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a  b  s  t  r  a  c  t

Background:  SARS-CoV-2  infection  can induce  cardiac  damage.  Therefore,  in the  absence  of  clear  data,
a  cardiac  evaluation  was  recommended  for athletes  before  returning  to  play  after  recent  SARS-CoV-2
infection.
Aim:  To assess  the  proportion  of  anomalies  detected  by  this  cardiac  screening.
Methods:  We  reviewed  the  medical  files  of elite athletes  referred  for cardiac  evaluation  before  returning
to  play  after  a non-hospitalized  SARS-CoV-2  infection  (based  on  a positive  polymerase  chain  reaction  or
antigen  test)  from  March  2020  to July 2021  in  12  French  centres.
Results:  A  total  of 554  elite  athletes  (professional  or  national  level)  were  included  (median  age  22  years,
72.0%  male).  An electrocardiogram  (ECG),  echocardiogram  and  exercise  test  were  performed  in  551
(99.5%),  497  (89.7%)  and  293  (52.9%)  athletes,  respectively.  We  found  anomalies  with  a potential  link
with  SARS-CoV-2  infection  in four  ECGs  (0.7%),  three  echocardiograms  (0.6%)  and  three  exercise  tests
(1.0%).  Cardiac  magnetic  resonance  imaging  was  performed  in 34  athletes  (6.1%),  mostly  due  to abnormal
first-line  examinations,  and  was  abnormal  in one  (2.9%).  The  rates  of those  abnormalities  were  not  higher

among  athletes  with  cardiac  symptoms  or more  severe  forms  of  non-hospitalized  SARS-CoV-2  infection.
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Abbreviations: CI, confidence interval; CMR, cardiac magnetic resonance; ECG,
electrocardiogram; LGE, late gadolinium enhancement; LVEF, left ventricular ejec-
tion fraction; LVNC, left ventricular non-compaction; RT-PCR, reverse transcriptase
polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coron-
avirus 2.
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atic  cardiac  screening  before  returning  to play  seems  to  be  unnecessary.
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. Background

Myocardial injuries related to severe acute respiratory syn-

rome coronavirus 2 (SARS-CoV-2), which have mainly been
escribed in patients who were hospitalized for a severe form
f SARS-CoV-2 infection, are associated with a poorer prognosis
1–3]. Whether myocardial damage in asymptomatic or moderately
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symptomatic patients is possible has been less well established.
Some studies have raised a concern regarding cardiac involvement,
especially myocarditis [4] or pericarditis [5], even in asymptomatic
athletes. Myocarditis due to SARS-CoV-2 infection is a key issue for
sports cardiologists as this cardiac inflammation may  be associated
with an increased risk of sudden death during sport [6].

To limit SARS-CoV-2 propagation in a team or during a sport-
ing event, regular screening for SARS-CoV-2 infection by reverse
transcriptase polymerase chain reaction (RT-PCR) or antigen tests
is often required by sports federations. Therefore, more frequent
asymptomatic or pauci-symptomatic cases of SARS-CoV-2 infec-
tion are diagnosed in this specific population of athletes. After
being released from the first lockdown in May  2020, in the absence
of scientific data and on the basis of the precautionary principle,
the French health ministry [7] and a number of sports federations
proposed algorithms for carrying out systematic cardiac exami-
nations before return-to-play (professional or high-level athletes)
based on expert consensus [8–10]. These algorithms typically sug-
gested a comprehensive cardiac assessment consisting of a clinical
examination, a resting electrocardiogram (ECG), a resting echocar-
diography, a maximal exercise test, and a cardiac biomarker assay
(especially troponin). Cardiac magnetic resonance (CMR) imaging is
the best non-invasive examination for the diagnosis of myocarditis,
but due to its limited availability, CMR  remained at the discretion
of the cardiologist, depending on the interpretation of the other
examinations.

