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ABSTRACT

The Coronavirus-19 disease (COVID-19) related pandemic have deeply impacted human health, economy, psychology and sociality. Possible
serious cardiac involvement in the infection has been described, raising doubts about complete healing after the disease in many clinical settings.
Moreover, there is the suspicion that the vaccines, especially those based on mRNA technology, can induce myopericarditis. Myocarditis or peri-
carditis related scars can represent the substrate for life-threatening arrhythmias, triggered by physical activity. A crucial point is how to evaluate
an athlete after a COVID-19 infection ensuring a safe return to play without increasing the number of unnecessary disqualifications from sports
competitions. The lack of conclusive scientific data significantly increases the difficulty to propose recommendations and guidelines on this
topic. At the same time, the psychological and physical negative consequences of unnecessary sports restriction must be taken into account. The
present document aims to provide an updated brief review of the current knowledge about the COVID-19 cardiac involvement and how to rec-
ognize it and to offer a roadmap for the management of the athletes after a COVID-19 infections, including subsequent impact on exercise rec-
ommendations. Our document exclusively refers to cardiovascular implications of the disease, but pulmonary consequences are also considered.

(Cite this article as: Castelletti S, Gervasi S, Ballardini E, Casasco M, Cavarretta E, Colivicchi F, et al.; SICSport, ANCE, ANMCO, ARCA, FMSI.
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he Coronavirus-19 disease (COVID-19) related pan-

demic have deeply impacted human health, economy,
psychology and sociality. Unprecedented challenges to
medical communities arose, requiring quick and efficient
answers from health systems.!- 2 Besides the common re-
spiratory injuries, possible serious cardiovascular sequel-
ae3-¢ of the infection have been increasingly described,
raising doubts about complete healing after the disease in
many clinical settings. The clinical relevance of cardiac
involvement in COVID-19 disease is the heart of a debate
and the topic is still under scientific evaluation.

Moreover, although the advent of vaccines represents
the main hope of ending the pandemic, there is the sus-
picion that, especially those based on mRNA technology,
can induce rare cardiac adverse effects including vaccine-
related myopericarditis.”

On the other hand, people would like to perform rec-
reational sports and competitive/professional athletes to
resume their activity, asking the medical community to
determine when is safe and appropriate to allow their re-
turn to play.8-10 The lack of conclusive scientific data sig-
nificantly increases the difficulty to propose recommen-
dations and guidelines on this topic. At the same time,
the psychological and physical negative consequences
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of unnecessary sports restriction must be taken into ac-
count.

A crucial point is how to evaluate an athlete to this goal.
Which is the best diagnostic flowchart and in which in-
dividuals? Is it possible to personalise indications, taking
into account the different sports and the different clinical
manifestations of the disease? What about the asymp-
tomatic subjects who tested positive for COVID-19? Are
the return-to-play protocols based on ECG, troponin and
echocardiography enough? And finally, given the growing
number of vaccinated athletes, how to suspect, identify
and manage possible side effects of the vaccination on the
heart?

The present document aimed to answer those questions.
We first provide an updated brief review of the current
knowledge about the COVID-19 cardiac involvement and
how to recognize it. In the second part of the document,
we present some emblematic cases and reasonable man-
agement of an athlete after a COVID-19 infection. It is
important to underline that these suggestions are based on
experts’ opinion and are not supported by strong scientific
evidence. Our document exclusively refers to cardiovas-
cular implications of the disease, but pulmonary conse-
quences are also considered (Figure 1).

Figure 1.—Graphical abstract.
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Background
COVID-19 cardiac involvement: focus on the athlete

Viral myocarditis has an incidence rate of 10-22 per
100,000 individuals and despite the fact that it can affect
people of all ages, ethnicities and genders, it is more prev-
alent in early and middle adulthood.!! It is a rare but well-
recognized cause of sudden cardiac death, with a pooled
estimate of 6.1% [4.5-8.2] in athletes versus 8.9% [4.9-
15.5] in non-athletes, based on a recent systematic review
and meta-analyis.!2 Since the initial worldwide spreading
of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), much concern has raised due to its pos-
sible tropism for cardiomyocytes. In fact, the COVID-19
presents a wide range of clinical manifestations, which
includes flu-like symptoms, as cough, fever, fatigue and
shortness of breath but also, in the severe forms of the dis-
ease, acute respiratory distress syndrome and multiorgan
failure.

