging (MRI) of the spine, which confirmed the presence
of a compression fracture (Fig. 1), revealed moderate
manifestations of polysegmental osteochondrosis,
spondyloarthrosis of the thoracic spine, and kypho-
scoliotic deformation of the spine axis (Fig. 2).

Puc. 1. MPT xpe6Ta B 60KOBIl1 npoekLuii
Fig. 1. MRI of the spine in a lateral projection

BpaxoByun HasiBHICTb HWU3bKOEHEPreTU4YHOro nepe-
nomy xpebus, y nauieHta 6ys 3anigospexun Orl.

3a3HauMmo, WO pPEeHTreHiBCbke Ta MarHiTHO-peso-
HaHCHe OOoCniAXeHHS1 O03BONSIOTh Nikapto BUSABUTK ne-
penom, ane He € metogom giarHoctukm Oll. «3onotum
CTaHOapTOM» AiarHOCTUKM OCTaHHbOrO BW3HaHa NoABiN-
Ha eHepreTM4Ha peHTreHiBcbka abcopbuiomeTtpia
(dual-energy X-ray absorptiometry — DXA). Len metog
KinekicHo BusHavae MUWKT B gocnigxyBaHux AinsHkax
ckeneta. Hambinbw ontumManbHUMKM Ons OOCHILKEHHS
BBaXaloTbCs nonepekosun Bigain  xpebrta (L1-L4)
Ta NPOKCMManbHWMA BigAiN CTErHOBOI KiCTKU (LIMIKa,
cymapHo) [4, 5].

[yxxe BaxnuBUM € MNpaBUIbHUIA aHania oTpMMaHmx
JaHux pgeHcuTomeTpii. Pesynbratm iHTepnpeTyoTb 3a
T- abo Z-kputepieMm. KoxeH 3 HUX Ma€ YiTKO BU3HAYEHi
MeXi BUKOPUCTaHHS.

Puc. 2. MPT xpe6bTa y ppoHTanbHii npoekuii
Fig. 2. MRI of the spine in a frontal projection

Taking into account the presence of a low-energy
vertebral fracture, the patient was suspected of OP.

It should be noted that X-ray and magnetic resonance
examination allow the doctor to detect a fracture, but
are not a method of diagnosing of OP. Dual-energy
X-ray absorptiometry (DXA) is the «golden standard»
of its diagnosis. This method quantifies the BMD in the
investigated areas of the skeleton. The lumbar region
spine (L1-L4) and the proximal part of the femur
(neck, total) are considered the most optimal for
research [4-5].

Correct analysis of the obtained densitometry data
is very important. The results are interpreted according
to the T- or Z-score. Each of them has clearly defined
limits of use.

The T-score is the number of standard deviations
above or below the meanpeak bone mass index of healthy
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Tak, T-kpuTepin — Le KinbKiCTb CTaHAaPTHUX BiAXUNEHb
BULLE YN HUXKYE CepedHbOro MokasHuka niky KicTKOBOI
macu 3goposux ocib y Biui 30—-35 pokis. Lleli nokasHumk
BMKOPUCTOBYETLCH Y XKIHOK MiCMNsi HACTaHHS MeHonay3u
Ta y JonosikiB nicnga 50 pokis.

Z-KpUTepi — Ue KiNbKICTb CTaHOAPTHUX BiAXWNEHb
BULLE YN HMXKYE CepeaHbOoro nokasHuka Ans gaHoi Biko-
BOi rpynu. Z-kputepiini BigobGpaxae KinbKiCTb KiCTKOBOI
Macw y nauieHTa NopiBHAHO 3 iHLUMMKW ocobamu TOro X BiKY,
cTaTi Ta Barv i BUKOPUCTOBYETLCA Y OiTEN, XKiHOK A0 NpUnu-
HEHHS MeHCTpyarnbHOI yHKLIT Ta YonosikiB 4o 50 poki..

PesyneraTtv aeHcuToMeTpii navieHTa nogaHo B Tabn. 1.

individuals aged 30-35 years. This indicator is used
in women after menopause and in men after 50 years.

The Z-score is the number of standard deviations
above or below the mean level for patient's age group.
The Z-score reflects the amount of bone mass in a patient
compared to other individuals of the same age, sex
and weight and is used in children, women before
the menopause and men under 50 years of age.

The results of the patient’'s densitometry are presen-
ted in Table 1.

Ta6nuusa 1. Noka3HuKW, 4OCTYNHI ANA aHanidy 3a pesynsrataMu AeHCUTOMETPIT
Table 1. Indicators available for analysis based on the results of densitometry

OinsHka MLWKT (r/cm2) T-wkana Z-wkana MKT* (r) MnowwHa (cm2)
Area BMD (gr/cm2) T-scale Z-scale MBT* (gr) Square (cm2)

XpebeT / Spine
L1 0,749 -3,4 (65%) -34 10,79 14,30
L2 0,782 -3,8 (63%) -3,8 12,21 15,61
L3 0,847 -3,3 (68%) -3,3 12,62 14,91
L4 0,891 -2,9 (72%) -2,9 15,70 17,63
L1L4 0,821 -3,3 (67%) -3,3 51,32 62,54
NiBa cTerHoBa kictka / Left femur
LWnika / Neck 0,789 -2,2 (74%) —2,2(74%) 4.05 5,13
CymapHo / Total 0,664 -3,3 (61%) -3,3(61%) 19,86 29,91
MpaBa cterHoBa kicTka / Right femur
LWninka / Neck 0,885 -1,4 (83%) -1,4 (83%) 4,74 5,35
CymapHo / Total 0,761 -2,5 (70%) —2,6 (69%) 24,41 32,08

Mpumimku: MKT* — Maca KiCTKOBOiI TKaHUHW
Notes: MBT* — mass of bone tissue

Llinkom noriyHo, Wo y Haworo nauieHta 3 ornagy Ha
MOJIOAMK BIK, N5 aHani3y BMKOPUCTOBYBanu Z-Kputepin.
3a pesynbrataMmy Takoro aHanidy HWKYUMM 3a OuiKyBaHi
NOKasHUKW A5 4aHOro BiKy i cTaTi BUABMBCA Z-KpUTepin
ana MUWKT xpe6Ta, niBoro Ta npaBoro CTEroH 3aranom
(-3.3; =3,3 Ta —2,5, BiONOBIgHO), @ TAKOX LUMINKM MiBOI
CTErHoBOI KiCTku (—2,2).

Takum 4mHoM, Ha nigcTtaei gocnigxkeHHs MLKT, aka
BMSIBUNACS 3HAYHO HWXYOK 3a OdiKyBaHy AN OaHOro
BiKy Ta cTaTi 3a AaHWMW OEHCUTOMETPIl, @ TakoX HasB-
HoCTi KomnpeciiHoro nepernomy Th VII, nauieHTy OyB BCTa-
HOBMEHWI NonepeaHin giarHo3 ocTeonopos.

PE3YABTATU TA iX OBFOBOPEHHS

Ons Bepudgikauii ocTaTouHoro AiarHosy HeobOxigHO
nposectn AndepeHuinHy paiarHoctuky ¢dopm Ofl, ska
nokasaHa gani noKpoKOBO.

Ak sigomo, Ol po3ginsaTe Ha NEPBUHHWUIA | BTOPUH-
HUM (puc. 3).

MocTmeHonay3anbHui Ol BUHUKAE Y XIHOK Micns npw-
MUHEHHS MEHCTPYanbHOI (OYHKUIT i 3HWXKEHHSA NPOTEKTUB-
HOrO BNIMBY ECTPOrEHiB Ha KICTKOBY TKaHWHY. OCKinbKv HaLl
naujieHT — Yyonosik, AaHa dopma Ol1y Hboro Hemoxnmea.

It is quite logical that the Z-score was used for
analysis in our patient, because his young age. Accor-
ding to the results of this analysis, the Z-criterion for
BMD of the spine, left and right femur in total (-3.3; —3.3
and -2.5, respectively), as well as the neck of the |
eft femur (-2.2).

Thus, on the basis of the BMD study, which turned
out to be significantly lower than expected for this
age and sex according to densitometry data, as well as
the presence of a Th VII compression fracture in the
patient, the preliminary diagnosis of «OP» was made.

RESULTS AND DISCUSSION

To verify the final diagnosis, it is necessary to carry out
a differential diagnosis of OP forms, which is presented
step by step below.

As it is known, OP is divided into primary and secon-
dary (Fig. 3).

Postmenopausal OP occurs in women after cessation
of menstrual function and a decrease in the protective
effect of estrogens on bone tissue. Since our patient is
a man, this form of OP is not possible for him.
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Ocreonopos / Osteoporosis

MepenHHAR f Pimary

MocTMeHonay3ansHWA
Postmenopausal;
CeHinsHui
Senile,
HJBeHInBHKA
Juvenile;
lgionaTuiHUA
Idiopathic

BropuHHum / Secondary

Buknukanui /| Caused by

= EHAOKPHHHHUMH 33XBODHBAHHAMK
endocrine diseases;

— PEBMATHYHUMM JaXBOMIOBAHHAMM
rheumatological diseases;

= 3AXBOMHOBAHHAMMW OpraHie TPARMNEHHA
diseases of gastrointestinar tract,

— 3AXBOPHOBAHHAMN HUPOK
kidney diseases;

— ¥BopoGamu CHCTEMMW Kposi
diseases of the blood system;

— BUKOPWCTEHHAM OEAKMX NIk
use of some drugs;

— MEHETHYHAMI NOPYLLEHHAMN
genelic disorders,
IHLLIMMK 3aXBODIOBAHHAMMK T3 CTAHAMM
other diseasas and conditions

Puc. 3. Knacudikauis Ol 3a IpU4MHOI0 BUHUKHEHHS
Fig. 3. Classification of OP by the cause of its development

CeHinbHun Of1 mMoxe po3BMBaTUCL Y YOMOBIKIB,
ane nuwe noxunoro BiKy BHACMNIOOK BIKOBUX 3MiH.
Mauienty 32 poku i Takui BapiaHT nepsuHHoro OIfl
HagTO ManoMMOBIPHUNA.

lOBeHinbHMI Ol mMae Taky Has3By, OCKINbKY BUHMKAE
B 0Ci6, Monogwwux 3a 18 pokiB, WO TaKOX BUKIOYAE
uel BapiaHT 3aXBOPIOBaHHS Y AHOMY BUMAAKY.

OcTtaHHs dopma nepsuHHoro Ol —igionatnyHmm Ol —
€ OiarHO30M BWKMIOYEHHS. [leplu HiXX MOCTaBUTM Takumn
JiarHo3, HeoOXiaHO PO3rMAHYTY iHLLI MOXMBI NpyYMHK OT.

BpaxoBytouu Bik nauieHTa, byna npunyLieHa MMoBipHa
HasiBHICTb BTOpMHHOro Ol1, To6TO Takoro, WO BUHUKaE
BHACIiJOK OCHOBHOIO 3aXBOPOBaHHSA [6, 7].

