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PAJIIAITIMHO-THIYKOBAHI YPAXKKEHHS CEPITEBO-CYIMHHOI
CUCTEMMU IICJA TIPOMEHEBOI TEPAIIII Y KIHOK, XBOPUX
HA PAK MOJIOYHOI 3AJ1031

He3Baatoun Ha Cy4yacHi JOCNiMKEHHA B PO3BMTKY Me[MKAMEHTO3HOT LMTOCTATMYHOTI TapreTHoiTepanii B NikyBaHHi
paKy Mon04HOi 3an03u, npomeHesa Tepanis (MT) € BaXXNMBUM KOMNOHEHTOM Y NiKyBaHHi AaHoi natonorii B nicnsone-
pauinHomy nepioai. Mpu LbOMy BaXMBOK NPOGAEMOIO € PO3BUTOK MATONOMYHMUX 3MiH Cepusa y BiaaaneHomy nepioa,
BOHU MOTipLWYIOTb AKICTb XUTTA i NifBULLYIOTb PU3NK cepLeBoi cmepTi yepe3 10 i 6inbwe pokis nicns MT. Mpobnema
YPaXeHHSA cepus BHAcNiaok nposeaeHHs T oTpMMye HOBe 3HAYEHHA Y 3B'A3KY 3 iCHYIOYMM 36iNblLEHHAM B Cy4aCHO-
My CBiTi KiIbKOCTi OHKOIOMiYHMX NaLi€HTIB, AKi NoTpebytoTh Aii onpomiHeHHs. MT 3108KiCHUX NyXNUH MONOYHOT 3a0-
31 Ta OpraHiB rpyAHOT NOPOXHUHM BUKIMKAE YPAXKEHHSA BCiX CTPYKTYP CEpUA, BKIKOYAKYN KOPOHapHi apTepii, knana-
HW, NPOBifHY CUCTEMY, NePUKAPL. YacToTa ypaXeHHs cepLs 3pocTae NponopuiiiHo yacy, wo npoiwos nicns MT. Pos-
MOBCIKEHICTb KNTHIYHO 3HAUYILMX PAAiaLiiHO THLYKOBAHMX 3aXBOPIOBAHb CepLs 33 AAHUMU AesKNUX aBTOPiB Yepes
5-10 pokiB nicns MT ctaHoBuTb 10-30 %, a yacToTa 6€3CMMNTOMHUX ypaxeHb 88 %. TpuBanicTb NaTeHTHOTo nepiomy
MoXe focsaratv 15-20 pokie. B po6oTi HagaHo aHani3 6aratopiyHMX AOCNiAXKeHb HAfBHOCTI NATONOMYHMX 3MiH, AKi
BUABNAIOTb B TKAHWHAX CEPLA Y XBOPUX HA PaK MONOYHOT 3a103M AK HAaCNifOK NPOBEeLEHHA NPOMEHeBOT Tepanii.
KniouoBi cnoBa: pak M00YHOT 3an031, NPOMEHeBa Tepanis, af'tloBaHTHA NPOMEHEBA Tepanis, NPOMEeHeBi yWKoxa-
KEHHA cepus.
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RADIATION-INDUCED DAMAGE TO THE CARDIOVASCULAR
SYSTEM AFTER RADIATION THERAPY IN WOMEN WITH BREAST
CANCER

Despite current research in the development of drug-based cytostatic and targeted therapies in the treatment of
breast cancer, radiation therapy (RT) is an important component in the treatment of this pathology in the postop-
erative period. At the same time, an important problem is the development of pathological changes in the heart in
the long-term period, which worsen the quality of life and increase the risk of cardiac death 10 or more years after
RT The problem of heart damage due to RT is gaining new significance due to the existing increase in the number
of cancer patients requiring radiation exposure in the modern world. RT of malignant tumors of the breast and
organs of the chest cavity causes damage to all structures of the heart, including the coronary arteries, valves, con-
ducting system, pericardium. The frequency of heart damage increases in proportion to the time that has passed
after RT. According to some authors, the prevalence of clinically significant radiation-induced heart diseases 5-10
years after RT is 10-30 %, and the frequency of asymptomatic lesions is 88 %. The duration of the latent period can
reach 15-20 years. The work has an analysis of long-term studies of the presence of pathological changes that are
found in the heart tissues of patients with breast cancer, as a result of radiation therapy.
Key words: breast cancer, radiation therapy, adjuvant radiation therapy, radiation damage to the heart.
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Bnponomk 0araTboX POKIB i B TEMEpilllHiil yac pak
MosiouHoi 3aio3u (PM3) € omHUM 3 HaOiABLIMX
PO3MOBCIOIKEHUX i COLIiaIbHO 3HAYYIIUX OHKOJOTIYHUX
3aXBOPIOBAHb Yy XiHOK B CBIiTi [1—4]. BripoBamkeHHs Ta
BIOCKOHAJIEHHSI CYyJaCHUX iHCTPYMEHTaJbHUX METO/iB
JIaTHOCTMKU B MPaKTUIHY MEIUIINHY J03BOJISIE BUSIBU-
TU JIaHY T1aTOJIOTiI0 HA BiIHOCHO paHHIX CTalisIX 3aXBO-
proBaHHS. 3a JaHMMMU OINepaTUBHOI iH(hopMallii Hallio-
HaJILHOTO KaHIIEp-PEECTPY YKpaiHU, IMMTOMA Bara XBO-
pux Ha PM3 I-II cragii cepen maiieHTiB 3 4yucaa i3
BIIepIIle BUSIBISHUM Y XUTTi AiarHo3oM B 2018 p. ctaHO-
Buia 74,2 % |5]. He3Baxkalouu Ha CyvacHi JOCATHEHHS
MeIMKaMEeHTO3HOI Teparlii, BIOCKOHAJEHHS XipypriYHUX
METO[IiB, TIpPOMEHEBa Tepallis 3aJUIIAETHCS BaKJIMBUM
KOMIIOHEHTOM MYJIBTUAMCUUILUIIHAPHOTO MiAXOmy B
JIIKyBaHHI TaHOI TaToJIorii i y 6araThboX Malli€HTIB € He-
BiJI’€MHHM KOMITOHEHTOM JikyBaHHs1 PM3 B micisiorne-
pauiiiHuii epion, K IMicjase opraHo30epiralounx ornepa-
TUBHUX BTpydYaHb, TaK i IiCAs paguMKaJbHUX MacCTeK-
ToMiit [6—12]. Ajie IpM LIbOMY BaxKJIMBOIO MPOOJIEMOIO
MOCTa€ BigAajeHa MiCAsAMpoOMeHeBa MaTOJIOTIsI ceplls,
SIKa MOTIPIIYE SIKiCTb XXUTTS i MiABUILYE PU3UK CEPLIEBOL
cmepTtHOCTI yepe3 10 i 6imbiie pokiB micis I1T. biause-
KiCThb poO3TalllyBaHHS ceplis, TOopsa 3 HeoOXigHICTIO
MiaABeAeHHSI BUCOKWX BOTHUIIEBUX A03 IO 3HAYHMX
00’eMiB TKaHMH, SK IpU OpraHo30epiralouomMy JIiKy-
BaHHI paHHIiX ()OpM 3aXBOPIOBAHHS, TaK i y BUIIagKax
MiCLIeBO MOIIMPEHUX MyXJIMH POOUTH MPOOJIEMY MiCsi-
TMPOMEHEBOI0 YIIKOIKEHHSI ceplsl Yy XBopux Ha PM3
HaA3BUYaliHO akTyaubHOO [13—18]. ITpobnema ypaxeH-
HsI cepusl BHacligok 3actocyBaHHs1 IIT orpumana HoBe
3HAUEHHS B 3B’SI3KY 3 iCHYIOUMM 30iJIbILIEHHSIM B Ccy4ac-
HOMY CBiTi KiJTbKOCTi OHKOJIOTIYHUX Talli€HTIB, SIKi MiaIa-
I0ThCS 11il onpoMiHeHHs. YacToTa po3BUTKY ITPOMEHEBUX
ypaxkeHb CepLeBO-CyIMHHOI CUCTEMU OCUTh BUCOKA i 3a
PI3HUMM TaHUMM MoOXe nocaratu 54 % [14, 19-21].

JoBruii yac BBaxXajJocCh, IO Ceplie HaJeXUTh OO
HaOibLI pagiope3uCTeHTHUX opraHiB. OgHaK KIiHi4Hi
CIIOCTEpPEXEHHsI 3a TalliEHTaMHu, KOTpi OTpUMYBaIu
JUCTaHIiiHY TIpOMEHEBY Tepalilo 3 MPUBOAY 3J10-
SIKICHUX TyXJINH OpraHiB CEepedOoCTiHHSI, paKy JIeTeHb,
PaKy MOJIOYHOI 341031, JIiM(MOTpaHyIeMaTO3y, BUSIBUJIN,
IO ceplie 34aTHE MiagaBaTUCh 3HAYHUM IIPOMEHEBUM
ypaxkeHHaMm [13, 22—25].

BuzHauuTi 4acToTy ypaxkeHHS ceplis, OB’ sI3aHy came
3 ITT, ayxe ckJlagHO 3 LJIOro psay MpUYMH. BiablLicTh
JOoCHigXeHb B LI rajaysi € OJHOLEHTPOBUMM i 4acTO
pPeTPOCTIEKTUBHUMMU. [pynu MalieHTiB CKIagHO YHi(i-
KyBaTu 3a CEepIEBO-CYIMHHUMU (QaKTOpaMu DPUBUKY
(®P) i 0OcsirOM KapaioreHHOTO OOCTeXKeHHSI, CYIIyTHb-
Ol0 KapAiOTOKCUYHOIO, XiMiO- i TapreTHOI Tepalli€lo,

or many years and today, breast cancer (BC)

has been one of the most common and social-
ly significant women’s oncological disorders in the
world [1—4]. The introduction and improvement of
modern instrumental diagnostic methods in practi-
cal medicine allow identifying this pathology at a
relatively early stage of the disease. According to
the operational information of the National
Cancer Register of Ukraine, the specific weight of
patients with stages I—II of breast cancer among
patients first diagnosed in life in 2018 was 74.2 %
[5]. Despite modern achievements of drug therapy,
improvement of surgical methods, radiation thera-
py remains an important component of a multidis-
ciplinary approach in the treatment of this pathol-
ogy and for many patients is an integral component
of breast cancer treatment in the postoperative
period, both after breast-conserving operations and
after radical mastectomies [6—12]. However at the
same time, an important problem is delayed post-
radiation pathology of the heart, which worsens the
quality of life and increases the risk of cardiac mor-
tality 10 or more years after radiation therapy (RT).
The close location of the heart, along with the need
to deliver high focal doses to significant volumes of
tissues, both in the organ-preserving treatment of
early forms of the disease and in cases of locally
advanced tumors, makes the problem of post-radi-
ation heart damage in patients with BC extremely
relevant [13—18]. The problem of heart damage
due to the use of RT has gained new meaning due
to the existing increase in the number of cancer
patients, who are exposed to radiation in the mod-
ern world. The frequency of radiation lesions to the
cardiovascular system is quite high and according
to various sources can reach 54 % [14, 19-21].

For a long time, it was believed that the heart is
one of the most radioresistant organs. However,
clinical observations of patients, who were
received distant radiation therapy for malignant
tumors of the mediastinum, lung cancer, breast
cancer, and lymphogranulomatosis revealed that
the heart can undergo the significant radiation
damage [13, 22—-25].

