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The wide-ranging benefits of frequent and moderate exercise are well recorded in the literature. Chronic deleterious remodelling in
response to exercise is less well described. We describe an amateur endurance cyclist who, in addition to developing a heart failure
syndrome and electrocardiographic evidence of arrhythmia, also developed severe functional tricuspid regurgitation.

After developing palpitations during long distance cycle rides as part of his fitness regimen, a 69-year-old male presented to emer-
gency services but was discharged. While continuing to enjoy long-distance cycling, he began to develop peripheral swelling and
presented for a second time to hospital. Subsequent investigation found he had a dilated right heart, exercise-induced arrhythmia,
and mid-wall myocardial fibrosis. A diagnosis of exercise-induced cardiomyopathy was made. He was managed with diuretics and
immediate cessation of exercise. His symptoms improved and he remains symptom free.

The volume of blood passing through the right heart increases during exercise. In vulnerable individuals undertaking frequent en-
durance exercise, this can promote structural remodelling and fibrotic change. It is unclear if cessation of exercise can reverse the
remodelled heart. There are some early advances in predictive biomarkers and imaging techniques in categorizing those in the
population who would be at risk of developing this cardiomyopathy, and those who can undergo intense exercise regimens without
concern. If those at risk of developing an exercise-induced cardiomyopathy can be accurately identified, the next dilemma is how
can their risk of heart failure or sudden death be acceptably minimized.

Exercise-induced cardiomyopathy e Right ventricle ® Heart failure ® Arrhythmia ® Case report

2.1 Imaging modalities ® 2.3 Cardiac magnetic resonance ® 4.5 Tricuspid regurgitation ® 6.7 Right heart dysfunction

e Frequent, sustained exercise in susceptible individuals can lead to persistent right ventricular overload and adverse remodelling.
e In previously well athletes, this accumulative damage can predispose to right-sided-heart failure, arrhythmia, and sudden death. In this
case, functional tricuspid regurgitation was also seen.
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With multiple high-profile examples, sudden death during exercise is an
important topic in society. Many are attributed to arrhythmogenicity
from abnormal myocardium, and so it is important to consider the
risk associated with exercise, especially in those with a pre-existing ar-
rhythmogenic substrate. Less studied are the processes by which an
athlete’s arrhythmia risk profile can be altered by undertaking strenu-
ous exercise.

It has been proposed that repeatedly sustained haemodynamic strain
from increased cardiac output associated with endurance exercise can
cause right heart maladaptation. Sequelae may involve increased wall
stress with chamber dilatation, as well as myocardial necrosis and fibro-
sis in susceptible individuals providing potential substrate for arrhyth-
mia and sudden death.>?

This case describes a 69-year-old male who is an amateur endurance
athlete. He first complained of palpitations in 2014. Later in 2019, his pal-
pitations returned, alongside lower limb swelling. Echocardiography and
magnetic resonance demonstrated severe right ventricular (RV) dilata-
tion with biventricular subendocardial scarring, but the RV function
was normal. In addition, severe central tricuspid regurgitation (TR) was
observed. We postulate that these structural changes were a response
to repeated sustained endurance training.
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emergency services 5 years later with a resurgence of palpitations re-
lated temporally to his exercise. On this attendance, he was referred
to the cardiology outpatient clinic in a secondary care centre.

He had now suffered worsening palpitations for 5 years, with asso-
ciated mild lower limb swelling. His palpitations came in bursts, felt sub-
jectively regular, and would come on during or shortly after exercise.
He had no presyncope, and his ability to exercise was not limited.
There was no family history of sudden death or heart disease. He
had previously been a healthy man, suffering no chronic disease. At
this stage, his resting ECG showed sinus rhythm, with frequent unifocal
ventricular ectopy with a left bundle appearance and an inferior axis. An
example is given in Figure 1A. As his symptoms had worsened, an ambu-
latory ECG monitor was repeated in an effort to correlate ECG findings
with his palpitations. This had shown non-sustained ventricular tachycar-
dia, sinus pauses of up to 5.2 s and runs of narrow complex tachycardias.
However, he reported no symptoms while wearing the monitor. To bet-
ter understand the relationship between his palpitations and exercise, he
undertook an exercise tolerance test (ETT), achieving 94% of his heart
rate target, completing 10.03 min of the Bruce protocol. During Stage
2, he went into ventricular bigeminy (RV outflow tract morphology),
and this improved, but did not abate in Stage 3, and became more fre-
quent in Stage 4 and during recovery. This is shown in Figure 1B.

