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CTAH CEPIIEBO-CYJIMHHOI CUCTEMU B YYACHUKIB
JIKBIJALIII HACIIJIKIB YOPHOBUJIbCHKOI ABAPII ITICJIA
INEPEHECEHOI'O COVID-19

MeTa: Ha oCHOBi NOPiBHANLHOIO aHaNi3y KNiHIYHOTO Ta CTPYKTYPHO-(YHKLIOHANbHOMO CTaHy CEpLEBO-CYAUHHOT CUC-
TEMW B y4acHWKiB nikeigauii Hacnipkis aBapii (YJIHA) Ha YopHobunbcbkiit atomHiii enektpoctanuii (YAEC) Ta
aBapiitHO HeONpPOMiHEHNX 0Ci6 BU3HAYMTU 3MiHU CTaHY CepLEBO-CYAUHHOT CUCTEMU, AKI MOXHA NOB'A3aTU 3 NepeHe-
ceHnm COVID-19 abo HacniaKamu onpoMiHEHHS, ane He 3 NPUPOLHUM MPOrpecyBaHHAM CEPLEeBO-CYANHHUX 3aXBOPIO-
BaHb (CC3).
Marepianu Ta metoau. [locnigkeHHs npoBefeHo y 135 nauieHTiB 40NoBiYoi cTaTi, BKAtoYatoun 46 YJIHA ta 21 Heon-
poMiHeHuit nauieHT (rpyna nopiBHAHHA — [TT), aki y 2020—-2022 pokax xopinu Ha COVID-19 (rpynu YTHA-C+i IM-C+
BianoBiaHO), i 47 YJIHA Ta 21 HeonpomiHeHy ocoby 6e3 COVID-19 B aHamHesi (rpynu YJIHA-C- i IT-C- BignoBigHo).
Bci Y/IHA Ta oco6u [Tl 6ynu nig TpUBanum HarnsafoM i NPOXoAuNMN perynspHe 06CTEXEHHs Ta NiKyBaHHA 3 NpuBOAY
CC3y BipminenHi kapaionorii HHUPMIO B no- Ta nicnskosigHuii nepioa. Mig Yac 06CTEKEHHA XBOPUX BUKOPUCTOBY-
BaNM 3araNbHOKiHIYHi, N1abOPaTOPHi, CTaTUCTUYHI METOAM Ta exokapaiorpadito i 4060Be MOHITOpYBAHHSA €leKTpo-
Kapaiorpamu.
Pe3ynbrartu. 3a 3icTaBHMII NPOMIXKOK Yacy Mix 06CTEXeHHAMM B 10- Ta NicnakoBigHuii nepion B Y/IHA Ta HeonpomiHe-
HUX 0Ci0, He3anexHo Bif Toro, xBopinu BoHn Ha COVID-19 abo Hi, cnocTepiranocs noripweHHs cTaHy cepLeBO-CyaNH-
HOT CMCTEMM, KOTpe MOoNArano B NosiBi HOBUX BUMAAKIB 3aXBOPIOBAHHA HA FiNepTOHiYHY XBOPOOY, ilWeMiyHy XBOpoOy
cepus, cepLieBy HEAOCTATHICTb, MOPYLWEHb PUTMY Ta NPOBiZHOCTI. ExokapaiorpadiuHi NoKasHUKK, AKi xapaKTepusyoTb
CTPYKTYPHO-(YHKLIOHANbHMIA CTAH NiBOTO WJYHOYKA, HE ManW CTaTUCTUYHO AOCTOBIPHMX 3MiH fIK B KOXHIN rpyni Mix
ABOMa 06CTEXEHHAMM B [0- Ta NiCNAKOBIAHMI Nepiofd, TaK i MiX pi3HUMK rpynamu.
BucHoBKuK. BipgcyTHicTb pocTOBipHOT pi3HMUi KniHiyHoro nepe6iry CC3 Ta CTPYKTYPHO-(YHKLIOHANbHOTO CTaHy
MioKapfa y nauieHTis, aki nepeHecnn COVID-19 i He xBopinu Ha HbOTO, GiNblie CBIAYUTbL MPO NPUPOLHE NPOrPecyBaH-
HA MaToNorii cepLeBO-CyAUHHOT cucTeMun. [iNOTETUYHO MOXHA NPUNYCTUTK, WO B 0Ci6 noxunoro Biky (60—75 pokis),
XT0 TpuBano xsopie Ha CC3, pagiauinHuii BNAUB y MUHYNOMy i 3axBoptoBaHHs Ha COVID-19 nerkoro Ta cepefHbO-TAX-
Koro nepebiry CyTTEBO He BMIMBAKOTL HAa CTaH CEPLEBO-CYAUHHOT CUCTEMU.
KnioyoBi cnoBa: yyacHukuW nikBigauii Hacnigkie aBapii Ha YopHobunbcbkit AEC; rinepToHiuHa xBopo6a; iwemiyHa
xBopoba cepls; cepueBa HegocTaTHicTb; COVID-19; nicnskoBigHuit nepion; exokapaiorpadis.
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STATE OF CARDIOVASCULAR SYSTEM IN EMERGENCY WORKERS
OF THE CHORNOBYL ACCIDENT AFTER SURVIVE FROM COVID-19

Objective: based on a comparative analysis of cardiovascular system clinical, structural, and functional state both
in emergency workers (EW) of the accident at the Chernobyl Nuclear Power Plant (ChNPP) and non-irradiated indi-
viduals, to identify changes of cardiovascular system status that can be associated with COVID-19 or the conse-
quences of radiation, but not with the natural progression of cardiovascular diseases (CVD).
Materials and methods. The study included 46 EW and 21 unexposed patients (comparison group — CG) who sur-
vived COVID-19 in 2020-2022 (groups EW-C+ and CG-C+ respectively), and EW and 21 unexposed individuals with-
out a history of COVID-19 (groups EW-C- and CG-C- respectively). All EW and CG individuals were male under long-
term supervision, and underwent regular examination and treatment for cardiovascular diseases (CVD) in the cardi-
ology department of the NRCRMHO in the pre- and post-COVID period. During the examination of patients, general
clinical, laboratory, statistical methods, echocardiography, and daily electrocardiogram monitoring were used.
Results. During the comparable period of time between the pre- and post-COVID examinations in the EW and non-
irradiated individuals, regardless of whether they had COVID-19 or not, a deterioration of cardiovascular system sta-
tus was revealed, which consisted in the appearance of new cases of hypertensive heart disease, coronary heart dis-
ease, heart failure, rhythm and conduction disorders. Echocardiographic indicators, which characterize the structur-
al and functional state of the left ventricle, did not have statistically significant difference both in each group
between the two examinations in pre- and post-COVID period and between different groups.
Conclusions. The lack of the significant difference in clinical course of CVD and the structural and functional state
of myocardium between patients, who were sick with COVID-19 or not, is more indicative of the natural progression
of cardiovascular system pathology. Hypothetically, it can be assumed that in elderly people (60-75 years old) hav-
ing CVD, past radiation exposure does not significantly affect cardiovascular system status in the present.
Key words: emergency workers at the Chernobyl Nuclear Power Plant; hypertensive heart disease; coronary heart
disease; heart failure; COVID-19; post-covid period; echocardiography.
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BCTVYII
KoponasipycHe 3axBoproBaHHs 2019 poky, sike oTpuMa-
Jo Hazpy COVID-19, BusBWIOCH CIIpaBXHbOIO IaH-
JieMi€lo IJisl BCbOro CBiTy. 3a JaHUMM BcecBiTHBOI op-
raHizailii oxoponu 3nopos’s (BOO3), nHa 31 cepmHs
2025 poKy BiZmOMO TIpO OifbIn HiXX 778 MIIH BUIIAIKiB
iHgikyBaHHs BipycoM SARS-Cov-2 Ta 7,1 MiTH BUTIaIKiB
CMepTi Bia 1i€i xBopodbu y cBiti [1]. OnmHi 3 mepmmx
OITyOJIiKOBaHUX HAyKOBMX cTaTei [2, 3], omIsSIAiB Ta Me-
TaaHami3iB [4—8] MmicTrim iHpopMaIito mpo Te, 1Mo pu-
3uK TspKKoro mepediry COVID-19 i cMmepTi Big HbOro
BUILI B OCi0 3 pi3HOIO KOMOPOITHOIO IATOJOTIEID Ta
0CO0JIMBO 3 XBOPOOAMHU CEPLIEBO-CYIUHHOI CUCTEMU.
OpnHak HaBiTh Ticnsa omyxkaHHs Big COVID-19 y 6a-
raThbOX XBOPUMX CIIOCTepirajucs TpUBaJi IOJiOpTraHHI
CUMIITOMU Ta YCKJIAJAHEHHS, 10 BUXOAUIU 3a pPaMKU

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

INTRODUCTION

The 2019 coronavirus disease, known as COVID-19,
has emerged as a global pandemic. According to
the World Health Organization (WHO), as of
August 31, 2025 there have been more than 778
million cases of SARS-Cov-2 infection and 7.1
million deaths from the disease worldwide [1].
Some of the first published scientific articles [2, 3],
reviews, and meta-analyses [4—8] reported that
the risk of severe COVID-19 disease and death is
higher in individuals with various comorbidities,
especially cardiovascular disease.

