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IMPORTANCE The major North American professional sports leagues were among the first to
return to full-scale sport activity during the coronavirus disease 2019 (COVID-19) pandemic.
Given the unknown incidence of adverse cardiac sequelae after COVID-19 infection in
athletes, these leagues implemented a conservative return-to-play (RTP) cardiac testing
program aligned with American College of Cardiology recommendations for all athletes
testing positive for COVID-19.

OBJECTIVE To assess the prevalence of detectable inflammatory heart disease in professional
athletes with prior COVID-19 infection, using current RTP screening recommendations.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study reviewed RTP cardiac testing
performed between May and October 2020 on professional athletes who had tested positive
for COVID-19. The professional sports leagues (Major League Soccer, Major League Baseball,
National Hockey League, National Football League, and the men’'s and women'’s National
Basketball Association) implemented mandatory cardiac screening requirements for all
players who had tested positive for COVID-19 prior to resumption of team-organized sports
activities.

EXPOSURES Troponin testing, electrocardiography (ECG), and resting echocardiography were
performed after a positive COVID-19 test result. Interleague, deidentified cardiac data were
pooled for collective analysis. Those with abnormal screening test results were referred for
additional testing, including cardiac magnetic resonance imaging and/or stress
echocardiography.

MAIN OUTCOMES AND MEASURES The prevalence of abnormal RTP test results potentially
representing COVID-19-associated cardiac injury, and results and outcomes of additional
testing generated by the initial screening process.

RESULTS The study included 789 professional athletes (mean [SD] age, 25 [3] years; 777 men
[98.5%]). A total of 460 athletes (58.3%) had prior symptomatic COVID-19 illness, and 329
(41.7%) were asymptomatic or paucisymptomatic (minimally symptomatic). Testing was
performed a mean (SD) of 19 (17) days (range, 3-156 days) after a positive test result.
Abnormal screening results were identified in 30 athletes (3.8%; troponin, 6 athletes [0.8%];
ECG, 10 athletes [1.3%]; echocardiography, 20 athletes [2.5%]), necessitating additional
testing; 5 athletes (0.6%) ultimately had cardiac magnetic resonance imaging findings
suggesting inflammatory heart disease (myocarditis, 3; pericarditis, 2) that resulted in
restriction from play. No adverse cardiac events occurred in athletes who underwent cardiac
screening and resumed professional sport participation.

CONCLUSIONS AND RELEVANCE This study provides large-scale data assessing the prevalence
of relevant COVID-19-associated cardiac pathology with implementation of current RTP

screening recommendations. While long-term follow-up is ongoing, few cases of Author Affiliations: Author
inflammatory heart disease have been detected, and a safe return to professional sports affiliations are listed at the end of this
activity has thus far been achieved. article.
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mong the general population, a high prevalence of car-

diacinjury has been observed in patients hospitalized

with severe acute respiratory syndrome coronavirus 2
viral infection.! However, current data are sparse regarding the
overall prevalence of adverse cardiovascular pathology asso-
ciated with systemic coronavirus disease 2019 (COVID-19) ill-
ness or the extent to which occult myocardial injury may oc-
cur after asymptomatic or mildly symptomatic cases of prior
COVID-19 infection.>* Among athletes, defining COVID-19-
associated cardiac injury, particularly myocarditis, and dis-
tinguishing potential COVID-19-associated cardiac pathol-
ogy from athletic cardiac adaptation has not yet been fully
established. In the absence of robust data, the optimal ap-
proach to cardiacrisk stratification for athletes returning to in-
tensive sport activity after COVID-19 infection is not known.
At present, a conservative return-to-play (RTP) approach for
competitive athletes after COVID-19 infection has been
recommended.>”

The major North American professional sports leagues, in-
cluding Major League Soccer (MLS), Major League Baseball
(MLB), the National Hockey League (NHL), the National Foot-
ball League (NFL), and the men’s and women’s National Bas-
ketball Associations (NBA and WNBA, respectively), were
among the first sports organizations to return to full-scale
sports activity in the setting of the COVID-19 pandemic, with
provision of extensive health and safety measures as recom-
mended by league medical staff and public health, infectious
disease, and cardiac consultants. A program for preparticipa-
tion RTP cardiac testing, in alignment with the initial May 2020
recommendations of the American College of Cardiology (ACC)
Sports and Exercise Cardiology Section,® was implemented by
each of these leagues for all athletes who tested positive for
COVID-19. We are reporting the initial and collective results of
systematic cardiac RTP COVID-19 testing used by these pro-
fessional leagues to provide data assessing the prevalence of
clinically detectable and relevant cardiac injury in athletes test-
ing positive for COVID-19 and the efficacy of consensus screen-
ing recommendations in achieving a safe return to competi-
tive sports.

