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AHAJII3 KJITHIKO-®YHKIIOHAJIBHUX ITOKASHUKIB
CEPLIEBO-CYAMHHOI CUCTEMMU B YYACHUKIB JIIKBIJIAILIII
HACJIIIKIB YOPHOBWJIbCHKOI ABAPII ITICJIA
IIEPEHECEHOTI'O COVID-19

MeTa: BM3HauNUTH, AKi 3MiHM KNiHIYHOTO Ta CTPYKTYPHO-(YHKLiOHANbHOMO CTaHy CEpLEBO-CYANHHOT CUCTEMU MOXKHA
nos’s3atu i3 nepeHecenum COVID-19, a He NpuMpoAHUM NporpecyBaHHAM ilwemiyHoi xBopobu cepus (IXC) B yyacHukiB
nikBigauii Hacnigkie aapii (YIHA) Ha YopHOOUIbCbKill aTOMHI/ eneKTpocTaHLii.
Marepianu 1a metoau. [lo pocnimkeHHs yeiiwnu 16 YJIHA yonogiyoi ctati, Aki y 2020-2021 pokax nepexsopinm Ha
nerkuii Ta cepefiHbo-Taxkuit COVID-19 (rpyna YNTHA-K) , sikiit 6yB nigTBepaxeHuii MJIP-tectom (nonimepasHa naHuio-
roBa peakuis). Bci ui nauieHTM Bo 3apaxeHHA KOpOHaBipycoM cnocTepiranuca y BigaineHHi kapaionorii HHLUPM 3
npusogy IXC. Mpyny nopiBHaHHA cknaganu 32 YJIHA, ski He xBopinu Ha COVID-19, Ta ixHiil Bik i CTPOKM 06CTEXEHD
gignosiganu YJIHA-K. Mpu o6cTexeHHi XBOpUX BUKOPUCTOBYBAM 3aranbHOKNiHIYHi, N1abopaTopHi, CTaTUCTUYHI MeTo-
AM Ta fonniepexokapaiorpadio.
Pe3ynbratu. Y noctkosigHomy nepiogi B YJIHA-K cnoctepiranocs noripweHHs kniHiyHoro nepe6iry IXC, wo nonsra-
N0 y 36iNbleHHi KiNbKOCTI NauieHTIB 3i CTEHOKAPAIEI HANPYrK TAXKOTO YHKLIOHANbHOTO KNacy, 3 BEHTPUKYNAPHU-
MW i CynpaBEHTPUKYNSAPHUMMU EKCTPACUCTONAMM, @ TaKOX 3 Oinbl TAxKolo cepueBoto HegocTaTHicTio (CH). Ockinbku
cepea YNTHA, ski He xBopinu Ha COVID-19, BUABNEHO aHaNOriyHi 3MiHU CTaHy CEpLEBO-CYANHHOT CUCTEMU, TO X MOX-
Ha BiAHECTW 3a paxyHok npupogHoro nporpecysaHHs IXC. B rpyni YJIHA-K Big3Hayanocs 36inbweHHs KinbKocTi naui-
€HTiB 3 hibpunauieto nepeacepab (PM) y 4 pasu (Ha 37,5 %), TOAI AK B rpyni nopiBHAHHA nuwe B 1,1 pasa (Ha 3,1 %).
MporpecyBanHa IXC Ta CH B oGcTexeHMX NauieHTIB CynpoBOAXKYBanocs 30iNblIEHHAM KiHLUEBO-AiacToNiyHoro Ta
KiHLL€BO-CUCTONIYHOTO 06'EMiB NIBOrO LWIYHOYKA Ta MAcK MioKapAa, BUPaXKeHicTb AKOro JOCTOBIpHO He Bigpi3HAnach
Y NaLi€eHTIB, AKi XBOpinu Ta He xBopinu Ha COVID-19. KinbKicTb NOCTKOBIAHMX NALIEHTIB 31 3HUXKEHO (paKLieto Bu-
kugy (PB) npu obcTexenHi nicna COVID-19 3pocna Ha 31,3 %, a B rpyni YJTHA, siki 6ynu o6cTexeHi B Taki X TepMiHu,
Ha 6,32 %.
BucHoBKu. [locToBipHe 36inblieHHs BigHOCHOrO Yncna nauieHTie 3 @M Ta 3HmkeHolo ®B B Y/THA-K nopisHsHo 3 Y/THA
MOXHa BifjHeCTn o pe3ynbratie BnauBy Bipycy SARS-CoV-2 Ha cepueBo-CyAMHHY CUCTEMY.
KniouoBi cnoBa: yyacHuku nikBigauii Hacnigkie aBapii Ha YopHobunbcbkiit AEC, iwemiyHa xsopoba cepugs, COVID-19,
MOCTKOBigHWI nepiod, fonnnepexokapgiorpadis.
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ANALYSIS OF CLINICAL AND FUNCTIONAL INDICES OF
CARDIOVASCULAR SYSTEM IN POST-COVID-19 EMERGENCY
WORKERS OF THE CHORNOBYL ACCIDENT

Objective: to determine which changes of cardiovascular system clinical, and structural, and functional state in
emergency workers (EW) of the accident at the Chornobyl nuclear power plant (CNNP) can be associated with COVID-
19 they suffered from and not with the natural progression of coronary heart disease (CHD).
Materials and methods. The study included 16 male EW who fell ill with mild and medium-severe COVID-19 (EWC
group) in 2020-2021, which was confirmed by a PCR test (polymerase chain reaction). All these patients were
observed in the NRCRM cardiology department before infection with the coronavirus. The comparison group consist-
ed of 32 EW who did not suffer from COVID-19 and their age and examination dates corresponded to EWC. General
clinical, laboratory, statistical methods and Doppler echocardiography were used for patients examination.
Results. In the post-covid period, EW-C observed a worsening of CHD clinical course, which consisted in an increase
in the number of patients with severe functional class angina pectoris, with ventricular and supraventricular
extrasystoles, as well as with more severe heart failure (HF). Since similar changes in the state of the cardiovascu-
lar system were found among EW who did not suffer from COVID-19, they can be attributed to the natural progres-
sion of CHD. In the EW-C group, there was an increase in the number of patients with atrial fibrillation (AF) by 4
times (up 37.5 %), while in the comparison group EW only by 1.1 times (up 3.1 %). The progression of CHD and HF
in the examined patients was accompanied by an increase in the end-diastolic and end-systolic volumes of the left
ventricle and the mass of the myocardium, the severity of which was not significantly different in patients with and
without COVID-19. The number of post-covid patients with reduced ejection fraction (EF) during examination after
COVID-19 increased by 31.3 %, and in the group of EW, which were examined at the same time, by 6.32 %.
Conclusions. A significant increase in the number of patients with AF and a reduced EF in the EW-C compared with
the EW can be attributed to the results of the SARS-CoV-2 virus influence on cardiovascular system.
Key words: emergency workers at the CNPP, coronary heart disease, COVID-19, post-covid period, Doppler echocar-
diography.
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BCTVYII

Cnanax iH(exiiii, BUKIUKaHUl [3-KOpOHaBipycoMm, y
2020 p. oyB oronomeHuit BcecBiTHBOIO opraHizalii€io
OXOpOHU 310poB’a MaHaemieo [1]. OgHieo 3 ocodau-
BOCTe KOpOHaBipycHOI1 iH(eKIlii, 110 oTprMalia Ha3By
COVID-19 (coronavirus disease, COVID-19), 6yJ0 ypa-
JKEHHSI CepLIEBO-CYIMHHOI CUCTEMU. Y MAIliEHTIB 3 TSK-
KHM I1epe0iroM LbOTo 3aXBOPIOBAHHSI ONMCAaHI BUTTAIKKA
PO3BUTKY TOCTPOTO IIEpUKAPIAUTY Ta MiOKAPAUTY, TOCT-
poro iHgapkry miokapna (IM), aputMmiit Ta BeHO3HOIL
TpoMOoeMOoJTii [2—5], sIKi 3yMOBIIOIOTh BUCOKMI pU3UK
cMmepti. OgHak, HaBiTh Micis onyxkaHHs Big COVID-19y
0araThboX MalLi€HTIB 0e3 MomnepeaHix 3aXBOPIOBaHb CUC-
TeMU KPOBOOOIry BUHUKAIOTh O3HAKU YpPaXXKEHHSI Mio-
KapJIa, sIKi 30epiraroTbCs BIIPOJOBXK THXKHIB Ta MiCSIIIiB.
BoHu HapiBHi i3 3a7IMIIKOBOIO IMyJIbMOHOJIOTIYHOIO Ta

B«d Davyd O. Belyi, e-mail: dbelyi 2000@yahoo.com

INTRODUCTION

An outbreak of infection caused by [-coronavirus
was declared a pandemic by the World Health
Organization in 2020 [1]. One of the coronavirus
infection features, which was named COVID-19
(coronavirus disease, COVID-19), was cardiovas-
cular system damage. Cases of acute pericarditis
and myocarditis, acute myocardial infarction (MI),
arrhythmias, and venous thromboembolism, which
cause a high risk of death, have been described in
patients with a severe course of this disease [2—5].
However, even after recovery from COVID-19,
many patients with no previous disease of circula-
tory system develop signs of myocardial damage
that persist for weeks or months. Along with resid-
ual pulmonary and neurological symptoms, they
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HEBPOJIOTIYHOIO CHUMITOMATHUKOI OTpPUMaJM Ha3BY
«ITOCTKOBIITHOTO CHHAPOMY» a00 «TPUBAJIOTO KOBiLy».
ITocTKOBigHUIT CUHAPOM MOXE PO3BUHYTUCH Y OYylb-
SIKOTO MallieHTa He3ajexHo Bin Tsekkocti COVID-19 ta
iHTEeHCUBHOCTI oTpuMaHoro JjikysaHHs [6]. [TokasaHo,
1110 y MaLiEHTIB, SIKi JIIKyBaJIMCS B JJiKapHSIHUX MajaTax i
BigAiIeHHsIX peaHimalii Ta iHTeHCUBHOI Teparlii, Oyji1o
MaJlo BiIMiHHOCTEH 3a YacTOTOI TPUBAJOCTI CHUMII-
ToMmiB, moB’sa3aHux 3 COVID-19 [7]. biabuie Toro,
HAaBiTh Y CIIOPTCMEHIB, XKOTHOMY 3 SIKIX He 3HaIo0uIa-
csl rocmitajiizalisi adbo MpOTUBIpycHa Tepamisi, cre-
mudivHa wist COVID-19, Oyno 3HaiineHo 3aauIlIKoBUA
MiOKapJUT yepe3 JOBruit yac micjs omykaHH [8].
3Baxkaioun Ha BUILEBUKIIAACHE, IIEBHUI iHTepeC BUK-
JIMKae nuTaHHg, Hackiibku COVID-19 BimBae Ha Ie-
pelir MOCTKOBIAHOIO IMepiogy B 0Ci0 BMCOKOTO Kapii-
aJIbHOTO PU3MKY, IO € Y Malli€EHTIB, SIKi Opaau y4acTb y
qiksigawii HacaiakiB (JIHA) YopHoOMIbCHKOI aBapii, Ta
MaroTh IOTIepeaHI XBOPOOU CUCTEMU KPOBOOOITY.