However, even after recovery from COVID-19,
many patients have had prolonged multiorgan
symptoms and complications that go beyond the ini-
tial acute infection. This condition has been termed
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TMOYaTKOBOTO Tepioay roctpoi iHdekiiii. Takuii ctaH oT-
puMaB Ha3By «TpuBanuit COVID», skuit aBropu [9—11]
BBaxKaJy OUIbII IMpaBMIbHUM, HixX «micass-COVID».
B iHmmx myGnikaiisx BUCIOBIIOETHCS ACIIO BiAMiHHA
nymka [12]: 1) xkonu o3Haku Ta cumntomMmu COVID-19
30epiraloTbCs A0 4 TWXKHIB, 1I€é BBAXKAETHCS TOCTPOIO
¢dopMoI0; 2) IKIIO CUMITTOMATHKA 30epiraeTbes Bing 4 10
12 THKHIB, 11e Tpeba po3LIiHIOBAaTU SIK TPUBATY CUMIITO-
maTtuuHy popmy COVID-19; 3) HasgBHICTb CUMIITOMIB,
SKi PO3BMHYJMCS B TOCTPOMY Mepioai ado Micast Kopo-
HaBipyCHOI iH(MeKLil i IKi He MOXHAa MOSICHUTU aIbTep-
HAaTUBHUM [iarHO30M, BapTO PO3LIHIOBAaTH SIK TIiCHsI-
KOBIAHUI CUHIPOM.

ITonpy HasBHICTHb Pi3HUX TEPMiHOJOTIYHUX YMIOAO-
0aHb, iCHY€E MeBHA OJHOCTAMHICTh HNOMISIAIB PO TE, 110
ypaXkeHHS CepleBO-CYAMHHOI CUCTEMHU, SIKE MaJio Miclie
B roctpomy nepiomi COVID-19 Tta 30epiranocs Bmpo-
JMOBX KiJIbKOX MicsuiB micast HeratuBHoro ITJIP-tecty
(momiMmepasHa maHuoronsa peakiiss) Ha SARS-Cov-2
Bipyc, CTaBaJO0 HEMUHYUYOlO CKJIaAO0BOIO TPUBAJIOro
COVID-19 [13—17]. BpaxoBytouu 1eit ¢akT, 1OLiTbHUM
OyJ10 6 MPOBECTU MOPiBHSUIbHMI aHAaJli3 CTaHy CEPLIEBO-
CYIVHHOI CUCTEMMU Y MAalli€EHTIB B J0- Ta MiC/ISIKOBiTHOMY
nepiofdi i BU3BHAYUTHU MOTO MOXKJIMBUI 3B’S30K 3 TIepeHe-
CEHOI0 iHDeKIIieO.

Tpu poxu ToMy Hamu OyB HaBeAEeHMH MOMiOHUIA
aHaJli3 y Mauli€eHTiB, sIKi Opajii ydyacTh B aBapiiHUX poO-
6orax Ha YopHOOUIBCHKII aTOMHIN eleKTpOoCTaHIIil
(YAEC) i 3a3HaiM pagiallifHOTO BIIMBY Ta XBOPIiIW Ha
cepueBo-cyauMHHI 3axBoproBaHHs [18]. Ha Toii yac oc-
HOBHA I'pyMna Ta Ipyna IopiBHSIHHS OyJIM MaJO4YMCEeIbHI,
He OyJ10 MOXKJIMBOCTI MPOBECTU TOPIBHSIHHS 3 HEOII-
pOMiHEeHUMHU JoabMU. B 1ili poOOTIi MU aHai3yeMo
CTaH ceplLeBO-CyAUMHHOI cucteMu Ao Ta miciasgs COVID-19
B YYaCHMKIB JikBimauii HacminkiB asapii (YJIHA) nHa
YAEC, gK rpynu BUCOKOIO KapIiaJlbHOTO PU3UKY, i B
rpynax HeompoMiHeHux ocid i3 Ta 6e3 COVID-19 B
aHaMHe3i.

META

Ha ocHOBi mMOpiBHAJBHOTO aHaji3y KJIiHIYHOrO Ta
CTPYKTYPHO-(YHKIIIOHAIBHOTO CTaHY CepleBO-CYIWH-
HOI CUCTeMM B YYaCHMKIB JIiKBifallii HacJiaKiB aBapii
(YJIHA) Ha YopHOOUIBCHKi aTOMHIl eJIeKTpPOCTaHIIi1
(HAEC) Ta aBapiiiHO HEOTTPOMiHEHUX OCi0O, BU3HAYUTHU
3MiHM CTaHy CEpLEeBO-CYIMHHOI CUCTEMM, SIKi MOXHa
nos’s13at! 3 mepeHeceHnM COVID-19 abo Hacminkamm
OIPOMiHEHHSI, ajie He 3 MPUPOJAHUM IPOrpecyBaHHIM
cepleBO-CyAMHHUX 3axBoproBaHb (CC3).
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«prolonged COVID», which the authors [9—11]
considered more appropriate than «post-COVID».
Other publications have expressed a different
opinion [12]: 1) when signs and symptoms of
COVID-19 persist for up to 4 weeks, it is consid-
ered an acute form; 2) if symptoms persist for 4 to
12 weeks, it should be considered a prolonged
symptomatic form of COVID-19; 3) the presence
of symptoms that developed during the acute peri-
od or after coronavirus infection and that cannot
be explained by an alternative diagnosis should be
considered as post-COVID syndrome.

Despite different terminological preferences,
there is a certain unanimity of views that car-
diovascular damage, which occurred in the
acute period of COVID-19 and persisted for
several months after a negative PCR test (poly-
merase chain reaction) for the SARS-Cov-2
virus, became an inevitable component of pro-
longed COVID-19 [13—17]. Given this fact, it
would be advisable to conduct a comparative
analysis of cardiovascular system status in
patients before and after COVID and determine
its possible connection with the infection they
underwent.

Three years later, we performed a similar analy-
sis in patients who took part in emergency work at
the Chernobyl Nuclear Power Plant (ChNPP) and
were exposed to radiation and had cardiovascular
diseases [18]. At that time the main group and the
comparison group were small, it was not possible
to compare the main group with non-irradiated
people. In this work, we analyze the status of car-
diovascular system before and after COVID-19 in
emergency workers (EW) of the accident at the
ChNPP, as a group of high cardiac risk, and in
groups of non-irradiated people with and without
a history of COVID-19.

OBJECTIVE

Based on a comparative analysis of cardiovascu-
lar system clinical, structural, and functional
state both in emergency workers (EW) of the
accident at the ChNPP and non-irradiated indi-
viduals, to identify changes of cardiovascular
system status that can be associated with
COVID-19 or the consequences of radiation, but
not with the natural progression of cardiovascu-
lar diseases (CVD).
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MATEPIAJIM I METOIN

HocnigkeHHs TIpoBeieHO y 135 malieHTiB 4010Biv0i
crati, Bkiaovaoun 46 YJIHA ta 21 HeonpomiHeHy
oco0Oy (rpyna nopiBHssHHg — ['TI), gki y 2020—2022
pokax xBopinu Ha COVID-19 (rpynu YJIHA-C+ i
I'TI-C+ BianosigHo), i 47 YJIHA Ta 21 HeonpoMiHeHY
ocoby 6e3 COVID-19 B anamuesi (rpynu YJIHA-C- i
I'TI-C- BignosigHo). Bci YJIHA ta oco6u I'TI Oynu mifg
TPUBAJIUM HaIJISIAOM Ta MPOXOAUIIN PETYISIpHE 00CTe-
KEeHHs i JiikyBaHHs 3 mnpuBoay CC3 y BigdiaeHHi
kapgionorii HHLIPMI'O B nmo- i micinsga-KoBimHWIA
nepion.

Ipynu mopiBHSHHS, SIKi He xBopinn Ha COVID-19,
Bimbupanu i3 3aranbHoi KinbKocTi 678 YJIHA Ta 241
HEOIIPOMiHEHOTO YOJIOBiKa, SIKi TPUBAJIUI Mepio yacy
3HAXOAWJIUCH T/l MOCTIHHUM JIiIKapChbKMM KOHTpPOJIEM
y BimmisleHHi KapmioJiorii. BikoBuii nmiamazoH rpyn
MOPiBHSIHHS TTOBMHEH OyB BiAMOBIiZaTU TaKOMY X Yy
namieHTiB mmicaa nepeHeceHoro COVID-19. JIpyrum
KpUTepieM Binbopy OyJia BiAIOBIIHICTH MEPIIOro Ta
OCTAaHHBOTO OOCTEXEHHS y TakKi XX TEepMiHU, SIK i Y
nauieHTiB micass COVID-19, To6to Mix KBiTHeM 2013
poky Ta motuM 2025 poxy.

