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PE3IOME

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

AAf KOpEeCNOHAEHLI:

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

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

peabiniTauii;

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

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

YkpaiHa, 61022;

OO YacTOTU PO3BUTKY CEPLIEBO-CYAMHHUX YCKNagHEHb XBOPOGOW, BMMMB LyKPOBOIO

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

cyauHHOT cuctemu npu COVID-19.

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

TumapeHko H.B., 2024

AAS LUTYBAHHS:

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

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

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

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

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

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

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

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

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

BCTYN

INTRODUCTION

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

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

MATEPIAAU TA METOAU AOCAIAXXEHHSA

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

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

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

MATERIALS AND METHODS

Publications were selected using keywords in
PubMed (https://pubmed.ncbi.nlm.nih.gov/) and Google
Scholar (https://scholar.google.com/) databases publi-

Ornsp nitepatypu

Literature review


mailto:natory3@gmail.com
https://pubmed.ncbi.nlm.nih.gov/
https://scholar.google.com/
https://doi.org/10.26565/2313-6693-2024-48-09
https://pubmed.ncbi.nlm.nih.gov/
https://scholar.google.com/
https://pubmed.ncbi.nlm.nih.gov/
https://scholar.google.com/

BicHuk XapkiBCbKOro HauioHanbHoro yHiBepcuTety imeHi B.H. KapasiHa.

Cepis «MeguuuHay». 2024. T. 32. Ne 1(48). C. 86-97
The Journal of V.N. Karazin Kharkiv National University.
Series «Medicine». 2024;32(1(48)):86-97

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

koBaHux y 2020-2022 pp., y SKMX BUCBITNIOBaNuCb AaHi
JocnigkeHb  LWOAO  KaphioBacKynspHUX  yCKNagHeHb
COVID-19.

PE3YABTATU TA IX OBTOBOPEHHS

COVID-19 Ha doHi icHylo4oi

KapAioBACKyAsipHOI naToAorii

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

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

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

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

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

RESULTS AND DISCUSSION

COVID-19 against the background of existing

cardiovascular pathology

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

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

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

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

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

CepL.eBO-CyAUHHI 3MiHM

Ha TAi COVID-19

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

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

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

— pO3BUTOK apuTmin [13];

— pO3BUTOK MioKkapauTy i nepukapauty [14];

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

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

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

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

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

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

Cardiovascular changes against the back-
ground of COVID-19

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

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

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

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

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

— severe hypoxemia causing an increase in anaerobic
processes, intracellular acidosis, and oxidative stress

Ornsp nitepatypu

Literature review



BicHuk XapkiBCbKOro HauioHanbHoro yHiBepcuTety imeHi B.H. KapasiHa.

Cepis «MeguuuHay». 2024. T. 32. Ne 1(48). C. 86-97
The Journal of V.N. Karazin Kharkiv National University.
Series «Medicine». 2024;32(1(48)):86-97

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

— onocepegkoBaHuin Bnnue Bipyca SARS-CoV-2
Ha MioKapd B YMOBax «LMTOKIHOBOrO LUTOPMY» (BUKMAY
HaaMIipHOT KiNbKOCTi 3ananbHUX MegiaTopiB i LUTOKIHIB/
XeMOKiHiB) [17];

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

COVID-19 i po3BMTOK MiOKAPAUTY

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

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

COVID-19 and the development of myocarditis

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

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

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

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

COVID-19 i po3BuTOK

AMAQTALUIMHOI KapAiomionaTii

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

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

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

COVID-19 and the development

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

COVID-19 i po3BuTOK

rocTporo KOPOHApPHOro CUHAPOMY

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

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

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

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

COVID-19 and the development
of acute coronary syndrome

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

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

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

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

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

BUCHOBKHU

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

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

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

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

CONCLUSIONS

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

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

Y noganbLlIOMy MAaHyeTbCs CNPSIMOBAHICTb Ha binbL rmuboke
OOCNIMKEHHA NaToreHeTUYHUX MeXaHi3MiB PO3BUTKY apuTMii
y xBopux Ha COVID-19.
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Prospects for further research

Further research will be aimed at a more in-depth study of the
pathogenetic mechanisms of the development of arrhythmias
in patients with COVID-19.
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