OO0Hieto 3 HalbinbWw pPo3ro8crodKeHUX MPUYUH 8mo-
puHHo2o OIFl € 3axeoprosaHHsI €HOOKPUHHOI cucmemu,
30Kpema: eHOOo2eHHUl 2inepKopmuuyu3M, mupeomoKcu-
K03, 2irno2oHadusmM, eineprnapamupeos, uykposuli dia-
6em, einonimyimapusm.

1. EHAOreHHUM rinepKoOpPTULLU3M

(xBopo6a a6o cuHApPOM IueHka-KyLuunHra)

Bnnue HagnuLuKy rriOKOKOPTUKOIAIB (K €eHAOreHHUX,
TaK i eK30reHHUX) Ha KiCTKy nonsirae B iHribyBaHHi cpop-
MyBaHHsi Ta AudepeHuialii octeobnacTiB i iHOYKyBaHHI
iX anontody. Kpim TOro, rrntOKOKOPTUKOIAM HeraTuBHO
BMMMBAOTb Ha KiCTKOBY TKaHWHy 4epe3 Henpsami mexa-
Hi3MW, SKi BKNIOYaIOTb 3HUXKEHHSI BCMOKTYBaHHSA KanbLito
B KULEYHMKY Ta OrnokyBaHHs HUPKOBOI peabcopbuii
Kanbuito. [Jo TOro X, TpMBano iCHy4MN Ta BUPaXKEHWU
rinepkopTMUM3M NpuU3BOAUTbL A0 iHribyBaHHs npogykuil
rOHaAoTPONIH-PUMI3UHT FOPMOHY, LLIO, Y CBOKO Yepry, BUKMK-
Kae rinoroHagmaMm, Ta OO0 3HWXKEHHS npoayKuii iHCyniHo-
nopibHoro haktopa pocTty-1. 3asHayeHi YMHHUKKU Y Cy-
KYMHOCTi TaKOX BUKIMKaKOTb BTpaTy KicTKoBoI Mmacu [8, 9].

FnepkopTMuM3am OOOB’AI3KOBO Ma€e TWMOBI KIliHiYHI
nposieu (B nepwy 4epry, AUCANACTUYHUI pPO3Moain
NiALWKIPHO-XNPOBOI  KNITKOBUHW, CTPiapHUN  CUHAPOM,
apTepianbHy rinepTeHsito), ski y Haworo naiieHta Oynu

Senile OP can develop in men, but only in elderly
ones due to age-related changes. The patient is 32 years
old and such a variant of primary OP is very unlikely.

Juvenile OP has this name because it occurs in
people younger than 18 years, which also excludes
such variant of the disease in this case.

The last form of primary OP — idiopathic OP — is
a diagnosis of exclusion. Before making such diagnosis,
it is necessary to consider other possible causes of OP.

Taking into account the patient’'s age, the probable
presence of secondary OP, i.e., one that arises as
a result of the main disease, was assumed [6, 7].

One of the most common causes of secondary OP
is a group of endocrine diseases, in particular: endo-
genous hypercorticism, thyrotoxicosis, hypogonadism,
hyperparathyroidism, diabetes mellitus, hypopituitarism.

1. Endogenous hypercorticism
(Cushing’s disease or syndrome)

The effect of an excess of glucocorticoids (both
endogenous and exogenous) on bone is to inhibit
the formation and differentiation of osteoblasts and
inducing their apoptosis. In addition, glucocorticoids
have a negative effect on bone tissue through indirect
mechanisms, which include a decrease in calcium
absorption in intestine and blocking renal reabsorption
of calcium. Besides, long-lasting and pronounced
hypercorticism leads to the inhibition of gonadotropin-
releasing hormone production, which, in turn, causes
hypogonadism, and to a decrease of insulin-like growth
factor-1 production. The specified factors together
also cause bone loss [8, 9].

Hypercorticism obligatory has typical clinical mani-
festations (first of all, dysplastic distribution of subcuta-
neous adipose tissue, striatal syndrome, arterial hyper-
tension), which are absent in our patient. In addition, the
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BiACyTHi. Kpim Toro, y 4YonoBika KOpTU30mn KpOBi BWU3Ha-
YaBCsA Yy MeXax HOpMM, YNbTPasByKOBE [OCHiOXKEHHS
(Y3[) HapgHMpKOBMX 3ano3 He BUSBWNMO rinepnnasii
YUY NYXITUHHUX 3MiH.

2. TMpeoTOKCHKO3

Ha cborogHi 3anuwaeTbcst He A0 KiHUS 3pO3yMinum,
4n TPUNOATMPOHIH BrnMBae Ge3nocepedHbO Ha OCTEOo-
KnacTu, BUKINUKal4YyM BTpaTy KIiCTKOBOI Macu, 4u KOro
CTUMYIIOYUI edhekT Ha KICTKOBY pe3opbuito onocepea-
KOBaHWI BMNMBOM Ha OCTeobnacTtu, OCTeouuTW, CTpO-
MarbHi KNITUHW Ta iHWI KNiITUHW KicTKW. [poTe, € gokasm
TOrO, LU0 HU3bKUI piBEHb TMPEOTPONHOro ropmony (TTT),
SAKWA  CyNpOBOMAXYE TUPEOTOKCUYHWA CTaH, nNpsiMO
BMMMBa€e Ha ckernet 4yepe3 MeMOpaHHi peuentopu TTI.
B ymMoBax HW3bKOro piBHSA LIbOro ropMOHy BiabyBaeTbcs
iHribyBaHHSA pemMoaentoBaHHS KiCTKM LUTNISIXOM MOCUIIEHHSA
aKTUBHOCTI OCTEOKMacTIiB, onocepenkoBaHoi hakTopom
Hekpo3y nyxnuH a [7, 10]. BogHouyac, rinepTupeos Takox
npu3BoaMTL A0 rinokanbuieMii Ta rinepkanbLiypii, TO6TO
[0 BTpaTW KanbLiito opraHiaMom.

I3 MOXMMBUX CUMNTOMIB TUPEOTOKCMKO3Y Hall naui-
€HT Mae gediunMT mMacu Tina, NpoTe HuM3bKa Bara Tina
CMNOCTEpIraeTbCa NPOTArOM BCbOIO XUTTS, @ HE BMHUKNA
panToBO. Y XBOPOro KOHCTUTYLINHO 3yMOBIEHi BEMNUKi 0Yi,
BogHOYaC 30BHIlLHIM BUrNsa4 nadieHTa He 3MiHoBaBCS
NPOTArOM XMWTTH i OYHi CMMMATOMM Y HbOFO HEraTuBHI.
Kpim Toro, BIiACYTHi iHWI KRiHiYHI O3HaKW HaAnuULIKY
TUPEOIAHNX FTOPMOHIB, @ came: HEMae pPo3apaToOBaHOCTI,
BHYTPILLIHBOrO TPEMTIHHSA, TaxikapAii, TpemMopy pyK B nosi
Pombepra Towo. MokasHukn TupeoigHoro ctatycy (TTT,
TUPOKCUH BiNbHWI) BU3Ha4Yanmcs B Mexax peepeHTHMX
3HayeHb, Ha Y3[ wuMTONOAIOHOI 3amno3n BUSBMEHI
MiHIManbHi 3MiHW AMdY3HOro XapakTepy.

3. linoroHaAM3M

OocnigkeHHAMN OoBedeHo, WO Yy nauieHTiB 3 rino-
roHagu3mMoM CrocTepiraeTbCsi He NULIE HU3bKWIA pPiBEHb
TECTOCTEPOHY, ane W HU3bKWIA piBeHb GiogocTynHoro
ecTpagiony (skui, SK i y >XIHOK, MO3WTUBHO BMNNUBaE
Ha KiCTKY) i BACOKMI piBeHb rnobyniHy, Lo 3B’A3ye cTaTesi
ropMoHu. Lli bakTopu y CyKynHOCTI CAPUSAIOTL 3HKEHHIO
MLKT y 4onosikie. KpiM TOro, TeCTOCTEPOH € BaXKNIMBUM
akTopoM MNIATPUMAHHA M’si30BOI cunuM Ta  isnyHoi
npauesgaTHoCTi y YonoBikie. M’si3oBa cnabkicTb B ymoBax
rinoroHagnamy cama no cobi CnpuYMHSAE BUCOKY YacToTy
nagiHb, WO NOTEHLiMHO NpU3BOAMTbL 40 nepenomis [11].

KniHiuHi 03Haku rinoroHagnamy y BUrnsai €BHYXOIAHOT
TinoGyaoBW, MOPYLIEHHA NOTEHLii y nauieHTa He Oynu
BusiBneHi. Mpu ropMoHanbHOMY OOCTEXEHHi OTpumaHi
Jello HecnogiBaHi AaHi: piBeHb TECTOCTEPOHY 3aMicCTb
3HWXKEHOTO, SIKUI 61U CBIgYMB Ha KOPUCTb FiNOroHaan3my,
nepeBuLLyBaB HopMy i ctaHoBuB 930,2 Hr/an npu HopMi
249-836 Hr/on. BogHouac, piBeHb ecTpagiony 3Huke-
HUA — < 5,0 nr/mn (pedepeHTHi 3Ha4YeHHs B [OaHii
nabopatopii y 4onoBikiB cknagatotb 11,3—43,2 nr/mn).
MponakTuH BU3HA4YaBCsi B MEXax HOPMM.

Cnig 3BepHyTU yBary Ha Te, L0 NiABULLEHHSI TECTO-
CTEePOHY Ha TNi HU3LKOrO PiBHS ecTpagiony Moxe 3ycTpi-
yatucs npu gediumTi apomartasm, ska KOHBEPTYE TeCTo-
CTepOH B ecTpagion [12, 13]. Apomarasa-gediumTHi xnonui
pO3BUBAIOTLCA TaK camo, SK i IX O4HOMITKM, 4o nyGepTary.
B nepiog ny6eprtaty Ta noctnybepraty ix ckenet npo-
JOBXye 3pocTati, TOMy Anst UMX NauieHTiB npyTamaH-

man’s blood cortisol was determined within the normal
range, ultrasound examination (USE) of adrenal glands
found neither hyperplasia nor tumor changes.

2. Thyrotoxicosis

To date, it remains unclear whether triiodothyronine
acts directly on osteoclasts, causing bone loss, or
whether its stimulating effect on bone resorption is
mediated by its effects on osteoblasts, osteocytes,
stromal cells, and other bone cells. But, there is evidence
that the low levels of thyroid-stimulating hormone (TSH)
that accompany a thyrotoxic state directly affect the
skeleton through TSH membrane receptors. In conditions
of a low level of this hormone, bone remodeling inhibi-
tion takes place by increasing the activity of osteoclasts
mediated by tumor necrosis factor a [7, 10]. At the same
time, hyperthyroidism also leads to hypocalcemia and
hypercalciuria, that is, to the loss of calcium in the body.