Methods

In the spring of 2020, MLS, MLB, the NHL, the NFL, the WNBA,
and the NBA implemented mandatory preparticipation car-
diac screening requirements for all players testing positive for
COVID-19 (either by antibody or polymerase chain reaction as-
say) prior to resumption of team-organized sport activities. The
study protocol was approved by the institutional review board
of Columbia University Irving Medical Center, and the collec-
tion and sharing of deidentified cardiac data for this study was
approved by the NBA and the National Basketball Players As-
sociation, the WNBA and the Women’s National Basketball Play-
ers Association, MLS and the MLS Players Association, MLB and
the Major League Baseball Players Association, and the NHL
and the National Hockey League Players’ Association, as well
as through the NFL and the National Football League Players
Association Player Scientific and Medical Research Protocol.
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Key Points

Question What is the prevalence of inflammatory heart disease
identified through implementation of recent return-to-play (RTP)
cardiac screening recommendations in professional athletes with
prior coronavirus disease 2019 (COVID-19) infection?

Findings In this cross-sectional study of RTP cardiac testing
performed on 789 professional athletes with COVID-19 infection,
imaging evidence of inflammatory heart disease that resulted in
restriction from play was identified in 5 athletes (0.6%). No
adverse cardiac events occurred in the athletes who underwent
cardiac screening and resumed professional sport participation.

Meaning Using expert consensus RTP screening
recommendations for athletes testing positive for COVID-19, few
cases of inflammatory heart disease were detected and safe return
to professional sport activity has thus far been achieved.

Pursuant to approval from the review board of Columbia Uni-
versity Irving Medical Center, informed consent was not re-
quired for this study.

The components of the cardiac screening protocol were in
alignment with ACC RTP recommendations and included a tro-
ponin blood test, 12-lead electrocardiogram (ECG), and rest-
ing transthoracic echocardiogram, performed after resolu-
tion of symptoms and appropriate self-isolation.> While the
concurrent ACC algorithm recommended screening only for
athletes with preceding symptoms associated with COVID-19
illness,” the professional leagues’ screening process also in-
cluded athletes who were asymptomatic or paucisymptom-
atic (minimally symptomatic)® and had tested positive for
COVID-19. Athlete testing was performed at team-affiliated or
team-selected medical facilities across the US and Canada. Car-
diactest results were initially interpreted by the respective pro-
fessional team-affiliated cardiologists.

The high-sensitivity cardiac troponin assay was used in
preference as the biomarker test, and earlier-generation as-
says for troponin (troponin I or T) were used if the high-
sensitivity cardiac troponin test was not available in the local
laboratory; an abnormal troponin level was defined as any level
greater than the 99th percentile of the reference laboratory
value. Resting ECGs were performed using standard lead place-
ment; an abnormal ECG result was defined as meeting inter-
national recommendations® and demonstrating findings rais-
ing concern for potential acute cardiac injury. Transthoracic
echocardiograms were performed using commercially avail-
able systems; echocardiographic findings raising concern for
potential acute cardiac injury were determined by examining
physicians and in comparison with pre-COVID-19 echocardio-
gram study results when available. Athletes with abnormal
screening test results were referred for additional testing, in-
cluding cardiac magnetic resonance (CMR) imaging and/or
stress echocardiography.