It is very difficult to determine the frequency of
heart damage associated with RT for a number of
reasons. Most research in this area is single-center
and often retrospective. It is difficult to unify
patient groups based on cardiovascular risk factors
(FR) and the volume of cardiogenic examination,
concomitant cardiotoxic, chemo- and targeted
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METOAWYHUMU ocobauBocTsIMU TipoBeaeHHs IIT B
pi3HUX KJIiHiKax. BusBieHHs Ta 00K pagialiiiHO-1HIYy-
KoBaHUX 3axBopioBaHb cepus (PI3C) yrpymHIOOTH Be-
Jukuit intepBan yacy mixk IIT i mosiBolo KapmialbHUX
CUMIITOMIiB, BiACYTHiCTb MOBHOI MEIWYHOI JOKYMEH-
Tauii, Bimomocteil mpo ctaH cepug no I1T. InoaiarHoc-
tnka PI3C moxke Oyt moB’sg3aHa 1me it 3 TuM (PakToMm,
110 Hi Mali€HTH, Hi JiKapi TepaneBTUYHOIO haxy myxke
4acTo He TMOB’SI3yI0Th KapJiaJbHy MaTOJIOriI0 3 MPOBe/Ie-
HUM 0arato pokiB TOMY JiKyBaHHSIM MyxJuHU. Hu3bKi
nokKa3HuKM yckiuagHeHb miciast ITT 3ymoBiieHi Hemoc-
TaTHIM AMCIIAHCEPHUM HarJIsSAoOM 1 HEZOCTaTHbHOIO
00i3HaHICTIO JTiKapiB 3arajabHOI1 JiIKyBaJIbHOI Mepexi 110~
II0 YCKJIaIHEHb, KOTPi BUHMKAIOTh B OHKOJIOTIYHUX XBO-
puX Micisl cneliaibHUX METO/IiB JIiKyBaHHS. Buxonsuu 3
HEJOCTaTHOCTI 3HaHb Ta TOiH(MOPMOBAHOCTI JiKapiB
MEPBUHHOI JJaHKW, OCOOJUBO B CUJILCHKiil MiCLIEBOCTI,
BCi CMepTejIbHI BUMAAKM OHKOJIOTiYHUX XBOPHUX YacTO
PO3IJISIIAIOTHCS, SIK pe3yJIbTaT IIPOrpeCyBaHHSI 3aXBOPIO-
BaHH4. [lopsia 3 UM ceplieBO-CYIMHHI 3aXBOPIOBAHHS
(CC3) € HaityacTilow NPUYMHOK CMEPTi cepea HeOH-
KOJIOTIYHUX IIPUYKMH Y MALiEHTIB, KOTPUM IIPOBOAMIIACS
IIT opraniB rpynHoi kiitku [17, 26—28]. [To3utuBHMiA
edeKT micasornepauiiiHOro OMpoOMiHEHHST HiBEJIIOEThCS
JIOIATKOBOIO CMEPTHICTIO, ITOB’S3aHOIO 3 TiCIIIpoMe-
HEBUMM KapmiaIbHUMHU YIIKOIKEHHSIMHI, KOTPi MOXYThb
30171bIIYBAaTUCh Y 1€ OUIbLIOMY CTYMNEHI IPpU BUKOPUC-
TaHHiI ONpPOMiHEHHS Ta IoJlioximiorepamii [29—31].
HocnimxenHsi, BukoHaHi G. Gagliardii i cmiBaBt. [32],
nokKasajly, 110 PU3UK CMEpTi Bil CepleBO-CYIMHHMX
3aXBOPIOBAHb MICII MpoMeHeBoi Tepamii PM3 xomnm-
BaeTbed Bin 2,1 % no 12 %. E. B. XMeneBCbKUii i CIiBaBT.
[33] BKa3y10Th, 110 MiCASIIPOMEHEBI 3MiHU CEPLIEBO-CY-
JTUHHOI CUCTeMH € MIPUUYMHOIO 10JaTKOBOI KapAiOre HHOL
CMEepTHOCTI 5 % BUJIIKOBAaHUX Bill paKy XKiHOK. JlesIKi aB-
TOPU BiAMiUalOTh MPOIOPIIiliHE IIOPiYHEe 3HMUKEHHS Ha
13 % cmeptHOCTi Big PM3 i 30iIblIeHHST OCTAaHHBOI Ha
25 % Bin cepueBoO-CyIMHHUX YcKiIagHeHsb micus I1T, mo-
YUHAIOUM 3 JTBOPIYHOTO TEPMIiHY CIToCcTepekeHHS [34].
MeTaaHaji3 paHIOMi30BaHUX KIiHIYHMX IOCIHiIXEHb 3
BUBUYEHHSIM iCTOpill XBOpoO MoHam 23 TUC. XiHOK, XBO-
pux Ha PM3, BUSIBUB 3HAYHUI BiICOTOK CMEPTHOCTI
BHACJIiJOK IPOMEHEBUX YLIKOAXEHb Ceplsl B 3arajbHii
CTPYKTYpi CMEpPTHOCTI cepell Takux TaiieHTok [35]. S.
Drabyi i criiBaBT. [36] Ha OCHOBi BUBYEHHSI PEECTPY OH-
Kko3axBoproBaHb SEER BusiBuim, mo cepen 4130 KiHOK,
ki moMmepan yepe3 10 pokis micis 1T, 894 (22 %) no-
MepJIU Bill ceplieBO-CYAMHHMX 3aXBOPIOBaHb.

Ilikasi nani orpumanu E. E. R. Harris Ta criiBaBr. [37],
SIKi MpoaHaji3yBalyd MEAWYHI 3amucu CTOCOBHO 961
nmaieHTKy, mo npoxoau I1T 3 mpuBomy PM3. Yepes

therapy, and methodological features of RT in dif-
ferent clinics. Detection and accounting of radia-
tion-induced heart diseases (RIHD) is complicat-
ed by the long time interval between RT and the
appearance of cardiac symptoms, the lack of com-
plete medical documentation, information about
the condition of the heart before RT. Hypodiag-
nostics of RIHD may also be related to the fact that
neither patients nor doctors of the therapeutic spe-
cialty very often associate cardiac pathology with
the treatment of the tumor, which was carried out
many years ago. Low rates of complications after
RT are due to insufficient dispensary supervision
and insufficient awareness of doctors of the general
medical network regarding complications that
occur in cancer patients after special treatment
methods. Based on the lack of knowledge and
awareness of primary care physicians, especially in
rural areas, all deaths of cancer patients are often
considered as a result of disease progression. Along
with this, cardiovascular diseases (CVD) are the
most common cause of death among non-oncolog-
ical causes in patients undergoing RT of the tho-
racic cavity [17, 26—28]. The positive effect of
postoperative radiation is offset by additional mor-
tality associated with post-radiation cardiac
injuries, which can increase even more with the use
of radiation and polychemotherapy [29—31].
Research performed by G. Gagliardi et al. [32] has
shown, that the risk of death from cardiovascular
diseases after breast radiation therapy range from
2.1 % to 12 %. E.V. Khmelevsky et al. indicate that
post-radiation changes in the cardiovascular sys-
tem cause additional cardiogenic mortality in 5 %
of women cured of cancer [33]. Some authors note
a proportional annual decrease of 13 % of BC
mortality and a 25 % increase in cardiovascular
complications after RT, starting with 2 years of fol-
low-up [34]. A meta-analysis of randomized clini-
cal trials, which examined the medical histories of
more than twenty-three thousand women with
breast cancer, revealed a significant percentage of
mortality due to radiation damage to the heart in
the overall mortality structure among these patients
[35]. S. Draby et al. [36] based on a study of the
SEER cancer registry, found that from 4,130
women who died 10 years after RT, 894 (22 %) died
from cardiovascular diseases.

Interesting data was obtained by a number of au-
thors who analyzed the medical records of 961 pa-
tients who underwent RT for breast cancer. 10 years
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10 pokiB micis I1T pusnk cMepTi BiTHOCHO OYAb-SIKOTO
CEpLIEBOTO 3aXBOPIOBAHHS OyB Mailxke OJHAKOBUM ISl
TMalieHToK 3 JiBobivHOI0 (1,9 %) i mpaBob6iuHoIO (1,5 %)
JIOKaJTi3ali€o OHKOJOTiYHOro mpouecy. Ajie depe3 20
POKiB pU3HMK CEPIIEBOI CMEPTI y TPYITi MaIliEHTOK 3 paKOM
JIiBOT MOJIOYHOI 3aJ1031 OyB OiJIbIINIA, HIXK TIPY paKy Mpa-
BOi MOJI0uHO1 3a503u (6,4 % nipotu 3,6 %).

TexHiuHe BIOCKOHAJIEHHSI pamioTeparneBTUYHOI ara-
paTypu PO3BUTOK KJIiHIYHOI JO3MMETPil po3pO0JeHHS
MepeanpoOMEHEBOI TOIIOMETPIi 3 BUKOPUCTAHHIM KOM-
I’ IOTEPHOI TeXHIKM € OCHOBOIO MiABUIIEHHS ¢(EeKTUB-
Hocti 1T nmpu nikyBaHHI MyXJIMH TPyaHOI KJITiTKU. Ha-
SIBHICTb B MEPEeINPOMEHEBI TOITOMETPii pEHTT€HOCUMY-
JISITOpa, KOMIT' IOTEpHOIro Tomorpada, MOXIMBICTh BU-
KOpPUCTAaHHSI MAarHiTHO-PE30HAHCHOTO 1 IIO3UTPOH-
eMiciiiHoro Tomorpada g03BOJSIOTh JOCUTh TOUHO BU3-
HAYMUTU MeXi MilleHi, 110 MiAISIraloTb OMPOMiHEHHIO.
He3sBaxatouu Ha 1ie, 3HaYHUI 00’€M ceplis 3a3HA€E OM-
pominenHs [38—41]. Harenep Bimomo, mo IIT 3mo-
SKICHUX ITyXJIMH M3 i opratiB rpyaHoOi KJIiTKU BUKJIMKAE
ypaxkeHHSI BCiX CTPYKTYP ceplis, BKII0OYalouu KOPOHapHi
aprepii, KJIallaHU, TTPOBiIHY CUCTEMY, a TAKOXK ITepUKap
[38, 42—46].

Jns BimoOpaxkeHHSI KOMILUIEKCY KIiHIYHO 3HauylINX
ypaxkeHb TKaHWH cepls, SKi BUHMKAIOTh B Pe3yJIbTaTi
OIpoMiHeHHS 1Iiel 30HHU, B 60-X poKax MUHYJIOIO CTO-
JITTS 3’ IBUBCS TEPMiH «pafialiifHO-iHIyKOBaHa XBOPO-
0a cepus» 14, 16, 47—49]. B xiiHiuHii1 NpaKTUIIi TAKOX
BUKOPUCTOBYETHCS TEPMiH «IIpOMEHEeBa KapiomnaTis»,
BBaXXA€EThCSI, 10 BiH € MEHII BIAJIMM i 3aCTOCOBYETHCSI
TOMY, 1110 ypaxkeHHs TlepruKapaa B po3yMiHHI Kapaionarii
TpaaullifiHO He BKJItoYaeThes [14, 50].

JiarHocTuka pamioiHAYKOBaHUX 3aXBOPIOBaHb Cep-
ug (PI3C) npencrasisie 3Ha4yHi cKJIaaHOIi, 00yMOB-
JIEHI HasIBHICTIO 3HAYHOTO Mepioay yacy MixX NMpUYU-
HOIO i1 HacligkaMHu Ta BiICYTHIiCTIO CTaHIAapTU30Ba-
HOCTi Ha MixkHapomHoMY piBHi. [Topsn i3 3a3HaYeHUM
PI3C € oaHi€eo 3 HallBaxXIMBilIUX OPoOJIEM CydyacHOI
MEIULMHU, OCKiJbKM MPU3BOAATH A0 MOTipLICHHS
SIKOCTi XXUTTS Ta 30iJbIIYIOTh PU3UK CEPLEBOI CMEPT-
HocrTi [16, 36, 51].

Yacrora ypaxkeHHsI ceplls 3pOoCTa€e IIPOIIOPIIIHO Yacy,
mo npoimos micasa [1TT. CymapHa po3mOBCIOMKEHICTh
KiaiHiyHO 3Hauymux PI3C uepe3 5—10 poxkiB micasa I1T
ctaHoBUTh 10—30 %, a yacTtoTa GE3CMMITOMHUX ypa-
KeHb — 88 % [52]. TpuBaticTh JaTEHTHOIO MEePioay MO-
ke gocsirath 15—20 i Ginbiue pokiB [26]. T1poGnema
PI3C wHaiibinpll KAiHIYHO 3Hauyylla AJs XBOPUX 3
Jnimgomoro XoaxkkiHa Ta paHHiMu ctagismu PM3. i
MaLli€HTU BiIPi3HSAIOTHCS 3HAYHOIO TPUBATICTIO XKUTTS i
BiIHOCHMM MOJOAMM BiKOM, TOMY B HMX BeJIMKa

after RT, the risk of death for any heart disease was
almost the same for patients with left-sided (1.9 %)
and right-sided (1.5 %) localization of the oncolo-
gy process. But after 20 years, the risk of cardiac
death in the group of patients with left breast can-
cer was higher than in the group of patients with
right breast cancer (6.4 % vs. 3.6 %) [37].

Technical improvement of radiotherapy equip-
ment, development of clinical dosimetry, develop-
ment of pre-radiation topometry with using com-
puter technology is the basis for improving the effec-
tiveness of RT in the treatment of chest tumors. The
presence of an X-ray simulator, a CT scanner in pre-
radiation topometry and the possibility of using a
magnetic resonance and positron emission tomo-
graphes allows accurately determining the bound-
aries of the target to be irradiated. Despite this, a sig-
nificant volume of the heart is exposed to radiation
[38—41]. Currently, it is known that RT of malignant
tumors of the mammary gland and thoracic cavity
organs causes damage to all heart structures, includ-
ing the coronary arteries, valves, conducting system,
and pericardium [38, 42—46].

The term «radiation-induced heart disease»
appeared in the 60s of the last century to explain
the complex of clinically significant lesions of heart
tissues that occur as a result of radiation exposure
of this zone, [14, 16, 47—49]. In clinical practice,
the term «radiation cardiopathy» is also used, it is
considered less successful and is used because peri-
cardial damage is traditionally not included in the
understanding of cardiopathy [14, 50].