META

BuszHauutH, gKi 3MiHM KIJIiHIYHOTO Ta CTPYKTYpPHO-
(YHKIIOHATLHOTO CTaHy CepIEBO-CYAMHHOI CUCTEMU
MOXHa IoB’s3aTu i3 mepeHeceHum COVID-19, a He
MPUPOIHUM MPOTPECYBAHHAM illIEMiYHOT XBOPOOM Ccep-
g (IXC) B yyacHUKIB JiKkBigalii HacaigkiB aBapii
(YJIHA) na YopHOOMIIBCHKIiT aTOMHI# eJIeKTPOCTaHIILii.

MATEPIAJIM I METOJIN

Ho nmocnimkenHs ysivmu 16 YJIHA 4yomnosivoi craTi,
gaki y 2020—2021 pokax nepexsopiin Ha COVID-19
(rpymna YJIHA-K). Bci 1i mauieHTH 10 3apaxkeHHsI KOpo-
HaBipycoM OyJIM I HAIJISIAOM Yy BiIIiIeHHI Kapaioaorii
HHIIPM 3 npuBoay IXC, Tomy OyJia MOXJIUBICTb MOPiB-
HATU KJIiHIKO-(YHKIIOHAILHUN CTaH CepIeBO-CYyINH-
HOI CUCTEMM JIO Ta TicJs TiepeHeceHo1 iHgeKIii. ¥ Bcix
16 mauientiB COVID-19 6yB miarBepmkenuii [TJTP-Tec-
TOM (TToJliMepa3Ha JIaHIIOTOBa peakllisl) Ta XapaKTepHU-
MM CHUMIITOMaMMU: IABUIIECHHSIM TeMIlepaTypu, Kalll-
JieM, CTOMJIFOBAHICTIO, BTPaTOIO HIOXY Ta CMaKOBUX BiI-
YyTTiB (OCTaHHE TiIbKKU y 10 0cid).

Y 6 mnauieHtiB kiIiHiuHMii 1niepedbir COVID-19
pPO3LIIHIOBABCS SIK CEPEeAHbO-TSKKMM, 110 MOTpedye
CTalliOHApHOTO JIIKyBaHHS Y 3B’SI3KY 3 HETOCITITAJIbHOIO
nHeBMoHi€. THur 10 ocib mikyBanaucss aMOyJIaTOpHO.
Vci 16 nmalieHTiB Ipy MOBTOPHOMY HAAXOMKEHHI 1eMO-
HCTpPyBanu BUCOKU piBeHb 1gG (Bix 5,6 10 9,2 iHmekcy
no3utuBHoOcCTI 1P, pepepercHi 3HauenHs 0—1,1).

Kriniuna xapaktepuctuka YJIHA-K Ha MOMeHT 00c-
TeXeHHs nepen 3axpoproBaHHIM Ha COVID-19 HaBene-
Ha B Ta0J. 1.

have been called «post-covid syndrome» or «long-
term covid».

The post-covid syndrome can develop in any
patient regardless of the severity of COVID-19
and an intensity of the treatment [6]. It has been
shown that in patients who were treated in med-
ical wards and in resuscitation and intensive care,
there were few differences for the symptoms dura-
tion associated with COVID-19 [7]. Moreover, in
athletes, who did not need hospitalization or
antiviral therapy, specific for COVID-19, was
found to have residual myocarditis a long time
after the recovery [8].

Considering the above, the question of how
much COVID-19 affects the course of the post-
covid period in persons with high cardiac risk, as in
emergency workers (EW) of the Chornobyl acci-
dent, who have previous diseases of the circulatory
system, is of some interest.

OBJECTIVE

Is to determine which changes of cardiovascular
system clinical, and structural, and functional
state in EW of the accident at the Chornobyl nuc-
lear power plant (CNNP) can be associated with
COVID-19 they suffered from and not with the nat-
ural progression of coronary heart disease (CHD).

MATERIALS AND METHODS

The study included 16 male EW who fell ill of
COVID-19 in 2020—2021 (EWC group). All these
patients were under the follow-up of the NRCRM
cardiology department before infection with the
coronavirus, so it was possible to compare cardio-
vascular system clinical and functional state before
and after the infection. In all 16 patients, COVID-
19 was confirmed by the PCR test (polymerase
chain reaction) and distinctive symptoms: fever,
cough, fatigue, loss of smell and taste (the latter
was only in 10 persons).

In 6 patients, the clinical course of COVID-19
was considered medium-severe, requiring inpa-
tient treatment due to community-acquired pneu-
monia. The other 10 people were treated on an
outpatient basis. All 16 patients at re-admission
showed a high level of IgG (from 5.6 t0 9.2 IR pos-
itivity index, reference values 0—1.1).

The clinical characteristics of EWC at the time
of examination before the COVID-19 are given in
the table 1.
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BikoBa Ta KniHiyHa xapaKkTepucTMKa nauieHTiB npu 1-my o6crexkenHi, M + SD Ta a6¢. / (%)

Table 1

Clinical and age characteristics of examined patients during 1** examination, M + SD and persons /(%)

. YNIHA-K/EWC  VYJIHA/EW  U-tect MaHH-YiTHi, p  p BigHOLIEHb
Moka3uukm / Indices ’
/ n=16 n=32 Mann-Whitney U test, p  p for ratio
Bik Ha MOMEHT MepLLoro 0BCTEXEHHS, POKM 66,0 + 7,1 68,9 + 6,0 0,092
Mean age at a moment of the first examination, years
Bik Ha MOMEHT 0CTaHHBOr0 0OCTEXEHHSI, POKM 67,870 70,8 £6,0 0,065
Mean age at a moment of the last examination, years
Maca Tina, kr / Body mass, kg 98,1 13,0 93,2+ 15,8 0,200
Yac Mix nepLummM Ta Apyrum 06CTEXEHHSIM, aHi 587,9 + 490,8 698,1 + 303,6 0,069
Time between first and second examination, days
I'X 3aranom Ta 3a ctagiamu / HHD in general and by stages 15 (93,8) 32 (100,0) > 0,05
> | 0(0) 1(3,1) > 0,05
> || 6 (37,5) 18 (56,3) > 0,05
> I 9 (56,3) 13 (40,6) > 0,05
IXC, B TOMmy uucni cteHokapaia / CHD including angina pectoris 6 (100) 32 (100) > 0,05
> CTeHOKapais BifiCYTHS / no angina pectori 4 (25,0) 7(21,9) > 0,05
> oK' I/FCI 0 0 > 0,05
> @KII/FCI 7(43,8) 20 (62,5) > 0,05
> OK Il /FC Il 5(31,2) 5(15,6) > 0,05
IM B aHamHe3i / Acute MI in anamnesis 10 (62,5) 10 (31,3) <0,05
CepuieBa HefocTaTHiCTb, B TOMy unchi / Heart failure, including 16 (100) 32 (100) > 0,05
> | (as NYHA? |-II) 6 (37,5) 16 (50,0) > 0,05
> |IA (as NYHA Ill) 10 (62,5) 16 (50,0) > 0,05
MopyLweHHs putmy cepus / Arrhythmias
> O (AF) 2(12,5) 7(21,9) > 0,05
> BE (VE) 2(12,5) 6(18,8) >0,05
> CBE (SVE) 1(6,3) 4(12,5) > 0,05
Bnokaau Hixok nyyka [Mica, His bundles branches block, 6 (37,5) 10 (31,1) > 0,05
B TOMY 4ncni noHi /including complete block 4 (25,0) 8 (25,0) > 0,05
AB-6nokamy / AB-blockage 0(0) 2(6,3) >0,05
OxwpinHst / Obesity 12 (75) 19 (59,4) >0,05
Cynytwinn L, tun 2 / Concurrent DM 6 (37,5) 11 (34,4) >0,05

Mpumitku. 'yHKLoHanbHIIA Knac 3a knacudikauiero Kanaackkoi acowauii kapaionoris; dyHkuioHanbHa knacudikais XCH Huto-Mopkebkoi kapaionoriunoi acouatii.
Notes. 'Grade according to Canadian Cardiovascular Society classification [9]; 2New-York Heart Association.

Ipyny mopiBHsaHHS cTBOpioBaiau 3 350 YJIHA 4yono-
Bivoi ctati 3 IXC, gKi He Oy/u iH(iKOBaHiI KOpOHaBipy-
coM. KputepisiMu BUKIIIOUEHHSI OyJIM HEBiAMNOBiTHICTH
BikoBomy mianazony YJIHA-K (50—83,1 poky) i Binm-
CYTHICTb TTONIEPEAHBOTO OOCTEXKEHHSI, IK MiHIMYM JBiui,
Mix matamu 04.04.2016 ta 20.11.2020, gk 1e OyJ10 cepen
VIIHA-K. TakuMm 4yuMHOM, rpyna IMOPiBHSIHHS CKJaaa-
Jack i3 32 manieHTiB. CTpOKM MepuIoro 00CTeXKEeHHS Y
HUX BigmoBimanu ctpokaM obctexkeHHs1 B YJIHA-K mo
3axBoproBaHHsI Ha COVID-19. Ctpoku apyroro oocre-
KeHHs B YJIHA Bignosigaau takum B YJIHA-K micns
nepeHeceHol iH(peKIIii.

Sk BUgHO 3 TabJ. 1, 32 OCHOBHMMU KJIIHIYHUMU Mapa-
metpamu rpynu YJIHA-K Tta VJIHA nmocroBipHO He
PO3PI3HSUINACS 32 HelapaMeTpUYHNUM KpUTepieM MaHH-
VirtHi, IKUii BUKOPUCTOBYBAJIU, TOMY 11O JOCJiIKyBaHi

The comparison group was created from 350 male
EW with CHD who were not infected with the coro-
navirus. Exclusion criteria were non-compliance
with the age range of EWC (50—83.1 years) and the
absence of a previous examination, at least twice,
between the dates 04.04.2016 and 11.20.2020, as was
the case among EWC. Thus, the comparison group
consisted of 32 patients. The terms of their first
examination corresponded to the examination terms
EWC before COVID-19. The terms of the second
examination in EW corresponded to those in EWC
after the COVID-19 convalescence.

As can be seen from the Table 1, for the main
clinical parameters EWC and EW groups did not
significantly differ according to the non-paramet-
ric Mann-Whitney test, which was used because
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BUOIPKM HE BIiAMOBiJaJM 3aKOHY HOPMAJbHOTO pPO3-
MOiTy.

Yacrora 3ycTpiyajabHOCTI B 000X rpynax rinepToHi4YHO1
xBopobu (I'X) piznux craziit, IXC 3i creHOKapaielo Harl-
PYI'U pi3HUX (QYHKIIOHAJIBHUX KJIAciB, CEPLEBOI HEMOC-
tatHOCTi (CH), OXUpiHHS Ta CymyTHHOTIO IIyKPOBOIO
miadety (LIJ1) mocToBipHO He BigpizHsitacs. He BigmiueHO
CTAaTUCTUYHMX BiIMiHHOCTEI YaCTKM OCi0 3 TTOpYILIEeHHS-
MM PUTMY Y BUJIsiA iopuisiii nepeacepab (PIT), BeHT-
pukynsipuux (BE) ta cynpaBenTpukynsipuux (CBE)
eKCTpacUucTo, 0710Ka HixKOK Tyuka ['ica Ta AB-6yiokan.

BuHsATKOM cTano 1OCTOBipHO OiJibIlle BiZTHOCHE YMCIIO
nawieHTiB 3 nepeHeceHuM IM B YJIHA-K. Bci mauieHtu
o0ox rpyn nepeHecau IM go 1 oOcTexXeHHsI, TaBHICTh
ioro ckmamana B rpyni YJIHA-K Bim 7,1 no 30,2 poky,
cepen YJIHA — Big 2,1 1o 28 pokiB.

