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The review is devoted to the current issues of radiation-induced cardiovascular complications, their diagnostics and
incidence depending on the radiation doses and exposure regimens, potential efficiency of the screening strategies
for cardiotoxicity monitoring after radiotherapy in cancer patients by analyzing the data from literature and clini-
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BCTYII

Leit orasnm NMpUCBSIYEHMM CcydacHUM MpoOJieMaM
panialiiHO-iHAYKOBAHUX CEpPLEBO-CYIUHHUX 3aX-
BopioBaHb (CC3) — ix giarHOCTUIIi, YACTOTi BUHUK-
HEHHS 3aJIeXKHO BiZl 103 Ta peXHWMiB ONMPOMiHEHHH,
NOTEHUilHil e(pEeKTUBHOCTI CKPUHIHTOBUX CTpa-
Terid MOHITOPUHTIY KapAiOTOKCUYHOCTI IIiCJsl Mpo-
meHeBoi Tepamii (IIT) mauieHTiB, XBOpMX Ha pak,
pekoMeHaaliil €BporeiichbKoro ToBapucTBa Kapio-
JIOTiB Ta €BPOIICCHKOTO TOBAPUCTBA MEIUUYHUX OH-
KoJioriB [1].

ITpomeneBa Tepartisi € Ay»Ke BasKJIMBOIO CKJIAAOBOIO JIiKYy-
BaHHS paKy Ta IMOKpalllye BUXKMBAaHHSI ITPU 0araTboX OHKO-
JIOTIYHUX 3aXBOPOBaHHsX. OMPOMiIHEHHST CepelOCTiHHS 3
BUKOPHUCTAaHHSIM BMCOKHUX 03 IIpM MediaCTUHAJIbHUX
niMdomax, paky rpyaHoi 3ano3u (PI'3), paky jereHiB i crpa-
BOXOIY MOXe IPOBOKYBaTM PO3BUTOK MPOMEHEBO-ACOLLi-
MOBaHMX ypaxkeHb CepIlsl, PU3UK BUHUKHCHHS SIKHX ITiTBH-
LLYETHCS 3 BAKOpUCTaHHSIM ogHo4acHo ITT Ta ximioTepartii.

IIporpec MmeauuHOI HAyKW Ta HOBITHI TEXHOJIOT1 TTOK-
paIIN IIPOTHO3 OHKOJIOTIYHMUX XBOPUX. PazoM 3 TuM y
BigmajieHoOMYy Iepioi y MeBHOI YaCTUHU MALli€EHTIB MPO-
ABASTIOThCS ceplieBo-cynuHHi (CC) ycKmagHeHHS, iHIy-
koBani I1T. ¥ xBopux Ha aimdpomy Xomxkkina (JIX) Ta
PI'3 CC3 € HaiibinbII MOMMPEHO HEOHKOJOTIYHOIO
npuurHoI cMepTi [2—4]. ITi3Hi edpekTH ompoMiHEHHS
3/1€01JIBILIOTO MPOSBIIIOTHCS B Iepiof Bin 3 1o 29 pokiB
nicas I1T [4—6]. CyyacHi MeToAy 3i 3HVXKEHHSIM 034 i
3MEHIICHHSIM TI0JIs1 ONPOMiHEHHST JEMOHCTPYIOTh 0e3-
neyHictb [1T 6e3 30i/1blIeHHS peUMANBIB OHKOJIOTIYHO-
ro 3axBopioBaHHs [7]. OmHaK HE3PO3yMiNo, Y1 TaKi Me-
TOOU 3HMXKYIOTH pu3uK TMi3Hix CC ycknanHeHb I1T, un
MPOCTO BiATEPMiHOBYIOTb iX MoYaTok. Jjisl BU3HAYEHHS
OCTAaTOYHOTO aJITOPUTMY HEOOXiTHUM € paHHE BUSIB-
JIEHHSI 1 TpUBaJUi MOHITOPUHI paaialliiiHO-iHAYKOBa-
Hux CC3.

Yactota BUHUKHeHHs CC3 nicna MT
Yucnenni nocnimkeHHs mokas3anu, 1o CC yckinamgHeH-
Hs — HaWOIIBII MOIIMpPEeHa MpUYMHA CMEPTi y Binmgane-
Huil niepion micas ITT. ITpu upomy ypaxkeHHs, iHIYKO-
BaHi ONPOMiHEHHSIM, MOTEHLIIHHO MOXXYTh PO3BUHYTUCH
y Oydb-sIKOMY Bifgiii ceplss — KOPOHApHUX apTepisix
(KA), xnmanaHax, mepukapii, i MposIBAsITUCS 3aCTiliHOIO0
cepueBolo HemoctatHicTio (CH), mopyleHHsIMUA pUTMY
Ta MPOBiIHOCTI, PalTOBOIO CEepLEeBOIO cMmepTio [5, 8-10].
Buxonsau 3 mporo, paHHs ineHTHdIKAIliS MTOTSHIIIMHNIX
cepueBux yckinanHeHb micas [T Mae BupilnanbHe 3Ha-
YeHHSI JJ1s1 OHKOJIOTiYHUX MaLli€HTIB.

Jlimpoma XoakkiHa — OAWH 3 HAMOLBII MOIIMPEHUX
BUJIIB paKy y MOJIOJIOMY Billi, 3 piYHOIO YaCTOTOIO IPUO-

INTRODUCTION

This review is dedicated to the current issues of
radiation-induced cardiovascular diseases (CVD),
their diagnostics and incidence depending on the
radiation doses and exposure regimens, potential
efficiency of the screening strategies for cardiotox-
icity monitoring after radiotherapy (RT) in cancer
patients by analyzing the data from literature and
clinical trials, based on recommendations of
European Society of Cardiology and European
Society of Medical Oncology. [1].

Radiation therapy is important part of antitumor
treatment and improves survival in patients with
different cancer localizations. Mediastinal radia-
tion with high doses used in lymphomas, breast
cancer (BC), lung cancer and esophageal cancer
can provoke radiation-induced cardiac complica-
tions, and their risk increases in combination of
radiation and chemotherapy.

Advances in medical science and emergent tech-
nologies have resulted in an increased survival of
the cancer patients. However, in some patients
radiation-associated CV complications developed
in the long term period. CVD is the most common
non-oncological cause of death in Hodgkin’s lym-
phoma (HL) and breast cancer (BC) patients [2—4].
Late radiation effects mostly occur in the period
from 3 to 29 years after RT [4—6] Modern RT tech-
nics featuring dose reduction and radiation field
restriction provide enough safety with no cancer
recurrence [7]. However, it is not clear whether the
risk of RT late complications is decreased or their
onset is simply delayed through the use of such
methods. Early detection and long-term monitor-
ing of the radiation-induced CVD are required to
determine the appropriate algorithm.

Incidence of radiation-induced CVD
Numerous studies have shown that CVD is the
most common cause of death in a long-term peri-
od after the RT. At the same time, the radiation-
induced lesions can potentially emerge in any part
of the heart, e.g. in coronary arteries, valves, peri-
cardium and may manifest as a congestive heart
failure (HF), rhythm and conductivity disorders,
and sudden cardiac death [5,8-10]. Based on this,
the awareness and early identification of the
potential cardiac complications is crucial for can-
cer patients.

The Hodgkin’s lymphoma is one of the most
common cancers at a young age, with an annual
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Ju3Ho 3 Ha 100 000 [2]. B ocTtaHHiI poKM paHHS CTamis
JIX 31e6inbl10r0 BUIIKOBHA, KOEe(illiEHT BUXKMBAHOCTI
HabmmKaeTbes 10 95 %, 3arajibHa I’ITUpiYHA BUKMBA-
HicTb cTaHoBUTH 85 % mipu cydacHiii I1T i ximiorepanii,
1110 3aCTOCOBYIOThCSI 200 OKpemo, abo B koMOiHarii [11].
I Ha HeraTMBHMIA ITPOTHO3, KPiM MOBTOPHMX BUITAIKIB pa-
Ky, BrmBatoTh Mi3Hi CC ycknmagHeHHs, ooymosieHi 1T, a
came: MPUCKOPEHUI PO3BUTOK illIEeMiYHOI XBOPOOU ceplist
(IXC) i HaWTSKUMIA Ti TPOSIB — TOCTPUIA iH(bapKT MioKap-
na [2, 12]. BinHocHuii pu3uk CC cMEpTHOCTI cepel LInX
MAali€HTIB 30iMbITyeThCs Bix 2,2 mo 12,7 pa3a, abcomoT-
HUI pU3UK CTAHOBUTH Bin 9,3 mo Oinbir Hixx 28 Ha 10 000
NauieHTo-poKiB crioctepexxeHHs [2, 7, 13]. B psni mo-
CJIiIKeHb MOKa3aHo, 110 poMeHeBo-iHaykoBaHi CC3 €
OCHOBHOIO TIPUYMHOIO HENYXJIMHHOI CMEPTHOCTI Talli-
enTiB 3 JIX, a Ha CC cMepTh NpUNaga€ a0 TPETUHU BU-
nanakis [14].

IHTerpanpHMii MOKa3HMK 3aXBOPIOBAHOCTI Ha IIPO-
MmeHeBo-iHaykoBaHi CC3 y mepuri 10 poxkiB mmicis JIiKy-
BaHHs Bapitoe Binx 10 % no 30 %, a HasIBHICTb aCUMII-
TOMHUX MOpYIIeHb QYHKIIIi cepiist nocsrae 88 % [15].
Kinbka pocnigxeHb mokazaau 3Ha4YHE 3POCTaHHS
CC3 y gosrorpuBaiiii mepcrnektusi [2, 6, 13], moTpe-
6a B mryHTyBaHHi KA (AKII) 36inburyBanace B 3,2 pa-
3a, CTeHTyBaHHi — B 1,6 pa3a, iMI1aHTalii KapaioBep-
Tepa-gedidbpuisiTopa adbo Kapaioctumyiastopa B 1,9
pasa, xipyprii nepukapaa B 12,9 paza. 3araiom 4acro-
Ta paITOBOI CeplieBOi CMePTi 30iabIyBaach B 4,9 pa-
3a [13].

Pak I'3 € HalinomypeHilIuM OHKOJOTIYHUM 3aXBOPIO-
BaHHSIM, 3a JaHUMU OOCHiIXEHb, MOT0 1iarHOCTYIOTh
MPOTSITOM KUTTS Yy OJHIi€T 3 BOChbMU KiHOK [16]. I1T BuKO-
PUCTOBYETBCS Y CTAaHAAPTI JIIKYBaHHS paHHBOI CTalii paKky
I'3, npu uboMy I’ ITUPIYHE BUXKUBAHHSI ITPU JIIKyBaHHI Ha
paHHIX cTamisix XBOpoOu cTaHOBUTh 95 % [16]. Y Hai16ib-
1IoMy MeTa-aHali3i 3 BuBYeHHs BIiuBy I1T mocaigHub-
koto rpynoto «Early Breast Cancer Trialists» mpoaHasizo-
BaHa 3aXBOPIOBAHICTb HA paK i CMEPTHICThb Bil iHILIMX
npuuuH [17]. Le pocaigkeHHs mokKasajio, 110 3a BilcyT-
HOCTi Oyb-sIKO1 cMepTHOCTI Bin paky '3, 20-piuHa BUXKU-
BaHicTh craHoBMIA 69,5 % y rpymi 3 [1T, mopiBHstHO 3 73,8
% y KOHTpPOJbHil rpymi. Xoua an’toBaHtHa [1T 3MeHIM-
Jla piyHy cMmepTHicTh Bim paky I3 nHa 13 %, piuHa
CMEPTHICTD BiJl iHIIMX MpUYrH Oysa Oiabine Ha 21 % [18].