The diagnosis of radiation-induced heart disease
(RIHD) presents significant difficulties due to the
presence of a significant period of time between
cause and effect and the lack of standardization at
the international level. Along with this, RIHD is
one of the most important problems of modern
medicine, because they lead to a deterioration of
the quality of life and increase the risk of cardiac
mortality [16, 36, 51].

The frequency of heart damage increases in pro-
portion to the time that has passed after RT. The
total prevalence of clinically significant RIHD
5—10 years after RT is 10—30 %, and the frequen-
cy of asymptomatic lesions is 88 % [52]. The dura-
tion of the latent period can reach 15—20 years or
more [26]. The problem of RIHD is most clinical-
ly significant for patients with Hodgkin’s lym-
phoma and early-stage breast cancer. These
patients are characterized by a significant life
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BIpOTiAHICTh MOXMUTU OO0 KJIAIHIYHO BHUpaXXeHUX
KapIiadlbHUX YCKJIAAHEHb, CHUMIITOMU SIKUX 3’SIBJISI-
foTbes yepe3 10—15 i 6impmie pokis micis 1T [53, 44].
Posrngpaoyn cTpoKM BUHUKHEHHS ITiCISTIPOMEHE-
BUX YCKJIAAHEHb CeplLsl 3yCTPiYaeEMOCS 3 pi3HUMU Ja-
HMMU, OJHI aBTOPU 3a3HAYaloTh, 110 padialliliHi ypa-
XKEHHSI CTPYKTYp Ceplsl MPOSIBIISIIOTLCS B Mepiof Bil
8—13 micsauiB go 13 pokiB [54]. IHmIi BKa3yloTh Ha
ctpoku 9—20 poxkis miciusa IIT [55, 56], Ta HaBiTH 10 29
pokiB [57].

3a maHmMu O6araTboX aBTOPIB HEraTUBHA i 10Hi3y-
040l panialii MpakTUYHO Ha BCi TKAHUHU CepLsd
BimOyBa€eThCs yepe3 MiKpo- i MAKPOCYIWHHI ypaxKeH-
Hs [57—59]. 3MiHM GyHKUII KamiIsgpiB MiATBEPIXY-
IOThCS €eKCIIEPUMEHTAIbHUMU JaHUMMU Pi3HUX JOCTiI-
HUKiB [60—62]. Bizomo, 110 KiJIbKICTh KaIlijisgpiB Ha
OAVHULII0 00’eMy MioKapiaa BuUIlla, Hixk B KOPi TOJIOB-
HOI'0 MO3KY, CIiBBiIHOLIEHHS MiX KiJIbKiCTIO BOJJOKOH
M’g3iB i KaminsgpiB craHoButhb 1 : 1 [14]. lonHi3yioue
BUIIPOMiHIOBaHHS MOIIKOIXKYE EHIOTEil, 1110 CyIIpo-
BOJIXYEThCSI 3HAYHOIO peakiliero [57, 63]. Ilpu mii
pagnianii 30i1bLIYETHCS MPOHUKHICTh €HAOTEAiaIbHOTO
mapy, BiZOyBa€TbCs IOIIKOJXXKEHHSI MeMOpaH eHOo-
TEJIIOLUTIB i HEKPO3 3 MOXJIMBUM PO3BUTKOM TPOM-
003iB KaniIsApiB. Y OUIBIN BiggaJleHOMY Mepiojli pO3BU-
BA€EThCS ACMOMYJISILiSI KJIITUH HA TJIi HOCTYMOBOTO BUC-
HaxXeHHS mposideparlii TOIKOMKEeHNX eHIOTETiON -
TiB, 3 PO3BUTKOM illleMii MioKapjaa Ta iHTepCTUllialb-
Horo ¢i6po3y [64, 65]. [ogoBHA posib EHAOTENIO, IK
CaMOCTITHOTO CeplIeBO-CYIMHHOIO OpTaHy, ITI0B’s13aHa
i3 3a0e3meueHHsIMU aujaTtallil CyIMHHOIO pycia, 110
BigmoBigae moTpedi nmepudepudyHUX M’S3iB i BHYT-
pILlIHiX OpraHiB, B TOMY YMCIi i cepug. [1pu TpuBamiii
Il yIIKOIXKYBaJIbHUX (haKTOPiB BiIOYBAETHCS ITOCTYIIO-
B€ BUCHAXXEHHS i 300U€HHSI KOMIIEHCATOPHOI JUISATY-
F04OI1 BJIACTUBOCTI eHaoTeNi 0. JIuchyHKIist eHI0Teit0
€ 000B’SI3KOBMM KOMIIOHEHTOM ITaTOT€HE3y MpaKTH4-
HO BCiX CceplLIeBO-CyIMHHMUX 3aXBOPIOBAaHb, BKIIIOYAIOUN
aTepoCKJIepo3, TilepTOHIUHY, illleMiYHy XBOpPOOU cep-
LIS, XpOHIUHY CeplieBY HeIOCTaTHICTh |14, 66].

OcCKinbKM IUCPYHKIST eHAOoTedialbHUX KJiTUH
(EK), 9K roJoBHOIO CTPYKTYPHO-(YHKIIIOHAJILHOTO
KOMIIOHEHTY CYIMH € OOYMOBIIOIOUMM (haKTOpOM B
po3BuTky CC3, ocobiuBa yBara npuIiJisiETbCs JOCTi-
JKEHHIO MOJIEKYJISIPHUX MEXaHi3MiB, 1110 JieXaTb B OC-
HOBi edekTiB ctapiHHsa EK cynuH moaMHu, copyuyu-
HEHOIo OINpoMiHeHHAM [67, 68]. JocimKeHHs eTio-
Jorii CC3 micns xpoHiuHoi aii Mmanux no3 IB nmokaza-
JIO, 1O TIOTYXHICTh J03u omnpomiHeHHs 2,4 MIp/T,
3AaTHA CIPUYMHUTU nepeayacHe ctapiHHsa EK nynko-
BOi BEHM JWOAWHU, MPO 110 CBIAUYMTH BTpara IIO-

expectancy and relatively young age, and therefore
they are more likely to live to clinically pronounced
cardiac complications, the symptoms of which
appear 10—15 years or more after RT [44, 53]. Con-
sidering the timing of post-radiation complications of
the heart, we meet with different data, some authors
note that radiation damage to the heart structures
manifests itself in the period from 8—13 months to 13
years [54]. Others indicate terms of 9—20 years after
RT [55, 56] and even to 29 years [57].

According to many authors, the negative effect of
ionizing radiation on almost all heart tissues occurs
through micro — and macrovascular lesions [57—59].
Changes in capillary function are detected according
to experimental data from various researchers [60—62].
It is known that the number of capillaries per unit
volume of the myocardium is higher than in the cere-
bral cortex, the ratio between the number of muscle
fibers and capillaries is 1 : 1 [14]. Ionizing radiation
damages the endothelium, which is accompanied by
a significant reaction [57, 63]. When radiation is act-
ing, the penetration of the endothelial layer increas-
es, endothelial cell membranes are damaged, and
necrosis occurs with the possible development of
capillary thrombosis. In a more distant period, cell
depopulation develops against the background of
gradual depletion of the proliferation of damaged
endotheliocytes, with the development of myocardial
ischemia and interstitial fibrosis [64, 65]. The main
role of the endothelium, as an independent cardio-
vascular organ, is associated with ensuring dilation of
the vascular bed, which meets the needs of peripher-
al muscles and internal organs, including the heart.
With the long-term action of damaged factors, the
compensatory dilating property of the endothelium is
gradually depleted and perverted. Endothelial dys-
function is a mandatory component of the pathogen-
esis of almost all cardiovascular diseases, including
atherosclerosis, hypertension, coronary heart dis-
ease, and chronic heart failure [14, 66].

Since dysfunction of endothelial cell (EC), as the
main structural and functional component of blood
vessels, is a determining factor in the development of
CVD, special attention is paid to the study of the
molecular mechanisms underlying the effects of aging
of human vascular EC caused by radiation [67,68].
The study of the etiology of CVD after chronic
exposure to low doses of IR showed that the radia-
tion dose rate of 2.4 mGy/h can cause premature
aging of the EC of the human umbilical vein, as evi-
denced by the loss of the growth potential of EC and
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TeHiany pocty EK i HagBHUX B HUX acolliiioBaHUX 3
TPOIIECOM CTapiHHSI MapKepiB B-ramakTo3umnasu (SA-[3-
gal), 6inka p2lrta inaktTuBoBaHoro PI3K/Akt/mTOR
curHajbHoro nuisixy. Ilpore noza 1,4 mIp/r He BUKIN-
kana inrioyBaHHs pocty EK. OcKijlbku BiKOBi 3aXBOpIO-
BaHHs, B ToMy unciai CC3, noB’SI3y10Th 3 IPUCKOPEHUM
crapiHHsiMm EK, To 1i AocCHigKeHHsI CIpPUSIIOTh PO-
3yMiHHIO TigBuIeHOTo pu3uky CC3 B MOMyIALisX, SAKi
3a3HAIOTh XPOHIYHOIO OMPOMIHEHHSI B HU3bKMX J03aX
[69, 70]. HaBeneHi maHi TOMOBHIOIOTH AOCITIIKEHHS,
npoBeneHi Ha 10-TIDKHEeBUX MUIIAX, SIKi OTPUMYBAJIA
PEHTreHiBChbKe OMPOMiIHEHHS Ha MiISIHKY ceplis B A0-
3ax 8 Ip ta 16 Ip. TBapuH BUBOOMIU 3 EKCIIEPUMEHTY
yepe3 16 TUKHIB ITicJIst ONMPOMiHEHHS. 3 TKAHUHHU Cep-
us Buginsnu EK MikpocyauH, miggaBaiu iX di3UcCy i
JUIST KiJIbKiCHOTO BM3HAY€HHS IMOMivaIu OiJIKM i30TO-
oM. JlaHi mpoTeoMiku Oyu MiATBEPIKEHI 32 JOTTOMO-
rolo iHCTPYMEHTIB OioiH(OpMAaTUKM, LiIbOBOI TpaH-
CKPUINTOMIKM, iIMyHOOJIOTUHTY Ta iMyHoricToximii. Pa-
JiaiiitHo-inaykoBaHa nucgyHkuisg EK xapakrepusysa-
JJach TOPYIIEHHSIM €HEPreTUYHOro OOMiHy Ta po3ma-
noMm iHcynin/IGF-PI3K-Akt curHanbHoTO 115Xy, 3a3-
HayeHi (pakTopu TaKOX BHUKIMKAIOTh IIepeadacHe
crapinHg EK, 30ijbllIeHHSI OKKUCIIOBAJIHLHOIO CTpECY,
3HUKEHHS MPOHUKHOCTI CYIUH i 3aMajeHHs, 110 € MPU-
YUHOIO JOBFOCTPOKOBOI CYIMHHOI IMCGYHKIIITL [71].
IMTomKomXXeHHsI MiTOXOHIPili, B SIKUX IMTPOAYKYETHCS
3HaYHa 4acTKa eHeprii, MoTpiOHOI AJIsI CUHTEe3y OijKa
B KapAiOMiOlIMTi, CYMPOBOMXYETHCS IOPYIICHHSIM
OKMCJIEHHSI BYIVIEBOMiB, OiJKiB Ta >KMpiB i IOEIHAH-
HsM 1boro mnpouecy 3 cuHtezom ATD. Jnsg pyHK-
LiOHAJAbHOTO CTaHy cepls piBeHb E€HEPTreTUUYHOTO
OOMiHY Ma€e oco0JMBe 3HauyeHHs, 60 B ceplLeBOMY
M’43i iHTEeHCUBHIiCTh 00MiHy B 10—15 pasiB BUllIA Bif
cepelHbOl BEJIMUYMHU OOMiHY B TKAHMHAX iHIIUX Op-
raHiB. Y 3I0pOBOMY Ceplii OKMCHEHHS BCiX cCyOCTpaTiB
BiIOYyBa€ThCI TEepeBakHO HaWOiNbII €HepreTUYHO
BUTIIHUM aepOOHMM ILISIXOM i JIMILE B OKPEMUX BU-
najgkax Mae Micle aHaepoOHe BUPOOJIEHHSI eHeprii,
KOTpe AyKe 4acTO 3YCTPiYaeThCsl B YMOBaX MaTOJIOTi.
ITpoluiec GiocuHTE3y TaKOX 3HAXOAUTLCS B MPSIMili 3a-
JIEXKHOCTI BiJl €HepronpoAyKylOUMX CHUCTeM. 3HayHa
YaCcTUHA €Hepril Aj1s1 CUHTE3y 0iJKa B KJIITUHAX ITPOIY-
KYETbCSI B MiTOXOHAPisIX. Biaku LuTOomniaasMum ckeer-
HOTO i CEpLIEeBOTro M’s13iB BUKOHYIOTh (hepMEHTATUBHY
¢yHK1i0, 3a0e3neuyrouyd MeTaboJiuyHi i IJIacTUYHI
MpoLEeCcH B 3I0POBUX i ypakeHUX TKaHUHaX. [Tomkoa-
JKEHHSI ceplisi, OOYMOBJIEHE TillOKCi€l0, CYIpOBO/I-
KYETBhCS MOPYIIEHHSIMU (Di3UKO-XiMIYHUX BJIACTH-
BOCTEH i 3MiHOIO piBHSI OOMiHY OifKiB. TaKMM YMHOM,
MNpU PO3BUTKY KapAiOTOKCUYHOCTi, MITOXOHApii €

the markers of B-galactosidase (SA-[-gal) associat-
ed with the aging process, the p21 protein and the
inactivated PI3K/Akt/mTor signaling pathway. But
a dose of 1.4 mGy/h did not cause inhibition of EC
growth. Since age-related diseases, including CVD,
are associated with accelerated EC aging, these
studies contribute to understanding the increased
risk of CVD in populations. which are exposed to
low-dose chronic radiation [69, 70]. These data
complement studies. which were conducted on 10-
week-old mice that received X-rays on the heart at
doses of 8 Gy and 16 Gy. The animals were slaugh-
tered 16 weeks after exposure. Microvessel ECs
were isolated from heart tissue, lysis was per-
formed, and proteins were labeled with an isotope
for quantitative determination. Proteomics data
were confirmed using bioinformatics, targeted
transcriptomics, immunoblotting, and immunohis-
tochemistry tools. Radiation-induced EC dysfunc-
tion was characterized by impaired energy metabo-
lism and destruction of the insulin/IGF-PI3K/Akt
signaling pathway. These factors also cause prema-
ture aging of the EC, increased oxidative stress,
decreased vascular permeability, and inflammation,
which is the cause of long-term vascular dysfunc-
tion [71].