TakuM YMHOM, MOXHa CTBEPKYBaTH, 110 TPy OYyIn
3iCTABHUMU 32 BIKOBUMU Ta KJiHIYHUMU MOKAa3HUKAMM,
a TaKOXX YaCOBMMMU ITapaMeTpaMM OOCTEKECHHS.

VibTpa3ByKoBe MOCTIIXKEHHS cepliss BUKOHYBaJId 3a
ponomororo cucremMu Diagnostic Ultrasound System
DS-N3 (Mindray) 3rifHO 3 peKOMEHA0BAHOI METOIM-
ko1 [10] y M-1a B-pexxumi. OCHOBHUMH BUMIipIOBaJIb-
HUMHU TapaMeTpaMy OynIM KiHUEeBU# OiacTOJiYHUM
(KIP, Mm) i kiHneBuit cuctoniyauit (KCP, Mm) po3mipu
JiBoro uwiyHouka (JIII), ToBIIMHA MiXIIUTYHOYKOBOIL
nepetnHku (TMILII, mm) i 3aguapoi crinkm JIL (13C,
MM) B JIiacTOJy, 3a IKUMU pO3PaXOBYBaIM KiHLIEBU Jiac-
tojiyHuit (K10, mi), cucroniunuit (KCO, mi) o6’eMu
JII cepus, dpakuio Bukuay (OB, %), macy Miokapaa
JIII (MM, 1). 1o po3paxyHKOBUX ITapaMeTpiB 3a (hop-
mynoto Teixonbus (Teichloz) TakoX BigHOCUIIMCH
ingekcu KCO (IKCO, mu/m?), KIO (IKJO, mi/M?),
Macu Mmiokapna (IMM, r/mM?) sK BimHOIIIEHHST BimIO-
BiHOI'O TTIOKa3HMKA A0 IUIOLI IoBepxHi Tina. KijbKicHy
exokapaiorpadiuHy OLiHKY TMTOPOKHUH cepls 3AiHCHIO-
BaJIM BIAIIOBIIHO MO peKOMeHmallili AMepUKaHChKOTO
TOBapUCTBa 3 exokapaiorpadii Ta €BporeiicbKoi acolli-
alrii cepleBO-CyAMHHOIL Bi3yanizauii (American Society
of Echocardiography and the European Association of
Cardiovascular Imaging) [11].

3a pesyabraTaMu JoNIuiepexokapaiorpa@iuyHoro mo-
CJIIIDKEHHST BUBHAYAJIM O3HAKU AiaCTOMIYHUX HNOPYIIEeHb
3a peKOMeHIallisiMu AMEpPUKaHChKOTO TOBapucTBa 3
exokapmiorpadii Ta €Bporeiicbkoi acolliallii cepleBo-
cyouHHOI Bi3yamizawii (American Society of Echocar-
diography and the European Association of Cardiovas-
cular Imaging) [12].

CraTucTyHa o0poOKa BCiX pe3yJbTaTiB AOCTiIKEHb
MpoBeJcHa 3a ITOIOMOIOI0 KOMII'IOTEPHOI IIporpaMu
SPSS 26 (o3HaiiomioBajibHa BEpCist).

the studied samples did not conform to the law of
normal distribution.

The frequency of occurrence in both groups of
hypertensive heart disease (HHD) of different
stages, CHD with angina pectoris of various func-
tional classes (FC), heart failure (HF), obesity,
and concomitant diabetes mellitus (DM) did not
differ significantly. No statistical differences were
found in the proportion of people with rhythm dis-
turbances in the form of atrial fibrillation (AF),
ventricular (VE) and supraventricular (SVE)
extrasystoles, bundle branch block, and AV block.

The exception was the significantly larger relative
number of patients with MI in EWC. All patients of
both groups underwent MI before the 1% examina-
tion, its duration in the EWC group was from 7.1 to
30.2 years, among EW — from 2.1 to 28 years.

Thus, it can be stated that the groups were com-
parable in terms of age and clinical parameters, as
well as time parameters of the examination.

Ultrasound examination of the heart was per-
formed using the Diagnostic Ultrasound System
DS-N3 (Mindray) according to the recommend-
ed method [10] in the M- and B-mode. The main
measurement parameters were the end-diastolic
(EDD, mm) and end-systolic (ESD, mm)
dimensions of the left ventricle (LV), the thick-
ness of the interventricular septum (IVS, mm)
and the LV posterior wall (PWT, mm) in diastole,
which were used to calculate the LV end diastolic
(EDV, ml), end systolic (ESV, ml) volumes, ejec-
tion fraction (EF, %), LV myocardial mass (MM, g).
The calculation parameters according to the
Teichloz formula also included the indexes of
ESV (IESV, ml/m?), EDV (IEDV, ml/m?), myo-
cardial mass (IMM, g/m?) as the ratio of the cor-
responding indicator to the body surface area.
Quantitative echocardiographic evaluation of
heart cavities was performed in accordance with
the recommendations of the American Society of
Echocardiography and the European Association
of Cardiovascular Imaging [11].

According to the results of the Doppler echocar-
diographic study, signs of diastolic disorders were
determined according to the recommendations of
the American Society of Echocardiography and
the European Association of Cardiovascular Ima-
ging [12].

Statistical processing of all research results was
carried out using the computer program SPSS 26
(trial version).
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ITix yac apyroro ooCcTexXeHHS i3 BCiX Malli€eHTiB, KOTpi
nepeHecan COVID-19, 14 oci6 (87,5 %) npen’ aBistin
CKapru Ha M’s130BY CJIa0KICTb i 3HIKEHY BUTPUBAJIiCTh
(hi3MYHMX HaBaHTaXXeHb Yepe3 BTOMY i 3aAUIIKY, SKi
LIBUIKO HApOCTAaIOTh, y 15 ocib (93,8 %) 3a3Havanocs
ninBUIIeHHS PP aprepiagbHOro THCKy (AT) BuIe
139/89 MM pT. CT. (MeXa BUCOKOTO HOPMaJIbHOI'O TUC-
KY), HE3BaXKalouM Ha MOCTIMHHUI MTPUIIOM TiMOTeH3UB-
HMX TIpernaparis, 9 ocib (60 %) BimuyBaim niepe6oi cep-
Hesoro putmy, npuyomy y 6 (37,5 %) BoHu Oyiu
noctiitnumu, y 6 (37,5 %) y Tepminu Bin 1 1o 2 micsi-
uiB micasg nepeHeceHoro COVID-19 6yB xapakTep-
HUI 1151 CTeHOKapAil Oib B OUISHLI cepLs i 3a rpya-
HUHOIO, 110 MPU3BEJO M0 30iIbLIECHHS J03U aHTU-
aHTiHAJILHUX MperapaTiB.

ITin yac xBopoou COVID-19 Ta y nmocTkoBigHOMY
nepiomi cxymu 9 oci6 (56,3 %) Ha 2—9 K1, y omHOTO
Maca TiJia 3aJIMIInIacs He3aMiHHOI0, a 6 ocib (37,5 %)
Jofanu y Maci Tina Bing 1 1o 15 KT, onHaK, He3Baxaro-
Yy Ha TaKy TMHaMIKYy, 3arajibHa KiIbKiCTb 0Ci0 3 0XKU-
pinHsaM (ingekc macu Tina 30 i 6iblue Kr/mM?) cKiiaia
13 (81,3 %) mauieHTiB, cepeaHi MOKA3HUKU MaCcH Tijia
(98,1 + 14,8) k.

VY rpyni YJIHA 1o 2-ro obcTexXeHHs Maca Tijla 3MeH-
mmac y 14 mawieHTis (43,8 %), 3anuiumiacs He3MiH-
Hoto y 8 0cib (25 %) ta 3pocna 'y 10 (31,3 %), cepenti
3HAYEeHHS MMPaKTUYHO He 3MiHwmcs — (94,4 £ 15,9) kr
(tabu. 1). Yucno ocibd 3 OXKUPIHHAM Y 1ii TpyIIi 3811~
majjocsd He3MiHHMM 1 ctaHoBUIO 59,4 % 6e3 goc-
TOBipHOI1 pi3zHuLi 3 rpyno YJIHA-K.

3a JaHUMM KIIiHiKO-J1abopaTOPHOTO OOCTEXKEHHS
VJIHA-K B mocTkoBiZHOMY Mepioi yacTka ocio 3 I'X
Pi3HUX CTaiil He 3MiHUIacs. Y OMHOro naljieHTa B3a-
raji Oymm BimcytHi o3Haku I'X (puc. 1). B rpymi
VJIHA y nBoX Maui€eHTIiB criocTepiraaocs mporpecy-
BaHHsg ['X, B pe3yibTaTi SIKOTO B OJHOIO XBOPOTO
cranist I'X 3pocna 3 I oo 11, a B iHmoro — 3 11 oo II1.
VY rpyni ocib, siki He xBopiau Ha COVID-19, 3a pe-
3yJIbTaTAMM IPYroro oocrexeHHs y 28 ocib (87,5 %)
Big3zHavaau 3pocTtaHHs AT BuIllE BUCOKOTO HOP-
MaJIbHOTO TUCKY, 14 nawieHTiB (43,8 %) ckapxXuaucs
Ha IOCTiliHe YU IepioJuyHe BiIuyTTs nepedoiB cep-
uesoro putmy, y 10 oci6 (31,3 %) 3HU3UBCS MOpIir
00JIbOBOI YYyTJIMBOCTI CTEHOKap/ii Hampyru. BinmiH-
HOCTi MiX TpylmamMM He MajJu CTaTUCTUYHOI 10C-
TOBIPHOCTI.

Y onnoro nanieHTa (6,3 %) 3 IXC, kapaiockiiepo-
30M, MOPYUIEHHSIMM PUTMY Ta IPOBiITHOCTI, ITiCJIsI
nepeHeceHoro COVID-19 Bnepiie BUHUKJIA CTEHO-
Kapuisi, sIKy IIpy 00CTeXXeHHi B TepMiHU, 1110 NIepeBU-

RESULTS

During the second examination, of all patients who suf-
fered from COVID-19, 14 persons (87.5 %) complained
of muscle weakness and reduced endurance of physical
exertion in connection with fatigue and shortness of
breath, which rapidly increased. An elevated blood pres-
sure (BP) above 139/89 mm Hg (the limit of high nor-
mal pressure) was registered in 15 patients (93.8 %)
despite the constant use of hypotensive drugs. Nine pa-
tients (60 %) experienced the irregular heart rhythm,
and in 6 ones of them (37.5 %) it was the constant. Six
EWC (37.5 %) in terms of 1 up to 2 months after the
recovery from COVID-19 had the pain in the heart area
and behind the sternum that was diagnosed as angina
pectoris and led to an increase of anti-anginal drugs dose.

During the COVID-19 disease and in the post-
covid period 9 patients (56.3 %) lost their weight by
2—9 kg, one person’s body weight remained
unchanged, and 6 people (37.5 %) gained weight from
1 to 15 kg , however, despite such dynamics, the total
number of obese persons (body mass index of 30 and
more kg/m?) was 13 (81.3 %) patients, the average
weight was (98.1 £ 14.8) kg.

In the ULNA group, before the 2nd examination,
body weight decreased in 14 patients (43.8 %), re-
mained unchanged in 8 patients (25 %) and increased
in 10 (31.3 %), the average values practically did not
change — 94.4 £+ 15.9 kg (Table 1). The number of
obese persons in this group remained unchanged and
amounted to 59.4 %, with no significant difference
from the EWC group.