¥ Bcix 67 nauientis COVID-19 6yB miaTBepmkeHUi
TIJIP-TecToM i XapakKTepHUMM CUMMOTOMaMM: MiIBU-
IIEHHSIM TeMIIepaTypH, KallleM, 3araJJbHOI0 BTOMOIO,
BTpaTolo HIoXy Ta cMaky. ¥ 7 YJIHA-C+ Tta 4 nami-
eHtiB I'TI-C+ xniniynuii nepedir COVID-19 po3sui-
HIOBaBCS K CEPEeIHbO-TSIKKUM, 110 MOTpedyBaB cTa-
L[IOHAPHOTO JIIKYBaHHS Yepe3 BUSIBJIEHY HErOCITiTalb-
Hy IHeBMOHi0. [H1Ii 56 oci6 Manu Jierkuii nepeoir
COVID-19 Ta nikyBanucs aMOyJIaTOPHO.

3a CyJacHMMM CTaHAapTaMMW BUKOHYBaIW KJIiHiYHE
O0CTEXXEHHSI, BUMIPIOBAHHSI apTepiaJbHOIO TUCKY,
enekTpokapaiorpadiro (EKI), 1o6oBe MOHITOpYBaHHS
EKT' (AMEKT), exokapmiorpagiune (ExoKI) mo-
CJIIIDKEHHS, CTAaTUCTUYHUI aHai3.

Hing IMEKI BUKOpPUCTOBYBaJM CUCTEMY MOHITO-
punry EKI «DiaCard-II», ¢pipmu «ConbBeitr» (Ykpai-
Ha) Ta xoaTepiBcbKy cucteMy EKI' EC-3H/ABP (Lab-
tech Ltd., YropmuHa).

ViIBTpa3ByKOBE OOCIIMKEHHS ceplisi BAUKOHYBAIN 3a
nornoMoroto cuctemu Diagnostic Ultrasound System
DS-N3 (Mindray). BuwmiproBanu: KiHLeBUI giac-
toniyHuit (KAP, mMm) i KiHueBuit cuctoniunuit (KCP,
MM) po3Mipu jiBoro uuiyHouka (JIII), ToBIIMHY
MIiXIITYyHOUKOBOI TrepetTuHKY (TM LTI, MmMm) i 3amHBOL
crinku JIII (13C, mM) B miacToity, po3Mip JiBOTo Tie-
peacepas B aiacroay (JITT, mm). BuzHauanu KiHLeBUA
npiactoniuynuii (KO, mi) i cuctoniunuii (KCO, mn)
06’emu JIIII ceprig, dpakuiro sukuny (OB, %), macy

MATERIALS AND METHODS

The study was conducted in 135 male patients,
including 46 EW and 21 non-irradiated individuals
(comparison group — CG), who were sick with
COVID-19 in 2020-2022 (groups EW-C+ and
CG-CH, respectively), and 47 EW and 21 non-irra-
diated individuals without a history of COVID-19
(groups EW-C- and CG-C-, respectively). Everyone
EW and GP individuals were under long-term fol-
low-up and underwent regular examination and
treatment for CVD in the cardiology department of
the NRCRMHO in the pre- and post-COVID period.

The comparison groups, who did not have
COVID-19, were selected from a total of 678 EW
and 241 non-irradiated patients, who were under
constant medical supervision in the cardiology
department for a long period of time. The age range
of the comparison groups had to correspond to the
same age range as in patients after COVID-19. The
second selection criterion was that the first and last
examinations should be carried out in the same time
frame as in patients after COVID-19, i.e. between
April 2013 and February 2025.

In all 67 patients, COVID-19 was confirmed by
PCR test and characteristic symptoms: fever, cough,
general fatigue, loss of smell and taste. In 7 EW-C+
and 4 CG-C+ patients, the clinical course of
COVID-19 was considered as moderate-severe,
requiring inpatient treatment due to detected non-
hospital pneumonia. The remaining 56 people had a
mild course of COVID-19 and were treated on out-
patient basis.

According to modern standards, clinical examina-
tion, blood pressure measurement, electrocardiog-
raphy (ECG), 24-hour ECG monitoring, echocar-
diographic (EchoCG) examination, and statistical
analysis were performed.

For 24-hour ECG monitoring we used the ECG
monitoring system «DiaCard-II» from the company
«Solveig» (Ukraine) and the ECG Holter system
ES-3N/AVR (Labtech Ltd., Hungary).

Ultrasound examination of the heart was per-
formed using the Diagnostic Ultrasound System
DS-N3 (Mindray). The following measurements
were made: end-diastolic (EDD, mm) and end-sys-
tolic (ESD, mm) dimensions of left ventricle (LV),
interventricular septal thickness (IVS, mm) and LV
posterior wall thickness (PWT, mm) in diastole.
End-diastolic (EDV, ml) and systolic (ESV, ml) vol-
umes of LV, ejection fraction (EF, %), and LV
myocardial mass (MM, g) were determined. The
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Taoauuya 1

Bik nauieHTiB nig Yac 1-ro Ta 2-ro o6cTexeHb Ta 4Yac MiXK uumu obcTexxeHHamu, M + SD (95% poBipumnit

intepsan — AAI nip yac 1-ro (A) Ta 2-ro (B) o6cTexeHb)
Table 1

Patients’ age at the 1 and the 2" examinations and the time between these examinations, M + SD and 95%
confidence interval - CI at the 1* (A) and the 2"(B) examinations

Moka3HuKK YJIHA-C+ YJIHA-C- rMm-C+ rM-c- U-tect MaHH-YiTHi
ndi EW-C+ EW-C- CG-C+ CG-C- Mann-Whitney U test
ndices n=46 n=47 n=21 n=21 Pi-2 P3-4 P1-3 P2-a
Bik Ha MOMEHT nepLLoro 06CTEXEHHS!, POKM 67,6 +6,4 68,3 +75 65,6 + 8,9 66,8 + 8,1 0,458 0,529 0,369 0,437
Mean age at a moment of the first examination, years (65,7-69,5) (66,1-70,5) (61,4-69,5) (63,1-70,5)

Bik Ha MOMEHT 0CTaHHbOr0 0OCTEXEHHSI, POKM 70,8 £ 6,4 71,3+£76 68,9 +8,4 69,3+8,0 0591 0,772 0,376 0,273
Mean age at a moment of the last examination, years (68,9-72,7) (69,1-73,6) (65,1-72,8) (65,6-72,9)

Yac Mix nepLumm Ta apyrum 06CTEXEHHsIM, POKU 3214 3017 35+16 25+0,8 0,262 0,018 0,741 0,191

Time between first and second examination, years (2,1-2,8) (2,7-4,2) (2,6-3,5) (2,8-3,6)

[pUMITKN. p1—p — CTAaTUCTUYHA NOMUIKA Pi3HULL Mix nokasHukamu B Y/IHA-C+ ta YJTHA-C-; p3—4 — CTaTUCTUYHA NOMUNKA Pi3HMLI Mix nokasHukamm B IMTI-C+ 1a [M-C-; p1_3 —
CTATUCTMYHA NOMUIKA Pi3HMLL Mix nokasHukamm B YJTHA-C+ 1a ITI-C+; pp—_g — CTATMCTMYHA NOMUIKA Pi3HMLI MiX nokasHukamu B YJTHA-C- Ta IT1-C-

Notes. pi_p — statistical error of the difference between the indices in EN-C+ and EW-C-; p3—4 — statistical error of the difference between the indices in CG-C+ and CG-C-;
P13 — statistical error of the difference between the indices in EN-C+ and CG-C+; pp—4 — statistical error of the difference between the indices in EW-C- and CG-C-

miokapaa JILI (MM, r). Po3paxoByBanu ingekcu KCO
(IKCO, mu/m?), KOO (IKJO, mi/m?), Mmacu Miokapaa
(IMM, 1/M?) SIK BiTHOIIIEHHS TOKa3HUKA 110 TUTOIIIi TT0-
BepxHi Tina. KinbpkicHy exokapmiorpadidHy OLiHKY ITO-
POXHUH cepls 3MiMCHIOBAJIM BiAMOBIZHO 10 AMeEpHU-
KaHChKUX Ta €BporneiicbKux pekomeHaalii [19].