Among the possible symptoms of thyrotoxicosis,
our patient has a body weight deficit, however, low body
weight is observed throughout his life, and did not appear
suddenly. The patient has constitutionally determined
wide eyes, at the same time the patient’s appearance
did not change during his life and his eye symptoms
are negative. In addition, there are no other clinical
signs of an excess of thyroid hormones, namely:
no irritability, internal tremor, tachycardia, hand tremor
in the Romberg position, etc. Indicators of thyroid status
(TSH, free thyroxine) were determined within the
reference values, minimal diffuse changes were
detected on ultrasound of the thyroid gland.

3. Hypogonadism

Studies have shown that patients with hypogona-
dism not only have low levels of testosterone, but also
low levels of bioavailable estradiol (which, like in women,
has a positive effect on bone) and high levels of sex-
binding globulin. These factors together contribute to
a decrease in BMD in men. In addition, testosterone
is an important factor in maintaining muscle strength
and physical capacity in men. Muscle weakness
itself in case of hypogonadism causes a high frequency
of falls, which potentially leads to fractures [11].

Clinical signs of hypogonadism in the form of
a eunuch-like physique, potency disorders were not
detected in the patient. During hormonal examination
somewhat unexpected data were obtained: the level
of testosterone, instead of being reduced, which would
indicate in favor of hypogonadism, exceeded the norm
and was 930.2 ng/dL against the norm of 249-836 ng/dL.
At the same time, the level of estradiol was reduced —
< 5.0 pg/ml (reference values in this laboratory for
men are 11.3-43.2 pg/ml). Prolactin was determined
within the normal range.

It should be noted that an increase in testosterone
against the background of a low estradiol level can occur
with a deficiency of aromatase, which converts testo-
sterone into estradiol [12, 13]. Aromatase-deficient boys
develop in the same way as their peers until puberty.
During puberty and post-puberty, their skeleton continues
to grow, so these patients are characterized by tall
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HWA BUCOKWIA 3piCT, AOBri KiHUiBKMA, By3bke 0OnMyys.
AHOManbHUMN pICT Ta [03PiBaHHA KIiCTKOBOI TKaHWHM
npu3BOAMTL A0 ranbMyBaHHA MiHepanisauil Ta BUTOH-
YEHHS KiCTKOBOrO MaTpUKCy, a siKk Hacmnigok, 4O BUHMK-
HeHHs1 Ol [14]. Ons apomaTasa-aediunMTHUX 4Y0roBikiB
npuTaMaHHa HasiBHICTb BUCOKOTO 3pOCTY, EBHYXOMNOAiIOHOT
cTatypu, rinepiHcyniHeMii Ta NOpyLUeHHs TONepaHTHOCTI
00 rnoko3u, gucninigemii, octeoneHii Ta/abo ON1 [15].

Y Haworo nauieHTa He 6yny BCTaHOBIEHI NOPYLUEHHS
BYIMEeBOAHOrO Ta ninigHoOro npodinto, BiACYTHA BikoBa
3MiHa cTatypu Ha eBHyxonofibHy. Tox BUsiBNEHi ropmo-
HanbHi 3MiHK 6yno po3uiHEHO SIK HACMIAOK 3HWXKEHOI KOH-
BepCii TECTOCTEPOHY B eCTpaaion B ymoBax AediuuTy Baru.

4. TinepnapaTtupeos

Hagnuwok napaTtropMoHy Npu3BoAnTb A0 CTUMYNSALT
yCiX LWNAXiB NigBULWEHHS pPiBHA KanbLlilo B KpOBI,
30KpeMa, 0o pe3opbuii KicTKOBOT TKaHWUHW, i, BigNOBIAHO,
0o 3HmxeHHa MLUKT ta Ol npu TpuBanomy icHyBaHHi
Takoro ctaHy [16].

Mpu npoBegeHoMmy OGCTEXEHHI y nauieHTa BW3Ha-
YaBcs HOpManbHWi piBeHb napaTtropmoHy (13,3 nr/mn),
KanbLilo 3aranbHOro Ta ioHi30BaHOro, a Takox docdopy
kpoBi. Y3[ napawmTtonodibHux 3ano3 He BUABWIIO
KOOHWUX 3MiH, WO B CYKYMHOCTi [O3BOMUMO BUKIOYUTH
y nauieHTa rinepnapatupeos3. €OUHWM pe3ynbTaToM,
WO BM3HA4YaBCsl HWXYe HOopmW, OyB piBEeHb 3ararnbHOro
BitamiHy [ — 22,32 wr/mn. Le Bignosigae woro
HepocTaTHOCTI | Byno B noganbLIiOMy BpaxoBaHO Npwu
npu3HaYeHHi Tepanii.

5. LykpoBuit aiabeT

3a yMoB LlykpoBoro fiabeTy y XBOpux cnocTepiraeTses
3MEHLLUEHHSI KiCTKOYTBOPEHHS Ta YMOBINMbHEHHS KiCTKO-
BOr0 pemMoAerntoBaHHsl, NoB’s3aHe 3 anonTo30M OCTeo-
UMTIB  BHACNIOOK HaKOMWYEHHS1 KiHUEeBWX MpoAyKTiB
rmikodyBaHHA Ta rinepromouucteiHemii. [inoaguMnoHek-
TMHEMISl, sIKa 4acTO CMnoCTepiraeTbCs NPU OXUPIHHI Ta
LyKpoBOMY AiabeTi, Moxe 6paTu y4acTb y 3HWXKEHHI MiL-
HOCTI KICTKM BHacnigoK CNOTBOPEHHS1 HOpMarnbHOro MeTa-
6oni3aMy KiCTKOBOI TKaHWHW, agxe BiAOMO, LIO aaumno-
HEKTWH CTUMYIIHOE EKCMNPECI0 OCTEOKanbLMHY Ta AndepeH-
LitoBaHHA i MiHepanisauito ocTeobnacTiB 3a 4ONOMOro
akTusauii 5’AM®-akTnBoBaHoi npoTeiHkiHa3m [17].

BigcyTHicTb LykpoBoro aiabety B aHamHesi Halloro
navjieHTa, LyKop KpoBi HaTLle 5,1 MMornb/n 3 04HOYaCHUM
piBHEM rnikoBaHOro remMornobiHy B Mexax HopMu
CBigYMNO nNpo BiACYTHICTb MOpYLUEHb BYINEBOLHOMO
06MiHY Ha MOMEHT OBCTEXEHHS XBOPOTO.

6. linonityitapusm

[opatkoBo [0 BKa3aHWUX BULLE TFOPMOHIB rinodisy
(TTT, nponakTuH), 6ynu SOCRiMKEHi TakoX COMaToTpOrn-
HUA TOPMOH, NIOTEIHI3YIUUIN FOPMOH, COOMIKYNoCTUMY-
NIOKYMIA  TOPMOH, HOPMarbHi  PIBHI  AKMX [03BONMAU
BUKIMIOYMTK rinoniTyiTapuam. [JocnigxeHHs agpeHoKop-
TMKOTPOMHOIO TOPMOHY HE MNpPOBOAMIIOCH 3 OrMsiay Ha
BiCYTHICTb Takoi HeOOXiAHOCTI Npy HOpMarnbHIA yHKUIT
HaZHMPKOBUX 3a503, ONUCaHIl BULLE.

TakMM YMHOM, 3aXBOPIOBAHHSI EHAOKPUHHOI cuctemu
K MOTEHUIMHO MOXNMBa npuyMHa BTOpUHHOro Ol
y nauieHTta, 6ynu BUKMOYeHi.

Hacmynrul kpok nepedbayas SUKIIOYEHHS pesma-
MUYHUX 3aX80PH8AHb.

stature, long limbs, and a narrow face. Abnormal growth
and maturation of bone tissue leads to inhibition of
mineralization and thinning of the bone matrix, and as
a result, to the occurrence of OP [14]. Aromatase-
deficient men are characterized by tall stature, eunuch-
like physique, hyperinsulinemia and impaired glucose
tolerance, dyslipidemia, osteopenia, and/or OP [15].

In our patient, there were no violations of the carbo-
hydrate and lipid profile, there was no age-related changes
in the physique to a eunuch-like one. Therefore, the
detected hormonal changes were considered as a con-
sequence of the reduced conversion of testosterone
into estradiol because of weight deficit.

4. Hyperparathyroidism

An excess of parathyroid hormone leads to the
stimulation of all ways of increasing the level of blood
calcium, including the resorption of bone tissue, and,
accordingly, to a decrease in BMD and OP in the
long-term existence of such a condition [16].

During the examination, the patient had a normal
level of parathyroid hormone (13.3 pg/ml), total and
ionized calcium, as well as blood phosphorus. Ultrasound
of the parathyroid glands did not reveal any changes,
which made it possible to rule out hyperparathyroi-
dism in the patient. The only result that was determi-
ned below the norm was the level of total vitamin D —
22.32 ng/ml. This corresponds to its insufficiency
and was subsequently taken into account when
prescribing therapy.

5. Diabetes mellitus

In diabetes, patients have a decrease in bone
formation and a slowdown of bone remodeling, which is
associated with apoptosis of osteocytes due to the
accumulation of end products of glycation and hyper-
homocysteinemia. Hypoadiponectinemia, which is often
observed in obesity and diabetes, may be involved in the
reduction of bone strength due to the distortion of normal
bone metabolism, because adiponectin is known to
stimulate the expression of osteocalcin and the differen-
tiation and mineralization of osteoblasts through the
activation of 5’AMP-activated protein kinase [17].

The absence of diabetes in our patient's history,
fasting blood sugar of 5.1 mmol/l with a simultaneous
level of glycated hemoglobin within norms indicated
the absence of violations of carbohydrate metabolism
at the time of the patient’'s examination.

6. Hypopituitarism
In addition to the pituitary hormones indicated
above (TSH, prolactin), somatotropic hormone, luteini-
zing hormone, follicle-stimulating hormone were inves-
tigated. Their normal levels allowed to exclude hypo-
pituitarism. Adrenocorticotropic hormone investigation
was not conducted due to the absence of such a need in
the case of normal adrenal function described above.
Thus, diseases of the endocrine system as a poten-
tially possible cause of secondary OP in the patient
were excluded.

The next step involved the exclusion of rheumatic
diseases.
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PeBmaTtnyHi 3axBoptoBaHHSA 3gaTtHi Buknukatun Orl
sk cami no cobi, Tak i y 3B'A3Ky 3 Tepaniel, WO npu-
3Ha4va€eTbCH, B NepLUY Yepry, rmokokopTukoigamm [18-21].
Haw nauieHT 3anepeyyBaB XpPOHiYHi 3aXBOPIOBaHHSA, BiH
He npuiMaB nikiB, TOX MeAMKaMEHTO3HO-iHOYyKOBaHWI
Ol 6ye BukntoueHunn. Cepen peBMaTUYHUX 3aXBOPHO-
BaHb BTOpMHHMIA Ol Han4yacTiwe po3BMBAETLCA MNpU
peBMaToifHOMYy apTpwTi, CUCTEMHOMY 4€pPBOHOMY BOB-
Yaky Ta aHKino3y4oMy CroHAUN0apTPUTI.

