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ABSTRACT

Objectives Quantification of pericardial/myocardial
involvement and risks of sudden cardiac arrest/sudden
cardiac death (SCA/SCD) after SARS-CoV-2 infection in
athletes who return to sports.

Design Systematic review on post-SARS-CoV-2 infection
pericardial/myocardial manifestations in athletes.

Data sources Combinations of key terms in Medline,
Embase and Scopus (through 2 June 2021).

Eligibility criteria for selecting studies Inclusion:
athletes, with cardiovascular magnetic resonance (CMR)
or echocardiography after recovery from SARS-CoV-2
infection, including arrhythmia outcomes. Exclusion: study
population >1 individual comorbidity and mean age <18 or
>64 years. Quality assessment was performed using
Joanna Briggs Institute Critical Appraisal tools checklists.
Results In total, 12 manuscripts (1650 papers

reviewed) comprising 3131 athletes (2198 college/
student athletes, 879 professional athletes and 54 elite
athletes) were included. The prevalence of myocarditis on
echocardiography and/or CMR was 0%—15%, pericardial
effusion 0%—58% and late gadolinium enhancement (LGE)
0%—46%. Weighted means of diagnosed myocarditis were
2.1% in college/student athletes and 0% in elite athletes.
The prevalence of LGE was markedly lower in studies

with high-quality assessment scores (3%—4%) versus low
scores (38%—42%). A single study reported reversibility

of myocardial involvement in 40.7%. No important
arrhythmias were reported. Ten studies (n=4171) reporting
postrecovery troponin T/l found no clear relationship with
cardiac abnormalities.

Summary/conclusion Athletes have an overall low
risk of SARS-CoV-2 pericardial/myocardial involvement,
arrhythmias and SCA/SCD. Rates of pericardial/myocardial
abnormalities in athletes are highly variable and dependent
on study quality. Troponin screenings seem unreliable

to identify athletes at risk for myocardial involvement.
Prospective athlete studies, with pre-SARS-CoV-2 imaging
(CMR), including structured follow-up and arrhythmia
monitoring, are urgently needed.

INTRODUCTION

SARS-CoV-2 has spread globally and was
declared a pandemic by the WHO on 11
March 2020.' Most studies performed early in

Key messages

What is already known

» Rates of sustained cardiac involvement after SARS-
CoV-2 recovery have been reported to be highly
variable in both symptomatic and asymptomatic
athletes.

» Physical exercise is thought to be associated with
a worsening of prognosis in viral myocarditis in
general.

» Risk of potentially fatal arrhythmias in athletes with
cardiac involvement after recovery from SARS-
CoV-2 is largely unknown.

» No clear consensus exists on how to screen for
post- SARS-CoV-2 cardiac abnormalities, and exist-
ing consensus documents include different diagnos-
tic modalities (ECG, imaging and biomarkers) and
cut-offs.

What are the new findings

» Athletes have an overall low risk (0%—5%) of SARS-
CoV-2 pericardial/myocardial involvement, with no
reported arrhythmias or sudden cardiac arrest/sud-
den cardiac death.

» Rates of pericardial/myocardial abnormalities in ath-
letes are highly variable per study and dependent on
study quality, with higher quality studies reporting
rates of 3%—4%.

» Troponin screenings are unreliable to identify ath-
letes at risk for myocardial involvement.

» Prospective athlete studies, with pre-SARS-CoV-2
CMR, including structured follow-up and arrhythmia
monitoring, are urgently needed.

the pandemic focused on cardiac complica-
tions in hospitalised and severely ill patients,
but recently, there has been marked interest
in SARS-CoV-2 cardiac complications and
sequelae in young and healthy individuals,
including athletes.”