B Tabnuui 1 HaBeaeHO BiK MaLiEHTIB I 4yac oOCTe-
JKEHHSI Ta TPUBAJCTh Tlepiomy MixX 1-M Ta 2-M oOcre-
XKeHHsIMU. AK BuaHO 3 Tabj. 1, BiK Hmalli€eHTiB BCiX 4O-
TUPHOX TPYM I yac 1-ro Ta 2-ro oOCTeXEeHHS BiApi3-
HSIBCS HE3HAYHO Ta 0e3 HasIBHOCTI CTaTUCTUYHOI ITOC-
TOBIPHOCTiI 3a HemapaMeTpUYHUM KpuTepieM MaHH-
ViTHi, IK1i1 BUKOPUCTOBYBaJIM TOMY, 1110 3a TOCJTiIKyBa-
HUMMU MOKa3HUKAMU BUOIpKM HE BiAMOBigalu 3aKOHY
HOPMAaJILHOTO po3Mnoaiiy. Te 3k caMe cTocyBaJlocs IToKa3-
HUKa 9acy MixX 1-M Ta 2-M 00CTeXXeHHSIMM 3a BUHSITKOM
rpyn I'TI-C+ i I'TI-C-, xou4a 95 % noBipunii iHTepBall B
IIMX TpyIax BiIpi3HSIBCS HE3HAYHO.

Otxe, MOXHA CTBEPIAXKYBaTH, 1110 B LIJIOMY IpPyIu Oy-
JIM 3iCTaBHI 3a BiKOBUMHU XapaKTEepUCTUKAMM, a TaKOXK
YaCOBMMM MapaMeTpaMu OOCTEXKEHHSI.

PE3VIJIBTATU JOCIIJI2ZKEHHA
[MamienTn Beix rpyn xBopinu Ha CC3: moegHaHHS Tirep-
TOHIYHO1 XBopobu (I'X) Ta ilmeMiuHOi XBOpOOU ceplst
(IXC) piarnocroBaHo y 42 YJIHA-C+, 43 VJIHA-C-,
19 oci6 I'TI-C+ Ta 20 oci6 I'TI-C-. Okpemo I'X ta IXC
pusBuin y 4 YJIHA-C+, 4 YJIHA-C-, 2-x xBopux I'TI-
C+ 1a 1-ro I'TI-C-.

AKX BUIHO 3 Ta0J. 2, P MOPiBHSHHI pe3yabTaTiB 1-To
Ta 2-ro obcrexeHb yactora 3ycTpivaibHocTi I'X, IXC,
iHpapkTy Mmiokapma (IM), cepueBoi HemOCTaTHOCTI
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EDV, ESV and MM normalized by body surface
area (IEDV and IESV, ml/m?, IMM, g/m?).
Quantitative echocardiographic assessment of the
heart chambers was performed according to
American and European guidelines [19].

Table 1 shows the patients’ age at the time of
examination and the duration of the period between
the 1* and 2™ examinations. As can be seen from
Table 1, the age of patients in all four groups at the
time of the 1% and 2™ examinations differed lightly
and without statistical significance according to the
non-parametric Mann-Whitney test, which was
used because the samples did not correspond to the
law of normal distribution. The same applied to the
indices of time between the 1* and 2™ examinations,
with the exception of the CG-C+ and CG-C-
groups, although the 95 confidence interval in these
groups differed insignificantly.

Therefore, it can be stated that in whole the
groups were comparable in terms of age characteris-
tics, as well as time parameters of the examination.

RESULTS
Patients of all groups were sick with CVD: a com-
bination of hypertensive heart disease (HHD) and
coronary heart disease (CHD) was diagnosed in 42
EW-C+, 43 EW-C-, 19 people CG-C+ and 20
people CG-C-. Separatelyy, HHD and CHD were
detected in 4 EW-C+, 4 EW-C-, 2 patients CG-C+
and 1 CG-C-.

As can be seen from Table 2, when comparing
the results of the 1st and 2nd examinations, the
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(CH), aputMmii y Burisaai ¢iOpuisduii nepeacepib
(®@I1), mrynoukoBux (LIE) i HamIuIyHOYKOBUX
ekctpacucton (HIIE), 6mokan Hizkok myuka ['ica Ta
AB-050Kan 1OCTOBIpHO HE pO3pi3HAIACh B XKOAHIN
rpymi. B YJIHA-C+ He ciocTepirajoch MoripuieHHs
KJIiHiYHOTrO nepebiry I'X.

B VJIHA-C+ awnani3 crany cepreBO-CyIUHHOI
cucteMu nposoawin yepes (1,6 + 0,8) poxis (95 %
A1 1,3—1,8 poky; miH. 0,3 — Makc. 4,4 poky). 3a et
yac He CIIOCTepirajioch HisIKOi AUHAMiKU BiTHOCHOI1
KinbkocTi oci6 3 I'X B3arami Ta 3 po3moaiioM 3a
cragismu. B TTI-C+ owninky HasgBHocTi CC3
3MiACHIOBAIM Mali>ke B TOW caMuii TepMiH, SIK i B
VJIHA-C+, 106TO0 B cepennbomy uepe3 (1,6 = 0,7)
pokiB (95 % Ol 1,3—1,9 poky; miH. 0,6 — makc. 3,1
POKY). ¥ XBopuXx 1Ii€l rpynu Takox 5K i B YIHA-C-
ta y nauieHTiB I'TI-C- He giarHOCTOBaHO HOBUX BU-
nagkiB I'X. ¥ aBox nmauientiB I'TI-C+ Oyo BusiBie-
HO ToTipuieHHs mepediry I'X y BUINsIAi mepexony
I'X I cranii B I'X 1II cranii. B YJIHA-C- B ogHoro
nauieHta I'X I cT. mporpecyBasia o I'X I ct. i mie y
nBox oci6 I'X II ¢t. — mo I'’X 111 craaii. B rpymi I'TI-C-
TiAbKKU y ogHOro mnauieHTa oya nepexig I'X I cT. B
I'X II cT. (Tabu. 3).

I3 nBox YJIHA-C+, y gKuX 10 3aXBOpPIOBAaHHS Ha
COVID-19 He 6yn0 o3Hak IXC, mig yac 2-ro obcre-
JKeHHSI BCTaHOBJIeHO HiarHo3 «IXC, kapaiockiepos3»
y onHoro 3 AB-6nokanoto ta HIIE, a y npyroro 3
IOE ta HIIE. V T'TI-C+ HoBuii Bunanok «IXC,

Ta6nuua 3

incidence of HHD, CHD, myocardial infarction
(MI), heart failure (HF), arrhythmias in the form of
atrial fibrillation (AF), ventricular (VE) and supraven-
tricular extrasystoles (SVE), bundle branch block and
AV block did not differ significantly in any group. In
EW-C+ group, no deterioration in the clinical course
of HHD was observed.

In EW-C+ the analysis of cardiovascular system sta-
tus was performed after (1.6 £ 0.8) years (95% CI
1.3—1.8 years; min. 0.3 — max. 4.4 years). During this
time there was not observed any dynamics in the rela-
tive number of people with HHD in general and with
the distribution by stages. In CG-C+, the assessment
of CVD presence was carried out almost at the same
time as in EW-C+, i.e. on average after (1.6 = 0.7)
years (95% CI 1.3-1.9 years; min. 0.6 — max. 3.1
years). In patients of this group, as well as in EW-C-
and in CG-C- no new cases of HHD were diagnosed.
In two CG-C+ patients, a worsening of the HHD
course was detected in the form of transition of HHD
stage I to HHD stage II. In EW-C-, in one patient,
HHD stage I progressed to HHD stage II and in two
more patients, HHD stage II progressed to HHD
stage II1. In the CG-C- group, only one patient had a
transition of HHD stage I to HHD stage II (Table 3).

Of the two EW-C+ patients who had no signs of
CHD before COVID-19, during the 2™ examination
a diagnosis of «CHD, cardiosclerosis» was established
in one with AV blockage and SVE, and in the second

HoBi BUNagku nosBU 3axBOPIOBaHb Ta 3MiH (PYHKLIOHANBbHOTO CTaHY CepLeBo-CYAUHHOT cucTeMm, abe.

Table 3

New cases of cardiovascular diseases and changes of cardiovascular system functional state, persons

Hogi Bunapku / New cases
ax / n =46

VNHA-C+ / EW-C+ YJIHA-C- / EW-C-

rn-c+ / CG-C+
n=21

rn-c- / CG-C-

n=47 n=21

X / HHD -
>l -
> i _

- 1
2 -

N = |

IXC, kapiocknepos / CHD, cardiosclerosis 2
CTeHoKapais
> OK I -
> OK I -

1 1 -

loctpuit IM / Acute M -

CH/HF
> |
> 1A

> ILE/VE

1
7
> O/ AF 5
1
> HLLE / SVE 2

| Lo | & =
|
|

Brnokaay Hixok nyyka [Mca / His bundles branches block -

AB-6nokaay / AB-blockage 1

N |
—_
|
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KapAiocKyiepo3» BUSBIECHO B OJHOIO TAalliEeHTa, y
JBOX XBOpUX 3i creHOKapaielo 3miHnuBes DK!' 3 11 Ha
III, a y nBox mamienTiB 3 miarHo3oM «IXC, kapmio-
CKJIEpPO3» BIIepllie Oyja JiarHOCTOBaHa TSKKa CTEHO-
Kapaiss ®K III. OnuH mamieHT B TiCISKOBIZHOMY
nepiodi nepeHic rocrpuii IM. biaokana HiXkKoK Imydyka
I'ica BusiBneHa B ogHoro xBoporo, a IIIE y iHiioro
narieHTa.

