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Objectives: The COVID-19 pandemic has shocked the sports world because of the suspension of competitions and
the spread of SARS-CoV-2 among athletes. After SARS-CoV-2 infection, cardio-pulmonary complications can
occur and, before the resumption of sports competitions, a screening has been recommended. However, few
data are available and discrepancies exist in the screeningmodalities.We conducted this prospective study to in-
vestigate the incidence of cardiovascular consequences following SARS-CoV-2 infection in young adult compet-
itive athletes and the appropriate screening strategies for a safe return-to-play.
Methods: Ninety competitive athletes (24 ± 10 years) after asymptomatic or mildly symptomatic SARS-CoV-2
infection were screened by physical examination, blood testing, spirometry, 12‑lead resting ECG, 24-h ambula-
tory ECG monitoring, echocardiogram, and cardiopulmonary exercise testing (CPET).
Results: Sixty-four athletes (71.1%) were male, and most (76.7%) were mildly symptomatic. After SARS-CoV-2
infection, spirometry and resting ECG were normal in all athletes. Ambulatory ECG monitoring demonstrated
<50/24 h supraventricular and ventricular premature beats in 53.3% and 52.2% of athletes, respectively, in the
absence of malignant arrhythmias. CPET did not demonstrate cardiopulmonary limitations. Echocardiography
showed pericardial effusion in 3 athletes (all females) with symptomatic SARS-CoV-2 infection (3.3%; 4.4% in
the symptomatic group) with a definitive diagnosis of myopericarditis in 1 athlete (1.1%) and pericarditis in
2 athletes (2.2%).
Conclusions: Cardiac consequences of SARS-CoV-2 infectionwere found in 3.3% of competitive athletes. An appro-
priate screening primarily based on the detection of uncommon arrhythmias and cardiac symptoms should be
recommended in competitive athletes after SARS-CoV-2 infection to detect a cardiac involvement and guarantee
a safe return-to-play.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

SARS-CoV-2 is the causative virus responsible for the coronavirus
disease of the 2019 (COVID-19) pandemic that rapidly spread world-
wide with several implications on public health and society [1]. The
COVID-19pandemic has shocked theworld of sport, initially for the sus-
pension of competitions and training activities, then with the spread of
SARS-CoV-2 among several athletes and entire sports teams [2]. In
Biotechnologies, Division of
iena, Italy.
patients with SARS-CoV-2 infection, systemic inflammation and pulmo-
nary complications can result in significant morbidity and mortality,
and cardiovascular complications may occur, including myocarditis,
pericardial inflammation, acute coronary syndromes, heart failure,
arrhythmias, and venous thromboembolic events [1,3]. Although
competitive athletes are usually young and healthy and may develop
SARS-CoV-2 infection asymptomatically or with mild symptoms [2],
concerns exist about the potential Covid-19 cardiac complications
among athletes and the risk of myocardial and myopericardial involve-
ment leading to sport-related arrhythmias and eventually sudden
cardiac death (SCD). Accordingly, after SARS-CoV-2 infection and
before the resumption of competitions, cardiovascular screening is
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recommended to exclude COVID-19-specific complications that may
pose a risk to the athlete and decide whether, when and how to resume
training and competitions [4–6]. However, uncertainties exist about the
prevalence of cardiac complications after SARS-CoV-2 infection, and the
optimal approach to screen competitive athletes after Covid-19 infec-
tion and different screening protocols have been recommended for a
safe return to sports [2,5,6]. These recommendations are primarily
based on expert opinion [5] and unfortunately, little data are currently
available in competitive athletes. Therefore, we conducted this prospec-
tive study to investigate the incidence of cardiovascular complications
following SARS-CoV-2 infection in young adult competitive athletes
and to identify the appropriate screening tests for a safe return-to-play.

