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Abstract. Introduction. Cardiovascular system seems to be one of the most common organ systems affected
by COVID-19 both in adults and children. Myocardial injury is an independent predictor of in-hospital mortal-
ity. The SARS-CoV-2 virus is known to cause myocardial injury in some individuals and, when present, is associ-
ated with a fourfold increased risk of mortality

Aim. This comprehensive review of the current literature aims to provide primary care physicians and
pediatricians with detailed information on possible cardiovascular complications in COVID-19 to better
understand their nature and choose the right strategy for timely diagnosis in adult and pediatric patients.

Materials and methods. An exhaustive literature review was conducted on major databases: PubMed, WHO
COVID-19 Database, Embase, China National Knowledge Infrastructure (CNKI) Database, Google Scholar, manual
searches of leading medical journals, and a pre-print servers, to determine publications published from Janu-
ary 1, 2020 to December 15, 2021. The websites of World Health Organization, Centres for Disease control and
Prevention, and the Johns Hopkins Coronavirus Resource Centre, European Medicines Agency (EMA) and the U.S.
Food and Drug Administration (FDA) were reviewed to provide up to date information in the context of cardio-
vascular complications in COVID-19.

Results. Myocardial injury was associated with a mortality rate of 51.2%, compared with 4.5% without car-
diac injury, and was present in 59% of non-survivors. Any associated cardiac complication is considered detri-
mental to the survival of COVID-19 patients. 46% of patients with COVID-19 had echocardiographic abnormali-
ties including myocardial infarction, myocarditis, and Takotsubo cardiomyopathy. 50% of COVID-19 patients had
electrocardiographic abnormalities, and 42% experienced chest pain, palpitations, or dyspnea. In the same study,
75% of cases in the same study had cardiac magnetic resonance (CMR) abnormalities.

Conclusion. The overall incidence of cardiac injury caused by COVID-19 varies from 7-64%. There is still
limited data about the role of cardiovascular involvement in COVID-19 in children. Based on our review, children
with acute COVID-19 requiring hospital admission should undergo a cardiac workup and close cardiovascular
monitoring to identify and treat timely life-threatening cardiac complications. To date, we have few data on the
Omicron variant and studies must be quickly carried out to better define the threat that this variant represents,
including risk factors, mechanisms, and long-term outcomes of cardiovascular involvement, especially in chil-
dren.

Key words: COVID-19, SARS-CoV-2, cardiovascular system, myocarditis, myocardial infarction,
cardiomyopathy, arrhythmias, heart failure, Omicron.

COVID-19 Ta ypakeHHA ceplis y JOPOCIUX i AiTel: KOMIIEKCHUI OIIAJ, Cy4acHOI JIiTepaTypu
Kiwko 0., Kiwko H., /]3isa M.

Pe3ome. Bcmyn. YpaxeHHs ceplieBo-cyAnHHOI cucteMu npu COVID-19 cepef yck/a1aHeHb 3 60Ky BHYTpiLl-
HIX OpraHiB i CUCTeM € Hal4aCTIIIUMHU fIK y JOPOC/IUX, Tak i y giTed. [lomkomxxenua cepud Bipycom SARS-CoV-2
MPU3BOJUTH /10 MiABUIIEHHS JIeTAaJbHOCTi B YOTUPH pa3H.

Mema docaidxcenHs. JlaHUN KOMILJIEKCHUM OIJISJ| CY9acHOI JliTepaTypyu Ma€ 3a MeTy HaJaTH JikapsM 3a-
rajbHOI MPaKTHUKHK Ta NeAiaTpaM JeTanbHy iHPopMaliro mpo MOKJIMBI CeplLieBO-CYAUHHI YCKIaJHEHHS MPHU
COVID-19, 06 Kpatie 3po3yMiTH iX CyTHICTb Ta BUGPATH PABUJIbHY CTPATETil0 CBOEYACHO]I J{iarHOCTHKH Y [10-
pocaux i nefiaTpUYHUX NaALi€EHTIB.

Mamepiaau ma memodu. PeTenbHUM aHai3 JliTepaTypy NPOBeleHO 32 OCHOBHUMHU 6a3aMu AaHux: PubMed,
WHO COVID-19 Database, Embase, China National Knowledge Infrastructure (CNKI) Database, Google Scholar, a
TaKOX IMOIIYK CTaTeH, ony6J1ikoBaHUX y MPOBiJHUX MeIMUHUX )KYpHaJ/laX Ta Ha CepBepax NonepeJHbOTO APYKY,
Byaci Biz 1 ciuns 2020 poky o 15 rpynusa 2021 poky. Takox 6y/1u mpoaHasizoBaHi Be6-caiiTu BcecBiTHBOI opra-
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Hi3alii oxopoHu 310poB’s, LleHTpy KOHTpOJII0 Ta NpodinaKTUKU 3aXBOPIOBaHb, PecypcHoro nieHTpy JxoHa Xomn-
KiHCa 110/10 KOpOHaBipycy, EBporeiicbKoro areHnii 3 ikapcbKux 3aco6iB (EMA) Ta YnpaBJ/iiHHS 3 KOHTPOJIIO 32
npogyktamu i iikamu CILIA (FDA), o151 3’sicyBaHHSA aKTyaJIbHUX JAHUX Y KOHTEKCTI cepLeBO-CYAUHHUX YCKJIa/-
HeHb nipu COVID-19.

Peszyabmamu docaidscens. [lomkomxenHss Miokapaa npu COVID-19 kopenroe 3 51,2% piBHeM J1eTanbHOCTI
npotu 4,5% y Buna/ikax 6e3 yImkopKeHHs ceplisl. YCK/IaJHeHHS 3 60KY cepLeBO-CyANHHOI CUCTEMU 3HAXOASTh Y
59% TuX, XTO He BIXXUB. Byb-sKki cynyTHI cepueBi yck/1afHeHHS NOTipIIYIOTh HA/lil0 HAa BUXKUBAHHS NALi€HTIB
i3 COVID-19. Y 46% xBopux Ha COVID-19 BUABASIOTE exoKapziorpadiuHi BiAXUIEeHHS, BKJIIOYAIOUU 03HAKH iH-
dapkTy Miokapaa, MiokapauTy uu kapgiomionarii Takory6o. ¥ 50% nauienTi i3 COVID-19 BUABASIOTH ATOJIO-
riuni 3mMinu Ha EKI, a 42% marThb 6isb y rpyasax, cepuedouTTs abo 3aayxy. B 75% sunagkis COVID-19 HaaBHi na-
TOJIOTIYHI 3MiHM mig yac MP o6cTexeHHi cepris.