The initial studies in asymptomatic athletes
or athletes with a mild or moderate course
of illness reported considerable sustained
cardiac involvement after recovery from
SARS-CoV-2 infection. Later studies have not
replicated these findings. Considering that
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physical exercise has been associated with a worsening
of prognosis in viral myocarditis,”” cardiac involvement
in athletes who have recovered from SARS-CoV-2 infec-
tion is of particular relevance, and a clear scope of the
problem is needed.

Multiple return-to-play consensus statements have been
published to assist clinicians in screening for SARS-CoV-2
cardiac abnormalities.”” These consensus statements are
likewise highly variable and include different diagnostic
modalities (eg, ECGs, exercise tests, Holter monitoring,
troponin levels and echocardiography) and cut-offs.
Numerous statements place emphasis on serum troponin
levels, as they have been observed to be elevated in severely
ill patients as compared with those with milder COVID-
19" and negatively correlated with prognosis.""™* Yet,
little is known about the efficacy of such screenings.'” '°
Finally, the risk of potentially fatal arrhythmias in athletes
with cardiac involvement after recovery from SARS-CoV-2
remains largely unknown.

We therefore aimed to address the following research
questions: in athletes recovered form SARS-CoV-2 infec-
tion: (1) what is the prevalence of SARS-CoV-2 cardiac

involvement (as found using imaging investigations),
stratified by study quality?; (2) what is the incidence of
ventricular tachyarrhythmia’s (and SCA/SCD) in athletes
with documented cardiac involvement?

We performed a systematic search, review and quality
assessment to provide a comprehensive overview of
myocardial and pericardial involvement after SARS-CoV-2
infection, long-term cardiac sequelae after infection and
risks of sudden cardiac arrest/sudden cardiac death
(SCA/SCD) in athletes.

METHODS

Literature search

We conducted a systematic search strategy according
to Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines'’ (PROSPERO
ID:CRD42021233964). The comprehensive electronic
search was performed in Medline (Ovid), Embase (Ovid)
and Scopus (final update 2 June 2021), with combined
terms or synonyms for: COVID-19, SARS-CoV-2, cardio-
vascular imaging, cardiac MRI, echocardiography, SCD,
athletes, (young) adults and arrhythmias (figure 1).

Records excluded

Review/case reports (n = 425)
Wrong study population (n = 356)
Not aged 12-64 (n = 44)

»| No CMR/echocardiography findings

reported (n = 215)

Not recovered (n = 56)
Other: no COVID-19, animal, expert
opinion, no original data, etc. (n = 146)

Full-text articles excluded,

Review (n = 6)
Case reports (n=9)
No CMR/echocardiography findings
reported (n = 10)

Not recovered (n = 12)

Wrong study population (n=7)
Other: animal, expert opinion, no
original data, etc. (n = 15)

Figure 1
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PRISMA 2009 flow chart describing selection of studies included in the systematic review."” CMR, cardiovascular

magnetic resonance; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Conference abstracts from Embase (Ovid) were included
to identify unpublished studies. Subsequently, we
performed manual citation and reference searching of
the included studies in Google Scholar. The full search
strategy can be found in online supplemental file 1.

Study selection

We included studies when they: 1) contained clinical
data on athletes recovered from SARS-CoV-2 infection,
(2) reported cardiovascular imaging by either cardiovas-
cular magnetic resonance (CMR) or echocardiography,
(3) performed investigations after SARS-CoV-2 infec-
tion, with emphasis on arrhythmia outcomes. Athletes
were defined as individuals of young or adult age, either
amateur or professional, who engage in regular exercise
training and participate in official sports competitions.
College/student athletes were defined as individuals
of young age, who participate in organised competitive
sports sponsored by the educational institution in which
the student is enrolled, and elite athletes, (national
team, Olympians, and professional athletes) were
defined as athletes who generally exercise >10hours/
week.'® Exclusion criteria were: (1) study population
with >1 mean individual comorbidities, (2) mean age of
total study population <18or >64years, (3) no original
data reported and (4) case reports. Two investigators
(JGvH and JLS) independently screened and assessed all
identified manuscripts. Discrepancies were resolved by
discussion between the two reviewers and external team-
based expert'? opinion, until consensus was reached.