He was advised to curtail exercise in the light of its probable causa-
tive association with the arrhythmia and then began investigations for a
presumed cardiomyopathy. Firstly, transthoracic echocardiography de-
monstrated a dilated right heart with moderate, central TR, and annular

Result

Date Setting Investigation
29 August 2014 Aand E Electrocardiogram (ECG)
17 December 2014 Outpatient Holter monitor
28 April 2019 Aand E ECG
17 May 2019 Outpatient 5-day Holter
31 July 2019 Outpatient ETT
Outpatient Transthoracic echocardiography
30 September 2019 Outpatient Cardiac magnetic resonance (CMR)
in local centre
25 November 2019 Outpatient Transoesophageal echocardiography
16 August 2020 Outpatient CMR arrhythmogenic RV
cardiomyopathy (ARVC) protocol
17 December 2020 Outpatient Computed tomography

Occasional ventricular ectopic beats.

Ventricular bigeminy, short runs of atrial tachycardia, and atrial ectopic beats.

Normal sinus rhythm.

Atrial tachyarrhythmia and ectopy. Non-sustained ventricular tachycardia. Sinus
pauses up to 5.2 s.

Ventricular bigeminy worsening on exercise (Right ventriular outflow

origin).

Moderately dilated RV with moderately dilated atrium. Moderate-to-severe TR.

Left ventricle mildly dilated. RV and atrium dilated with late gadolinium
enhancement in focal mid wall, epicardial pattern with pericardial involvement in
basal inferolateral segments in a non-ischaemic pattern.

Severely dilated right atrium, RV moderately dilated, moderate central TR and
dilated tricuspid annulus. No septal defects.

Further RV and right atrial dilatation compared with previous. Septal flattening. Left
atrium newly enlarged. The myocardial enhancement was unchanged. No ARVC.

No venous or arterial abnormalities

dilatation. The tricuspid valve structure was normal. Transoesophageal
echocardiography was sought to investigate intra atrial shunting. The at-

Our patient first sought medical help in 2014 for palpitations. At this
point, he was an otherwise fit, 61-year-old man who enjoyed cycling
40-60 miles continuously several times per week for many years. He
was presented to accident and emergency after experiencing palpita-
tions at the end of a bout of cycling, but no significant shortness of
breath or chest pain were reported. An outpatient ambulatory ECG
monitor related to this attendance demonstrated short runs of focal at-
rial tachycardia and unifocal ectopy. As his palpitations had abated, no
further investigation was initiated. However, the patient returned to

rium was severely dilated, with a moderately dilated and normally func-
tioning RV. No intra-atrial abnormality explained the structural
changes. There was moderate, central TR. A CMR study was then re-
quested to better understand myocardial wall abnormalities of the RV
but it was inconclusive. The MR was repeated with an ARVC protocol
in August 2020. ARVC taskforce criteria were not met. The report con-
cluded that there had been advancement in the atrial enlargement, with
myocardial scarring in the basal inferolateral wall. His RV was volume
overloaded.
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Electrocardiograms showing normal sinus rhythm and exercise provoked ectopy. (A) Baseline electrocardiogram. (B) Ventricular bigeminy
of right ventricular origin during Stage 4 of the Bruce protocol.

After computed tomography was conducted of both his coronary
and pulmonary circulation, it was certain there were no obstructive
coronary disease, shunts, or anomalous venous drainage.

To reduce his mild pitting oedema, furosemide 40 mg daily was pre-
scribed orally, which effectively reduced his symptoms. He had previ-
ously been advised to limit his exercise but continued to cycle cycling
for several hours a day.

The diagnosis yet undetermined; a third CMR was conducted in a ter-
tiary centre, concluding: Severely dilated right heart—both right atrium
and RV are disproportionately dilated. Although RV is dilated, no major
imaging-based Task Force Criteria for ARVC were satisfied as there is no
regional or global RV dysfunction, nor were there any soft features of

ARVC such as fatty infiltration, microaneurysms, etc. Both ventricles Cardiac magnetic resonance cine images showing severely
currently have had a normal systolic function. However, there is dilated right atrium and right ventricle. (A) Four-chamber plane. (B)
non-ischaemic-type mid-wall focal fibrosis in basal-to-mid inferolateral Right ventricular trans-axial plane.

LV as well as diffuse fibrosis throughout the right atrial wall. These
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Cardiac magnetic resonance cine images in short-axis plane (base-to-apex) showing severely dilated right ventricle and basal-to-mid septal

flattening in diastole consistent with right ventricular-volume-loading.

features in the context of clinical history are most consistent with
exercise-induced RV cardiomyopathy, which typically results from re-
peated high-intensity endurance exercise (classically repeated endur-
ance cycling). The patient cycles 40-60 miles daily, once or twice a
week. The LV non-ischaemic scar is also a feature of a veteran’s
athletic/endurance heart, and that which seems more likely than a sep-
arate clinically silent episode of myocarditis here. Severe TR is second-
ary to annular dilatation but now adds to a vicious cycle of
RV-volume-loading, RA/RV dilatation, TR, and RV-volume-loading.
Holter findings also seem consistent with exercise-induced physiology
(asymptomatic bradycardia and ectopy). Additional differentials in-
clude isolated atrial amyloid, ARVD, or idiopathic isolated fibrotic atrial
cardiomyopathy. Still, these all would be expected to have additional
clinical features or family history, rather than high functioning asymp-
tomatic status.

