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Summary
INTRODUCTION: The cardiac magnetic resonance
(CMR) data on mid- to long-term myocardial damage due
to COVID-19 infections in elite athletes are scarce. There-
fore, this study investigated the mid -to long-term conse-
quences of myocardial involvement after a COVID-19 in-
fection in elite athletes.

MATERIALS AND METHODS: This study included 27 ath-
letes at the German Olympic Centre North Rhine-West-
phalia (NRW)/Rhineland with a confirmed previous
COVID-19 infection between January 2020 and October
2021. The athletes were part of an ongoing observational
COVID-19 study at the Institute of Cardiology and Sports
Medicine Cologne at the German Sport University
(DSHS).Nine healthy non-athletes with no prior COVID-19
illness served as controls. CMR was performed within a
mean of 182 days (standard deviation [SD] 99) of the ini-
tial positive test result.

RESULTS: CMR did not reveal any signs of acute my-
ocarditis (according to the current Lake Louise criteria) or
myocardial damage in any of the 26 elite athletes with pre-
vious COVID-19 infection. Of these athletes, 92% expe-
rienced a symptomatic course, and 54% reported symp-
toms lasting for more than 4 weeks. One male athlete was
excluded from the analysis because CMR revealed an
arrhythmogenic right ventricular cardiomyopathy (ARVC).
Athletes had significantly enlarged left and right ventricle
volumes and increased left ventricular myocardial mass in
comparison to the healthy control group (LVEDVi 103.4 vs

91.1 ml/m2, p = 0.031; RVEDVi 104.1 vs 86.6 ml/m2, p =
0.007; LVMi 59.0 vs 46.2 g/m2, p = 0.002). Only two cases
of elevated high-sensitivity-Troponin were documented; in
one, the participant had previously engaged in high-inten-
sity training, and in the other, CMR revealed a diagnosis
of an arrhythmogenic cardiomyopathy.

CONCLUSION: Our findings suggest that the risk for mid-
to long-term myocardial damage is very low to negligible
in elite athletes. Our results do not allow conclusions to be
drawn regarding myocardial injury in the acute phase of in-
fection nor about possible long-term myocardial effects in
the general population.

Introduction

The global pandemic of coronavirus disease 2019
(COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2), is still ongoing despite the
rapid progress of vaccination and other containment ef-
forts. Since the early report [1] of myocardial involvement
in COVID-19 detected by cardiovascular magnetic res-
onance (CMR), extensive research has raised concerns
about myocardial damage due to COVID-19 infection. A
study by Puntmann et al. [2] reported cardiac involvement
in an alarming 78% of patients, with signs of ongoing my-
ocarditis in 60%. These data were collected from random
middle-aged patients in need of hospital care. A multicen-
tre study revealed myocarditis-like injury patterns in 28%
of troponin-positive hospitalised patients with COVID-19
infection [3], prompting many follow-up studies. My-
ocarditis and myocarditis-like patterns are serious myocar-
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dial injuries and can cause cardiac complications, such as
heart failure, arrhythmia, and cardiogenic shock [4]. Car-
diac magnetic resonance offers a unique combination of
high-resolution functional imaging, parametric mapping,
and late gadolinium enhancement (LGE) imaging and
thereby provides detailed insight into myocardial texture.
Thus, cardiac magnetic resonance is the imaging modality
of choice and serves as the gold standard for detecting my-
ocardial injury in suspected myocarditis [5, 6]. Because
myocarditis is one of the leading causes of sudden cardiac
death in athletes [7], early detection of myocardial damage
is essential. The current Graduated Return to Play Protocol
highlights the crucial role of cardiac magnetic resonance
in athletes [8], especially in athletes with prolonged symp-
toms [9].