Outcomes

Our primary outcome of interest was myocardial and/or
pericardial abnormalities/manifestations as documented
using CMR or echocardiography, in athletes recov-
ered from SARS-CoV-2 infection. Secondary outcomes
included arrhythmias (if reported) and SCA/SCD and
potential associations between imaging abnormalities
and serum troponin levels.

Data extraction

First, we extracted data on authors, demographic find-
ings, sample sizes, time to imaging, clinical features,
elevated troponin levels (according to individual study-
defined cut-offs), reported arrhythmias or SCA/SCD
and time of investigation/duration of follow-up (FU).
Second, we extracted data on CMR findings, which
included rates of elevated T1 time and elevated T2 time.
In short, both T1 and T2 times are calculated using an
MRI technique for myocardial tissue characterisation. An
increased T1 time can be indicative for cardiomyopathies
and increased T2 times for myocardial inflammation. We
also extracted data of pericardial effusion (PE) according
to individual study-defined cut-offs, pericardial enhance-
ment and presence of late gadolinium enhancement
(LGE). In short, LGE demonstrated regional differences
in myocardial extracellular volume, and abnormal uptake
and washout patterns (myocardial, non-ischaemic,

pericardial, hingepoint or other) within the extracel-
lular space, such as seen in myocardial inflammation
and fibrosis. In addition, we extracted the criteria used
to diagnose myocarditis (if reported) and the amount of
diagnosed myocarditis. Third, we extracted data on echo-
cardiographic findings, which included left ventricular
(LV) end-diastolic diameter (EDD), LV ejection fraction
(LVEF), right ventricle (RV) ejection fraction (RVEF),
right ventricle function/tricuspid annular plane systolic
excursion (TAPSE) (ie, right ventricular longitudinal
contraction or shortening, a measure of right ventric-
ular function), LV and RV global longitudinal strain
(GLS) (ventricular deformation patterns), early to late
diastolic transmitral flow velocity (E/A), ratio of early
diastolic mitral inflow velocity/ tissue velocity (E/¢’),
segmental wall motion abnormalities, PE (according
to study-defined cut-offs) and systolic pulmonary artery
pressure. Two independent reviewers extracted the rele-
vant data, which was stored in a Microsoft Excel database
and exported to R for statistical analysis.

Statistical methods and quality assessment
Data are presented as means and SD, medians with IQR
and weighted means (for data synthesis), as appropriate.”’
Statistical analyses were performed using R (V.1.3.1993).
Data quality was assessed using the Joanna Briggs Insti-
tute Critical Appraisal tools checklists®’ by two authors
independently. Discrepancies were resolved after joint
article review and discussion. The relationship between
data quality and severe cardiac abnormalities, defined as
LGE and PE on CMR, was subsequently plotted.

RESULTS

The initial search yielded 1650 papers. After extensive
review, we included a total of 12 manuscripts comprising
3131 recovered post-SARS-CoV-2 athletes. Except for the
study by Gervasi et al,** all studies were cross-sectional
or retrospective and did not include pre-SARS-CoV-2
imaging. Study and demographic characteristics of the
respective studies are shown in table 1 for studies using
CMR as their primary imaging modality, and in table 2
for studies using echocardiography as their primary
imaging modality. Overall, median age of all study partici-
pants was 22years (IQR 18-41); 36% were women. In five
studies comprising 268 athletes including study controls
CMR was performed; in three studies comprising 897
athletes including study controls echocardiography was
performed; in four studies comprising 1968 athletes
including study controls both CMR and echocardiog-
raphy were performed. COVID-19 was diagnosed by
real-time reverse transcriptase PCR in seven studies, by
antibody testing in two studies and in two studies by one
of the two; one study (Cavigli et af*) study did not report
diagnostic tests. All included athletes had recovered from
SARS-CoV-2 infection, of which 0.1% recovered in-hos-
pital and 99.9% at home. Two studies (Gervasi ¢t al and
Cavigli et al) reported arrhythmia outcomes, and one
study (Moulson et al’*) reported a resuscitated SCA after
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recovery. Only one study (Daniels et a/”) reported struc-
tured FU.