The cardiac involvement with acute myocardial injury
has been frequently reported in 10 to 35% of severe and
critically ill patients, but the exact incidence rate of COV-
ID-19-related myocarditis is still unknown.!3

Multicenter autopsy studies have reported a low inci-
dence (7.2%) of acute myocarditis, as defined by the Dal-
las criteria, while myocardial injury, i.e. perivascular and
myocardial inflammatory infiltrate, endocardial and small
vessel thrombosis, endothelins and myocyte degenera-
tion, were commonly observed.!4 15 The cardiac tropism
of the COVID-19 has been proved by the detection in
endomyocardial biopsy specimens of virus-like particles
and RNA by Real-Time PCR and electron microscopy.!®
The host cell receptor for the SARS-CoV-2 is the biologi-
cally angiotensin I converting enzyme 2 (ACE2) receptor,
expressed in the nasal and pulmonary epithelial cells, in
the human ventricular myocardium and in other tissues. In
particular, recent studies have demonstrated the ACE2 ex-
pression in cardiac myocytes and pericytes, which supports
the microvasculature throughout the myocardium, but not
in endothelial cells.!7. 18 The ACE2 expression and direct
cardiomyocytes and pericytes susceptibility to COVID-19
infection has been proved in cellular models, where the in-
fection produced direct cytotoxic effects and activated the
innate immune response, including interferon signalling,
apoptosis and reactive oxidative stress.!% 20 While ACE2
expression is upregulated in cardiomyocytes of heart fail-
ure patients,!8 regular physical exercise is protective by
inducing a shift in the renin-angiotensin system balance,
downregulating the systemic and tissue ACE/Ang II/ATR1
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axis, thus upregulating the ACE2/Ang!-7/Mas axis, which
exerts a benefic effect against cardiometabolic diseases.?!
In addition to the direct cardiovascular injury due to CO-
VID-19 infection, indirect damages related to hypoxemia,
microvascular injury and thrombosis, hyper inflammation
and pro-inflammatory cytokine storm, abnormal immune
dysfunction and platelets hyperactivation, associated with
autonomic dysfunction, may cause cardiac injury.22

Susceptibility to COVID-19 infection is not different
between athletes and non-athletes, as demonstrated by
the high incidence of disease in young people and ath-
letes,23 but their clinical course is generally asymptomatic
or mildly symptomatic. In the different studies conducted
in the athletic population, the prevalence of asymptomatic
individuals ranged from 17 to 54%,9 2425 with most of the
athletes being mildly symptomatic for flu-like symptoms,
fatigue, short-lasting fever and ageusia (29 to 83%),25: 26
at the same time the severe form of the disease requiring
hospitalization was exceptional (Table I).% 24-36 In the pop-
ulation of junior athletes, the prevalence of asymptomatic
individuals is higher, with the incidence of cardiac com-
plications being lower as compared to the population of
adult athletes.3¢