Studies on athletes with COVID-19 infection have present-
ed inconsistent results. The COMPETE-CMR study ob-
served myocarditis-like injury in 3% of the athletes [10],
and a study by Rajpal et al. [11] found myocarditis-like in-
jury in 15%; by contrast, Malek et al. [12] found no signs
of acute myocarditis but observed other cardiac magnetic
resonance abnormalities in 19% of athletes. These hetero-
geneous trials are limited in several regards: some did not
include control patients, some were not focused on elite
athletes, and some were not cardiac magnetic resonance-
only studies. So far, only two cardiac magnetic resonance-
only studies involving elite athletes have been conducted;
these studies included 12 and 26 athletes [12, 13] and in-
vestigated myocardial damage shortly after infection. Fur-
thermore, no data are available on mid- to longer-term my-
ocardial damage due to COVID-19. At the time our study
was initiated, an expert analysis by Sharma et al. [14] pro-
vided a thorough overview of the existing data and stud-
ies. Thus, our study investigated the potential mid- to long-
term myocardial effects of prior COVID-19 infection in
elite athletes.

Material and methods

Ethics approval and consent to participate

The project was approved by the ethics committee of the
German Sport University, Cologne, on June 22, 2020 (no.
087/2020) and was carried out in accordance with the De-
claration of Helsinki. Written informed consent was ob-
tained from all athletes and controls.

Study cohort and recruitment

This study utilised data from an observational COVID-19
study titled “COVID-19 in High-Performance Sports” in-
volving 65 elite athletes from the Olympic Centre of North
Rhine-Westphalia (NRW)/Rhineland participating in dif-
ferent sports. The study was conducted from January 2020
to October 2021 at the Institute of Cardiology and Sports
Medicine, which is licensed by the German Olympic
Sports Confederation (DOSB) and located at the German
Sport University. Among the study participants were two
Olympic gold medalists, four world championship gold
medalists, two world championship silver medalists, three
world championship bronze medalists, three European
champions, and seven national champions.

Inclusion criteria were (1.) a proven infection with SARS-
CoV-2 assessed by polymerase chain reaction (PCR) or
positive serum SARS-CoV-2 IgG, (2.) registration as a
member of the German Federal Squad or Paralympic Fed-
eral Squad and regular annual routine sports medical ex-
amination at our DOSB-licensed institute, (3.) an age of 14
years or older, and (4.) no acute illness (e.g., febrile dis-
ease). Recruitment was conducted either through an anti-
body screening during the sports medical examination or
a request for athletes with positive PCR test results. Writ-
ten informed consent was required for inclusion and was
obtained from all athletes. Prior to enrollment, all partici-
pants were informed about the objectives, procedure, and
design of the study; subsequent data saving; and anonymi-
ty regarding the data. If study participants were under 18
years old, their written consent also had to be signed by a
parent or guardian. Participants could withdraw from the
study at any time without providing a reason.

Because of the initial reports of a high risk of myocardial
injury from COVID-19 infection, 27 of the 65 athletes
were randomly selected for cardiac magnetic resonance,
with special regard to upcoming competitions or high-
stress events (e.g., training camps). A negative PCR result
and a symptom-free period of at least 10 days were re-
quired before enrollment. As part of the larger study, addi-
tional tests (electrocardiogram [ECG] and laboratory tests,
including high-sensitivity [hs] troponin I) were performed
on all athletes, and a standardised questionnaire was dis-
tributed to record the clinical manifestations of COVID-19
and the infection mechanisms and to assess the subjective
performance at the clinical visits. The symptoms assessed
included fever, cough, loss of taste or smell, runny nose,
sore throat, shortness of breath at rest and during exertion,
diarrhoea, headache, palpitations, dizziness, chest pain,
syncope, muscle pain, joint pain, performance reduction,
sleep disturbance, mood swings, concentrations disorders,
and skin changes. The normal range of hs troponin-I was
below the 99th percentile upper cutoff value (<80 ng/l).

Controls

The control group comprised nine healthy volunteers (five
female and four male) with no relevant medical history or
regular medication and no prior COVID-19 infection or
clinical signs of infection within the past 6 months. The
volunteers did not have any cardiac conditions, and the
cardiac magnetic resonance examinations were assessed to
establish new cardiac magnetic resonance protocols and
scanner-specific T1 and T2 mapping values. All partic-
ipants provided written informed consent for the use of
their data.