3HauHe 30inbiieHHs cMepTHOCTI Bix CC3 micag 1T
crocTepiraaoch y nauieHTox 3 HasgBHicTi0O CC (akTopiB
pU3MKY, 30KpeMa majiHHs [19]. IcHyIOThH cymepeunusi
JaHi MO0 MiABUILIEHOTO PU3MKY YpaXkeHb CepLIs ITiCs
IIT y xBopux 3 1iBO- Ta MIPaBOCTOPOHHIM pakoMm ['3. Tak,
Correa 3i cmiBaBT. [20] mpoBeau peTPOCIEKTUBHUMI
aHaJli3 MeIUYHOI JOoKyMeHTalii 961 malieHTKu, 3 IKUX

incidence of about 3 per 100,000 [2]. In recent
years, the early stage of HL is mostly curable, the
survival rate reaches up to 95 %, overall five-year
survival rate is 85 % due to the advanced RT and
chemotherapy either alone or in combination [11].
Additionally, to cancer recurrence, late radiation-
associated CV events impact poor surveillance:
accelerating incidence of coronary artery disease
and the most serious its complication — acute
myocardial infarction [2, 12]. The relative risk (RR)
of cardiovascular mortality increases from 2.2 to
12.7, and the absolute risk (AER) ranges from 9.3 to
more than 28 per 10,000 person-years of the follow-
up [2, 7, 13]. Several studies have shown that the
radiation-induced CVD is a leading cause of non-
cancer mortality in HL patients, and CV death
accounting for the one-third of all death cases [14].

The integrated incidence of radiation-induced
CVD varies from 10 % to 30 % in the first 10 years
after treatment, and the frequency of asympto-
matic heart disorders reaches 88 % [15]. Several
studies have demonstrated a significant increase in
CVD incidence in the long run period [2, 6, 13],
the necessity in coronary artery bypass grafting
(CABG) has 3.2-fold increase, stenting — 1.6-
fold, cardioverter-defibrillator or pacemaker
implantation — 1.9-fold, 12.9-fold — in pericardial
surgery. The overall incidence of sudden cardiac
death had 4.9-fold increase [13].

BC is the most common cancer and is diagnosed
in one in eight women during the life according to
the trails [16]. RT is the standard option in the
early-stage BC treatment, a five-year survival at
that in early-stage treatment is 95% [16]. The col-
laborative group «Early Breast Cancer Trialists»
has conducted the largest meta-analysis of RT
effects accounting the cancer incidence and mor-
tality from other causes [17]. The study showed a
20-year survival rate of 69.5 % in RT group com-
pared with 73.8 % in control group in the absence
of any BC mortality. Although the adjuvant RT
resulted in a reduced annual BC mortality by 13
%, the annual mortality from other causes was
higher by 21 %. [18].

A significant increase in CVD mortality after RT
was in patients with additional risk factors, includ-
ing smoking [19]. There are conflicting data on an
increased risk of heart lesion in the left- and right-
sided BC and the RT. Correa et al. [20] have retro-
spectively studied the BC cases (n = 961), and in
previously operated 46 patients with left-sided and
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46 manieHTKaM 3 JIiBO- i 32 3 TpaBOCTOPOHHIM ypaskeH-
HSIM, IPOOIIEPOBAHUM paHillie, yepe3 12 pokis micas [T
OyB IpoOBeIEHMM TecT AJIs1 Bi3yanizalil IOpylleHb
MiokapaianbHoi nepdysii. O3Haku mopylieHb nepdysii
MioKapa OyJio BUSIBJICHO y 59 % mallieHToK 3 JIiBOOiu-
HOIO JIOKaJTi3ali€elo paky mpotu 8 % 3 mpaBobiuHoo. Ta-
KOX, Y BEJIMKOMY JIochimkeHHi 4456 xiHnok, Bouillon 3i
criBaBT. [21] BUABWIN 3HAYHO IMiABUILEHUN BiggaaeHUMN
pusuk cMepTHOCTI Bix CC3 cepen XiHOK, SKi OTpUMyBa-
Jim TopakayibHy I1T npu niBo6iyHOMY ypaxkeHHi '3, mo-
PiBHSIHO 3 TIPaBOOIYHUM.

3arajomM y 0araThboX MOCIIIXKEHHSIX HOBEIEHO, IO
noemaHaHHs XimioTepamnii Ta 1T, HasgBHICTb TOAATKOBUX
CC dakropiB pu3uKy (apTepiajbHa rinepTeH3is, KypiH-
HSl, OXKUPiHHS, LIIyKpoBUii Aiadet, nonepeaHi CC3) norip-
LIYIOTh MPOTHO3 OHKOJIOTIYHUX 3aXBOpIoBaHb [ 14, 22].

Ictopuuno IIT TopakajibHOI 30HU MPH JiKyBaHHI paKy
MPOBOAMJIACH Y BIMHOCHO BHCOKHMX 033X 3aJICXKHO Bil
pizHoBUIY naToJorii. Jlo kiHis 1980-x pokiB xBopi Ha JIX
otpuMyBanu Bif 35 no 45 Ip Ha Kypc JikyBaHHSA. B oc-
TaHHIX TOCiIXKEHHSIX MOKa3aHo, 1110 MeHIia n1o3a (30 Ip)
JIa€ TIO3UTHUBHI pe3yJIbTaT! i BAKOPHUCTOBYETBCS Y CKIIAIi
KOMOiIHOBaHOTO JIiKyBaHHS SIK CTaHJApTHA Yy OLIbIIOCTI
KpaiH [17, 23, 24]. Ha naHuii yac po3rjisiaaloThbcs OiIbII
Hu3bKi 1031 (20 Ip) B KOMOIHOBaHOMY JIiKyBaHHi 3 OII-
TUMiICTUYHUMMU TonepeaHiMu pesyabratamu. Jloza I1T
1o 45—50 I'p BUKOpUCTOBYETHCS MIPU JIIKyBaHHI paky ['3
3 BHUCOKMM PHU3MKOM TIIpoJioHraiii xBopoou [21]. V
nauieHTiB 3 JIX Schellong 3i criBaBT. [25] BUSIBUIM, 11O
cykymnHa yactora CC3 yepes 25 pokiB MicJisl ONpOMiHEH-
Hs1 cepenocTiHHg B 1031 36 Ip ckiagana 21 %, a npu no-
3ax 25 1 20 Ip Oyma 3HayHo MeHIIoK — 6 i 5 %, Bin-
MOBITHO.

IIpoTirom oCTaHHiIX pPOKiB, AJd MiHiMi3alii oI-
POMiHEHHS ceplis OyaIM BBeAEHI OLIbLl Cy4yacHi Ta 06e3-
neuHinri meroau IIT. Lle BizyanizauiifHoO-KepoBaHa Te-
pamis, 3D mmaHiMeTpist Tepaltii, TEXHOJIOTii HaBeAeHHS
OpPOMEHS 3aJIeXKHO Bif 3MiH IMO3MIIiT MMyXJIWUHU MPU AU-
xaHHi, [T MomynboBaHOI iHTEHCUBHOCTI, CIIPSIMOBaHi
Ha OUJIbII TOYHY JOKadi3allil0o OMNPOMiHEHHS IpHU
BiTHOCHOMY 30epeXeHHi 0TOUYIOUMX HOPMaJIbHUX TKa-
HUH, IIPOTe IIIe HEMAa€E BiIgaJeHUX Pe3yIbIaTiB iXHbOTO
BILIBY.

IHmni cyyacHi MeTomu, IO BUKOPHCTOBYIOTHCSI IJISI
MiHiMi3alii ONMpoMiHEHHS, BKIIOUYAIOTh 3aXUCT CepLs
CBUHLIEBUMU OJIOKaMU, 3MEHILIEHUN po3Mmip dpakiiii
ornpoMiHeHHs (< 2 Ip/mo0Oy), 3MeHIIIeHHS 3arajIbHOI 10-
3u IIT (< 30 Ip) i BimHOCHOI OLIIHKM TTOJISI OTTPOMiHEHHS
3 METOI0 MiHiMi3alii HagMipHOro eKcrnoHyBaHHS [15].
OCHOBHOIO METOIO € 3HMUKEHHSI iHTEHCUBHOCTI Tepartii 3
JMIOBTOTPUBAJIMM KOHTPOJIEM 3aXBOPIOBAHHSI.

32 ones with right-sided BC underwent a test with
myocardial perfusion to visualize myocardial
abnormality in 12 years after RT. The signs of
impaired myocardial perfusion were found in 59 %
of patients with the left-sided BC versus 8 % with
the right-sided BC. Similarly, Bouillon et al. [21]
in a large-scale study (n = 4456) have also found
a significantly increased long-term risk of CVD
mortality among women with left-sided BC
compared with right-sided BC receiving the tho-
racic RT.

In general, many studies have shown that the
combination of chemotherapy and RT, the pres-
ence of additional CV risk factors (hypertension,
smoking, obesity, diabetes mellitus, previous
CVD) negatively impact cancer prognosis [ 14, 22].

Historically, the thoracic RT in the management
of cancer has been performed at the relatively high
doses depending on a tumor type. By the end of the
1980s the HL patients received doses from 35 to 45
Gy per course of RT. Recent studies have shown that
a lower dose (30 Gy) leads to positive results and is
applied as a standard in the combination therapy in
most countries [17, 23, 24]. Currently, the lower
doses (20 Gy) are considered to use in combination
treatment with optimistic preliminary results. A RT
of 45—50 Gy is recommended in treatment of BC
with a high risk of disease prolongation [21].
Schellong et al. [25] found that the overall incidence
of CVD in HL patients 25 years after mediastinal
radiation with 36 Gy dose was 21 %, whereas in
those who had received 25 Gy and 20 Gy doses it was
significantly lower, 6 % and 5 % respectively.

In recent years, the improved and safer RT tech-
nics have been introduced to minimize a cardiac
exposure. The imaging-controlled therapy, 3D
therapy planning, beam guidance technology
depending on changes in tumor position during
breathing, and RT of modulated intensity aimed at
a more accurate localization of irradiation with
comparative preservation of the surrounding nor-
mal tissues, however there are no long-terms
results of their influence.