OxpeMi MOKa3HUKU MOSIBU HOBUX BUMAAKIB 3aXBO-
PIOBaHHS i MATOJOrIYHUX 3MiH CeplLeBO-CYAMHHOI
CHCTEMU B Irpynax TUX, XTo He xBopiB Ha COVID-19,
He Tinbku Bignosimanu paHuM B YJIHA-C+ Ta
I'TI-C+, ane it nepesepinyBanu ix. Ile crocyBanoch
I'X, IXC Ta 6nokan B YJIHA-C-, IIIE i HIIE B
I'TI-C-. OgHak Hi 1o KOZHOMY 3 HaBeACHUX B TaOJI.
3 MOKa3HUKIB HE OYJI0 OTPMMaHO CTAaTUCTUYHOI 10C-
TOBIPHOCTiI BiIMiHHOCTE! MiX pPi3HMMM TpynaMu
O00CTEXEHMX.

3a oOKpeMMMM TOKa3HWKaMM BiTHOCHA KiJIbKiCTb
XBOpUX ITim yac 1-ro ta 2-ro oOcTexXeHb Maia A0C-
TOBipHi pPo30ixXHOCTI (Tabj. 2), MpoTe 1Ie HE Majio
CHCTEMHOTO a00 3aKOHOMiIpPHOTO XapaKTepy.

AHani3 Takoro iHTerpajbHOI0 MOKa3HUKa (PyHK-
LIiOHAJILHOTO CTaHY CePlEeBO-CYIMHHOI CUCTEMMU, SIK
cranigs CH, nokasas, 1110 HallOiIbII cepilo3HA CUTY-
auist oyna B YJIHA-C+: HaliGinblua BimHOCHA KiJlb-
Kictb xBopux 3 CH IIA Ha 2-My eTami o0CTesKeHHS
Ta 6iabie HoBux BunankiB CH. 3a LiuM rokasHUKOM
Ha ngpyromy Miciti o6ynu YJIHA-C-, motim I'TI-C+ Ta
I'TI-C-, onHak AOCTOBipHOIO Oyja TiAbKM Pi3HULIS
BimHOCHOI KiJTbKOCTi xBopux Mixk YJIHA-C+ i I'TI-C-
(Tabm. 2).

ExokapaiosioriyHi moKa3HUKM BCiX TPYIT 32 KpUTE-
pismu Konmoroposa-CmupHoBa Ta Illanipo-Yinka
BiAIOBiIaAM 3aKOHY HOPMaJIbHOT'O PO3ITIO/ILIY.

Bci kxinbkicHI MOKa3HUKM, sIKi XapaKTepU3yBaJlu
CTPYKTYpPHO-(yHKIIIOHATbHUI cTaH Miokapmy JILII,
KOJIMBAJIMCh B MeXaX HOPMATUBHUX BEJIMYMH i JOC-
TOBIpHO He BifIpi3HSJIMCS MixX 1-M Ta 2-M 00CTeKeH-
HsaMmU (Tabi. 4).

CepenHi 3HaueHHsT po3MipiB Ta o0’emm JIII y
MHalLi€eHTIiB BCiX Tpym 3a BUHSATKOM Toka3Huka KCO B
VIJIHA-C+, YJIHA-C- ta I'TI-C+, He mepeBuIyBa-
m HopMu. Lleit camuii moka3HUK, KUt OyB po3pa-
XOBaHMI 3 ypaxyBaHHSIM MacH Ta 3pOCTy MAalLli€HTa,
TOOTO MPUBEACHUI 10 BiIHOLIEHHS HOro 10 IO
noBepxHi Tina (IKCO), mpakTHaHO Majao Biapi3HSIB-
Cs Bil IHIIMX TIOKa3HUKIB, $IKi XapaKTepu3yBalu
po3mipu Ta 06’emu JIII. [TepeBuliryBaiu HOpMaTUB-

with VE and SVE. In CG-S+, a new case of «CHD,
cardiosclerosis» was detected in one patient, in 2
patients with angina FC' was changed from II to III,
and in two patients with a diagnosis of «<CHD, car-
diosclerosis» severe FC III angina was diagnosed for
the first time. One patient suffered an acute MI in the
post-COVID period. Blockade of His bundle branch-
es was detected in one patient, and VE in another
patient.

Individual indicators that characterized the onset of
new cases of cardiovascular system diseases and
pathological changes in the groups of those who did
not have COVID-19 not only corresponded to the
data in EW-C+ and CG-C+, but also exceeded them.
This applied to HHD, CHD and blockades in EW-C-,
VE and SVE in CG-C-. However, for none of the
indices listed in Table 3 statistical significance was
obtained between different groups of patients.

According to individual indices, the relative number
of patients during the 1 and 2™ examinations had sig-
nificant differences (Table 2), but this was not system-
atic or regular.

Analysis of such an integral index of cardiovascular
system functional state as the stage of HF showed that
the most serious situation was in EW-C+: the largest
relative number of patients with HF IIA at the 2" stage
of the examination and more new cases of HF
According to this index, the EW-C- were in second
place, then the CG-C+ and CG-C-, however, only
the difference in the relative number of patients
between the EW-C+ and CGP-C- was significant
(Table 2).

Echocardiological parameters of all groups accord-
ing to the Kolmogorov-Smirnov and Shapiro-Wilk
criteria corresponded to the law of normal distribu-
tion.

All quantitative indices that characterized the struc-
tural and functional state of LV myocardium fluctuat-
ed within the normal range and did not significantly
differ between the 1% and 2™ examinations (Table 4).

The average values of the dimensions and volumes of
LV in patients of all groups, with the exception of ESV
in EW-C+, EW-C- and CG-C+, did not exceed the
normal value. This same index, which was calculated
taking into account the weight and height of a patient,
i.e. reduced to its ratio to the body surface area (IESV),
practically did not differ much from other indices char-
acterizing LV dimensions and volumes. Only the
indices of PWT, IVS, MM and IMM exceeded the nor-

dyHKLjoHanbHMIA KNac 3a knacudikalelo KaHancbkol acowjauii kapaionoris

1Grade according to Canadian Cardiovascular Society classification
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Hi 3HaY€HHS TiJIbKK noka3zHuku T3C, TMIIIT, MM Tta
IMM i ue Oyno 3aKOHOMiIpHO, OCKIUJIbKU TIepeBaxkHa
OLIBIIICTh XBOPUX BCix rpyn xBopija Ha I'X Bxe mifg
yac 1-ro obcrexxeHHs (Tadn. 2).

ITix yac 2-ro oo6cTexkeHHsT BUILEHAa3BaHi YOTUPU MO-
Ka3HUKU 3MiHIOBAJIUCh HE3HAYHO Ta CTATUCTUIHO He-
JIOCTOBIpHO, ajie MOXHa BiI3HAYUTU TaKy TeHIEHLIilO:
3a BUHATKOM ['TI-C- y pelrtu rpyn cepeaHs BeIuunHa
MM ta IMM 0yna MeHIlla, HiX mig yac 1-ro odcre-
JKeHHSI.

ITonnpu HOpMaibHI cepedHi 3HAUYEHHSI MOKA3HUKIB,
KoTpi xapakrepusyBaiau 06’emu JII, y Bcix rpynax Oy-
JIa 9acTKa XBOPUX, V SIKMX 11i TOKAa3HUKU TIePEBUIITYBa-
JIM HOPMY, 1110 cBimumio npo aunarauiro JIII. Ha puc.
1 HaBeleHi JaHi Npo BiTHOCHY KiJIbKICTb MALIEHTIB 3i
3oinpmieHHaM KO Ta IKCO. Li po3paxyHKOBi 1o-
Ka3HUKU, HA Hall norisia, TouHinre, Hixk KJP i KCP, a
takox K10 i KCO, ski 0041 CII0I0ThCS Ha OCHOBI MO-
nepenHix, BigobpaxaroThb cTymiHb auiaatauii JIIII,
OCKIiJIbKM 3ajiexXaTh BiJ TUIOIII MOBEPXHi Tijla, TOOTO
BiJl Macu Tijla Ta 3pOCTY, IO BXOISTh y (hOpMYJY IS
BU3HAUYEHHST iHAEKCY o0’eMiB. AK BuUgHO 3 puc. 1,
yacTtka xBopux 3 migBumeHHsaM [KJIO Ta IKCO a6o
3MEHIIyBajJaCh HE3HAaYHO i CTAaTUCTUYHO HEI0C-
toBipHO (YJIHA-C+, YJIHA-C-, I'TI-C+), abo 3anu-
1manach He3aMiHHo (I'TI-C-).