The team-affiliated health care professionals responsible
for each individual athlete’s care evaluated the need for addi-
tional testing on a case-by-case basis. The individual ath-
lete’s health care team managed the performance and inter-
pretation of downstream testing, as well as decisions regarding
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Table 1. Return-to-Play Cardiac Screening in Professional Athletes Testing Positive for Coronavirus Disease 2019 (COVID-19)

Individuals, No. (%)

National Basketball Association

Total

Major League  Major League National National professional
Characteristic Men Women Soccer Baseball Hockey League  Football League athlete cohort
Total athletes positive for 109 12 70 181 68 349 789
COVID-19, No.
Age, mean (range), y 25 (19-35) 27 (21-33) 25(18-31) 25(19-38) 25(19-41) 25(21-37) 25(19-41)
COVID-19 symptom burden
Preceding viral symptoms 71(65.1) 8(67) 33 (47) 109 (60.2) 51(75) 188 (53.9) 460 (58.3)
Asymptomatic or 38(34.9) 4(33) 37 (53) 72 (39.8) 17 (25) 161 (46.1) 329 (41.7)
paucisymptomatic
COVID-19 test
Polymerase chain reaction 75 (68.8) 9 (75) 51(73) 172 (95.0) 54 (79) 226 (64.8) 587 (74.4)
Antibody 34 (31.2) 3(25) 19 (27) 9(5.0) 14 (21) 123 (35.2) 202 (25.6)
Days between COVID-19 32(9-124) 23 (14-60) 14 (13-16) 21 (3-90) 18 (9-97) 17 (3-156) 19 (3-156)
polymerase chain reaction test
and cardiac screen, mean (range)
Abnormal cardiac testing results
Troponin? 3(2.8) 1(8) 1(1) 0 0 1(0.3) 6(0.8)
Electrocardiogram® 0 0 0 5(2.8) 0 5(1.4) 10(1.3)
Echocardiogram® 2(1.8) 3(25) 3(4) 6(3.3) 1(1) 5(1.4) 20 (2.5)

@ An abnormal troponin level was defined as a level greater than the 99th
percentile of the reference laboratory value.

® An abnormal electrocardiogram was defined as meeting international
recommendations® and demonstrating findings raising concern for potential

acute cardiac injury.

€ An abnormal echocardiogram was defined by ventricular dysfunction or
another finding raising concern for potential acute cardiac injury.

athlete participation status after completion of these tests and
consulted with experts in the interpretation of athlete car-
diac study results chosen by respective teams or the appli-
cable league.

Each professional league collected from their respective
member teams a report of the cardiac data for the athletes who
tested positive for COVID-19 and underwent RTP cardiac
screening and prepared a deidentified league summary prior
to data analysis. The 789 athletes included in this study rep-
resent the total number of athletes with both COVID-19 and
complete cardiac testing available for review. The deidenti-
fied data from each league were sent to Columbia University
Irving Medical Center via secure electronic transfer, and the
interleague data were pooled for collective analysis.

This study is a cross-sectional study of cardiac testing per-
formed between May and October 2020 on the professional
athletes in the major North American professional sports
leagues who tested positive for COVID-19. This study fol-
lowed the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) reporting guideline for cross-
sectional studies. This is a descriptive study, and comparisons
between groups and statistical analyses were not performed.
Data analysis was completed with Excel version 2016 (Mi-
crosoft).

. |
Results

This study included 789 professional athletes who tested posi-
tive for COVID-19 and underwent RTP cardiac screening; the
mean (SD) athlete age was 25 (3) years (range, 19-41 years), and
777 (98.5%) were men. A total of 460 athletes (58.3%) had prior
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symptoms reflecting COVID-19 illness, and 329 (41.7%) were
asymptomatic or paucisymptomatic but had tested positive for
the virus; COVID-19 positivity was diagnosed by polymerase
chainreaction assay in 587 athletes (74.4%) and antibody test-
ing in 202 athletes (25.6%). For athletes testing positive for
COVID-19 via polymerase chain reaction assay, cardiac screen-
ing was performed a mean (SD) of 19 (17) days (range, 3-156
days) after the positive COVID-19 test. No athlete was deemed
to have severe COVID-19 viral illness as determined by team
physicians. One athlete was hospitalized overnight for obser-
vation, but no athlete was admitted to a hospital for cardio-
pulmonary symptoms. Using the specified RTP cardiac screen-
ingalgorithm, 6 athletes (0.8%) had an abnormal troponin level
(defined as a level greater than the 99th percentile of the ref-
erence laboratory value), 10 athletes (1.3%) had ECG abnor-
malities warranting further cardiac evaluation, and 20 ath-
letes (2.5%) had an echocardiographic finding necessitating
additional testing to exclude acute cardiac injury. These re-
sults are summarized in Table 1.