Damage of mitochondria, which produce a signif-
icant proportion of the energy, that is needed for
protein synthesis in a cardiomyocyte, is accompa-
nied by a violation of the oxidation of carbohydrates,
proteins and fats and a combination of this process
with ATP synthesis. For the functional state of the
heart, the level of energy metabolism is of particular
importance, since in the heart muscle the intensity
of metabolism is 10—15 times higher than the aver-
age value of metabolism in the tissues of other
organs. In a healthy heart, the oxidation of all sub-
strates occurs mainly in the most energetically
advantageous aerobic way, and only in some cases
anaerobic energy production take place, which is
very common in conditions of pathology. The
process of biosynthesis is also directly dependent on
energy-producing systems. Most of the energy for
protein synthesis in cells is produced in the mito-
chondria. Cytoplasmic proteins of skeletal and car-
diac muscles perform an enzymatic function, pro-
viding metabolic and plastic processes in healthy
and affected tissues. Damage to the heart, which is
caused by hypoxia, is accompanied by violations of
physical and chemical properties and changes in the
level of protein metabolism. Thus, in the develop-
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HaOUTbII Ypak€eHUMU CTPYKTypaMM MioKapaiaJIbHUX
KJiTuH [14, 66, 72].

Peaxiiist eykapioTHUHUX KJIiTUH Ha 1ito IB npu3BoauTh
JI0 TIpoAyKuii akTuBHUX (popM KucHI0 (ADK) i akTus-
Hux dopMm azoty (ADPA) BIPOIOBXK AEKiIBKOX XBUJIUH
micist onpoMiHeHHs. [HAyKOBaHe 30iIbIIEHHS MPOIYK-
it ADK/A®DA 3anexuTp B Ieplry 4epry Bil AUCOYHKITI
TPAHCIIOPTY €JIEKTPOHIB Y MITOXOHIpPIisIX i cIiocTepira-
€ThCS B JEKIJIbLKOX TUIIaX KJiTUH, B TOMY YMCJIi B Kap-
JiomionuTax. byay BUBUEHi pi3Hi 3MiHM B CEpLEBiil TKa-
HUHI TS 3aTaIbHOTO TaMMa-OTIpOMiHeHHS B 103i 3 Ip.
KowmrmiekcHuil aHami3 Ji3aTiB OiJiIKiB TKAHWUH Ceplis ye-
pe3 5 i 24 ronyHU Micas [ii i0HiI3yl0UOro BUIPOMiHIO-
BaHH4 (IB) mokazaB iHAyKOBaHIiCTh TaKMX 0iOJOTiYHUX
peakiii, sIK 3amajeHHs], aHTUOKCUIAHTHUIA 3aXUCT Ta
peopraHizaliisi CTpyKTypHMX OiJIKiB, TIpU LILOMY OiNIKHU
MITOXOHIpilA OyaM HaWOIIbII YYTJIMBUMU 10O OII-
poMiHeHHs. binku, KoTpi 6epyTh y4acTh B Ipoliecax Mmo-
YaTKOBOIO YIIKOIXEHHSI, MalOTh KiJibKa (DYHKIIiOHAJIb-
HUX KaTeropiil, MoB’s13aHUX 3 KapIiOTOKCHUYHICTIO, 110
CBiTUMTH MPO HASIBHICTh MPOLIECiB, KOTPi MPU3BOASTH A0
3poctaHHs po3BUTKy CC3 micig aii IB [73].

Ockinbkn (QYHKIIiS ceplls 0e3MocepeIHbO 3aJICKUTh
Bi eHeprii, KoTpa OTPUMYETLCS BiJ peakiliii OKMCIIO-
BaJIbHOTO META0O0J1i3My, BOHA JIEFKO MOPYIIYEThCS AUC-
(YHKIIi€I0 MITOXOHAPilA, OCKiJIbKM OCTaHHI BiIirpaloThb
LEeHTpaJbHy pPOJb B OOMiHI peyoBMH i BUPOOJIEHHI
eHeprii B KJiTuHi [74]. MitoxoHapii ckiaagaloTb Mpud-
nu3HO 40 % Bin 3araJbHOrO KJIITMHHOIO 00’€My Kapaio-
miouuTiB [75], mpu wbomy 6au3bko 90 % eHeprii B Kap-
npiomionurax (KM) mocrayaerbest MiToXoHApisiMu [76].
B uncineHHux OGioXiMiYHUX i (DYHKUIOHAJBbHUX TOCIiI-
JKEHHSIX MOKa3aHO, IO IMOPYIIEHHS OKWCIIOBAIBHOIO
meTabosisMy B KM 0Oyio Ge3nocepelHbO MOB’sI3aHE 3
possutkoM CC3 [66, 77, 78]. BrpaTa KOHTPOJIIO HaJl CKO-
POYEHHSM i OKMCIIOBAILHUMM TIPOLIECAMU B MITOXOH-
NpisiX TPU3BOAUTD 10 TTOPYIIEHHS METaOOIIYHOTO roMe-
ocTasy i 30inbiIeHHs BupooieHHs ADK, Takux sIK mepe-
KWUCHU, CYNIEPOKCUAN Ta TiAPOKCUIbHI pagukanu. Hamim-
mok ADK 31ateH HaHECTH KoLy GaraTboM KOMITOHEH-
TaM KJIITMH B MioKapi, BKIo4arouu jdinian. OKuco-
BaJIBHUI CTpec, TaKOX BHOCUTH BaroOMMil BKJIAm B CY-
JIWHHI 3axBopioBaHHA i nucdynkiito EK ta moreniitHo
MOX€ ITPU3BECTH 10 MOAAIBIIOTO YIIKOIKEHHS CEPLEBO-
cyauHHOI cuctemu [79]. HaBnaku, GiibIll HU3bKi KOHIIE-
HTpanii AOK cTUMyTIOI0Th KIIITUHHI CUTHAIbHI IIISIXH,
eKCIIPECilo TeHiB, 110 MOAYITIOITh CYIMHHY (QYHKIIIO i
BiArparoTh BAXKJIUBY POJIb B KapaionpoTtekiii [80].

HocnimkeHHs 3 BUBUYSHHS CTaTyCy MiTOXOHAPil cepiist
MicJisl ONPOMiHEHHS MPOBEACHI Ha MUIIAX BiIKOM 8 THXK-
HiB, $IKi OyJaM MiggaHi JOKaJbHOMY PEHTI€HiBCHKOMY

ment of cardiotoxicity, mitochondria are the most
affected structures of myocardial cells [14, 66, 72].

The reaction of eukaryotic cells to the action of
IR leads to the production of reactive oxygen
species (ROS) and active forms of nitrogen (AFA)
within a few minutes after irradiation. The induced
increase in ROS/AFA production depends prima-
rily on the dysfunction of electron transport in
mitochondria and is observed in several cell types,
including cardiomyocytes. Various changes in
heart tissue after total gamma radiation at a dose of
3 Gy were studied. Comprehensive analysis of
heart tissue lysates 5 h and 24 h after IR exposure
showed inducibility of biological responses such as
inflammation, antioxidant protection and struc-
tural protein reorganization, with mitochondrial
proteins being the most sensitive to radiation.
Proteins involved in the processes of initial damage
have several functional categories that are associat-
ed with cardiotoxicity, which indicates the pres-
ence of processes that lead to an increase in the
development of CVD after the action of IR [73].

Since the function of the heart directly depends
on the energy obtained as a result of oxidative
metabolism reactions, it is easily disrupted by
mitochondrial (MT) dysfunction, since the latter
play a central role in metabolism and energy pro-
duction in the cell [74]. Mitochondria account for
approximately 40 % of the total cell volume of car-
diomyocytes [75], with about 90 % of the cell
energy in cardiomyocytes (CM) coming from MT
[76]. Numerous biochemical and functional stud-
ies have shown that impaired oxidative metabolism
in CM is directly related to the development of
CVD [66, 77, 78]. Loss of control over contraction
and oxidative processes in MT leads to impaired
metabolic homeostasis and increased production
of ROS, such as precis, superoxides, and hydroxyl
radicals. Excess of ROS can harm many cell com-
ponents in cardiomyocytes, including lipids.
Oxidative stress also contributes significantly to
vascular diseases and EC dysfunction and can
potentially lead to further damage to the cardio-
vascular system [79]. In contrast, lower concentra-
tions of ROS stimulate cellular signaling pathways,
the expression of genes that modulate vascular
function and play an important role in cardiopro-
tection [80].

Studies on the status of heart MT after irradia-
tion were conducted on mice aged 8 weeks, who
were subjected to local X-ray irradiation of the
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orpoMiHeHHIo cepus B 103i 0,2 Ip Ta 2 Ip, mpu 1ibomy
BBaXKasiu, 110 1033, eKBiBaJeHTHA 2 Ip, 4acTo BUKO-
PUCTOBYEThCS SIK onHOKpaTHa no3a B I1T. Jlns BusiB-
JIEHHS TepIIUX MOCTIHHMX TaTOJOTiYHUX 3MiH ¥y
BigmoBiap Ha Aito 1B, yepe3 4 i 40 TUKHIB micss OM-
POMiHEHHS, MiTOXOHIPii cepls Oy/Iu BUAIICHI Ta Mpo-
TeCTOBaHI Ha HAasBHICTb TMPOTEOMIYHUMX i (PyHKITiO-
HaJbHUX 3MiH. byno mporectoBaHo 25 BHYTpPIilllHb-
OKJIITUHHUX OiNKiB. [TokazaHO MOPYIIEHHS TPhOX OC-
HOBHMX Oi0JIOTIYHUX KaTeropiii oOMiHy pPEYOBUH B
cepili: OKHUCITIOBAJIBHOTO (ochOpUITIOBaAaHHS, OOMIiHY
mipyBaTy i 3MiH CTpYKTYpU LMTOCKeeTy. B pe3ynbrari
nii IB B mo3i 2 Ip dyHKIIiOHATBHI TOPYIIEHHS B MiTO-
XOHJApPISIX 3HAWILIM BimoOpakeHHsI B JcaKTHUBaLlil
Kommekcy 1 Ha 32 %, Kommiekcy 111 Ha 11 % nu-
XaJILHOTO JIAaHIIIOTa MIEPEHOCY eJIEKTPOHIB, B 3HMXKEHHI
CYKLIMHAT-3aJIeXXHOro nuxaHHs Ha 13 %, y nmigBUILEeH-
Hi piBHgI ADK i B peakilisix OKMCICHHS OiKiB. Y KiTi-
THMHAX CEpPLIEBOT0 M’ 5132 BiIOyBajiach aKTHUBALIisI CTPYK-
TYpHUX OiJKiB — aKTMHY, MiO3MHY-0, OeCMiHy Ta
BiMeHTUHY. OCKiJIbKM BHYTPillIHBOKJIITUHHI BOJIOKHA,
YTBOpPEHi BIMEHTMHOM Ta J€CMiHOM, OepyThb ydacTb B
CTPYKTYpHili opranizaiii, nmepegadyi CUTHajiB, I1O-
3UILIOHYBaHHI OpraHes, y MATpuMIli Mopdoaorii op-
radizauii Ta (QyHKILil MiTOXOHApPiil, MiABUIIEHHS aK-
TUMBHOCTI CTPYKTYPHMX O1JIKiB IMiCJIs1 OMPOMiHEHHS MO-
K€ TMOSICHIOBATUCS IMACUJIEHHSIM acolialil MiX Lu-
TocKeneToM i MiToxoHapismu. Yepe3 40 TUKHIB OM-
XaJbHa TIPOIMYCKHA 3JaTHICTh CEpLEBUX MITOXOHIPIK
OyJ1a 3HAYHO 3HMXKeHa. JloCaimHMKY BBaXKaloTh, 1110 1Ii
npoLecyu MOXYTb OyTH MEepIIol CTadi€lo B €Tiojoril
CC3, cnpuunHeHux omnpomiHeHHsaM. [licng nxii IB B
n03i 0,2 I'p BimMideHi mopylIeHHs TiIbK 0OMiHY Mipy-
BaTy Ta CTPYKTYpHUX OiIKiB [67, 81, 82].