1. PeBMATOIiAHUI ApPTPUT

MexaHiam po3suTKky Ol npu peBmaToigHOMY apTpuTi
€ OGaratodakTopHum. Posrnsgaetbca nNpsMuiA - BAAYB
3ananeHHs Ha KicTky, npudomy nepebir Ol kopentoe
3 aKTMBHICTIO OCHOBHOMO 3axBOPIOBaHHS, TpMBanicTio
3aXBOPIOBAHHS Ta TUTPOM @HTUTIN 4O LMKMIYHOrO LUTPY-
niHoBaHoro nenTugy [22, 23]. AyToaHTuTINa CTUMYMIOIOTb
npo3ananbHi UUTOKIHW, WO Npu3BOAMTbL OO MNOCUNEHOT
pe3opbuii KICTKOBOI TKaHWHW 4epe3 perynsuitn pisHux
CUrHanNbHUX WNAXiB [24]. IHWi pakTopm pnsmnky BKOYaTb
3MeHLLUEHY M’A30BY Macy Ta yHKLiOHanbHi NOPYLUEHHS Cy-
rno6is, LLO NPU3BOANTL A0 30iNbLUEHHS PU3KKY NagiHb [25].

Onsa Toro, wo6 3anigo3puTn peBMaTOidHMI apTpuT,
nauieHT MOBMHEH MaTu XapakTepHi ckapru, a came —
cyrno6oBuii CMHAPOM i3 3any4eHHSM NepeBaXxHO ApPiOHUX
cyrnobis y Burnsgi 6onto, ckyTtocTi, Aedopmadii ToLLo.
3a yMOB HasiBHOCTi XxapaKTepHOi KNiHI4YHOI KapTuHU peB-
MaToigHUIN apTPUT MOXHa NiIGTBEPAUTM MO3UTUBHUM TUT-
pPOM ayTOAHTUTIN A0 LMKMIYHOro LMTPyniHOBaAHOrO NenTu-
Ay Ta No3uTUBHMM (B BinNbLUOCTI BUNaakKiB) peBMaToigHNM
dakTopoMm. Y HaLoro nauieHTa, 3 ornsgy Ha BiOCYTHICTb
Bi4NOBIgHMX CKapr, AaHi AOCMiAKEHHA He NMPOBOAUINCD.
Kpim Toro, wBmnakictb ocigaHHa eputpounTie Ta C-peak-
TUBHUIA BINOK sIK Mapkepu HecneumgiyHOro 3ananeHHs
y XBOpOro 6ynu B Mexax HOpMU.

2. CUCTEMHUIN YepPBOHUI BOBHAK

XpOHiYHEe cMCTEMHE 3ananeHHs1 3yMOBHOE MOCUIEH-
HA OCTEOKNacCTMYHOI pe3opbuii KiCTKM Ta 3HMKEHHS
ocTeobnacTHoro KicTKoyTBOpeHHsi. Ha popavy, pediunt
BiTamiHy D 4epes BiACYTHICTb COHAYHOro BUMPOMIiHIOBaH-
HA BHACMIAOK CBITNOYYTNMBOCTI Ta HUPKOBOI HegocTaTt-
HOCTi, NpUTaMaHHOI TsXKKOMY nepebiry cuctemHoro
YEepBOHOr0 BOBYaKy, TaKOX CMPUSIE MOPYLUEHHIO KiCTKO-
Boro metaboniamy [26].

Migospa Ha CUCTEMHWIA YEPBOHWIA BOBYaK BUHUKAE
3a HasABHOCTI Yy NauieHTiB TUNOBMX LUKIpDHMX NPOSsiBIB Ta
Yy XBOPUX 3 BEMUKOIO KifbKICTIO PI3HOMaHITHUX CUMMTOMIB,
y TOMY u4uChi, KOHCTUTYLIOHaNbHWUX, SIKi HE BAAETbLCS
BiHECTW [0 SKOrocb iHLWOro 3axBoptoBaHHs. Mpu LboMy
JiarHo3 mMoxe OyTW BCTAHOBMEHWIA NULIE 3a HasIBHOCTI
KMNiHIYHO 3HaYyLIOro TUTPY aHTUHYKINEeapHUX aHTuTIN
(1:80 Ta BMLE) Y CyKynHOCTI 3 knacudikauinHiMmn Kpu-
TepisiMu. Y Hawloro nauieHta 6ynu BiACYTHI MOXNUBI Kni-
HiYHI O3HaKM CUCTEMHOrO 4epBOHOrO BOBYaKky. Tox Ao-
CMiJXXEeHHA aHTWHYKINeapHUX aHTUTIN He NpoBOAWIOCH,
OCKiNbKM iX MO3UTUBHOTO TUTPY (HaBiTb B pasi Koro
BUSIBNEHHS) HEOOCTAaTHbO AN BCTAHOBMEHHS AiarHo3y
3a BiCYTHOCTi NEBHUX CUMNTOMIB.

3. AHKIAO3YI04MI CIOHAUAOAPTPUT

Ol e poBoni YacTUM ycknagHEHHSIM aHKino3yt4oro
CMOHAMNOAPTPUTY, HaBITb Ha paHHIX CTafisaX 3axBoplo-
BaHHA. BiH nos’sisaHuiA 3 nigBuweHMM piBHeM bGioxi-

Rheumatic diseases can cause OP both by
themselves and in connection with prescribed therapy,
first of all by glucocorticoids [18—21]. Our patient denied
chronic diseases, he did not take medicines, so drug-
induced OP was excluded. Among rheumatic diseases,
secondary OP most often develops in rheumatoid
arthritis, systemic lupus erythematosus, and ankylo-
sing spondylitis.

1. Rheumatoid arthritis

The mechanism of OP development in rheumatoid
arthritis is multifactorial. The direct effect of inflammation
on bone is considered, and the course of OP correlates
with the activity of the underlying disease, the duration
of the disease, and the titer of anti-citrullinated protein
antibodies [22, 23]. Autoantibodies stimulate proinflam-
matory cytokines, which leads to increased bone tissue
resorption through the regulation of various signaling
pathways [24]. Other risk factors include reduced muscle
mass and functional impairment of joints, leading to
an increased risk of falls [25].

In order to suspect rheumatoid arthritis, the patient
must have specific complaints, namely, joint syndrome
involving mainly small joints in the form of pain, stiffness,
deformity, etc. In the presence of a characteristic
clinical picture, rheumatoid arthritis can be confirmed
by a positive titer of anti-citrullinated protein anti-
bodies and a positive (in most cases) rheumatoid factor.
In our patient, because of the lack of relevant complaints,
these studies were not conducted. In addition, erythro-
cyte sedimentation rate and C-reactive protein as
markers of non-specific inflammation were within normal
limits in the patient.

2. Systemic lupus erythematosus

Chronic systemic inflammation causes an increase
in osteoclastic bone resorption and reduction of osteo-
blastic bone formation. In addition,vitamin D deficiency
due to the lack of solar radiation because of photo-
sensitivity and renal failure typical for severe course
of systemic lupus erythematosus also contributes to
the disruption of bone metabolism [26].

Suspicion of systemic lupus erythematosus arises
when patients have typical skin manifestations and
patients with a large number of various symptoms,
including constitutional ones, which cannot be attributed
to any other disease. At the same time, the diagnosis
can be established only in the presence of a clinically
significant titer of antinuclear antibodies (1:80 and higher)
in combination with the classification criteria. Our patient
had no possible clinical signs of systemic lupus erythe-
matosus. Therefore, the study of antinuclear antibodies
was not carried out, since their positive titer (even if de-
tected) is not enough for diagnosis in the absence of
certain symptoms.

3. Ankylosing spondyloarthritis
OP is a fairly frequent complication of ankylosing
spondyloarthritis, even in the early stages of the disease.
It is associated with elevated levels of biochemical
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MiYHMX MapkepiB 0OMiHy KiCTKOBOI TKaHWHK, npo3anarnb-
HUX LUMUTOKIHIB (Takmx sk iHTeprenkiH-6 i dakTop Hekpo3sy
NyxXnuH o), peareHTiB rocTpoi ¢asn, reHeTU4HUM noni-
mMopdiamom BiTaMiHy D, HU3bKMM piBHEM ocCTeonpoTe-
repuHy Ta CTaTeBMX CTEPOiAHMX FOPMOHIB, MOPYLUEHHAM
BCMOKTYBaHHA KanbLito Ta BiTamiHy D. CnonyuyHa gis
unx cakTopiB CApPUYMHAE BTpaTy KiCTKOBOI Macu npu
aHKINo3y4oMy CMOHAMNOAPTPUTI.

HasiBHicTb Gonto B CNuHi y XBOPOro MOMoJoro BiKy
3aBXOM € NiJo3Pinor 03HAKOK HA KOPUCTb aHKINo3y4voro
cnoHaunoaptputy. Mpu UbOMy TUMOBMM € 3ananbHuWi
xapaktep 6ont. Lle o3Havae, wo 6inb mae Bignosigatn
MiHIMyM YOTUPbLOM 3 M'ATU KpUTEPIIB:

— NOCTYMOBUI NOYaTOK;

— Bik o 40 pokis;

— HiYHMI Binb;

— MNOKpaLLeHHs nicnsa disnyHnX Bnpas;

— noripweHHa abo BiACYTHICTE MOKpaLLEeHHs mnicnst
BiONOYMHKY.

Bik Haworo nauieHTa 32 poku i BiH MaB MOCTIMHUIA
6inb y CruHi, 30kpemMa, BHOYi B HEKOMAOPTHIl noasi. MpoTe
noyatok Gonto GyB rocTpum i Ham BiJOMWIA TPUrepHWUiA
dakTop. Kpim Toro, y nauieHta 6inb 3meHLwyBaBcs nicns
BiAMOYMHKY i 36inbLUyBaBcs Npu pyxax. To6To B JaHOMy
BUNagky Oinb HOCUTbL He 3ananbHWA, a MEeXaHiYHWUiA
xapaktep. Lle Qo3Bonsie BigKUHYTU rinotesy wono
aHKiNo3y4oro CnoHAMNoapTpuUTY.