According to the clinical and laboratory examina-
tion of EWC in the post-covid period, the proportion
of people with HHD of various stages did not change.
One patient had no signs of HHD at all (Fig. 1). In
the EW group, progression of HHD was observed in
2 patients, as a result of which the HHD stage
increased from I to II in one patient, and from II to
III in the other. According to the results of the sec-
ond examination in the group of people who did not
suffer from COVID-19, 28 persons (87.5 %) had an
increased BP above high normal pressure, 14 patients
(43.8 %) complained of a constant or periodic feeling
of heart rhythm irregularity, 10 patients (31.3 %)
pointed out a decrease of angina sensitivity thresh-
old. Differences between groups did not have statisti-
cal significance.

One patient (6.3 %) with diagnosed CHD as car-
diosclerosis with rhythm and conduction disorders
without angina, after COVID-19 recovery demon-
strated the angina occurrence for the first time, which
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LIYIOTh 28 IHIB, PO3LIiHIOBAIN IK CTEHOKApP/ilo Harl-
pyru @K III (puc. 2) . llle B ogHOro naitieHTa 3MiHa
XapakTepy aHTiHO3HOro 00110 cBigumia, mo ®K cre-
Hokapmii 3 11 3pic mo I11. I3 nBox matieHTiB (6,3 %)
VJIHA 3 giarHo3om «IXC, kapaiockiepos» npu 2-My
00CTEXXEeHHi B OJHOro Oy/J10 MiarHOCTOBAHO CTEHO-
Kkapmiro @K I, a B inmoro — @K II. ¥ 4 mamienTiB
(12,5 %) TsKKuMii mepebir cTeHOKapmii IMPU3BIB 10
3poctanHst @K 3 11 no I11. 3 uux gaHUX BUTUIMBAE, 1110
MOTipIIeHHS Mepediry KOpoHApHOI0 aTepOoCKIEPO3y
OyJ10 mpakTu4yHO piBHUM y rpymi YJIHA ta YJIHA-K
(18,8 % tipotu 12,5 %, p > 0,05), He3BaxkaO4u Ha Je-
o 6inpiie yncino YJIHA-K 3 @K 111 (43,8 % npotu
31,3 %, p > 0,05).

Hpyre obcTexXeHHS MoKasajo, 110 y 2 Mali€HTiB
(12,5 %) 3’saBumucs BE Ta mie y 2 CBE, saxux He 0y-
jg0 1o COVID-19, a ®II 3adikcoBana 1e y 6 ocid
(37,5 %): i3 Hux y 3 mapokcu3MalibHa Ta y 3 IocTiiiHa
dopma (puc. 3). TakuM ynMHOM, KinbKicTh YJIHA-K
i3 ®I1 3pociio B YOTUPH pa3H.

V rpymi YJIHA mig yac 2-To 0OCTEXEHHS Topy-
IIEHHST pUTMY, SIKUX He (hikcyBanu npu 1-my obcte-
JKeHHIi, BUSIBUIM y 5 mawienTiB (15,6 %):y 2 — BE, y
2 — CBE r1a y 1-ro mapokcusmu DII. Yacrora
eKCTPACUCTONIYHOI apuTMii, gKa BIIepllle BUSBIEHA
npu 2-My 00CTeKeHHi, JOCTOBIPHO HE pO3pi3HsIacCh
Mixx YIIHA-K (25 %) ta YJIHA (12,5 %), Tonmi sk
yactora PI1 y nepiumnx 3HaYHO MEePEeBUIILYBajla TaKy
B rpyni YJIHA (37,5 % nipotu 3,1 % p < 0,01).

YacTka nauieHTiB i3 6;10KagaMu HixkOK Imyyka ['ica
Ta AB-610kagaMu Oyna ogHaKoBoOO Mpu 1-my Ta 2-
MY OOCTEXXEHHSIX B 000X Ipymax.

was considered as exertional stenocardia of FC I1I 28
days later (Fig. 2). In another patient, a change in the
nature of anginal pain indicated that the stenocardia
FC increased from II to III. Among two EW patients
(6.3 %) with a diagnosis of «CHD, cardiosclerosis» at
the 2™ examination, one was diagnosed with stenocar-
dia FC I, and the other with stenocardia FC II. In 4
patients (12.5 %), the severe course of angina led to an
increase in FC from II to III. It follows from these
data that the deterioration of the course of coronary
atherosclerosis was almost equal in the EW and EWC
groups (18.8 % vs. 12.5 %, p > 0.05), despite a slightly
higher number of EWC with FC I1I (43.8 % vs. 31.3 %,
p > 0.05).

The second examination showed that VE were
revealed in 2 EWC (12.5 %) and SVE in 2 ones more,
which were not present before COVID-19. AF was
recorded in 6 more people (37.5 %): 3 of them have a
paroxysmal form and 3 have a permanent form (Fig. 3).
Thus, the number of EWC with AF increased fourfold.

During the 2™ examination in the EW group, rhythm
disturbances, which were not recorded during the 1%
examination, were detected in 5 patients (15.6 %): in 2
patients VE, in 2 SVE, and in one patient paroxysms of
AF. The frequency of extrasystolic arrhythmia, which
was first detected at the 2™ examination, did not reli-
ably differ between EWC (25 %) and EW (12.5 %),
while the frequency of AF in EWC was significantly
higher than in EW (37.5 % vs. 3.1 %; p < 0.01).

The proportion of patients with bundle branch
blocks and AV blocks was the same at the 1st and 2nd
examinations in both groups.
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PucyHoK 2. Yacrora IXC 3i cTeHoKap-
aicto pizHoro @K B VJIHA-K 1a VIHA

Hoanmtin  2veammin  Fleamiaion  #eannaton npK 1-My Ta 2-My 06CTeMEHHAX
YNHAK/ EWC YNHA/ EW Figure 2. CHD with angina pectoris
m CTEHOKAPAIA BIACYTHA oK 1/FCI  mOKII/FCII  mokil/fFcmr| | frequency rate in EWCand EW at the 1%
and 2" examinations

%
10

90 [ - -
B [ -
L]
e

1 06CTeXEHHS 2 06CTEXEHHS 1 06CTEXEHHS 2 06CTEXEHHS
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PucyHok 3. Yacrora pi3Hux nopywenb putmy B YIHA-K 1a V/IHA npu 1-my 1a 2-My 06CTeKEHHAX
CraTtucTtryHa nomunka mixx 1 1a 2 obcTexeHHsam, *p < 0,05

Figure 3. Frequency rate of different rhythm disturbances in EWC and EW at the 1* and 2" examinations
*n < 0.05

VY 2 nauientiB (12,5 %) YJIHA-K Ta omHoro YJIHA In 2 EWC (12.5 %) and one EW (3.1 %) at the 2™
(3,1 %) npu 2-my obcrexenHi giarHocryBanu CH 1IA,  examination, HF IIA was diagnosed, which was
mo Oyjao BUKIMKaHO mnoripmeHHsaM mepebiry IXC,  caused by the deterioration of CHD course, since at
OCKiTbKM TIpu 1-My obOcrexkeHHi cummroMatuka CH — the 1% examination the symptoms of HF corres-
BimmoBimana I cramii (puc. 4). Xoua yactka mauieHtiB  ponded to the HF I (Fig. 4). Although the propor-
VIJIIHA-K i3 CH IIA 6yna Bumioro, Hixk y YJIHA, cra-  tion of EWC patients with HF I1A was higher than in
TUCTUYHOI JOCTOBIPHOCTI BiIMiHHOCTEN HE OyJIO. EW the differences were not statistically significant.

TakuMm 4yMHOM MpOBEAEHUI aHali3 IMOKa3aB, IO MixX The analysis carried out in this way showed that
1-M 1 2-M OOCTEXEHHAMU B 000X Tpymax Ioripmmbesa  between the 1% and 2™ examinations in both
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Figure 4. CHF frequency rate in EWC
and EW at the 1t and 2™ examinations

KkiiHiunuit niepe6ir IXC, 1o mosasraigo y 30iablIeHHI
BiIHOCHOI KiJIbKOCTi OCi0O 31 CTEHOKAapHi€l0 TSKKOTO
®K, 3 BE ta CBE, ®I1, a Takox 3 6inbir Tsokkoo CH,
1110 B LIIJTOMY MOXHAa BiIHECTU HA paXyHOK IIPUPOJHOTO
MpOrpecyBaHHsS OCHOBHOIO 3axBopioBaHHs. OnHak,
MpUBEPTAE yBary Toil (bakT, IO ITiCas MEPEHECEHOTO
COVID-19 yncno oci6 i3 PI1 36inspmmiocs B 4 pasn,
toui K y rpymi YJIHA B 1,1 paza. AHani3 tabiulpb
CIIPSDKEHOCTI MMoKa3aB, IO CHiBBiTHOIIEHHS IIAHCIB
posButky ®IT B rpymi YJIHA-K 6yio 18,6 (95 %
noBipuuit intepBan: 2,0—173,6; y2 IMipcona = 10,118
npu p = 0,001, 3 Tounum kputepiem Dimepa p = 0,004).

Jng aHamizy CTpyKTYpHO-(PYHKIIIOHAJILHOTO CTaHY
miokapaa JIII 3actocoByBaaM HemapaMeTpUYHMIA
Kputepiit MaHH-VYiTHI 1J1 ABOX HE3aIeXKHUX BUOIpOK,
nopiBHIOI0UM pe3ynbraté MixX YJIHA-K Ta YJIHA Ha
KOXXHOMY eTarli 00CTexkKeHHsI, Ta KpuTepiit Binkokcona
JUIS. IBOX 3B’SI3aHUX BUOIPOK, KOJIM B KOXHIl i3 Tpyn
3iCTaBJSUIM Pe3yabTaTy, OTpUMaHi Mpu 1-my Ta 2-My
OOCTEXEHHI.

Sk BugHO 3 Ta6. 2, Tipu 1-My 00CTeKeHHiI TPaKTUIHO
Bci BenmmunHu 00’ eMiB JILT, MM ta IMM Oysu moMiTHO
purmu B YJIHA-K nopiBHsHO 3 YJIHA, 3a ¢pakTHUUHOL
piBHOCTI moka3HUKiB T3C i TM LTI B 060x rpymax. [1pn
2-My 00CTexKeHHi 30epirangacs Ta XX TeHACHLIIST BEIUKUX
3HaueHb cepenHix 06’emiB JIII B YJIHA-K, Toni 1K Be-
JmyrHa MM ta IMM, 13C ta TMIIII Oynau TaKi X, SIK B
YJIHA. OnHak BiIMiHHOCTI XKOZHOTO 3 HaBEACHUX I10-
Ka3HUKiB HE MaJIi CTAaTUCTUYHOIL IOCTOBIPHOCTI 3TiTHO 3
U-kputepiem ManH-YitHi. KpiM Toro, cepenHi 3HaueH-
H$1 IEeSKUX MOKA3HUKIB HE BUXOIWIN 32 MEXi BEPXHbOL
HOpMU (B TabJI. 2 BOHU HaIpyKOBaHi KYPCHUBOM).

groups, the clinical course of CHD worsened, which
consisted in an increased portion of patients with
stenocardia of severe FC, with VE and SVE, AF and
severe HF, which in general can be attributed to
CHD natural progression. However, the fact that
after recovery from COVID-19 the number of peo-
ple with AF increased by 4 times, while in the EW
group by 1.1 times, attracts attention. The analysis of
contingency tables showed that the odds ratio for AF
developing in EWC was 18.6 (95 % confidence inter-
val: 2.0—173.6; Pearson’s 2 = 10.118 at p = 0.001,
with Fisher’s exact test p = 0.004) .