Data collection

Data were collected by administering COVID-19-specific
paper-based questionnaires, implementing SARS-CoV-2
antibody testing, and conducting study-specific diagnostics
(e.g., venous blood sampling and resting ECG) along with
functional analyses (e.g., spiroergometric and echocardio-
graphy including strain analysis). Study-specific diagnos-
tics and data collection were performed at two time points:
t0 and t1. Baseline diagnostics at t0 were scheduled after
complying with the quarantine guidelines recommended
by the Robert Koch Institute (quarantine period of seven
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days, symptom-free period of 48 hours, and a negative
PCR test), and a follow-up visit at t1 was conducted 16
weeks after t0. Data were documented in a study-specific
patient chart for which each participant was assigned a
unique eight-digit code. To ensure the accuracy and valid-
ity of the data, well-established tools, internal monitoring,
and quality checks were implemented in addition to exter-
nal random visits to our study centre. If any data were not
available, they were marked as N/A, and a comment was
included if needed.

Cardiac magnetic resonance

Cardiac magnetic resonance was performed in the follow-
up after recovery from COVID-19 on a Siemens Aera 1.5
Tesla scanner (Erlangen, Germany). The study followed
a standard protocol including scout images and cine-bal-
anced steady-state free precession (bSSFP) breath-hold se-
quences in the long axis (two-, three-, and four-chamber)
and short axis (SAX) orientations. SAX images were ac-
quired as a stack of images including the ventricles from
their valvular plane to their apex. Additionally, parametric
mapping was performed in three SAX slices (basal, medi-
al, and apical). T1-mapping utilised a conventional mod-
ified look-locker inversion recovery (MOLLI) sequence,
and T2-mapping was performed with a T2-prepared SSFP
sequence. Dark-blood T2-weighted images with fat sup-
pression were performed in the SAX stack orientation. For
late gadolinium enhancement (LGE) imaging, a gadolini-
um contrast agent (gadoteric acid, DotaVision©, b-e-imag-
ing GmbH) was administered at 0.15 mmol/kg followed by
a flush of 30 ml of isotonic saline. Late gadolinium en-
hancement images were obtained with a breath-hold tech-
nique using a phase-sensitive inversion recovering se-
quence (PSIR) in combination with a conventional bSSFP
LGE sequence. Late gadolinium enhancement images
were acquired 10 minutes after contrast agent administra-
tion. The correct inversion time was determined by a time
of inversion finder (TI finder) sequence. Late gadolinium
enhancement images were acquired in all three long-axis
orientations and as a stack of SAX ccine images covering
the full ventricle length.

Image analysis was performed with cardiac magnetic res-
onance-dedicated software (Circle cvi42 version 5.13.5).
Both end-diastolic and end-systolic endocardial and epi-
cardial contours were drawn automatically for the left ven-
tricle (LV) and right ventricle (RV) in the SAX stack of
bSSFP cine images. Manual correction was conducted
when needed. For the quantification of left ventricular end-
diastolic volume (LVEDV), right ventricular end-diastolic
volume (RVEDV), left ventricular systolic volume
(LVSV), right ventricular systolic volume (RVSV), left and
right stroke volumes (LSV and RSV), LV and RV ejec-
tion fractions (LVEF/RVEF), and LV mass (LVM), the
delineated contours were used, and the assessed volumes
were indexed to the body surface area (LVEDVi; RVED-
Vi, LVSVi, RVSVi, LSVi, and RSVi). T1 and T2 relaxation
times were calculated with a T1 and T2 map with motion
correction (MOCO) in the midventricular SAX orienta-
tion. For this purpose, the slice was divided into six seg-
ments following the American Heart Association (AHA)
segmentation. Epicardial and endocardial contours were
drawn by hand. An offset of 10% was used to avoid in-

cluding blood pools or extracardiac tissue. The presence of
late gadolinium enhancement was assessed visually. Strain
analysis was performed with the Circle Cardiovascular
Imaging (CVI)-dedicated plug-in for strain analysis. The
global longitudinal strain (GLS) was evaluated by using
the two-, three-, and four-chamber cine images and the
global circumferential strain (GCS) of the SAX cine stack.
Images were analysed by two cardiologists (CS and RM)
with more than 12 years of experience in cardiac magnetic
resonance and a cardiac magnetic resonance level III cer-
tification from the European Society of Cardiology (ESC)
and the Society of Cardiac Magnetic Resonance (SCMR).