MiToxoHapil B3aEMOMiIOTh 3 Pi3HMMMU OpraHejaMu B
KJTiTUHI, 111 B3AEMOIis BaXJIMBA JIJ11 MiTOXOHAPiaTbHOTO
i KITMHHOTO ToMeocTasy. MchyHKIIOHATbHI MiTO-
XOHPIii MOXYTb TeHepyBaT! IIUPOKHII CIIEKTP PETPOr-
pagHuX Binnosigeit, TOOTO BHYTPILIHBOKIITUHHUX CUT-
HaJliB, SIKi MepeaaloThesl 3 MITOXOHIPIil B IAPO, 1110 TTPU3-
BOJWTDH 10 3MiH B €KCIHpecii SAepHUX TeHiB sl MeTa-
OoutiyHMX 3MiH [83]. MiToXOHIpiajlbHa peTporpaaHa mne-
penaya CUrHaJiiB 30epiraeThesl sIK BiAIIOBiAb HA MOPYILIEH-
HSI €HEepPreTMYHOro OOMiHY, TaK i Ha MPOTEOTOKCUYHUIA
cTpec. Y ¢Boto yepry IMCyHKIIOHATbHI MiTOXOHIPil BU-
POOJISIIOTh aHAJIOTIYHI curHaau crpecy (tooto SOS), gxi
PO3MOBCIOMKYIOTHCS B iHILII KOMIIOHEHTU KJTITHH 1 BIUIU-
BalOTh Ha CUCTEMHI peryIsiTopHi rmpouecu [83, 84].

Baxnusa posnb B matorenesi aii I1T Ha cepiie Hame-
>KUTb KaTtexoaaMiHaMm. Bimomo, 1110 mia BIJIMBOM KaTe-
XO0JIaMiHiB, Kajliii BUXOAMUTD i3 KJIITUH B €KCTpaLesio-

heart at a dose of 0.2 Gy and 2 Gy, while it was
believed that a dose equivalent to 2 Gy is often used
as a single dose in RT. To detect the first permanent
pathological changes in response to IR exposure, 4
and 40 weeks after irradiation, cardiac mitochondria
were isolated and tested for proteomic and function-
al changes. 25 intracellular proteins were tested.
Violations of three main biological categories of
metabolism in the heart are shown: oxidative phos-
phorylation, pyruvate metabolism, and changes in
the structure of the cytoskeleton. As a result of the
action of IR at a dose of 2 Gy, functional disorders in
MT were reflected in the deactivation of complex I
by 32 %, Complex III by 11 % of the respiratory
electron transfer chain, in a decrease in succinate-
dependent respiration by 13 %, in an increase in
ROS Ilevels and in the protein oxidation reaction.
Activation of structural proteins in heart muscle
cells, actin, myosin-6, desmin, and vimentin,
occurred. Since intracellular fibers formed by
vimentin and desmin are involved in structural
organization, signaling, organelle positioning, and
maintaining the morphology of mitochondrial
organization and function, the increase in the activ-
ity of structural proteins after irradiation can be
explained by an increase in the association between
the cytoskeleton and mitochondria. After 40 weeks,
the respiratory capacity of cardiac mitochondria was
significantly reduced. Researchers believe that these
processes may be the first stage in the etiology of
CVD that is caused by radiation exposure. After the
action of IR at a dose of 0.2 Gy, violations of only
the metabolism of pyruvate and structural proteins
were noted [67, 81, 82].

Mitochondria interact with various organelles in
the cell, and this interaction is important for
mitochondrial and cellular homeostasis. Dysfunc-
tional mitochondria can generate a wide range of
retrograde responses, i.e. intracellular signals
transmitted from mitochondria to the nucleus,
which leads to changes in the expression of nuc-
lear genes for metabolic changes [83]. Mitochon-
drial retrograde signaling persists as a response to
impaired energy metabolism and proteotoxic
stress. In turn, dysfunctional mitochondria pro-
duce similar stress signals (i.e. SOS) that spread to
other cell components and affect systemic regula-
tory processes [83, 84].

Catecholamines play an important role in the patho-
genesis of the effect of RT on the heart. It is known that
under the influence of catecholamines, potassium
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JISPHUM TIPOCTip, KPiM TOro KaTexoJaMiHU BILIMBAIOTh
Ha KOHLIEHTpaLlil0 HaTpilo i MarHio B CUPOBATLi KPOBi.
Takum yrHOM MopylIeHHs (PYHKIIiT cMMIaToaapeHa-
JIOBOI CUCTEMM MPU3BOIUTH 10 3MiH €JIEKTPOJIiITHOTO
OajaHcy i Bimirpa€e BaxkJUBY POJb Y PO3BUTKY IOpY-
1IeHb puTMy cepugs. KaTtexonamiHu 30i1b1IYIOTh CHO-
KMBaHHSI CepleM KHUCHIO, CTHUMYIIOIYU OKMCIIIO-
BaJIbHi TTpoliecu B MioKapai. Y (i3iogoriyHux yMoBax
1€ CYMPOBOIKYETHCS 30iTBIIEHHSIM IIIBUIKOCTI KOPO-
HapHOIo KPOBOTOKY. IIpu cTMMyItOBaHHI cUMIIaTOAd -
pEeHaI0BO1 CUCTEMMU i 30iblIIEHHI KOHLEHTpALlil KaTe-
XOJIaMiHIB Y KpOBi, CITOXKMBaHHSI KHCHIO MiOKapIOM
3HAYHO 3POCTA€ i SKIIO BOHO HE KOMITEHCYETHCS
30i7bIIEHHSIM KOPOHAPHOIO KPOBOOOIry, 1ie MpU3BO-
JIUThb 00 Trinokcii. I'iMokcisi cynpoBOIXKYETHCS MOPY-
IIeHHSIM (Pi3UKO-XiMiYHMX BJIACTUBOCTEl OiJKiB LIM-
TOIUIa3MM MioKapja, siki BAKOHYIOTb (DepMEHTAaTUBHY
¢yHKIIiI0 i 3a0€e3IeuyloTh METa0O0iuHi Ta MJIACTUYHI
MpolecH B cepLeBoMy M’si3i. DOpMYIOThCS TTOPYILIECH-
HsI MiKpPOMOJIEKYJISIPHOI CTPYKTYpH OiJIKiB, SIKi CKOPO-
YylOTb MiOKapi, IO € OAHIEI0 3 MPUYUH PO3BUTKY
(yHKIIOHATBHUX MOPYLIEHb CepLisd HE TUIbKU B TOCT-
poMmy Tiepioi miclisl MOLIKOAKEHHSI, ajie i B MoCaimy-
[o4iit cTazil BigHOBIIEHHS [66, 72, 85].

ITpomeHeBi yckagHeHHs, 1110 BuHuKaoTh B CCC B pe-
3ynbTati Ail IB moainsoTeest Ha ABa BUIKM — 1€ IPOMEHEBi
peakiii i npoMeHeBi yiKomkeHHs. [TpuHIUnoBuM € nu-
TaHHSI CTOCOBHO BM3HAYEHHS, 1[0 € IPOMEHEBUMU pe-
aKIisSIMA 1 TIPOMEHEBUMM YIITKOIKEHHIMU CEPLEBO-CY-
JUHHOI cUCTeMM. Pi3Hi pamioyoriyHi ILKOJU CTaBJISIThCS
JIO LIOTO MUTaHHSI MO-Pi3HOMY i He 3aBXIU MOMUISIIOTh i
noustTs. [Ipomenesi peakiii CCC Hajexarb 10 paHHiX
3MiH i SIBJISTIOTH COOOIO TTATOJIOTIYHUIA TTPOLIEC, 1110 BUHU-
Kae Oe3IocepelHbO B IIPOLIECi IMPOBEACHHS IIPOMEHEBOL
Teparlii a00 B HAMOMVxKUMiA niepion micist ii 3aKiHYeHHS i
SIKWM TIPOXOIUTH Yepe3 2—3 TUXKHI caMOCTIilHO, a0o TTif
BIUIMBOM CHELiaJTbHOTO JTiKyBaHHS. JI0 TPOMEHEBUX YIII-
komxeHb CCC BiZHOCSTb MATOJIOrIUHI 3MiHU, KOTPi BU-
HUKaOTh Yy BigganeHuii nepion micist 1T i xapakrepusy-
IOTbCSI HE3BOPOTHIMU MOPGONOTIYHUMHU 200 (PYHKIIIO-
HaJIbHUMU MopyLueHHsIMH [ 14, 66, 85, 86].

PanHi 3MiHM (mpoMeHeBi peakilii) 3 60oky CCC Mox-
Ha MOPIBHSTU 3 TOTAJIbHOK 3alalibHOK peakili€o
CTPYKTYp Cepls i PO3BUTKOM TTepUKAPAUTY, MiOKapIn-
Ty, €eHAOKAPAUTY, peakli€lo CyaAuH. 3MiHU, SIKi BUHU-
KaroThb, TPOSIBIISIIOTECSI Y BUIJISIIL MOPYIICHHS PUTMY,
MPOBITHOCTI, 3HKEHHS (PpaKIlii BUKMAY i TTOCUIICHHS
imemii Ta guctpodii Miokapna [8§7—91]. Hartenep 1110-
JI0 OTOCEPETKOBAHOTO MiKPOCYIMHHOIO Ta MaKpoCy-
JUHHOIO TIOLIKOJXEHHSI MIiOLUTIB iCHYE AyMKa,
3TiAHO 3 KO0 BBaxXawTh, o 1T Buknukae rocrpuit

leaves the cells into the extracellular space, in addition,
catecholamines affect the concentration of sodium and
magnesium in the blood serum. Thus, a violation of the
function of the sympathoadrenal system leads to
changes in the electrolyte balance and plays an impor-
tant role in the development of cardiac arrhythmias.
Catecholamines increase the heart’s oxygen consump-
tion by stimulating oxidative processes in the myo-
cardium. Under physiological conditions, this is ac-
companied by an increase in the rate of coronary blood
flow. When the sympathoadrenal system is stimulated
and catecholamine concentrations in the blood are
increased, myocardial oxygen consumption increases
significantly, and if it is not compensated by an increase
in coronary circulation, this leads to hypoxia. Hypoxia
is accompanied by a violation of the physico-chemical
properties of myocardial cytoplasmic proteins that per-
form an enzymatic function and provide metabolic and
plastic processes in the heart muscle. Disorders of the
micromolecular structure of proteins, that contract the
myocardium, are formed, which is one of the reasons
for the development of functional disorders of the heart
not only in the acute period after damage, but also in
the subsequent stage of recovery [66, 72, 85].
Radiation complications that occur in the CVS
as a result of IR exposure are divided into two
types: radiation reactions and radiation damage.
The fundamental question is to determine what
radiation reactions and radiation damage to the
cardiovascular system are. Different radiological
schools treat this issue differently and do not
always share these concepts. Radiation reactions of
the CVS refer to early changes and are a patholog-
ical process that occurs directly during radiation
therapy or in the immediate period after its end
and which passes in 2—3 weeks independently, or
under the influence of special treatment. Radia-
tion injuries of the CVS include pathological
changes that occur in the long-term period after
RT and are characterized by irreversible morpho-
logical or functional disorders [14, 66, 85, 86].
Early changes (radiation reactions) on the part of the
cardiovascular system can be compared with a total
inflammatory reaction of the heart structures and the
development of pericarditis, myocarditis, endocarditis,
and vascular reaction. The resulting changes are mani-
fested in the form of rhythm disturbances, conduction
disturbances, a decrease in the ejection fraction, and
increased myocardial ischemia and dystrophy [87—91].
Currently, there is an opinion about indirect microvas-
cular and macrovascular damage to myocytes. It is
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3allaJIbHUI CTaH B KaIiyIsipax, SIKMA IPU3BOAUTH IO
npoJtipepaliii Ta YTBOpeHHsI TpPOMOIB i OOCTpyKILIii
MPOCBITY KamiysgpiB Miokapay [92, 93].