The aims of this study were to: (1) assess which examinations
were performed in these athletes and (2) determine the propor-
tion of abnormal cardiac findings among elite athletes who suffered
from non-severe SARS-CoV-2 infection and were referred to a car-
diologist before return-to-play.

2. Methods

2.1. Study population

We  retrospectively reviewed the medical files of high-level ath-
letes referred for cardiovascular evaluation before returning to
play, from March 2020 to July 2021, in 12 French centres. High-level
athletes were defined as professional players who were employed
by their team and sportsmen/women playing at national level
or higher who required annual medical supervision. SARS-CoV-2
infection was defined by a positive RT-PCR or antigen test. This
test could have been performed because of a suspected infec-
tion (symptoms), in case of contact with an infected person or
systematically (e.g. screening before a game). Athletes with a
severe form of SARS-CoV-2 infection requiring hospitalization were
excluded.

The study was approved by the Institutional Review Board
(IRB-MTP 2020 11 202000647). All included athletes gave their
informed consent to participate before data analysis.

2.2. Severity of SARS-CoV-2 infection symptoms

Athletes were classified into four groups according to the inten-
sity of symptoms related to SARS-CoV-2 infection and the presence
of cardiovascular symptoms, as proposed by Wilson et al. [11].
The first group included asymptomatic athletes. The second group
was composed of patients with non-cardiovascular moderate
symptoms (e.g. cough, fatigue, diarrhoea, headache, rhinorrhoea,
myalgias) lasting < 14 days. The third group included patients with

non-cardiovascular moderate symptoms lasting > 14 days. The last
group was composed of patients with cardiovascular symptoms
(i.e. chest pain, palpitations, dyspnoea) regardless of the severity of
the extra-cardiovascular SARS-CoV-2 infection symptoms.
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.3. Complementary investigations

We  analysed which types of cardiac examinations were per-
ormed and whether they were considered normal or abnormal.
he anomaly was  not considered if the finding had already been
escribed in a previous examination (when available) before the
OVID-19 period.

Resting ECGs assessed the occurrence of repolarization anoma-
ies (T-wave inversion), ventricular arrhythmias (at least one
remature contraction) or any other abnormality using inter-
ational criteria for ECG interpretation in athletes [12]. Resting
chocardiography assessed global left ventricular ejection fraction
LVEF) alteration, occurrence of wall motion abnormality, pericar-
ial effusion or any anormal echocardiographic findings raising
oncern for potential acute cardiac injury. Maximal exercise tests
ooked for the occurrence of significant ventricular arrhythmia
more than 10 ventricular premature contractions during the test
r doublets or triplets) or exercise-induced repolarization disor-
er. CMR  imaging examined LVEF alteration, occurrence of late
adolinium enhancement (LGE) (especially non-ischemic), peri-
ardial effusion or any abnormal CMR  findings raising concern
or potential acute cardiac injury. Ambulatory ECG monitoring
ssessed the occurrence of significant supraventricular or ven-
ricular arrhythmias (more than 500 premature contraction over
4 hours or ventricular doublets or triplets). Blood tests assessed
bnormal elevation of cardiac troponin greater than the 99th per-
entile of the reference laboratory value.

A potential link with recent SARS-CoV-2 infection was estab-
ished if the anomalies had not previously been described (in case
f previous cardiac evaluation) and/or if the anomaly was not linked
ith another obvious cause. Information regarding any tempo-

ary sport restrictions after the cardiac assessment was reported.
inally, medical contact was established in December 2021 with
ll the doctors in charge of the teams or training centres to find
ut whether there had been any clinical cardiac events that may  be
inked to the SARS-CoV-2 infection (sudden death, hospitalization
or a cardiac symptom or any cardiac symptoms requiring a new
ardiac assessment).