HacmynHa epyna Moxniueux npuyuH 6mMOpPUHHOZ0
Ol — 3axeoprosaHHs Op2aHi8 mpaessieHHs, a came: CTaH
nicna pesekuii LWyHKa, 3aXBOPKOBAaHHSA, LIO CYnpoBOa-
XKYIOTbCS CUHAPOMOM Marnbabcopbuii, XpoHiYHi 3axBopto-
BaHHA nediHkn [27-29]. OkpiM nopyLlIeHHs npoLeciB
TpaBMNEHHs Ta BCMOKTYBaHHS HEOOXigHUX HYTPIEHTIB,
npuunHoto Ol TakoX MOXyTb OYTW IMYHHI MOPYLUEHHS,
SKi  CYynpOBOMKYHOTbCS  NPOAYKUiEl  npo3ananbHuX
LUUTOKIHIB, TOPMOHIB Ta iHWWX aKTopiB BNMUBY Ha
KicTkoBy TkaHuHy [30].

AHaMHECTMYHMX [AaHuX LWOAO0 pe3eKuii  LUNYyHKY
y xBoporo He Oyno. [lauieHT He npeg’siBNsIB CKapr,
sKki © [O3BONMMNKU NPUNYCTUTU CUHOPOM ManbabcopOuii.
BiH He MaB XpOHIYHMX 3axBOPKBaHb KULLKIBHMKA
B aHaMmHesi i, BiANOBigHO A0 pesynbraTiB Konporpamu,
He BUSIBNEHO HenepeTpaBneHnX BOMOKOH, L0 € TUMOBUM
anst manebabcopbuii. B aHamHesi y nauieHta He 6yno
BKa3iBOK Ha XPOHiYHi 3axBoptoBaHHS nediHku. [lpose-
neHe nabopaTtopHe o6CTexeHHs (nedviHkoBi npobu)
Ta Y3[l opraHiB 4epeBHOI MOPOXHWHWM He BUSABUMK
CYTTEBMX 3MiH. Takum 4YMHOM, 3aXBOPIOBAHHSA OpraHis
TPaBMNEHHSI TaKoX Bynu BUKIOYEHI.

HacmynHum 6ys nposedeHull aHania Heghpo2eHHUX
npuyuH emopuHHozo Ofl.

Ak moxnuBe nigrpyHTsl, OyB PO3rMAHYTUA HUPKO-
BUMA KaHanbLUEBMW aumaos, npoTe BIiACYTHICTb CKapr,
HOpPManbHUM  piBEHb Kamnilo CUMpPOBaTKM KPOBi Ta
BiACYTHICTb HedpoKanbunHO3y, 3a AaHumu Y3[ Hupok
Ta CEYOBMBIOHMX LWNAXiB, pobUTb LEe 3axXBOPHOBaHHS
BKpan ManonmMoBipHUM.

Takox 6yB BUKNHOYEHU cMHOPOM DaHKOHI, OCKiNbKu
Us naTonoris MNposBNSIETbCA B PaHHbOMY AWTUHCTBI,
Ma€e [OBOMi SCKpaBy KMiHIYHY KapTUHY, CynpOBOAXY-
€TbCA [MIOKO3ypieto, docdaTypieto, amiHoaumaypieto,
4Oro He CrnocTepiranocst y HaLloro XBoporo.

XpoHiyHa xBopoba Hupok -V cT. Takox Moxe
6yt npuumHol BTOpuHHOro OI i po3rnsagaeTbes Sk

markers of bone turnover, pro-inflammatory cytokines
(such as interleukin-6 and tumor necrosis factor a),
acute phase reactants, genetic polymorphisms of
vitamin D, low levels of osteoprotegerin and sex steroid
hormones, calcium and vitamin D malabsorption.
The combined action of these factors causes bone loss
in ankylosing spondyloarthritis.

The presence of back pain in a young patient is always
a suspicious sign in favor of ankylosing spondyloarthritis.
At the same time, the inflammatory nature of the pain
is typical. This means that the pain must meet at least
4 of the 5 following criteria:

— gradual onset;

— age up to 40 years;

— night pain;

— improvement after exercise;

— worsening or no improvement after rest.

Our patient is 32 years old and had constant back
pain, including night time in an uncomfortable position.
However, the onset of pain was acute and we know the
trigger factor. In addition, the patient's pain decreased
after rest and increased with movement. That is, in this
case, the pain is not inflammatory, but has mechanical
nature. This allows us to reject the hypothesis of
ankylosing spondyloarthritis.

The next group of possible causes of secondary
OP is a group of gastrointestinal tract diseases, namely:
the condition after gastric resection, diseases accom-
panied by malabsorption syndrome, chronic liver
diseases [27-29]. In addition to violation of digestion
and absorption of necessary nutrients, the cause of OP
can also be immune disorders, which are accompanied
by the production of pro-inflammatory cytokines,
hormones and other factors affecting bone tissue [30].

The patient had no history of gastric resection.
The patient had no complaints that would suggest
malabsorption syndrome. He had no history of chronic
intestinal disease and, according to the results of the
coprogram, there was no undigested fiber, which is
typical for malabsorption. The patient had no indications
of chronic liver disease in the anamnesis. Laboratory
examination (liver tests) and abdominal ultrasound did not
reveal any significant changes. Thus, diseases of the
digestive system were also excluded.

Next, the analysis of nephrogenic causes of second-
ary OP was carried out.

As a possible basis, renal tubular acidosis was consi-
dered, however, no complaints, normal serum potassium,
and no nephrocalcinosis, according to the kidneys and
urinary tract ultrasound, makes the presence of this
disease extremely unlikely.

Fanconi syndrome was also ruled out, since this
pathology manifests in early childhood, has a rather
bright clinical picture, is accompanied by glucosuria,
phosphaturia, aminoaciduria, which was not observed
in our patient.

IlI-V stage of chronic kidney disease can also be the
cause of secondary OP and is considered as «renal
osteodystrophy» [31]. Examination of the patient did not
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«peHanbHa octeogucTpodis» [31]. Ob6cTexeHHs naui-
€HTa He BUABWUIIO BIiOMOBIAHMX 3MiH: KIiHIYHWIM aHani3
cevi 6yB 6e3 KniHiYHO 3HaYyLMX BigxuneHb. BusiBneHa
Jewo nigBuLeHa eKCKpeuiss Ce4yoBOi  KMCRnoTM —
5,4 mmonb/n (Hopma 1,48—4,43 mmonb/n), NpoTe cevoBa
KMCNOTa KPOBi BM3HAYaETbCsl B MeXax HOpMarbHUX
3HayeHb. CevyoBMHaA, KpeaTwuHiH, anbbymiH, 3aranbHWi
GinoK KpPOBi B MeXax HOpMM, pPO3paxyHKOBa LUBMAOKICTb
kny6oukoBoi dinsTpauii 103 mn/xs/1,73 m2. BigcyTHicTb
3MiH B KNiHIYHOMY aHanisi cedi pasom 3 HOpMarbHO
WBMAKICTIO KNybo4vkoBoi hinkTpalii go3Bonunu He npo-
[OBXyBaTW NOLWYK HedhporeHHuX npuymH Orl.

Hepioko emopuHHuti OF1 poseusaecmbcsi Ha miii
3axeopiosaHb Kposi. IX eUKIMIOYeHHs 6yrno  Hawum
OKpeMuM 3a80aHHSIM.

Mepeg TMM, $IK MNOSICHUTM NPOLEC BUKIHOYEHHS
reMaTtosnoriyHMx xBopob, Tpeba 3a3HaunTu, WO nauieHTy
O6yna npoBeneHa bGioncisi KiCTKOBOro MO3Ky, pesynsrar
AKOl HaBeaeHur B Tabnuui 2.

reveal relevant changes: urinalysis presented without
clinically significant deviations. A slightly increased
excretion of uric acid — 5.4 mmol/l (norm 1.48—4.43 mmol/l)
was detected, however blood uric acid is determined
within normal values. Urea, creatinine, albumin, total
blood protein were within normal limits, estimated
glomerular filtration rate was 103 ml/min/1.73 m2.
The lack of changes in the urinalysis along with the
normal glomerular filtration rate made it possible not to
continue the search for nephrogenic causes of OP.

Often secondary OP develops on the background
of hematological diseases. Their exclusion was our
special task.

Before explaining the algorithm of hematological
diseases excluding, it should be noted that the patient
underwent a bone marrow biopsy, the result of which
is presented in Table 2.

Tabnuus 2. Pesynstaty Gioncii kKicTKOBOro Mo3ky
Table 2. Bone marrow biopsy results

MokasnHuk / Indicator

Pesynbtar, knituH Ha Mm?®
Result, cells per mm?

Hopwma, knitTvH Ha Mm?®
Reference range, cells per mm?®

Plasma cells (mature forms)

Mienouutn / Myelocytes 26500} 50000-250000
Merakapiountn / Megakaryocytes 20| 50-100
Mna3maTtunyHi KniTuHK (3pini gpopmm) 4% 0.1-1.9 %

BinbHi nerki naHutory imyHornoGyniHis Tuny kanna
(kappa free and bound)/

Free light chains of kappa type immunoglobulins
(kappa free and bound)

0 (HeraTMBHMIA)
0 (negative)

MeHLwe 4 mr/gn
less than 4 mg/dL

BinbHi nerki naHutorn imyHornobyniHis Tuny nambaa
(lambda free and bound)

Free light chains of lambda-type immunoglobulins
(lambda free and bound)

0 (HeraTuBHMI)
0 (negative)

MeHLwe 4 mr/gn
less than 4 mg/dL

Ak 6aunmo, y KiCTKOBOMY MO3KY MaujieHTa MiCTUTbCA
3HWXKEHa KiNbKiCTb KNITMHHUX enemeHTiB  (MienouuTis
Ta MerakapiouyuTtiB) 3 OOHOYACHOK NiABULLEHO Kiflb-
KICTIO MNa3mMaTUYHUX KMiTUH.

1. MienomHa xBopo6a [32]

[Ona giarHOCTUKM MIENOMHOI XBOPOOWU nauieHT noBu-
HEeH MaTu MEeBHMIN Habip KMiHIYHMX O3HaK, NiaTBepOKe-
HUX nabopaTopHO-iHCTpyMeHTanbHMM metogamu. [lig-
BULLEHA KINbKICTb MNNasMaTUYHUX KMiTUH Y KiCTKOBOMY
MO3Ky, Lo Byna BuaBneHa y nauieHTta, € JOBOMi TUNOBUM
MOKa3HWKOM AN BKa3aHOro 3axBOPIOBAHHA, NpoTe Hera-
TUBHWUWA pesynbraT AOCMiAXeHHs cedi Ha 6inok beHc—
[xoHCa yHEMOXNNBUB BCTAHOBMEHHSI AiarHO3y MiENOMHOI
XBOpPOOM 3a BIACYTHICTIO AOCTATHBLOI KiNbKOCTI KPUTEPIIB.

2. Tanacemis

Tanacemis BiZHOCUTBCA OO0 BPOOXEHMX XBOpob, ane
BOHa He € TUMOBOK ANSA KOPIHHUX MeLUKaHLUiB YKpaiHu.
deHOTUN Haworo nauieHTa He BIiONOBIOAE KMiHIYHUM
nposBam Tanacemii. B kniHiyHoMy aHanisi KpoBi He
BM3HAYAETBLCS aHi riNOXPOMHOI aHeMii SIK Takoi, aHi 3MiH
camMux epuTpoLMTIB — aHi3oLMUTO3Y YK MOMKINOLMTO3Y,
XapakTepHUx Ana AaHoi NaTonorii.