Ha pannix eramax nepe0ir 3Ha4HOI KiJIbKOCTi Kap/Ii-
AJTbHUX 3MiH BilOYBA€THCS MPUXOBAHO i JiarHOCTYIOTh-
Cs1 BOHU TiJIbKY 32 JIOTIOMOTOI0 iHCTPYMEHTAIbHUX Me-
TOHIB AochimkeHHs. Ilicisi 3akiHYEHHS Y XBOPUX Ha
PM3 npomeHeBoi Tepariii, 1110 BKJIIOYAE OMPOMiHEHHS
TPYIHOI CTiHKM, perioHapHuX JiM(baTUYHUX BY3JiB,
JIiBOI TapacTepHaJbHOI IOIISHKM Y CyMapHili BOTHU-
meBiit 7o3i (CBJ/1) 40—50 Ip Oyiro BUsIBIEHO 3HIDKEHHS
CKOPOYYBaJIbHOI 31aTHOCTI MioKapaa y 15 % Bunazxis,
0e3CMMNTOMHUIA eKCyIaTUBHUI TiepukapauTy 12 %, a
TaKOXX JOCTOBipHE 30iJIbIIICHHS YaCTOTU 3MiHM KiHIIE-
BOI YaCTMHU ULLIYHOUYKOBOro komiuiekcy. Ilicist om-
POMiHEHHS IiJITHKM Ceplis MpU JO0OOBOMY MOHITODPY-
BaHHi puTMY OyJI0 BCTAaHOBJIEHO, 1110 Y TTALIIEHTOK 3HAY-
HO 301IbILIYETHCS, SIK 3arajibHa KiJabKiCTb MMOOAMHOKUX
eKCTPaCUCTOI — 3 AEKIJTbKOX AECITKIB 0 IeKiJIbKOX CO-
TeHb 3a J00Y, TaK i paHHIX €eKCTPACHUCTOJ — 3 MTOOAUHO-
KMX eIi304iB A0 IeKiJIbKOX JeCITKiB 3a n00y. Emizonu
rpynoBUX €KCTPACUCTOJ Ta aCUCTOMii, KOTpi Oyau
BigcytHi po IIT, micnas 1 mpoBeneHHs Oyau BUSIBJICHI Y
54 % xBopux. Lle cBiAUUTh PO BUHUKHEHHS €JIeKTPUY-
HO1 HECTaOITbHOCTI OMPOMIHEHOTO MiOKapAy i pU3UKy
BUHUKHEHHSI apUTMiil BUCOKMX rpafaLiii |14, 66, 91].

IIpu BUBYEHHI CTyIleHsI 3MiHM CMCTOJIYHOI 1 giac-
TOMiUHOI (pYHKIIiH JiBoro mutyHouka B mpoueci I1T 3a-
JIEXKHO BiJl 103U OMPOMIiHEHHS OyJI0 BCTAaHOBJIEHO, 11O
10 Mipi 3pOCTaHHS IPOMEHEBOr0 HABAHTAXKECHHST IIOKA3-
HUKM CUCTOIYHOI i JiacTOMYHOI (DYHKIIi JTIBOTO IIITY-
Houka (JIL) 3xmxyoThcs. Tak, KiHIIeBO-IiaCTOMIYHUMA
06’em JIL mipu mocsirnenHi CBJ1 — 60 Ip 3MeHIIyeThest
nopiBHsAHO 3i 3HaueHHsIMK 10 T1T Ha 20 %. KiHueBo-
cuctosiyanit 06’em JILL TOCTYITIOBO 30iIBIIYETHCS IO
60 Ipi3pocrae Ha 14 % Binm 1moyaTkoBoro 3HauyeHHs1. B pe-
3yJIBTATi BiIOYBAETHCS MOCTYIIOBE 3MEHIIIEHHS YIapHOTO
00’emy (YO) JII. YO npu aocsirnenHi CB/I 20 Ip 3Hu-
KyeThbes Ha 16 % Bin mouatkoBoro piBHs, rpu 40 [p — Ha
24 %, atipu 60Ip — Ha 31 %. ®paxuis Bukuay pu 20 Ip
3HUXKYeEThCst HAa 9 %, tipu 40 Ip — Ha 12 %, a ipu CBJ1,
60 Ip — Ha 23 %. 3MiHU 3a3HAYEHUX ITOKA3HUKIB CBiI-
4yaTh MPO 3HWXKEHHS cuctoniunol dyukmii JILL. Cmis-
BiIHOIIIEHHS IIBUAKOCTI paHHBLOTO i TMi3HLOTO Jiac-
tojiuHoro HamoBHeHHs1 JILL (E/A) npu 20 Ip 3HU-
xyerbest Ha 4 %, ipu 40 Ip — Ha 15 %, a ipu 60 Ip — Ha
18 % Bin moyaTKOBOro 3Ha4YeHHs, sike 0ys10 1o I1T [94].

Jo mi3Hix mpomeHeBux ymkoakeHb CCC BiTHOCITD
MporpecyBaHHs aTepOCKIepO3y, XPOHIUHUI TTepruKap-
JIUT, illleMiYHy XBOpoOy ceplisl, AedeKTU KiamaHiB,
MOpYLIEHHSI PUTMY Ta MOPOBIAHOCTI, apTepiajibHY

believed that RT causes an acute inflammatory condi-
tion in the capillaries, which leads to proliferation and
formation of blood clots and obstruction of the lumen
of the capillaries of the myocardium [92, 93].

In the early stages, a large number of cardiac
changes occur secretly and are diagnosed only with
the help of instrumental research methods. After the
end of RT in patients with breast cancer, which
includes irradiation of the chest wall, regional lymph
nodes, and the left parasternal region in the total
focal dose (TFC) of 40-50 Gy, a decrease in
myocardial contractility was found in 15 % of cases,
asymptomatic exudative pericarditis in 12 %, and a
significant increase in the frequency of changes in
the final part of the ventricular complex. After irra-
diation of the heart area during daily rhythm moni-
toring, it was found that both the total number of
single extrasystoles — from several dozen to several
hundred per day, and early extrasystoles — from sin-
gle episodes to several dozen per day significantly
increase in patients. Episodes of group extrasystoles
and asystoles that were absent before RT, then after
it was performed they were found in 54 % of patients.
This indicates the occurrence of electrical instability
of the irradiated myocardium and the risk of high-
gradation arrhythmias [14, 66, 91].

When studying the degree of changes in the sys-
tolic and diastolic function of the left ventricle dur-
ing RT, depending on the radiation dose, it was
found that as the radiation load increases, the indi-
cators of systolic and diastolic function of the left
ventricle (LV) decrease. Thus, when TFC-60 Gy is
reached the final diastolic volume of the LV decreas-
es by 20 % compared to the values up to RT. The
final systolic volume of the LV gradually increases to
60 Gy and increases by 14 % of the initial value.
As a result, there is a gradual decrease in the stroke
volume (SV) of the LV. SV decreases by 16 % from
the initial level when the TFD reaches 20 Gy, by 24 %
at 40 Gy, and by 31 % at 60 Gy. The ejection fraction
decreases by 9 % at 20 Gy, by 12 % at 40 Gy, and
when TFD 60 Gy by 23 %. Changes in these indica-
tors indicate a decrease in LV systolic function. The
ratio of the rate of early and late LV diastolic filling
(E/A) decreases by 4 % at 20 Gy, by 15 % at 40 Gy,
and by 18 % at 60 Gy from the initial value that was
before RT [94].

Late radiation injuries of the CVS include the pro-
gression of atherosclerosis, chronic pericarditis,
coronary heart disease, valve defects, rhythm and
conduction disorders, arterial hypertension, mainly
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TirepTeH3ilo, MepeBakHO MaJIoro Koja KpoBooOiry i B
NoAabIlIOMy — MPOrpPeCcyBaHHS XPOHIYHOI cepleBOi
HECTIPOMOXKHOCTI. 3MiHM, SIKi pO3BUBAIOTHCS B CTPYKTY-
pax cepus, MPU3BOISITh 0 MOTipIIEHHS SIKOCTi XKUTTS i
30iIbIIEHHS KiJIbKOCTi TOMEPAMX Bif iHpapKTy MioKap-
Ja, TOpPYIIeHb PUTMY, IO 3arpoXyIOThb KWUTTIO, i BU-
najakiB pantoBoi cMepTi [94—98].

ITicnsmpomMeHeBi MioKapaIuTH 3ycTpivyaroThes y 18—31
% Bumnankis micist [1T Ta BUHUKAIOTh Yepe3 30UTbIIeHHS
MPOHUKHOCTI APIOHUX CYAUH, 1110 IPU3BOAUTH A0 MTOPY-
LLIEHHS MiKpOUMPKYJISILIl B MioKap/i Ta IOJIETIIYE Mpo-
HUKHEHHS 10 KJIITUH SIK iH(eKIiHHUX areHTiB, TaK i aH-
TUTiN [66, 91, 99—101].

ITpu miarHOCTHLII MPOMEHEBUX YpaKeHb MiOKapay BU-
HMKAIOTh KJIiHiYHI TPYAHOILi, OCKiJIbKM HEMAa€ CIie-
HU(pIYHOT CUMIITOMATUKM i BOHM TIPOSIBISIIOTHCS B
pizHUX (hopMax, 3A€0iTBIIOT0 Y BUJISIAL MOPYIIEHb MPO-
LeciB penosspu3allii, IpPoBiAHOCTI 800 MioKapaiomnaTiii.
ITosgBa HeratmBHOI mnmHaMmiku 3 6oky CCC B mporeci
MpPOBEICHHS TIPOMEHEBOrO JiKyBaHHSI MOXe OyTH I0-
4aTKOBOIO 03HAKOIO MMPOMEHEBOI1 peakilii cepiis. Yac mo-
SIBM MEPBMHHUX O3HAK peakilii cepus i CyIuH Ha OIl-
pOMIHEHHS Pi3HMIA, aje 3a3BUYail Y XBOPUX BOHM 3’SIB-
JstoThes pu HabmkeHHi 1o CBJI onmpominenHs go 30
Ip. ITpu cymapHiii mo3i 6inbiie 40 Ip 3HUKEHHS CKOPOT-
JIMBO1 (PyHKIIiT Ma€ Oinblll BUpA3HUK i cTabiIbHUIA xa-
paxrep [54, 102, 103].

I1pu mpomMeHeBiit Teparllii 3J10SIKICHUX MyXJIWUH TPY/I-
HOI KJIITKWM OyJW BMSBJIEHi ejJeKTpokKapaiorpadivHi
3MiHM — y 42 % mnauieHTiB 3HaiAeHi MaToJaoriyHi
3MiHM 3yous T y niBuX rpyaHux BigBeaeHHsx. Ilato-
JIoTiuHi 3MiHM 3yOLs1 T HaityacTillle CmocTepiraloTbes B
nepiox Bim 60-ro 1o 150-ro nHa micas 3akiHyeHHs T1T.
binbmr Hix y 30 % BHIagKiB BOHU PO3BUBAIMCH BXE
nig yvac IIT. Hatipanimwuii mepion ctaHoBuB 18—19
IHiB TIpu 103i onpomiHeHHs 28—30 Ip. Panniit ¢izio-
Joriunuit epekt — nmogosxkeHHs QT y 88 %. [1pudaus-
HO yepe3 1 Mic. e epexT cTae cTabiabHUM, ajie yepes
6—12 Mic. MOXe 3HOBY IMPOSIBISITUCH B PE3YJIbTaTi
¢idposy cepug [102—104].

PanpiauifiHuii nmepukapauT € OJHIE€EID 3 OCHOBHUX
npobsem IIT paky MOJIOUHOI 3a703M, KOJAU BEIMKI
o0’emm cepusg (B T. 4. TepuKapja) 3a3HAIOTh OI-
poMiHeHHSs B 103i Oinbiie 40 Ip. YpaxkeHHs miepukap-
Jla MOXe MPOSIBASATUCH, IK TOCTPUM CUMIOTOMHUM €K-
CYIaTUBHUM IIEPUKAPIUTOM, TaK i 0€3CMMIITOMHOIO
TpaHCYJalli€lo B MOPOXHUHY NepuKapaa. loctpuii nepu-
KapauT cnioctepiraerbes y 10—15 % xBopux [105—108].
VY xBopux 3 pagioiHAYKOBaHUM MEPUKAPAUTOM iHTEP-
Baj Big IIT mo po3BUTKY CUMMOTOMIB pi3HUM i 3HAXO-
INUTHCS B MexXax 2—145 MicsiiiB, MOXXe BUHUKATHU 4e-

the small circle of blood circulation and further
progression of chronic cardiac failure. Changes
that develop in the structures of the heart lead to a
deterioration in the quality of life and an increase
in the number of deaths from myocardial infarc-
tion, life-threatening rhythm disorders, and sud-
den death [30, 94—98].