.4. Statistical analysis

Quantitative variables are described as medians and interquar-
ile ranges or means ± standard deviations. Qualitative variables
re described as numbers and percentages, with 95% confidence
ntervals (CIs) calculated by the Wilson/Brown method. The occur-
ence of any abnormality on complementary examinations were
ompared between the four groups of patients (in terms of SARS-
oV-2 infection symptom intensity). For qualitative variables, a
isher’s exact test was used to compare groups when at least one
roup had < 5 subjects; otherwise, a Pearson’s chi-square test was
sed. The significance level was  fixed at 0.05 for all comparisons.
he analyses were performed using SAS 9.4 (SAS Institute Inc, Cary,
C, USA).

. Results

.1. Study population

Overall, 554 athletes (399 men  [72.0%]) aged 12–47 years
median [IQR] age 22 [18–26] years) were included. Sports prac-
iced were mostly team sports (68%), including soccer (20%), rugby
18%), handball (12%) and basketball (8%). Individual sports includ-

ng combat sports (12%), swimming (4%), cycling (4%), athletics
3%), triathlon (2%) and gymnastics (2%).

The four groups comprised 195 athletes (35.2%) with no symp-
oms related to SARS-CoV-2 infection, 253 (45.7%) with non-cardiac
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Fig. 1. Cardiac examinations performed and the proportions of anomalies found after
LVNC: left ventricular non-compaction; SARS-CoV-2: severe acute respiratory synd

moderate symptoms lasting < 14 days; 84 (15.2%) with moderate
non-cardiac symptoms lasting > 14 days; and 22 (4.0%) with car-
diac symptoms (intermittent or not) during or after the SARS-CoV-2
infection.

3.2. Electrocardiogram

An ECG was performed in 551 athletes (99.5%) (Fig. 1) and
the three athletes in whom an ECG was not performed were all
asymptomatic (Table 1). The ECG was abnormal in 16/551 athletes
(2.9%) and four anomalies (0.7%, 95% CI 0.3–1.9) had a possible
link with recent SARS-CoV-2 infection. A new repolarization
abnormality (pathological T-wave inversion) was described in
three athletes (0.5%) (athletes 1–3 in Table 2). All three had
normal echocardiography and exercise test and CMR  was  normal
in two, but in one, sub-epicardial LGE was reported (athlete 3). A

3-month sport restriction was advised for this athlete. Two other
athletes had two ventricular premature contractions on resting
ECG (one possibly related and one finally unrelated to SARS-CoV-2
infection). The first one (athlete 4; possibly related) had normal

(
l
O
(

3

t SARS-CoV-2 infection. CMR: cardiac magnetic resonance; ECG: electrocardiogram;
coronavirus 2.

chocardiography and exercise test and could return to sport.
he other one (unrelated) had significant ventricular arrhythmias
n ambulatory ECG, and CMR  finally diagnosed a left ventricular
on-compaction (LVNC) cardiomyopathy. According to the recent
uidelines, he was  advised to stop competitive sport participation.
here was no difference in the occurrence of possible SARS-CoV-2
nfection-related ECG changes between the four groups of patients

ith different SARS-CoV-2 infection symptom severity.

.3. Echocardiography

Resting echocardiography was performed in 497 athletes
89.7%) (Fig. 1), with similar rates in the different groups of patients
Table 1). Echocardiographic anomalies were noticed in 12 athletes
2.4%) and three (0.6%, 95% CI 0.2–1.8) had a possible link with
ecent SARS-CoV-2 infection. None had a significant LVEF decrease

LVEF < 50%). There was possible segmental hypokinesia in two  ath-
etes that was not confirmed by CMR  (athletes 5 and 6; Table 2).
ne athlete had a small pericardial effusion on echocardiography

athlete 7), with no other element for pericarditis and normal CMR,



ARTICLE IN PRESSG Model
ACVD-1479; No. of Pages 8

C.  Hédon, F. Schnell, P. Sosner et al. Archives of Cardiovascular Disease xxx (xxxx) xxx–xxx

Table  1
Results of the cardiac examinations, overall and according to the severity of symptoms.