Other modern methods used to minimize the
exposure include protecting of heart with lead
blocks, reducing of exposure fraction (< 2 Gy/day),
decreasing the RT total dose (< 30 Gy/day), and
relative assessment of the exposure field to mini-
mize overexposure [15]. The main goal is reduc-
ing the intensity of RT with long-term disease
control.
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MaTodisionoria Ta ricronaTtonoria ypaxeHHs cepusa
BHacnipok MNT

OnpoMiHeHHS MOIIKOIXYE BCi KIITUHU, K IMyXJIMHHI,
TaK i 3I0pOBi, BIUIMBAE HAa KPOBOHOCHI CYIMHHU BCiX
pO3MipiB, COPUYUHSIE 30iJbIIEHHS] TPOHUKHOCTI CTi-
HOK KarijsipiB. OJHUM 3 OCHOBHMX MEXaHi3MiB MOIII-
KOJIDKEHHST € TeHepalliss aKTUBHMX (DOPM KHMCHIO, SKi
nopyuyioTh Jadoru JHK i BegyTs mo 3amaibHOTro
Kackamy [26]. Cxoxwuii Tipoliec BimOyBa€eThcsl i B KOPO-
HapHUX CyAMHax: 30iJbIIYIOTbCS 3alalbHUN KJIiITUH-
HUM iHQInBTpaT, QinbTpaliiiHi BIaCTUBOCTI €HAOTEII0
i 6a3anbHOI MeMOpaHU, CTIHKM KalTijsgpa IMOTOBIIYIOTh-
csl BHACJIiIOK BiIKJIaAeHHs KojareHy Ta ¢ioposy [27].
ITocninoBHicTh MaToJoriyHUX 3MiH BHachigok IIT Ha-
BeJeHa Ha puc. 1.

EnnotenianbHa AucGyYHKILS € 111e OAHUM HeraTUBHUM
(akTopom IIT, 110 cipusie IPUCKOPEHHIO PO3BUTKY aTe-
pockiiepo3y [26], 3aBOgKM MOETHAHHIO IMATOJOTTYHUX
3MiH CTiHOK CYIWH i MOPYIIEHb eHIO0TeTiaIbHOI (PYHKIIi1
[28]. IIpu ypaxkeHHi ApiOHUX CYOWUH, CIOCTEPIra€ThCs
rimornepdy3sist 3 MiKpOCYIMHHUM TPOMOO30M Ta illle-
Mi€l0, pe3yJbTaTOM YOro Moxe OyTHM HE3BOPOTHE ITOLLI-
KOJI>KeHHS KapaiomiolutiB. IlaToricTonoriyHo e mpo-
SIBISIETLCS Y BUIISAAI IU(Py3HOTro (hidpo3y iHTEPCTULLilo
MioKap/a i 3By>KeHHS IIpOCBiTy apTepii [29].

TopakanbHa IIT Moxe BIUIMBaTU Ha BCi CTPYKTYpPHi
KOMIIOHEHTHU Ceplisl: mepukapi, Miokapa, kinananu, KA
i Kamijsgpu, a TakoX MpoBinHy cuctemy [8, 10] (Tadma. 1).
Lle Moxke MPOSBISATUCS Y BUTJISIAI XPOHIUHUX 3aXBOPIO-
BaHb NepuKapaa, BajJ ceplisl, CUCTOJIIYHOI i 1iacTOMIYHO1
auchynkuii JIII, nopyuieHb pUuTMy Ta OPOBIAHOCTI, a
TePMiHU MOSIBU — POKU a00 JECATWIITTS Mics JTiKyBaH-
Hs onpomiHeHHsM [10, 13]. Bimomi aexinbka akTopiB
PU3UKY PO3BUTKY KapaiOTOKCUYHOCTI, OB’ s13aH01 3 I1T
(Tabm. 2).

Pathophysiology and histopathology of heart
damage induced by RT

The radiation injured all cells, normal and tumor,
affects blood vessels of all sizes with increased per-
meability of capillary wall. The main damage
mechanism is generating of reactive oxygen
species that disrupt DNA chains and launch the
inflammatory cascade [26]. The similar process
occurs in cardiac vessels: increase of the inflam-
matory cellular infiltrate along with the filtration
properties of endothelium and basement mem-
brane, thickening of the capillary wall as a result of
collagen deposition and fibrosis [27]. Sequence of
the radiation-induced pathological changes is pre-
sented in Fig.1.

Endothelial dysfunction is one of the negative
factors of RT accelerates the atherosclerosis [26]
due to a combination of pathologic vessel changes
and endothelial function disturbances [28]. In
small vessels there are progressing hypoperfusion
with microvascular thrombosis and ischemia
resulted in irreversible cardiomyocyte damage.
Pathohistologically it manifests as a diffuse fibrosis
of myocardial interstitium and a narrowing of the
artery lumen [29].

Thoracic RT can affect all structural compo-
nents of the heart, i.e. pericardium, myocardium,
valves, coronary arteries and capillaries, as well as
the conduction system [8, 10] (Table 1). The heart
damage can manifest in the chronic pericardial
diseases, valve lesions, systolic and diastolic LV
dysfunction, arrhythmias and conduction disor-
ders, and the time of onset — years or decades after
RT [10, 13]. There are several known risk factors
of cardiotoxicity associated with RT (Table 2).

MowKoAKeHHNA

eHaoTenito

> 306ibLUIEHHS MPOHNUKHOCTI

> 30iNbLLUEHHSI XeMOTaKCUCy
EHAOTENIAIbHMX KNITUH

> aKTuBaLlig 3anaibHOro

Papiotepanisa Kackagy

Radiotherapy

Endothelial injury

> increased permeability

> increased chemotaxis of
endothelial cells

> inflammatory cascade acti-
vation

3ananeHHs

> MPOrpecyymin iHTepCTUL-
anbHuit Gibpo3

> MOLIKOMXEHHS eHOOTeNito

> Tpom603 CyauH

®di6po3 KnanaHiB
> audysHa kanbumadikavia

Valvular fibrosis
> diffuse calcificaltion

Inflammation

> advanced interstitial fibrosis
> endothelial injury

> vascular thrombosis

PucyHoK 1. Bnnus npomeHeBoro BUnpomiHioBaHHA Ha cepueBi cTpykTypu (apantoBaHo 3 [10])

Figure 1. Effects of ionizing radiation on heart structures (adapted from [10])
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Ta6oauua 1
Bnaue npoMeHeBOro BUNPOMiHIOBAHHA Ha cepue

Table 1
Cardiac effects of ionizing radiation

Cynunnm / Vessels lwemiyHa xBopoBa cepus / Ischemic heart disease
MikpocyanHHa aucoyHkuia / Microvascular dysfunction

Crpykrypm cepus / Cardiac structures 3axBoptoBaHHs knanaHiB cepusi / Valvular heart disease
> CTEHO3 i HeOCTaTHICTL MiTPaNIbHOrO knanaxa / mitral valve stenosis and regurgitation
> CTEHO3 | HEOCTATHICTb a0PTAJILHOIO KianaHa / aortic valve stenosis and regurgitation

3axsoptoBaHHs nepukapay / Pericardial diseases
3axsopioBaHHa cuctemu nposigHocTi / Cardiac conduction system disorders (cardiac conduction disease)

Miokapp / Myocardium CucToniyHa ancoyHkLis/cucToniyHa cepuesa HepocTaTHicTb // Systolic dysfunction / systolic heart failure

[JliactoniuHa amcoyHKLs/cepLieBa HefoCTaTHICTb 3i 36epexeHoto dpakLieto BUkMay niBoro wwayHouka // Diastolic
dysfunction / heart failure with preserved LV ejection fraction

PectpukTusHa kapaiomionaris / Restrictive cardiomyopathy
MiokapaianbHuii $ibpos / Myocardial fibrosis

Ta6nuusa 2

(dakTopu pM3MKY KapAIOTOKCUYHOCTI, BUKIMKaHOT NPOMEHeBUM BUNPOMiHIOBaHHAM (aaanToBaHo 3 [40])

Table 2

Cardiotoxic risk factors of ionizing radiation (adapted from [40])

3aranbHa gosa > 30-35 Ip
Total radiation dose > 30-35 Gy

Buwia fo3a/dpakLia gosu > 2 Mp/oeHb
Maximum dose / dose fraction > 2 Gy/day

Po3wmip nons (o6csr onpomiHeHHs ceplist)
Irradiated field (size of coverage) i.e. volume of heart exposure

BigHocHWin posnopin nons onpoMiHEHHS! (NepenHE/3aaHE NO3LLOHYBaHHS)
Relative distribution of irradiated field (front/back positioning)

HasBHICTb Nyx/IMHM NOPYY i3 cepLem
Tumor localization close to the heart

Monogwmin Bik npm excnosuwii
Young age at exposure

Yac 3 MOMeHTY ekcnoauuii
Time since exposure

Tun oxepena BUNPOMIHIOBaHHS! (ko6asibT)
Type of radiation source (cobalt)

KapmiotokcuyHa ximioTepanis (Hanpuknag, aHTpaumkiiHm)
Cardiotoxic chemotherapy (e.g. anthracyclines)

[HWWi akKTOpU UMKy CEPLIEBO-CYLMHHOI CUCTEMM (HANPUKNaZ, AiabeT, KypiHHS)
Other cardiovascular risk factors, e.g. diabetes mellitus, tobacco smoking

HoseaeHo, o noeagHanHs I1T i ximioTeparii, ocoonu-
BO aHTPALMKIIiHiB i TpacTy3yMaly, MOXYTh AaBaTH 1030~
3aJIeXKHUM CUHEPTriYHUI BIUIMB Ta IPOBOKYBaTHU CEPLIEBY
aucgyHkio [15, 30].

PeakTuBHMIT TIEpUKapaAAT MOXKe OYyTU OIHUM i3 Iep-
IIMX MPOSIBIB IOILIKOMXEHHS CeplLsl ONPOMiHEHHSIM i
HaNOIbIII TONIMPEHOIO CeplIeBO-CYIMHHOI MaHidec-
tauieio I1T, 9K mpaBuo, MPOSIBASIETECS Uepe3 KilbKa
TWKHIB Ticys1 movaTKy JikyBaHHs. CydacHi Metoau 1T,
BKJIIOUAIOUM OiJIbII HU3bKi JO3UM Ta OJHAKOBO PO3-
NOAiJIeHI TepeaHi i1 3aIHi MY4YKHU i3 3aXMCHUM OJIOKYBaH-

It is proved that a combination of RT and chemo-
therapy, especially the anthracyclines and tras-
tuzumab administration, may have a dose-dependent
synergistic effect on cardiac dysfunction [15, 30].

Reactive pericarditis may be one of the first signs
of radiation heart damage and the most common
cardiovascular complication of RT, usually occurs
in a few weeks after starting treatment. Application
of contemporary RT methods including lower
doses and equally distributed anterior and posteri-
or beams with protective blocking have resulted in
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HSIM, 3HM3WJIN 4acTOTy repukapauTis 3 20 % no 2,5 %,
nponopuiiiHo 103i Ta oocsry JikyBaHHs [1, 12]. Tlepu-
KapauT BHacigok I1T 3a3Buyaii € aCHMIITOMHUM ITpoOLIe-
COM, TIPUYMHHO-HacainKoBuM, npote y 10-20 % xBopux
TpaHC(POPMYETHCSI B XPOHIYHUIT 200 KOHCTPUKTUBHUI
nepukapaut yepes 5 no 10 pokiB micis jikyBaHHs [27].
IlepukapaialbHUII BUMIT XapaKTePU3YEThCSI BUCOKUM
MOKAa3HMKOM BMICTY OiJiKa i 30iIbLIEHHSIM CUPOBATKO-
BUIX 3alTaJIbHUX MapKepiB.