Thirty athletes (3.8%) were sent for additional cardiac test-
ing as a result of abnormalities on the initial cardiac screen-
ing tests that raised concern for potential COVID-19-
associated cardiac injury. Cardiac magnetic resonance imaging
was performed in 27 of these 30 athletes (90.0%). Down-
stream testing confirmed diagnoses of inflammatory heart dis-
ease in 5 of 27 athletes (18.5%; 0.6% of the total athlete co-
hort): 3 athletes with CMR-confirmed myocarditis (0.4% of the
total cohort) and 2 athletes with CMR-confirmed pericarditis
(0.3% of the total cohort). These athletes were held out from
sport participation in accordance with expert task force
guidelines.'® The remaining 25 of 30 athletes (83.3%) who un-
derwent additional testing did not ultimately have findings to
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Table 2. Results of Additional Cardiac Testing and Participation Status of Athletes With Abnormalities on Baseline Cardiac Screening Examinations®

Abnormal results

Additional testing

Symptomatic Troponin Echo Participation
Athlete No. infection COVID-19 test level® ECGS Echo? abnormality  Cardiac MRI Stress echo status®
1 Yes PCR Yes No No NA Normal LVEF; no Normal LV Return to play
LGE; no CMR augmentation
evidence of with exercise; no
myocarditis exercise-induced
arrhythmias
2 Yes PCR Yes No No NA Normal LVEF; no Normal LV Return to play
LGE; no CMR augmentation
evidence of with exercise; no
myocarditis exercise-induced
arrhythmias
3 Yes PCR No No Yes Small Normal LVEF; no NA Return to play
pericardial LGE; no CMR
effusion evidence of
myocarditis/pericarditis
4 Yes PCR No No Yes Small CMR pericardial NA Held out
pericardial enhancement
effusion diagnostic of
pericarditis; no
LGE; no CMR
evidence of
myocarditis
5 Yes PCR No No Yes LVEF, 53% NA Normal LV Return to play
augmentation
with exercise; no
exercise-induced
arrhythmias
6 No 1gG No No Yes LVEF, 53% NA Normal LV Return to play
augmentation
with exercise; no
exercise-induced
arrhythmias
7 No 1gG Yes No No NA Normal LVEF; no Normal LV Return to play
LGE; no CMR augmentation
evidence of with exercise; no
myocarditis exercise-induced
arrhythmias
8 No 1gG No No Yes Mildly CMR-calculated Normal LV Return to play
reduced LVEF, 53%; no LGE; augmentation
LVEF, no CMR evidence of with exercise; no
45%-50% myocarditis exercise-induced
arrhythmias
9 Yes 19G No No Yes Mildly CMR-calculated NA Return to play
reduced LVEF, 56%; no LGE;
LVEF, 45% no CMR evidence of
myocarditis
10 No 19G Yes No No NA NA Normal LV Return to play
augmentation
with exercise; no
exercise-induced
arrhythmias
11 Yes PCR No No Yes Mildly CMR-calculated NA Return to play
reduced LVEF, 53%; no LGE;
LVEF, 48% no CMR evidence of
myocarditis
12 Yes PCR Yes No Yes Mildly CMR-calculated NA Held out
reduced LVEF, 44%; patchy
LVEF, 50% LGE present; CMR
findings consistent
with myocarditis
13 Yes PCR No Yes No NA CMR-calculated Normal LV Return to play
LVEF, 78%; no LGE; augmentation
no CMR evidence of with exercise; no
myocarditis exercise-induced
arrhythmias
14 Yes PCR No No Yes Mildly CMR-calculated Normal LV Return to play
reduced LVEF, 52%; no LGE; augmentation
LVEF, 45% no CMR evidence of ~with exercise; no
myocarditis exercise-induced
arrhythmias
(continued)

suggest acute cardiac injury and returned to play. These re-
sults are summarized in Table 2. A flow diagram of the testing
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process and results is provided in the Figure. As of late De-
cember 2020, no clinical cardiac events have occurred in any
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Table 2. Results of Additional Cardiac Testing and Participation Status of Athletes With Abnormalities on Baseline Cardiac Screening Examinations®

(continued)