Statistical methods

The Shapiro-Wilk test was used to assess the normality of
the data distribution. All variables were normally distrib-
uted except for LVEDVi and RVEF. The inspection of box-
plots revealed no extreme outliers in the data, except for
one athlete with a value of +3 SD in LVM and one control
with a value of −3 SD in LVEDVi. Levene’s test for equal-
ity of variance revealed homogeneity in the variances for
the T1 mapping values but not for the T2 mapping values
or LVEF. Accordingly, depending on the normal distribu-
tion and variance homogeneity, t-tests, Welch’s t-tests, or
Mann-Whitney tests for independent samples were used to
assess the significance of between-group differences (ath-
letes vs control group). A p-value of less than 0.05 was
considered indicative of a statistically significant differ-
ence. Given the 16 multiple comparisons conducted in the
analysis, a Bonferroni correction was applied, resulting in
significance thresholds of p <0.003 for two-sided tests and
p <0.006 for one-sided tests. All values are presented with
the standard deviation (SD). Statistical analysis was per-
formed with SPSS V.28 (IBM).

Results

Patients and control subjects

The study group consisted of 16 male (59%) and 11 female
(41%) elite athletes as well as 5 female (55%) and 4 male
(45%) controls. Further details are presented in table 1.
The median (interquartile range [IQR]) time interval be-
tween COVID-19 diagnosis and the first clinical examina-
tion at the Olympic medical centre was 34 (23–54 days)
days. Most athletes (92%) experienced a symptomatic
course, and 14 athletes (54%) reported having symptoms
for more than 4 weeks. Only three athletes (11%) men-
tioned chest pain at the initial presentation. Of the 14 ath-
letes with symptoms persisting for >4 weeks, none had
cardiac symptoms, and fatigue was the predominant com-
plaint amongst this subgroup. Since none of the athletes
experienced major complications, no specific treatment
was required beyond symptomatic therapy with anti-in-
flammatory and anti-rheumatic drugs, such as ibuprofen.
To ensure the safe resumption of sports, we followed the
return-to-play guidelines outlined by Elliott et al. for
SARS-CoV-2-positive athletes. At the time of the study,
this included a minimum training break of 10 days after
testing positive for COVID-19 and a symptom-free period
of at least 7 days before returning to activity.

In two athletes, elevated troponin values were observed at
the initial clinical visit, one of whom was the excluded ath-
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lete (see “Cardiac magnetic resonance findings”). The oth-
er athlete experienced no cardiac symptoms at any time
and was asymptomatic at the time of cardiac magnetic res-
onance; troponin was 108 ng/l and had normalised to <80
ng/l 3 days later. The athlete had trained intensely prior to
the initial troponin elevation. The median time interval be-
tween the positive PCR test and the cardiac magnetic reso-
nance study was 182 days (SD 99).

The ECG was normal in all athletes (bradycardia is a phys-
iological feature in trained athletes). None of the athletes
were treated with any specific pharmacological agent for
COVID-19.

Cardiac magnetic resonance findings

One male athlete (a swimmer) was excluded from the
study because of cardiac magnetic resonance findings in-
dicating arrhythmogenic right ventricular cardiomyopathy
(ARVC). In another male athlete, an incidental mass of the
right ventricle at the free lateral wall was found and diag-
nosed as a benign fibroma. Athletes had significantly en-
larged left and right ventricle volumes and an increased
left ventricular myocardial mass in comparison with the
healthy control group (LVEDVi: 103.4 vs 91.1 ml/m2, p =
0.031; RVEDVi: 104.1 vs 86.6 ml/m2, p = 0.007; LVMi:
59.0 vs 46.2 g/m2, p = 0.002). Global longitudinal strain
values did not differ between the athlete and the control
cohort (global longitudinal strain –16.6 vs –17.8 % with
p = 0.066). Global circumferential strain values were sig-
nificantly lower in athletes compared with controls (global
circumferential strain −16.7 vs −18.7 %, p = 0.029), but
this difference was reduced to a tendency after applying the
Bonferroni correction for multiple comparisons. No differ-
ences were observed in left ventricular ejection fraction
(LVEF: 56.5 vs 58.9%, p = 0.072), whereas the right ven-
tricular ejection fraction of athletes was reduced in com-
parison with the control group (RVEF: 51 vs 54.8%, p =
0.008). The T1 and T2 mapping values of the athletes did
not differ from those of the control group (T1 values: 992.5
vs 1015.4 ms; T2 values: 47.8 vs 48.7 ms; p = 0.530 and p
= 0.313); see figure 1.

