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Figure 1

Symptom prevalence. (A) Prevalence of self-reported symptoms during acute COVID-19 (<14 days from diagnosis) and that were persistent

(>28 days from diagnosis) or late onset (newly appeared 14-28 days and were still present>28 days from diagnosis) in athletes. (B) Prevalence of self-
reported persistent or late-onset cardiopulmonary symptoms that occurred during exertion.

in two of three athletes in whom this was abnormal at base-
line (online supplemental table 2). On follow-up evaluation,
the exercise ECG did not reveal ischaemic changes or clinically
significant arrhythmias in any athlete.

DISCUSSION

This study was conducted to assess the diagnostic yield of cardiac
evaluation including CPET and describe follow-up of young
athletes with persistent or late-onset cardiopulmonary symptoms
following COVID-19. Key findings are summarised as follows.
First, while no athlete in this study was asymptomatic during
acute illness, the majority of athletes developed at least one
new late-onset cardiopulmonary symptom that was not present
during acute infection. This highlights the need for ongoing clin-
ical assessment as symptoms may only become evident under
the physiological stress of returning to exercise. Second, CPET
was clinically valuable in this population as it successfully repro-
duced athletes’ presenting symptoms in the absence of significant
cardiac abnormalities, allowing for reassurance. CPET also iden-
tified a high prevalence of abnormal spirometry and associated
low breathing reserve, which may provide an alternate cause for
symptoms and a potential target for treatment. Third, longitu-
dinal evaluation identified small but significant improvements
in several CPET parameters that accompanied symptomatic
recovery, which may relate to resumption of training or reso-
lution of direct COVID-19 impact. Finally, while the primary
focus of return-to-play evaluation has been on the exclusion of
inflammatory heart disease, diagnostic evaluation (online supple-
mental figure 2) revealed no active inflammatory heart disease
despite a high cardiopulmonary symptom burden. These results
emphasise the importance of consideration for both inflamma-
tory heart disease and other relevant and treatable cardiopulmo-
nary diagnoses in young athletes presenting with persistent or
late-onset symptoms after COVID-19.

Clinical utility of CPET in symptomatic post-COVID athletes
Our results demonstrate that CPET is a valuable clinical tool in
the population of young athletes with persistent post-COVID

symptoms. We previously demonstrated that appropriately
customised CPET was effective at reproducing presenting symp-
toms in athletes without COVID-19, allowing for either the iden-
tification of relevant cardiopulmonary diagnoses or reassurance
in the presence of normal testing.** The current study reaffirms
these findings, with almost all athletes reporting their presenting
symptoms during the test and most having either normal tests
or abnormal resting spirometry. The CPET findings observed, in
particular the abnormal resting spirometry coupled in some with
low breathing reserve, while not posing risk to return to sport,
represent potential opportunities to trial intervention to improve
exertional symptoms. Overall, symptom provocation coupled
with CPET results in this post-COVID population allowed for
provision of reassurance when combined with a comprehensive
evaluation, identified potentially treatable abnormalities and
facilitated gradual return to play with close clinical follow-up.

Insights into post-COVID symptoms from follow-up
evaluation

Our longitudinal data reveal a reassuring reduction in cardiopul-
monary symptoms over time in post-COVID athletes. Despite no
differences in pVO, at baseline between post-COVID and refer-
ence athletes, there was improvement in pVO, with concomi-
tant improvement in symptoms in post-COVID athletes. These
data suggest that deficits in pVO, and detraining may have been
underappreciated as a cause for symptoms in these athletes’
initial evaluation, particularly with the use of prediction equa-
tions derived in the general population.** While data on phys-
ical activity at the two time points were not systematically
collected, the improvement in pVO, and reduction in resting HR
over these athletes’ recovery period may represent a retraining
effect from return to sport, and underscore the importance of
resumption of exercise once an adequately reassuring cardiac
evaluation is complete in order to support continued recovery.
Conversely, lower peak HR on follow-up CPET is not explained
by retraining, and may indicate COVID-19 impact on the auto-
nomic response to exercise as has been suggested by others’
work in the general population®*¢ and one prior longitudinal
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Table 2  Cardiopulmonary exercise test data

Post-COVID athletes Reference athletes

(n=21) (n=42)