Based on the current criteria, the prevalence of clini-
cally diagnosed myocarditis was low, ranging from 0 to
3%24.25,27.29,31,32 only in one study.?8 In a study conducted
in a small cohort of professional soccer players,3¢ no cases
of myocardial involvement were found. However, it was
performed during the “first wave” of the pandemic, caused
by the original form of the virus. In the two largest and
multicenter US studies, the prevalence of clinically proven
myocarditis was also very low: 0.5% in the Big Ten COV-
ID-19 Cardiac Registry3? and 0.6% in the Outcomes Reg-
istry for Cardiac Conditions in Athletes.26 On the contrary,
cardiac magnetic resonance (CMR) findings have demon-
strated a higher prevalence of signs of myocardial injury
and myocarditis, even in asymptomatic/mildly symptom-
atic athletes, with normal ECGs, echocardiographic stud-
ies and normal levels of troponin. At the beginning of the
experience, a single-centre cohort study by Rajpal et al.24
reported a dramatic prevalence of myocarditis diagnosed
with CMR criteria in 15% (4 out of 26 competitive ath-
letes), without clinically diagnosed myocarditis, which
raised much concern for the return to play. In the US mul-
ticentre CMR studies, the presence of myocarditis was
less common, ranging from 0.5%?2¢ to 2.3%.30 However,
larger studies reported a much lower prevalence of CMR
findings consistent with myocarditis in athletes after CO-
VID-19 infection (see below) and very recently Szabo et
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TABLE .—Studies on athletes with COVID-19 infection.
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Female
Study N. total COI\\I/iD " Athletes (I;/IO' | A(greénrg:;m Asymp Mild ?ﬁ‘;dde&fss Severe
Gervasi?’ 30 18 Professional soccer 0 (0%) 22 (21-27) 6 (33%) 12 (67%) 0 (0%) 0 (0%)
Rajpal?4 26 26 Competitive, mixed sports 11 (42%) 19.5 14 (54%) 12 (46%) 0 (0%) 0 (0%)
Clark?8 111 59 Collegiate, mixed sports 37 (63%) 20 (19-21) 13 (22%) 46 (78%) 0 (0%) 0 (0%)
Vago?s 42 12 Elite, mixed sports 10 (83%) 23 (20-23) 2 (17%) 10 (83%) 0 (0%) 0 (0%)
Malek2® 26 26  Consecutive elite athletes, 21 (81%) 24 (21-27) 6 (23%) 14 (54%) 5 (19%) 1 (4%)
mixed sports
Daniels30 2461 1597 Collegiate athletes, mixed 633 (39.6%) NA NA
sports
Starekova‘® 145 145 Collegiate athletes, mixed 37 (25.5%) 20 (17-23) 24 (17%) 71 (49%) 40 (27.6%) 0 (0%)
sports
Brito3! 54 54 College students athletes, 9 (15%) 19 (19-21) 16 (30%) 36 (66%) 2 (4%) 0 (0%)
mixed sports
Hendrickson32 137 137 Collegiate athletes 44 (32%) 20 (18-27) 25 (18%) 75 (76%) 37 (33%) 0 (0%)
Moulson26 3018 2820  Collegiate athletes 957 (32%) 20 887 (33%) 789 (29%) 663 (25%) 5(0.2%)
Martinez33 789 Professional athletes 12 (1.5%)  25(19-41) 329 (42%) NA NA 0 (0%)
Cavigli34 90 90  Competitive athletes 26 (29%) 24 (10) 21 (23%) 69 (77%) 0 (0%) 0 (0%)
Szab635 147 147 53 (36%) 23 (20-28) 19 (13%) 80 (54%) 43 (29%) 5 (3%)
Cavigli36 571 571 Non-professional 221 (39%) 14.3 284 (50%) 287 (50%) - -

competitive athletes

al. have shown a modest frequency of myocarditis among
athletes following a COVID-19 infection, being this fre-
quency similar to healthy sex-matched and age-matched
athletes without a history of COVID-19 infection.35

Moreover, most CMR abnormalities consisted of seg-
mental late gadolinium enhancement (LGE) and myo-
cardial edema, which may be related to acute myocardial
injury but are also dynamic: long-term follow-up data are
needed to assess their natural history and clinical signifi-
cance.

Role of cardiac imaging for identification of COVID-19
related acute myocarditis or post-myocarditis scars

Although early cardiac imaging studies have demonstrat-
ed cardiac involvement in a significant number of patients
and athletes who had recovered from COVID-19 infec-
tion,3® the same results have not been reproduced in more
comprehensive studies including larger populations.9 26,31

Brito et al. studied 54 college athletes at a median time
of 24 days after asymptomatic (16, 30%) or mild-moderate
(38, 70%) infections that did not require hospitalization.
Of note, 25% of the symptomatic athletes reported cardiac
symptoms. Imaging abnormalities were detected in 27 ath-
letes, the most prevalent being pericardial involvement (13,
48%). It is worth noting that neither myocardial inflamma-
tion nor myocardial scar was present in any patient and
the most common echocardiographic abnormality detected
consisted of reduced global longitudinal strain, whilst only
a patient had impaired left ventricle function. A low preva-
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lence of cardiac involvement has also been confirmed in
larger studies. In a cohort of 145 competitive athletes,
mostly recovered after a mild (49%) or moderate (27.6%)
COVID-19 infection, myocarditis was detected only in
two athletes by CMR, of note only one had myocardial
scar.? A large study including 19,378 young competitive
athletes who recovered from mainly asymptomatic (33%)
or paucisymptomatic (29%) COVID-19 infection, 0.09%
had echocardiographic abnormalities and 21 athletes had
CMR abnormalities, including isolated pericardial effu-
sion. During a follow-up of 113 days, only one adverse
event was observed, likely unrelated to the infection.26 A
recent multicenter study conducted in 571 junior athletes
(14.3£2.5 years) demonstrated a low prevalence of cardiac
involvement after SARS-CoV-2 infection, with a final di-
agnosis of pericarditis found in 0.4% of the population and
no cases of myocarditis.3¢ It is worth noting that the defi-
nition of “myocardial injury” differs among the studies:
in some studies, the presence of scar without myocardial
edema has been considered a sign of COVID-19 related
myocardial injury, even though an isolated scar could be
due to an old event not related to the COVID-19 infection.