2. Methods

The study was conducted in professional and non-professional com-
petitive athletes with previous asymptomatic or mildly symptomatic
SARS-CoV-2 infection. Mild symptoms were defined as: nonspecific
and self-limited fatigue, non-persistent fever, anosmia or ageusia,
nausea, vomiting, diarrhoea, headache, cough, sore throat, and naso-
pharyngeal congestion. Athletes with severe infection requiring hospi-
talization or veteran athletes (i.e. >50 years of age [7]) were excluded
from the study. The participants were evaluated according to the
preparticipation screening protocol recommended before the 10th
of December by the Italian Federation of Sports Medicine (FMSI)
(https://www.fmsi.it/images/img/archivio/protocollo_FMSI_ripresa-
att-sport_20200430-3.pdf) for resuming competitive training after the
resolution of SARS-CoV-2 infection. According to the protocol, all com-
petitive athletes were subjected to the following investigations:

− Personal history and clinical profile: history of pulmonary or car-
diovascular disease, comorbidities, familiar history for SCD or coro-
nary artery disease, drug therapy, type and duration of symptoms
related to SARS-CoV-2 infection or symptoms suggestive of cardiac
involvement (i.e., palpitations, dyspnoea, syncope, typical or atypical
chest pain).

− Blood testing: blood count with formula, creatinine, alanine trans-
aminase (ALT), aspartate transaminase (AST), gamma-glutamyl
transferase (GGT), creatine phosphokinase (CPK), high-sensitivity
troponin I (TnI), C reactive protein (CRP), lactic acid dehydrogenase
(LDH), protein electrophoresis, D-dimer, ferritin, urine examination.

− Twelve‑lead resting ECG: the interpretation of ECG was performed
according to the current international criteria for the interpretation
of ECG in athletes [8].

− Twelve‑lead 24-h ambulatory ECG monitoring: the presence of
rhythm abnormalities, conduction disturbances, supraventricular
arrhythmias, ventricular arrhythmias, and other abnormal findings
were investigated [8]; ventricular arrhythmias were classified as
common or uncommon [9–12], and further investigations were re-
quested according to the current recommendations [11].

− Echocardiography: biventricular size and function, wall motion ab-
normalities, the presence of valvular heart disease, and pericardial
effusion were analyzed according to the standardized criteria ap-
plied to the general population and competitive athletes [13,14].

− Cardiopulmonary exercise testing (CPET): Data on CPET methods
are available on supplementary data methods.

In case of positive abnormal findings, additional clinical investiga-
tions were performed according to the principles of good clinical prac-
tice and the current guidelines to rule out cardiovascular
abnormalities, i.e. cardiac magnetic resonance (CMR) and chest com-
puted tomography (CT). The diagnosis of myocarditis was based on
the presence of 2 out of 3 diagnostic targets of the Lake Louise Criteria
at CMR [15]: edema, hyperemia, and necrosis or scar—derived from sig-
nal intensity assessment in T2-weighted, early gadolinium enhance-
ment and late gadolinium enhancement (LGE) CMR images. The
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diagnosis of pericarditis was based on the presence of at least 2 of the
4 following criteria: chest pain, pericardial rubs, new widespread ST-
elevation or PR depression on ECG, pericardial effusion (new orworsen-
ing) [16].

2.1. Safety procedures

Data on safety procedures are available on supplementary data
methods.

The Ethics Committee of the University of Siena approved the study.

3. Statistical analysis

Normal distribution of all continuous variables was examined using
the Shapiro-Wilk test, and data are presented asmean±SD. Categorical
variables are expressed as percentages. According to data distribution,
the unpaired t-test and the Mann-Whitney test were used to assess
the between groups significance (asymptomatic vs symptomatic;
males vs females). The chi-squared test was used for nominal data. A
p value <0.05 was considered statistically significant. Statistics were
performed using SPSS, version 21.0 (Statistical Package for the Social
Sciences Inc., Chicago, Illinois, USA).