Risk of bias

Relevant checklists according to the Joanna Briggs Insti-
tute Critical Appraisal tools were applied (eight cohort
studies, two cross-sectional studies, one case series and
one case—control study). Detailed quality assessment for
individual studies can be found in online supplemental
file 1. The risk of bias was the highest in the cohort
studies of Rajpal et af’® and the cross-sectional study of
Brito et al”” The risk of bias was the lowest in the case—
control study of Gervasi et al’”® and the case-series study of
Starekova et al® Other prevalent methodological issues
in the cohort studies were not adequately reporting if
the participants were free of outcomes at the start of the
study (8/8), not reporting completion of FU or reasons
for incomplete FU (7/8) and not reporting strategies
used to address incomplete FU (7/8).

CMR findings

Studies including CMR are outlined in table 1; main
myocardial and pericardial findings are summarised in
table 3. Figure 2 illustrates the prevalence of total LGE
stratified by risk of bias, and figure 3 illustrates the
prevalence of PE stratified by risk of bias. Median time
interval from symptom onset to CMR examination was 32
(IQR 11-194) days. In nine studies in 2477 athletes and
study controls, the weighted mean for the prevalence
of elevated (according to study-defined cut-offs) T1 was
1.5%, elevated T2 was 2.5%, LGE including hinge-point
fibrosis was 4.9%, LGE excluding hinge-point fibrosis was
2.6% and PE 11.3%. The weighted mean for the preva-
lence of active myocarditis according to the Lake Louise
criteria (LLC)% or modified LLC* was 1.9%.

Athletes
In total nine studies reported findings in 2360 athletes
(2326 student/college athlete, and 34 elite athletes),
whereof 22% were asymptomatic, 59% had mild, 19%
had moderate and 0.2% severe symptoms. The weighted
overall mean for the prevalence of elevated T1 was 1.5%,
T2 2.6%, LGE 5.4% (six studies reported only total LGE
with no specification whether this was myocardial or
pericardial), LGE excluding hinge-point fibrosis 2.6%,
PE 11.3%, myocardial LGE (if reported) 1.9% and peri-
cardial LGE (if reported) 18.7%. Overall, 2.0% met the
LLC for myocarditis, of which 2.1% in college/student
athletes, and 0% in elite athletes. Daniels et al and Stare-
kova et alreported both one athlete with pericarditis, and
Moulson et al reported one athlete with peri-myocarditis.
We observed considerable differences between individual
studies, ranging from no myocardial involvement (Vago
et al) to 15% (Rajpal et al’®). Hendrickson et al’' reported
CMR findings in only five athletes, with no abnormal
findings detected by CMR.

Most studies reported the presence of PE using a cut-
off of 10mm; Brito et al’ applied 5mm as their cut-off.

