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In October 2020, Kim and colleagues, representing the Ameri-
can College of Cardiology’s Sports and Exercise Council, pub-
lished recommendations1 for the evaluation of athletes who
had tested positive for COVID-19 to ensure safe return to play.

The group recommended a
tiered approach based on the
presence of symptoms, fol-

lowed by electrocardiography (ECG), injury biomarkers, and
echocardiography. Abnormalities were then to be further char-
acterized by the selective use of cardiac magnetic resonance
(CMR) imaging. The recommendations were based on expert
opinion of experienced sports cardiologists, because there were
at the time only modest data to inform such a document. A
report2 on 26 college athletes who were asymptomatic or had
only mild symptoms found CMR evidence of myocarditis in 4
(15%). Both the Kim et al report1 and our Editorial3 at the time
called for larger data sets, so that recommendations could be
refined and more informed by data.

In only 6 months since then, there has been a remarkable
amount of information acquired, analyzed, and published re-
garding post–COVID-19 prevalence of cardiac abnormalities
in athletes, as summarized in the Table.2,4-11 In a recent study
of 789 professional athletes, screening consisted of serum tro-
ponin testing, ECG, and echocardiography, regardless of
symptoms.8 Thirty of these athletes (3.8%) had abnormal test
results resulting in referral for CMR imaging, with 3 diag-
nosed with myocarditis. Similarly, in a large cohort of 3018 col-
lege athletes from 42 universities,9 a strategy using serum tro-
ponin tests, ECG, and echocardiography identified 15 athletes
(0.5%) with possible cardiac involvement. In a subgroup of 198
athletes in that report9 who underwent a primary CMR imag-
ing–based screening strategy (ie, without selection by the other
tests), a higher proportion of athletes demonstrated definite,
probable, or possible cardiac involvement (n = 6 [3.0%]).

In the current issue of JAMA Cardiology, a study by Dan-
iels et al11 adds substantially to the extant information. As they
note, starting in September 2020, the Big Ten athletic confer-
ence (involving 13 major universities) mandated comprehen-
sive cardiac screening, including ECG, troponin testing, ech-
ocardiography, and CMR imaging for athletes in the aftermath
of positive COVID-19 test results, regardless of prior sympto-
matic status. The authors report on a large sample of 2461 ath-
letes, of whom 1597 (64.9%) had the complete comprehen-
sive screening testing, including CMR imaging without prior
selection. They found that 37 (2.3%) of these athletes demon-
strated diagnostic criteria for myocarditis by CMR imaging, in-
cluding 20 without cardiovascular symptoms and with nor-
mal ECG, echocardiography, and troponin test results, who

would not have been identified without CMR imaging. While
some of the prior studies involving smaller patient cohorts had
also reported all athletes undergoing CMR imaging,2,4,5 it was
unclear what selection may have taken place before CMR
imaging referral.

This mandated comprehensive testing in a large group of
collegiate athletes provides the novel opportunity not previ-
ously available in large athlete cohorts (to our knowledge) to
construct the data in their Figure 2,11 which succinctly sum-
marizes what would have been detected and missed by vari-
ous screening strategies. In the report by Moulson et al,9 among
the 3018 athletes evaluated, almost 200 had screening that in-
cluded CMR imaging without prior selection. The prevalence
of cardiac abnormalities in that group was similar to that re-
ported in the study by Daniels et al.11

Thus, the totality of data provides us with substantially
more information to inform our thinking about screening and
return to play than even just 6 months ago. We can be reason-
ably certain that the prevalence of signs on CMR imaging of
myocarditis using the modified Lake Louise criteria is in the
range of 1% to 3% in athletes following positive COVID-19 test
results. Screening only on the basis of COVID-19 symptoms is
insensitive. Sensitivity is improved by an algorithm combin-
ing the presence of symptoms as well as ECG, echocardiogra-
phy, and troponin testing results. However, this approach will
likely miss individuals who would be found to have CMR
imaging evidence of myocarditis. While much has been
learned, questions remain.