ITolKOmIXeHHsI CYAMH iOHi3ylOUMM BUIPOMiHIOBaH-
HSIM CYINPOBOIXYETHCS 30UIbIIEHHSIM HOPOHUKHOCTI
CTiHKM KaIliJIsIpiB, TeHepalli€lo akKTUBHUX (POPM KUCHIO
Ta aKTMBALIi€l0 3aMmajJbHOro Kackaay [26], 3rogom 1ie
OPU3BOAUTH 10 Mposidepallii iHTUMU 3 BiIKJIaAeHHSIM
KoJlareHy i ¢idpo3oM, eHmoTelanbHO1 IUCPYHKIIIT, 110
BBaXKA€ThCS KIIIOYOBUM (pakTopoM po3BuTKy CC3 [27].

ITpu 3axBoproBaHHi KA ixHi cTeHO3W MOXYTb OyTH
00yMoOBJIeHI mposidepallielo iIHTUMU, MOIIKOIKEHHIM
iHTUMU ab0 aTepOCKIEPOTUYHUM ypaxkeHHsM [26]. Lle
iHiLIil0O€E KacKaJ MaTOJOTIYHMX 3MiH, XapaKTepHUX IJIst
aTepOCKJIepO3y, BKJIIOYAIOUYM 3aMiHy MOIIKOIXKXEHUX
KJIiTUH MiogiopobiaactaMu pa3oM 3 BigKJIaAeHHSIM
TpoMOouMTiB. JocmimkeHHs in Vitro Takox BUSIBUJIU
MPOTPOMOOTUYHMI e(heKT BUIIPOMIHIOBAHHS, OB sI3a-
HUI 3 GiNIbIII BUCOKUM BUBiJIbHEHHSIM (hakTopa Binneo-
paHma, SIKMI MOXKe CIIPOBOKYBATH i CIIPUSITU KOPOHAp-
HOMY Tpom0603y [31]. BBaxkaeThcs, 110 MexaHi3M, SKUi
Oepe ydacTb y ¢opMyBaHHI OJISIILIOK, BiZOOpaXky€e CIOH-
TaHHUI aTepOCKIIepO3; OAHAK BUSIBJICHO, 110 OJISIIKA Y
ONPOMiHEHMX TALEHTIB € Oinbll (QiIOPOTUYHUMMU, 3i
3HMKEHUM BMicTOM mdimmimis [12, 32].

MaxkpoCKOMiYHO BU3HA4YalOTh 3HAYHO BUIIY YacTOTY
naToJiorii ctoBOypa jiBoi KA, ajie TakoxX B mpo1ec Moxe
3ajydyatuch npasa KA i mepenHbOHU3XiIHA TijKa JIiBOL
KA, 1110 Kopesate 3 aHaTOMiYHUMM pO3TalllyBaHHSIM [Ii-
nguku ITT. 3aranoMm, ypaxkeHHSI CyIUH € MPOTSKHIILINM,
MPOKCUMANIBHIIIUM, KOHUEHTpUYHUM Tomo [15, 20].
YacToTa npoMeHeBO-iHaAyKoBaHoi nartoJjorii KA 30ijb-
IIYETHCS 32 HASBHOCTI (paKTOpiB pn3nKy po3BuUTKy CC3.
Hull 3i cniiBaBrT. [33] ciocTepiranu npotsiroM 9 pokis 415
nauieHTiB 3 JIX micas I1T i BussBuIu, 1110 y XBOpUX 3 Ha-
SIBHUMHU (paKTOpaMM PU3MKY YaCTillle PO3BUBAIMCS KO-
poHapHi mofii, Taki sIK HecTabiJbHa CTEHOKapHis Ta
iHgapkT Miokapna, i Bu3HayaBcsi MOP(OJIOTIYHO Oiflb-
I CTYMHiHb CTeHO3yBaHHS KA.

BigcyTHicTh Moaiay KapaioMiOUMTIiB poOUTh MioKap
YMOBHO CTiliKMM 10 IIpOMEHEeBOro BIUIMBY. [Ipote nu-
¢y3HMI1 iHTepcTULianbHUI (iOpo3 Moke hopMyBaTUCS
HaBiTb MicJIsl BiTHOCHO HU3bKHUX J03 OMPOMiHEHHS uyepes
MiKpOCYAIMHHY HEAOCTAaTHICTb Ta illIEMil0, 110 BKJIOYAE
MTOIITKOKEeHHST €HI0Tei0 Karmispis [34, 35]. Lle mpus-

a reduced incidence of pericarditis from 20 % to
2.5 % in proportion to the dose and volume of
treatment [1, 12]. Pericarditis as a consequence of
RT is usually an asymptomatic process, however in
10 —20% of patients it transforms into chronic or
constrictive pericarditis in 5 to 10 years after treat-
ment [27]. Pericardial effusion is characterized by
a high protein level and increased serum inflam-
matory markers.

Radiation damage of blood vessels is accompanied
by the increased permeability of capillary wall, gen-
eration of reactive oxygen species, and activation of
inflammatory cascade [26], subsequently leading to
proliferation of intima with collagen deposition and
fibrosis, endothelial dysfunction that is considered
to be a key factor in CVD occurrence [27].

In case of coronary artery disease, the stenosis
may occur due to proliferation or intima damage
or atherosclerotic lesion [26]. This process initi-
ates a cascade of pathological changes specifically
attributed to atherosclerosis, including the
replacement of damaged cells by myofibroblasts
along with platelet deposition. In vitro studies have
revealed also the prothrombotic effect of radiation
associated with a higher release of the Willebrand
factor, which can provoke and promote coronary
thrombosis [31]. It is noted that the mechanism
involved in formation of plaques reflects the spon-
taneous atherosclerosis; however, it was found that
plaques in irradiated patients are more fibrotic
with low lipid content [12, 32].

A much higher incidence of abnormalities of the
left coronary artery trunk, followed by that of the
right coronary artery and stenosis of the left anterior
descending artery, correlating with anatomical loca-
tion of the RT field are macroscopically determined.
In general, the vessel lesions are consistently longer,
more proximal, smoother, concentric, and tubular
[15, 20]. Incidence of the radiation-induced lesions
of the coronary arteries increases in the presence of
CVD risk factors. Hull et al. [33] studied for 9 years
415 HL patients after RT and revealed that patients
with risk factors have developed more frequent
unstable angina, myocardial infarction, and detect-
ed more severe coronary stenosis.

The lack of cardiomyocytes division makes
myocardium relatively resistant to radiation.
However, the diffuse interstitial fibrosis due to
microvascular insufficiency and ischemia, including
damage to the capillary endothelium may occur
after exposure to the relatively low doses [34, 35]. As
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BOIWUTH A0 3HWXEHHS (PYHKIii MiokKapnaa, IO IpPOsB-
JIIETCSI CUCTOJIIYHOIO Ta MiaCcTOJIIUYHOI JUCHYHKIIED
JIII. BinbuiicTh NaLi€HTIB 3 ypaxeHHSIM MioKapaa Ma-
IOTh TMEBHMI CTYMiHb IHTEPCTULIATBHOIO (PiOpo3y, 110
3a3BMYaii pO3BUBAETHCS TPU J03aX OMPOMiIHEHHS BUIE
30 Ip. ITokazaHo, 1o miacroiiyHa auchyHkuis JIIIT
30iIBIIYETHCS B CiM pasiB y 0cib, sIKi OTpUMYyBaJIM TOpa-
kanbHy I1T, y Hux ripmuii MporHo3 i BUXKMBaHHSA,
MOPIBHSHO 3 TUMHU, XTO He oTpumyBas I1T [36].

IIT moxe TakoX MOIUKOMXKYBAaTW KJIalaHU cepus i
HaABKOJIOKJIAIIAaHHI CTPYKTYpPH, 110 MPU3BOAUTH IO IIO-
TOBIIEHHS CTYJIOK, OOMEXEHHS 1X pyXy Ta KaJbLUHaIil
[8, 10]. IToxka3aHo, 110 Yy MaLi€HTIB, SIKi OTPUMYBAIU
ximioTeparito B moeaHaHHi 3 I1T, pu3ank po3BUTKY MaTo-
Joril KJIamaHHUX CTPYKTyp OYB yABiUi OijdblIUM,
MopiBHSHO 3 i30aboBaHoI0 1T [22, 37].

Wethal 3i criiBaBrt. [8, 10] migkpecatoTh, 10 ypaKeH-
HSI KJIallaHHOTO amapaty cepus, BukimkaHe I1T moun-
HA€EThCSl 3 YILIKOMXEHHSI €HJOTEeNil0 i MPU3BOAUTHL OO
(}ibpozy Ta nudysiitHoi KanblMdikallii B Tepiiy 4yepry
MiTpajbHOro Ta aopTajbHoro kiamaHiB (AK), i moBo-
aath, wo npu JIX kiaiHiyHa MaHigecTtalis KianaHHOL
INC(YHKIIT CIOCTEPITaAETHECS TIPOTSTOM JIPYTOrO JIEeCs-
TIiTTa Ticasg MexgiactuHanbHoi TTT. IMpu necarupiyHo-
My crioctepexxeHHi 116 marmienTiB 3 JIX micas 1T, y 36
(31 %) BusIBUIM NOMipHY perypriraiiio KjiaraHiB, repe-
JIyCiM aOpTaJIbHOTO i MITPaILHOTO, TO/i SIK XKOJIEH HE MaB
03HaK cTeHo3y [8]. BucyHyTo rimore3sy, 1110 OiJIbII BUCO-
KWI TUCK Y JIIBUX BilZiax ceplisi, MOPiBHSIHO 3 TPaBUMMU,
MOSICHIOE, YOMY MiTpaJIbHUI i a0pTaJIbHUIA KJIallaHU ypa-
XKYIOTbCSl Oibllie Ta 4acTillle, HiXK TPUKYCHigaJbHUIA i
KJ1araH JiereHeBo1 apTepii. Y HU3LI JOCHiIKeHb JOBeIe-
HO OLUJTBIII BUCOKY YaCTOTY 3aXBOPIOBAHb A0PTH i MiTpasib-
Horo kiamnasa [8, 10]. B iHimoMy gociiIKeHHi BUSIBJIEHO,
110 cepel MAaLi€HTIB, SIKi OTpUMYBaJIU MNpU JIiKyBaHHi
moHaiimenIe 35 Ip, 6 % Manu KiIiHIYHO 3HAYYIy JUC-
dynkiio AK, a 26 % — aopranbHy perypritariio I cTy-
neHs. Ile nopiBHIOBaIO 34-KpaTHOMY ITiABUILIEHHIO PY-
3UKYy MOWKOIXeHHsI AK, TMOpiBHSIHO 3 MOMYJISILIIEO.
Kpim Toro, y 26 % mpoaeMOHCTPOBaHO 3HAYHY Kajlb-
HYdikauio aopTaabHOIO Ta MiTpajibHOro KjaanaHis [10].

3a JaHUMM PSAy AOCTiIAHMKIB, MOCTOPOMEHEBI Baau
ceplsl Baxkue MiaaalThesl XipypriuyHi Kopekilii, 3Baxka-
I0OUM Ha Te, 110 TaKi MallieHTH YacTO MalOTh iHIII yCKJIaI-
HEHHS$I, iHAyKOBaHi OMPOMiIHEHHSM, TakKi SIK Tepukap-
IWT, TOPYIIEHHS IIPOBIMHOCTI cepilsd, IPUCKOpPEeHU
aTepoCKIIepPO3, CUCTOIYHA Ta MiacToNidHa TUCHYHKILiS
Miokapaa [14, 38]. BcrtaHoBneHo, 110 g103u 0au3bko 40
Ip 3maTHi 3aBAaTH IIKOAM CEPLIEBUM KJlaaHam, 103U 35
Ip BTpyuyaroThCcsi B HOpMaJibHY (iziosioriio nepukapaa i
miokappa, a 30 I — KA. I1pn moegnansi I1T Ta ximioTe-

a result, myocardial function impairment occurs,
which is manifested by diastolic and systolic dys-
function. Most patients with myocardial injury have
some degree of interstitial fibrosis, which usually
develops upon exposure at radiation doses above 30
Gy. It has been demonstrated that diastolic dys-
function increases sevenfold in subjects that had
received thoracic RT, they have worse prognosis and
survival compared with the control group [36].