Testing modality
Cycle ergometer 9 (43) 18 (43)
Treadmill 12 (57) 24 (57)

Vital signs

Baseline HR (beats per minute) 86+16 81+14

Peak HR (beats per minute) 189+9 189+9
Percent predicted 95+4 95+4

Heart rate recovery (beats per minute) 44+12 46+11

Baseline SBP (mm Hg) 122+11 119+11

Peak SBP (mm Hg) 168+21 172+24

Baseline DBP (mm Hg) 75+6 77+8

Peak DBP (mm Hg) 77+5 7012t

Baseline O, saturation (%) 98+1 98+1

0, saturation (%) at peak exercise 96+2 96+2

Spirometry*

Pre-exercise FEV, (L) 3.7+1.1 4.1+1.0
Percent predicted (%) 86+16 98+12t
Abnormal (below 5th percentile) 7(37) 3Nt

Pre-exercise FVC (L) 49+1.1 4.8+1.1
Percent predicted (%) 98+10 98+13

Pre-exercise FEV,/FVC 0.74+0.11 0.86+0.061
Abnormal (below 5th percentile) 7(37) 1)t

Gas exchange

Respiratory exchange ratio 1.17+0.09 1.17+0.08

Peak VO, (L/min) 3.2+0.7 3.4+0.9

Peak VO, (mL/kg/min) 44.6+9.1 46.4+9.6
Percent predicted (%) 110+30 114+23
Abnormal (<80% predicted) 3(14) 1)

VO, at VT (mL/kg/min) 35.7+11.3 36.0+10.3

Chronotropic index 0.89+0.24 0.83+0.17

Oxygen pulse (mL/beat) 16.8+4.2 18.1+4.9

Total VE/VCO, slope 28.1+3.4 28.2+4.0

VE/VCO, slope through VT 24.6+3.3 24.3+3.2

Peak VE (L/min) 112432 120.+37

Breathing reserve (%)* 18+20 25+19
Low breathing reserve (<10%) 8(42) 5(12)t

*Two post-COVID athletes’ spirometry measurements (1 male, 1 female) were excluded due

to low quality.

1P<0.05 for post-COVID athletes versus reference athletes.

DBP, diastolic blood pressure; FEV,, forced expiratory volume in 1 s; FVC, forced vital
capacity; HR, heart rate; SBP, systolic blood pressure; VCO,, carbon dioxide production; VE,
ventilation; VO,, oxygen consumption; VT, ventilatory threshold.

study in variably symptomatic athletes."” Our results identify
important directions for future in-depth work aimed at better
delineating the relationships among persistent cardiopulmonary
symptoms after COVID-19, detraining and retraining, and these
exercise testing parameters.

Comparison to prior published work: CPET and spirometry
Whereas other studies have evaluated post-COVID CPET or
spirometry findings either in non-athletes with persistent symp-
toms or in athletes who were not selected for persistent symp-
1423 t0 our knowledge, this study is the first to focus on
CPET findings in young post-COVID athletes with persistent
or late-onset cardiopulmonary symptoms. Despite the presence
of prominent symptoms, most athletes in our cohort did not
demonstrate significant abnormalities of ventilatory efficiency
or pVO, on their first CPET, which is consistent with others’
results in variably symptomatic athletes.'®'” 2°#* Conversely, we

observed a high proportion of post-COVID athletes with mild
abnormalities in screening spirometry. Our study is limited in
that baseline pre-COVID spirometry was not available and,
with a focus on ruling out cardiac disease, full and appropri-
ately customised pulmonary evaluation was not systematically
performed. Therefore, we cannot delineate if the higher prev-
alence of abnormal spirometry in post-COVID as compared
with reference athletes was due to COVID-19 or reflects base-
line differences between the groups despite careful matching.
Others have reported mild decreases in FEV| in athlete cohorts
that were not selected for persistent symptoms as compared with
pre-COVID values™ or controls,'® which support the possibility
that the observed spirometry abnormalities in our study were
due to COVID-19. Given incomplete longitudinal improvement,
our study may have been enriched for athletes with mild base-
line spirometry abnormalities, and future work should identify if
such athletes are at higher risk of developing persistent cardio-
pulmonary symptoms after COVID-19 or if this represents a
limitation of our small cohort size. Overall, our results highlight
an important area of future work given the potential for focused
pulmonary intervention that may facilitate symptom resolution
and return to sport.

