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BACKGROUND: Initial protocols for return to play cardiac testing in young competitive athletes following SARS-CoV-2 infection
recommended cardiac troponin (cTn) to screen for cardiac involvement. This study aimed to define the diagnostic yield of cTn
in athletes undergoing cardiovascular testing following SARS-CoV-2 infection.

METHODS AND RESULTS: This prospective, observational cohort study from ORCCA (Outcomes Registry for Cardiac Conditions
in Athletes) included collegiate athletes who underwent cTn testing as a component of return to play protocols following
SARS-CoV-2 infection. The cTn values were stratified as undetectable, detectable but within normal limits, and abnormal
(>99% percentile). The presence of probable or definite SARS-CoV-2 myocardial involvement was compared between those
with normal versus abnormal cTn levels. A total of 3184/3685 (86%) athletes in the ORCCA database met the inclusion criteria
for this study (age 20+1 years, 32% female athletes, 28% Black race). The median time from SARS-CoV-2 diagnosis to cTn
testing was 13 days (interquartile range, 11, 18 days). The cTn levels were undetectable in 2942 athletes (92%), detectable but
within normal limits in 210 athletes (7%), and abnormal in 32 athletes (1%). Of the 32 athletes with abnormal cTn testing, 19/32
(59%) underwent cardiac magnetic resonance imaging, 30/32 (94%) underwent transthoracic echocardiography, and 1/32
(83%) did not have cardiac imaging. One athlete with abnormal troponin met the criteria for definite or probable SARS-CoV-2
myocardial involvement. In the total cohort, 21/3184 (0.7%) had SARS-CoV-2 myocardial involvement, among whom 20/21
(95%) had normal troponin testing.

CONCLUSIONS: Abnormal cTn during routine return to play cardiac screening among competitive athletes following SARS-
CoV-2 infection appears to have limited diagnostic utility.
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phase of SARS-CoV-2 infection is both common
and prognostic of myocardial injury in hospital-
ized patients.! This finding emerged early during the
COVID-19 pandemic and stimulated concerns for

Elevation of cardiac troponin (cTn) during the acute

adverse cardiac sequalae in young competitive ath-
letes with SARS-CoV-2 infection.?® Accordingly, re-
turn to play (RTP) cardiac screening protocols were
developed to screen for SARS-CoV-2 cardiac in-
volvement.># Initial RTP screening recommendations
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suggested cardiac “triad testing” with a 12-lead ECG,
transthoracic echocardiography (TTE), and cTn testing
in all athletes with SARS-CoV-2 infection. In addition, it
was recommended that athletes with high-sensitivity
cTn values >99th percentile be managed as presump-
tive myocarditis, thereby necessitating extended re-
striction from exercise.®*

Subsequent data acquired from large cohort stud-
ies of young and otherwise healthy athletes undergoing
postinfectious RTP evaluation have established preva-
lence estimates of SARS-CoV-2 cardiac involvement
ranging from 0.5% to 3.0%.5~" Although the clinical sig-
nificance of SARS-CoV-2 cardiac involvement remains
incompletely delineated, available clinical surveillance
data document no associated adverse cardiac events.’
Lower than anticipated disease prevalence estimates
coupled with a paucity of corollary adverse outcomes
have led to revised RTP screening recommenda-
tions. RTP cardiac testing is how recommended only
for athletes with moderate or severe acute infectious
symptoms or cardiopulmonary symptoms on return to
exercise.®? This important shift, designed to reduce
low-yield testing, focused on who should be screened
with comparatively less emphasis on how screening
should be done. Data-driven refinements in post—
SARS-CoV-2 RTP screening protocols that maximize
diagnostic accuracy and reduce resource use are of
paramount importance. Unlike ECG and TTE, cTn has
not been rigorously examined as a screening tool nor
have normative data been established among young
competitive athletes. We therefore sought to examine
the prevalence and clinical relevance of abnormal cTn
among young competitive athletes undergoing cardiac
screening following SARS-CoV-2 infection.