To analyze the structural and functional state of the
LV myocardium, the non-parametric Mann-Whitney
test was used for two independent samples, comparing
the results between EWC and EW at each stage of the
examination, and the Wilcoxon test for two connect-
ed samples, when the results obtained during the 1¢
and 2™ examination were compared in each group.

As can be seen from the table 2, during the 1%
examination, almost all values LV volumes LV, MM
and IMM were significantly higher in EWC com-
pared to EW, given the actual equality of PWT and
I'VS in both groups. At the 2" examination, the same
trend of large average values for LV volumes in EWC
was maintained, while the value of MM and IMM,
PWT and I'VS were the same as in EW. However, the
differences in none of the above indices had statistical
significance according to the Mann-Whitney U-test.
In addition, the average values of some indices did
not go beyond the upper limit (in Table 2, they are
printed in italics).
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MoKa3HUKK CTPYKTYpHO-(pYyHKLUioHaNbHOro cTaHy miokapay JIW B VIHA-K Ta V/IHA npu 1-my i 2-My 06cTexeH-

HAax, M + SD
Table 2

Indices of LV myocardium structural and functional state in EWC and EW at 1 and 2™ examinations

1-uslte oGCT_e)KF:HHn 2-rn% 06cTe_)|(er_|H9| U-tect MaHH-YiTHi, p BiJ]I_gg¥COHa

Nokastuky / Indices 1 examination 2™ examination Mann-Whitney . ' P
VJIHA-K/EWC YJIHA/EW  YJIHA-K/EWC YJIHA / EW Utest, p  Wilcoxon test, p

n=16 n=32 n=16 n=32 p1 P2 Ps P4
KZO, mn / EDV, ml 151,6 £ 34,1 143,2 + 29,7 171,6 £ 53,9 155,8 + 34,1 0,575 0,405 0,132 0,040
IKQO, mn-m2 / IEDV, ml-m 722+ 17,6 69,5+ 15,0 81,8 £25,7 75,0 £ 14,7 0,718 0,582 0,112 0,055
KCO, mn / ESV, ml 70,8 + 23,1 60,7 £ 23,8 89,6 = 42,6 65,2 + 23,4 0,133 0,074 0,045 0,060
IKCO, mn-m2 / IESV, ml-m™? 33,7+x11,0 296+ 124 42,7+204 31,5+10,9 0,136 0,080 0,041 0,081
®B, % / EF, % 536+73 585+10,7 49,8 + 8,6 58,8+ 8,8 0,038 0,003 0,038 0,136
13C, mm / PWT, mm 113+£17 11,1+13 11,111 115+18 0,438 0,575 0,583 0,395
TMLUM, MM / ST, mm 126 £1,7 12,7+2,0 12315 129+272 0,902 0,429 0,605 0,614
MM, r/LVM, g 284,3 + 66,1 2711,1 £ 60,4 295,3 £ 62,3 2948 + 73,6 0,547 0,796 0,629 0,031
IMM, r-m2 / ILVM, g-m™2 135,7 = 34,1 131,1+278 140,3 = 27,0 141,7+ 32,8 0,678 0,920 0,000 0,045

Mpumitku. ps — cTatucTryHi nomunka pisHuui Mix YJTHA-K Ta YJTHA npu 1-my o6CTexeHHi; p2 — ctatucTuyHi nomunka pishuui mMix YJTHA-K Ta YJTHA npu 2-my 06CTeXeHHi;

3 — CTAaTUCTVYHI Momuika pisHuLi Mix YJTHA-K npu 1-my Ta 2-My 06CTEXEHHSIX; Pg — CTATUCTUYHI MOMMNKA PisHuLi Mix YJTHA npu 1-my Ta 2-My 0OCTEXEHHSIX.

Notes. p; — statistical error of EWC and EW difference at the 15t examination; p, — statistical error of EWC and EW difference at the 2"d examination; p3 — statistical error of the dif-
ference between EWC at the 15t and 2nd examinations; ps — statistical error of the difference between EW at the 15t and 2nd examinations.

B o6ox rpynax, YJIHA-K ta YJIHA, Bci HaBeJeHi B
TabJI. 2 cepenHi 3HAYEeHHS MOKA3HWKIB 00’eMiB, MM
ta IMM 1ipu 2-My OOCTeXEeHHi OyJM BUILMMM, HiX
Npyu TepIIoMYy, MpPU TOCTOBIPHOCTI BiIMiHHOCTEM
KCO, iKCO ta IMM B YJIHA-K T1a K10, MM Ta
IMM B VJIHA.

3pocTaHHs cepeaHiX BeTMUMH IMMOKA3HUKIB CTPYKTYP-
HO-(YHKIIOHAJIbHOTO cTaHy Miokapaa JIII mpu 2-my
00CTEXEeHHI 3aKOHOMIpHO CYyNpPOBOJKYBAIOCS ITiIBU-
LIEHHSIM BiZHOCHOI KiJILKOCTi 0ci0 B 000X rpymnax, y
SKMX Ii MOKA3HUKU TIEPEBUIIYBaIMd BEPXHIO MEXY
HopMHU (puc. 5), aje 6e3 CTaTUCTUYHOI JOCTOBIPHOCTI
BiIMiHHOCTEM K MiX I'pyrnaMu, TaK i BcepearHi KOX-
HOI 3 Irpym.

®B, gk nmokasHUK cuctomiyHoi dyukuii JILL, oyra
noctoBipHo Hmxuoro B YJIHA-K mpu 1-my Ta 2-my
o0cTexxeHHsIx nopiBHsIHO 3 YJIHA (ta6:. 2). 1o 3axBo-
proBa"Hsg Ha COVID-19 y mojioBuHM NaIi€HTIB Ipynu
VJIHA-K 6yna sumkena ®B (puc. 5), Toi K y rpyIi
VYJIHA nume y 31,3 % (p > 0,05). Ilicas nepeHeceHo-
ro COVID-19 kinbKicThb 0Ci0 i3 CUCTOJIIYHOIO AUC-
dyHkuieto noctoBipHO 3pocia 10 81,3 % (B 1,63 paza).
B rpyni YJIHA 1eii moka3HUK MigABUIIMBCS JIMIIE Ha
6,3 %. Bigminnocti B 4acrtoti 3HmxkeHoi PB Mix
VJIHA-K i YJIHA cxinanu 46,9 % (p < 0,001).

Jns mepeBipKM IOJIOXEHHS IIPO MOXJIWUBY 3a-
JiexxHicTh BennunHu OB Bin yacy, sKuii MUHYB Bin ga-
™ 3axBoproBaHHs HAa COVID-19 10 2-ro o0cTexXeHHs,
OyB MpoBeaeHUI KopesiiiiHuii aHani3. BiH mokasas,
IO 3B’SI3KY MiX IIMMU IBOMAa BeTMYMHAMU (PaKTUIHO

In both groups, EWC and EW, all average values of
volume indices, MM and IMM at the 2™ examina-
tion that are listed in the table 2 were higher than at
the 1 examination with the reliability of differences
of ESV, IESV and IMM in EWC and EDV, MM and
IMM in EW.

The increase of average values for LV structural
and functional state indices during the 2" examina-
tion was naturally accompanied by an increase of
proportion of both groups patients in whom these
indicators exceeded the upper limit of the norm
(Fig. 5), but without statistical significance of differ-
ences both between groups and within each of the
groups.

EE as the indicator of LV systolic function, was sig-
nificantly lower in EWC at the 1* and 2™ examina-
tions compared to EW (Table 2). Before the disease
of COVID-19, half of the patients in the EWC group
had reduced EF (Fig. 5), while in the EW group only
31.3 % (p > 0.05). After COVID-19, the number of
people with systolic dysfunction significantly
increased to 81.3 % (1.63 times). In the EW group,
this index increased by only 6.3 %. Differences in
the frequency of reduced EF between EWC and EW
amounted to 46.9 % (p < 0.001).

A correlation analysis was conducted to verify the
statement about the possible dependence of the EF
value on the time elapsed from the date of the
COVID-19 disease to the 2™ examination. It showed
that the relationship between these two values actu-
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PuUcyHOK 5. BigHocHe uyncno nauieuris 3i 36inbwennam KO, IKAO, KCO, IKCO ta 3i 3HmkeHoto ®B B VIHA-K

1a V/IHA npu 1-my Ta 2-My 06CTEKEHHAX

CTaTtucTtryHa noMmunka npu 2-my oobctexeHHi mixx YJIHA-K ta YJTHA, * - p < 0,0015
Figure 5. Proportion of patients with increased EDV, IEDV, ESV, IESV and decreased EF in EWC and EW at the

1t and 2™ examinations

Statistical error on 2" examination between EWC and EW, * — p <0.001

He icnye: r = 0,236 nipu p = 0,379. He BusiBieHo Ko-
penanii Mixk yacom, gaxkuii MuHyB Tticiast COVID-19,
Ta iHIIMMU eXoKapaiorpadiyHMMM MOKa3HUKAMU.

3acTocyBaHHS AoINIuiepexokapaiorpadii 103BOJIM-
JIO BU3HAUYUTU B 000X rpymnax HasiBHICTb i xapakTep
niactosiyHoi nucdyHkii (1J1P). BuHsaTok ctaHOBU-
s ocobu 3 DI, y akux 6yj10 HEMOKIMBO BUZHAYUTH
niactoniyny ¢dyHkiito JIII: mo 2 maimieHTH cepen
VIJIIHA-K Ta YJIHA. fAkio npu 1-my o0cTexXeHHi B
rpyni YJIHA-K OyB ognH TallieHT 3 HOPMAaJbHOIO
ngiactomiyHoro ¢ynkuiero JIII i ogun 3 111 Tumom
D (puc. 6), To mpu 2-My 0OCTEKEHHI TiacToTiyHA
¢yHK1Iig Y HMX He Bu3Hauajacs depe3 PII, mo Bu-
HUKJIA, Te X caMe CTOCyBajiocd i 2 mamieHTiB 3 I -
nom OJ®. INpu 2-My obcTexXeHHi y 8 XBOpUX Ha
VJIHA-K 36epiraBcst I Tunr JJI®, a y 2 mauieHTiB
O ® nporpecyBana go 11 tumy. B rpyni YJIHA mpu
1-my obcTexxeHHi y 2 nauieHTiB 6yna @I1, a nmpu 2-my —
BXe y yotupboX. [TopiBasHo 3 YJIHA-K y wiit rpymi
Oys10 mocToBipHO MeHIe ocid 3 I Tmmom 1D i Ginb-
e 3 II tunmom. Ipu 2-My 06CTEKE€HHi BiTHOCHE YHC-
o YJIHA 3 1i Il tTunamu P 36inbLyBaiocst 6e3
JocToBipHOCTI BinmiHHocTel 3 YJIHA-K.

ITpu aHamizi KJIiHIYHUX TTOKA3HUKIB i MOKA3HUKIB
CTPYKTYPHO-(PYHKIIOHAIBLHOrO cTaHy Miokapaa JIIIIT
y TIOCTKOBIiTHOMY TIepiofi HE BHUSIBICHO OyIb-SIKIX

ally does not exist: r = 0.236 at p = 0.379. No correla-
tion was found between the time elapsed after
COVID-19 and other echocardiographic parameters.