All these data seem to reconsider the frequency of car-
diac involvement in asymptomatic or mildly symptomatic
young athletes after COVID-19 infection and the use of
systematic imaging screening in athletes before the return
to play.

Therefore, cardiovascular screening of athletes after
COVID-19 should primarily aim to detect acute viral
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myocarditis or post-myocarditis scars that may be the
source of ventricular arrhythmias.3 In most return-to-play
protocols, transthoracic echocardiography has been sug-
gested as first-line imaging technique to exclude a cardiac
involvement considering that cardiac biomarkers rise and
ECG abnormalities may quickly resolve.4-42 Echocardiog-
raphy may support the diagnosis of acute myocarditis, 3 44
as it permits a safe and low-cost evaluation of regional
and global function*’ and, for this reason, it plays a key
role in the care of COVID-19 inpatients.46-50 Strain imag-
ing techniques may help to detect cardiac involvement in
the sub-acute or late phases after a COVID-19 infection,
however they are time-consuming and need specific great
expertise. Moreover, post-myocarditis myocardial scars
are typically segmental and involve the subepicardial/mid
myocardial left ventricular layers that contribute less to
myocardial thickening. For this reason, they may often be
undetectable by echocardiography.5! Furthermore, echo-
cardiography carries the great limitation of being unable
to perform a proper tissue characterization, which plays
a key role in detecting cardiac involvement in the sub-
acute or post-myocarditis phase. In the peculiar setting of
athletes evaluation, it may be difficult to distinguish be-
tween physiological remodelling of the athlete’s heart and
pathological patterns!® and the routine echocardiographic
assessment of athletes after a COVID-19 infection may
raise unjustified concerns due to incidental findings. The
number of false-negative may be reduced only if the exam
is performed by experienced cardiologists who are able
to notice even subtle changes (mainly thank to the strain
imaging techniques) and/or pericardial alterations (mini-
mal effusion, enhanced pericardial signal, etc.). A previ-
ous echocardiogram for comparison may be useful in the
diagnosis.52

Cardiac magnetic resonance (CMR) is considered the
gold standard for the identification of myocardial abnor-
malities related to myocarditis.53 However, CMR is not
available worldwide and has relevant costs: as such, it can-
not be proposed as a first-line screening modality. Accord-
ingly, it is essential to identify the clinical parameters that
may prompt further investigations, including echocardiog-
raphy and CMR. In this context, the clinical history of the
infection by COVID-19 (the more severe the symptoms,
the highest the likelihood to detect cardiac complications),
the presence of cardiac symptoms and the demonstration
of ECG abnormalities and ventricular arrhythmias (partic-
ularly when induced by exercise) may represent relevant
red flags that should prompt imaging evaluation with both
echocardiography and CMR .34
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Role of serum troponin and exercise testing for the iden-
tification of COVID-19 related acute myocarditis or post-
myocarditis scars

Serum troponin

Myocardial injury, defined as an elevation in cardiac tro-
ponin, occurs in a sizeable proportion of patients with CO-
VID-19 and is a well-identified prognostic marker, being
associated with progressive heart failure, arrhythmia and
death. Multiple mechanisms can explain troponin eleva-
tion during COVID-19, including ischemia (caused by
either microvascular disease or hypoxia) and direct myo-
cardial inflammatory damage.54

Most return-to-play protocols have included troponin
sample* with the aim to detect ongoing myocardial in-
flammation. However, the sensitivity and specificity of el-
evated serum troponin for COVID-19-related acute myo-
carditis in athletes remain to be established and several
considerations may limit the clinical utility of the test in
this setting. First, the majority of young healthy athletes
develop no or mild symptoms following COVID-19 infec-
tion, while a myocardial injury is more often detected in
patients with severe COVID-19. Second, it is well known
that mild troponin rise is not uncommon after prolonged
strenuous exercise, as a consequence, it is recommended
to observe a resting period of at least 48 hours before the
troponin sample. Third, there is a lack of established tro-
ponin reference ranges for athletes. Finally, a troponin
value within the range of normality does not rule out both
myocardial inflammation and, most importantly, a healed
myocardial injury (post-myocarditis myocardial scar) that
can be the substrate of life-threatening ventricular arrhyth-
mias.>5

Table 19 24, 26, 28, 30, 31, 33 summarizes the results of the
main CMR studies that assessed the prevalence of myo-
cardial/pericardial abnormalities in athletes who suffered
COVID-19 infection and the correlation between troponin
results and CMR findings.? 24. 26, 28, 30, 31, 33 Qverall, these
studies showed that troponin above normal values can be
found in =1% of athletes after COVID-19 infection (as-
ymptomatic or with mild symptoms in most cases) and that
the correlation with CMR findings is moderate-to-poor.