Radiation therapy can directly damage the heart
valves and subvalvular apparatus, leading to the
thickening of valves, function abnormalities, and
calcification [8, 10]. It was shown that in patients
receiving combination of chemotherapy and RT
the risk of valvular abnormalities was twice as high
as in isolated RT [22, 37].

Wethal et al. emphasize that valve lesion caused
by RT begins with endothelial damage and leads
to fibrosis and diffuse calcification primarily of
the mitral and aortic valves, and proves that clin-
ical manifestation of valvular dysfunction exacer-
bates during the second decade after the medi-
astinal RT in HL patients [8, 10]. At a ten-year
follow-up of 116 HL patients after RT, in 36
(31 %) a moderate regurgitation, primarily of
aortic and mitral valves was revealed while none
showed signs of stenosis [8]. It is hypothesized,
that higher pressure in the left chambers com-
pared to the right ones is the reason why mitral
and aortic valves are affected more severely and
more often than pulmonary and tricuspid ones.
According to the number of studies a higher inci-
dence of aortic and mitral valves lesions is proved
[8, 10]. In other study it was revealed that in
patients treated with RT at doses 35 Gy, 6 %
developed a clinically significant dysfunction and
26 % of them — grade II aortic regurgitation. This
was equal to a 34-fold risk in compared with the
overall population. In addition, 26 % of patients
showed a significant calcification of aortic and
mitral valves [10].

Some researchers emphasize that valve surgery
may be difficult in the irradiated patients due to
numerous complications, i.e. pericarditis, con-
ductivity disorders, advanced atherosclerosis, sys-
tolic and diastolic myocardial dysfunction [14,
38]. It is known that radiation at doses of about 40
Gy can damage the heart valves, at doses of 35 Gy
interfere with the normal physiology of pericardi-
um and myocardium, and at doses of 30 Gy affects
the coronary arteries. In combination of RT and
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parii, 110 BKJIIOYA€ aHTPALMKIiHU, KPUTUYHI TTOPOTOBi
03U onpoMiHeHHs Huxkdi [1, 10].

IlopyuieHHsT B cucTteMi MPOBIAHOCTI Ta PUTMY CepLsl,
TaKi K aTpiOBEHTPUKYJISAPHI OJIOKAIN Pi3HOTO CTYIICHS,
MaTOJIOTisl CMHYCOBOTO BYy3/1a, MOJOBXEHHS iHTepBaly
QT, cympaBeHTpUKY/ISIpHI Ta ILUIYHOUKOBi Taxikapmii
BHacigok I1T, onucaHi B 6aratbox podorax. Kpim Toro,
Onokamy TMpaBoi HixXKM Tiyyka [ica criocrepiraamu
yacTille, HiX JIiBoi, IMOBIpHO, Yepe3 BUILUI MpoMeHe-
BUIl BIUIMB Ha MpaBUii IIIYHOUYOK BHACIiZOK HOro Ie-
penHboro po3ramryBaHHs. Cepel malieHTiB, IKi OTpUMY-
BaJI1 ONPOMIHEHHS CEPeIOCTIiHHS, IILTYHOYKOBA eKCTpa-
cuctojiisg miarHoctyBaymacst B 50 % [34]. Crestanello 3i
criBaBT. [39] BU3HAYMJIM BMCOKY MOIIMPEHICTh IMOpPY-
1IeHb TIPOBIAHOCTI ITiC/s KJallaHHOI Xipypril y rpymi
nauieHTiB micis 1T, npuuomy 27 % 3 HUX TTOTpeOyBaIU
iMITJIaHTaLil MOCTITHOTO BOMISl PUTMY.

B okpemux poboTax onucyeThbcs AMCHYHKIIIST BereTa-
TUBHOI HEPBOBOI CUCTEMM Y TALIIEHTIB MiCJSl OMNpPO-
MiHEHHS, 1110 MOXe TPU3BOAUTH IO CTilKOI TaxiKapmii,
BTpaTU LIMPKAJHOCTI CEPLIEBOrO PUTMY, TTOPYIIEHb AU-
XaJbHO1 (ha30BOi 3MiHU ceplLeBOro putmy. BHaciimok
TpUBAaJOl TaXiKapAii MOxKe MiABUIIUTUCS PU3UK PO3BUT-
Ky TaxizajiexkHoi kapaiomionartii [40].

Mpodinaktnka npomeHeBo-iHAykKoBaHux CC3
Tpusane nomkomkeHHs: cepus micias [T 3anexurs Bif
JIEKIbKOX (haKTOpiB, 1110 BKJIIOYAIOTh 3arajbHy /103y OIl-
POMiHEHHS, BEIMYMHY OJHOKPATHUX 03, PO3MIp i po3Mi-
LIeHHS o181 (00CsIT OMPOMIHEHHST ceplis Ta Moro AiIsiH-
KM), HasIBHICTb MTyXJIMHU BCEPEINHi a00 MOpyY i3 ceplieMm,
JIiBOOIYHE po3TallyBaHHS MyXJIWHU i 3aCTOCYBaHHS Cy-
MYTHIX KapAiOTOKCUYHUX XiMiOoTepaleBTUYHUX IIpera-
paTiB, TaKuX SIK aHTpALUKJIIHU Ta Tpacty3ymao [15, 27].
baratbma pociigHUKaMKU OOTOBOPIOIOTLCS MUTAHHSI HO-
BUX MiIXO/IB 10 HAaJaHHsI OiIbIII LLTHOBUX Ta OLTBII HU3b-
kux g03 I1T, mwo npusBene n1o 3meHieHHs1 yactotu CC
YCKJIaAHEHb Ha TJIi KapAioBacCKYISIpHUX (DaKTOPiB PU3KKY,
TaKuX $IK BiK, MiIBUILIEHUN iHIEKC MacH Tijla, apTepiajibHa
rirnepTeH3isl, TilepxoyJiecTepuHeMis, LIYKPOBUII miaberT,
KypiHHS, HasIBHICTb ciMeitHoro anamHe3y CC3 [40]. B pe-
3yJIbTaTi 3aXBOPIOBAHHSI HA PaK YacTO 3MiHIOETHCS CITOCiO
KUTTS, 3HIDKYEThCS (Di3UHA AaKTUBHICTh Ta 301TBIIYETHCS
Maca Tiia, 1110, B CBOIO yepry, Mmoxe 3MmeHInyBat CC pe-
3€pB i MiABUIIYBAaTH pU3UK po3BUTKY CC3 [1].

Crparerisi TpUBaJIOro KapAiOBaCKyJSIPHOIO MOHIiTO-
PUHTY Ta CKPWHIHTY MALli€EHTIB MiCas MPOBEICHHS OIl-
pOMiHEHHSI € O0OB’SI3KOBOIO, 3 METOI0 PaHHBOI iZeH-
TUdiKalii KapaioBaCKyJISIpHUX YCKJIaIHEHb.

ITepen IIT noBMHHA MNPOBOAUTUCH KOMILIEKCHA
OlLIiHKA CTaHy Ceplisl, BKIIOYAIOUX AeTaIbHUI aHaMHE3,

chemotherapy with anthracyclines the critical
threshold radiation doses are lower [1, 10].

Conduction disorders and rhythm disturbances
such as 2™—3" degrees atrioventricular block,
sinoatrial node pathology, prolonged QT interval,
supraventricular arrhythmia, and ventricular
tachycardia after RT have been described in many
studies. In addition, the right bundle branch block
was identified more often than the left one, proba-
bly due to the higher radiation influence on the
right ventricle because of its anterior location. It is
noted that ventricular ectopia occurs in up to 50%
of patients who receive mediastinal irradiation
[34]. Crestanello et al. [39] determined the high
prevalence of conductivity disorders after valvular
surgery in a group of patients after RT, 27 % of
them required a pacemaker placement.

Some studies describe a dysfunction of auto-
nomic nervous system after irradiation, leading
to the persistent tachycardia, loss of circadian
heart rhythm, respiratory phase change of the
heart rhythm. It is emphasized that prolonged
tachycardia may increase the cardiomyopathy
risk [40].

Prevention of radiation-induced CVD
Prolonged cardiac damage after RT depends on
several factors, including the total radiation dose,
dose per day, size and location of irradiation field
(the amount of irradiation of the heart and its
zone), tumor location inside or near the heart,
left-sided tumors, and administration of concomi-
tant cardiotoxic chemotherapeutic drugs such as
anthracyclines and trastuzumab [15, 27]. Many
researchers are discussing the approaches in pro-
viding the more targeted exposure and lower doses
of RT that will reduce the incidence of cardiovas-
cular complications in a context of CV risk factors,
including age, high body mass index, arterial
hypertension, hypercholesterolemia, diabetes
mellitus, smoking, and CVD in the family medical
history [40]. As a result of cancer, lifestyle can
change with reduced physical activity and weight
gain, which, in turn, can reduce the CV reserve
and increase the risk of CVD [1].

Strategy of the long-term cardiac follow-up and
screening of patients after RT is mandatory to
facilitate the early identification of cardiovascular
complications.

Before RT, a comprehensive assessment of the
heart function should be performed, including the
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OIJIsIM, BUBHAUEHHS (haKTOpiB pU3UKY, TpoBeaeHHS EKT
Ta exokapaiorpadii 3 1OCIiI)KEHHSIM CUCTOJIIYHOI i Aiac-
toxiuHoi dynxkuii JIII [1, 40]. Kpim TOoro, MoHiTOpMHT
naiieHTiB, ki orpumyBanu I1T, moBuHeH MPoBOIUTHUCS
B IPOLIECi JIIKyBaHHS Ta MEPIOIUYHO ITiCIsI 3aBEPIICHHS
JlikyBaHHs. Lle macTb MOXJIMBICTH BYACHO 3aCTOCYBaTU
MeJIWYHi BTpy4aHHs, 1110 3a0€3I1eYnTh 3HUKEHHSI 3aXBO-
PIOBAHOCTi Ta CMEPTHOCTI BiJl MPOMEHEBO-iHIYKOBaHUX
CC3 11, 10, 40].