The chamber dilatation and RV-volume-loading are shown in Figures
2 and 3.

Immediate curtailment was advised once exercise was implicated as a
basis for his cardiomyopathy. Diuresis was the mainstay of managing
his lower limb swelling, and he was started on 40 mg of furosemide or-
ally, which was reduced to 20 mg daily as maintenance. As the history
and radiological findings supported an exercise-induced cardiomyop-
athy, no genetic testing was offered. The implant of a cardiac defibrilla-
tor (ICD) was later discussed with the patient on the basis that his heart
was structurally abnormal with evidence of arrhythmia. Additionally,
device therapy for primary prevention purposes in related conditions
such as ARVCis supported by the evidence base, so it was offered prag-
matically.* Our patient declined.

The deleterious effects of chronic right heart adaptation in endurance
have been mostly gleaned from marathon runners. Meta-analyses of
right heart trials support the notion that haemodynamic strain during
exercise causes biomarker change, myocardial dysfunction; and there
is further evidence that this correlates with the duration of exercise.
Cellular necrosis from wall stress and subsequent impaired function
lead to heart failure.>® Fibrotic myocardium, which acts as an arrhyth-
mogenic substrate, is a proposed mechanism for sudden cardiac death
(SCD), and perhaps there is an overlap with ARVC.

Our patient has a grossly dilated right heart with severe functional
TR. The studies described above support a longstanding change with lit-
tle potential for reversal once fibrosis is established. The risk of SCD is
of concern concerns to patients and physicians alike and management
options should be directed towards this. Non-sustained ventricular ta-
chycardias and atrial tachyarrhythmias seen on continuous monitoring
are of particular concern, as this indicates a volatile substrate for sus-
tained arrhythmia.

This begs the question of risk stratification and identification of predica-
tors for persisting dynamic changes in RV dilatation, and of SCD. Magnetic
resonance imaging of ischaemic damage in athletes with normal coronary
arteries could quantify a causative marker of risk, and exercise testing can
elicit silent ischaemic episodes, raising the potential as another tool for es-
tablishing risk.” Importantly, it is unclear how RV dysfunction occurs in
some, and not others and as a transient phenomenon in some and per-
manent in others but appears to associate with exercise volume.?

Concerning immediate change with exercise, La Gerche et al.’s co-
hort study® found correlation between RV impairment and high sensi-
tivity troponin release directly after endurance events. Research into
separate cardiomyopathic diseases may offer useful biomarkers in es-
tablished disease, which could potentially be manipulated. Galactin-3
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is one such example which is already a marker of SCD in hypertrophic
cardiomyopathy and could be helpful in those unable to undergo mag-
netic resonance imaging or in primary prevention defibrillation where
the decision for implantation in athletes is complex.” Another, desmo-
somal gene expression, well studied in ARVC has found interesting cor-
relation in exercise induced cardiomyopathy. Those who exercise the
most intensely and have cardiomyopathic RV changes tend to have
the lowest desmosomal mutations, suggesting a non-genetic basis re-
sulting in injury patterns similar to ARVC.'®"" Additionally (as exercise
correlates with lower desmosomal gene expression), this suggests that
independent of inherited risk, exercise can compound the otherwise
subphenotypic genetic risk."?

Positioning of scar tissue also appears to be important in its arrhyth-
mogenic potential and is already used prognostically in ARVC." This
also acts as a causative mechanism to explain chronic adverse remod-
elling.>"* While scar burden and positioning could form the basis for
screening tools assessing risk of RV remodelling or SCD, ICD implant-
ation remains a cornerstone preventative strategy of SCD.

In one cohort of endurance cyclists who had sought medical aid for
palpitations or presyncope, almost all had evidence of ventricular dys-
rhythmia to some degree, with the majority of that being RV in origin.
Nine of 46 of these individuals had ICD implants, with 6 having appro-
priate shocks with 18 of the cohort having sustained arrhythmia.14 This
cohort most closely represents the risks associated with the case pre-
sented, describing a significant lifetime risk of arrhythmia, and the impli-
cit benefit of ICD implantation. Impact of performance, adverse events
related to lead damage, and inappropriate shocks are of particular con-
cern in the intensive exerciser.

Endurance exercise is enjoyed by many, but some may have a predis-
position to poor tolerance of RV loading, leading to potentially irrevers-
ible heart adaptation. This can lead to heart failure syndromes,
secondary valvular disease, and arrhythmia.

The patient has provided written consent for their anonymized in-
formation to be used in publication for educational purposes in compli-
ance with COPE guidelines.
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