4. Results

Ninety competitive athletes with previous asymptomatic or mildly
symptomatic SARS-CoV-2 infection were included in the study. The de-
mographic characteristics of the study population are reported in
Table 1. Sixty-four athletes (71.1%)weremales, andmost of the athletes
practised mixed sport (i.e., soccer, volleyball…). Most athletes (76.7%)
were mildly symptomatic, particularly for fever, anosmia and ageusia,
with an average duration of symptoms of 9± 14 days. Themain clinical
findings are reported in Table 2. Spirometry and 12‑lead resting ECG
after the infection were normal in all athletes. Twenty-four ambulatory
ECG monitoring showed isolated supraventricular and ventricular pre-
mature beats (VPBs) in 53.3% and 52.2% of the cases, respectively, in
the absence of malignant arrhythmias. The two athletes with a VPBs'
count between 50 and 500 had common VPBs' with infundibular and
fascicular origin, respectively, isolated, monomorphic and suppressed
by exercise. Given that 12‑lead resting ECG and echocardiography
were normal, no additional investigations were required. During CPET,
neither VPBs nor St-T abnormalities were found, except for an athlete
showing isolated VPBs and couplets at the peak and immediately after
the effort. In this athlete, echocardiography demonstrated the presence
of mild pericardial effusion. Normal biventricular dimension and func-
tion and no significative valvular regurgitation or stenosis were ob-
served in the overall population, while mild pericardial effusion was
found in 3 (3.3%) female athletes. CMR was performed in these 3
cases, and a final diagnosis of myopericarditis was reached in 1 athlete.
The athlete with myopericarditis was a 22-year-old professional soccer
player, mildly symptomatic for fever, cough, and asthenia for few days.
The evaluation was performed 30 days after the negativization of the
nasopharyngeal swab. Blood testing, spirometry, 12‑lead resting ECG
were normal. Ambulatory ECG monitoring showed only 14 VPBs/24 h,
althoughmost of themwere foundduring the training session. CPET pa-
rameters were in range except for the presence of VPBs and couplets
during the effort, with a right bundle branch block morphology and a
wide QRS, and echocardiography demonstrated mild pericardial effu-
sion (Supplementary Fig. 1). CMR demonstrated the myocardial in-
volvement with edema and mild LGE. A period of detraining of 3
months was prescribed; after this period, a complete clinical evaluation
was repeated: echocardiography demonstrated the absence of pericar-
dial effusion and ventricular arrhythmias were not detected during
the exercise testing. According to this clinical data, the athlete was con-
sidered eligible for sports competitions. The other two athletes were
young females with mild pericardial effusion, symptomatic for chest
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Table 1
Demographic characteristics of the study population.

Variables N = 90

Age, years 24 ± 10
Males, n (%) 64 (71.1)
Asymptomatic n (%) 21 (23.3)
Mild symptomatic n (%) 69 (76.7)
Fever n (%) 50 (72.5)
Cough n (%) 20 (29.0)
Dyspnoea n (%) 6 (8.7)
Asthenia n (%) 31 (44.9)
Ageusia n (%) 34 (49.3)
Anosmia n (%) 35 (50.7)
Diarrhoea n (%) 5 (7.3)
Headache n (%) 25 (36.2)

Symptoms duration, days 9 ± 14
Cardiac complications n (%) 3 (3.3)
BSA, m2 1.9 ± 0.3
BMI, kg/m2 22.5 ± 2.9
Type of sport
Endurance, n (%) 13 (14.5)
Mixed, n (%) 76 (84.4)
Power, n (%) 1 (1.1)
Skill, n (%) 0 (0)

BSA, body surface area. BMI, Body Mass Index.

Table 3
Cardiopulmonary parameters in Covid-19+ competitive athletes.