As you can see, the patient’s bone marrow contains
a reduced number of cellular elements (myelocytes
and megakaryocytes) with a simultaneous increased
number of plasma cells.

1. Multiple myeloma [32]

To diagnose multiple myeloma, a patient must have
a certain complex of clinical signs confirmed by laboratory
and instrumental methods. An increased number of
plasma cells in the bone marrow that was detected in
the patient, is a fairly typical indicator for the specified
disease, however, the negative result of the urine test
for Bence—Jones protein made it impossible to establish
a diagnosis of multiple myeloma due to the lack of
a sufficient number of criteria.

2. Thalassemia

Thalassemia belongs to congenital diseases, but
it is not typical for native inhabitants of Ukraine.
The phenotype of our patient does not correspond to
the clinical manifestations of thalassemia. Neither hypo-
chromic anemia, nor changes in the erythrocytes
morphology — anisocytosis or poikilocytosis, typical
for this pathology were determined in the blood analysis.
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3. CUCTEeMHUIH MACTOLIMTO3

Lle rpyna HeonnmacTW4HMX 3axBOPKOBaHb 3 HagMip-
HOK nponichepadietd Ta HaKOMUYEHHSM NAaTOMNOMNYHUX
MacToumuTiB B oOpraHax. 3axBOploBaHHA Mae [oBori
SACKpaBy KNiHiYHY KapTUHY, B NepLUy Yepry, WKipHi NposiBu,
SKUX He cnocTepiranocd y Haworo nauieHta. Kpim Toro,
JiarHocTMka CUCTeMHOro macrtoumTtosy 6asyeTbcs,
30KpeMa, Ha paHux Oioncii KiCTKOBOro MO3Ky, ska
He [03BONSE B JAHOMY BUNaAKy BCTAHOBUTU LIV OiarHo3.

4. Aeiiko3u Ta Aimcoomu

3 aHamMHes3y nauieHTa BigOMO, WO BiH OyB HOCiEM
Bipycy EnwTenH—bappa, a 3Ha4uTb BiGHOCUBCS A0 rpynu
NiABULLEHOrO PU3NKYy PO3BUTKY niMmcponposnicdepaTnBHMUX
3axBOpOBaHb, B Mepuwy 4epry, nenkosis. Kpim TOro,
peunamByOYMn adTO3HWUIA CTOMATUT TaKOX MOXe OyTn
OAHVM 3 NPOSBIB LIMX 3aXBOpoBaHb. B Ton e Yac, 4onosik
He MaB iHWMX KNiHIYHMX nposBiB niMmdonponigepaTne-
HUX 3axBOPHOBaHb, SAK TO 30iMblUEHHS NiMGaTUYHUX
BYy3niB (060B’sA3koBe Ans NiMdom), NediHkM Ta cenesiHkn
(ninTBepaxkeHo Ha Y3[]), noripweHHs 3aranbHOro camo-
MoYyTTS i3 3aranbHOK CNadKICTIO Ta HiYHUM NPOdy3HUM
NOTOBUAINEHHSM, 3MiH Y KMiHIYHOMY aHanisi KpoBi TOLLO.
Ane HamBaxnUBILLMM aprymeHToM pAfs BUKNIOYEHHS
nevikosiB OyB pe3ynbTaT Gioncii KICTKOBOro MO3Ky, B IKOMY
He Oyno BUSIBNEHO NaToNOMNYHUX KIOHIB KITiTUH KPOBI.

Jlo cmakrie, wo npu3eodsmb 0o emopuHHozo Ofl,
8iOHOCSIMb MakoX mpueasy iMMobinizayito (Tak 3BaHUN
«disuse osteoporosis», TOGTO NOB’sAI3aHWIA 3 HEBUKOPUC-
TaHHAM OMOPHO-PYXOBOro anapaTty Ans nepecyBaHb),
nonepeaH0 TpaHchnaHTauito opraHiB [33], XPOHiyHe
OBCTPYKTMBHE 3aXBOPIOBAHHA NereHb, SKUX Yy Haloro
nauieHTa He Gyno. Y XiHOK TakOX po3rnsgaloTb OBapi-
€KTOMIl0, SIka B JaHOMY BUMaKy HaBiTb He po3rnsganacs
y 3B’A3KY 3 YONIOBIYOI CTaTTIO nauieHTa [34]. Ankoroniam
TakoX OyB BUKITKOYEHUI, OCKINbKU NaLEHT HE 3MOBXUBaB
ankorornem. HesBaxaloun Ha HWM3bKY Bary 4ornosika,
BiJOMOCTI LLIOA0 HEPBOBO| aHOPEKCIT Ta NOpyLUEHb Xapyy-
BaHHA B HbOro Gynu BIiACYTHI: BiH MaB OOCTaTHIN aneTuT,
nobpe xapyyBaBcsi, BXMBaB Yy XKy BCi HEOOXiaHi xap4yoBi
€rNeMeHTH, a 3a CBOEI KOHCTUTYLIED ByB OyXe CXOXUM
Ha GaTbka i gigycsa, aki Tex Oynm acTeHiyHoi cTaTtypu
3 HU3bKOI Baroo, Npo Lo 6yno BkasaHo paHiwe [35].

Lle oOHi€to epynor x80po6, BUKIMHOHYEHHST SKUX
rpoeoousiIocbs Ha ocmaHHbOMY emarti, OCKiflbKU rnompe-
bysarno crneyugiyHo2o obcmexxeHHs, bynu 2eHemu4yHoO
3yMoerieHi nopyweHHs1 Mmemaborniamy KonazeHy [36].
YmoeHO ix MoxHa po3nodinumu Ha d8i epynu [37].

1. CnaakoBi AucbepeHLinoBaHi xBopobu:
— HEOCKOHaNUM ocTeoreHes;

— cuHgpom MapdpaHa;

— cuHgpom Enepca—[laHnoca;

— cuHapom Criknepa.

2. HeamdbepeHLuiioBaHa AMCNAa3is

CMOAYYHOI TKOHMHU (MASS-CUHAPOM)

AbpeBiaTypa cknagaetbcsa 3 neplunx O6ykB HanbinbL
OCHOBHUX (PEHOTUMNIYHMX O3HaK Lboro cuHapomy: Mitral
valve, Aorta, Skeleton, Skin. BignosigHo, BUOKpeMnOTb
YOTUPX OCHOBHWMX CUMMMTOMOKOMMMEKCH, AKi B KOXHOMO
nauieHTa MOXyTb NOEAHYBATUCS B Pi3HMX KOMOiHaLisX:

— 3B’AA3KOBO-CYrno6oBuiA;

— KiCTKOBO-M'S130BU1IA;

3. Systemic mastocytosis

This is a group of neoplastic diseases with excessive
proliferation and accumulation of pathological mast cells
in organs. The disease has quite bright clinical picture,
first of all, skin manifestations, which were not observed
in our patient. In addition, the diagnosis of systemic
mastocytosis is also based on the data of bone marrow
biopsy, which does not allow to make this diagnosis
in this case.

4. Leukemias and lymphomas

From the patient’s history, it is known that he was
a carrier of the Epstein—Barr virus, which means that
he belonged to the risk group of lymphoproliferative
diseases, primarily leukemia. In addition, recurrent
aphthous stomatitis can also be one of the manifestations
of these diseases. At the same time, the man had no
other clinical manifestations of lymphoproliferative
diseases, such as an increase in lymph nodes (required
for lymphoma), liver and spleen (confirmed by ultra-
sound), deterioration of general well-being with general
weakness and profuse night sweats, changes in
complete blood count test, etc. But the most important
argument for the exclusion of leukemia was the result
of a bone marrow biopsy, in which no pathological clones
of blood cells were detected.

The conditions leading to secondary OP also include
long-term immobilization (the so-called «disuse osteo-
porosisy, i.e. associated with the non-use of the musculo-
skeletal system for movement), previous organ transplan-
tation [33], chronic obstructive pulmonary disease, which
was not revealed in our patient. In women, ovariectomy
is also considered, which in this case was not even
considered in connection with the male gender of the
patient [34]. Alcoholism was also ruled out, as the patient
did not abuse alcohol. Despite the man’s low weight,
he had no information about anorexia nervosa and eating
disorders: he had a sufficient appetite, fed on well,
consumed all necessary food elements, and his consti-
tution was very similar to his father and grandfather,
who were also of an asthenic physique with low weight,
which was mentioned earlier [35].

One more group of diseases, the exclusion of which
was carried out at the last stage, because it required
a specific examination, were genetically determined
disorders of collagen metabolism [36]. They can be
conditionally divided into two groups [37].

1. Hereditary differentiated diseases:
— osteogenesis imperfecta;
— Marfan syndrome;
— Ehlers—Danlos syndrome;
— Stickler’s syndrome.

2. Undifferentiated connective
tissue dysplasia (MASS syndrome)
The abbreviation consists of the first letters of the
most typical phenotypic signs of this syndrome: Mitral
valve, Aorta, Skeleton, Skin. Accordingly, four main
symptom complexes are distinguished, which can be
combined in different combinations in each patient:
— ligamentous-articular;
— musculoskeletal;
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— LUKIpHWIA;

— KapaianbHui.

MauieHT OyB KOHCYNLTOBaHWUA FEHETUKOM. Y HbOIO
He BUSIBNEHO BiOMNOBIigHUX KMiHiko-nabopaTopHUX AaHuX
Ha KOPWUCTb HEOOCKOHAanoro OCTeoreHesy Ta CUHOPOMY
MapdhaHa. B Ton xe 4ac, y nauieHTa NpUCyTHsi crho-
ny4YyHO-TKaHWHHa Ta Mes3ogepmanbHa Aucnnasii, ski He
[O03BOMSANM  BUKMOYATM  cuHapom Enepca-[aHnoca.
BnakunTHi cknepu, SIK y HaLLOro nauieHTa, € XxapakTepHoo
pucoto oci6 3 HegudepeHuinoBaHMMK aucnnasismm
cnony4Hoi TkaHuHu [38, 39].