Abnormal results

Additional testing

Symptomatic Troponin Echo Participation
Athlete No. infection COVID-19 test level® ECG® Echo® abnormality  Cardiac MRI Stress echo status®
15 Yes PCR No No Yes Small Normal LVEF; no NA Return to play
pericardial LGE; no CMR
effusion evidence of
myocarditis or
pericarditis
16 No 1gG No Yes No NA Normal LVEF; no NA Return to play
LGE; no CMR
evidence of
myocarditis
17 Yes PCR No Yes Yes Impaired LV~ Normal LVEF; no NA Return to play
relaxation LGE; no CMR
evidence of
myocarditis
18 No 1g9G No No Yes Mild global CMR-calculated Normal LV Return to play
LV LVEF, 46%; no LGE; augmentation
hypokinesis no CMR evidence of ~with exercise; no
myocarditis or exercise-induced
pericarditis arrhythmias
19 Yes PCR Yes No No NA CMR pericardial NA Held out
enhancement
diagnostic of
pericarditis; no
LGE; no CMR
evidence of
myocarditis
20 Yes PCR No No Yes Mild global No CMR evidence of Normal LV Return to play
LV myocarditis augmentation
hypokinesis with exercise; no
exercise-induced
arrhythmias
21 Yes PCR No Yes No NA No CMR evidence of NA Return to play
myocarditis
22 No 1gG No No Yes Dilated right  No CMR evidence of NA Return to play
ventricle myocarditis
23 Yes PCR No Yes No NA No CMR evidence of NA Return to play
myocarditis
24 Yes PCR No No Yes Frequent No CMR evidence of Normal LV Return to play
PVCs myocarditis augmentation
with exercise; no
exercise-induced
arrhythmias
25 Yes PCR No No Yes Decreased No CMR evidence of Normal LV Return to play
GLS myocarditis augmentation
with exercise; no
exercise-induced
arrhythmias
26 Yes PCR No Yes No NA No CMR evidence of Normal LV Return to play
myocarditis augmentation
with exercise; no
exercise-induced
arrhythmias
27 Yes PCR No Yes Yes Decreased No CMR evidence of Normal LV Return to play
GLS myocarditis augmentation
with exercise; no
exercise-induced
arrhythmias
28 Yes PCR No Yes Yes New regional Normal LVEF; LGE NA Held out
wall motion present in
abnormality  corresponding
in territory as
comparison echocardiogram;
with prior CMR findings
echocardio-  consistent with
graphic myocarditis
studies;
preserved
LVEF
(continued)

of the athletes who have undergone cardiac screening and re-
sumed full professional sporting activity.
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Table 2. Results of Additional Cardiac Testing and Participation Status of Athletes With Abnormalities on Baseline Cardiac Screening Examinations®

(continued)

Abnormal results

Additional testing

Symptomatic Troponin Echo Participation
Athlete No. infection COVID-19 test level® ECG® Echo? abnormality  Cardiac MRI Stress echo status®
29 Yes PCR No No Yes Dilated right ~ Normal LVEF and NA Held out
ventricle RV systolic
function; focal T2
hyperintensity in
the mid-ventricular
inferior wall; CMR
findings consistent
with myocarditis
30 Yes PCR No Yes No NA No CMR evidence of NA Return to play

myocarditis

Abbreviations: CMR, cardiac magnetic resonance imaging; COVID-19,
coronavirus disease 2019; ECG, electrocardiogram; echo, echocardiogram; GLS,
global longitudinal strain; LGE, late gadolinium enhancement; LV, left ventricle;
LVEF, left ventricular ejection fraction; NA, not applicable; PCR, polymerase
chain reaction; PVC, premature ventricular contractions.

2 There were 4 women and 26 men ranging in age from 19 to 35 years. Age and
sex are not specified for each athlete in this table to maintain confidentiality.

® Abnormal troponin levels were defined as those greater than the 99th
percentile upper limit of normal.

€ An abnormal ECG was defined as a new ECG abnormality meeting
international recommendations® and demonstrating findings raising concern
for potential acute cardiac injury.

9 An abnormal echocardiogram was defined as new ventricular dysfunction or
another echocardiographic finding raising concern for potential acute cardiac
injury.