Total population
(n = 554)

Asymptomatic
(n = 195)

Moderate non-cardiac
symptoms (< 14 days)
(n = 253)

Moderate non-cardiac
symptoms (> 14 days)
(n = 84)

Cardiac
symptoms
(n = 22)

P*

ECG 551 (99.5) 192 (98.5) 253 (100) 84 (100) 22 (100) 0.22
Normal  535 (97.1) 186 (96.9) 247 (97.6) 82 (97.6) 20 (90.9) 0.22
Anomalies unrelated to SARS-CoV-2 12 (2.2) 5 (2.6) 4 (1.6) 2 (2.4) 1 (4.5) –
Pathological T-wave inversion 3 (0.5) 1 (0.5) 1 (0.4) 0 1 (4.5) 0.17
Ventricular premature contractions 1 (0.2) 0 1 (0.4) 0 0 1.00

Echocardiography 497 (89.7) 175 (89.7) 227 (89.7) 74 (88.1) 21 (95.5) 0.86
Normal 485 (97.6) 172 (98.3) 220 (96.9) 73 (98.6) 20 (95.2) 0.54
Anomalies unrelated to SARS-CoV-2 9 (1.8) 3 (1.7) 5 (2.2) 0 1 (4.8) –
Segmental wall motion anomalies 2 (0.4) 0 1 (0.4) 1 (1.4) 0 0.47
Pericardial effusion 1 (0.2) 0 1 (0.4) 0 0 1.00

Exercise  test 293 (52.9) 98 (50.2) 146 (57.7) 31 (36.9) 18 (81.8) < 0.0001
Normal 284 (96.9) 95 (96.9) 140 (95.9) 31 (100) 18 (100) 0.84
Anomalies unrelated to SARS-CoV-2 6 (2.0) 1 (1.0) 5 (3.4) 0 0 –
Exercise-induced ventricular arrhythmias 3 (1.0) 2 (2.0) 1 (0.7) 0 0 0.75

CMR  34 (6.1) 12 (6.2) 13 (5.1) 5 (6.0) 4 (18.2) 0.14
Normal  32 (94.1) 12 (100) 11 (84.6) 5 (100) 4 (100) 0.72
Anomalies unrelated to SARS-CoV-2 1 (2.9) 0 1 (7.7) 0 0 –
Late  gadolinium enhancement 1 (2.9) 0 1 (7.7) 0 0 1.00

Ambulatory ECG 11 (2.0) 4 (2.1) 6 (2.4) 0 1 (4.5) 0.35
Normal  10 (90.9) 4 (100) 5 (83.3) 0 1 (100) 1.00
Anomalies unrelated to SARS-CoV-2 1 (9.1) 0 1 (16.7) 0 0 –

Blood  cardiac troponin 90 (16.2) 39 (20.0) 42 (16.6) 4 (4.8) 5 (22.7) 0.005
Normal  89 (98.9) 38 (97.4) 42 (100) 4 (100) 5 (100) 0.53
Elevated  1 (1.1) 1 (2.6) 0 0 0 0.53
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Data are expressed as number (% of total) for each type of test or number (% of tho
ECG:  electrocardiogram; SARS-CoV-2, severe acute respiratory syndrome coronavir

* P values for statistical comparison between the four groups.

therefore this was also judged as physiological. There were no dif-
ferences in echocardiography anomalies between the four groups
by symptom intensity.

3.4. Maximal exercise test

Maximal exercise test was performed in 293 athletes (52.9%)
(Fig. 1). This was mainly performed in athletes with cardiac symp-
toms (81.8% vs 36.9–57.7% in the other three groups; P < 0.0001;
Table 1). Nine exercise tests (3.1%) were considered abnormal and
a potential link with recent SARS-CoV-2 infection was  considered
in three athletes (1.0%, 95% CI 0.3–3.0; athletes 8, 9 and 10). In all
these three athletes, isolated ventricular premature contractions
were observed during exercise. All had normal resting ECG and
echocardiography (and athlete 10 had a normal CMR), therefore
all were cleared for return-to-play. There were no differences in
exercise test anomalies between groups by symptom intensity.