Post-radiation myocarditis occurs in 18—31 % of
cases after RT, which occur due to increased per-
meability of small vessels. This leads to a violation
of microcirculation in the myocardium, which
facilitates the penetration of both infectious agents
and antibodies to cells [66, 91, 99—101].

When diagnosing radiation lesions of the
myocardium, clinical difficulties arise, since it does
not have specific symptoms and they manifest them-
selves in various forms, mainly in the form of viola-
tions of repolarization, conduction or myocar-
diopathies. The appearance of negative dynamics
from cardiovascular system during radiation treat-
ment may be the initial sign of a radiation reaction of
the heart. The time of appearance of primary signs of
the reaction of the heart and blood vessels to radia-
tion varies, but usually in patients they appear when
TFD of radiation approaches to 30 Gy. With a total
dose of more than 40 Gy, the decrease in contractile
function is more pronounced and stable [102, 103].

During radiation therapy of malignant chest
tumors, electrocardiographic changes were detect-
ed: 42 % of patients had pathological changes in
the T wave in the left chest leads. Pathological
changes in the T wave are most often observed in
the period from the 60" to the 150™ day after the
end of RT. In more than 30 % of cases, they devel-
oped already during RT. The earliest period was
18—19 days with a radiation dose of 28—30 Gy.
Early physiological effect — prolongation of QT in
88 %. After about 1 month. this effect becomes sta-
ble, but after 6—12 months. It may reappear as a
result of cardiac fibrosis [102—104].

Radiation pericarditis is one of the main problems
of RT of breast cancer, when large volumes of the
heart (including the pericardium) are exposed to
radiation at a dose of more than 40 Gy. Pericardial
damage can be manifested by both acute sympto-
matic exudative pericarditis and asymptomatic tran-
sudation into the pericardial cavity. Acute pericardi-
tis is observed in 10—15 % of patients [105—108]. In
patients with radio-induced pericarditis, the interval
from RT to the development of symptoms varies and
is in the range of 2—145 months, it can occur after a
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pe3 JeKiJibka TUXHiB, ajle B OCHOBHOMY — B Iepioj
6—12 micsauis [109—101].

VY GinblIOCTI BUTAKiB 3aXBOPIOBAHHS PO3IOYMHAETHCS,
SIK eKCyTaTUBHMI TEpPUKApIUT, ajie TIPU MporpecyBaHHi
3aXBOPIOBAHHSI MOXJIMBUI PO3BUTOK XPOHIUHOIO ajre-
3UBHOTO MEePUKAPAUTY i KOHCTPUKTUBHOI popmu [109].
VYV mnaiieHTiB MOXe 3’IBUTHCH JIMXOMaHKa, TaxXiKapis,
OiIb B IPYIHIl KITITL, IITyM TEPTS TIepuKapaa Ta eJIeKTpo-
KapniorpadiuHi 3MiHM (YBITHYTi IMiABUILEHHS CETMEHTIB
ST, 3nmkeHHs amiutitya QRS). ITpu nosiBi BUTIOTY B 1T0-
POXHUHI MepuKapJa Ha peHTreHorpami rpymaHol KJIITKU
MOXKHa BUSIBUTH KapaioMeraiito. Bumit moxe OyTu cepo3s-
HUM ab0 reMopariyHviM, 3 HACTYITHUM YTBOPEHHSIM (Pi0-
puHoBMX crnaiiok [49, 110]. ITi3Hiit XxpoHiYHMI epuKap-
muT BUHUKAE y 4—20 % mnauieHTiB B mpoaoBx 10 pokiB
micjisg onmpoMiHeHHs. BigmiueHo, 110 XpOHiYHMI Iepu-
KapauT YacTillle 3yCTPiuaeThcs B 0Ci0, y IKUX OyB BUIIIT B
MOPOXKHUHY NeprKapaa min yac roctpoi gazu [49].

OnpoMiHeHHSI TPU3BOAUTH N[O 3HMKEHHS €JaCcTUY-
HOCTi MioKapja, BHACJiOK BMHMKAIOUOl IaTOJOTii
KamiJisipiB, ileMii Miokapnaa, 3 MOCHiAylOUuM YTBOPEH-
HSIM BOTHMUILIEBOrO abo AU¢py3HOro iHTEPCTULIIATLHOTO
¢ibpo3y 0e3 peaxilii 3armayieHHs. 3a3Ha4YeHi 3MiHU TTPU3-
BOASATH OO TIOPYIIEHHS CUCTOJIIYHOI Ta miacTOJIiYHOI
(yHkuii. BrpaTta Miokapaa BUKIJIMKAaE aKTHMBAlLilO
pPeHiH-aHTI0TEH3UH-AIbAOCTEPOHOBOI 1 CHMMMATOAIpe-
HAJIOBOI CHCTEM, IO CIIPUSIE IPOrPeCyBaHHIO pPEeMOJe-
moBanHg JIIII Ta mpu3BoAuTbL O PO3BUTKY KIiHIKU
TSIKKOI CeplieBOi HeIOCTaTHOCTi. BcTaHoBieHO, IO
pECTPUKTHBHA KapAioMiomnaTisl BUHMKAE ITiCIST OII-
pPOMiHEHHSI Y BMCOKMX O03aX, TOHdi $IK OuJjsTaliiiHa
KapIiomionaTisl € HacJliIKOM 3arajbHoi Jii XimioTeparii
a"TpauukitiHamu i ITT [107, 110—112].

VYpaxkeHHs KjallaHiB € JOCUTh YaCTUM Mi3HIM YCKJIa-
HeHHsIM ITT, ke TposIBASIETBCS 3a JaHUMM Pi3HUX aB-
TopiB Y 6—31 % mallieHTiB, y SKUX OyJI0 IIPOBEACHO OIl-
poMiHeHHs cepenocTiHns [42, 101, 113—115]. B cepenHb-
OMY PM3MK ypaxeHHs KJ1anaHiB cepug micis ITT y 34 pa-
3M MEPEBUIIYE PU3NK PO3BUTKY YpaKeHHs KJIallaHiB B 3a-
TaJIbHIM TIOMYJISLIT i B PsIAi BUTIAAKiB MOEAHYETHCS 3 ypa-
KEHHSIM KopoHapHUX apTepiit [116—118]. [TokasaHo, 1110
MaTOJIOTiYHI 3MiHU TMepeBaKHO BUHUKAIOTh Y MiTpaabHO-
My i aoprajibHOMY KianaHax [57, 101, 118, 119]. Xapak-
TepHUMU € $iOpo3 i KanmblMdiKallisi KOpeHsl a0pTH, CTy-
JIOK aopTaJIbHOTO KJamnaHa, (idpo3HOro Kijblisl, 60a3aib-
HUX i cepeHiX BilIiJTiB CTYJIOK MiTpajbHOTO KJlaraHa, 1o
JIa€ MOXKJIMBICTb BiAPI3HUTHU IiCASITPOMEHEBI Balu MiT-
paJbHOTO KJlallaHa Bij peBMaTuuHuX [26]. KnamanHi ypa-
JKEHHSI BHACIiIOK OMPOMiHEHHSI MOXYTb BapiloBaTUCh
BiIl HE3HAYHOTO OE3CHMITTOMHOTO J0 TSLKKOTO YPasKeHHS
Y BUIJISII CTEHO3Y Y1 HEAOCTATHOCTI 3 TIOPYIICHHSIMU T'e-

few weeks, but mostly we are talking about a period
of 6—12 months [109—101].

In most cases, the disease begins as exudative
pericarditis, but with the progression of the disease,
chronic adhesive pericarditis and a constrictive
form may develop [109]. Patients may experience
fever, tachycardia, chest pain, pericardial friction
rub, and electrocardiographic changes (concave ST
segment elevations, decreased QRS amplitude). If
an effusion appears in the pericardial cavity, a chest
X-ray can detect cardiomegaly. The effusion can be
serous or hemorrhagic, followed by the formation
of fibrin adhesions [49, 110]. Late chronic peri-
carditis occurs in 4—20 % of patients within 10
years after radiation exposure. It has been noted
that chronic pericarditis is more common in indi-
viduals who have had an effusion into the pericar-
dial cavity during the acute phase [49].

Radiation exposure leads to a decrease in the
elasticity of the myocardium, due to the resulting
capillary pathology, myocardial ischemia, followed
by the formation of focal or diffuse interstitial
fibrosis without an inflammatory reaction. These
changes lead to impaired systolic and diastolic
function. Myocardial loss causes activation of the
renin-angiotensin-aldosterone and sympathoad-
renal systems, which contributes to the progression
of LV remodeling and leads to the development of
symptoms of severe cardiac failure. It is established
that restrictive cardiomyopathy occurs after high-
dose radiation, while dilated cardiomyopathy is a
consequence of the overall effect of anthracycline
chemotherapy and RT [107, 110—112].

Valve damage is a fairly common late complica-
tion of RT, which manifests itself according to
various authors in 6—31 % of patients who have
been exposed to mediastinal irradiation [42, 101,
113—115]. On average, the risk of heart valve
damage after RT is 34 times higher than the risk
of valve damage in the general population, in
some cases it is combined with coronary artery
damage [116—118]. It has been shown that main-
ly pathological changes occur in the mitral and
aortic valves [57, 101, 118, 119]. Fibrosis and cal-
cification of the aortic root, aortic valve leaves,
fibrous ring, basal and middle parts of the mitral
valve leaves are characteristic, which makes it
possible to distinguish post-radiational mitral
valve defects from rheumatic ones [26]. Valvular
lesions due to radiation exposure can range from
minor asymptomatic to severe lesions in the form

71 ®



ornsaaosi CTATTI

ISSN 2304-8336. [Npobnemu pagiaviiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

MoOJVHaMiKu. be3cMMIITOMHUI TTepedir CrocTepira€Th-
cay 70 % mauieHTiB i TpuBae 61m3bKO 11,5 poky. SIBHI
KJIiHIYHI CUMIITOMM KJanaHHOI OTUChYHKLII BUMHUKA-
10Th 4yepe3 16,5 poky, ToOTO MporpecyBaHHSI Y CUMII-
TOMHUIA MepioJ TpUBae OJM3bKO 5 pokiB [26, 42, 112].

PesynsraroM npoBenerHs I1T gocuTh 9acTo € mopy-
LIIEHHS Y MPOBiIHIl cucTeMi, cepell SKUX 3yCTPiuaeThb-
cg Omokamu HiXOK myyka [ica (uyactinre mpaBoi B
3B’3KY 3 (DPOHTAJILHUM MOJOXEHHSIM IPaBOro IUIy-
HOYKa i OUIbIIOI EKCITO3MIIIE€I0 10HI3yI0UOIro BUI-
POMiHIOBaHHS caMe Ha IIPaBUii IIUIYHOYOK), IIJTyHOY-
KOBa €KCTPACHUCTOJIisl, aTPEOBEHTPUKYISIPHi OJIOKaIu,
CUHJIIPOM CJIaOKOCTi CUHYCOBOTO BY3J1a, MOJOBXKEHHS
QTc, cynpaBeHTpUKYJISIPHI TaxikKap/il i pialie — HuTy-
HoukoBi Taxikapzii. Ilig giero pamioTeparii, MOXJIM-
BUi1 pO3BUTOK AUCPYHKIIIT aBTOHOMHOI HEPBOBOI CHC-
TeMU, LIO0 MPOSIBISETHCS TaXiKapAi€ro, BTPATOIO LIMUP-
KamHocTi cepueBoro putmy [101, 112, 120]. I1pu BuB-
YeHHi paHHIX IiCASIIPOMEHEBUX IOPYILIEHb PUTMY
ceplisd BCTAHOBJIEHO, 1110 Ticas 3aBepiieHHs [1T 30i1b-
LIYETbCS KilbKicTh mooauHokux ekctpacucton (EC)
Ha 100y, K HaOIUTYHOUYKOBUX (OibII HiX y 5 pasiB),
TaK i mryHouykoBuX (y 18—20 pasiB). 30ibIIIEeHHS OC-
TaHHIX € OiUTBII 3HAYHUM, IO CBiIYUTH TPO TepeBary
HeratuBHOI Aii IB Ha Mmiokapn nutyHoukiB. I1T iHgykye
y 52 % xBopux Ha PM3 3 1iB0oOIYHOIO J0OKaIi3ali€io
nosiBy rpynosux EC, Ginbllia yacTuHA IKUX TIPEACTAB-
JleHa nmapHumu nuryHoukosumu EC [121, 122].