MauieHTn 3 GNakKUTHMMK CKNepamMu TakoX MOXYTb
maTtu cuHgpoM JlobwreliHa—EkmaHna (cuHOpoM Hegocko-
Hanoro YMoBiflbHEHOrO OCTEOoreHe3y, CUHAPOM Onaku-
THUX cknep). Lle cnagkoBe ayTOCOMHO-AOMIHAHTHE 3a-
XBOPIOBaHHS, $IKE XapaKTepU3YETbCA MOPYLUEHHAMMU
PO3BUTKY KiCTKOBOI TKaHWHW, MPOSBASETLCA MaMKICTIO
KICTOK Ta gedopmauigMy ckeneTy B MICLAX 3aro€HHS.
Konu y nauieHTiB 3 OGnakMTHUMKW cknepaMu NaMKiCcTb
KICTOK Ta crnabkicTb 3B’s13KOBO-CyrnoboBoro anaparty
cnonyyawTbCs 3 MPOrpecylodnM  3HWXKEHHSIM  CIyXy
BHACNIJOK OTOCKNEpPO3y i HEeAOPO3BUMHEHHS NabipUHTY,
uer CUMNTOMOKOMMIEKC BiOHOCATb [0 CUHOPOMY
Jlo6wtenHa-BaH-gep-Xese.

Kpim 3a3HaveHoro, y nauieHTa BUSIBNEHO MNOMIipHY
rinepromouuncTeiHypito (11,9 Mmonb/n npyu Hopmi g0
11,0 MMonb/n) Ta nopyweHHs donaTtHoro Uuukny —
HedoCTaTHICTb  METIOHIH-cuHTasun-peayktasn — MTRR
(HepocTaTHicTb kobanamiHy 3 reHoTunom MTRR66G/G).
[eHeTn4Hi gedektn umx epMeHTiB Npu3BoaaTb 40
3HWKEHHS X (YHKUIOHanbHOI aKTMBHOCTI, LWO, Y CBOK
yepry, Bege A0 HaKOMUYEHHS rOMOLMCTEIHY B OpraHi3mi.
OcTaHHIn Mae BMpaXKeHy TOKCWYHY Ao Ta nigBuLlye
pU3UK PO3BUTKY HU3KU MATOMOrMYHUX MPOLECIB, Y TOMY
B ToM xe uvac, ona nigTBepOXeHHs uUMX MpunyLlleHb
HeoOXiOHO BWCOKOBapTiCHE rEeHETUYHE OOCTEXEHHS,
Bif IKOrO XBOPMWI BiAMOBUBCS.

TakMM 4YMHOM, BULLEHaBEAEHI BapiaHTU FEeHEeTUYHMX
npuumH Ol y nauieHTa Tak i 3anuWWnUcb NpUNyLLEeH-
HAMW, OCKINbKW 3a BiACYTHOCTI BignoBiAHOro nigTeepa-
JKEHHS1 HEe 103BONAOTb BCTAHOBUTU AiarHO3, HE3BaXXatoum
Ha BUCOKWI CTYMiHb AMOBIPHOCTI.

Takum YuHoM, 8 pe3ynbmami Kporimko2o ougepeH-
uianbHo2o OiazHo3y Moxinusux npuduH Ofl, 6ys ecma-
HoefeHul HacmyrnHul KniHiYHUt Oia2Ho3: «l0ionamudy-
Hul OfFl. Komnpecit+uli nepenom IV epydHozo xpebus
(2021 p.). Hedocmamuicms simamiHy [».

BignosigHO A0 cyyacHux pekomMeHAauin, posnoyato
nikyBaHHS npenapatamy Kanbuito B gosi 1500 mr/goby,
BiTamiHom [ B ao3i 5600 MO/noby nig KOHTporneM piBHA
BiTamiHy [1, 6icdbocchoHaTamm (iBaHOAPOHOBOIO KUCIOTO
150 mMr oguH pa3 Ha wmicaup). OpgHoYacHo 3 UMM,
nauieHT 3HaxoauBcs Mg CMOCTEPEXEHHsIM opTonena-
TpaBmarornora, Sk 4Yepes OBa MicdAui NiKyBaHHA Ha
KOHTPOIbHI KOMM'IOTEPHIN ToMorpadii He BUSBUB XO4-
HUX MO3WTUBHUX 3MiH B AiNsHUi nepenomy. Y 3B’A3KY
3 uum xBopomy Oyna npoBefeHa nyHKuUiHa BepTebpo-
nnactMka KiCTKOBUM LEMEHTOM i NPUAHATO PilLEeHHS
npo 3amiHy Tepanii 6icdpoccoHaToM Ha iMyHOBIONOriYHY
Tepanito geHocymaboM. Ak BkasaHO B pekoMmeHAaLisix,
nepen no4yatkoM iMmyHobGionoriyHoi Tepanii nauieHTy 6yB
NPOBEAEHUN KBAaHTUEPOHOBUIA TECT ANS BUKMOYEHHS

— cutaneous;

— cardiac.

The patient was consulted by a geneticist. He has
no relevant clinical and laboratory data in favor of osteo-
genesis imperfecta and Marfan syndrome. At the same
time, the patient has connective tissue and mesodermal
dysplasia, which did not allow to exclude Ehlers—Danlos
syndrome. Blue sclera, as in our patient, is a characte-
ristic feature of individuals with undifferentiated
connective tissue dysplasia [38, 39].

Patients with blue sclera may also have Lobstein—
Ekman syndrome (osteogenesis imperfecta syndrome,
blue sclera syndrome). This is a hereditary autosomal
dominant disease, which is characterized by distur-
bances in the development of bone tissue, manifested
by bone fragility and skeletal deformations in places
of healing. When in patients with blue sclera fragility
of bones and weakness of the ligamentous-articular
apparatus are combined with progressive hearing loss
due to otosclerosis and underdevelopment of the
labyrinth, this symptom complex is attributed to
Lobstein-Van der Heve syndrome.

In addition to the above, the patient was found to have
moderate hyperhomocysteinemia (11.9 mmol/l with
the norm up to 11.0 mmol/l) and folate cycle disorder —
methionine synthase reductase deficiency — MTRR
(cobalamin deficiency with MTRR66G/G genotype).
Genetic defects of these enzymes lead to a decrease
in their functional activity, which, in turn, leads to the
accumulation of homocysteine in the body. The latter has
a pronounced toxic effect and increases the risk of
developing a number of pathological processes, inclu-
ding skeletal and bone deformations and OP [37].
At the same time, to confirm these assumptions,
an expensive genetic examination is required, which
the patient refused.

Thus, the above variants of the genetic causes of
OP in the patient remained assumptions, since in the
absence of appropriate confirmation, they do not allow
making a diagnosis, despite the high degree of probability.

Thus, as a result of painstaking differential diagno-
sis of possible causes of OP, the following clinical diag-
nosis was established: «Idiopathic OP. Compression
fracture of the IV thoracic vertebra (2021). Insufficiency
of vitamin D».

In accordance with current recommendations,
treatment with calcium supplements at a dose of
1500 mg/day, vitamin D at a dose of 5600 IU/day
under control of the vitamin D level, and bisphosphonates
(ibandronic acid 150 mg once a month) was started.
At the same time, the patient was under the observation
of an orthopedist-traumatologist, who did not reveal
any positive changes in the fracture area on a control
computer tomography after 2 months of treatment.
Because of that, the patient underwent puncture
vertebroplasty with bone cement and a decision was
made to replace bisphosphonate therapy with immuno-
biological therapy with denosumab. As indicated in the
recommendations, before the start of immunobiological
therapy, the patient underwent a quantiferon test to
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naTeHTHOi TybepKynbo3HOI iHgekUii, peakTuBauis Kol
MOXNUBa Ha TNi NpM3HaYeHHs BKkazaHoro npenapary [40].

BicdochoHatn Ta peHocymab € cneundivHUMK
npenapatamu ans nikyBaHHs Oll, ane MaioTb pi3HUiA
mMexaHi3m fii. bicdoccoHaTn 3B’A3y0TbCA 3 MiHeparnb-
HOI PEYOBUHOK KICTKOBOI TKAHWHW Ta MOMMMHATLCA
NoTiM 3pinNMMK OCTeoKnacTaMu y Micuax KiCTKOBOI pes-
op6uii, nopyLytoum ix 3gaTHicTb 4o Hel. Ha BigMiHy Bif Uiel
rpynu npenapartiB, AeHocymab BWOGIpKOBO 3B’A3yETbCA
i 6nokye RANK niraHg (Receptor activator of nuclear
factor kappa-B ligand), sikuii rpae BaxnvBy ponb B MeTa-
6oni3mi KiCTKOBOI TKaHWHK, aKTMBYOYM ocTeoknacTu [41].

KoHTponb ethekTUBHOCTI aHTMOCTEOMNOPOTMYHOI Tepa-
nii Hamn NpoBOAMBCA 3a KiiHIYHMMK, NabopaTopHUMUK
Ta iHCTpyMeHTanbHUMn aaHumu [42)]. KniHiuni gaHi Bknto-
YalTb BiACYTHICTb NOBTOPHMX nepenomis. JlabopaTtop-
HWIA KOHTPOSb MPOBOAMBCS 3@ Mapkepamu KiCTKOYTBO-
PEHHS1 — CMpOBAaTKOBMM KapboKkcuTepMiHanbHUM npo-
nentugom KomareHy Tuny | (3aranbHuin P1NP) Ta
KicTkoBoi pe3opbuii — cuposatkoBuM C-TepMiHanNbHUM
TenonenTugom konareny | Tuny (CTX abo B-Cross Laps)
3a HacTynHum anroputmom. O6maBa nokasHuku Oynu
BM3HaJYeHi nepen noyatkoMm Tepanii geHocymabom Ta
Yyepes 6 micauiB (Haxanb, NaUieHT He 3Mir BUKOHATU PEKO-
MEHZaUit0 NMOBTOPUTU OOCNIOKEHHST Yepe3 Tpu Micsaui).
3a niBpoky Mapkep (POpPMyBaHHSI KiCTKOBOrO MaTpUKCy
P1NP 3wmeHwwuBca Ha 74,5% (3 90,24 po 23,01 mr/mn),
a mapkep kictkoBoi pesopbuii B-Cross Laps — Ha 89%
(3 1,22 go 0,13 mr/mn). KniHiYHO 3HaYyLLO BBaXaeTbCA
aunHamika 30% 3a Tpu Micsui, TO6TO MM MOXEMO 3pobuTn
BMCHOBOK, LWO AN MauieHTa npu3HaveHa Tepanis
b6yna edekTnBHOW. B noganbwomy koHTpornb nabopa-
TOPHUX MapKepiB HE NPOBOAMBCS, OCKINbKM 32 peKOMEH-
[auisimm BBaXKaeTbCsi HENOTPIOHMM.