The use of Doppler echocardiography made it pos-
sible to determine the presence and nature of diastolic
dysfunction (DDF) in both groups. The exception
was individuals with AF in whom it was impossible to
determine LV diastolic function: 2 patients each
among EWC and EW. If at the 1* examination in the
EWC group there was one patient with normal LV
diastolic function and one with 111 type of DDF (Fig. 6),
then at the 2™ examination their diastolic function
was not determined due to the AF that occurred, then
the same was true for 2 patients with type I DDFE. At
the 2" examination, 8 patients with EWC retained 1
type of DDEF, and in 2 patients, DDF progressed to
type II. In the EW group, 2 patients had AF at the 1*
examination, and 4 at the 2" examination. Compared
to EWC, this group had significantly fewer people
with type I DDF and more people with type I1. At the
2" examination, the relative number of EW with types
I and II DDF increased without the statistical signif-
icance of differences with EWC.

When analyzing clinical indices and indicators of
LV myocardium structural and functional state in the
post-covid period, no significant and regular changes
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PucyHok 6. BigHocHe uncno nauientie 3 AP B VIHA-K Ta VJIHA npu 1-my Ta 2-My 06CTeKEeHHAX
CraTtucTtryHa nomunka npu 1-my ob6ctexeHHi Mix YJTHA-K ta YJTHA, * - p < 0,05; **- p < 0,01

Figure 6. Proportion of patients with diastolic dysfunction in EWC and EW at the 1 and 2™ examinations
Statistical error on 1% examination between EWC and EW, * — p < 0.05, ** — p < 0.01

JOCTOBipHUX Ta 3akoHOMipHMX 3MiH B YJIHA-K i3 ce-
peaHbo-TsLKKUM nepedirom COVID-19 nopiBHSHO 3 TH-
MM, XTO JIiIKyBaBcsl aMOyJ1aTOPHO.

OBI'OBOPEHHA

AHagni3 HaykoBoi Jitepatypu npo COVID-19 noka3sye,
110 MmepeBaxkHa OiMbIIICTh pOOIT MpUCBIYEHA Mepediry
rOCTpPOro Imnepiody 3axBOPIOBaHHS, HOro Haciigkam i
JIIKyBaHHIO TMAIli€EHTIB, MEHIIIE — CTaHy XBOPMX Y TTOCT-
KOBiZHOMY MepPiofi.

Binomo, mo Bipyc SARS-CoV-2, 10 BHUKIMKAE
COVID-19, npoHuKa€e B KIIITUHU JTIOIUHU, 3B’ I3YIOUUCH
3 aHTIOTEH3MHIIEpETBOPIOIOUYNM epMeHTOM 2 (ATTD2),
KU Ji€ $IK OCHOBHMIA TpaHCMEMOpaHHUI peLenTop
Bipycy [13, 14]. AII®D2 mmpoKo eKCIIPeCcyEThCSI B KPOBO-
HOCHIM cucteMi. [lTameHbKi M 931 CyInMH, TOYHO TaK ca-
MO, K apTepiajbHi i BeHO3Hi eHAOTeialbHi KIITUHHU,
XapaKTepHU3yIOThCsl BUCOKUM pPiBHEM €KCIIpecii peler-
topa AII®2 [15, 16]. llle oanicro MimreHHIO WIS iH-
dexuii SARS-CoV-2 € mepuuti — BiIpOCTKOBI KITiTH-
HU CIOJYYHOI TKAHWHU, SIKi BXOAATH IO CKJIaay CTiHOK
NPiOHUX KPOBOHOCHUX CYIWH, Y TOMY YMCJIi KaIlispiB.
Bonu Takox excrpecyioTb AIID2 i ToMy MOXYTb Bifi-
rpaBaTd BUpIillaJbHY POJIb Y MIiKPOCYIMHHIN auc-
(yHkuii i koarynonatii npu COVID-19 [17].

ITatoreHes nomkomxeHHs1 miokapaa npu COVID-19 e
KoMILIeKCHUM. OOroBopIoIOTh Kijlbka MeXaHi3MiB: Mpsi-
Me TIOLIKOIKEeHHS MioKap/a, MOIIKOIKEHHSI CepLIeBOTO

were found in EWC with a moderate-severe course
of COVID-19 compared to those who were treated
on an outpatient basis.

DISCUSSION

The analysis of the scientific literature on COVID-19
shows that the vast majority of works are devoted
to the course of the disease acute period, its conse-
quences and treatment of patients, less — the con-
dition of patients in the post-covid period.

It is known that the SARS-CoV-2 virus, which
causes COVID-19, penetrates human cells by bind-
ing to angiotensin-converting enzyme 2 (ACE2),
which acts as the main transmembrane receptor of
the virus [13, 14]. ACE2 is widely expressed in the
circulatory system. Vascular smooth muscles, just
like arterial and venous endothelial cells, are char-
acterized by a high level of expression of the ACE2
receptor [15, 16]. Another target for SARS-CoV-2
infection is pericytes as the process cells of con-
nective tissue cells, which are part of the walls of
small blood vessels, including capillaries. They
also express ACE2 and therefore can play a crucial
role in microvascular dysfunction and coagulopa-
thy in COVID-19 [17].

The pathogenesis of myocardial damage in
COVID-19 is complex. Several mechanisms are
discussed: direct damage to the myocardium,
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M’si3a LIMTOKiHAMM Ta iHIIMMM Mpo3anajibHUMU (ak-
TOpaMu, MOPYLIEHHS MiKpOLIMPKYJISLil Ta €HIO0TeNi-
ajbHA IUC(YHKINS B KOPOHAPHOMY PYCJi, HapeIlTi,
3MiHU KapJiOMiOLIMTIB BHACIIIOK Tinmokcii [2—5, 18].

ITolKomKeHHs CepLieBO-CYIMHHOI CUCTEMM ITiJI Yac
COVID-19 € nmaToreHeTM4YHOI0 OCHOBOIO CUMMOTOMO-
KOMIIUIEKCY MOCTKOBIZHOro cuHapoMmy. CHMITOMU
TpuBajoro COVID-19 BkioOYalOTh CTOMJIIOBAHICTb,
3aUIIKY, apTpaIrii, OiIb y TPYAHIN KITiTII, TOJTOBHUIA
Oib Ta iHi [6, 19, 20]. Y nauieHTiB TAKOX BUSBISIOTH
apuTMii, TiNOTeH3i10, BEHO3HI TPOMOOEeMOOINYHI 3aX-
BOPIOBAHHS, MiOKapAuT i TOCTPY CepleBYy HeIocTaT-
HicTh [21]. IHIII aBTOPW 3HAXOOWJIM y TTOCTKOBITHUIA
nepiox rinepTpodito Miokapaa Ta ocepeakoBuit dio-
po3 Miokapma [22].

Bucokoro e(peKTUBHICTIO B OLHIII YpaXKeHHSs ceplie-
Bo-cyauHHoi cuctemu micast COVID-19 BiapizHsiiacsa
MarHiTHo-pe3oHaHcHa Tomorpadis (MPT) cepusa Tta
exokapmiorpadis. Tak, mpu obctexkeHHi 100 HiMelb-
KUX MAalliEHTIB y cepenHboMy uepe3 71 meHb (64—92
aHi) micag giarHoctuku COVID-19 MPT Bussuia
ypaxkeHHs cepls y 78 ocib i TprBaloye 3anajacHHs Mio-
Kapzaa y 60 ocib, He3ajiexKHO Bif, paHillie iCHYy10401 KO-
MOPOiIHOI MATOJIOTil, TSKKOCTI i 3arajJlbHOTO Mepediry
iH(eKI1il Ta yacy BiJ MOYaTKOBOTO AiarHosy [23].

3a pe3yabTaTaMu MeTa-aHami3y [24], IpUCcBIYEHOTO
BUBYEHHIO PEMOJACIIOBAHHIO ILIYHOYKIB Cepls, y
roctpoMy nepiogi COVID-19 y 46 % mnauieHTiB 3 79
exokapziorpagiuHa KapThuHa O0yja HOpMajabHOIO, y 32
0cib criocTepiraaocs peMoAea0BaHHS MPaBoOro Iy-
nouka (ITH), y 5 —JIL i y 6 — 060X 1utyHo4KiB. [ToB-
TOpPHE JOCHIIKEHHS Yepe3 TPU Mics1li Ticas BUXiZHO-
ro He BUSIBWIO 3MiH BxXe Yy 56 ocib, peMomeaioBaHHS
ITI 3yctpivanocs y 16 manienris, JILI y 5 i o6ox
IIUIYHOYKIB y 2 0ci06. ABTOpU pOoOJISITh BUCHOBOK, IIIO
cucrtojiiuHa auceyukuisg JIII auine 6inbln pigkicHe,
Hix TTII.

Sk mokazaB aHani3 gaHux jgirepatypu npo COVID-19,
Hallle JOCJIiIXKEHHSI MEHIIOK Mipolo BiAMNOBigae pe-
3yJbTaTaM iHiux aBTopiB. [To-niepine, y Hamriit podoTi
JOCITi>KeHHsT BUKOHaHi Ha YJIHA, koTpi mMamu B
aHaMHe3i (pakT panialifHOTO BIUIMBY, SIKUIA 32 JAHUMU
HalllMX MOIMEpeaHiX poOiT MOXHA PO3MIsAaTU SIK pU-
3uK-(akTop KapaiajbHoi maroJjorii. Ilo-apyre, Bci
nawieHTH 1o 3apaxeHHs BipycoM SARS-CoV-2 Bxe
Oynu xBopi Ha IXC, gK i nalieHTH rpynu MOpiBHSIHHS,
ski He xBopinu Ha COVID-19. [To-TpeTe, cepenHiii Bik
MaljieHTiB 000X Ipyn OYB CTaplMM, HiX y 0ci0, maHi
Mpo SIKKX MpeacTaBlieHi B MeTaaHanizax. [lo-ueTBepTe,
OifbLIICTh aBTOPiB BMBYAIM Mepedir MOCTKOBIAHOIO
CUHIIPOMY B CTPOKHU O 3 MICSIIiB TiCIIS 3apakeHHs,

damage of the heart muscle by cytokines and other
pro-inflammatory factors, disruption of microcircu-
lation and endothelial dysfunction in the coronary
channel, finally, changes in cardiomyocytes due to
hypoxia [2—5, 18].

Damage of the cardiovascular system during
COVID-19 is the pathogenetic basis of the post-
covid syndrome. Symptoms of prolonged COVID-19
include fatigue, shortness of breath, arthralgias, chest
pain, headache, and others [6, 19, 20]. Arrhythmias,
hypotension, venous thromboembolic diseases,
myocarditis and acute heart failure are also found in
patients [21]. Other authors found myocardial
hypertrophy and focal myocardial fibrosis in the
post-covid period [22].

Magnetic resonance imaging (MRI) of the heart
and echocardiography were highly effective in
assessing damage to the cardiovascular system after
COVID-19. Thus, during an examination of 100
German patients, an average of 71 days (64—92 days)
after the diagnosis of COVID-19, MRI revealed
heart damage in 78 people and ongoing inflamma-
tion of the myocardium in 60 people, regardless of
the previously existing comorbid pathology, severity
and general course of the infection and time since
initial diagnosis [23].

According to the results of a meta-analysis [24]
devoted to the study of heart ventricles remodeling
in the COVID-19 acute period, 46 % of 79 patients
had a normal echocardiographic picture, 32 people
had remodeling of the right ventricle (RV), 5 LV,
and 6 both ventricles. Re-examination after three
months revealed no changes in 56 people, RV
remodeling occurred in 16 patients, LV in 5 and
both ventricles in 2 people. The authors conclude
that LV systolic dysfunction is a rarer phenomenon
than RV.