3.5. Cardiac magnetic resonance imaging

Only 34 athletes (6.1%) underwent CMR  imaging (Fig. 1). This
was done systematically in one centre (12 athletes) and was always
normal in these cases. However, 22 CMR  were performed because
of abnormal first-line examinations and two CMR  (5.9%) were con-
sidered abnormal (Table 1). In one athlete, who had significant
ventricular arrhythmias on ECG and ambulatory ECG, CMR  demon-
strated pronounced left ventricular hypertrabeculations with a
definite diagnosis of LVNC cardiomyopathy which was, therefore,
not related to SARS-CoV-2 infection. One other athlete had localized
subepicardial LGE, and the diagnosis of SARS-CoV-2 myocarditis
was retained (athlete 3). There were no differences in the rates of
CMR  anomalies between groups by symptom intensity.
3.6. Ambulatory electrocardiogram monitoring

Only 11 athletes (2.0%) had an ambulatory ECG monitoring
(Fig. 1), with slightly more among athletes with cardiac symptoms

a
v
H
L

4

o  underwent the test) for test results. CMR: cardiac magnetic resonance imaging;

4.5% vs 0–2.4% in the other three groups; P = 0.35; Table 1). One
CG monitoring (9.1%) was  considered abnormal, with significant
remature ventricular contractions and concerned the athlete with

 diagnosis of LVNC cardiomyopathy. There were no differences in
mbulatory ECG anomalies between groups by symptom intensity.

.7. Blood cardiac troponin

A blood test with cardiac troponin measurement was per-
ormed in 90 athletes (16.2%) (Fig. 1). It was  performed more
ften in athletes with cardiac symptoms (22.7% vs 4.8–20.0% in
he other three groups; P = 0.005; Table 1). One  athlete (1.1%) had

 slight cardiac troponin elevation (high-sensitivity cardiac tro-
onin T 46 and 48 ng/L on consecutive days, compared to a normal
alue < 34 ng/L) (athlete 11). He was asymptomatic, had a normal
CG, echocardiography and exercise test, and was therefore cleared
or return-to-play. There were no differences in troponin anomalies
etween groups by symptom intensity.

.8. Overall results, clinical implication and follow-up

In the entire population of athletes in this study and the global
esult of cardiac evaluations, 12 anomalies with a potential rela-
ionship with recent SARS-CoV-2 infection were found (0.8% of all
xaminations performed, 95% CI 0.4–1.3). These concerned 11 dif-
erent athletes (2.0% of overall athlete population, 95% CI 1.1–3.5).
ne athlete had a temporary sport restriction (athlete 3). He had
nly mild SARS-CoV-2 symptoms (fatigue, fever and myalgias dur-
ng 4 days), a normal echocardiography and exercise test, no
roponin elevation, but had unknown ECG repolarization anomalies

otivating CMR  imaging. The latter found significant inferolateral
GE indicating previous myocarditis. No relevant clinical event was
eported during the follow-up of this athlete. Another athlete had

n initial suspicion of SARS-CoV-2-related cardiac anomalies with
entricular premature contractions on resting and ambulatory ECG.
owever, additional examinations (particularly CMR) diagnosed
VNC cardiomyopathy and, therefore, no link with SARS-CoV-2
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Table 2
Characteristics of athletes with potential cardiac anomalies related to recent SARS-CoV-2 infection.