Mascia et al. specifically addressed the clinical utility
of the troponin test in a sample of 58 élite soccer players,
13 of whom suffered from COVID-19 infection.5¢ They
found increased troponin values in 2/13 (15%) athletes
with and 2/45 (5%) athletes without COVID-19 infection
(P=0.21). All four athletes with troponin elevation under-
went CMR that excluded any cardiac injury.
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TABLE Il.—Correlation between serum troponin test and cardiac magnetic resonance findings in athletes after COVID-19 infection.

Reference Athletes with CMR Troponin elevation CMR abnormalities Correlation troponin-CMR
Rajpal et al.24 26 0 (0%) 4 (15%) myocarditis Poor
8 (30%) LGE w/o inflammation
Brito et al.3! 48 1 (2%) 19 (40%) pericardial LGE Poor (unknown CMR results in the only
1 (2%) myocardial LGE athlete with elevated troponin)
7 (5%) reduced LV EF and/or GLS
Clark et al.28 59 ? 1 (2%) myocarditis Poor (both athletes with positive CMR had
1 (2%) pericarditis normal troponin)
Starekova et al.? 145 ? 2 (1.4%) myocarditis Moderate (1/2 athlete showed positive
troponin with a “rise and fall” pattern)
Martinez et al.3? 27 of 789 6/789 (0.7%) 3/27 (11%) myocarditis Moderate (2/5 patients with positive CMR
2/27 (7%) pericarditis had troponin elevation)
Moulson ef al.26 317 of 2820 24/2719 (0.9%) 21/317 (7%) CMR abnormalities Poor (2/21 patients with positive CMR had
troponin elevation)
Daniels et al.30 1598 ? 2 clinical myocarditis Poor (6/37 patients with positive CMR had

Subclinical probable myocarditis

troponin elevation)

Possible subclinical myocarditis

In summary, given the available evidence, system-
atic use of troponin samples for screening athletes who
suffered from COVID-19 does not seem justified. The
test should be reserved for selected cases, in particu-
lar when symptoms or abnormalities on other cardiac
investigations suggest the possibility of ongoing myo-
pericarditis.

Exercise testing

The healing process of myocarditis may cause myocardial
scarring that may be the substrate for re-entrant ventricu-
lar tachycardia and sudden death.57. 58 There is increasing
evidence that premature ventricular beats (PVBs) at exer-
cise testing, particularly those with a right bundle-branch-
block morphology and a wide QRS (suggesting an origin
from the left ventricle) and that increase in number and
complexity with increasing exercise load, may predict an
underlying myocardial scar also in athletes with normal
resting ECG and echocardiography.59-6! For this reason,
exercise testing for the detection of exercise-induced ven-
tricular arrhythmias appears a promising test for ruling out
a post-myocarditis arrhythmic substrate in athletes who
suffered COVID-19 infection.

Cavigli et al. screened 90 athletes with previous COV-
ID-19 infection with blood testing, ECG, ambulatory ECG
monitoring including a training session, echocardiography
and cardiopulmonary exercise testing. Only one athlete
showed relevant uncommon ventricular arrhythmias (iso-
lated PVBs and couplets) at exercise testing: this patient
underwent CMR suggestive of acute myocarditis.34 In an-
other study, 2/24 post-COVID athletes showed PVBs at
cardiopulmonary exercise testing: however, in both cases
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the arrhythmias had been already described in previous
tests and CMR was negative.t2

These preliminary findings suggest the potential util-
ity of new-onset ventricular arrhythmias with uncommon
morphology at exercise testing for raising the suspicion of
postinflammatory myocardial damage. However, exercise-
testing findings were not available for most athletes in-
cluded in main post-COVID CMR studies?: 24 26, 28,30, 31,33
and the correlation between exercise-induced ventricular
arrhythmias and CMR findings in this particular setting
remains to be evaluated.