As the literature analysis of COVID-19 showed,
our study corresponds to a lesser extent to the results
of other authors. First, in our work, the studies were
performed on EW, which had a history of radiation
exposure, which, according to our previous works,
can be considered as a risk factor for cardiac pathol-
ogy. Second, all patients were already sick with CHD
before being infected with the SARS-CoV-2 virus,
as were the patients of the comparison group who
did not suffer from COVID-19. Third, the mean age
of patients in both groups was older than that of indi-
viduals reported in meta-analyses. Fourth, most
authors studied the course of the post-covid syn-
drome up to 3 months after infection, that is, in the
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TOOTO HAMOJMXKXUMMU TUXKHIMU Micasl KIIHIYHOIO
OofyXkaHHS, TOAiI SK y Hallliii poOOTi MalieHTu Oyau
o0cTexeHi B cepenHboMy yepes 134,9 nHiB (25 npoleH-
tinein — 56,25, 50 npouentuneir — 107,5 ta 75 npo-
neHtwiein — 193,25 nHst). [oTOBHOIO METOIO HAIIOrO
JOCiIKeHHs OyJjia BiAIMOBiAb HAa MUTAHHS, SIKi 3MiHU
KIIHIYHOTO i CTPYKTYpHO-(QYHKIIIOHAIBHOTO CTaHy
CepLIeBO-CYAMHHOI CUCTEMHU MOXHa TIOB’S13aTH 3 Mepe-
HeceHuM COVID-19, a He 3 TpUPOTHUM MTPOrpecyBaH-
HsaMm [XC. BBaxaemo, 110 1ie 3aBAaHHS BAKOHAHO HE B
MOBHOMY 00csI3i, i poOOTYy Yy IbOMY HaIpsiMi Tpeda npo-
JOBXYBaTH, 30ibIIYIOYM YMCENIbHICTh TPYIM Talli-
€HTIB, KoTpi nepeHecau COVID-19, 3aqns nocsirHeH-
Hs1 OUTBILIOT CTATUCTUYHOL MOTYKHOCTI JOCiIKEHHSI.

BUCHOBKU

1. B oci0, siki 6panu yyacts BJIHA Ha HAEC ta nepex-
Bopinu y 2020—2021 pp. Ha cepeaAHbO-TSXKKHUIMA i Jer-
kuit COVID-19, y mocTkoBimHOMY Iiepiomi croc-
Tepirajocs TIOTiplIeHHs KJiHiyHoro mnepebiry IXC,
110 ToJsArajgo y 30UIbLIEHHI BiZHOCHOI KiJIbKOCTI
MALi€HTIB 31 CTeHOKapaieo Hampyru Tsokkoro @K, 3
BE ta CBE, a takox 3 6inb11 Tskkoo CH. Ockinbku
cepen YJIHA, sxi He xBopiau Ha COVID-19, BusiBie-
HO aHAaJIOTiYHi 3MiHUM CTaHY CEPLIEBO-CYIMHHOI CUCTE-
MU, TO B 000X IpyIax iX MOXHa BiTHECTH 3a PaxyHOK
npupogHoro nporpecyBanHs 1XC.

2. IlporpecyBanns IXC ta CH B obcTexxeHUX Malli-
€HTIB cynpoBomxyBanocs 30iutbmeHHsM KO, KCO,
MM JIII Tta iHaekciB HUX MOKAa3HMKIB, BUPAXKEHICThb
SIKOTO JIOCTOBIpHO He BiApi3HsIach y MalLli€HTIB, sIKi
xBopiim Ta He xBopisim Ha COVID-19, mo moxHa
BiIHECTU Ha paxyHOK IpupoaHoro nepediry IXC.

3. B rpyni YJIHA, saki nepeHecaun COVID-19, Bin3Ha-
yajocs 30i1bleHHs KiJibKocTi rmauieHTiB 3 PI1 y 4 pa-
3u (Ha 37,5 %), ToMi K B IrpyMi MOpiBHSHHS Jiuiie B 1,1
paza (Ha 3,1 %). Lleit daxkT mo3Bosisie mepeadadatu
po3Burok DII 5K pe3ynbrar rnepeHeceHol iHheKIii.

4. BpaxoBylouu, MO y IIOCTKOBIZHOMY TIepiomi
KiJIbKICTB Malli€HTIB 3i 3HMKeHoo PB npu moBTOpHO-
My obcrexeHHi 3pocna Ha 31,3 %, a B rpymi 06e3
COVID-19 na 6,32 %, MOXHa IIPUITYCTUTH, 11O CUC-
ToJIiYHA TNCQYHKILiS € pe3yJBTaTOM He JIMIIIE TPUPO.I -
Horo nporpecyBaHHs IXC, a ii BIJIMBY KOpOHaBipyc-
HOI iH(eKIlil Ha MioKap/I.

5. OTpuMaHi pe3yabTaTd CHil po3MIsAaTH K IoIe-
pelHi, 10 MOTPeOYIOTh MOJANBIIOIO MiATBEPIKEHHS
3i 30iJbLIEHHSIM CTAaTUCTUYHOI TTOTYXKHOCTiI JOCIHim-
JKEeHHS 32 PaXyHOK PO3LIUPEHHS 00’€MY BUOIpKHU.

next few weeks after clinical recovery, while in our
work, patients were examined after an average of
134.9 days (25 percentiles — 56.25, 50 percentile —
107.5 and 75 percentile — 193.25 days).

The main goal of our study was to answer the ques-
tion of which changes in the clinical and structural-
functional state of cardiovascular system can be
associated with the induceds COVID-19, and not
with the natural progression of CHD. We believe
that this task has not been fully completed, and
work in this direction should be continued, increas-
ing the number of patients who have undergone
COVID-19, in order to achieve greater statistical
power of the study.

CONCLUSION

1. There was a worsening of CHD clinical course in
the persons who clean-up at the Chornobyl NPP
and fell ill in 2020—2021 with medium-severe and
mild COVID-19. It consisted in an increased pro-
portion of patients having severe stenocardia with
VE and SVE, as well as severe HF in the post-covid
period. Since similar changes of cardiovascular sys-
tem were found among EW who did not suffer from
COVID-19, then in both groups they can be attrib-
uted to the natural progression of CHD.

2. The progression of CHD and HF in the examined
patients was accompanied by an increase in EDV,
ESV, LV MM as well as their values indexed by body
surface area, the severity of which was not signifi-
cantly different in patients with and without
COVID-19, which can be attributed to the natural
course of CHD.

3. The number of patients with AF who survived
COVID-19 increased by 4 times (by 37.5 %), while
in EW group only by 1.1 times (by 3.1 %). This fact
makes it possible to predict the development of AF
as a result of a SARS-CoV-2 infection.

4. Taking into account that in the post-covid period,
the number of patients with reduced EF during re-
examination increased by 31.3 %, and in the group
without COVID-19 by 6.32 %, it can be assumed
that systolic dysfunction is not only a result of the
natural progression of CHD, and also coronavirus
infection impact on the myocardium.

5. The obtained results should be considered as pre-
liminary, requiring further confirmation by an
increase the statistical power of the study due to
expansion of the sample size.

303 &



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. po6nemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

CINMUCOK BUKOPUCTAHUX OXKEPEN

1. WHO Director-General’s opening remarks at the media briefing on
COVID-19 — 11 March 2020. URL: https://www.who.int/director-
general/speeches/detail/who-director-general-s-opening-
remarks-at-the-media-briefing-on-covid-19---11-march-2020.

2. Cardiac involvement in COVID-19 patients: risk factors, predictors,
and complications: a review / G. Aghagoli, B. G. Marin, L. B. Soli-
man, F. W. Sellke. J. Card. Surg. 2020. Vol. 35, no. 6. P. 1302—
1305.

3. Cardiovascular considerations for patients, health care workers,
and health systems during the COVID-19 pandemic / E. Driggin,
M. V. Madhavan, B. Bikdeli et al. J. Am. Coll. Cardiol. 2020.
Vol. 75, no. 18. P. 2352-2371.

4. Cardiac and arrhythmic complications in patients with COVID-19 /
A. N. Kochi, A. P. Tagliari, G. B. Forleo et al. J. Cardiovasc.
Electrophysiol. 2020. Vol. 31, no. 5. P. 1003—1008.

5. Cardiovascular complications in COVID-19 / B. Long, W. J. Brady,
A. Koyfman, M. Gottlieb. Am. J. Emerg. Med. 2020. Vol. 38, no. 7.
P. 1504-1507.

6. Long COVID-mechanisms, risk factors, and management / H. Crook,
S. Raza, J. Nowell et al. BMJ. 2021. Vol. 374. n1648.

7. Postdischarge symptoms and rehabilitation needs in survivors of
COVID-19 infection: a cross-sectional evaluation / S. J. Halpin, C.
Mclvor, G. Whyatt et al. J. Med. Virol. 2021. Vol. 93. P. 1013—
1022.

8. Cardiovascular magnetic resonance findings in competitive ath-
letes recovering from COVID-19 infection / S. Rajpal, M. S. Tong,
J. Borchers et al. JAMA Cardiol. 2021. Vol. 6, no. 1. P. 116-118.

9. Campeau L. Letter: grading of angina pectoris. Circulation. 1976.
Vol. 54, no 3. P. 522—-523.

10. Wwunnep H. B., Ocunos M. A. KnuHnyeckas axokapgmorpadus.

M. : MEOnpecc-undopm, 2018. 344 c.

11. Recommendations for cardiac chamber quantification by echo-
cardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovas-
cular Imaging / R. M. Lang, L. P. Badano, V. Mor-Avi et al. Euro-
pean Heart Journal — Cardiovascular Imaging. 2015. Vol. 16.
P. 233-271.

12. Recommendations for the evaluation of left ventricular diastolic
function by echocardiography: an update from the American
Society of Echocardiography and the European Association of
Cardiovascular Imaging / S. F. Nagueh, O. A. Smiseth, C. P. Ap-
pleton et al. Eur Heart J Cardiovasc Imaging. 2016. Vol. 17,
no. 12. P. 1321-1360.

13. A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS
coronavirus-induced lung injury / K. Kuba, Y. Imai, S. Rao et al.
Nat Med. 2005. Vol. 11, no. 8. P. 875-879.

14. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is
blocked by a clinically proven protease inhibitor / M. Hoffmann,
H. Kleine-Weber, S. Schroeder et al. Cell. 2020. Vol. 181, no. 2.
P. 271-280.

REFERENCES

1.

WHO Director-General’s opening remarks at the media briefing on
COVID-19 — 11 March 2020. URL: https://www.who.int/director-gen-
eral/speeches/detail/who-director-general-s-opening-remarks-at-
the-media-briefing-on-covid-19---11-march-2020.

2. Aghagoli G, Marin BG, Soliman LB, Sellke FW. Cardiac involvement in

10

11.

12.

13.

14.

15

COVID-19 patients: risk factors, predictors, and complications: a
review. J Card Surg. 2020;35(6):1302-1305.

. Driggin E, Madhavan MV, Bikdeli B, Chuich T, Laracy J, Biondi-Zoccai

G, et al. Cardiovascular considerations for patients, health care work-
ers, and health systems during the COVID-19 pandemic. J Am Coll
Cardiol. 2020;75(18):2352-2371.