€ Following American Heart Association/American College of Cardiology
myocarditis or pericarditis guidelines.'®

Figure. Flow Diagram of the Systematic Return-to-Play Cardiac Screening Process Used for Professional

Athletes Testing Positive for Coronavirus Disease 2019 (COVID-19)

789 Professional athletes testing positive for COVID-19
underwent systematic return-to-play cardiac screening:
troponin blood test, ECG, resting TTE

! l

759 Athletes with normal test results ‘
i 15 TTE
6 ECG

30 Athletes with 21 abnormal test results

Review of studies by league and/or
team-affiliated cardiologists
Clinical assessment by team physicians

5 Troponin
3 ECGand TTE
1 TTE and troponin

!

|

Graduated resumption of physical
activity and return to play

Review of studies by league and team-
affiliated cardiologists
Clinical assessment by team physicians
Consultation with cardiac specialists
Case-by-case determination of downstream
testing plan

|

30 Athletes received additional testing
15 Cardiac magnetic resonance imaging
and stress echocardiography
12 Cardiac magnetic imaging
3 Stress echocardiography

! )

Thirty of 789 athletes (3.8%) had
abnormal cardiac screening test
results necessitating additional
evaluation and downstream testing; 5
athletes (0.6%) were detected to
have findings raising concern for
COVID-19-associated inflammatory

25 Athletes with no cardiac pathology
identified; graduated resumption
of physical activity and return to play

guidelines

2 With pericarditis

5 Athletes with inflammatory heart
disease diagnosed per AHA/ACC

3 With myocarditis

heart disease that resulted in
restriction from sport participation
per American Heart Association
(AHA)/American College of
Cardiology (ACC) guidelines.'® ECG

indicates electrocardiogram; TTE,
transthoracic echocardiogram.
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Discussion

Through RTP cardiac screening for professional athletes test-
ing positive for COVID-19, 0.6% (5 of 789 athletes) had imaging
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findings suggestive of inflammatory heart disease that re-
sulted in restriction from play in alignment with American
Heart Association/ACC guidelines.!® With implementation of
current expert consensus-based cardiovascular risk stratifi-
cation practices, safe return to professional sporting activity
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has thus far been achieved, with no cardiovascular events oc-
curring within these professional leagues during and on
completion of competitive play in 2020.

The results of this study provide an early opportunity to
assess the potential for clinical effectiveness of current ath-
letic RTP screening recommendations and the prevalence of
relevant COVID-19-associated cardiac pathology in a large-
scale setting. The low prevalence of clinically detectable in-
flammatory heart disease in this athlete population with non-
severe COVID-19 illness offers a counterpoint to findings of
higher rates of COVID-19 myocarditis and pericarditis re-
ported in recent small cohort and CMR-based observational
studies in athletes.>!! The difference in detected and re-
ported abnormalities between the current and prior studies
highlight inherent difficulties in using CMR as a standalone
screening tool in COVID-19 RTP cardiovascular risk stratifica-
tion. In concert with the challenges in CMR interpretation to
differentiate attributes of athletic cardiac remodeling from po-
tential cardiac pathology and lack of athlete-specific CMR stan-
dards, our findings add support for the use of CMR as a clini-
cally indicated and selective downstream test, rather than a
tool to be applied in frontline and widespread screening, es-
pecially if clinical pretest probability is low.*'

In this athlete cohort, 5 athletes (0.6%) had an isolated ab-
normal troponin test result without other clinical or imaging
evidence of cardiacinjury. The low but not inconsequential rate
of an isolated false-positive troponin level observed in this
study underscores the fact that established 99th-percentile ref-
erence ranges for troponin levels do not include elite athletes
and supports recommendations that biomarker interpreta-
tion must be incorporated with additional cardiac test results
and assessed in context with supporting clinical factors.!* We
also observed that ECG results in this elite athlete population
provided low specificity, especially without other concomi-
tant screening abnormalities, for the detection of subclinical
inflammatory heart disease. Our experience suggests that the
addition of an ECG in isolation to a preparticipation physical
evaluation as a method of COVID-19 RTP cardiac screening,
which could be conceived as an expedient and cost-effective
alternative to current RTP screening recommendations, would
not be effective in elite athletes with nonsevere forms of
COVID-19 illness. Echocardiograms, on the other hand, did
yield more clinical information that aided in the detection of
inflammatory heart disease. Echocardiographic findings in-
terpreted as abnormal, however, also led to additional car-
diactestingin 15 athletes (1.9% of the cohort) in whom no acute
pathology was ultimately detected. Given published reports!#1®
demonstrating low normal to mildly reduced resting left and
right ventricular systolic function in a proportion of athletes
who are highly trained, significant challenges remain with
using echocardiography in elite athletes to distinguish ath-
letic remodeling from potential COVID-19-associated cardiac
pathology. The ability to compare echocardiographic find-
ings with prior, pre-COVID-19 examinations, if available, is
valuable when interpreting RTP screening echocardiograms.
The limitations observed with echocardiography presented in
this study, along with the need to balance resource manage-
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ment across health care systems, will be essential elements to
incorporate in the refinement of RTP screening practices.