LGE imaging did not reveal any abnormalities in myocar-
dial tissue characterisation indicating myocardial damage.
None of the athletes met the current Lake Louise crite-
ria for acute myocarditis [15]. To account for the poten-
tial confounding effects of age, weight, height, and BMI,
we also performed analysis of covariance (ANCOVA). Af-
ter this adjustment, no differences retained statistical sig-
nificance. However, the inclusion of control variables in
the ANCOVA model was constrained by the sample size;
our small sample size may have limited statistical power,
and the introduction of multiple control variables warrants
careful consideration given the potential complications in
interpretation. The full details of the cardiac magnetic res-
onance findings are presented in table 2; figure 2 shows
exemplary cardiac magnetic resonance images and strain
analyses of a control (A–D) and an athlete (E–I).

Discussion

It is well-documented that COVID-19 infection can cause
myocardial involvement with a myocarditis-like pattern in
the cardiac magnetic resonance diagnostic assessment [1,
3]. The present study examined the mid- to long-term ef-
fects of COVID-19 infection on the hearts of elite athletes
as assessed by cardiac magnetic resonance. The main find-
ings of the study were as follows: (a) no signs of myocardi-
tis or myocardial damage were documented in 26 elite ath-
letes with previous COVID-19 infection; (b) the hearts of
the athletes demonstrated elevated left and right ventricular
volumes and left ventricular mass as well as slightly low-
er RVEF values in comparison with the control group; and
(c) the ejection fractions and strain values were within the
normal range for athletes.

Athletes are considered a low-risk population for severe
COVID-19 because of their young age and good general
health. However, because of the persistence of the pandem-
ic and the rising number of athletes with acute and prior in-
fections (some repeatedly), research into the potential car-
diac effects is highly relevant, especially considering that
myocarditis is one of the leading causes of sudden cardiac
death in athletes [16]. As return-to-play guidelines contin-
ue to evolve, [17] the data of the present study support

Table 1:
Characteristics of athletes and controls.

Athletes (n = 27) Control group (n = 9)

Age (years) Mean = 23.69 (SD = 5.05) Mean = 41.11 (SD = 6.27)

Body mass index (kg/m2) Mean = 23.30 (SD = 2.82) Mean = 23.18 (SD = 3.59)

Gender 11 female, 16 male 5 female, 4 male

Sporting disciplines, n (%) Fencing 9 (34.62%)

Judo 4 (15.38%)

Boxing 3 (11.54%)

Athletics 2 (7.69%)

Swimming 2 (7.69%; 1 excluded because of ARVC)

Taekwondo 2 (7.69%)

Wrestling 2 (7.69%)

Basketball 1 (3.85%)

Hockey 1 (3.85%)

Rowing 1 (3.85%)

Symptoms, n (%) Initially 24 (92.31%)

After 4 weeks 14 (53.80%)

Elevated high-sensitivity troponin I, n (%) 2 (7.69%)

ARVC: arrhythmogenic right ventricular cardiomyopathy
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the key insight that mid- to long-term myocardial damage
seems to be very rare in athletes. As recently demonstrat-
ed by Wroblewsi et al. [18], a differentiation between acute
and sub-acute to mid- and long-term effects must be dif-
ferentiated; using cardiac magnetic resonance, the authors
found that 38 out of 117 (32%) college athletes had signs
of cardiac inflammation, but all of these signs had resolved
by the follow-up cardiac magnetic resonance 6–8 weeks
later [19].

Interestingly, this study did not reveal any signs of my-
ocardial inflammation even though 54% of athletes still re-
ported symptoms at the time of data collection. However,
these were unspecific symptoms, with most athletes report-
ing lingering fatigue (no chest pain or dyspnea).