1o crocyeTbesa DB, To ii 3MeHIIEHHS BXe I1iJ Yac
1-ro o0CTEeXEeHHS CITOCTEPIirajioch y BCixX rpymnax (Makc.
I'TI-C+, min. I'TI-C-, ipu p < 0,05). I1pu 2-my 06c-
TeXeHHi Leil moka3dHuk 3poctaB B YJIHA-C+ Ta
VIIHA-C-, 3amenmyBaBcg y I'TI-C+ i I'TI-C- (puc. 2).

mative values, and this was natural, since the vast
majority of patients belong to every group already
had HHD during the 1st examination (Table 2).

During the 2™ examination, the above-mentioned
four indicators changed lightly and statistically
insignificantly, but the following trend can be noted:
with the exception of CG-C-, in the remaining
groups the average value of MM and IMM was lower
than during the 1* examination.

Despite the normal average values of the indices
characterizing of LV volumes, in all groups there was
a proportion of patients in whom these indices
exceeded the norm, which indicated LV dilatation.
Fig. 1 shows data on the relative number of patients
with an increased IEDV and IESV. These calculated
indices, in our opinion, are more accurate than
EDD and ESD, as well as EDV and ESV, which are
calculated on the basis of the previous ones, reflect
the degree of LV dilatation, since they depend on the
body surface area, i.e. on body weight and height,
which are included in the formula for determining
the volume index. As can be seen from Fig. 1, the
proportion of patients with an increased IEDV and
IESV either slightly and statistically insignificantly
decreased (EW-C+, EW-C-, CG-C+) or remained
unchanged (CG-C-).

As for the EF, its decrease was observed already dur-
ing the 1% examination in all groups (max. CG-C+,
min. CG-C-, at p < 0.05). At the 2™ examination,
this indicator increased in the EW-C+ and EW-C-
and decreased in CG-C+ and CG-C- (Fig. 2).
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IKAO / IEDV

YNTHA-C+
EW-C+

YJIHA-C-
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CG-C+

rn-c-
CG-C-

PucyHok 1. BipHocHe uncno nauienTis 3i 36inbwennam IKA0 ta IKCO nip yac 1-ro (A) Ta 2-ro (B) o6cTexkeHHA
Figure 1. Proportion of patients with increased IEDV and IESV at the 1 (A) and 2™ (B) examination
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PuUcyHOK 2. BigHocHe uncno nauieHTiB 3i 3meHweHHAmM ®B nig yac 1-ro (A) Ta 2-ro (B) o6cTexkeHHs
*CtatnctnyHa nomunka mix NMC-C+ ta rM-C-, p<0,05

Figure 2. Proportion of patients with decreased EF at the 1 (A) and 2™ (B) examination
*Statistical error of the difference between the indices in CG-C+ and CG-C-, p<0,05
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PucyHoK 3. BigHocHe yncno nayienTis 3i 36inbwenHam 13C 1a TMLUN nig yac 1-ro (A) Ta 2-ro (B) o6cTexkeHHs
*CratuctuyHa nomunka mix YJIHA-C+ i YJIHA-C- ta I'TIC-C+i 'M-C-, p<0,05

Figure 3. Proportion of patients with increased IEDVand IESV at the 1% (A) and 2™ (B) examination
*Statistical error of the difference between the indices in EW-C+ and EW-C-, CG-C+ and CG-C-, p<0,05

KonmmBaHHS BiZTHOCHOI KiJIbKOCTI MAIli€HTIB 3i 30i7b- Fluctuations in the relative number of patients
meHumu nokazHukamu T3C i TMILIIT ne mano Mmixrpy-  with increased PWT and IVS did not have inter-
MOBOI Ta MixKeTaIlTHOI CTaTUCTUYHOI TOCTOBIpHOCTI, KpiM  group and interstage statistical significance, except
nokaszHuka 36inbmenoi TMILII B YIHA-C+ i YJIHA-C-  for the increased 1VS in EW-C+ and EW-C- and
ta ['TI-C+ i I'TI-C- mig yac 1-ro ooctexennsa (puc. 3). CG-C+ and CG-C- during the 1Ist examination
Taka cama 3akoHOMipHicTh BusiBiieHa 1o BigHomeHHIo  (Fig. 3). The same pattern was found in MM and
10 noka3HukiB MM Tta IMM: mig yac 2-ro o6ctexenHss  IMM indices: during the 2™ examination the pro-
yactka YJIHA-C+ Oyma pmoctoBipHO Oimbmra, Hixk  portion of EW-C+ was significantly higher than
YJIHA-C-. that of EW-C-.
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PucyHoK 4. BigHocHe uncno nayienTiB 3i 36inbweHHam MM ta IMM nig yac 1-ro (A) Ta 2-ro (B) o6cTexkeHHA

*CratnctnyHa nomunka mix YJTIHA-C+ i YJIHA-C-, p<0,05

Figure 4. Proportion of patients with increased MM and IMM at the 1¢ (A) and 2™ (B) examination
*Statistical error of the difference between the indices in EW-C+ and EW-C-, p<0,05

Otxe, NOPiBHSUIbHUI aHasi3 KJAiHiYHOrO Ta CTPYK-
TypHO-(PYHKIIOHATLHOTO CTaHy CepIeBO-CYIMHHOI
cuctemu B YJIHA na YAEC i HeompoMiHeHMX 0Ci0
MoKa3aB, 110 He BUSIBJIEHO CYTTEBHMX i CTaTUCTUYHO
JMOCTOBIpHUX 3MiH 3a KibKicTio oci6 3 I'X, IXC i CH,
NOPYLICHHSIMUA PUTMY Ta MPOBIAHOCTI, a TAKOX 3MiH
MOKAa3HMKIB exokapmiorpadii, sfKi mMoxkHa Oyjio 0
noB’sa3atu i3 BimuBoM COVID-19 abo pamiamitHum
BILJIIBOM.

OBI'OBOPEHHA PE3VJIBTATIB

HaykoBi gociigkeHHs, cnpsiIMOBaHi Ha BUBYEHHS
BBy COVID-19 Ha opraHi3Mm JoAWHU, MOoKa3a-
JIM, 110 1€ 3aXBOPIOBAHHS MPU3BOAUTH IO YpaxKeH-
Hs Miokapaa i CyIuH 3a paxyHOK IMpsSIMOI Kap.io-
TOKCUYHOCTI Ta BUKJIMKAHOTO CUCTEMHOIO 3alia-
JieHHd [22—24]. YV xBopux Ha COVID-19 B rocTpomy
nepioai po3BUBABCSI MiOKapAWUT, MEePUKAPIUT, illie-
Misl MioKapja, apuTMii, TpoM00eMOOJTiYHI yCKIIaTHEH-
H# [24, 25]. Axo nauieHT 3axBoptoBaB Ha COVID-19
MNPy HASIBHOCTI Y HOTO KapialbHOI MaTOJIOTii, TO 1ie
OigBUILYBAJI0 PU3MK OiNbII TSKKOro Iepediry Ta
cMmepri [2, 22, 26].

VY HamoMy AOCHIIXEeHHI IepeBaXkHa OUIbIIICTh
nauieHTiB ctpaxaanu Ha I'X B moeaHaHHi 3 IXC
a00, B OIMHUYHUX BUIIaJKaX, HA HAIBHICTh OJHOTO
3 LUX 3axBopioBaHb. Ilpore Tinpku y 16,4 %
namnieHTiB nepedir COVID-19 posuiHioBaBcs SIK
CepeIHBbO-TSKKMIA, a y pelT — Jjerkuii. IlopiB-
HSUIBHUM aHali3 MiX UMMU XBOPUMM B MicCJs-

Thus, a comparative analysis of clinical, structural
and functional state of cardiovascular system in the
ChNPP clean-up workers and non-irradiated indi-
viduals showed that no regular and statistically signif-
icant changes were found in the number of individu-
als with HHD, CHD, and HF, rhythm and conduc-
tion disturbances, as well as changes in echocardiog-
raphy parameters that could be associated with the
impact of COVID-19 or radiation exposure.

DISCUSSION

Scientific studies aimed at studying the impact of
COVID-19 on the human body have shown that this
disease leads to damage to the myocardium and blood
vessels due to direct cardiotoxicity and induced sys-
temic inflammation [22-24]. Patients with COVID-
19 in the acute period developed myocarditis, peri-
carditis, myocardial ischemia, arrhythmias, and
thromboembolic complications (24, 25). If a patient
with cardiac pathology contracted COVID-19 this
increased the risk of a more severe course and death
[2, 22, 26].