BucHosku. 3arajioM BBaXa€eThCS, 1[0 YaCTOTA YCKJIJHEHD 3 60Ky CEPIEeBO-CyJMHHOI CHCTEMH BHACIiI0K 3a-
xBoptoBaHHs COVID-19 kosuBa€eThcs Big 7% 1o 64%. Ha cborozHi MaeMo Jiviiie 06MeKeHi AaHi Mpo 3HaYEeHHs
Ta BaXKJIMBICTb cepLieBO-CYAUHHUX ycKaaAaHeHb npu COVID-19 y xiTell. HeMae »x0AHUX CYMHIBIB, 1110 TOCIiTaIi-
3o0BaHi ity 3 COVID-19 noBUHHI NPOUTH peTesbHe 06CTEXEHHS Ceplis Ta MOTPe6YIOTh JOBrOTPUBAIUN MOHi-
TOPUHT JJIs] CBOEYACHOTO BUSIBJIEHHS Ta YCIILIHOTO JIiIKyBaHHSA MOXJ/IMBHUX CepLieBO-CYAUHHUX YCKJIaJHEHb, KO-
TPi MOXKYTb 3arpoXKyBaTH >KUTTI0. [l0KH 1110 MaeMo o6MexeHi BijoMocTi oo BapianTy Bipycy SARS-CoV-2 Owmi-
kpoH. ToMy icHye BesiMKa noTpeba y HEBiAK/IaZHOMY NPOBEAEHHI J0CIi/)KeHb, CIPSIMOBAaHHUX HAa BU3HAYEHHS
3arposy, siKy Hece JJaHu# BapiaHT Bipycy SARS-CoV-2, BKJII0YaloYu MOXKJINBI GaKTOPH PU3UKY MOSIBU CEPILEBO-

CYAMHHUX YCKJIaZJHEHb, MeXaHi3MU IX MPOTpecyBaHHS Ta JOBrOTPUBAINHN IPOrHO3, 0COGJIMBO Y iTEH.
Knrouogi cioBa: COVID-19, SARS-CoV-2, cepuieBo-CyAuHHA CUCTeMa, MiOKapAUT, iHpapKT MiokapAa, Kap-

nAiomiomnarisi, apuTMii, ceplieBa HeIoCTaTHICTb, OMiKpOH.

Aim

In this up-to date review, potential
mechanisms, incidence, and clinical manifestation
for cardiac involvement in COVID-19 adult and
pediatric patients is provided by performing a
literature research to summarize the current
knowledge about the potential cardiovascular
involvement in COVID-19 in order to give a
perspective on how to take care of them during
the current pandemic situation.

Methods

An exhaustive literature review was conduct-
ed on major databases: PubMed, WHO COVID-19
Database, Embase, China National Knowledge
Infrastructure (CNKI) Database, Google Scholar,
manual searches of leading medical journals, and
a pre-print server, medRxiv. Multiple searches
were performed using the search terms “CO-
VID-19” or “SARS-CoV-2” were used in combina-
tion with “cardiovascular involvement” or “heart
disease” “myocardial injury” or “myocarditis» or
“cardiomyopathies” or «arrhythmia» or ,heart
failure” or "multisystem inflammatory syndrome
in children (MIS-C)» or «thromboembolism“ to
identify articles published from January 1st, 2020
until December 15, 2021. The websites of World
Health Organization, Centres for Disease control
and Prevention, and the Johns Hopkins Coronavi-
rus Resource Centre, European Medicines Agency
(EMA) and the U.S. Food and Drug Administra-
tion (FDA) were reviewed to provide up to date
numbers and infection control recommendations.

Reference lists from the articles were reviewed to
identify additional pertinent articles. Retrieved
manuscripts concerning the subject were re-
viewed by the authors, and the data were extract-
ed using a standardized collection tool. For MIS-C
temporally associated with COVID-19, multiple
meta-analyses were conducted to summarize the
pooled mean proportion of different cardiovascu-
lar variables in this population.

Introduction

This up-to-date review intends to provide the
primary care physicians and pediatricians with
concise knowledge of potential cardiovascular
complications in COVID-19 patients to understand
the disease course better and decide how to
manage adult and pediatric patients. The aim
is to ensure physicians are up to date on the
cardiovascular complications that can arise from
COVID-19 infection. Cardiovascular system seems
to be one of the most common organ systems
affected by COVID-19 [122]. The clinical features
of heart involvement can vary from one individual
to another [137]. In some patients it can be
asymptomatic, while in others it can result in life-
threatening heart and lung failure. Myocardial
injury is an independent predictor of in-hospital
mortality. The SARS-CoV-2 virus is known to cause
myocardial injury in some individuals and, when
present, is associated with a fourfold increased
risk of mortality [35].

Myocardial injury was associated with
a mortality rate of 51.2%, compared with
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4.5% without cardiac injury, and was present
in 59% of non-survivors [38]. Any associated
cardiac complication is considered detrimental
to the survival of COVID-19 patients. 46% of
patients with COVID-19 had echocardiographic
abnormalities including myocardial infarction,
myocarditis, and Takotsubo cardiomyopathy
(TCM) [82, 135]. Another study showed 50%
of COVID-19 patients had electrocardiographic
abnormalities, and 42% experienced chest pain,
palpitations, or dyspnea. In the same study, 75%
of cases in the same study had cardiac magnetic
resonance (CMR) abnormalities. The overall
incidence of cardiac injury caused by COVID-19
varies from 7-64%, depending on the parameter
used, among hospitalized patients in various
reports [38, 39, 75, 78, 126]. There is still scarce
data about the role of cardiovascular involvement
in COVID-19 in children.

Cardiovascular involvement of COVID-19
in adults

Myocardial injury

Analyses of prior coronavirus outbreaks
and COVID-19 data suggest several potential
mechanisms of COVID-19 myocardial injury.
Acutely, SARS-CoV-2 may directly infect and
damage cardiaccells, triggering severe cellular and
organ-wide pathology and dysfunction, although
fulminant myocarditis is relatively uncommon
in COVID-19.Factors associated with myocardial
injury include age, presence of comorbidities,
ferritin and fibrinogen levels and kidney, liver
or other organ dysfunction, especially kidney
injury. Thus, optimisation of organ dysfunction
is a key point in the treatment of COVID-19 with
myocardial injury. Several theories have been put
forward to explain the mechanism of myocardial
injury including the complex interaction between
hypoxaemia, ischaemia and the procoagulant
state in the setting of pneumonia. The cytokine
storm that results from uncontrolled viral
infection can lead to acute coronary syndrome.
Prior coronary disease leads to higher endothelial
inflammation and can even cause plaque rupture.
Viral infection can even activate the coagulation
process and endanger the anticoagulant property
of endothelium to form thrombus. Thus, by
blocking the compromised cardiac blood flow, it
further exacerbates the injury [138].

Whilethedirectcardiovascularmanifestations
of COVID19 detailed above stem from unique
aspects of SARS-CoV2 virology and may be
specific to coronaviruses, indirect pathological

mechanisms have been reported, including
hypoxia-induced myocardial injury due to
hypoxic respiratory failure and hypoxemia, small
vessel ischemia due to microvascular injury and
thrombosis, or acute RV failure due to pulmonary
embolism or in situ pulmonary artery thrombosis.
Cardiac injury may also stem from a dysfunctional
immune response. Hypo- and hyper-immune
responses may contribute to severity of COVID-19
disease. Systemic inflammatory responses
or cytokine storm may lead to cell death and
multiorgan dysfunction, and late autoimmune
phenomena have been postulated to contribute to
autonomic dysfunction. The remarkable variety
of symptoms, clinical severity, and manifestations
after SARS-CoV2 exposure underscores our
limited understanding of the heterogeneity of
immune dysfunction in COVID-19. A deeper
understanding of the pathways that account for
immune success or failure in COVID19 would
inform our understanding of the mechanisms
that account for cardiovascular disease in more
generalizable settings.

Clinical Evidence for Acute Myocardial Injury

The underlying mechanisms of cardiac
injury are still not clearly understood, but it has
been hypothesized that they are most likely
multifactorial. Direct cardiotoxicity of SARS-
CoV-2 can occur due to the ACE2 expression
on myocardial cells and cardiac pericytes
inducing capillary endothelial and microvascular
dysfunction. Hypoxemia, as a consequence of
lung involvement, can contribute to direct cardiac
injury [25, 27].