Generally, the results of the present study are in line with
a growing body of evidence indicating a very low inci-
dence of myocarditis in athletes [14]. So far, the largest
COVID-19 study in professional athletes by Martinez et al.
[19] showed a low incidence of abnormal cardiac screen-
ing results (3.8%) during standard return-to-play exami-
nations. Additional indication-based cardiac magnetic res-
onance in 30 of >800 college athletes found signs of
myocarditis in only 0.6% of athletes. Another cardiac mag-
netic resonance-only study in 12 professional athletes
showed no signs of cardiac involvement [13]. In almost
all studies to date, cardiac magnetic resonance examina-
tions have been performed in the acute or early phase
after infection. Insights from a longitudinal study involv-
ing patients without COVID-19 with cardiac magnetic res-
onance-established myocarditis showed that the amount of
LGE increased in up to 20% of the patients in the 3 months
following initial diagnosis, despite the normalisation of
cardiac enzymes [20]. In the present study, cardiac mag-
netic resonance was performed 182 days after the positive
COVID-19 PCR result; therefore, this study elucidates the
cardiac effects during long follow-up periods after infec-

tion. Our data suggest that the risk for mid to long-term
myocardial damage is low to negligible in elite athletes af-
ter COVID-19 infection. These findings are in line with the
results of a recently published study reporting that initial
cardiac magnetic resonance signs of myocardial damage
(elevated T1-mapping values and signs of LGE) were not
observed in non-athletic patients after 6 months, despite
symptom persistence in 52% of cases [18]. Although car-
diac magnetic resonance is the most sensitive imaging test
and the gold standard for diagnosis of myocardial inflam-
mation, cardiac magnetic resonance should not be used as
direct screening, as summarised in the current guidelines
[21]. According to our data and the results of recent trials,
cardiac magnetic resonance should primarily be conduct-
ed in athletes if it is indicated by symptoms or pathological
findings via ECG, echocardiogram [19], or elevated rele-
vant cardiac enzymes (e.g., hs troponin).

The current recommendations [21] are based on published
data and the experience of the past three years. In summa-
ry, our results indicate that despite the initial awareness and
results of the signs of myocardial inflammation at the be-
ginning of the pandemic, the true incidence of myocardial
damage in elite athletes is very low.

It should be noted that the observed cardiac magnetic res-
onance values for ventricle volumes and ejection fractions
are typical physiological adaptations of elite athletes com-
monly described as “athlete’s heart” [22, 23].

Hence, future research should focus on when a safe return
to sports is possible when cardiac magnetic resonance in-
dicates signs of myocardial damage without active oede-
ma. Is there a safe way – especially for elite athletes – to
return to full sports activity despite cardiac magnetic res-
onance signs of previous myocarditis? So far there are no
existing data on that. The current guidelines recommend at
least 3 to 6 months of rest after a diagnosis of myocarditis

Figure 1: Bar graph illustrating the comparison of T1 and T2 mapping values in athletes and controls, with p = 0.530 for T1 mapping and p =
0.313 for T2 mapping.
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Table 2:
Details of cardiac magnetic resonance values and comparison between athletes and control subjects. The between-group comparisons show p-values, mean differences (non-
standardised) and 95% CI. All comparisons between athletes and controls were made using independent t-tests. Levene’s test for quality of variance showed no homogeneity of
variances. Accordingly, Welch’s t-test was used to assess the between-group significance. Because the data were not normally distributed, comparisons for LVEDVi (ml/m2) and
RVEF were conducted with Mann-Whitney tests; distributions did not differ between groups, Kolmogorov-Smirnov p = 0.118 and p = 0.059.

Athletes (n = 26) Control group (n = 9) Group difference

Mean SD Median IQR Mean SD Median IQR p-value
(two-sided)

Mean dif-
ference
(95% CI)

LVEDD basal (mm) 52.47 4.62 51.70 4.62 50.81 5.17 51.50 7.30 0.374 1.7 (−2.1 to
5.4)

Left ventricle mass (g) 112.77 30.45 103.50 30.45 87.44 32.55 69.00 61.50 0.099 21.1 (−4.7
to 47.0)

Left ventricle mass / body surface
area (g/m2)

59.00 9.83 56.90 9.83 46.16 10.41 41.10 19.10 0.002 12.8 (5.0 to
20.7)