V nitepaTypi IIMPOKO OOTOBOPIOIOTLCS MUTAHHS ONTH-
MaJIbHOTO METO/Y i YaCTOTU CKPUHIHTY Y TALliEHTIB MiCJIst
IIT. Icnye nmymka, 110 OOLJIBHO IOTPUMYBATHUCS OiTBIIT
KOHCEPBAaTUBHOTO MOAAIBIIOTO MiIXOMy 0 MOHITOPUHTY
XBOPMX 3a BiICYTHOCTI CUMNTOMIB. [IponoHyeThCS mpo-
BOJIUTH CKPUHIHT cepls yepe3 5 pokiB micasa 1T (micms
30-piuHoro BiKy). [HIIIi aBTOpY peKOMEHIYIOTh IIOPIYHMI
OIJISIA 11 BUSIBJIEHHSI TTOTEHUIAHUX Mi3HiX edekTi I1T.
IlepeBara HagaeTbCsd HEIHBa3MBHUM Ta ILIMPOKO AOCTYII-
HUM MeTomaM miarHoctuku [1, 40]. Kpim Toro, y Oymb-
SKOI KiHKHM, fKa TPOMIIUIa TopaKalbHe OIPOMiHEHHS
Ta/ab0 JTKyBaHHS aHTpalVKIiHAMM, IIepilia BariTHICThb
TMIOBMHHA KOHTPOJIIOBATHUCS i OLIIHIOBATHCSI KapIioJIOrOM B
MNepLIOMY-IPYyrOMy TPUMECTpPaX, OCKIJIbKM IIij Yac LbOro
nepioxy moxe maHidecrysatu CH [41].

V 2016 poii AMeprKaHChKE TOBAPUCTBO KIIHIYHHUX OH-
KOJIOTiB Ta €Bporneiicbke TOBAPMCTBO KapaioJoriB BUAAIN
peKoMeHallii 111010 BeAeHHS MaLliEHTIB Ha paK, 3 METOIO
BUSIBJICHHSI Ta MOHITOPMHTY KapaioBacKyJISIPHOI TOKCUY-
HocTi [1]. HesKi OOCHiZHWKKA IMPOMOHYIOTh CKPUHIHT Y
aCHMMIITOMHUX TALIIEHTIB 3a TOMOMOTIOI0 exoKapaiorpadii
yepes 10 poxiB mmicis gikyBaHHd [42, 43]. Kpim Toro, Ame-
pukaHcbkuit Konemx pamionorii Ta National Cancer
Comprehensive Network peKoMeHIyI0Th TTPOBEIEHHS 0a-
30801 ExoKI' B Tepminu Big 5 go 10 pokiB i 10 pokiB,
BinmosinHo, mmicis [1T, a Takox 1-3-piuHe criocTepeskeHHS
PiBHS INIIOKO3M Ta JiMigHoro npodino [44].

Hatpiitypetnunuit nentua B-tumy (BNP) i TporioHiHn
MOXYTb OYyTU KOPUCHUMMU B SIKOCTi paHHiX i, MOXJIMBO,
JOKJIiHIYHMX 6ioMapKepiB MNOLIKOIXKEHHS MioKapaa, 110
BHUBYEHO Yy XBOpPMX, SIKi OTPUMYIOThH XiMioTepalrilo.
Nellessen 3i criBaBT. [35] olliHIOBaIU PiBHi TPOIOHIHY i
BNP npotsrom 6 TrxkHiB y xBopux micist I1T. PiBHi 060x
OGiomapkepiB 30UIbLIYBAJIMCS MPOTSITOM JIOCTiIXKYBAaHOTO
nepiony, xoya i 6e3 mopyueHb ¢ynkuii JILI. Lle o0y-
MOBJIIOE BUKOPUCTAHHST OioMapKepiB y CKPUHIHTY JIiKY-
BaHH i MOTeHUiMHINA ineHTUdiKallil Nali€eHTiB 3 BUCO-
KM pu3nkom po3Butky CC3 [1].

ExoKTI' € meromom Bubopy st BussiaeHHss CC yck-
JIaTHEeHb, iHAYKOBaHUX MpoMeHeBolo Teparieto. ExoKT
HeoO0xigHo npoBoauTu 10 Ta micas ITT ais giarHoCTUKU
i MOHITOPMHTY CTPYKTYp Ta (PyHKIIii cepiisd, 3 OlLiHKOIO

detailed medical history, examination, risk factors
determination, ECG and echocardiography with
evaluation of systolic and diastolic functions [1,
40]. In addition, patients receiving PT should be
monitored during treatment and periodically after
treatment. This will give the opportunity to apply
medical interventions in time and provide the best
approach in reducing of radiation-induced CVD
morbidity and mortality [1, 10, 40].

Optimal method and frequency of screening
in the patients after RT administration have
widely discussed in the literature. It is thought,
that a more conservative follow-up approach in
the absence of symptoms is preferable. It is sug-
gested to provide the heart screening in 5 years
after RT (at reaching the age of 30). Screening
should include the non-invasive, primarily
widely-used methods [1, 40]. In addition, the
first pregnancy of any woman who has under-
gone thoracic irradiation and/or anthracyclines
treatment should be monitored and evaluated
by a cardiologist in the first and second trimes-
ters, because HF may manifested during these
periods [41].

The American Society of Clinical Oncology and
the European Society of Cardiology published/
issued the screening guidelines (2016) for both
chemotherapy and cardiac and pulmonary disor-
ders caused by RT [1]. In asymptomatic patients the
screening with echocardiography is proposed in 10
years after RT [42, 43]. In addition, the American
College of Radiology and the National Cancer
Comprehensive Network recommend providing a
baseline echocardiogram in period from 5 to 10
years and 10 years, respectively, after RT, and 1 to 3-
year follow-up of glycemic and lipid profile [44].

B-type natriuretic peptide (BNP) and troponins
may be used as early and possibly pre-clinical bio-
markers of myocardial damage that was studied in
patients receiving chemotherapy. U. Nellessen et
al. [35] have assayed the plasma levels of troponin
and BNP in 6 weeks in patients after RT. Levels of
both biomarkers increased during the study peri-
od, although without left ventricular (LV) dysfunc-
tion occurrence. This substantiates the use of bio-
markers in the treatment and potential identifica-
tion of the patients at a high CVD risk [1].

Echocardiography is the method of choice for
identification the RT-induced CV disorders. The
echocardiography should be performed before and
after RT to diagnose and monitor heart structure
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MOPOXHUH ceplls, dpakiii Bukumy JIII, giactoniyHoi
¢yukuii JIII, matosorii KjaamnaHiB i XBOpoO MepUKapIy
[1, 14, 22, 43].

ITizni CC nacaigku I1T MoxXyTh OyTH OLIiHEHi 3a J0-
nomoro sk exokapmiorpadii ta crpec-ExoKI, Tak i
MarHiTHo-pe3oHaHCcHO1 Tomorpadii (MPT).

opiune mpoBeneHHs enekTpokapaiorpadii (EKI)
MOXe BUSBUTU MPOIrPECyIodi MOpYIIeHHS MPOBiIHOCTI
Ta pUTMY, TIPU HEOOXiAHOCTI BUIPaBAAHUM € 24-TOINH-
Huit am6ynatopHuit MoHitopuHr EKT [1].

3rigHO 3 JEIKUMM JITepaTypHUMHU JIKepeaaMU, y XBO-
pUX 3 HeillleMiYHOIO KapaioMiorarieto, mposeaecHHs MPT
cepls 3 KOHTPACTYBaHHSIM TafiojliHiEM MOXe OyTH BUKO-
PUCTAHO 1151 YTOUHEHHSI CTYITEeHSI ITOLIKOMKEHHS MioKap-
JIa, CKOPOTJIMBOI 3MaTHOCTI ceplisl, BUPaKeHOCTi (hiopo3y
Ta BU3HAYeHHS (PYHKIIOHAIBHOTO pe3epBy [45, 46].

Takox MPT cepus moxe O0yTM METOIOM BUOOPY s
OLIIHKM CTPYKTYp i (pyHKIii ceplsl Npy HEe3ad0BiLIbHIM
Bizyanizarii 3a gornomororo ExoKI — kagbuuHOBaHUM
nepukapi, IpoTe3u KialaHiB TOLIO.

MynbrucHipaibHa KoMir 1otepHa ToMorpadis (MCKT)
MOX€e HEiHBa3MBHO BUSBIISITU Ta KiJIbKICHO OLIiHIOBATH
creHo3yBaHHsI KA. HoBi nepcreKTuBHI METOAMKHM 3HAY-
HO 3MeHIIuIu 103y onpoMineHHs rmpu MCKT, 1o 103-
BOJISIE 3pOOUTH ii JOJATKOBUM HEiHBAa3UBHUM METOAOM
JJIsl TIALli€HTIB, SIKi MEepeHeCan pakK. Y 3arajbHiii Morry-
JIAMiT OLIiIHKa KOPOHAPHOTO KaJbIIMHO3Y KOpUCHA (IIpH
JIy>Ke MaJIoOMy OTIpOMiHEHHi) 1JIsI TPOrHO3YyBaHHS CTEHO-
3y KA i cepueBux Imoniii Ta A0Aa€ MPOTHOCTUYHY
LiHHIiCTb 10 ouiHKu pu3uky CC3, nipote ii KOPUCHICTb y
BigganeHi repMiHu micist ITT oOroBoproeThesl.

Otxe, 111 e(PeKTUBHOIO MOHITOPMHIY HEraTUBHOTO
BBy I1T y xBopux Ha pak B TOBTOCTPOKOBIli Tepc-
MEKTHUBI KIIIHILIUCTU MaloThb AOCTATHIi 0OCAT iHCTpY-
MEHTaJIbHUX 1 JIJabopaTOpHUX HOCHiIXEHb, OIHAK OK-
peMi MUTaHHS, CTOCOBHO CTPOKIiB, KOMOiHaIlii METOIiB,
BU3HAYEHHSI MPOrHOCTMYHOI 3HAYYLIOCTi MOTPEOYIOThH
NOAATBIINX AOCTiIXKEHb.

JlikyBaHHSA

Tocmpuii | xponiunuii nepukapoum. B ocTaHHI pOKU 3 BU-
KOPUCTAHHSIM OiIbllI CyYaCHUX CTpaTeriii TopakaibHOIL
IIT roctpuii nepukapauT CTaB BiITHOCHO PiIKiCHUM YCK-
JlagHeHHsIM. CHUMIITOMU € TUTIOBUMM, SIK IIPU TOCTPOMY
MepuKapaIuTi iHIIOI eTiojorii — JauMXxomaHka, Oilb Yy
TPYAHIN KT, 3aAMIIKa, Taxikapais, OPpUCYTHi Xapak-
tepHi EKI' Ta GioxiMiuHi o3Haku. TpaHcTOpakajibHa
ExoKI moBuHHA MpoBOAUTUCS 1JIsI BCTAHOBJIEHHS Jiar-
HO3Y i BUKJIIOUeHHs TamIioHaau cepiusi. MPT cepus ta-
KOX MOXe OYyTH KOPUCHOIO IJISl MiATBEPAKEHHS AiarHO-
3y 1 BCTAHOBJIEHHS KiJILKOCTi BiIbHOI PiIMHU B IMEPU-

and function with assessment of chambers, LV
ejection fraction, diastolic function, valve abnor-
malities, and pericardial lesions [1, 14, 22, 43].

Late cardiovascular effects of RT can be evaluat-
ed using echocardiography, stress echocardiogra-
phy and magnetic resonance imaging (MRI).

Annually performed electrocardiography (ECG)
can detect progressive conduction and rhythm dis-
turbances, and 24-hour outpatient ECG monitor-
ing is justified, if necessary [1].

According to some literature data, in patients
with non-ischemic cardiomyopathy, cardiac MRI
with gadolinium contrast can be used to clarify the
degree of myocardial damage, heart contractility,
fibrosis severity and determination of the function-
al reserve [45, 46].

MRI of the heart can also be the method of
choice for assessing heart structures and function
in case of complicated imaging on echocardiogra-
phy — calcified pericardium, prosthetic valves etc.