Variables N = 90

Peak Cycling Power Output, watt 227 ± 62
Peak METS 11.2 ± 1.8
Peak RER 1.1 ± 0.1
Oxygen desaturation n (%) 0 (0)
Peak VO2, mL/min 2781 ± 719
Peak VO2/Kg, mL/min/Kg 39.0 ± 6.6
Peak VO2, %predicted 95 ± 15
VT1 VO2, mL/min 1455 ± 397
VT1 VO2/Kg, mL/min/Kg 20.8 ± 5.5
VT1 peak VO2, %measured 53 ± 12
VT1 HR, bpm 125 ± 23
VT2 VO2, mL/min 2289 ± 639
VT2 VO2/Kg, mL/min/Kg 32.2 ± 5.8
VT2 peak VO2, %measured 84 ± 8
VT2 HR, bpm 160 ± 19
VE/VCO2 slope 26.7 ± 3.2
Peak VE, l/min 90.8 ± 22.8
Peak VO2/HR, mL/min/bpm 16.0 ± 4.7
Peak VO2/HR, % 105 ± 15
Peak VO2/WR, mL/min/W 10.4 ± 0.9
BR % 45.5 ± 15.8

METS: Metabolic Equivalent of Task; RER: Respiratory Exchange Ratio; VO2 oxy-
gen uptake; VT1 first ventilatory threshold; VT2, second ventilatory threshold,
VCO2, exhaled carbon dioxide; VE: ventilation; WR, Work Rate; HR heart rate.
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pain during SARS-CoV-2 infection; they were evaluated after 15 and 30
days respectively after infection's resolution, and theywere asymptom-
atic at the time of evaluation, with normal ECG. In one athlete a mild in-
crease in TnI was found. CMR performed in these two athletes
confirmed the diagnosis of pericarditis, in absence of myocardial in-
volvement. No arrhythmias were demonstrated. The athletes were
disqualified from sports competitions for three months and considered
Table 2
Clinical findings in asymptomatic or mildly symptomatic Covid-19+ competitive
athletes.

Variables N = 90

Evaluation time from negativization
<15 days, n (%) 37 (41.1)
16–30 days, n (%) 12 (13.3)
>30 days, n (%) 41 (45.6)

Abnormal blood tests, n (%) 5 (5.5)
Abnormal spirometry at rest, n (%) 0 (0)
Abnormal 12‑lead resting ECG n (%) 0 (0)
Maximum HR, bpm 177 ± 15
% predicted maximum HR 90 ± 5
Resting SBP, mmHg 117 ± 10
Resting DBP, mmHg 72 ± 8
Maximum SBP, mmHg 182 ± 22
Maximum DBP, mmHg 80 ± 9
24-h Holter ECG

<50 SPVBs n (%) 48 (53.3)
<50 PVBs n (%) 47 (52.2)
51–500 SPVBs n (%) 2 (2.2)
51–500 PVBs n (%) 2 (2.2)
>500 SPVBs n (%) 0 (0)
>500 PVBs n (%) 0 (0)

PVBs during exercise testing, n (%) 1 (1.1)
ST-T abnormalities during exercise, n (%) 0 (0)
Echocardiographic abnormalities, n (%) 3 (3.3)

Pericardial effusion, n (%) 3 (3.3)
LV systolic dysfunction, n (%) 0 (0)
Wall motion abnormalities n (%) 0 (0)
LV pathological dilatation, n (%) 0 (0)
RV systolic dysfunction, n (%) 0 (0)
RV pathological dilatation, n (%) 0 (0)
Pulmonary Hypertension, n (%) 0 (0)

HR, heart rate; SBP, systolic blood pressure; DPB, diastolic blood pressure; PVB, prema-
ture ventricular beats, SPVB, premature supraventricular beats, LV, left ventricle, RV,
right ventricle.
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eligible, after the resolution of pericardial effusion, the absence of car-
diac symptoms and uncommon arrhythmias.

CPET parameters are described in Table 3. No pulmonary or cardiac
limitation to exercise was identified, peak exercise oxygen pulse was
normal, and chronotropic competence was preserved. However, in the
athlete with a definitive diagnosis of myopericarditis during CPET
exercise-induced uncommon ventricular arrhythmias were observed.