Among hospitalized patients with COVID-19,
evidence of acute cardiac compromise is common
and includes acute heart failure (3%-33%),
cardiogenic shock (9%-17%) [105], myocardial
ischemia or infarction (0.9%-11%), ventricular
dysfunction (left ventricular [10%-41%], right
ventricular [33%-47%], biventricular [3%-
15%]) [38, 61, 79], stress cardiomyopathy (2%-
5.6%) [ 38, 61], arrhythmias (9%-17%) [126],
venous thromboembolism (23%-27%) [63], and
arterial thrombosis secondary to viral-mediated
coagulopathy [74].

Pre-existing cardiovascular disease (coronary
heart disease, heart failure, cerebrovascular
disease), cardiovascular risk factors (male sex,
older age, hypertension, diabetes), and other
comorbidities (chronic obstructive pulmonary
disease, chronic renal failure, and cancer)
predispose patients with COVID-19 to more severe
disease and mortality. The mortality rate is higher



among patients with vs without cardiac injury (42
[51.2%] vs 15 [4.5%]; P <.001). The mortality rate
increased in association with the magnitude of
the reference value of high-sensitivity troponin-I
(hs-Tnl). Multivariable adjusted Cox proportional
hazard regression model showed a significantly
higher risk of death in patients with cardiac injury
than in those without cardiac injury [106].

Biomarker Evidence for Cardiac Injury

Elevation of cardiac biomarkers, particularly
high-sensitivity ~ cardiac  troponins and/or
creatinine kinase MB, is a marker of myocardial
injury. Elevation of cardiac biomarkers is common
in patients with COVID-19 infection. In a review
of clinical studies with at least 100 COVID-19
patients, there was found that in 26 studies
including 11,685 patients, the overall prevalence
of acute myocardial injury ranged from 5% to
38% depending on the criteria used. The overall
crude prevalence of acute myocardial injury was
21.4% (1961/9164) [15].

Biomarker evidence of cardiac injury is
strongly associated with worse COVID-19
outcomes. Elevation of cardiac biomarkers, such
as NT-proBNP, troponins, or D-dimer [98] predict
poor clinical outcomes. In hospitalized patients
with COVID-19, the prevalence of elevated high-
sensitivity troponin-T (hs-TnT) is 20% to 30%.
Elevated hs-TnT levels were rare in COVID-19
survivors with an uncomplicated course (1%-
20%), common in severely ill patients (46%-
100%), and nearly universal in the critically ill
and nonsurvivors. Among 2736 hospitalized
patients with COVID-19 in New York City, even
small elevations of hs-Tnl were associated with
higher mortality [109]. Furthermore, the greater
the hs-Tnl elevation, the higher the mortality risk.
Compared with those without hs-Tnl elevation,
patients with COVID-19 with hs-Tnl elevation
have higher risks of acute respiratory distress
syndrome (58%-59% versus 12%-15%), need
for mechanical ventilation (22%-60% vs 4%-
10%), malignant arrhythmias (17% versus 2%
VT/VF), and death (51%-95% versus 5%-27%)
[107, 138].

Recent reports have demonstrated TCM
as a complication of COVID-19. A review of the
literature has yielded 10 cases of TCM in patients
with COVID-19 [102]. 90% of the cases occurred
in women with a mean age of 64.6 years. Apical
involvement was the most common form TCM,
which is induced by cytokine storm and elevated
levels of cortisol and other stress-related
hormones. TCM is previously known as a self-
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limiting and benign cardiac manifestation, but it
has been uncovered that TCM can be associated
with fatal cardiac outcome due to cardiogenic
shock and life-threatening arrhythmia [101, 125].
Vascular integrity is compromised by virus action
and causes myocardial alteration. Treatment is
still controversial. However, ACE inhibitors, beta-
blockers and diuretics are used in the treatment of
such patients [5].

Imaging Evidence for Myocardial Injury

Biomarker evidence of myocardial injury
with associated echocardiographic abnormalities
correlate with higher risk of in-hospital mortality.
Echocardiographic abnormalities commonly
reported in hospitalized patients with COVID-19
include right ventricular (RV) dysfunction
(26.3%), LV wall motion abnormalities (23.7%),
global LV dysfunction (18.4%), grade II or III
diastolic dysfunction (13.2%), and pericardial
effusion (7.2%) [48].

Abnormalities suggesting injury on cardiac
magnetic resonance imaging (CMR) have also been
reported commonly. CMR findings can indicate
cardiac pathologies associated with COVID-19.
In a systematic review comprising 199 patients
from 34 acute or postrecovery CMR studies in
patients with COVID-19 CMR diagnoses included
myocarditis in 40.2%, myopericarditis in 1.5%,
TCM in 1.5%, ischemia in 2.5%, and dual ischemic
and nonischemic changes in 2.0%. Regional
wall motion abnormalities were reported in
13/32 (40.6%) [87]. Additionally, perfusion and
extracellular volume mapping abnormalities
were described in 18/21 (85%) and 21/40
(52%) patients, respectively. In summary, the
most common CMR diagnosis was myocarditis,
and imaging findings included evidence of diffuse
myocardial edema, and myocardial fibrosis.

Acute Cardiac Injury and Acute Coronary
Syndrome

According to a cohort study on 416 patients
with COVID-19, acute myocardial injury was
found in 19.7% of patients during hospitalization,
and it was an independent risk factor for in-
hospital mortality [107]. A study on 187 patients
with COVID-19 showed a significant increase
in mortality during hospitalization in those
who had elevated hs-Tnl (37.5%), especially
when combined with underlying CVD (69.44%).
Patients with elevated troponins levels had more
frequent malignant arrhythmias, and indications
for mechanical ventilation [54]. In an early
study from China that enrolled 101 cases, the
acute myocardial injury was present in 15.8% of
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COVID-19 patients who were older, with a higher
prevalence of pre-existing cardiovascular disease
[123, 127]. Because of the higher prevalence of
myocardial injury than that of underlying CVD,
it can be speculated that SARS-CoV-2 affects
the cardiovascular system, not only through
exacerbation of the pre-existing state but also
directly causing myocardial inflammation due to
extensive release of proinflammatory cytokines,
which, in some cases, leads to fulminant
myocarditis [60]. According to the current
European Society of Cardiology Guidance for the
Diagnosis and Management of CV Disease, during
the COVID-19 pandemic admission and peak
troponin appear to be predictors for outcomes in
COVID-19 patients.

Although COVID-19 has a great potential
to cause acute coronary syndrome (ACS) or
exacerbate previous chronic conditions, there are
reports from Italy, Spain, and the USA showing a
significant reduction in hospitalization for ACS
(40-48%), and also a reduction in percutaneous
coronary intervention (38-40% for STEMI, 57%
for diagnostic procedures) [10, 20, 33]. The
report from Italy also showed a 26.5% reduction
in STEMI admissions and a 65.4% reduction in
NSTEMI admissions with a disproportionately
greater decrease in STEMI reductions for women
(41.2%), than for men (25.4%). The STEMI case
fatality rate increased to 13.7% from 4.1%in 2019
and the rate of major complications increased to
18.8% from 10.4% in 2019. In central Germany,
comparing lockdown in 2020 to 2019 cardiac
death, pulmonary embolism, and stroke rose
about 8%; however, fatal pulmonary embolism
was about 11% higher [85]. Some of the reasons
for this trend could be avoidance of medical
facilities because of social distancing, concerns of
contracting COVID-19 in healthcare settings, and
less physical activity. Conversely, the rate of out-
of-hospital cardiac arrest increased. A study from
Italy showed a 58% increase in out-of-hospital
cardiac arrest compared with the pre-COVID-19
period. The cumulative incidence of out-of-
hospital cardiac arrest in 2020 was strongly
associated with the cumulative incidence of
COVID-19 [11]. Interestingly, there was a decrease
of 15.6% in cardiopulmonary resuscitation from
bystanders possibly showing the side effects of
social distancing [12]. The even greater difference
was found in a population-based cross-sectional
study from New York City with the number
undergoing resuscitation 3-fold higher during
the 2020 COVID-19 period compared with the

non-COVID-19 period in 2019 [9]. Patients
suffering an out-of-hospital cardiac arrest during
2020 were older, and more likely to have specific
comorbidities, such as diabetes and hypertension.
There was a significant increase in non-shockable
presenting rhythms and a substantial reduction in
return of spontaneous circulation [2, 67].