Consequently, Brito et al reported (in college athletes)
the highest prevalence of PE (58%). Of note, they also
reported significantly higher rates of pericardial LGE in
asymptomatic athletes as compared with symptomatic
athletes (82% vs 27%, p=0.003). In elite athletes specif-
ically, Vago et af’® reported no abnormal T1, T2 or LGE,
or myocarditis (LLC). Also in elite athletes, Malek et al?
reported no abnormal T1 but elevated T2 in 4%, LGE
in 4% and PE in 8%. Moulson et al only reported CMR
values of 21 athletes with pericardial/myocardial involve-
ment and not in the total CMR population (n=312). The
largest (survey) study (Daniels et al”®) reported that 37
(2.3%) athletes met diagnostic criteria for myocarditis.
Interestingly, these 37 CMR-identified subclinical poten-
tial cases of myocarditis included 20 athletes without
cardiovascular symptoms and with normal ECGs, echo-
cardiography and troponin test results. When compared
with alternative diagnostic strategies, the CMR strategy
resulted in a 7.4-fold diagnostic increase compared with
the symptom driven strategy, and a 2.8-fold increase
compared with the ECG, echocardiogram and troponin
strategy. In addition, the survey study by Daniels et al”® was
the only study to report FU CMRs in 73% of individuals
with clinical or subclinical myocarditis, with the second
CMR taking place between 4 and 14weeks after confir-
mation of SARS-CoV-2 infection. Complete resolution of
both T2 mapping and LGE was found in 40.7% of these
individuals; resolution of T2 mapping abnormalities but
persistent LGE was found in 59.3%. No other FU data,
such as results from arrhythmia monitoring, was reported
in this study.

Study controls (healthy and/or athletes)

In total, two studies reported findings in 117 controls (15
age-matched and sex-matched elite athletes, 42 healthy
controls and 60 athletic controls). The weighted overall
mean for the prevalence of elevated T1 was 0%, T2 was
0%, LGE including hinge-point fibrosis was 8.5%, LGE
excluding hinge-point fibrosis was 0%, PE not reported
and 0% met the LLC for myocarditis. Clark et al,?’4
reported no values for T1 and T2 but 24% (n=10) athletic
controls with hinge-point fibrosis.

Echocardiography findings

Study and demographic characteristics of studies using
echocardiography as their main imaging modality with
level of evidence are summarised in table 2. The median
time interval from symptom onset to echocardiography
was 27 (IQR 3-156) days. The most frequently reported
echocardiography parameters were LVEF, TAPSE and
PE. In seven studies comprising 2606 athletes and study
controls, the weighted mean for LVEF was 50.8%, TAPSE
19.9mm and the prevalence of PE 0.6%.

Athletes

In total, six studies reported findings in 2574 athletes
(1677 student athletes, 879 professional athletes and 18
elite athletes), in which 36% were asymptomatic, 60%
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CMR, cardiovascular magnetic resonance.

had mild symptoms, 4% had moderate symptoms and 0
had severe symptoms. The weighted mean for LVEF was
50.7%, for TAPSE 19.5mm and for the prevalence of
PE 0.6%. Brito et al”’ reported no significant differences
between asymptomatic and symptomatic student athletes
for LVEF (p=0.5) and PE (p=0.5). They identified three
so-called phenotypic student athlete groups: mild peri-
cardial disease, pericardial disease and mild myocardial
disease on CMR. In a hierarchical clustering analysis,
these groups were associated with GLS <-16% on echo-
cardiography. Furthermore, Hendrickson et alb! reported
only a trace of PE in 4 (2.9%) athletes, with further
normal evaluations. Gervasi e al* reported no significant
differences between COVID-19 positive soccer players
and COVID-19 negative soccer players for LVEF (p=0.55)
and TAPSE (p=0.69). In addition, Moulson et al** only
reported echocardiography data in 21 athletes with peri-
cardial/myocardial involvement. Only those athletes
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Figure 3 Total % of pericardial effusion (PE) detected
on CMR stratified by risk of bias based on the quality
assessment score. Each circle represents a single study.
The area of the sphere represents the size of the study
population. PE, pericardial effusion.

could therefore be included in the data synthesis, instead
of the total echocardiography population (n=2231). The
study of Daniels et al”® reported one athlete with symp-
toms of dyspnoea, with decreased LVEF (35%-40%)
on echocardiography and CMR. Additionally, Martinez
et al” reported sixcases of pericarditis/myocarditis
(confirmed on CMR) of which four had abnormal echo-
cardiography findings (‘small’ (not further defined) PE,
LVEF 50%, new region wall abnormalities/preserved
LVEF and dilated RV). Finally, Cavigli et al® reported
PE in three athletes with symptomatic SARS-CoV-2
infections, of which one confirmed myopericarditis and
two cases of pericarditis.