The blood testing results are reported in Table 4. Inmost athletes, the
parameters were within the normal ranges after SARS-CoV-2 infection,
except for an increase in TnI in one athlete (the athlete with pericarditis
previously described), an increase in GGT in 1 athlete (1%), in CPK in 1
athlete (1%), and in D-dimer in 2 athletes (2%). In these two athletes,
chest CTwas performed, and pulmonary embolismwas excluded; how-
ever, pulmonary bronchiolitis was observed in one athlete with a value
Table 4
Blood test findings in Covid-19+ competitive athletes.

Variables N = 90

Red blood cells, x106/ mm3 5.1 ± 0.4
White blood cells, x103/mm3 6.3 ± 1.4
Haemoglobin, g/L 14.8 ± 1.1
Hematocrit, % 44.5 ± 3.5
Mean corpuscular volume, fl 88.1 ± 4.1
Mean corpuscular haemoglobin, pg 29.2 ± 1.6
Platelets, x103/ mm3 232.5 ± 57.8
Lymphocytes% 36.7 ± 6.2
Neutrophils% 51.7 ± 7.2
Monocytes% 7.3 ± 1.9
Eosinophils% 3.4 ± 2.5
Basophils% 0.8 ± 0.5
GOT, U/L 24 ± 14
GPT, U/L 21 ± 16
GGT, U/L 20 ± 14
Creatinine, mg/dl 1.04 ± 0.2
CPK, U/L 232 ± 396
LDH, U/L 256 ± 106
D-Dimer, ng/mL 302 ± 495
CRP, mg/L 0.19 ± 0.46
Ferritin, ng/mL 111 ± 69

GOT, GlutamicOxaloacetic Transaminase; GPT, Glutamic Pyruvic Transaminase; GGT,
gamma-glutamyl transferase; CPK creatine phosphokinase; LDH, Lactate dehydroge-
nase; CRP, c-reactive protein.



Fig. 1. Central illustration summarizing the main findings of the study.
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of D-dimer = 3133. In this athlete, all other sources of thromboembo-
lism were excluded. Given the absence of symptoms and cardiopulmo-
nary limitations at CPET, new blood tests were required after 1 week,
demonstrating a reduction (although not a complete normalization)
of abnormal laboratory parameters. Accordingly, a gradual return-to-
play was suggested, and further blood tests were required during the
follow up to ensure a normalization of these parameters.

Comparison betweenmale and female athletes and between asymp-
tomatic and mildly symptomatic athletes are available as supplemen-
tary data.

Fig. 1 summarizes the main findings of this study.

4.1. Safety

Data on safety results are available on supplementary data results.

5. Discussion

Although competitive athletes are usually young and healthy and
may develop SARS-CoV-2 infection asymptomatically or with mild
symptoms [2], concerns exist about the potential Covid-19 cardiac com-
plications among athletes and the risk of cardiac involvement leading
to sport-related arrhythmias and malignant events. This study inves-
tigated the prevalence of cardiac complications after SARS-CoV-2
infection in young adult competitive athletes screened before their
return-to-play. An extensive clinical screening was conducted based
on physical examination, 12‑lead resting ECG, blood test, 24-h Holter
ECG monitoring, echocardiogram, and CPET. The main findings of this
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original prospective study are: i) cardiac complications occurred as
myopericarditis and pericarditis in 3.3% of competitive athletes recover-
ing from SARS-CoV-2 infection, particularly in women and in athletes
with mildly symptomatic infection, confirming that screening is
necessary in this population for a safe return-to-play; ii) the presence
of cardiac symptoms and exercise-induced uncommon ventricular
arrhythmias [9,10,17] identified by exercise testing allowed us to
suspect a cardiac involvement, confirmed firstly by echocardiography,
supporting the use of screening in competitive athletes after SARS-
CoV-2 infection based on physical examination, 12‑lead resting ECG,
and exercise testing, with additional tests indicated only in specific
cases.