LVEDV (ml) 196.54 42.87 182.50 42.87 162.78 41.61 155.00 65.00 0.048 33.8 (0.3 to
67.3)

LVEDVi (ml/m2) 103.39 15.62 99.70 99.70 84.77 20.96 91.00 17.00 0.031 12.3 (0.35 to
24.2)

LVESV (ml) 89.65 21.27 84.50 21.27 67.89 19.21 66.00 30.00 0.011 21.8 (5.4 to
38.1)

LVEF (%) 56.50 2.00 56.00 2.00 58.89 3.37 59.00 6.50 0.072 −2.4 (−5.0
to 0.3)

RVEDV (ml) 197.96 44.64 183.50 44.64 158.22 42.22 148.00 70.50 0.026 39.7 (5.1 to
74.4)

RVEDVi (ml/m2) 104.06 16.52 101.15 16.52 86.64 12.69 84.90 15.15 0.007 17.4 (5.1 to
29.8)

RVESV (ml) 98.08 25.99 88.50 25.99 73.89 20.20 66.00 31.00 0.016 24.2 (4.7 to
43.6)

RVESVi (ml/m2) 51.43 10.33 50.10 10.33 39.69 6.13 40.30 3.40 0.003 11.7 (4.2 to
19.2)

RVEF (%) 51.04 2.86 51.00 2.86 54.78 3.80 56.00 30.00 0.008 −3.7 (−6.2
to −1.3)

Native T1 (ms) 992.54 27.27 991.43 41.61 1015.36 35.31 1009.72 62.27 0.530 −22.8
(−46.0 to
0.3)

Native T2 (ms) 47.75 1.45 47.77 2.03 48.74 2.64 49.57 4.08 0.313 −1.0 (−3.1
to 1.1)

Global longitudinal strain (%) 16.59 1.45 16.50 1.45 17.84 2.32 18.20 4.45 0.066 −1.3 (−2.6
to 0.1)

Global circumferential strain (%) 16.73 1.07 16.85 1.07 18.69 2.20 17.80 4.30 0.029 −1.9 (−3.1
to 0.8)

Late gadolinium enhancement 0 n.a.

LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; LVESV: left ventricular end-systolic volume; LVEDV: left ventricular end-diastolic volume;
RVEDV: right ventricular end-diastolic volume; RVESVi: right ventricle end-systolic volume indexed to the body surface area.

Figure 2: Panels A–D show example images from a participant in the control group: (A) still frame of a medial short-axis cine image, (B) the
corresponding T1 map, (C) the related T2 map, and (D) the associated strain analysis with image A. Panels E–I show examples from an ath-
lete: (E) still frame of a medial short axis cine image, (F) the corresponding T1 map, (G) the related T2 map, (H) the late gadolinium enhance-
ment image, and (I) the circumferential strain curve associated with image E.
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in athletes. Future studies should focus on whether cardiac
magnetic resonance is a valuable tool to guide a safe early
return to play.

Strengths and limitations

The main strength of this study is the elite status of the in-
cluded athletes. All were part of the German Olympic team
at the time of inclusion, and many were international and
national medalists. The cardiologists in charge of magnet-
ic resonance imaging (MRI) had extensive experience in
the field of cardiac MRI and sports medicine, reducing the
margin for error in the assessment.

The sample was limited by its size (26 athletes) and the
non-athletic random control group. Normally, athletes are
only referred to cardiac magnetic resonance because of
specific findings in baseline tests or cardiac-related symp-
toms. During the first pandemic wave, healthy athletes
were advised to strictly avoid unnecessary contact. There-
fore, no cardiac magnetic resonance data are available for
healthy elite athletes during this period. Because
COVID-19 has now affected such a large portion of the
population, it seems impossible to find a control group that
has not been infected since this study was conducted. The
time points of data collection do not allow for acute and
long-term conclusions, but the explicit aim of this study
was to assess the midrange period after infection. Since the
study population consisted of elite athletes only, the results
cannot be generalised to the general population.

Conclusion

The findings of this study add to the growing body of evi-
dence that the risk for mid- to long-term myocardial dam-
age following COVID-19- is very low in elite athletes.
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