Computed tomography scanning (CT) can provide
a noninvasive detection and quantified assessment of
the obstructive coronary artery stenosis. New prom-
ising techniques significantly reduced radiation dose
in CT, which makes it an additional noninvasive tool
for cancer patients. Assessment of coronary calcifica-
tion is useful (at very low exposure) for predicting the
coronary artery stenosis and cardiac events in the
overall population, and adds prognostic value is to the
CVD risk assessment, though its usefulness in the late
post-RT period is debatable.

Thus, the clinicians have a sufficient amount
of instrumental and laboratory diagnostic tools
for effective long-term monitoring of RT nega-
tive impact in cancer patients, but some issues
regarding terms, methods and determining
prognostic significance require further
research.

Treatment

Acute and chronic pericarditis. In recent years when
using the more advanced strategies of thoracic RT
the acute pericarditis has become a relatively rare
complication. Its clinical presentation is similar to
acute pericarditis of other etiology — fever, chest
pain, shortness of breath, tachycardia, specific
electrocardiographic and biochemical patterns.
Transthoracic echocardiography should be per-
formed to diagnose and rule out the tamponade.
MRI of the heart can also be useful to confirm the
diagnosis and establish the amount of pericardial
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Kapai pa3oM 3 ouLiHKO0 (YyHKILi1 Miokapay. Jist diky-
BaHHS TTPOMEHEBO-iHIYKOBAHOTO TEPUKAPIUTY 3aCTO-
COBYIOTb HECTEpOifdHi IpoTu3amnanbHi 3acobu. Ilepu-
KapaiolieHTe3 HeoOXiZHO MPOBOAUTH TIPU 3HAYHOMY
00’eMi mepuKapAiaJbHOIO BUIIOTY, a TaKOX SIKILO Ma-
LI€EHT € TeMoAuHaMiyHO HecTabiibHuUM. Ilepukapaek-
TOMi$sl MOK€ 3aCTOCOBYBATUCSI 3a HAasIBHOCTI KOHCTPUK-
TUBHOTO TIEpUKApAUTY. BaxkIMBUM € BUKIIOUEHHS iH-
1101 €TioJIOoTii MepUKapAUTY, TAKUX K iHMEKIis, iHBa3is
MyXJIMHU a00 pelIMAUB, TilIOTUPEO3, SIKUI MOXE PO3BU-
HYTHUCH MicJIsl onpoMiHeHHs [1].

Twemiuna xeéopooa cepus. I1'T Moxe mpruCKOpIOBaTH PO3-
BuToK IXC abo nmpu3BOmIUTH A0 AecTadiizallil iCHyI04Oi.
Haiitsokunm nposiBom IXC € rocTpuii KopoHaApHUI CUH/ -
POM, TaKTHMKa JIiKyBaHHSI SIKOTO TIPOBOJMUTHLCS BilMOBiAHO
JI0 3arajJbHONpUitHATUX cTaHaapTiB. [1ig yac MoHITOpUH-
ry HasgBHOCTI IXC 3aCTOCOBYIOTh ONTUTYBaHHS (HAsSIBHICTh
ckapr), EKI" i HaBaHTaXXyBaJibHe TeCTyBaHHs. Y pasi ITi-
no3pn Ha IXC pekoMeHIyIoTh KOpOHApHY aHTiorpadiio.
3a HasgBHOCTI TeMOAMHAMIYHO 3HAUyIIUX CTeHO3iB KA,
3aJIEXKHO BiJl KJIIHIYHOI CUTYallil, TPOBOASATh Yepe3IIKipHE
KopoHapHe BTpy4yaHHs a6o AKIII. ITutaHHST CTOCOBHO
3aCTOCYBaHHSI METaJIeBUX UM MOKPUTHUX JIIKAPCHKUMU 3a-
co0aMM CTEHTIB (eJTIOTIHT-CTEHTIB) € BIIKpUTUM. 3a TaHU-
MM JOCTiIKeHHs, mpoBeaeHoro Schomig 3i criBasT. [47],
y MALi€HTIB 3 MMPOMEHEBO-iHAYKOBAaHUM ypakeHHsIM KA
MOYaTKOBO BUSIBJIEHO 3HAYHO BYXXUMIA JiaMeTp IPOCBITY
KA, a micng imraHTailii MeTajaeBUX CTEHTIB — BHUCOKY
4yacToTy pecTeHo3iB. [Ipu miaHyBaHHI peBacKy/sipy3altii
i3 3actocyBaHHsaM AKIIl cnig BpaxoByBaTuM i Te, 11O
TOCTIIPOMEHEBOIO YpaXkKeHHsI MOXYTh 3a3HaBaTX BHYT-
PILIHBOTPYAHI apTepii, SIKi MOXYTh OyTU HENMPUIATHUMU
JIIS1 BAKOPUCTAHHS B IKOCTi aHACTOMO3iB [48]. 3 iHILIOro
0OKy, B OKPEMHUX MOCHIIKEHHSX ITOKa3aHO, 110 BHYT-
PILLIHBOTPYAHA apTepisl CJIyryBaja B SIKOCTi aHACTOMO3Y
BIIBiUi MEHILIMIA TepMiH, TTOPiBHSIHO 3 aHAJIOTIYHUM BTPY-
YaHHSIM y XBOpUX 0€3 orpoMiHeHHs [49].

IcHye oOMexxeHa KilbKiCTh JOCiIXEHb 3 HEBEIUKOIO
BUOIpKOIO TALIEHTIB 1LIOJO0 Pe3yJabTaTiB KapaioXipyp-
FYHUX BTpy4YaHb i mepebiry micasonepaliiiHoOro nepiomy
Yy ONpPOMiHEeHUX MalieHTiB. Siregar 3i criBaBT. [50] moka-
3a1u, 1o nauieHt 3 JIX micasg ITT, Maau BiTHOCHO XO-
polli pe3yJbTaTy B paHHIi MicasionepaliiHuii nepioa 3
OJTHOPIYHOIO BMIKMBAHICTIO 86 %, TIpoTe BUXKMBAHHS Ue-
pe3 4 poxu micisg AKII cranosuio nunie 46 %.

Haiibinpln nomupeHi micjasonepauiiiHi yCKJIagHeHHS
miciig Kapaioxipypriunoro BrpydaHHs (AKIL, mpotesy-
BaHHS KJIallaHiB) 3ycTpivaaucs 3 OiJIBIIOI YacTOTOIO Y
XBOPUX MiCJISI OMPOMiHEHHSI, MTOPIBHSIHO i3 3aTaJibHOIO MO-
nysiero (33 % npotu 20 %) [50, 51]. ¥ micnsorne-
pauiiiHoMy nepioi i MaieHTH MaJIv HiABUILIEHUN PU3UK

effusion along with the assessment of the myocar-
dial function. Treatment of radiation-induced
pericarditis includes the use of non-steroidal anti-
inflammatory medications. Pericardiocentesis
should be performed in presence of a large pericar-
dial effusion and if the patient is hemodynamical-
ly unstable. Pericardiectomy can be provided in
case of the constrictive pericarditis. It is important
to exclude other etiology of pericarditis, such as
infection, tumor invasion or recurrence, hypothy-
roidism that may occur after irradiation [1].

Coronary heart disease (CAD). RT can acceler-
ate CAD occurrence or lead to destabilization of
the present CAD. Acute coronary syndrome is
the most severe CAD manifestation; the strategy
is similar to the standards of treatment. During
CAD screening/monitoring the questionnaires,
ECG and exercise tolerance test are used. If
CAD is suspected coronary angiography is rec-
ommended. A percutaneous coronary interven-
tion or a coronary artery bypass graft (CABG) is
provided depending on the clinical situation and
hemodynamically significant stenosis of coro-
nary arteries. The issue of using bare-metal or
eluting stents is still open. Schomig et al. [47]
found that patients with radiation-induced CAD
had significantly narrower diameter of the coro-
nary lumen and significant percent of restenosis
after placing BMS stents. When planning revas-
cularization with CABG, post-radiation damage
of the intrathoracic arteries, which may be
unsuitable for using as anastomoses, should be
taken into account [48]. On the other hand, sev-
eral studies have noted that the intrathoracic
artery served as an anastomosis for twice less
long as in a similar intervention in patients with-
out radiation [49].

Limited number of studies exists with an insuffi-
cient number of patients on the results of cardiac
surgery and the postoperative period in irradiated
patients. Siregar et al. [50] showed that the HL
patients after RT had relatively good results in the
early postoperative period with one-year survival
of 86 %, however the long-term survival for 4 years
was only 46 %.

The most common postoperative complica-
tions of cardiac surgery (CABG, valve replace-
ment) occurred more frequently in patients after
RT than in the overall population (33 % vs. 20
%) |50, 51]. These patients have in the postop-
erative period an increased risk of pulmonary
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JIETeHEeBUX YCKJIaIHEHb, OCOOIMBO TJIEBPAIbHOIO BUIOTY,
MHEBMOHII i1 AMXaJIbHOI HEIOCTATHOCTI, YACTKOBO 4epe3
HasIBHICTb paHillle iCHYI0YOTro MPOMEHEeBO-iHAYKOBAHOTO
VILIKOMXKEHHS JiereHb i naiHHs [49, 50]. HasaBHicTh miac-
toniuHoi aucdyHkuii JII € me ogHiero mpobeMoro B Liit
rpymi nauieHTiB. BuUcOKMil TUCK y JliBOMYy Iepeacepai
CIPUSIE 3aCTOIO B JIET€HSIX, TUM CaMUM 30iIbIIYIOYHU ITiC-
JIsloTiepalliitHy 3aXBOpIoBaHicThb. JlocimkeHHs, BUKOHaHe
Chang 3i cmiBaBt. [49], Bkmoyano 70 mauieHTiB 3 JIX B
aHamHe3si. Lli aBTopu BigMiyaloTh, 1110 BeJIMKA €KCIIO3ULIis
cepls O BUIIPOMiHIOBAHHS 301/IbIIMIIA MicsI0IepaliiiHy
3aXBOPIOBAHICTh i 3MEHIIIMIA SIK KOPOTKO-, TaK i JOBIOCT-
POKOBE BIDKMBAHHSI.

®akTopn pusuky CC3 BKIIOYAIM BUCOKUI TUCK Y
LIeHTpaJbHUX BeHaX, JiBomy nepeacepni i macy JILI. ITia-
BUILIEHUIN LEHTPaJbHUI BEHO3HUIN TUCK TaKOXK CBiI-
YUTh MPO T€, IO CYNMyTHSI AUCQYHKIIIS ITPAaBOro ILITy-
HOYKa € (paKTOPOM PU3UKY, 30KpeMa 3aBIsSIK/ MOTo aHa-
ToMiyHOMY po3tanryBanHio nipu [1T. Otxe, y mamieHTiB
3 oIepeIHiM aHAMHE30M OTIPOMiHEHHSI TPYIHOT KJTiTKN
nepes KapAioTOpaKalbHOIO Xipypri€lo Clig peTebHO
pO3rasgaaTi MOTCHUIAHMNA BIUIMB 3MiH CTPYKTYpH i
(yHKIIiTi TKAHWH CEePeIOCTiHHS, JIeTeHiB, BHYTPIIITHHOT -
pyaHuX aprepiii i cepus [39, 52]. Bubip Ta o6csr xipyp-
TiYHUX BTPYYaHb MAlOTh OYTH iHAWBIAyaTbHUMM, BPAXO-
BYBaTH BUIIIEBKA3aHi pU3UKU.