Cardiogenic shock due to cardiac tamponade,
acute decompensated heart failure, acute
myocardial infarction and fulminant myocarditis
can be observed. Haemodynamic assessment
including right heart catheterisation is very
important in the recognition of cardiogenic shock
[3,45]. Cardiac catheterisation is both therapeutic
and diagnostic in cardiogenic shock following
acute myocardial infarction in COVID-19 patients
[104].

In COVID-19, viral myocarditis is a common
and important cause of myocardial injury and
presents similarly to myocardial infarction with
a rise of cardiac biomarkers, cardiomyopathy
features on echocardiography and normal
coronary arteries. Diagnosis of viral myocarditis
is most commonly a clinical one but may
require endomyocardial biopsy (EMB) and
histopathological examination. The largest study
to date regarding acute myocarditis in COVID-19
is a systematic review of 38 reported cases which
does not reflect the true incidence of myocarditis
in COVID-19. It is a challenge to differentiate
between myocardial injury in severe/critical
COVID-19 and acute myocarditis, especially
because of the lacking availability of diagnostic
procedures, such as EMB or CMR, during the
COVID-19 pandemic [23].

The possible mechanism of myocardial
damage is the pathway via ACE2 receptors and a
hyperimmune response. Early studies from China
reported five cases of myocardial damage resulting
in circulatory failure as a possible consequence
of fulminant myocarditis, although the diagnosis
of myocarditis was not confirmed [99]. Sala et al.
[101] report the firstdirect evidence of myocardial
inflammation by EMB in a COVID-19 patient. EMB
revealed diffuse T-lymphocytic inflammatory
infiltrates with significant interstitial oedema and
limited focal necrosis

Suspicion of acute myocarditis should
be raised when the levels of troponins do not
correlate with the hyperinflammatory state. High
levels of hs-TnT and NT-proBNP accompanied with
a generalized increase in inflammatory markers
are a sign of multiorgan failure rather than acute
myocarditis [58]. There are no pathognomonic



electrocardiographic (ECG) changes in COVID-19
myocarditis. The most common ECG changes in
COVID-19 are ST-segment abnormalities (40%),
followed by cardiac arrhythmias (38%) including
sinus tachycardia, sinus bradycardia, conduction
blocks, atrial premature complex, atrial
tachycardia, atrial fibrillation, and ventricular
premature complex [71].

Echocardiographic features of COVID-19
myocarditis are global and regional hypokinesia
with a decreased left ventricular ejection fraction,
and an increase in wall thickness suggesting
edema. Right ventricular strain was decreased in
patients with poor outcomes and left ventricular
strain was decreased regardless of outcome [16].
Right ventricular strain measurements may be
important for risk stratification and prognosis
[32]. Further studies are needed to confirm these
findings. A normal echocardiographic exam is
possible, especially in the early stages. CMR
imaging can show hypokinesis, left ventricular
dysfunction and pericardial effusion [87].

In a cohort study including 39 consecutive
autopsy cases from patients positive for SARS-
CoV-2, the virus RNA was confirmed in 24 of 39
patients (61.5%). None of the patients in the study
were diagnosed with fulminant myocarditis, and
there were no massive cell infiltrates or necrosis
[73]. A study including 104 EMB of patients with
suspected myocarditis or unexplained heart
failure detected SARS-CoV-2 genome in 5 cases,
and only 2 of them met the Dallas criteria for
myocarditis [40]. In an international multicentre
study assessing cardiac tissue from the autopsies
of 21 COVID-19 patients, lymphocytic myocarditis
was present in 3 (14%) and increased interstitial
macrophage infiltration was present in 18
(86%) of the cases [14]. There is still not enough
evidence supporting the direct destruction of
cardiomyocytes through virus-mediated lysis.
Other mechanisms involving direct entry of
the virus into endothelial cells in the heart or
hyperactivation of the immune system have been
proposed. Some authors suggest EMB should not
be routinely performed due to scarce evidence of
histological evidence typical for myocarditis, and
actual virus RNA in cardiac tissue together with
unclear therapeutic implications [65].

In Israel, 62 cases of myocarditis were
reported after COVID vaccine administration in
five million individuals [118]. In most cases these
occurred after the second dose of mRNA vaccines
[116]. Young men are more affected, with two
deaths in total. Fourteen cases of myocarditis
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were also reported in the United States Defense
Department after administration of Pfizer-
BioNTech and Moderna vaccines [36, 68, 117].

Arrhythmias
Mechanisms for arrhythmogenicity
in COVID-19 infection include altered

intercellular signalling, ion channel dysfunction,
electrophysiological and structural remodelling
due to interstitial edema and cardiac fibrosis
resulting in repolarization abnormalities and
action potential conduction abnormalities [105,
117]. A recently published study compared
COVID-19 ICU patients with ICU patients who
were COVID-19 negative and showed that atrial
tachyarrhythmia is associated with increased
mortality in critically ill patients with COVID-19
[31]. The incidence of arrhythmias has been
associated with disease severity. According to a
study from Wuhan, China, patients with severe/
critical COVID-19 had more atrial arrhythmias
compared with those with non-severe symptoms.
When they compared COVID-19 ICU patients
with patients who were admitted to the ICU due
to bacterial pneumonia in the pre-COVID era,
those with COVID-19 had higher total, mean, and
minimum heartrates, and no significant difference
in the incidence of arrhythmias, including
premature atrial/ventricular contractions, atrial
fibrillation, nonsustained ventricular tachycardia,
and atrioventricular block [56]. Studies from
China, the USA and Europe showed that non-
specifical arrhythmia was the most common
in COVID-19 patients. To be more precise, the
overall incidence was about 17%, non-specifical
arrhythmia were 12%, atrial fibrillation 8%,
conduction abnormalities 11%, premature
contractions 9% and about 3% ventricular
tachycardia/fibrillation [72].

Cardiac arrhythmias are frequent and may
remain even after recovery from COVID-19.
Arrhythmias such as AE ventricular tachycardia
and supraventricular tachycardia and complete
heart block can appear in any phase of the disease
(infective, recovery or post-recovery phase) and
individualised care seems to be the best approach
for these patients [34].

In a study of 1053 hospitalized patients
followed for a median of 7 days on telemetry,
arrhythmia was reported in 25.6% of patients
[90]. The presence of arrhythmias correlated with
disease severity, elevated markers of myocardial
injury, inflammation, and fibrinolysis and was
independently associated with 30-day mortality.
Very similar results were recently reported in
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a large multicentre Italian study with 21.7%
incidence of sustained tachyarrhythmias in 414
hospitalized patients [100]. Based on these
studies, it seems that tachyarrhythmias are a
marker of COVID-19 severity occurring more
frequently in patients with more severe disease
and are associated with higher mortality.