METHODS

The data that support the findings of this study are
available from the corresponding author on reason-
able request. This prospective observational cohort
study included collegiate athlete data submitted to the
ORCCA (Outcomes Registry for Cardiac Conditions
in Athletes) from September 1, 2020, to November
1, 2021. A detailed description of the ORCCA study,
including definitions of SARS-CoV-2 myocardial and
myopericardial involvement, has previously been pub-
lished.” Athletes were included in this study if they had
confirmed SARS-CoV-2 infection by laboratory test-
ing and underwent cTn testing during RTP evaluation.
Troponin values were categorized as undetectable,
detectable/normal (<99% upper limit of normal [ULN]),
and abnormal (>99% ULN) per local institutional as-
says. Categorical variables are presented as number
(percentage), and continuous variables are presented
as mean (SD) or median (interquartile range [IQR]).
Mann-Whitney U tests and Fisher exact tests were
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used for comparisons of continuous and categorical
variables, respectively. Statistical analyses were per-
formed using R: A Language and Environment for
Statistical Computing (R Core Team, Vienna, Austria;
https://www.R-project.org/). This study was approved
by the Massachusetts General Brigham Institutional
Review Board (Protocol 2020P002667), and the need
for informed consent was waived.

RESULTS

A total of 3184/3685 (86%) athletes in the ORCCA da-
tabase (age 20+1 years, 32% female athletes, 28%
Black race) representing 44 colleges/universities had
cln testing performed during RTP cardiac screening.
Among athletes with known symptom status (n=2848),
32% were asymptomatic, 31% had mild symptoms,
26% had moderate symptoms, and 11% had cardio-
pulmonary symptoms during the initial infection or on
return to exercise. Median time from SARS-CoV-2 di-
agnosis to cTn testing was 13 days (IQR 11, 18 days)
with high-sensitivity cTn assays comprising 12% of
overall testing. The cTn levels were undetectable in
2942 athletes (92%), detectable but within normal lim-
its in 210 athletes (7%), and abnormal in 32 athletes
(1%; Figure 1), with 7/32 (22%) abnormal cTn values
measured with a high-sensitivity assay. The magni-
tude of elevation for abnormal troponins is presented
in Figure 2. A total of 3017/3184 athletes (95%) under-
went cardiac imaging: 2890 (91%) with TTE, 506 (16%)
with cardiac magnetic resonance imaging (CMR), and
379 (12%) with both.

Of 32 athletes, 19 (59%) with abnormal cTn testing
underwent CMR (median time from cTn to CMR 6 days
[IQR 3, 9 days]), 30/32 (94%) underwent TTE, and 1/32
(3%) did not have cardiac imaging. Of the athletes who
underwent CMR, 18/19 (95%) had unremarkable im-
aging, whereas 1 met criteria for definite or probable

Total Athlete Cohort
Undergoing Preparticipation
Cardiac Testing
(n=3685)

l

Athletes with Troponin
Inclusive Testing
(n=3184)

l
! I

Troponin Within Normal Limits* Abnormal Troponin
(n=3152) 99% (0=32) 1%

Definite or Probable Definite or Probable
Myocardial Myocardial
Involvement Involvement

(n=20) (n=1)

Figure 1. Results of troponin-inclusive return to play
testing in athletes.
*Includes undetectable (n=2942) and detectable (n=210).
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Figure 2. Magnitude of troponin elevation in athletes with abnormal troponin levels.

A, High-sensitivity troponin assays. B, Traditional troponin assays. Red dots indicate probable or definite
SARS-CoV-2 myocardial involvement. Purple dots = athletes with abnormal troponin but no evidence of
probable or definite SARS-CoV-2 myocardial involvement; Red dots = athletes with abnormal troponin
and evidence of probable or definite SARS-CoV-2 myocardial involvementHs indicates high sensitivity;

Trop, troponin; Trop-I, troponin-I; Trop-T, troponin-T; and ULN, upper limit of normal.