In patients with SARS-CoV-2 infection, systemic inflammation and
pulmonary complications can result in significant morbidity and
mortality, and cardiovascular complications may include myocarditis,
pericardial inflammation, acute coronary syndromes, heart failure, ar-
rhythmias, and venous thromboembolic events [1,3]. Myocarditis and
pericarditis after COVID-19 could be related to several pathways. The
SARS-CoV-2 virus binds to angiotensin-converting enzyme 2 (ACE2)
in the upper airways and lungs after the protein spike on the virus is ac-
tivated by transmembrane protease serine 2 [5,18]. The myocardium
also contains a high concentration of ACE2 receptors, activation of
which may exert direct toxic effects within the myocardium leading to
myocarditis with lymphocyte-rich inflammatory histology, acute
impairment of cardiac muscle function and potentially residual chronic
scar with increased vulnerability to malignant ventricular arrhythmias
[19]; the intense ‘cytokine storm’ that develops during severe COVID-
19 illness may lead to cardiac dysfunction, similar to other forms of
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sepsis [19,20]. Cardiovascular involvement detected by CMR has been
demonstrated in up to 78% of patients with recent COVID-19 illness, in-
dependent of preexisting conditions, severity and overall course of the
acute illness, time from the original diagnosis or presence of cardiac
symptoms [21]. The most prevalent abnormality was myocardial in-
flammation (defined as abnormal native T1 and T2measures), detected
in 60% of patients, followed by regional scar (32%) and pericardial en-
hancement (22%) [21]. COVID-19-related myocarditis has been de-
scribed in adults and young and adolescent individuals [22,23].
Unfortunately, myopericarditis is awell-recognized cause of SCD during
sport in athletes [24,25] and therefore competitive athletes recovering
from COVID-19 may be theoretically at risk when they return to play.
Few data are currently available regarding the cardiac involvement
after SARS-CoV-2 infection in athletes. In this study, we found that
3.3% of competitive athletes had a cardiac involvement after SARS-
CoV-2-infection (2 pericarditis, 1 myopericarditis). A recent research
has demonstrated that more than 1 in 3 previously healthy college ath-
letes recovering from COVID-19 infection showed imaging features of a
resolving pericardial inflammation [3]: 48 athletes underwent both
echocardiography and CMR, and abnormal findings were identified in
27 (56.3%) individuals with 19 athletes (39.5%) showing pericardial
late enhancement with associated pericardial effusion. A recent CMR
study [26], performed in 26 competitive college athleteswith previously
asymptomatic or mildly symptomatic COVID-19, demonstrated that
four athletes (15%) had CMR findings consistent with myocarditis and
2 of them also had pericardial effusion: two of these four athletes with
evidence of myocardial inflammation had mild symptoms (shortness
of breath)while the other 2 were asymptomatic. Notably, eight athletes
(30.8%) had LGEwithout concomitant T2 elevation. Therewere no diag-
nostic St-T segment changes, and ventricular volumes and function
were within the normal range in all athletes by echocardiography;
none had elevated serum levels of troponin I [26]. A lower prevalence
of myocarditis (1.4%) detected by CMR was found in a population of
145 competitive student athletes recovering from COVID-19: one pa-
tient did not experience SARS-CoV 2 related symptoms but had abnor-
mal serum troponin-I level and nonspecific ST–T-wave ECG
abnormalities; the other patient had mild to moderate SARS-CoV-2
symptoms but had normal laboratory values [27]. The specificity of cur-
rent CMR myocarditis criteria in the asymptomatic and otherwise
healthy population is unknown, and the degree to which postinfectious
CMR findings develop with common respiratory viral pathogens re-
mains unknown [6,28]. In agreement with these findings, in this
study, we demonstrated that young competitive athletesmight develop
myopericarditis and pericarditis after SARS-CoV-2 infection, even if the
percentage of athletes found with cardiac complications were lower. In
the athletes diagnosedwithmyopericarditis, blood test, spirometry, and
12‑lead ECG were normal. A myocardial involvement was suspected by
the presence of exercise-induced VPBs with uncommon morphology at
exercise testing and ambulatory ECG monitoring (including a training
session) [9,10] and pericardial effusion at echocardiography. Con-
versely, the two athletes with pericarditis were symptomatic for chest
pain. Therefore, cardiac complications were initially suspected in these
athletes based on exercise-induced uncommon ventricular arrhythmias
and cardiac symptoms.