In general, the acute treatment of arrhythmias
should not be significantly different from their
management in non-COVID-19 patients and
should be in line with the current ESC, European
Heart Rhythm Association and related guidelines
[19, 21, 22].

Another  mechanism of arrhythmias
in COVID-19 is multi-drug usage and their
interactions. The pro-arrhythmic state -
dysfunction and altered drug clearance also
increases arrhythmogenicity. Additionally, some
drugs used for treatment for viral replication
prolong the QT interval [88]. Thus, torsades de
pointes may occur in susceptible patients treated
with chloroquine/hydroxychloroquine, lopinavir/
ritonavir, macrolides (especially azithromycin)
and fluoroquinolones. The latter two drugs are
commonly used to treat bacterial superinfections
in COVID-19 patients. Also, several of these patients
have additional risk factors such as prior heart
diseases, electrolyte abnormalities and usage of
other QT-prolonging drugs such as anti-emetics,
proton pump inhibitors, sedatives [64]. Patients
with COVID-19 receiving those agents should be
closely monitored, especially when combining
more agents at a time or having congenital long
QT, electrolyte imbalances, pre-existing heart
disease, and renal or hepatic dysfunction [83].

The most common arrhythmias in COVID-19-
affected individuals are atrial arrhythmias which
can be found in up to 17.7% of mechanically
ventilated patients. The cause of death in most of
these patients is asystole or pulseless electrical
activity secondary to pulmonary embolus or lung
failure [94]. AF is a poor prognostic factor in those
with acute respiratory illness. For rate control,
diltiazem is preferred in COVID-19 patients as
beta-blockers may precipitate bronchospasm in
respiratory disease [34].

A global survey of a total of 1197
electrophysiology professionals from 76 countries
and 6 continents reported atrial fibrillation as
the most common tachyarrhythmia in COVID-19
patients (in 21% of the reports), and severe sinus
bradycardia and complete heart block as the most
common bradyarrhythmias (in 8% and 5.9% ofthe
reports, respectively). Regarding life-threatening

arrhythmias, ventricular tachycardia/ventricular
fibrillation arrest and pulseless electrical activity
were reported by 4.8% and 5.6% of respondents,
respectively [50].

A higher incidence of out-of-hospital cardiac
arrest has been noted in patients suspected of
or with a confirmed diagnosis of COVID-19 [24].
Even in patients on whom emergency personnel
attempted resuscitation, out-of-hospital cardiac
arrest occurred at 14.9% points more in 2020 as
compared to 2019 [46]. In Paris, France, the rise of
cardiac arrest was partly attributed to COVID-19
infection and indirectly related to lockdown and
health care services-related adjustments [80].
When the number of COVID-19 cases peaked
in New York City, a three-fold higher number
of out-of-hospital cardiac arrest underwent
resuscitation compared to the same period in
2019 and most were older, more likely to have
specific comorbidities [2, 67].

Postrecovery cardiac involvement

The potential for long-term cardiac sequelae
of COVID-19-associated myocardial injury has
been highlighted by CMR studies in recovered
patients with evidence of myocardial fibrosis or
myocarditis reported in 9% to 78% of patients
recovered from acute COVID-19. Among 100 post-
COVID-19 patients who underwent CMR 2 to 3
months after the diagnosis, cardiac involvement
was reported in 78% with evidence of ongoing
inflammation in 60%. On the day of imaging,
71% had elevated hs-TnT. Cardiac symptoms
were common and included atypical chest pain
(17%), palpitations (20%), and dyspnea and
exhaustion (36%). Recovered patients had lower
left ventricular ejection fraction and higher left
ventricle volumes compared with risk factor-
matched controls. In 3 patients with severe CMR
findings, endomyocardial biopsy revealed active
lymphocytic infiltration but without detectable
viral genome [95].

CMR findings were also reported in 26
patients who had recovered from COVID-19 but
with cardiac symptoms after discharge, including
chest pain, palpitations, or chest distress [59].

Such CMR findings of myocarditis and
myocardial fibrosis raise concerns regarding
potential long-term cardiac sequelae, including
increased risk for heart failure and arrhythmias
based on prior experience with myocarditis. The
presence of myocarditis often implies myocardial
necrosis in addition to myocardial edema and has
previously been associated with adverse outcomes
in multiple non-COVID related myocarditis CMR



studies [51, 110]. This risk has been shown to be
further modulated by left ventricle dysfunction
[6] and persistent of myocardial edema [7]. At this
time, the actual risk of complication in patients
with abnormal CMR findings remains undefined,
whether it's due to capillaritis, microthombi, or
endothelial dysfunction secondary to a systemic
inflammatory response, or histologically defined
myocarditis remains undiscerned [98, 105].

Heart failure

Approximately a quarter of hospitalised CO-
VID-19 individuals were diagnosed with new-
onset heart failure, especially in intensive care
admissions (one third of admissions) [8, 138]. An
increase in natriuretic peptides is indicative of a
worse prognosis. Heart failure in COVID-19 can be
the consequence of myocardial injury, acute coro-
nary syndrome, acute myocarditis, and arrhyth-
mias [139]. Moreover, heart failure can be caused
by deterioration of pre-existing myocardial dys-
function or unmasking of subclinical heart failure
in individuals with underlying risk factors. It is a
relatively common complication noted in 49% of
patients who had severe/critical COVID-19 [26].
Similarly, in a retrospective, multicentre cohort
study including 191 COVID-19 hospitalized pa-
tients, heart failure was developed in 23% of pa-
tients, 52% of non-survivors and 12% of survi-
vors [138]. It seems that in COVID-19 heart failure
with preserved ejection fraction is more common
than heart failure with reduced ejection fraction,
both in the acute phase and chronic recovery
phase [44]. Echocardiography study showed that
in COVID-19 left ventricular systolic function is
preserved in the majority of the patients (90%).
Right ventricular abnormalities (dilatation and
dysfunction) were found in 39%, and left ven-
tricular diastolic dysfunction in 16% of patients
[112].

NT-proBNP is a biomarker of hemodynamic
myocardial stress and heart failure. It is frequent-
ly elevated among patients with severe/critical
COVID-19, and according to some authors related
to poor prognosis and increased mortality [54].

Current European Society of Cardiology Guid-
ance for the Diagnosis and Management of CV
Disease during the COVID-19 pandemic suggests
a careful interpretation of NT-proBNP levels. They
should be seen as the combination of the pres-
ence or extent of pre-existing cardiac disease
and/or the acute hemodynamic stress related to
COVID-19. It should also be taken into account
that NT-proBNP levels can be associated with the
right ventricular hemodynamic stress, especially
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in the setting of venous thromboembolism VTE
[41]. The increased risk of venous thromboem-
bolism poses a considerable challenge to caring
for 31% - 40% of critically ill COVID-19 patients
[66, 126]. Disseminated intravascular coagulation
occurred in 71.4% of patients who died of severe
COVID-19. These patients had high venous throm-
boembolism rates, elevated d-dimer levels, high
fibrinogen levels, low antithrombin levels, and
pulmonary congestion with microvascular throm-
bosis and occlusion [126]. The hypercoagulable
changes of microthrombi are noted in pulmonary
capillary vessels, and are thought to represent
megakaryocytes’ overexpression and platelet
adhesion. Thus, current recommendations are
favoring platelet inhibitors. In Italy, anti-platelet
therapy including acetylsalicylic acid, clopidogrel,
tirofiban, and fondaparinux showed effective in
improving hypoxemia and successful in weaning
ventilator in COVID-19 patients with severe respi-
ratory failure, bilateral pulmonary infiltrates and
elevated/upper limit of normal levels of d-dimer
[89, 121, 124]. A lower 28-day mortality level
from heparin use than non-users in COVID-19 pa-
tients with a d-dimer more than 6 times the upper
limit of normal (32.8% vs 52.4%, p = 0.017) have
been reported [53, 115].