SARS-CoV-2 myocardial involvement.” No significant
differences were identified in the presence of cardio-
pulmonary symptoms (9.4% versus 9.8%; P=0.999)
or the time from initial infection to cTn testing (median
14 days [IQR 11, 18 days] versus 13 days [IQR 11, 18
days]; P=0.924) between athletes with abnormal ver-
sus undetectable or detectable/normal cTn values.

In the total cohort, definite or probable SARS-
CoV-2 myocardial involvement was found in 21/3184
(0.7%) athletes, of whom 20/21 (95%) had normal cTn
values. The exception was an asymptomatic athlete
with a borderline elevated high-sensitivity cTn value of
20 ng/L (laboratory ULN <20; Figure 2) and a CMR that
demonstrated increased T2 signal intensity consistent
with edema but with no late gadolinium enhancement
or left ventricular dysfunction.

DISCUSSION

This study examined the yield of cTn testing among
young competitive athletes during RTP cardiac screen-
ing following SARS-CoV-2 infection. Key findings and
their clinical and scientific implications can be sum-
marized as follows. First, 1% of athletes had abnor-
mal cTn values following SARS-CoV-2 infection, with
only 1 athlete having evidence of cardiac involvement.
Several complementary plausible explanations for this
observation are noteworthy. As physiologic cTn eleva-
tion is common among healthy people without underly-
ing heart disease after even modest bouts of exercise,
we suspect that some proportion of the observed cIn

elevations are attributable to this phenomenon.’® In ad-
dition, there exist no published cTn reference stand-
ards that account for age, sex, and habitual physical
activity pattern among young competitive athletes. It is
therefore possible that laboratory reference standards
derived from alternative source populations are not
appropriate for use in this context. Second, these re-
sults suggest that the majority of abnormal cTn values
in this cohort are likely unrelated to underlying SARS-
CoV-2 myocardial involvement. This finding draws into
question the role cTn testing as a screening tool during
post-SARS-CoV-2 RTP evaluation in this population.
Although cTn testing likely provides important clinical
information among the small minority of athletes who
present with a clinical syndrome suggestive of myocar-
ditis,'" its use as a screening modality in patients with
a low pretest probability of clinical myocarditis appears
limited and should be discouraged. Our results should
inform future RTP screening recommendations for ath-
letes after SARS-CoV-2 infection.

Limitations

This study has several important limitations. First,
evolving RTP recommendations throughout the study
period may have contributed to variability of cardiac
screening practices among participating institutions.
However, this unavoidable reality would not be ex-
pected to impact the relationships between cTn and
accompanying clinical data. Second, although we ac-
knowledge that cTn assays varied across participating
institutions, we attempted to account for this potential
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source of variability by using individual laboratory’s
99th percentile values. Third, cTn levels were drawn
a median of 13 days (IQR 11, 18 days) from infection
onset, and therefore the possibility exists that early
elevations in cTn related to acute infection may have
resolved before testing. Fourth, physical activity levels
and the timing of this in relation to cTn testing was not
available. Finally, an important minority of athletes with
elevated cTn (13/32) values did not undergo CMR to
assess for SARS-CoV-2 myocardial involvement, and
thus cases of myocardial involvement could have been
missed. However, 12 of these 13 athletes underwent
TTE without findings to suggest clinically relevant
SARS-CoV-2 myocardial involvement.

CONCLUSIONS

Findings from this study suggest that cTn testing during
routine RTP cardiac screening following SARS-CoV-2
infection is of limited diagnostic utility, particularly in
athletes with a low pretest probability of clinical myo-
carditis. Future iterations of postinfectious RTP cardiac
testing recommendations should consider endorsing
a more limited role of cTn testing confined to athletes
with high clinical pretest probability of disease. Defining
normal cTn reference ranges in young athletic popula-
tions represents an important area of future work.

APPENDIX
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