According to the present findings and in agreement with the recom-
mendations currently proposed, SARS-CoV-2-positive competitive ath-
letes should be adequately screened before the resumption of sport to
exclude cardiopulmonary complications that may pose a risk to the ath-
lete during the sports activity. However, discrepancies exist in terms of
screening modalities among the different recommendations published.
This heterogeneity is primarily due to the lack of data and differences
among the countries in the pre-participation evaluation (PPE), leading
to guidelines mainly based on experts' opinion. Indeed, some experts do
not advocate cardiovascular risk stratification in athletes after SARS-
CoV-2 infection with mild symptoms or in asymptomatic athletes that
completely resolve during 10 days of self-isolation after a positive test
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result or symptom onset [6]. They also suggested that cardiovascular
examinations (hs-cTn, 12‑lead resting ECG and echocardiography -and
further tests if necessary-) should be considered on an individualized
basis for athletes with protracted symptoms (≥10 days) and are recom-
mended for athletes with priormoderate or severe COVID-19 [6,29]. Con-
versely, other authors have suggested for athleteswithmild-to-moderate
COVID-19 symptoms,whomanaged their condition at home andhave re-
covered, a thorough clinical assessment with amedical history and phys-
ical examination, 12‑lead resting ECG and echocardiography, if they are
free from symptoms at rest for 7 days and no sooner than day 10 from
the onset of symptoms. Conversely, ECG, CMR, chest X-ray, lung function,
hs-Ctn, D-dimer, CRP are recommended in athletes not recovered from
COVID-19 ≥ 14 days from symptoms onset (particularly in case of fatigue,
cough, chest pain, palpitation, or dyspnoea) and a more extensive evalu-
ation in hospitalized athletes or in case of abnormal cardiac results [30].
Other experts reserve 12‑lead resting ECG, echocardiography and maxi-
mal exercise testing to athletes who are currently asymptomatic but
had a debilitating illness lasting >7 days and/or experience symptoms
compatible with myocarditis/pericarditis, and a complete evaluation
(e.g. CMR and ambulatory ECG monitoring) to athletes who are ex-
periencing persistent cardiac symptoms even after the acute infection
has resolved or hospitalized or with reduced performance despite an ap-
propriate re-training regimen [5]. Moreover, other authors proposed
screen athletes with positive SARS-Cov-2 test results who remained
asymptomatic with resting ECG and athletes recovering from symptom-
atic SARS-CoV-2 infection, without cardiac symptoms suggestive for
myopericarditis, with resting ECG, exercise testing and echocardiography
[2]. In line with this approach, our findings suggest that a PPE based on
physical examination, resting ECG and exercise testing may identify ath-
letes with cardiac consequences after asymptomatic or mildly symptom-
atic SARS-CoV-2 infection and that cardiac imaging and additional tests
should be reserved for athleteswith abnormalfindings orwith symptoms
suggestive of cardiac involvement. The proposal of a clinical algorithm to
screen athletes after COVID-19 is showed in Fig. 2. Notably, in agreement
with the study by Rajpal et al. [26], athletes with myopericarditis in our
studydid not showan abnormal ECG at rest; therefore,myopericardial in-
volvement after COVID-19 could be missed by the use of resting ECG and
troponin only, especially when the clinical evaluation is performed sev-
eral days after infection resolution, as usually occurs in the clinical practice
[26,31]. Conversely, exercise testingmay elicit uncommon ventricular ar-
rhythmias [9,10] in the case of myocarditis and may unmask myocardial
involvement after SARS-CoV-2 infection, indicating a CMR. According to
our findings, CPET, CMR and chest CT should be indicated only in selected
cases, while their extensive application to all athletes after SARS-CoV-2
infection may have an unjustified impact on the costs of the return-to-
play screening without a net clinical benefit.