Study controls (healthy and/or athletes)

In total two studies reported findings in 32 athletic
controls. The weighted overall mean LVEF was 60.2%), for
TAPSE -20.5 and for the prevalence of PE 0%. Gervasi et
al did not report strain and PE values.

Arrhythmias and SCA/SCD

Within a setting of a non-systematic FU period of 113
days, the large cohort of Moulson et al (n=2820) demon-
strated no instances of SCD, and only one (0.04%)
resuscitated SCA. The case of SCA had a prior CMR,
performed 17 days after onset of symptoms of COVID-19,
without findings suggestive of acute cardiac involvement.
The authors conclude that the aetiology of this event was
considered uncertain and likely unrelated to COVID-
19. No arrhythmia monitoring was performed during
FU. Gervasi et al reported arrhythmia outcomes: one
athlete (5.6%) had ventricular premature beats (VPBs)
during exercise and one athlete (5.6%) had supraven-
tricular premature beats (SVPBs) during exercise, which
were not present at exercise testing prior to SARS-CoV-2
infection. Holter monitoring was only performed post-
recovery and demonstrated rare or occasional, isolated
SVPB and/or VBP in all athletes. In addition, Cavigli et al
reported arrhythmia outcomes: 24-hour ambulatory ECG
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monitoring showed isolated VPBs and SVPBs in 53.3%
and 52.5%, respectively, with no malignant arrhythmias.
During CPET, neither VPBs nor ST segment or T wave
abnormalities were found, except for an athlete showing
isolated VPBs and couplets (RBBB configuration with
wide QRS-complex) at peak exercise and immediately
after exercise. In this athlete, echocardiography demon-
strated the presence of mild pericardial effusion and
CMR was found to be suggestive for myopericarditis.

Troponin and cardiac abnormalities

In total, 10 studies comprising 4171 athletes and study
controls reported serum troponin T or I levels. In studies
reporting CMR-documented cardiac abnormalities, the
weighted mean of elevated troponin levels (according to
individual study cut-offs) was 0.65% in athletes and 0%
in controls. The weighted mean for elevated troponin
levels in echocardiography studies (at time of echocar-
diography) was 0.25% in athletes and 0% in controls.
Moulson et alreported an elevated troponin level in 0.9%
of the entire cohort (n=2719) but did not report any asso-
ciation with CMR or echocardiography abnormalities.
Gervasi el al and Clark et al did not report troponin levels
in study controls. No study reported a clear relationship
between elevated troponin levels and cardiac abnormali-
ties on imaging investigations.

DISCUSSION

Our systematic review addressing cardiac abnormalities
in athletes recovered from SARS-CoV-2 infection found
marked heterogeneity in investigations, study popu-
lations and methodology. The majority of abnormal
pericardial/myocardial findings were reported by studies
performing CMR as part of their investigations. Overall,
myocardial abnormalities on CMR such as myocardial
LGE and confirmed myocarditis (LLC) was reported in
0%-15% of cases. Pericardial abnormalities such as PE
and pericardial LGE were reported in 0%-57% (CMR) of
cases. In the total population, myocarditis was reported
on echocardiography and/or CMR in 0%-15%, PE in
8%—-58% and LGE in 0%-46%. Importantly, our findings
also demonstrate that lower quality studies tended to
report considerably higher rates of abnormalities (38%—
42%). Studies with higher quality assessment scores
showed a somewhat greater agreement in proportions of
athletes with LGE (0%-5%) after SARS-CoV-2 infection.
As such, our review highlights that emergent, small, low-
quality studies should be interpreted with caution and a
need for prospective, large athlete cohort studies with a
low risk of bias.