First, what are the implications of finding evidence on CMR
imaging of myocarditis in the absence of prior symptoms or
abnormalities on cardiac testing? The findings from the stud-
ies illustrated in the Table and the study of Daniels et al11 dem-
onstrate the increased diagnostic yield of CMR imaging for
detecting COVID-19 cardiac involvement. There are limita-
tions, in that independent core laboratory image interpreta-
tions were not performed based on practicality and funding
and few studies had control referents.4,7 Moreover, the clini-
cal significance of abnormalities of CMR imaging in young ath-
letes in competitive sports remains unknown, as does the
prevalence of such abnormalities in larger and more general
cohorts of young athletes.12 Additionally, it is unclear if ab-
normalities on CMR imaging after COVID-19 represent mark-
ers for increased risk of sudden death in athletes, supporting
an indication to restrict activity, because myocarditis in ath-
letes has historically been diagnosed in the setting of cardio-
vascular symptoms and not by screening individuals without
symptoms with CMR imaging. On the other hand, the ab-
sence of symptoms in athletes with myocarditis is not neces-

Related article

Opinion

EDITORIAL

jamacardiology.com (Reprinted) JAMA Cardiology Published online May 27, 2021 E1

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Francesco De Luca on 06/18/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2021.2065?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2021.2079
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2021.2079


sarily reassuring, because more than 50% of affected individu-
als in an autopsy series13 of proven myocarditis in athletes were
asymptomatic prior to death. Further complicating this pic-
ture is that none of the athletes screened by ECG, echocardi-
ography, and serum troponin testing but not CMR imaging, as
reported by Moulson et al9 or Martinez et al,8 had cardiovas-
cular events to suggest that this more basic approach is inef-
fective in preventing sudden death, although the number of
cases is small.

Do the new data suggest that CMR imaging should be the
primary screening modality? While the Big Ten schools and
other select universities may have resources and expertise to
routinely include CMR imaging in screening athletes, the prac-
ticality when applied to other populations is challenging. There
are almost 500 000 college athletes and an estimated 8 mil-
lion high school athletes competing annually in the US. The
data from 2 of the available studies9,11 suggest that 15% to 30%
of athletes tested positive for COVID-19 during the months of
analysis, implying a very large number of screening CMR
imaging studies in this country alone during pandemic con-

ditions. While access to and the technical capabilities of CMR
imaging have evolved substantially, access to CMR imaging
throughout the US remains limited, is associated with high
cost, requires substantial expertise for high-quality acquisi-
tion and interpretation, and can have extensive interpreta-
tive variability.12 Even within the cohort of academic institu-
tions represented by the study of Daniels et al,11 the presence
of abnormalities on CMR imaging was highly variable, rang-
ing from 0% to 7.6% of athletes at each institution with myo-
carditis by CMR imaging.11 A primary CMR imaging screening
strategy would place a major burden on any health care sys-
tem and athletic program.

Moreover, as vaccinations proceed apace and individuals
with COVID-19 become less frequent and/or ill, we can rea-
sonably anticipate that the pretest probability of finding signs
of myocarditis will become lower with time. This will inevi-
tably raise the specter of the effect of Bayes theorem, and
screening will result in an increasingly lower yield and a higher
number of false-positive and misleading results, as discussed
recently by Kim et al.14

Table. Published Studies of Cardiac Screening in Athletes With Positive COVID-19 Test Results

Characteristic

Study

TotalRajpal et al2 Vago et al4
Małek
et al5

Starekova
et al6 Clark et al7

Martinez
et al8

Moulson
et al9

Hendrickson
et al10

Daniels
et al11

Publication date,
mo and y

September
2020

December
2020

January
2021

January
2021

February
2021

March 2021 April 2021 May 2021 May 2021 NA

Athlete type College Professional
and elite

Professional
and elite

College College Professional College College College NA

No. of athletes with
COVID-19 reported

26 12 26 145 59 789 3018 137 2461 6673

Women, No. (%) 11 (42) 10 (83) 21 (81) 37 (26) 37 (63) 12 (1.5) 957 (31.7) 44 (32.1) 812 (33.0) 1941 (29.1)