Vaccines and vaccine-related myopericarditis

Despite the largely demonstrated safety and efficacy of the
vast majority of anti-COVID-19 vaccines,® they can bring
rare side effects. Beyond the life-threatening adverse events
related to vaccine-induced immune thrombotic throm-
bocytopenia and anaphylaxis, vaccines can trigger acute
myopericarditis.®4 65 For this reason, evaluation of athletes
after vaccination and after COVID-19 infection raises
similar concerns. Usually, myopericardits is observed in
young individuals who received mRNA vaccines, with the
first manifestations a few days after the second dose, but
some cases have also been reported after the first dose.55 ¢4
The reported incidence in the biggest registries is around
4.8-12.6 cases per million doses among individuals 12 to
39 years of age, with male predominance.6: 7

The underlying mechanisms are unclear. Molecular
mimicry between the spike protein of SARS-CoV-2 and
self-antigens, immune response to mRNA, anomalous ac-
tivation of immunologic pathways and dysregulated cyto-
kine expression have been proposed.o8
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Clinical manifestations may include chest pain/discom-
fort, increased troponin and/or C-reactive protein levels,
ECG abnormalities (ST elevation), CMR findings sugges-
tive of myopericarditis.®

The clinical course seems benign in the vast majority of
cases, with the resolution of symptoms and of most of the
abnormalities in a few days, often not requiring hospitali-
sation. It remains to be clarified whether these myoperi-
carditis secondary to vaccines could cause the formation
of potentially arrhythmogenic scars. At the moment, no
vaccine-related major cardiac events have been reported in
this population in literature. In any case, in our opinion, an
athlete suffering myopericarditis after vaccination should
be managed in the same way as viral myopericarditis.4> 70

Clinical scenarios
Athletes hospitalized for COVID-19 infection

We report the clinical history of a football player who suf-
fered from COVID-19 viral infection which resulted in a
significant myocardial involvement. This fearsome com-
plication of COVID-19, even if not very frequent, must
always be investigated and excluded before re-admitting
an athlete to his previous sport activity.

Case 1: an amateur football player

A 42-year-old amateur football player was recovered in the
Emergency Department after three days of cough, fever,
dyspnoea, asthenia and myalgia. Familial, personal and
medical history were unremarkable. The preparticipation
cardiovascular evaluation performed yearly had been neg-
ative and, in the past, no further evaluations were required.
At first evaluation, he had fever (38.5 °C) and tachypnoea.
The oxygen peripheral saturation was 94% (SO,) which
decreased to 91% following a small exercise (walking).
He underwent further examination with ECG which was
unremarkable, chest x-ray demonstrating increased retic-
ular pattern, ground-glass opacities and bilateral images
of consolidation, and blood analysis showing leukopenia,
elevated CRP to 1.7 mg/dL (normal value <1 mg/dL) and
D-dimer to 858 ng/dL (normal value <500 ng/dL). His
blood gas sample showed a P/F value of 240, and his PCR
nasal-pharyngeal swab tested positive for COVID-19. For
these reasons, he was admitted to a specific COVID-19
ward where he was initially treated with heparin, steroids
and respiratory support with oxygen. During the first days
of hospitalization, we observed a progressive worsening
of the patient’s respiratory data and, subsequently, of his
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clinical status with the appearance of frequent PVBs (right
bundle branch block morphology, wide QRS and superior
axis) on 12-lead resting ECG. Non-invasive ventilation
was started and remdesivir was added to his therapy. At
this point, marked elevation in troponin I and slightly re-
duced systolic left ventricular function (50%) on echo were
observed. In the following days, the athlete improved. On
day 12 of his hospital stay, the patient underwent CMR
which showed small pericardial effusion, a slight reduc-
tion of ventricular function (EF=45%), edema pattern of
antero-lateral mid-apical wall and sub-epicardial focal late
gadolinium enhancement (LGE) in the same segments: all
these findings support the diagnosis of acute myopericar-
ditis. Although after 20 days the athlete was well enough
to be discharged, he was not considered eligible to restart
competitive sport activity: we have recommended only
mild leisure activity. We will test this athlete again with
echo, cardio-pulmonary exercise test, ambulatory ECG
monitoring including a training session, functional pulmo-
nary tests and a second CMR 3-6 months after discharge.
In case we obtain favourable results, we will consider re-
admitting our athlete to competitive football practice.