Diagnostic approach for the cardiovascular
complications of COVID-19

According to ESC Guidance for the Diagnosis
and Management of CV Disease during the
COVID-19 pandemic [41], the levels of troponins
and NT-proBNP correlate with disease severity
and mortality but should be interpreted as
quantitative variables. Mild elevations (<2-3 times
the times the upper limit of normal) should be seen
as a consequence of pre-existing cardiac disease,
acute injury or stress related to COVID-19, and do
not require any additional workup or treatment
if there are no symptoms such as chest pain or
ECG changes. Pre-test probability assessment and
serial measurements of D-dimers may be useful
in the selection of patients who would benefit
from the use of higher than prophylactic doses
of anticoagulation. Routine measurements of
troponins and BNP/NT-proBNP are discouraged
[41]. NT-proBNP as a biomarker of hemodynamic
myocardial stress is more often elevated in
COVID-19 patients with a cardiac injury who have
a higher risk of in-hospital mortality [107].

There are no specific ECG characteristics in
COVID-19 patients that were found so. Because
of that, the ECG diagnostic criteria for cardiac
conditions should be the same in COVID-19
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patients and the general population. Atrial
fibrillation is the most common tachyarrhytmia.
Severe sinus bradycardia and complete heart
block are the most common bradyarrhythmias.
Monitoring-higher risk for prolonged QT and
torsades de pointes when on COVID-19 drug
therapy [19]. According to a study from Wuhan,
China, the most common ECG features found
in COVID-19 patients were ST-T abnormalities
(40%) and arrhythmias (38%) [13, 29]. They
were also associated with increased odds of ICU
admission [71].

Transthoracic echocardiography (TTE) is the
most used imaging modality for cardiac evaluation
in COVID-19 as it is can be easily performed at the
patient’s bedside, providing information about
cardiac structure and function [49, 91]. One
survey showed that the most common indications
for TTE among 1216 examined COVID-19 patients
were suspected heart failure, cardiac biomarker
elevation and right-sided heart failure [38]. An
abnormal finding on TTE together with myocardial
injury, rather than the myocardial injury alone, is
associated with higher mortality [120]. Among
patients with biomarker evidence of myocardial
injury and COVID-19 who underwent TTE,
cardiac structural abnormalities were present
in nearly two-thirds of patients with myocardial
injury. Myocardial injury was associated with
increased in-hospital mortality particularly if
echocardiographic abnormalities were present.
According to a study that included 120 COVID-19
patients right ventricular longitudinal strain is a
strong predictor of higher mortality in patients
with COVID-19 [70]. In addition to that, right
ventricular ejection fraction measured by three-
dimensional echocardiography showed an even
higher predictive value over standard RV function
parameters and RV free wall longitudinal strain
that may help to identify patients at higher
mortality risk [69, 70].

The role of computed tomography (CT) in
COVID-19 patients is important, especially for
evaluation and progression of lung pathology
but can also be useful in helping differentiate
COVID-19 pneumonia and acute decompensated
heart failure [49, 139]. Cardiac CT should be
used to rule out cardiac thrombus and in acute
chest pain to rule out obstructive coronary
disease and in cases of left ventricle dysfunction.
CT-pulmonary angiography enables detection
of pulmonary embolism, a common finding in
COVID-19 infection with incidence ranging from
2.6 to 24% according to some studies. Cardiac

CT angiography may be used instead of TEE for
the exclusion of left atrial appendage thrombus,
evaluation of endocarditis and paravalvular
complications. Coronary CT angiography can be
an alternative to invasive coronary angiography
[108].

CMR imaging is a very sensitive tool for
identifying COVID-19-related myocardial injury,
but also for detection of post-COVID-related
long-term cardiovascular consequences [49, 59].
CMR can help distinguish between ischemic and
non-ischemic myocardial injury and is useful for
the diagnosis of myocarditis showing myocardial
edema with late gadolinium enhancement,
inflammation, and fibrosis. The most common
diagnosis made by CMR in COVID-19 patients
was myocarditis (40%). On the other hand,
approximately 20% of patients with “cardiac”
symptoms had a normal CMR [87]. Another study
showed that 78% of recently recovered COVID-19
patients had abnormalities on CMR, and 60%
had evidence of myocardial inflammation, even
in asymptomatic patients, indicating the need for
investigation of possible long-term cardiovascular
consequences of COVID-19 [59,95]. Asimilar study
reported evidence of myocardial inflammation
or prior myocardial injury on CMR after either
asymptomatic or mildly symptomatic COVID-19
in competitive athletes [30, 96]. Therefore, CMR
can be potentially used for making exercise
recommendations post-COVID-19 [49, 111].

Nuclear imaging requires longer acquisition
times and exposure of both patients and health
care providers. The use of positron-emission
tomography can be an alternative to TEE for
patients with suspected endocarditis of prosthetic
valves or intracardiac devices [41, 49].

Exercisetestingisdiscouragedinthe COVID-19
pandemic because of its serious limitations such
as wearing a mask during the performance. Still,
it remains the method of choice for the indication
to heart transplantation in patients with heart
failure and for the diagnosis of heart failure with
preserved ejection fraction [109].

Cardiovascular complications of COVID-19
in pediatric population

Although respiratory illness is the dominant
clinical manifestation of COVID-19, cardiovascu-
lar issues are emerging as one of the most sig-
nificant complications of SARS-CoV-2 infection
in pediatric patients. As described above, pa-
tients with pre-existing cardiovascular diseases
and with PMIS accounted respectively for 18%



and 12% of pediatric deaths associated with CO-
VID-19. Remarkably, Multisystem Inflammatory
Syndrome in Children (MIS-C) has approximately
a ten-fold mortality rate regarding the rest of
pediatric COVID-19 cases. These data indicate
that prognosis is worse when the cardiovascular
system is impaired during SARS-CoV-2 infection
in children.

The Chinese Center for Disease Control
reported that <1% of the patients with COVID-19
were under the age of 10 years [132]. In another
large pediatric-only cohort in China, authors
reported that children tend to have a less severe
form of COVID-19 with the majority presenting
with mild symptoms. However, infants with
COVID-19 were in a critical condition compared
to older children [136]. The reason behind milder
disease presentation in children is not yet clear.
Some theories support the notion that children
have a less functional ACE2 receptor compared
to adults; thus, the infectivity of the virus is
decreased. Another theory argues that children
have higher levels of ACE2 which in its turn
reduces angiotensin Il plasma levels. Angiotensin
Il is recognized to correlate strongly with the
clinical course of COVID-19 disease [114]. Indeed,
children infected with COVID-19 have low hospital
admission rates and an estimated mortality rate of
less than 5% [76]. However, a minority of children
tend to exhibit serious disease manifestations,
especially cardiovascular injury.