Athlete # Sex, age, sport SARS-CoV-2
symptoms

Cardiac
symptoms

ECG Echocardiography Exercise test CMR  Ambulatory ECG Cardiac troponin Sport participation
status

1 Male, 23, rugby Moderate
(> 14 days)

Chest pain,
dyspnoea)

D3, aVF, V1-V2-V3
T-wave inversion

Normal Normal Normal Not performed Not performed Return-to-play

2  Male, 32, football None None Anterior T-wave
inversion

Normal Normal Normal Not performed Not performed Return-to-play

3  Male, 21, handball Moderate
(< 14 days)

None Inferolateral
T-wave inversion

Normal Normal Inferolateral
subepicardial LGE

Normal Normal 3-month
contraindication

4  Male, 21, rugby Moderate
(< 14 days)

None 2 ventricular
premature
contractions

Normal Normal Not performed Not performed Not performed Return-to-play

5  Female, 20, tennis Moderate
(> 14 days)

None Normal Segmental
hypokinesia?

Normal Normal global and
segmental LV
kinetics. Small
physiological
pericardiac
effusion

Not performed Not performed Return-to-play

6  Female, 24, tennis Moderate
(< 14 days)

None Normal Segmental
hypokinesia?

Normal Normal global and
segmental LV
kinetics. Small
physiological
pericardiac
effusion

Not performed Not performed Return-to-play

7  Male, 22, rugby Moderate
(< 14 days)

None Normal Small pericardiac
effusion?

Normal Normal Not performed Normal Return-to-play

8  Male, 15, football None None Normal Normal Ventricular
premature
contractions
decreasing during
effort

Not performed Not performed Not performed Return-to-play

9  Male, 18, football None None Normal Normal Ventricular
premature
contractions
decreasing during
effort

Not performed Not performed Not performed Return-to-play

10  Male, 40, athletics Moderate
(< 14 days)

None Normal Normal Ventricular and
supraventricular
premature
contractions

Normal Normal Not performed Return-to-play

11  Male, 24, football None None Normal Normal Normal Not performed Not performed Slight elevation Return-to-play

CMR: cardiovascular magnetic resonance imaging; ECG: electrocardiogram; LGE: late gadolinium enhancement; LV: left ventricular.
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infection. During the follow-up (mean ± standard deviation dura-
tion 376 ± 125 days), no major cardiac event that could have been
linked to SARS-CoV-2 infection occurred in the overall population
(sudden death, hospitalization for a cardiac symptom or any cardiac
symptoms requiring a new cardiac assessment).

4. Discussion

We  report the data from cardiac evaluations after non-
hospitalized forms of SARS-CoV-2 infection in 554 athletes,
performed in 12 French cardiac centres before return-to-play. This
study allows us to highlight several key findings. Firstly, ECG
and echocardiography were frequently performed, in accordance
with initial French and international recommendations for the
first-line cardiac evaluation in athletes after SARS-CoV-2 infec-
tion [7,10,13]. Additional evaluations–by CMR, exercise test and
ambulatory ECG–were mainly guided by the initial assessment.
Secondly, most abnormalities found during screening were not
related to SARS-CoV-2 infection. Indeed, among a total of 41
anomalies, only 12 were potentially related to recent SARS-CoV-
2 infection, concerning 11 different athletes (2.0% of the overall
population). However, the screening enabled the diagnosis of
anomalies that posed a potential risk during sporting activities,
such as a structural cardiomyopathy (LVNC cardiomyopathy) and
one case of accessory pathway, which were not known before.
Finally, the number of athletes with SARS-CoV-2 infection-related
cardiac involvement requiring a restriction of competitive sport
practice was low, with the screening only allowing the detec-
tion of one probable SARS-CoV-2 infection-related myocarditis. No
adverse events were declared in the follow-up in the overall pop-
ulation.

4.1. Results of the different complementary examinations

Regarding ECG, four athletes (0.7% of ECGs performed) demon-
strated new ECG abnormalities with a potential link with recent
SARS-CoV-2 infection. Martinez et al. reported similar data, with
six abnormal ECGs among 789 professional athletes (0.8%) who
tested positive for SARS-CoV-2 and underwent systematic return-
to-play cardiac screening [14]. Of note, all six athletes had a normal
CMR. Another study demonstrated that ECG was useful to detect
anomalies linked to recent SARS-CoV-2 infection in hospitalized
patients [15]. The only athlete with known possible SARS-CoV-2
infection-related myocarditis had unknown inferolateral T wave
inversion, justifying the realization of a CMR  and a final diagnosis
of myocarditis.