In our study, the vast majority of patients suffered
from HHD in combination with CHD or, in isolated
cases, the presence of one of these diseases. However,
only in 16.4% of patients the course of COVID 19 was
considered moderate to severe, and in the rest as mild.
Comparative analysis between these patients in the
post-COVID period did not reveal a significant differ-
ence in the clinical course of CVD and LV myocardi-
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KOBITHOMY TI€piojli HE BUSIBUB JOCTOBIPHOI Pi3HUIL Y
KiaiHiyHoMy rmiepebiry CC3 Ta CTpYKTYpHO-(YHK-
HioHanbHOMY cTaHi Miokapaa JIII. IToxi6Ha KiniHiYHa
KapTUHA CyIepeynTh TaHuM [22, 27], 110 y Nali€eHTiB
i3 CC3 COVID-19 npoxoauTs B OibII TSKKil (popmi,
i HaBMmaku, nepeodir iCHyIYMX 3aXBOPIOBAaHb CEPLIEBO-
CYAMHHOI CUCTEMU MOTipIUThC ITpu iHDeKIii SARS-
CoV-2 BHachigok il MigBUIIEHOTO TPOMOOTHUYHOIO
HaBaHTaXEeHHs Ta PO3BUTKY €HIOTENiaJlbHOI AHC-
dyHkii [28].

Hamwu OyB nipoBeaeHUit aHai3 TSKKOCTI IEPEHECEHOr o
COVID-19y 59 YJIHA Ta 15 HeonnpoMiHEHUX IalliEHTIB,
SIKi He YBIMIIUIM B JOCJIIKEHHS yepe3 Te, 110 BHeplle
NOTPANWIN B KJIiHIKY i i MEAUYHUIA HATJISII BXE TTiCIIs
onmyxanHs Bim COVID-19. Bin Takox ImokasasB, 110 YacT-
Ka xBopux 3 monepenHboro ['X ta IXC Ta cepemHbO-TIXK-
KUM Tiepebirom indexiii ckiamana 20,3 %.

ITpo Hogi Bunaaxu CC3 nicist nepeHeceHoro COVID-19
MOBITOMIISIITOCH ¥ OaraTthox poooTax. U. Kamilova 3i criiB-
aBT. [29], cepen 220 mawieHTiB yepe3 6 MiCsLiB ITics-
KoBimHOTO TIepiony y 11 oci6 Bnepie BustBum ['X (5 %),
y 2 —IXC (0,9 %) ta B ogHoro ®I1 (0,45 %).

3a TaHUMU MeTaaHaJi3y, SK1ii 0yB BUKOHaHUi M. Zuin
3i cmiBaBT. [30], i3 19 293 346 nauieHTiB (cepeaHiii BiK
54,6 poky, 54,6 % 40JIOBiKM), CTaH 310POB’Sl OLIIHIOBAIN
y 758 698 oci6, 1o Buxkuau micist COVID-19. Bripogos:k
CcepeaHbOro Iepioay CIIOCTEpPEXKEHHs TpUBalicTio 6,8
micsus y 1,27% mnauieHTiB OyJja Breplile BUSIBJIEHa ap-
TepianbHa rinepTeHsis (Al'), a migBUILIEHUI PU3UK 11 BU-
HUKHEHHS 30epiraBcsl BIPOJOBX CEMHU MicCsLiB (Bia-
HoueHHs pusukiB 1,70; 95% A1 1,46—1,97, p < 0,0001,
I* = 78,9 %). Ha ueit pu3uk HanpsMy BILTMBaJIU BiK
(p = 0,001), xinoua ctatb (p = 0,03) Ta HasIBHICTb OH-
KoJioriyHux 3axBoproBanb (p < 0,0001).

B iHIIOMY JgociiKeHHi OyJio MOoKa3aHo, 110 4acToTa
CepleBO-CyIMHHMX Toaii, ski Bkmovanu IXC, CH ta
apUTMii, CYTTEBO 30LJIbIIIyBadach BIPOJOBXK POKY ITiCTIs
COVID-19 HaBiTh y TUX NalLiEHTIB, XTO 3HAXOAMBCS Ha
aMOynmaTopHOMY JIiKyBaHHi [31].

3a Hammmu gaHumu, B YJIHA, gxi omyxanu micis
COVID-19, He BUSIBIIEHO KOAHOTO HOBOTO BUITaAKy I'X,
ane Brepie 0yio aiarHoctoBaHo IXCy 2 oci6 (4,3 %) Ta
CH B onnoro nauieHTa (2,2 %). B YJIHA, siki He XxBopiau
Ha COVID-19, TakoxX He CIOCTepirajiocb HOBUX BU-
mankiB ['X, omun Bunamok IXC (2,1 %) i HoBa CH y nBox
oci6 (4,3 %). Y rpyImi HeonpoMiHEHUX OCi0 Micis omy-
xkaHHs Bim COVID-19 0yno BUSIBIEHO IO OTHOMY BH-
naaky Hosol I'X, IXC ta CH (1o 4,8 %). Y HeornpoMmiHe-
HUX 0cib 0e3 3axBoproBaHHs Ha COVID-19 TiabKu B o1HO-
ro nauieHra aiarHoctoBaHa CH. 3a KiJIbKiCHUM CKJIaJOM
Hallli rpynu OyJid MeHIi, HiX B gociimkeHHsx [29, 31],

um structural and functional state. Such a clinical
picture contradicts the data [22, 27] that in patients
with CVD COVID 19 is more severe, and vice
versa, the course of existing cardiovascular diseases
will worsen during SARS-CoV-2 infection due to
its increased thrombotic load and the development
of endothelial dysfunction [28].

We analyzed the severity of COVID-19 in 59 EW
and 15 non-irradiated patients who were not
included in the study because they first entered the
clinic and follow-up after recovering from
COVID-19. It also showed that the proportion of
patients with previous HHD and CHD and mod-
erate-severe infection was 20.3%.

New cases of CVD after COVID-19 have been
reported in many studies. U. Kamilova et al. [29],
among 220 patients after 6 months of the post-
COVID period, 11 people were first diagnosed
with HHD (5%), 2 with CHD (0.9%), and 1 with
AF (0.45%).

According to a meta-analysis by M. Zuin et al. [30],
out of 19,293,346 patients (mean age 54.6 years,
54.6% men), the health status of 758,698 COVID-19
survivors was assessed. During a mean follow-up
period of 6.8 months, 1.27% of patients developed
hypertension for the first time, and the increased
risk persisted for seven months (hazard ratio 1.70;
95% CI 1.46—1.97, p < 0.0001, I*= 78.9%). This
risk was directly influenced by age (p = 0.001),
female gender (p = 0.03), and the presence of can-
cer (p <0.0001).

Another study showed that the incidence of car-
diovascular events, which included CHD, HE, and
arrhythmias, increased significantly within a year
after COVID-19, even in those patients who were
receiving outpatient treatment [31].

According to our data, in EW who recovered
from COVID-19, no new cases of HHD were
detected, but CHD was diagnosed for the first time
in 2 people (4.3%) and HF in one patient (2.2%).
In EW who did not have COVID-19, no new cases
of HHD were observed, one case of CHD (2.1%)
and new HF in two people (4.3%). In the group of
non-irradiated persons after recovery from
COVID-19, one case of new HHD, CHD and HF
(4.8% each) was detected. In non-irradiated persons
without COVID-19, only one patient was diagnosed
with HE In terms of quantitative composition, our
groups were smaller than in studies [29, 31], but
comparable to them in percentage terms. It is
noteworthy that the relative number of patients
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ajie 3iCTaBHi 3 HUMM Yy BiJICOTKOBOMY CITiBBiZHOILIEHHi.
ITpuBeptae yBary (axr, 110 BiTHOCHE YMCJIO XBOPHUX 3
noBumu miarHozamu ['X, IXC ta CH mocroBipHO He
BiIpi3HSUTOCH Big uuciaa ocid, sKi He TepeHecIu
COVID-19.

ITpo HasIBHICTb apUTMiii B TOCTPOMY i MiCASIKOBITHOMY
rnepiomax IOBITOMISIZIOCH B HU3IIL poOiT. OgHUM 3 Haii-
yacTimmx yckiaagHeHb IXC ta CH 6yna @IT [32—34]. 3a
ganumu O. Cuyoa ta O. Cracuiuenoi (2023), i3 116
oci0, sgki xBopinim Ha COVID-19 Tta Hagifimuaum y
BiITileHHS KITIHIYHOT apUTMOJIOTI1 Ta e1eKTpodi3iotorii,
y 36 nauieHtiB (31 %) PII Oyna Brepiie BUSABICHA Y
nicaskoBigHOMy mepioi [33]. ¥V HamoMy AOCIiIKEeHHi
nicasa oxyxxaHHg Big COVID-19 ®@I1 Briepiie BUHUKIA Y
5 VJIIHA, mio cknanano 10,9 % Bin yciei unceabHOCTI Tpy-
nu. B YJIHA, ski e 0ynu iHdikoBaHi SARS-Cov-2, ®I1
3’SIBWJIACh TUTBKU y 2 malieHTiB (p > 0,05). B 060x rpymax
MOPiBHSIHHS HE CITOCTEPIirajJoCch XKOIHOTO HOBOTO BUTIA -
Ky ®I1.