Y po3BuTKy imemiuHoi xsopoou cepiist (IXC) micns
ITT, creHO3U KOpPOHApHUX apTepiii MOXYTh OyTHU OOY-
MOBJIeHI, KpiM (pOpMYBaHHSI aTepOMAaTO3HUX OJISIIIOK,
npoJtipepalli€lo iHTUMM Ta 1i TTOLIKOMKEHHSIM, MPOJTi-
depauieo ¢idbpobaactiB, BiAKIaAEHHSIM KoOJareHy i
(dopMyBaHHSIM OOCTPYKTUBHOIO YpaXKe€HHsI KOPOHAPHOL
aprepii. IIpu ricronoriyHOMy HOCHIIXKEHHI MaTepialy
KOpOHApHUX apTepiii MokazaHo, 10 (OpMyBaHHS
OJISIIIKM Y TallieHTIB, KoTpi nepeHecau I1T, cxoxe 3 Ta-
KUM, SIK IIpM PO3BHUTKY CIIOHTAHHOIO aTE€POCKIICPO3Y,
ajie B CTPYKTYpi Oky (piOpo3Hi KOMITOHEHTH TTepeBa-
JKaroTh TMOpPiBHAHO 3 JimigHuMu [123]. Tlpu ompomi-
HEHHi JIiBOI MOJIOYHOI 31031 HAMOiIbII YacTO Biady-
BA€ETHCS YpaXKEHHSI MepeaIHbOI HU3XiTHOI TiJIKK i CTOBOY-
pa 1iBoi KopoHapHoi apTepii [124—127]. Pusuk po3BuT-
Ky IXC, iHOyKoBaHOI pamioTepalli€lo, MigBUILYETbCS Y
MAlliEHTIB, 1110 MAIOTh TPAAULIiHI (DaKTOPU PU3NKY BU-
HUKHEHHSI CeplIeBO-CYIMHHMX 3aXBOPIOBaHb. Bucoka
BipOTiTHICTh pO3BUTKY 0Oe300mm0BuXx (dopMm IXC, gxa
MpeBajIoe Hal (popMaMu 3 KJIaCUYHUMU CUMITOMaMU
IXC [128, 129]. Lle Moxke OyTH 0OYyMOBJIEHO HEHPOTOK-
cuyHicTio ITT, sika mpu3BOAUTH 10 3HUXKEHHST 00JIbOBO-
ro nopory. PamnroBa cepueBa cMepThb y ONpPOMiHEHHUX

of stenosis or insufficiency with hemodynamic dis-
orders. Obvious clinical symptoms of valvular dys-
function occur after 16.5 years, i. €. progression
during the symptom period lasts about 5 years [26,
42, 112].

The result of RT is quite often a violation in the
conducting system, among which there are blockades
of the bundle branch legs (more often the right one
due to the frontal position of the right ventricle and
greater exposure to ionizing radiation, namely on the
right ventricle), ventricular extrasystole, atrioventric-
ular blockades, sinus node weakness syndrome, QTc
prolongation, supraventricular tachycardia and less
often interventricular tachycardia. Under the influ-
ence of radiotherapy, it is possible to develop dys-
function of the autonomic nervous system, manifest-
ed by tachycardia, loss of circadicity of the heart
rhythm [101, 112, 120]. When studying early post-
radiation cardiac arrhythmias, it was found that after
the completion of RT, the number of single extrasys-
toles (ES) per day increases, both supraventricular
(more than 5 times) and ventricular (18—20 times).
The increase of the last ones is more significant,
which indicates a preference for the negative effect of
IR on the ventricular myocardium. RT induces the
appearance of group of ES in 52 % of breast cancer
patients with left-sided localization, most of which
are represented by paired ventricular ES [121, 122].

In the development of coronary heart disease
(CHD) after RT, coronary artery stenosis can be
caused, in addition to the formation of atheroma-
tous plaques, the proliferation of intima and its dam-
age, fibroblast proliferation, collagen deposition and
the formation of obstructive coronary artery dam-
age. Histological examination of the coronary artery
material showed that plaque formation in patients
who have undergone RT is similar to that in the
development of spontaneous atherosclerosis, but in
the plaque structure, fibrous components predomi-
nate in comparison with lipid components [123].
When the left breast is irradiated, the anterior
descending branch and trunk of the left coronary
artery are most often affected [124—127]. The risk of
development of CHD caused by radiotherapy
increases in patients with traditional risk factors for
cardiovascular diseases. There is a high probability of
developing pain-free forms of CHD, which prevails
over forms with classic CHD symptoms [128, 129].
This may be due to the neurotoxicity of RT, which
leads to a decrease in the pain threshold. Sudden
cardiac death in irradiated patients is associated with
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XBOPHX TTOB’s13aHa 3 11 (y3HOIO TilepIriasieto iHTUMU yCiX
KOPOHApHUX apTepiii abo 3HAYHMM CTEHO30M CTOBOypa
JIiBoi KopoHapHoi apTepii [123, 130, 131].

IIT nmom’s3aHa 3 PO3BUTKOM HedaTaJbHUX HACHTIIKiB
(iHdapKT Miokapaa, XpOHiUHa ileMis Miokapjaa), KOTpi
MPU3BOAATH 10 3HIKEHHSI SIKOCTI XXUTTSI, EKOHOMIYHMX
3aTpaT Ha JIiKyBaHHS i B HOAAJbIIOMY — ITiIBUILIEHOTO
pU3UKy cMepTHOCTi. Tak, aHami3 3aXBOPIOBAHOCTI TTOKa-
3aB, IO CEpel IMalliEHTOK 3 JIiBOOIYHOIO JIOKaTi3alli€ro
PM3, nopiBHSgHO 3 MpaBOOiYHOIO, CYTTEBO 4YacCTillle
sycrpivanuch IXC (25 % nportu 10 %) ta HedaTanbHUIA
iH(papkT Miokapaa (15 % npotu 5 %). Sk cBimyaTh crioc-
TepeKEHHsI, HU3bKa [103a OIPOMIHEHHSI HE TrapaHTYyeE
HaJiHOro 3aXMCTy Bil MiCASIIPOMEHEBOI CeplLEeBOl Ia-
tojorii [132]. B ogHOMY 3i IIBeICHKMX IOCIIIKEeHb, B
skoMy Opanu ydactb 90 000 maiieHTOK, pU3MK CMEepTi
Big PM3 GyB 0HAKOBUI1 y >KiHOK 3i 3JT0SKiCHUMU HOBO-
YTBOpPEHHSIMU mpaBoi i 1iBoi M 3. IIpote cMepTHICTh Bif,
CC3 0Oyna BHUIIOIO Y XXiHOK 3 JIIBOOIYHUMU ITyXJIMHAMU.
B niepii 10 pokiB miciist BCTAHOBIEHHS IiarHO3Y TOJIO-
BUHA XiHOK, SIKi Opajii y4acTb Y TOCiIXKEeHHI, IToMupa-
qm Big CC3, 3okpeMa Bin IXC. Yepes 10 pokiB crioc-
Tepiraaud 301UIbLIEHHSI CMEPTHOCTI Bil CepLeBO-CyIUH-
HOI TTaTOJIOTi1 TTicJIst OTIPOMiHEHHS 3 TIPUBOIY JiBOOIUHOL
Jokautizauii myxauHu 10 60 % i mpaBoGiYHOI MyXJIMHU 10
20 % . Inii gocmimKkeHHs TaKoX MiATBEPAMIN TaKi pe-
3ynbratu |36, 49, 133].

BUCHOBKHA

ITicngonepauiitna ITT € HeBia’€éMHOIO YaCTUHOIO KOMI-
JIEKCHOTO Trimxomy no ygikyBanHg PM3. Bona mae Mox-
JIMBICTh 3MEHILIUTHU YaCTOTY MiCLIEBUX PELIMAMBIB i IMOK-
palluMTU TOKa3HMKM 3arajbHOi BMXXKMBAHOCTi. AJe
pafialiifHO-iHAYKOBaHi 3aXBOPIOBAHHS CEpLs Yy Ialli-
€HTOK KOTpi Oy BUJTIKyBaHi Bix PM3 BKII0YaIOTh IIN-
POKMIA CIIEKTp KapJioJoriyHoi MaTojorii, cepes sSIKOTO
OMMcaHi 3aXBOPIOBAaHHSI KOPOHAPHUX apTepiil, Auc-
¢yHKIIig MioKapaa, 3aXBOPIOBaHHS MepuKapaa, Kapaio-
TaTis, TopyieHHs GyHKIIii KJIamaHiB, TOPYIIEHHS PUT-
My cepiisd Touro. OnMpoMiHEHHST € He3aleXXHUM (PaKTo-
POM KapioBacKyJSIpHOIO PU3MKY y MAIiEHTOK 3 OHKO-
JIOTIYHMMMU 3aXBOPIOBaHHSIMU M3 i 3 yacom Lieil pu3nK
MOXKe 3011b1IyBaTUCh, OCOOJIMBO y BUIAAKaX MPUETHAH-
H$I CyIyTHBOI natoJiorii. [lamieHTr moBUHHI OyTH ToTe-
pemxeHi ctocoBHO MoxumBoro BruBy IIT na CCC i
npy MOSIBi CUMOTOMIB iH(OPMYBATH JIiKYIOUOTO JIiKapsl.
PizHOMAHITTSl KJIiHIYHUX TPOSIBIB KapAiOTOKCUYHOCTI,
yacTO Ma€ JOBIMil Tepiol TpUXOBAHOIO Mepediry, a
MPOTPECYIOUUI XapaKTep 3aXBOPIOBAHHS MOTpPeOye He-
00XiIHOCTi paHHBOTO i TPUBAJIOTrO AMHAMIYHOIO COCTE-
peXeHHs 3a mauieHTamu, Kotpi orpuManu IIT. ITicus-

diffuse intima hyperplasia of all coronary arteries
or significant stenosis of the left coronary artery
trunk [123, 130, 131].

RT is associated with the development of non-
fatal consequences (myocardial infarction, chronic
myocardial ischemia), which lead to a decrease in
the quality of life, economic costs for treatment and
an increased risk of further mortality. Thus, the
analysis of morbidity showed that among patients
with left-sided localization of breast cancer, com-
pared with right-sided, CHD (25 % vs. 10 %) and
non-fatal myocardial infarction (15 % vs. 5 %) were
significantly more common. As evidenced the ob-
servation that a low radiation dose does not guaran-
tee reliable protection against post-radiation car-
diac pathology [37, 132]. In one Swedish study in-
volving 90,000 patients, the risk of death from breast
cancer was the same in women with malignancies of
the right and left breast. However CVD mortality
was higher in women with left-sided tumors. In the
first 10 years after diagnosis, half of the women who
participated in the study died from CVD, especially
CHD. After 10 years, there was an increase in mor-
tality from cardiovascular pathology after radiation
exposure for left-sided tumor localization up to 60
% and right-sided tumor up to 20 %. Other studies
have also confirmed these results |36, 49, 133].

CONCLUSIONS

Postoperative RT is an integral part of a complex
approach to breast cancer treatment. It makes it
possible to reduce the frequency of local relapses
and improve overall survival rates. However radia-
tion-induced heart diseases in patients who have
been cured of breast cancer include a wide range of
cardiological pathologies. Among which diseases
of the coronary arteries diseases, myocardial dys-
function, pericardial diseases, cardiopathy, valve
dysfunction, heart rhythm disorders, etc. are
described. Radiation exposure is an independent
factor of cardiovascular development in patients
with breast cancer, and this risk may increase over
time, especially in cases of concomitant pathology.
Patients should be warned about the possible
effects of RT on CVS and inform their attending
physician if symptoms occur. The variety of clini-
cal manifestations of cardiotoxicity, which often
has a long period of latent course and a progressive
nature of the disease, requires the need for early
and long-term dynamic monitoring of patients
who have received RT. Post-radiation damage to
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MPOMEHEBI YIIKOMXKEHHSI HOpMaJlbHUX TKAHUH MOXYTb
MPOTIKaTU HE MEHII TSIXKO, HiXK OCHOBHE 3aXBOPIOBaH-
H. YciMm natieHTaM, gki rieperdecnu [1T 3 mpuBoaxy PM3
MOKa3aHO IOXUTTEBE CIIOCTEPEXKEHHSI, SIKe ITOBMHHO
BKJIIOYATH TIepioJryHe OOCTEXEHHSI Ha HasBHICTh cep-
1eBoi naroJiorii. JlaHe o0cTeXXeHHsI TOTPiOHO MPOBOAU-
TU HE Mi3Hillle 5 POKiB ITic/Isl ONPOMiHEHHSI, HABiTh Y BU-
najgkKax BiICYTHOCTI pafialliifHOro ypaxkeHHs cepls
MAali€HTIB IOBUHEH CITIOCTEPiraTy KapIiosior Ijisd HalaH-
HSI CBOEYACHOI TOTTOMOTH.
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normal tissues can be no less severe than the
underlying disease. All patients who have under-
gone RT for breast cancer are indicated for lifelong
follow-up, which should include periodic exami-
nation for the presence of cardiac pathology. This
examination should be carried out no later than 5
years after radiation exposure, even in cases where
there is no radiation damage to the heart, patients
should be monitored by a cardiologist to provide
timely assistance.
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