Athletes with a history of mild or asymptomatic COVID-19
infection

Case 1: a professional soccer player with new-onset ventric-
ular arrhythmias

This case refers to a 27-year-old professional soccer play-
er. He never had abnormalities at periodic preparticipation
screening that includes resting ECG every six months,
exercise testing every year and echo every two years. He
tested positive for COVID-19 infection at a PCR nasal-
pharyngeal swab performed during the routine screening
of professional teams. His positivity lasted for ten days,
during which he manifested only dysgeusia and dysos-
mia for three days. After testing negative, he underwent
the “return-to-play” protocol as provided by the Italian
law.10 Blood samples were normal, including hsTroponin
I. The resting ECG was also normal, while the exercise
stress test showed frequent, isolated, monomorphic PVBs
(Figure 2A). The 24-hour ECG ambulatory monitoring,
including a training session, showed frequent, isolated,
monomorphic PVBs (2629/24 hours, right and left bundle
branch block), largely predominant during physical ac-
tivity. Trans-thoracic echo was substantially normal with
the exception of an enhanced pericardial signal of the left
posterior wall. The CMR showed “very thin subepicardial
LGE in the mid-basal inferior wall and very thin intra-
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Figure 2.—Professional soccer player, 27-years-old. A) ECG strip of
the exercise stress test showing frequent, isolated premature ventricular
beats; B) cardiac magnetic resonance four-chamber, two chamber and
short axis views showing subepicardial LGE in the mid-basal inferior
wall; in the bottom right the T2 map short axis view showing limited
edema.

myocardial LGE at the basal septum, minimal increase of
T1 and T2 maps values compatible with limited edema/
inflammatory changes” (Figure 2B). The athlete was dis-
qualified from sports competition with a final diagnosis of
COVID-19 related myopericarditis.

After a month of rest, he remained completely asymp-
tomatic, he was re-evaluated with the same protocol. Blood
tests, resting ECG, exercise stress test and echo were nor-
mal. The 24-hours ECG ambulatory monitoring showed
a marked reduction of the PVBs burden (436/24 hours).
Repeated CMR showed an almost completely regression
of the alterations previously noticed and absence of LGE.
For this reason, the athlete was readmitted to training and
competitions with close follow-up (three months). Today,
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after 13 months of follow-up, rare PVBs are still present
but the clinical picture remains stable, so the athlete is reg-
ularly attending training and competitions.

Case 2: a professional soccer player with marked abnormali-
ties at the resting ECG

A 21-year-old professional soccer player tested positive
for COVID-19 at a PCR nasal-pharyngeal swab during the
routine screening of professional athletes. After nine days
with mild symptoms (fatigue, myalgia, headache) he was
declared healed. He then underwent the return-to-play pro-
tocol. The blood tests were normal, but the resting ECG
showed diffuse and marked ST-elevation in inferior and
precordial leads, with an evident ST-depression in aVR
(Figure 3A). An ECG acquired 5 months before showed
that the diffuse early repolarisation pattern was present but
the ST-elevation was markedly lower and the depression in
aVR was absent (Figure 3C). Transthoracic echo showed
an increased signal in the lateral pericardium and a small
inferior-apical pericardial effusion. The CMR confirmed a
very thin sup-epicardial stria of LGE in the inferior and
apical-lateral segments of the left ventricle, associated
with mild anomalies of T1/T2-mapping and extracellular
volumes in the same zones (Figure 3B). A diagnosis CO-
VID-19 myopericarditis was made.

After a month of complete rest, the athlete has been re-
evaluated. The blood samples were normal, the resting ECG
showed a diffuse early repolarisation pattern with markedly
reduced anomalies and disappearance of ST-depression in
aVR (Figure 3D), a trace very similar to that of 6 months
before. Echo was substantially normal and repeated CMR
had normalized. No arrhythmias were found at exercise
testing and 24-hour ambulatory ECG monitoring. The ath-
lete was then considered healed and readmitted to training
and competitions.

Case 3: a case of myopericarditis after mRNA-1279 COVID-19
vaccine

A 21-year-old male, with no past medical history, experi-
enced fever (40 °C) on the same day of the second dose
of mRNA-1273 COVID-19 vaccine, and chest pain exac-
erbated with breathing, three days later, for which he was
admitted to the Emergency Department. On admission,
he had normal vital signs with no fever. Nasopharyngeal
SARS-CoV2 polymerase chain reaction was negative. The
12-lead resting electrocardiogram on arrival showed sinus
rhythm, normal atrioventricular conduction, incomplete
right bundle branch block and no ventricular repolarization
abnormalities. The chest x-ray showed no significant find-
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Figure 3.—A 21-year-old professional
soccer player with mild COVID-19
infection. A) Resting ECG show-
ing diffuse and marked ST-elevation
in inferior and precordial leads, with
an evident ST-depression in aVR; B)
short axis cardiac magnetic resonance
views showing left ventricle subepi-
cardial LGE in the inferior and apical
lateral segments and abnormalities on
the T1 and T2 maps; on the upper right
of panel B the transthoracic echo short

axis showing increased echogenicity

of the lateral pericardium; C) resting
ECG performed 5 months before the

post-COVID evaluation; D) resting
ECG performed a month after the
post-COVID-19 evaluation.