MIS-C was reported as a new combination
of atypical Kawasaki disease and toxic shock
syndrome with multiorgan involvement under
the umbrella of severe COVID-19. Later, the WHO
and the United States Center for Disease Control
and Prevention set criteria for diagnosis with
overlapping features [128]. The pathophysiology
involvesasequelaofevents. Thefirstoneisdenoted
by acute necrotizing arteritis characterized by
neutrophils infiltrating the vessel walls. This
is followed by the formation of an aneurysm
within the coronary artery. Macrophages and T
cell lymphocytes infiltrate the damaged vessel
wall to begin a chronic form of vasculitis. Over
the years, myofibroblast proliferation leads
to coronary artery stenosis. In the early acute
phase, myocardial edema can develop leading to
myocarditis before evidence of an aneurysm. A
transient left ventricular dysfunction may occur
and lead to cardiovascular shock in some patients
[57]. MIS-S affects mostly previously healthy
school-aged children and adolescents presenting
with Kawasaki disease-like features and multiple
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organ failure with a focus on the heart, accounting
for most cases of pediatric COVID-19 mortality.
They frequently presented cardiogenic shock
(53%), ECG alterations (27%), myocardial
dysfunction (52%), and coronary artery dilation
(15%). Most cases required pediatric intensive
care unit admission (75%) and inotropic support
(57%), with the rare need for extracorporeal
membrane oxygenation (4%). Almost all of these
children wholly recovered in a few days, although
rare deaths have been reported (2%) [1].

Patients who develop MIS-C amidst their
SARS-CoV-2 infection are usually older than pa-
tients who develop Kawasaki disease alone with
the median age being 9 years in the former. The
presentation tends to begin around 4-6 weeks
after contracting the virus, and they are usually
PCR-negative. They commonly report fever and a
spectrum of respiratory symptoms ranging from
cough to dyspnea. 70% of patients with MIS-C
also report gastrointestinal symptoms such as
abdominal pain and diarrhea. Other signs and
symptoms that are related to the Kawasaki-like
features are rash, fissured lips, and conjunctivitis.
The cardiac abnormalities common in MIS-C are
arrhythmia, conduction abnormalities, ventricu-
lar dysfunction, coronary artery dilatation or an-
eurysm, and pericarditis. According to multiple
reports, the most common cardiac abnormality
is left ventricle dysfunction manifested by a de-
pressed ejection fraction. While most patients are
managed with inotropic support, a large cohort
study revealed that around a third of the pediatric
patients presenting with MIS-C required extracor-
poreal membrane oxygenation [4]. In a large case
series, the majority of patients required inotropes
but all of them recovered their left ventricle func-
tion within a median of 2 days [52]. In another
large pediatric-exclusive study including patients
who developed MIS-C, the authors reported that
80% of them had cardiac involvement. The major-
ity had elevated cardiac biomarkers (73%), and
8% developed coronary artery aneurysms [42].
Patients with MIS-C may develop coronary artery
abnormalities such as dilatations and aneurysms.
Reports have demonstrated an array of descrip-
tions ranging from small aneurysms to giant ones.
While it has been hypothesized that a mechanism
similar to that observed in Kawasaki disease oc-
curs with MIS-C, the true pathophysiology behind
coronary artery abnormalities has not been eluci-
dated yet [28].

In addition to coronary artery abnormalities,
the second most common cardiac abnormality
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in MIS-C is arrhythmia. First-degree heart block
is the most common presentation of arrhythmia.
It has been commonly reported in children pre-
senting with left ventricle dysfunction. Electro-
cardiogram reveals QT prolongation, ST-segment
changes, or T-wave abnormalities [93]. Laborato-
ry workup reveals elevated troponin, NT-proBPN,
D-dimer, and inflammatory markers such as ferri-
tin, erythrocyte sedimentation rate, interleukin-6,
procalcitonin, and C-reactive protein. A complete
blood count reveals neutrophilia, lymphopenia,
and thrombocytopenia [4]. Chest X-ray displays
cardiomegaly with possible hilar and mediastinal
abnormalities. More than 50% of these patients
will have a degree of left ventricular dysfunction
or failure noted on echocardiography. Global or
wall hypokinesis has been documented as well.
While right ventricular function is preserved in
all patients, pericardial effusion is present in the
minority of patients [37, 62]. The natural course
of MIS-C is not yet known. Ventricular dysfunction
tends to improve over time [17]. More studies are
needed to elucidate the long-term manifestations
of MIS-C. Kawasaki disease is associated with left
ventricular systolic dysfunction in 20% of pa-
tients, coronary artery dilation in 29%, and mitral
regurgitation in 27%, suggesting shared mecha-
nisms between Kawasaki disease, cardiac com-
plications and abnormalities, and myocarditis.
Despite having a milder clinical course, children
should be monitored for cardiac complications
and, upon presenting with any Kawasaki-like dis-
ease, should be tested for COVID-19 [93].

The incidence of myocarditis is currently
unknown in patients with COVID-19, as the
evidence in the literature is limited to case reports
[18, 45, 77]. In a cohort with small sample size,
cardiac MRI performed at a median of 71 days after
the SARS-CoV-2 infection revealed myocarditis in
80% of the patients [52, 57, 95]. In the pediatric
population, myocardial dysfunction has also
been described. In a large prospective study in
France, more than half of the children enrolled
had evidence of myocarditis with depressed
ejection fraction and elevated inflammatory
and cardiac biomarkers. There was evidence of
pericardial effusion as well. Echocardiographic
findings include a large left ventricular volume,
left ventricular diastolic dysfunction, and low
left ventricular ejection fraction. MRI findings
often include a late gadolinium enhancement, and
pericardial enhancement [95]. In a large pediatric
cohort study, myocarditis was noted in 71% of the
admitted patients [119]. This suggests that SARS-

CoV-2 induces myocarditis, myocardial ischemia,
and heart failure in a significant proportion of the
infected patients.

The severe systemic inflammation in
COVID-19 can precipitate cardiotoxicity and lead
to cardiovascular dysfunction. The incidence of
cardiomyopathy was reported to reach 33% in
patients infected with the virus [114]. In a large
cohort, up to 10% of patients hospitalized for
COVID-19 were reported to have tricuspid, aortic,
or mitral regurgitation leading to hemodynamic
changes [134]. Moreover, cardiac dysfunction
was reported in 41.2% of patients hospitalized
for COVID-19 in a large cohort study. While less
commonly reported in the pediatric population,
in several cohort studies, the authors reported
the presence of left ventricular dysfunction
in patients under the age of 20 years. Left
ventricular dilatation, trace mitral regurgitation,
and hypokinesia of the inferior left ventricular
wall were particularly reported in these patients
[47,103].

There are different types of arrhythmias
described in the setting COVID-19 infection in
children. The long list includes but not limited to
sinus tachycardia, atrial arrhythmia, first-degree
atrioventricular block, nonsustained ventricular
tachycardia and fibrillation, premature atrial and
ventricular beats, and incomplete right bundle
branch blocks [87, 113, 133]. The estimated
incidence rate of arrhythmia in COVID-19 patients
is around 17% [133]. The Heart Rhythm Society
has recently pointed out that in addition to the
direct myocardial injury and ensuing arrhythmia,
electrolyte disturbances are quite common and
can induce arrhythmias themselves. Despite these
hypotheses, the exact mechanism behind the
initiation of any kind of arrhythmia in the setting
of COVID-19 infection is still unclear. In another
large cohort, atrioventricular block occurred in
28.7% of adult patients hospitalized for COVID-19.
Sinus tachycardia was reported in 19.6%. In
general, arrhythmia was reported in more than
50% of the patients in one cohort [133]. On the
other hand, in a larger case series, only 16.7% of
the hospitalized patients developed arrhythmia
[55]. In a more recent large prospective study,
pediatric SARS-CoV-2 positive patients had an
incidence rate of arrhythmias of 12% [42].