Men, No. (%) 15 (58) 2 (16) 5 (19) 108 (74) 22 (37) 777 (98.5) 2061 (68.3) 93 (67.9) 1649
(67.0)

4732 (70.9)

Asymptomatic, No.
(%)

14 (54) 2 (17) 6 (23) 24 (16.6) 13 (22) 329 (41.7) 887 (29.4) 25 (18.2) NA 1300a

(31.9)
CMR imaging
performed, No.
(%)b

26 (100) 12 (100) 26 (100) 145 (100) 59 (100) 27 (3.4) 317 (10.5) 5 (3.6) 1597
(64.8)

NA

Time to CMR
imaging, mean
(SD), median
(interquartile
range), or median
(range), d

24 (10)c 17
(17-19)d

32
(22-62)d

15
(11-194)e

21
(13-37)d

19 (17)c 33 (18-63)d 22 (11)c 22
(10-77)e

NA

Prevalence of
myocarditis by CMR
imaging, No./total
No. tested (%)

4/26 (15) 0/12 0/26 2/145
(1.4)

2/59 (3) 3/27 (11) 15/317 (4.7) 0/5 37/1597
(2.3)

63/2214
(2.8)f

Prevalence
myocarditis
diagnosed in full
cohort, No./total
No. tested (%)

4/26 (15) 0/12 0/26 2/145
(1.4)

2/59 (3.4) 3/789 (0.4) 15/3018
(0.5)

0/137 37/2461
(1.5)

63/6673
(0.94)g

Prevalence of
nonmyocarditis
findings on CMR
imaging, No./total
No. tested (%)h

8/26 (31) 0/12 5/26 (19) 2/145
(1.4)

1/59 (1.7) 2/27 (7.4) 10/317 (3.1) 0/5 81/1597
(5.1)

NA

Abbreviations: CMR, cardiac magnetic resonance imaging; NA, not available or
not applicable.
a Of 4075 participants.
b Number and percentage of total athletes positive for COVID-19 reported in the

study who underwent CMR.
c Mean (SD).
d Median (interquartile range).

e Median (range).
f 95% CI, 2.2% to 3.6%.
g 95% CI, 0.7% to 1.2%.
h Prevalence of cardiac findings excluding myocarditis, including pericardial

enhancement consistent with pericarditis. Most studies did not include
isolated late gadolinium enhancement of the inferior right ventricular insertion
site as an abnormal finding.
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Hence, the rapid evolution of data in this area continues to
support the idea that the more practical and more widely avail-
able approach of testing with ECG, echocardiography, and se-
rum troponin likely improves specificity and decreases bur-
den of potentially unwarranted athletic restriction. The data in
the article by Daniels et al11 elevate our ability to intelligently
discuss the issues with athletes, their families, coaches, perfor-
mance coaches, trainers, sports scientists, and institutions,
among the many stakeholders involved in the well-being of ath-
letes within the universe of organized sports. We can now say
with more certainty that an evaluation strategy as noted will
identify many but not all potential cases of cardiac involve-
ment after COVID-19. It can be discussed with stakeholders that
a more intensive CMR imaging strategy will identify another 1
to 2 cases in every 100 individuals screened, resulting in re-
striction of activity, but whether that affects clinical course is
uncertain. As discussed in a related context by Baggish et al,15

we can move away from a dichotomous view that one ap-
proach is right and one is wrong to a more nuanced approach,
which in this case involves discussion with and input from all
stakeholders and not just health care professionals.

Although we often call for more data, we are likely at a point
now in which more data might get us closer to the true inci-
dence of signs on CMR imaging of myocarditis with narrower
confidence intervals for athletes in the aftermath of COVID-19,
but we will still face the same conceptual hurdles of pretest prob-
ability of the individuals tested and sensitivity and specificity
of the testing modalities, and the practical will always need to
be balanced against the perfect. We certainly at this point know
a lot more than we did just 6 months ago. We can applaud the
sports cardiology community for the remarkable progress in
such a short period, bringing all of these data to light and en-
abling a far more informed and data-driven approach to our ef-
forts to ensure a safe return to play for young athletes.
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