Regarding echocardiography, only three anomalies (0.6% of
echocardiographies) had a potential link with recent SARS-CoV-2
infection. Two athletes had a suspicion of segmental hypokinesia
and one athlete had a small pericardial effusion; ECG and CMR
were normal in these three cases. Even if echocardiography could
be necessary in patients with severe SARS-CoV-2 infection [16],
our finding adds weight to other studies to support that system-
atic echocardiography is not cost-effective to detect SARS-CoV-2
infection-related cardiac involvement [17].

Exercise testing was only performed in 52.9% of our popula-
tion. The indication was most often guided by a clinical approach,
as 81.8% of athletes with cardiac symptoms underwent exercise
tests. We  found three abnormal exercise tests with premature ven-
tricular arrhythmias. However, these three athletes had normal
resting ECG and echocardiography. In the absence of severe prema-

ture ventricular contractions (e.g. increase on exertion, repetitive
or polymorph premature ventricular contractions), no additional
CMR  was requested in this situation and no restriction to play sport
was formulated. The actual link with recent SARS-CoV-2 infection
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s uncertain and the proportion of these abnormalities is similar
o the prevalence of ventricular arrhythmias usually encountered
uring routine exercise tests of athletes [18].

In our study, CMR  imaging was  mainly performed because of
 suspicion of a cardiac anomaly on first-line ECG or echocar-
iography, with 35.3% performed systematically. Only one athlete
2.9%) had LGE indicating a potential myocarditis related to recent
ARS-CoV-2 infection. In this case, CMR  was performed because
f pathological T-wave inversion on resting ECG. CMR  is the best
on-invasive examination to asses myocarditis, as this diagnosis
an be missed by ECG or echocardiography [19]. Previous stud-
es have evaluated the interest of systematic CMR  in athletes after

 SARS-CoV-2 infection. Daniels et al. reported that 2.3% of ath-
etes were diagnosed with clinical or subclinical myocarditis [20].
evertheless, this systematic approach is difficult in clinical prac-

ice given the limited accessibility and cost of this examination.
dditionally, as mentioned by Udelson et al. in an editorial, it is
nclear whether CMR  abnormalities after SARS-CoV-2 infection
epresent an increased risk marker of sudden death in athletes
21]. Similarly, in our study, we did not find abnormal left ven-
ricular function or arrhythmias in the athlete with myocarditis on
MR.

Only 11 ambulatory ECG (2.0% of global population) were per-
ormed in our study, mostly motivated by an abnormal first-line
nding. We  describe one athlete with significant ventricular arryth-
ias (including couplets and triplets) but concerned an athlete with

 definite diagnosis of LVNC cardiomyopathy on CMR, obviously
nrelated to the recent SARS-CoV-2 infection. Although an arrhyth-
ic  risk has been described in relation to SARS-CoV-2 inflammation

22], previous studies have demonstrated that the systematic use
f ambulatory ECG is not cost-effective [23].

Blood cardiac troponin was tested in 90 of our athletes (16.2%).
his was done systematically in some athletes, as it was required
y the French Federations of Football and Handball. Only one ath-

ete (1.1%) had a mild cardiac troponin elevation, but in the absence
f cardiac or general symptoms and normal ECG and echocardio-
raphy, no more examinations (especially CMR) were proposed.
lthough the interest in screening for troponin elevation has been
escribed in subjects hospitalized for severe SARS-CoV-2 infection
24], its interest is still uncertain in athletes without cardiovascular
ymptoms [25]. Furthermore, the only athlete with myocarditis in
ur study had a normal troponin level, but he had no cardiovascular
ymptoms and troponin testing was  probably performed after the
cute phase of the myocarditis (12 days after a SARS-CoV-2 positive
T-PCR).