3a gaHuMu exokapaiorpadii, 3MiHM CTPYKTYpHO-
(yHkuioHanpHUX noka3HukiB JIL y Bcix rpymax oocre-
JKEHMX HE MajJid CTaTUCTUYHOI JOCTOBIpHOCTI. SIK BUHSI-
TOK, HE Mal0Yi 3aKOHOMipHOTO XapaKTepy, BBaxKalu 10C-
TOBIPHOIO Pi3HUIIO MiXX OKPEeMHUMHU TpPyIaMMU YacTKHU
XBOpHUX 3 TMiaBimmeHuMHu piBHsAMu TMIIIT ta MM.
BinMiuyeHa TeHAEHILis 1O 3HMKEHHS OiIbIIOCTI IMOKa3-
HUKIB y BCiX IpyIax B micjisikoBigHoMy nepiofi. [TosicHu-
TU 1ieli (paKT, Ha Hally TyMKY, MOXHa HACTYITHUM IIPUITY-
meHHIM: 11e € edekT JikyBaHHS CC3 3i 3BOpOTHUM pe-
monemoBaHHsaM JIII, xoua He MOXHA BiIKMHYTU METO-
INIHY TIOXMOKY, sKa TIOB’s3aHa i3 caMUM CIIOCOOOM
BUMipIoBaHHA [35].

3a JaHUMU OIJIsAay JiTepaTypu, 3podjeHoro B. Raman
Ta criBaBT. [36], cucromiuyna auchynkuis JILL 3ycTpi-
YA€ETHCS TTOPIBHSHO PiIKO, HABITh Y MALIIEHTIB 3 TSXKKOIO
rocTpolo iHgekxuielo ado MiABUIIEHUM pPiBHEM TPO-
MOHiHY, He Oinbin HiX y 9—11 % mauieHTiB. B iHmomy
JOCHiIKeHHI He OyJ10 BMSBJICHO IOCTOBIpHMX Bil-
minHocreil 1KJ1O, IKCO, MM Tta ®B no Tta micis
COVID-19, a TakoxX y MOPiBHSHHI 3i 3MIOPOBUMM JTIOb-
mu [37].

3rinHo 3 HAUMMU TTONEePEAHIMU JOCTiIXKEHHIMHU [38],
B 0Ci0, sIKi Opajiu y4yacTb B aBapiliHUX poOOTax B yMOBax
nii pamiauii, I'X ta IXC Bigpi3HAIMCh HE TSKUYUM TIe-
pebiroM, a pO3BUTKOM Yy OUTBIIT paHHBOMY Billi TOPiBHSI-
HO 3 HEOIIPOMiHEHMMMU TalliEHTaMU BiAMOBigHOI cTaTi
ta BiKy. [lo mocsarnenHio 75—80 pokiB BigMiHHOCTI y
3aXBOPIOBAHOCTI Ha 1Ii XBOPOOM TMPaKTUUHO HiBeIIOBa-
JIUCS.

with new diagnoses of HHD, CHD, and HF did
not significantly differ from those who did not
have COVID-19.

The presence of arrhythmias in the acute and post-
COVID periods has been reported in a number of
studies. One of the most common complications of
CHD and HF was AF [32-34]. According to O. Sy-
chov and O. Stasyshena (2023), out of 116 people
who had COVID-19 and were admitted to the
department of clinical arrhythmology and electro-
physiology, in 36 patients (31%) AF was first detect-
ed in the post-COVID period [33]. In our study,
after recovery from COVID-19, AF first appeared in
5 EW, which was 10.9% of the total group. In EW
who were not infected with SARS-Cov-2, AF
appeared in only 2 patients (p > 0.05). No new cases
of AF were observed in both comparison groups.

According to echocardiography, changes in
structural and functional parameters of the LV in
all groups of the examined subjects were not statis-
tically significant. As an exception, not having a
systemic nature, the reliability of the difference
between individual groups of the proportion of
patients with suspended levels of IVS and MM was
considered. A tendency to decrease in most
parameters in all groups in the post-COVID peri-
od was noted. This fact, in our opinion, can be
explained by the following assumption: the effect
of CVD treatment with reverse LV remodeling,
although the methodological error associated with
the measurement method itself cannot be ruled
out [33].

According to a review of the literature by B. Ra-
man et al. [36], LV systolic dysfunction is relative-
ly rare, even in patients with severe acute infection
or elevated troponin levels, occurring in no more
than 9—11% of patients. Another study found no
significant differences in IEDV, 1IESV, MM, and
EF before and after COVID-19, as well as in com-
parison with healthy subjects [37].

According to our previous studies [38], in per-
sons who participated in emergency work under
conditions of radiation exposure, HHD and CHD
did not differ in a more severe course, but in devel-
opment at an earlier age compared to non-irradi-
ated patients of the corresponding gender and age.
Upon reaching 75—80 years of age, the difference
in the incidence of these diseases was practically
leveled.
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BMCHOBKHA

1. AHaJti3 KJIiHIYHOrO Ta CTPYKTYPHO-(YHKIIOHAIBHOTO
CTaHy cCepAeYHO-CyaIMHHOI cuctemMu rpynu YJIHA Ta
aBapiliHO HEONPOMiHEHHUX OCi0, SKi B CBOIO 4yepry OyJau
noniJieHi Ha Tux, xTo xBopiB Ha COVID-19 abo Hi, 103-
BOJIMB 3pO3YyMiTM TIIOB’SI3aHICTh 3MiH i3 BIIJIMBOM
HaCJIiAKIB OIIPOMiHEHHSI, TIepeHeCceHOoI0 iH(eKIlielo adbo
MPUPOIHUM IIPOrpPeCyBaHHSIM XBOPOO.

2. 3a 3icTaBHUII TPOMIKOK 4acy MiX OOCTEXXEHHSIMM B
Jlo- Ta micisikoBigHoMY Tiepiofi B YJIHA Ta HeonpomiHe-
HMX OcCi0, He3aJleXkHO BiJ TOro, XBOpiJiM BOHM Ha
COVID-19 ab6o Hi, criocTepiraiaocsl IOripIlIeHHsI CTaHy
CepLEBO-CYINMHHOI CUCTEMM, KOTpe MOJSrajio B MOSIBi
HoBUX BuIaakiB 3axBoproBaHHs Ha I'X, IXC, CH, nopy-
LLIEHb PUTMY Ta MPOBiIHOCTI.

3. ExokapniorpagiuHi moKa3HUKH, SIKi XapaKTepU3yIlOTh
CTPYKTYpHO-(dyHKIioHanbHUI cTaH JIII, He Manu cra-
TUCTAUYHO AOCTOBIpHUX i 3aKOHOMIpHMX BiIMiHHOCTEH
SIK Y KOXKHIN TpyIli MixK JBOMa OOCTEKEHHSIMU, TaK i MixX
PI3HUMMU IpyIaMu.

4. BincyTHiCTb JOCTOBipHOI Pi3HUILI KJTIHIYHOTO Mepediry
CC3 Ta cTpyKTYpHO-(YHKIIOHAJILHOTO CTaHy MioKapnaa
MixX mamieHtamu, ski mepedHecan COVID-19 i He
XBOpIJIM HAa HBOTO, OiNbllIe CBIAYUTH MPO MNPUPOIHE
TPOTrPECYBAaHHS MATOJIOTIl CEPUEBO-CYAUHHOI CUCTEMM.
l'inoTeTYHO MOXHA MPUITYCTUTH, 1110 B OCiO MOXUIIOTO
Biky (60—75 pokiB), xro xBopiB Ha CC3, pagiauiiiHuit
BIUIMB Y MUHYJIOMY BXe€ CYTTEBO HE BILJIMBAE Ha CTaH
CepLIEeBO-CYIUHHOI CUCTEMHU Y CbOTOJIEHHI.
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CONCLUSIONS
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COVID-19 or not, allowed us to more correctly
understand the relationship between the revealed
changes and radiation impact, the survived infec-
tion, or the natural progression of diseases.

2. During the comparable period of time between
the pre- and post-COVID examinations in the EW
and non-irradiated individuals, regardless of
whether they had COVID-19 or not, a deterioration
of cardiovascular system status was revealed, which
consisted in the appearance of new cases of HHD,
CHD, HE rhythm and conduction disorders.

3. Echocardiographic indices, which characterize
the structural and functional state of left ventricle,
did not have statistically significant and regular
difference both in each group between the two
examinations and between different groups.

4. The lack of the significant difference in clinical
course of CVD and the structural and functional
state of myocardium between patients, who were
sick with COVID-19 or not, is more indicative of
the natural progression of cardiovascular system
pathology. Hypothetically, it can be assumed that
in elderly people (60—75 years old) having CVD,
past radiation exposure does not significantly
affect cardiovascular system status in the present.
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