Apummii ma nopyuienus npogionocmi cepys. IMIutaHTarist
MOCTIMHOTO KapHiOCTUMYJISITOpAa PEKOMEHIOBAaHA IpU
0JloKagax BUCOKOTO CTYIEHsI abo0 MposiBaX CHUHAPOMY
CJ1a0KOCTi CMHYCOBOIO BY3J1a, BiAIOBIIHO OO 3arajJbHOII-
PUIHATHAX peKOMeHAAalliil. 3a HassBHOCTI XKMUTTEHEOE3Ied-
HUX apUTMili (IIUTyHOYKOBA TaxXikapis Ta/a00 (iopusiist
LIJTYHOUKIiB) IOKa3aHa iMIUIaHTaLlisl KapaioBepTepa-ae-
didbpugTopa, 3 ypaxXyBaHHSIM TPUBAJIOCTI KUTTS. 3a HAsIB-
HOCTI MOKa3aHb TaKOX MOXYTb OYTU KOPUCHUMU €JIEKT-
podizionoriuHe OCTiMKEeHHS i KaTeTepHa aossiis [1].

Tlopywenns gyuxuyii knanauis. Ik 0yj10 3a3Ha4Y€HO BU-
11Ie, perypriTallis i CTEHO3 a0PTaJIbHOTO Ta MiTPAILHOTO
KJIaIlaHiB € YaCTUMU YCKJIAMHEHHSIMU TOPaKaJIbHOTO OII-
pomiHeHHs. Kapmioxipypriuni BTpy4aHHSI YCKJIaaHIO-
IOTbCSl BHACigOK (hiOpo3y cepedoCTiHHS, MOPYLICHHS
MpOLIEeCiB 3arOEHHS PaH i CynyTHiX ypaxXeHb KA, XBopo0O
Miokapjaa Ta rnepukapaa. TpaHckaTeTepHa iMIJIaHTallis
knanaHiB (TAVI) moxe 0yt MeTogoM BUOOpY y TaKUX
xBopux [1, 10].

Cepuesa nedocmamuicms. JliKyBaHHS IIPOMEHEBO-
inmykoBaHoi CH TIpoBOIUTHCS 3TiTHO 3 CYJaCHUMHU pe-
KOMEHAALlisIMM 1100 BeJeHHs mauieHTiB i3 CH. 3arajib-
HOTIPUUHSATI MiAXOAMN 0a3yl0ThCsI Ha CTYMiHYaCTOMY TUT-
pyBaHHi iAI1®, GeTa-010KaTOPIB, iHTIOITOPIB AIBIOCTE-
POHY, CEYOriHHUX 3aC00iB 10 MaKCHMMAaJIbHO TIePEHOCU-

complications, especially pleural effusion,
pneumonia, and respiratory failure, partially
due to the pre-existing radiation-induced lung
disease and smoking [49, 50]. LV diastolic dys-
function is another problem in this group of
patients. High pressure in the left atrium con-
tributes to the lung congestion, thereby increas-
ing the postoperative morbidity. Study by Chang
et al. [49] included 70 patients with HL history.
These authors note that high exposure of heart
to radiation has increased the postoperative
morbidity and reduced both the short- and long-
term survival.

CVD risk factors included high pressure in the
central veins and left atrium, along with the LV
myocardial mass. The elevated central venous pres-
sure is also suggestive that concomitant right ven-
tricular dysfunction is a risk factor, in particular due
to its anterior location in RT. Therefore, in the
patients with a previous history of thoracic irradia-
tion a potential role of changes in the structure and
function of mediastinal tissues, lungs, intra-tho-
racic vessels, and heart should be carefully consid-
ered before the cardiothoracic surgical intervention
[39, 52]. The choice and scope of surgery should be
individual, taking into consideration the above risks.

Arrhythmias and conduction disorders. Implan-
tation of a permanent cardiac pacemaker is rec-
ommended for the high-grade blockade or sick
sinus syndrome. In the presence of life-threatening
arrhythmias (ventricular tachycardia and/or ven-
tricular fibrillation), implantation of a cardiovert-
er-defibrillator is indicated, taking into account
life expectancy. If indicated, electrophysiological
examination and catheter ablation may also be
useful [1].

Valves dysfunction. As noted above, regurgita-
tion and stenosis of the aortic and mitral valves
are frequent complications of thoracic irradia-
tion. Cardiac surgery is complicated by mediasti-
nal fibrosis, impaired wound healing and con-
comitant lesions of the CA, myocardial and peri-
cardial diseases. Transcatheter valve implantation
(TAVI) may be the method of choice in such
patients [1, 10].

Heart failure. Treatment of the radiation-
induced HF should follow the recommendations
of managing patients with HF Common
approaches are based on the slow dose titration of
ACE inhibitors, beta-blockers, aldosterone
inhibitors, diuretics to the maximum tolerated
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MHUX 1103, OCOOJMBO y TAIliEHTIB 3i 3HWKEHOIO CHUC-
tojiyHolo yHkuiero JIII. ¥V mauienris i3 CH ta 30epe-
KeHoto (pakuiero Buknay JIL mpuHIMIM JTiKyBaHHS
HE BiIPi3HSIOTHCS Bill 3arajJbHONPUNHITUX CTaHAAPTiB
[53—55]. Iloka3aHHS IJ11 peCUHXPOHI3YI0UOi Tepartii 41
iMILTaHTaLlii KapaioBepTepa-aediopuasaTopa y XBOpux 3
npoMeHeBo-iHmykoBaHo CH imeHTHaHi 10 3arajJbHOIT-
PUIHITUX peKOMeHpaliil. ¥ Bumagky pedpakTepHoi
CH uu Ha TepMmiHanbHUX cTamissx CH BUKOpUCTOBYIOTh-
¢S iHOTpOMHA MiATPUMKA, TOTTOMiXHi MPUCTPOI Ta TpaH-
criaHTauis cepus. [1].

3arajioMm, JUIsl TOKpaIeHHST BUKMBAHHSI OHKOJIOTIYHUX
XBOpUX, B TOMY YHCJI TUX, dKi oTpumyBaiu [1T, HeoOxin-
HUM € TIPOBEICHHSI BEIMKUX MPOCIIEKTUBHUX JTOCTiIKEHb
JIJIsI BUBYEHHSI TIepeBar cTpareriii IepBUHHOI Ta BTOPUH-
HOI MpodiIaKTUKH, IMiIXOMiB J0 JiKyBaHHS aCUMITTOMHUX
nauieHTiB. TakoxX HeoOXiTHO BIOCKOHAIIOBATU METOAU
JiarHOCTUMKM i BCTAHOBJIIOBAaTU YiTKi TEPMiHM, 3TiIHO 3
SIKUMM HEOOXiIHO MOHITOpYBaTH IMAaLIi€HTIB.

BUCHOBKU

[IpomeHeBa Tepartis € BaXKJIMBOIO CKIJIAA0BOIO KOMILIEKC-
HOTO JIiKyBaHHSI OHKOJIOTIUHMX XBOpuX. HapiBHi 3 mo3u-
tuBHOIO mieto I1T Mae HeraTUBHUI BIJIUB B TIEPIIY Yep-
Ty Ha CeplLeBO-CYIUHHY CUCTEMY. 3aCTOCYBaHHS cydac-
Hux TexHoJiorii ITT po3Bonuio TouHO (POKycyBaTH OIl-
POMiHEHHS, 3MEHILIUTU IUIOLLYy Ta J03Y OIPOMiHEHHS.
Pazom 3 Tum, Ha poni 3actocyBanHs [1T Bunukaots CC
ycKJIagHeHHsT abo aectabinizauis CC3 i, sIK HaACTiIOK,
30i1byeTbess CC CMEPTHICTD Y BidgaJleHOMY Iepiofi.

Ha crorogHi KIiHILUCTU MalOTb AOCTaTHLO iHCTPY-
MEHTIB JIJI1 MOHITOPUHTIY IIPOMEHEBUX YCKJIaIHEHb SIK B
npoteci [T, Tak i mpy 1OBroTpuBaioOMy CLIOCTEPEXKEHHI.
BukopucranHs HeiHBa3MBHUX, ITPOKO TOCTYITHUX ME-
toniB pmiarHoctuku (EKI, ExoKI, MPT cepus, 6iomap-
Kepu) Ja€ MOXJIMBICTb OLIHUTM CTaH MioKapnaa, KJia-
MaHiB i mepuKapaa, GyHKILIO ceplis B LIOMY.

3rigHo 3 JiTepaTypHUMM AAHWMU, POJb MPEBEHTUB-
HUX CTpaTeriii He BU3HA4Ye€HAa, OMHAK IJIs 3MEHIICHHS
CC TOKCHMYHOCTI CJIil BUKOPMCTOBYBAaTU BCi HasIBHi Me-
TOMM.

KapniooHkosorigs — HoBa cyOcreuiaiizamis, ska
00’€eTHY€E 3yCUJIJIS KapaioJIOTiB i OHKOJIOTiB, MAa€ HAa METI
3anobiranHs Ta JikyBaHHsS CC3 y OHKOJIOTiUHUX XBOPUX
JUIST TIOKPAIEHHS SIKOCTi Ta TPUBAJIOCTI iIXHBOTO JKUTTSI.

CMUCOK BUKOPUCTAHUX OXEPEN

1. 2016 ESC Position Paper on cancer treatments and cardiovascular
toxicity developed under the auspices of the ESC Committee for
Practice Guidelines: The Task Force for cancer treatments and car-
diovascular toxicity of the European Society of Cardiology (ESC)

doses, especially in patients with reduced LV sys-
tolic function. In patients with HF and preserved
LV ejection fraction the principles of therapy are
identical to the standards of treatment [53—55].
Indications for resynchronization therapy or
implantation of a cardioverter-defibrillator in
patients with radiation-induced HF are identical
to the generally accepted recommendations. In the
case of refractory HF or end-stage HF, inotropic
support assistive devices and heart transplantation
may be required [1].

In order to improve the cancer patient’s survival,
including those, who have undergone RT, the large
prospective studies are needed to determine the
benefits of primary and secondary prevention
strategies, and approach to the management of
asymptomatic patients. It is also necessary to
improve diagnostic methods and set clear terms of
monitoring for these patients.

CONCLUSIONS

Radiation therapy is an important part of complex
treatment of cancer patients. Along with the posi-
tive effect RT has a negative impact primarily on
the CV system. The use of modern RT technolo-
gies allowed focusing the radiation, reducing the
area and dose of radiation. However, with the use
of RT CV complications or CVD destabilization
occur, and as a result, CC death increases in the
long-term period.

Today, clinicians have enough tools to moni-
tor radiation complications both during RT
and in long-term follow-up. The use of non-
invasive widely available diagnostic methods
(ECG, echocardiography, cardiac MRI, bio-
markers) make it possible to assess heart func-
tion.

According to the published data the role of pre-
ventive strategy has not been defined, however, all
available methods should be used to reduce the CV
toxicity.

Cardio-oncology is a new sub-specialization that
combines the efforts of cardiologists and oncologists
to prevent and treat CV complications in cancer
patients to improve their quality and life expectancy.
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