.2. General interpretation

A comprehensive cardiac evaluation in athletes after SARS-CoV-
 infection before return-to-play was proposed following the first
hase of the epidemic, when we were faced with the emergence of

 new virus whose consequences were then little known. The main
oint was the fear of a potential myocarditis, described in post-
ortem SARS-CoV-2 infection autopsies [26] or severe forms of

nfection [27]. These findings were extrapolated to athletes with a
ositive SARS-CoV-2 RT-PCR or antigen test, even in asymptomatic
thletes. The aim of this study was to judge the benefits of such a
ystematic evaluation.

Most anomalies detected during check-ups were related to
nown anomalies or without an obvious link to recent SARS-CoV-2
nfection. The interest of screening outside the SARS-CoV-2 pan-
emic is therefore not discussed here. Overall, 11 athletes (2.0% of

lobal population screened) had cardiac anomalies with a poten-
ial link with recent SARS-CoV-2 infection. In a similar but more
xhaustive study, 3018 young athletes who had tested positive for
ARS-CoV-2 infection underwent a cardiac evaluation and 2820
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had at least an ECG, troponin test or transthoracic echocardiogra-
phy followed by CMR  if clinically indicated [28]. They also detected
few anomalies related to recent SARS-CoV-2 infection, with 0.7%
abnormal findings by ECG, 0.9% by cardiac troponin and 0.9% by
echocardiography. Definite, probable or possible SARS-CoV-2 car-
diac involvement was identified in 0.7% [28]. The diagnostic yield
of a CMR  with clinical indication was 4.2 times that of system-
atic screening. They reported only one (0.03%) adverse cardiac
event during a median follow-up of 113 days. Hence, the authors
of this study concluded that CMR  is most useful in athletes with
a high pretest probability for SARS-CoV-2 cardiac involvement,
as defined by the presence of cardiopulmonary symptoms and/or
abnormalities on cardiac testing (ECG, troponin, echocardiography)
[28]. However, the significance of CMR  findings in the absence
of symptoms remains unknown. Only one athlete in our study
had a suspicion of myocarditis and had a sport restriction for 3
months. In his case, ECG was also initially abnormal (T-wave inver-
sion). Other anomalies detected by the cardiac screening in our
population did not lead to a sport restriction. No athletes diag-
nosed with possible cardiac involvement had an adverse cardiac
event through the 1-year follow-up period, which is also very
reassuring. Despite the increase in out-of-hospital cardiac arrests
described during the first phase of the SARS-CoV-2 epidemic in
the Paris region [29], no alert signal was evoked concerning car-
diac arrests related to sport. It is necessary to distinguish the data
concerning the general population from that of the athlete popu-
lation, which is mostly free of pathology and cardiovascular risk
factors.

Finally, it is important to remember the limitations of medi-
cal explorations for the detection of possible cardiac anomalies.
Education of athletes, for example with the help of the 10 golden
rules of the French sports cardiologists’ club [30], is also an effec-
tive element of prevention based on the good practices of physical
activity. In the context of SARS-CoV-2 infection, physical activities
should be stopped for 1 week during the active phase of infection
and physicians must insist on the need to consult in case of new
cardiac symptoms when returning to sport.

4.3. Limitations

Some limitations of this study should be noted. This was  a retro-
spective study, hence, data might not be exhaustive and could have
generated a selection bias. No review of the examinations was done
and the interpretation of the normality or not of a cardiac examina-
tion was left to the free interpretation of the cardiologist in charge
of the athlete. The indication of a complementary examination was
also at the discretion of the cardiologist, influenced during the study
by the repeated modifications of the sport federation protocols and
by the advance in scientific data. Nonetheless, this register allows
a real-life appreciation.

5. Conclusions

In this multicentre cross-sectional study, the proportion of
cardiac involvement after non-hospitalized forms of SARS-CoV-2
infection in athletes was  very low. Systematic cardiac screening
before return-to-play seems not be mandatory in the majority of
athletes.
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