Clinical implications

This review demonstrates that the incidence of post-SARS-
CoV-2 myocardial abnormalities detected on CMR is low
and that CMR is the most sensitive diagnostic modality
to detect myocardial abnormalities in athletes. As such,
using CMR as a screening modality to detect potential
SARS-CoV-2 myocardial abnormalities warrants further

investigation. Additionally, while no studies systemat-
ically performed extensive arrhythmia monitoring in
individuals with clear myocardial abnormalities, these
studies also report no clear cases of SCA/SCD. There-
fore, until prospective studies have been published,
systematic (arrhythmia) monitoring is recommended in
athletes with myocardial abnormalities after SARS-CoV-2.
Finally, and perhaps most relevant for sports physicians
directly involved in RTS in athletes, troponin screen-
ings outside of specific clinical contexts (ie, cardiac
complaints or other diagnostic abnormalities) should
not occupy a central place in return-to-play strategies.

FU CMR was reported in only one study (Daniels et
al) and demonstrated complete reversibility in approx-
imately 40% of individuals diagnosed with myocarditis.
Two studies (Gervasi et al and Cavigli et al) investigated
arrhythmia outcomes, with only a single athlete demon-
strating couplets at peak effort and in early recovery; this
athlete was consequently diagnosed with myopericarditis.
One study reported a single instance of resuscitated SCA
likely unrelated to COVID-19, with no abnormalities on
a prior CMR performed after SARS-CoV-2 infection. No
study reported a clear relationship between elevated
troponin levels and cardiac abnormalities on imaging
investigations. Based on the currently available data,
the short-term risk for post-COVID-19 SCA/SCD due to
arrhythmias caused by myocardial inflammation appears
to be poorly investigated, yet reported numbers are
low, and the propensity for SARS-CoV-2 pericardial and
myocardial involvement variable.

Although physical activity is thought to negatively
influence prognosis in athletes with pericarditis and
myocarditis,” the rate of myocarditis in athletes after
SARS-CoV-2 infection appears low. Overall, athletes were
asymptomatic (36%) or had mild symptoms (59%),
which may be reflected in the low rates of myocardial
injury. FU data in athletes who continue to perform
sports after SARS-CoV-2 infection is needed to further
elucidate a potential interaction between physical activity
and myocardial involvement.

All CMR studies were cross-sectional or retrospective,
and only a single study with a small sample size (n=18)
performed comparative echocardiography analyses with
pre- SARS-CoV-2 infection imaging. While it seems plau-
sible that athletes who fulfil the LLC for myocarditis
shortly after infection with SARS-CoV-2 have SARS-CoV-2
myocardial involvement, a recent study in healthcare
workers has questioned whether such abnormalities are
more common in individuals recovered from SARS-CoV-2
infection when compared with an adequate control
group.” Therefore, caution is advised before attrib-
uting (isolated) cardiac abnormalities to SARS-CoV-2.
Ideally, to rule out pre-existent abnormalities due to
other causes, imaging studies in athletes with pre-existing
CMRs should be performed, preferably in well-defined
groups as opposed to all comers in imaging centres, with
core-lab assessment of all imaging studies. Furthermore,
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considering the potential reversibility of pericardial/
myocardial abnormalities reported by Daniels et al, the
extent, and time course and long-term reversibility has
yet determined.

Echocardiography findings in our study population
did not demonstrate a high prevalence of major cardiac
abnormalities, or significant differences compared with
in-study controls. Of note, only Brito et alreported a high
prevalence of pericardial LGE in athletes. Surprisingly,
after multimodality adjudication, they demonstrated an
association between GLS <-16% on echocardiography
and pericardial/myocardial abnormalities on CMR. First,
as GLS is mainly a myocardial parameter, this association
hints at possible pericardial/myocardial involvement,
not detectable on CMR. Second, while GLS could poten-
tially be a promising tool to identify COVID-19 associated
pericardial/myocardial involvement, this finding has not
yet been replicated in other studies, and hence such a
strategy should not be implemented in routine care for
post-COVID-19 athletes. Second, Martinez et af” reported
four (of six) cases with abnormal echocardiography (with
varying findings) and confirmed pericarditis/myocarditis
on CMR. However, they only performed CMRs in athletes
with a suspicion of pericardial/myocardial involvement
after return-to-play screening, and it is unclear whether
athletes without conventional screening abnormalities
also had CMR abnormalities. Therefore, according to
our findings, screening echocardiography should be
used with caution to perform rule-outs for subclinical
myocarditis.