ings. Blood tests revealed a C-reactive protein =1.9 mg/dL
(normal values <3 mg/dL) with white blood count within
normal limits and increased levels of high-sensitivity tropo-
nin (366 ng/L, normal values <6 ng/L). Due to the clinical
presentation and the elevation of high-sensitivity troponin,
a complete transthoracic echo was performed. It showed a

minimal pericardial effusion (2 mm) with hyperreflective
pericardial layers, normal biventricular function and no sig-
nificant heart valve disease. Due to the temporal correlation
between the symptom onset and the second dose vaccine,
the hypothesized diagnosis was acute myopericarditis as an
adverse reaction to the mRNA-1273 COVID-19 vaccine.

Figure 4.—A 21-year-old male admit-
ted to the Emergency Department after
the second dose of mRNA-1273 CO-
VID-19 vaccine. A, B) CMR, which
confirmed the diagnosis of acute
myopericarditis, with ejection fraction
52%, evidence of myocardial edema
in the mid-basal lateral wall and LGE
in the subepicardial region of the basal
inferolateral wall and mid-basal lateral
wall; C) serial ECGs showed T-wave
inversion in the lateral leads 2 days af-
ter the admission.
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Resting ECG Resting ECG
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Echocardiography | CMR |
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Figure 5.—Flow-chart of the suggested diagnostic tools to be used in
athletes prior to the return to play after a COVID-19 infection.

Therefore, the patient underwent CMR, which confirmed
the diagnosis of acute myopericarditis, with ejection frac-
tion 52%, evidence of myocardial edema in the mid-basal
lateral wall and LGE in the subepicardial region of the
basal inferolateral wall and mid-basal lateral wall (Figure
4A, B). The disease course was benign. Due to the patient
low-risk profile and the clear actiology of the myocarditis,
it was decided not to perform an endomyocardial biopsy.
Nonsteroidal anti-inflammatory drugs were introduced to
control chest pain, whereas colchicine was not introduced
due to the prevalent myocardial involvement. Serial ECGs
showed T-wave inversion in the lateral leads 2 days after
the admission (Figure 4C). Blood tests revealed an initial
increase in markers of myocardial injury (peak high-sensi-
tivity troponin 1414 ng/L and isozyme creatin-kinase MB
50 ng/mL) and C-reactive protein levels (peak 2.16 mg/
dL), with a decreasing trend until complete normalization
before the hospital discharge. The patient was discharged
on the 9th day of the in-hospital stay. As the patient was non-
elite athlete, he will be re-evaluted before returning to play.

Conclusions

Myocarditis and pericarditis are reported in no or mildly
symptomatic COVID-19 patient.”! Symptoms did not al-
ways seem to correlate with cardiac involvement, although
this latter is often present in patients with more-than-mild
COVID-19 symptoms.’! Therefore, cardiac evaluation of
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athletes after COVID-19 is recommended to exclude car-
diac complication. The best diagnostic tools to be used in
this setting remain to be determined. In athletes with no
or mild symptoms during SARS-CoV-2 infection, in the
absence of cardiac symptoms, a return-to-play screen-
ing based on medical history, physical examination, rest-
ing ECG, and exercise testing for ventricular arrhythmias
seems to be reasonable. Echocardiography, performed
by experienced physicians using strain imaging, ambula-
tory ECG monitoring, and eventually CMR should be per-
formed in case of abnormal findings. Conversely, in case
of more-than-mild symptoms during SARS-CoV-2 infec-
tion or in the presence of cardiac symptoms, the screen-
ing should be extended with the use of echocardiography
and ambulatory ECG monitoring, with CMR performed
in cases of suspected myocarditis (Figure 5). Spyrometry,
blood testing and cardiopulmonary exercise-testing might
be unnecessary in athletes who did not report COVID-19
respiratory-related symptoms.34 72 The same consider-
ations should be applied to cases of typical symptoms after
a dose of m-RNA-based vaccine.

Larger studies considering different populations of ath-
letes are neded to validate a cardiovascular protocol for a
safe return to play.
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