Diagnostic approach in symptomatic post-COVID athletes

The diagnostic evaluation of young athletes presenting with
persistent or late-onset symptoms following COVID-19 infec-
tion remains a clinical challenge. Our results highlight that
athletes may develop new late-onset cardiopulmonary symp-
toms, typically when returning to exercise, despite a benign
acute course. While it is appropriate that the presence of these
symptoms prompts clinical concern,’” active inflammatory
heart disease after COVID-19 is rare’' '* and was not present
in athletes in this cohort despite a high burden of cardiopulmo-
nary symptoms. Our cohort demonstrated a sizeable prevalence
of isolated LGE, which is in line with data from other athlete
cohorts without COVID-19 suggesting that LGE, particularly
when located at the RV insertion point, is common with unclear
clinical significance.**™*° Limited data suggest that active inflam-
matory heart disease after COVID-19 resolves within 3 months
on follow-up imaging,'* which further diminishes the likelihood
that symptoms may be ascribed to active inflammatory heart
disease the later the athlete presents for evaluation after infec-
tion."”> Our diagnostic approach (online supplemental figure 2)
integrates symptoms, initial testing, other explanatory diagnoses
and time since infection to calibrate suspicion for inflammatory
heart disease in athletes presenting with persistent or late-onset
cardiopulmonary symptoms, and outlines initial steps, such as
CPET, in this patient population that may identify alternate
causative diagnoses.

Limitations

There are several limitations to this study in addition to those
outlined above. First, athletes were referred to a sports cardi-
ology practice for assessment of cardiopulmonary symptoms
and represent a highly select subgroup of post-COVID athletes.
Despite this selection, no athlete had active inflammatory heart
disease. Importantly, current data” support and return-to-play
protocols'® 2 specify further cardiology evaluation for exactly
this type of athlete. Therefore, our work, which assesses the
totality of the cardiac evaluation including CPET in this group,
provides data in the small proportion of athletes who still
require further clinical evaluation prior to return to play after
COVID-19. Second, a complete pulmonary evaluation including
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Figure 2  Longitudinal follow-up symptoms and cardiopulmonary exercise testing (CPET) data. (A) Prevalence of self-reported symptoms at the time
of the first post-COVID CPET and at the second post-COVID CPET (4.8+1.9 months later). (B) Improvement in pVO,. (C) Reduction in peak exercise
heart rate (HR). (D) Improvement in the oxygen pulse on the second post-COVID CPET as compared with the first post-COVID CPET. *P<0.05 for post-

COVID athletes baseline versus follow-up CPET.

full pulmonary function testing and pulmonary imaging was not
systematically performed as part of this initial evaluation, whose
primary goal was ruling out inflammatory heart disease. We also
did not systematically collect downstream data on athletes’ non-
cardiac medical management. While this limits our ability to
define the pulmonary impact of COVID-19, our results provide
important preliminary results in an area meriting further study.
Third, the absence of baseline diagnostic testing before COVID-
19, specifically prior CPET and spirometry, and the incomplete
longitudinal follow-up in our cohort limit our ability to conclude
whether demonstrated abnormalities were pre-existing, resulted
from COVID-19 or were due to associated detraining. However,
the use of a well-matched reference group of athletes and longi-
tudinal data on a representative subgroup of post-COVID
athletes help highlight the deficits that are most likely to relate to
persistent or late-onset cardiopulmonary symptoms in athletes
after COVID-19.

CONCLUSION

In a cohort of young athletes presenting with a high burden
of persistent or late-onset cardiopulmonary symptoms after
COVID-19, no athlete was found to have active inflammatory
heart disease. CPET demonstrated clinical utility by provoking
presenting symptoms in the setting of largely normal testing
results, thus allowing for patient reassurance, and by identifying
abnormalities in resting spirometry and breathing reserve that
may serve as therapeutic targets. Improvement in cardiopulmo-
nary symptoms over time was accompanied by small but signifi-
cant improvement in CPET parameters. Further work is needed
to better characterise the pulmonary contributions to persistent
or late-onset cardiopulmonary symptoms and to define the
relative contributions of retraining versus resolution of a direct
impact of COVID-19 on post-COVID athletes.
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