Heart failure in pediatric patients commonly
presents with tachycardia, which later leads
to impaired diastolic filling and subsequent
systolic and diastolic dysfunction. Eventually,
mortality increases when patients present with



hypotension and heart failure [97]. A large cohort
study reported that up to 7% of patients with
SARS-CoV-2 had an element of left ventricular
diastolic dysfunction with ensuing low cardiac
output. On the other hand, in this same cohort,
left ventricular systolic dysfunction was reported
in more >50% of patients [134].

In one of the largest cohort studies in China
limited to the pediatric population, 13 out of the
2135 patients who tested positive for SARS-CoV-2
had cardiacinvolvement [136]. Depressed ejection
fraction is reported in most studies that assessed
the cardiac function of the involved children. An
ejection fraction as low as 10% was reported in
one of the prospective studies in France [119].In a
large prospective study in pediatric patients with
SARS-CoV-2, the authors reported that severe
heart failure with ejection fraction <30% was
present in 5% of the patients. Moreover, while
the majority had an ejection fraction above 55%,
ejection fraction declined to 30%-55% in a third
of the children [42]. Another large prospective
cohort study reported a degree of heart failure
in the pediatric population. The mean of the left
ventricular ejection fraction was found to be
between 10 and 57%, with a median of 38% [119].
This suggests that SARS-CoV-2 may result in both
diastolic and systolic myocardial failure not only
in adults but also in pediatric patients.

After the initial signals from Israel, European
Medicines Agency (EMA) and the U.S. Food and
Drug Administration (FDA) alerted on the risk
of pericarditis and/or myocarditis with mRNA
COVID-19 vaccines [36, 92]. In August 2021, the
US Centers for Disease Control and Prevention
(CDC) published data suggesting a higher rate of
vaccination-related myocarditis in young men,
but no stratification was made on adolescent age
group [130]. Recently, two observational studies
from Israel estimated the incidence of myocarditis
around 0.64 and 1.42 per 100,000 persons after
the first dose of Tozinameran (Pfizer-BioNTech
BNT162b2) and 3.83 per 100,000 after the second
dose [81, 131]. The risk difference between the
first and second doses of Tozinameran (Pfizer-
BioNTech BNT162b2) was evaluated to 1.76 per
100,000 persons, with a great difference among
boys between 16 and 19 years. Among these
cases, patients were mostly boys (205, 85%) and
with a mean 15.8+1.4 age of years. Most of reports
were serious (229, 95%) including 191 (79%)
leading to hospitalization. The evolution was fatal
in only one case. Reports of pericarditis and/or
myocarditis came mostly from Germany (59; 24
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%), followed by France (40, 17 %) and Italy (24;
10%) and from physicians in 150 cases (62%).
The most frequent co-reported symptoms were
chest pain, pyrexia or dyspnea.The time onset
was 4 days for dose 1 and 3 days for dose 2 (3
days for NA). Recently published retrospectively
collected data from 26 centres across the USA and
Canada on patients <21 years-old presenting with
suspected myocarditis within 30 days of COVID-19
vaccination revealed a mild clinical course of it
with rapid resolution of symptoms. Abnormal
findings on cardiac MRI were frequent. Future
studies should evaluate risk factors, mechanisms,
and long-term outcomes [116, 130].

Omicron SARS-CoV-2 variant:
chapter in the COVID-19 pandemic?

On November 25, 2021, about 23 months
since the first reported case of COVID-19 and af-
ter a global estimated 260 million cases and 5,2
million deaths, a new SARS-CoV-2 variant of con-
cern, Omicron [129], was reported. The princi-
pal concerns about Omicron include whether it
is more infectious or severe than other variants
and whether it can circumvent vaccine protection.
The impact of Omicron variant on transmissibil-
ity is a concern. If the overlapping omicron mu-
tations maintain their known effects, then higher
transmissibility is expected. Although omicron is
likely to be highly transmissible, it is not yet clear
whether it has greater transmissibility than delta
variant.

We await knowledge of how Omicron variant
will impact clinical presentation. At this stage, the
available data from clinicians at the front lines in
South Africa suggest that patients with Omicron
are younger people with a clinical presentation
similar to that of past variants [84]. Although no
alarming clinical concerns have been raised thus
far, this information should be treated with cau-
tion given that severe COVID-19 cases typically
present several weeks after the initial symptoms
associated with mild disease, including hear in-
volving. In terms of diagnostics, the Omicron vari-
ant is detectable on widely used PCR platforms
in South Africa. There is no reason to believe that
current COVID-19 treatment protocols and ther-
apeutics would no longer be effective, with the
possible exception of monoclonal antibodies, for
which data on the omicron variant’s susceptibil-
ity are not yet available. Importantly, existing pub-
lic health prevention measures (mask wearing,
physical distancing, avoidance of enclosed spaces,
outdoor preference, and hand hygiene) that have

a new
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remained effective against past variants should be
just as effective against the Omicron variant. The
question of an increase or decrease in the sever-
ity of COVID-19 arises with each new variant. It is
common to hear some say, before any published
data, that the new variant will lead to less severe
cases while others say that it will lead to more se-
vere cases, especially in children [43].

Data released on December 10, 2021, showed
that vaccine efficacy against symptomatic infec-
tion was substantially reduced against Omicron
with just two doses, but a third dose boosted
protection up to over 70%. In an analysis of 581
people with confirmed Omicron, two doses of As-
traZeneca or Pfizer-BioNTech, vaccines provided
much lower levels of protection against symptom-
atic infection compared with what they provide
against Delta. However, when boosted with a dose
of Pfizer vaccine, there was around 70% protec-
tion against symptomatic infection for people
who initially received AstraZeneca, and around
75% protection for those who received Pfizer-
BioNTech [140].

Conclusions

It is known that SARS-CoV-2 viral infection
may involve the heart, inducing myocardial
inflammation or other cardiovascular compli-
cations, testified by anincreasein cardiacenzymes,
as well as a structural and functional damage.
Studies confirm that also SARS-CoV-2 can cause
direct or indirect myocardial injury, myocarditis,
cardiomyopathies, heart arrhythmias, congestive
heart failure, cardiogenic shock etc. The higher
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the levels of cardiac enzymes and troponin, the
higher the coronavirus mortality.

Although the specific mechanisms are still
a matter of concerns, an abnormal immune
system response is likely to be the underlying
cause of myocardial injury during coronavirus
infection. The pandemic spread of the virus and
its rapid modification suggests that potential
cardiac involvement should be identified early in
view of a prompt diagnosis capable of improving
patients’ outcome. In this respect, imaging - in
particular echocardiography with advanced tool
— spackle tracking imaging, and cardiac MRI
play a crucial role. According to the International
Guidelines, the involvement of a Heart Team made
up of Radiologists and Cardiologists is critical
in releasing a timely diagnosis, whose accuracy
may help to save many lives threatened by such
an aggressive disease. There is still limited data
about the role of cardiovascular involvement
in COVID-19 in children. Based on our review,
children (previously healthy or with pre-existing
heart disease) with acute COVID-19 requiring
hospital admission should undergo a cardiac
workup and close cardiovascular monitoring to
identify and treat timely life-threatening cardiac
complications.

To date, we have few data on the Omicron
variant and studies must be quickly carried
out to better define the threat that this variant
represents, including risk factors, mechanisms,
and long-term outcomes of cardiovascular
involvement, especially in children.
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