It is important to note that none of the athletes in this co-
hort were clinically assessed as having severe COVID-19 viral
illness. All of the 5 athletes that were identified as having in-
flammatory heart disease, however, had preceding symp-
toms that exceeded empirical definitions of mild COVID-19ill-
ness (such as loss of taste and smell, nonspecific fatigue, and
cough without dyspnea).'” Our data support the concept that
ascertained symptom burden should be a primary reference
point to guide the next steps in the evaluation of the athlete
testing positive for COVID-19. The findings from this study sup-
port updated expert consensus ACC recommendations, which
do not advocate for cardiovascular risk stratification in ath-
letes who were asymptomatic or athletes with mild COVID-19
viralillness who remain asymptomatic after completion of ap-
propriate self-isolation.”

Limitations

This study has important limitations that are inherent in its de-
sign as a multicenter, retrospective cross-sectional analysis.
First, RTP screening examinations were performed in a clini-
cal setting and in most leagues were analyzed and adjudi-
cated by team physicians and cardiologists across the US and
Canada, allowing for varying determinations of potential car-
diac pathology and need for downstream testing. Cardiac mag-
netic resonance imaging was not performed uniformly as part
of the initial screening process, potentially allowing for some
cases of subclinical inflammatory heart disease to be missed.
However, the clinical significance of such potential cases of sub-
clinical cardiac inflammation, in the absence of corroborat-
ing clinical data or abnormalities in standard RTP testing, is not
certain. In all instances in which downstream testing was per-
formed, consultation with experts in athlete cardiac imaging
was obtained to assist in diagnosis and decision-making re-
garding athlete participation status. Because of the decentral-
ized structure of this process across and within most leagues,
variations in the interpretation of test results inevitably limit
our ability to provide uniform criteria to diagnose COVID-19-
associated inflammatory heart disease. While athlete testing
across the professional leagues could not be subjected to a core
laboratory analysis, the format of this study is reflective of the
realities embodied in multicenter and large-scale clinical car-
diac testing, and the results of this study should reasonably
reflect outcomes of widespread clinical screening. These fea-
tures and limitations of this study highlight the need to in-
clude cardiologists with expertise in the cardiac imaging of ath-
letes into the screening process to optimize the proper
identification of disease and minimize unnecessary disquali-
fication or delays in RTP. A further limitation of this study is
the variability in time between COVID-19 testing and cardiac
screening. Some athletes tested positive for COVID-19 early in
the pandemic and did not have to report to league-organized
training camps until many weeks after the initial viral illness,
leaving open the possibility that early manifestations of
COVID-19 cardiac injury could have resolved by the time car-
diac testing was performed in the cases in which the time be-
tween COVID-19 and cardiac testing was longer. However, simi-
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lar patterns of COVID-19 and RTP cardiac testing of athletes are
likely to be continually encountered in most athletic sce-
narios, in which an infection may occur in an athlete’s off-
season period. An additional limitation of this study is that
nearly all of the athletes (98.5%) were men.

Inflammatory Heart Disease in Professional Athletes With Prior COVID-19 and Return-to-Play Cardiac Screening

of athletes having potential cardiac involvement. This report-
ing of systematic RTP cardiac screening, while not generaliz-
able to all athletic populations, can provide clinical guidance
for other athletic organizations who are preparing and opti-
mizing RTP protocols. Similar studies of other athletes, in-

cluding pediatric, collegiate, and masters-level athletes, are re-
quired. Longitudinal assessment of athletes with prior

Conclusions

In this multicenter cross-sectional study of professional ath-

COVID-19 infection remains necessary to enhance our under-
standing of the short-term and potential long-term patho-

letes with prior COVID-19 infection, we observed only rare cases
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