In our study, cardiac complications were not found in athletes
who had an asymptomatic SARS-CoV-2 infection. However, other au-
thors demonstrated that myocardial and pericardial abnormalities
could also be found in asymptomatic athletes recovering from
COVID-19 infection when an extensive imaging screening, including
CMR, was conducted [3,26]. Therefore, given that the screening
should exclude potential life-threatening cardiac conditions and
that exercise may result in accelerated virus replication, increased in-
flammation and cellular necrosis with a proarrhythmic myocardial
substrate during the acute phase [32], further studies are needed to
confirm whether asymptomatic athletes have a lower risk of cardiac
complications as compared to symptomatic athletes. However, an
extensive screening including CMR is neither feasible nor cost-
effective; accordingly, we suggested a new PPE in young adult
athletes recovering from SARS-CoV-2 infection, to be performed
according to national guidelines for PPE in competitive athletes
and, particularly in athletes after symptomatic SARS-CoV-2 infection,
including an exercise testing. PPE is traditionally viewed as a tool
to screen for unknown cardiovascular diseases that predispose the
athlete to SCD, while in the COVID-19 era, it should be conducted



Fig. 2. Proposal of a clinical algorithm to screen competitive athletes recovering from SARS-CoV-2 infection before their return-to-play.
*The test is indicated on a case-by-case decision, based on clinical symptoms, individual risk profile and clinical course of Covid-19 infection.
^New pre-participation evaluation should be performed according to national modalities and recommendations.
§ in case of abnormal 12‑lead resting ECG, uncommon ventricular arrhythmias or cardiac symptoms.
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not only to search for congenital or genetic cardiac disorders but
also for possibly life-threatening cardiovascular sequelae due to
COVID-19 [19].

6. Limitations

In this study, we found that all athletes with myopericardial involve-
ment after COVID-19were females. However, previous studies conducted
in the general population observed that myopericarditis was significantly
more common among men [33,34], in agreement also with the study by
Rajpal et al. [26] conducted in young athletes. The present study was
not powered to detect differences between men and women practising
sport in terms of COVID-19-related cardiac complications; further studies
are needed to investigatewhether specific categories of athletesmaybe at
higher risk of myopericarditis after SARS-CoV-2 infection.

All athletes enrolled in this studywere Caucasians. Although data on
the impact of ethnicity in COVID-19 patients remains limited, emerging
data suggest that black, Asian, and minority ethnic individuals are at an
increased risk of acquiring SARS-CoV-2 infection thanwhite individuals
with a worse clinical outcome from COVID-19 [35–37]. Whether these
findings are influenced by ethnicity or socioeconomic status and
whether they can also be applied to athletes is currently unknown
and should prompt further investigation.

Finally, prognostic data on cardiac complications found after COVID-19
still lack in thegeneral populationandathletes. Further studieswill describe
the outcome of patients with COVID-19-related cardiac complications.

7. Conclusions

The COVID-19 pandemic has shocked theworld of sport, and there is
an ongoing concern about COVID-19-associated cardiac complications
in athletes. In a population of young adult competitive athletes recover-
ing from asymptomatic or mildly symptomatic SARS-CoV-2 infection,
135
we found that 3.3% of athletes hadmyopericarditis or pericarditis, asso-
ciated with exercise-induced ventricular arrhythmias or cardiac symp-
toms. Therefore, to exclude cardiac complications, screening should be
conducted in SARS-CoV-2-positive athletes to allow a safe return-to-
play and guarantee disease-specific management, including potential
temporary sports restriction in case of abnormal findings until complete
healing. A screening based on physical examination, ECG, exercise test-
ing and cardiac imaging in case of abnormal findingsmay detect cardio-
vascular complications. In contrast, blood testing, spirometry and CPET
are unnecessary in asymptomatic or mildly symptomatic athletes and
should be performed only in selected cases.
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