Several groups have speculated on causes for SCA/SCD
related to COVID-19, such as possible proarrhythmic
genetic predisposition or comorbidities that potentially
increase the risk of drug-induced and hypoxia-induced
ventricular arrhythmias/ SCD.% Yet, while the studies
identified by our systematic review extensively investi-
gated and reported myocardial abnormalities as found
using CMR, none of these studies performed a struc-
tured investigation of potential arrhythmias. One study
(Gervasi et al) found no clinically important arrhythmias
in 18 football players. However, in addition to the small
sample size, this study did not include CMR to document
myocardial abnormalities. One study (Moulson et al)
reported a resuscitated SCA (likely unrelated to SARS-
CoV-2) with no abnormal findings on prior CMR after
SARS-CoV-2 infection. Hence, these findings cannot
readily be extrapolated to athletes with potential or
suspected myocardial involvement after COVID-19.

The majority of the studies included in our systematic
review determined troponin levels after recovery from
COVID-19. Of import, no single paper reported a statis-
tically significant association between elevated serum
troponin levels and CMR or echocardiography abnor-
malities. Therefore, the use of serum troponin after
recovery to predict SARS-CoV-2 myocardial involvement
remains questionable, with the potential for both false
negative and false positive outcomes. According to our
findings, troponin testing should not occupy a central

place in return-to-play algorithms, and only be applied in
appropriate (expert) clinical settings.

Strengths and limitations

There are several strengths to our study. First, we
performed a systematic search through multiple data-
bases, including articles ahead-of-print. Second, data
extraction was rigorously performed to report each diag-
nostic finding. Third, we were able to stratify and weight
main findings according to athlete level and recovery
location (in-hospital or/and at home). Finally, all studies
underwent extensive quality assessment, enabling us to
stratify central findings according to study quality.

A number of aspects of our systematic review warrant
consideration. First, the majority of the studies included
in our review were found to have risk of bias. However,
the scarcity of data on this topic in an emerging pandemic
makes this a currently unavoidable bias. Second, we did
not include case reports in our systematic review, as these
included non-athletes with high rates of comorbidities,
and because such reports have an intrinsic selection bias.
Third, the data across the identified studies was hetero-
geneous, which limits generalisability. Fourth, the time
interval between symptoms onset to cardiac imaging was
too variable to allow for a cumulative analysis. Finally, we
focused on late complications including late arrhythmias
(ie, post-COVID-19) and not on the arrhythmia burden
during an active SARS-CoV-2 infection.

CONCLUSION

Our systematic review on athletes recovered from
COVID-19 confirms that infection with SARS-CoV-2
is associated with an overall low risk of pericardial/
myocardial involvement, arrhythmias and SCA/SCD.
Individual studies show a highly variable degree of peri-
cardial and myocardial abnormalities on CMR, which is
associated with study quality. CMR appears to be more
sensitive to detect (potentially relevant and reversible)
post-COVID-19 pericardial/myocardial abnormalities.
The extent, time course and potential reversibility of
SARS-CoV-2 cardiac abnormalities remain inconclu-
sive. Routine serum troponin screenings after recovery
appear unreliable in identifying individuals at risk for
such involvement. Prospective studies, preferentially with
pre-SARS-CoV-2 imaging (CMR), in larger, well-defined
populations, including longer term FU and arrhythmia
monitoring, are urgently needed.
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