IHCTpyMeHTanbHUn KOHTPOSb e€dEKTUBHOCTI aHTU-
OCTEONOPOTUYHOI Tepanii Bkntovae gocnigxeHHs MLKT
3a paHumm DXA. TyT HeoOxigHO 3ayBaxuTu, LWO
JocnigkeHHst mae 6yTn NpoBeAEHO Ha OOHOMY i TOMY X
obnagHaHHi, OcKinbku ouiHoTLCA He Z- abo T-kpuTepii,
SIK NpUW AiarHocTuui, a caMme BiACOTOK 3MiHW (36inbLUeHHS
4n 3meHweHHs) MLKT. Y Haworo nauieHta 4epes pik
Tepanii BusieneHo niasuweHHs MLKT B ginsHui xpebuis
Ha 5,24% (3 0,821 r/icm® go 0,864 r/cm®), B ginsHUi
niBoro crterHa — Ha 7,5% (3 0,664 r/cm® go 0,714 r/cmd).
Haxanb, B AiNsHUI npaBoro crterHa NO3WTUBHOI AuHa-
Mikn He Bu3HaveHo: MLUKT Ha 2,5% 3meHwwunaco
(30,761 r/cm® po 0,742 r/cm®), Wwo, BogHOYaC, HE MOXHa
BBaXaTW HEraTMBHMM pe3yrsTaToM 3 OrfsiAy Ha AaHi BCix
iHLUNX KOHTPOSbHUX AOCHIOKEHb.

Ha cborogHilWHin AeHb NauieHT NpoJoBXYE iMyHO-
GionoriyHy Tepanito O, perynsipHo NPOXoAUTb KOHTPOIb-
Hi ornagu Ta gocnigkeHHsi. OdikyBaHa TpyuBanicTb Tepanii
JeHocymaboM y XBOPOro ckrnagae He MeHwe 5 poki
3 060B’A3KOBMM NpuU3HaveHHsM BicdocdoHaTiB B SIKOCTI
aHTMpe30opO6TMBHOI Tepanii nepen BigMIHOK NiKyBaHHS,
Wwo6 nonepeamnTn eeKT «KPUKOLLETY».

BUCHOBKHU

BcTtaHoBneHHss piarHody Ol  06oB’A3k0BO  Mae
MICTUTM  gudpepeHUinHy  AgiarHoCTUKy 1noro  ¢opm
3i BCTAHOBMNEHHSAM reHesy i€l naTtonorii.

rule out latent tuberculosis, the reactivation of which
is possible on the background of prescribing the
specified drug [40].

Bisphosphonates and denosumab are specific drugs
for the treatment of OP, but have different mechanisms
of action. Bisphosphonates bind to the mineral substance
of bone tissue and are then absorbed by mature
osteoclasts at the sites of bone resorption, impairing
their ability to do so. Unlike this group of drugs, deno-
sumab selectively binds and blocks the RANK ligand
(Receptor activator of nuclear factor kappa-B ligand),
which plays an important role in the metabolism of bone
tissue by activating osteoclasts [41].

We monitored the effectiveness of anti-osteoporotic
therapy based on clinical, laboratory and instrumental
data [42]. Clinical data include the absence of repeated
fractures. Laboratory control was carried out by markers
of bone formation — serum amino-terminal propeptide
of type | procollagen (total P1NP) and bone resorption —
serum collagen type 1 cross-linked C-telopeptide
(CTX or B-Cross Laps) according to the following
algorithm. Both tests were determined before the start of
denosumab therapy and after 6 months (unfortunately,
the patient failed to meet the recommendation to repeat
the study after 3 months). Over six months, the bone
matrix formation marker P1NP decreased by 74.5%
(from 90.24 to 23.01 mg/ml), and the bone resorption
marker B-Cross Laps decreased by 89% (from 1.22 up
to 0.13 mg/ml). The dynamics of 30% in 3 months is
considered clinically significant, that is, we can conclude
that the therapy prescribed for the patient was effective.
Further, the control of laboratory markers was not carried
out, because according to the recommendations it is
considered unnecessary.

Instrumental control of anti-osteoporotic therapy
effectiveness includes BMD studies based on DXA data.
It should be noted here that the study must be carried out
on the same equipment, since the Z- or T-criteria are not
evaluated, as in diagnosis, but the percentage of change
(increase or decrease) in BMD should be assessed.
In our patient, after a year of therapy, an increase
in BMD was found in the vertebrae area by 5.24%
(from 0.821 g/cm® to 0.864 g/cm?®), in the left hip area
by 7.5% (from 0.664 g/cm?® to 0.714 g/cm?®). Unfortunately,
no positive dynamics were identified in the area of the
right thigh: BMD decreased by 2.5% (from 0.761 g/cm?
to 0.742 g/cm?®), which, at the same time, cannot be
considered a negative result in view of the data of all
other control studies.

To date, the patient continues immunobiological
therapy of OP, regularly undergoes control examinations
and research. The expected duration of denosumab
therapy for the patient is at least 5 years, with the
mandatory appointment of bisphosphonates as anti-
resorptive therapy before treatment withdrawal to prevent
the «ricochet» effect.

CONCLUSIONS

Making a diagnosis of OP must necessarily include
a differential diagnosis of its forms with establishment
of the genesis of this pathology.
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Y monogux nauieHTiB B OinbwocTi Bunaakis Ol €
BTOPUHHMM i nNoTpebye 06OB’SAI3KOBOrO MOLUYKY MOro
NPUYMHA LUASIXOM MOCTYMNOBOIO i METOAWYHOIO BUKITO-
YEHHs1 CTaHiB, SIKi MOXYTb MNPU3BOAUTU OO 3HWKEHHSI
MLLKT, 3okpema, reHETUYHUX.

Y npaktuui 3ycTpivalTbCH BUMNAAKW igionaTuyHOro
Orll, konn npoBegeHe OOCTEXEHHS1 He [03BONSE OOHO-
3HaAYHO BCTAHOBUTM NPUYUMHMU, LLO NPU3BENN OO 3HMKEHHS
WinbHoCTi KicTkM. Taki BMNagku notpebytoTb ocobnmeoi
yBaru nikapis, OCKiNlbkv B NOAANbLUIOMY HE BUKITIOYAETLCS
AiarHocTyBaHHA OCHOBHOTO 3aXBOPKOBAHHS, LIO Mpu-
3Beno Ao po3suTky Oll. Mpu uboMy, 0OgHOYACHO 3 aHTU-
pe3opOTUBHOO Teparieto, 3a MOXITMBOCTI, IPU3Ha4YaETLCS
Tepania BigNOBIAHOMO CTaHy, SKUA € MNepLIONPUYMHOID
po3suTKy Orl. 3a3HaveHa KomObiHOBaHa Tepanis cnpusi-
TUMe nigBULLEHHIO edeKTUBHOCTI NiKkyBaHHA Ta CKOpO-
YEHHI0 MOro TPMBAsoCTiI.

CMNUCOK BUKOPUCTAHOI AITEPATYPU

1. Porter J.L., Varacallo M. Osteoporosis. 2023. Treasure Island (FL):
StatPearls Publishing. URL: https://www.ncbi.nim.nih.gov/books/
NBK441901/

2. Ensrud K.E., Crandall CJ. Osteoporosis. Annals of Internal
Medicine.  2017. Ne 167(3). P ITC17-ITC32. DOI:
https://doi.org/10.7326/AITC201708010

3. Varacallo M.A., Fox E.J. Osteoporosis and its complications.
The Medical clinics of North. 2014. Ne 98(4). P. 817-831. DOI:
https://doi.org/10.1016/j.mcna.2014.03.007

4. Capdevila-Reniu A., Navarro-Lopez M., Loépez-Soto A. Osteoporotic
vertebral fractures: A diagnostic challenge in the 21st century.
Revista Clinica Espafiola. 2021. Ne 221(2). P. 118-124. DOI:
https://doi.org/10.1016/j.rce.2019.09.006

5. Lewiecki E.M., Bilezikian J.P., Giangregorio L., Greenspan S.L.,
Khosla S., Kostenuik P. et al. Proceedings of the 2018 Santa Fe
Bone Symposium: Advances in the Management of Osteoporosis.
Journal of Clinical Densitometry. 2019. Ne 22(1). P. 1-19. DOI:
https://doi.org/10.1016/j.jocd.2018.09.010

6. Ganesan K., Jandu J. S., Anastasopoulou C., Ahsun S., Roane D.
Secondary Osteoporosis. Treasure Island (FL): StatPearls
Publishing. URL: https://www.ncbi.nlm.nih.gov/books/NBK470166/

7. Ebeling P.R., Nguyen H.H., Aleksova J., Vincent A. J., Wong P.,
Milat F. Secondary Osteoporosis. Endocrine Reviews. 2022. Ne 43(2).
P. 240-313. DOI: https://doi.org/10.1210/endrev/bnab028

8. Yano C., Yokomoto-Umakoshi M., Fujita M., Umakoshi H., Yano S.,
Iwahashi N. et al. Coexistence of bone and vascular disturbances in
patients with endogenous glucocorticoid excess. Bone Reports. 2022.
Ne 17. 101610 p. DOI: https://doi.org/10.1016/j.bonr.2022.101610

9. Compston J. Glucocorticoid-induced osteoporosis: an update. Endocrine.
2018. Ne 61(1). P. 7-16. DOI: https://doi.org/10.1007/s12020-018-1588-2

10. Delitala A.P., Scuteri A., Doria C. Thyroid Hormone Diseases and
Osteoporosis. Journal of Clinical Medicine. 2020. Ne 9(4). 1034 p.
DOI: https://doi.org/10.3390/jcm904 1034

11. Golds G., Houdek D., Arnason T. Male Hypogonadism and Osteoporosis:
The Effects, Clinical Consequences, and Treatment of Testosterone
Deficiency in Bone Health. International Journal of Endocrinology. 2017.
4602129 p. DOI: https://doi.org/10.1155/2017/4602129

12. Baykan E.K., Erdogan M., Ozen S., Darcan S., Saygili L.F. Aromatase
deficiency, a rare syndrome: case report. Journal of Clinical Research
in Pediatric Endocrinology. 2013. Ne 5(2). P. 129-132. URL:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3701920/

13. Rochira V., Carani C. Aromatase deficiency in men: a clinical
perspective. Nature Reviews Endocrinology. 2009. Ne 5(10).
P. 559-68. DOI: https://doi.org/10.1038/nrendo.2009.176

14. Wibowo E., Wassersug R.J. Estrogen in Men. American Scientist.
2014. Ne 102(6). 452 p. DOI: https://doi.org/10.1511/2014.111.452

15. Cooke P.S., Nanjappa M.K., Ko Ch.M., Prins G.S., Hess R.A.
Estrogens in Male Physiology. Physiological Reviews. 2017. Ne 97(3).
P. 995-1043. DOI: https://doi.org/10.1152/physrev.00018.2016

16. Kanis J.A., Harvey N.C., Liu E., Vandenput L., Lorentzon M.,
McCloskey E.V. et al. Primary Hyperparathyroidism Study
Group. Primary hyperparathyroidism and fracture probability.
Osteoporosis International. 2023. Ne 34(3). P. 489-499. DOI:
https://doi.org/10.1007/s00198-022-06629-y
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and requires a mandatory search for its cause by gradu-
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establish the reasons that led to decrease in bone density.
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the future the diagnosis of the main disease that led to
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priate therapy of the condition that is the root cause of
the OP development is prescribed. The specified
combined therapy will contribute to increasing 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 osteoporosis in people of different
age groups.
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