. Kochi AN, Tagliari AP, Forleo GB, Fassini GM, Tondo C. Cardiac and

arrhythmic complications in patients with COVID-19. J Cardiovasc
Electrophysiol. 2020;31(5)1003-1008.

. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular complica-

tions in COVID-19. Am J Emerg Med. 2020;38(7): 1504-1507.

. Crook H, Raza S, Nowell J, Young M, Edison P. Long COVID-mecha-

nisms, risk factors, and management. BMJ. 2021;374:n1648.

. Halpin SJ, Mclvor C, Whyatt G, Adams A, Harvey O, McLean L, et al.

Postdischarge symptoms and rehabilitation needs in survivors of
COVID-19 infection: a cross-sectional evaluation. J Med Virol. 2021;
93:1013-1022.

. Rajpal S, Tong MS, Borchers J, Zareba KM, Obarski TP, Simonetti OP,

Daniels CJ. Cardiovascular magnetic resonance findings in competi-
tive athletes recovering from COVID-19 infection. JAMA Cardiol.
2021;6(1):116-118.

. Campeau L. Letter: grading of angina pectoris. Circulation. 1976;

54(3):522-523.
. Shiller NB, Osipov MA. [Clinical echocardiography]. M.: MEDpress-
inform; 2018. 344 p. Russian.
Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et
al. Recommendations for cardiac chamber quantification by echocar-
diography in adults: an update from the American Society of Echo-
cardiography and the European Association of Cardiovascular Imaging.
European Heart Journal — Cardiovascular Imaging. 2015;16:233-271.
Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3", Dokainish H, Edvard-
sen T, et al. Recommendations for the evaluation of left ventricular dias-
tolic function by echocardiography: an update from the American Society
of Echocardiography and the European Association of Cardiovascular
Imaging. Eur Heart J Cardiovasc Imaging. 2016; 17(12):1321-1360.
Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, et al. A crucial role of
angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-
induced lung injury. Nat Med. 2005;11(8):875-879.
Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T,
Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell. 2020;181(2):271-280.
. Hamming 1, Cooper ME, Haagmans BL, Hooper NM, Korstanje R,
Osterhaus ADME, et al. The emerging role of ACE2 in physiology and
disease. J Pathol. 2007;212(1):1-11.

(1) 304



ISSN 2304-8336. pobnemn paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

CLINICAL

RESEARCH

15. The emerging role of ACE2 in physiology and disease / I. Hamming,
M. E. Cooper, B. L. Haagmans et al. J Pathol. 2007. Vol. 212, no.
1.P. 1-11.

16. Liu P. P., Blet A., Smyth D., Li H. The science underlying COVID-19:
implications for the cardiovascular system. Circulation. 2020.
Vol. 142. P. 68-78.

17. Endothelial dysfunction in COVID-19: a position paper of the ESC
Working Group for Atherosclerosis and Vascular Biology, and the
ESC Council of Basic Cardiovascular Science / P. C. Evans, G. Ed.
Rainger, J. C. Mason et al. Cardiovasc Res. 2020. Vol. 116, no. 14.
P. 2177-2184.

18. Cardiovascular implications of fatal outcomes of patients with coro-
navirus disease 2019 (COVID-19) / T. Guo, Y. Fan, M. Chen et al.
JAMA Cardiol. 2020. Vol. 5, no. 7. P. 811-818.

19. Long COVID, a comprehensive systematic scoping review / H. Ak-
barialiabad, M. H. Taghrir, A. Abdollahi et al. Infection. 2021. Vol. 49,
no. 6. P. 1163—1186.

20. Carfi A., Bernabei R., Landi F., for the Gemelli against COVID-19
Post-Acute Care Study Group. Persistent symptoms in patients
after acute COVID-19. JAMA. 2020. Vol. 324, no. 6. P. 603—605.

21. Post-COVID-19 syndrome: involvement and interactions between
respiratory, cardiovascular and nervous systems / V. Visco, C. Vi-
tale, A. Rispoli et al. J Clin Med. 2022. Vol. 11, no. 3. P. 524.

22. Long-COVID and post-COVID health complications: an up-to-date
review on clinical conditions and their possible molecular mecha-
nisms / B. S. Andrade, S. Siqueira, W. R. de Assis Soares et al.
Viruses. 2021. Vol. 13, no. 4. P. 700.

23. Outcomes of cardiovascular magnetic resonance imaging in patients
recently recovered from coronavirus disease 2019 (COVID-19) /
V. O. Puntmann, M. L. Carerj, |. Wieters et al. JAMA Cardiol. 2020.
Vol. 5, no. 11. P. 1265-1273.

24. Persisting adverse ventricular remodeling in COVID-19 survivors: a
longitudinal echocardiographic study / W. E. Moody, B. Liu, H. M.
Mahmoud-Elsayed et al. J. Am. Soc. Echocardiogr. 2021. Vol. 34,
no. 5. P. 562—-566.

IHOOPMALIA NPO ABTOPIB

binuin laBup OnekcaHAPOBUY — JOKTOP MELUYHUX HAYK,
CTapwii HayKoBMit cniBpoGiTHMK, 3aBigyBay BigfineHHAM
Kapgionorii Bipginy Tepanii papgiauinHux Hacnigkis IHcTU-
TYTY KniHiuHoi pagionorii HHLPM, m. Kuis, YkpaiHa, ORCID:
0000-0002-2416-2800

HacrtiHa OneHa MuxainiBHa — KaHAWMAAT MEAUYHUX HAyK,
NPOBiAHUI HayKOBMI CNiBpobITHUK BigAineHHs kapaionorii
Binminy Tepanii pagiauinHux Hacnigkis IHCTUTYTY KNiHiYHOT
pagionorii HHLPM, m. Kuis, YkpaiHa

CupopeHko leHHagin BacunboBuY — KaHAMAAT MELUYHUX
HayK, CTaplWwuii HayKkoBUiA cNiBpOOITHUK BigAiNeHHs
Kapgionorii Bipginy Tepanii papgiauinHux Hacnigkis IHcTU-
TYTY KniHiyHoi pagionorii HHLPM, m. Kunis, YkpaiHa

16. Liu PP, Blet A, Smyth D, Li H. The science underlying COVID-19:
implications for the cardiovascular system. Circulation. 2020;142:
68-78.

17. Evans PC, Rainger GEd, Mason JC, Guzik TJ, Osto E, Stamataki Z,
et al. Endothelial dysfunction in COVID-19: a position paper of the
ESC Working Group for Atherosclerosis and Vascular Biology, and
the ESC Council of Basic Cardiovascular Science. Cardiovasc Res.
2020;116(14):2177-2184.

18. Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular
implications of fatal outcomes of patients with coronavirus disease
2019 (COVID-19). JAMA Cardiol. 2020;5(7):811-818.

19. Akbarialiabad H, Taghrir MH, Abdollahi A, Ghahramani N, Kumar
M, Paydar S, et al. Long COVID, a comprehensive systematic
scoping review. Infection. 2021;49(6):1163-1186.

20. Carfi A, Bernabei R, Landi F; for the Gemelli against COVID-19
Post-Acute Care Study Group. Persistent symptoms in patients
after acute COVID-19. JAMA. 2020;324(6):603-605.

21. Visco V, Vitale C, Rispoli A, 1zzo C, Virtuoso N, Ferruzzi GJ, et al.
Post-COVID-19 syndrome: involvement and interactions between
respiratory, cardiovascular and nervous systems. J Clin Med.
2022;11(3):524.

22. Andrade BS, Siqueira S, de Assis Soares WR, de Souza Rangel F,
Santos NO, Dos Santos Freitas A, et al. Long-COVID and post-
COVID health complications: an up-to-date review on clinical con-
ditions and their possible molecular mechanisms. Viruses.
2021;13(4):700.

23. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, Hoffmann
J, et al. Outcomes of cardiovascular magnetic resonance imaging
in patients recently recovered from coronavirus disease 2019
(COVID-19). JAMA Cardiol. 2020;5(11):1265-1273.

24. Moody WE, Liu B, Mahmoud-Elsayed HM, Senior J, Lalla SS,
Khan-Kheil AM, et al. Persisting adverse ventricular remodeling in
COVID-19 survivors: a longitudinal echocardiographic study. J Am
Soc Echocardiogr. 2021;34(5):562-566.

INFORMATION ABOUT AUTHORS

David A. Belyi — MD, Doctor of Medical Sciences, PhD, the
Head of Cardiology Department attached to Department
for Treatment of Radiation Consequences, Institute of
Clinical Radiology, NRCRM, Kyiv, Ukraine, ORCID: 0000-
0002-2416-2800

Olena M. Nastina - MD, PhD, Leading Researcher of
Cardiology Department attached to Department for
Treatment of Radiation Consequences, Institute of Clinical
Radiology, NRCRM, Kyiv, Ukraine

Gennagyi V. Sydorenko — MD, PhD, Senior Researcher of
Cardiology Department attached to Department for Treat-
ment of Radiation Consequences, Institute of Clinical
Radiology, NRCRM, Kyiv, Ukraine

305 &



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. po6nemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

Kypcina Harania BikropiBHa — KaHau[aT MeAWYHUX Hayk,
CTapluii HayKoBUi CNiBpoBGITHUK BigAineHHs kapaionorii
Bipminy Tepanii pagiauitHux Hacnigkis IHCTUTYTY KniHiYyHOT
pagionorii HHLPM, m. Kuis, YkpaiHa

ba3suka OnekcaHpap AMUTPOBUY — KAHAMAAT MESUYHNX HAYK,
HayKoBUI cniBpoGiTHMK BigfineHHs Kapaionorii sigainy Te-
panii pagiauiHux HacnigkiB IHCTUTYTY KNiHiYHOT pagionorii
HHLPM, m. Kwuis, YkpaiHa

KoBanboB Onekcanap CeprifnoBuy — KaHfuaat MeanYHMX
HayK, 3aBigyBay BifAineHHsM pagiauiiiHoi kapgionorii kni-
Hiku IHcTUTYTY KNiHiYHOT pagionorii HHUPM, m. Kuis, YkpaiHa
basuka [umutpin AHatoniioBuy - akagemik HAMH Yk-
paiHu, LOKTOpP MeAWYHMX HAyK, npodecop, 3aBifyBay Bigainy
KNiHi4HOT iMyHonorii IHcTuTyTYy KniHiyHoi pagionorii HHLPM,
reHepanbHuin gupektop HHLPM, m. Kwis, Ykpaina, ORCID:
0000-0001-9982-5990

Nataly V. Kursina — MD, PhD, Senior Researcher of
Cardiology Department attached to Department for
Treatment of Radiation Consequences, Institute of
Clinical Radiology, NRCRM, Kyiv, Ukraine

Olexander A. Bazyka - MD, PhD, Researcher of
Cardiology Department attached to Department for
Treatment of Radiation Consequences, Institute of
Clinical Radiology, NRCRM, Kyiv, Ukraine

Olexander S. Kovaliov - MD, PhD, the Head of Radiation
Cardiology Department, Hospital of Institute of Clinical
Radiology, NRCRM, Kyiv, Ukraine

Dymytriy A. Bazyka — MD, Doctor of Medical Sciences,
Phd, Academician of Ukrainian National Academy of
Medical Sciences, professor, the Head of Clinical
Immunology Department, Director General of NRCRM,
Kyiv, Ukraine, ORCID: 0000-0001-9982-5990

Cmamms Hadiiiwna do pedaxuii 2.08.2022

(1) 306

Received: 2.08.2022




