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Background Premature ventricular contractions (PVCs) are commonly observed during pre-participation cardiac screening in elite athletes.
There is an ongoing debate about the clinical significance of PVCs in athletes and whether burden, morphology, or both should
be used to differentiate benign PVCs from PVCs suggestive of cardiac disease.

Case summary A 28-year-old male athlete was evaluated as part of the pre-participation screening programme. He was asymptomatic, without
specific cardiac signs and symptoms. A 12-lead electrocardiogram showed bigeminy PVCs with infundibular morphology and left
ventricular outflow tract origin. Left ventricular dilatation and systolic dysfunction without valvular lesions was detected on
echocardiography. Cardiac magnetic resonance imaging showed biventricular dilatation and dysfunction without evidence of
myocardial fibrosis or fatty infiltration. A 48 h Holter monitoring showed 75191 PVCs (35% of total beats). Radiofrequency
ablation was performed, and post-ablation assessments showed no PVCs with normalized ventricular function and dimension.

Discussion This case demonstrated that a high PVC burden of commonmorphology does not also represent a benign finding and requires a
comprehensive evaluation to rule out any pathological condition. Furthermore, the present case highlights the critical role of
pre-participation cardiac evaluation in identifying cardiac disease in asymptomatic athletes.
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Learning points
• The burden of premature ventricular contractions (PVCs) remains an important feature as a high burden might carry the risk of

PVC-induced cardiomyopathy and may require treatment even in asymptomatic athletes.

• A high PVC burden of ‘benign’ morphology does not necessarily represent a benign finding, and a comprehensive cardiac assessment is
required to detect underlying heart disease.

• The present case highlights the significant role of electrocardiogram-based cardiac screening in the identification of asymptomatic ath-
letes at risk of sudden cardiac death.
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Introduction
Premature ventricular contractions (PVCs) seen on an athlete’s elec-
trocardiogram (ECG) could indicate an increased risk of fatal ar-
rhythmia during exercise.1 Premature ventricular contraction
characteristics such as burden and morphology are essential criteria
for risk stratification of PVCs in athletes.2,3 Recent studies have sug-
gested that the morphology of PVCs may be the key feature rather
than the frequency.2 However, there is a debate regarding the clinical
outcome of PVCs in athletes and which features of PVCs should be
utilized to differentiate benign PVCs from PVCs suggestive of cardiac
disease, which may predispose to sudden cardiac death (SCD).

Timeline

Case summary
A 28-year-old elite CrossFit male Persian athlete was referred by his
coach to undergo the pre-participation screening prior to the com-
petition. For the last 6 months, he trained for �16 h/week divided
into 6 bouts of high-intensity CrossFit (a high-static and low-dynamic
components activity, Class IIIA). He was asymptomatic, without car-
diac signs and symptoms such as palpitation, chest pain, and short-
ness of breath at rest, but stated that his exercise tolerance had
recently declined. His past medical history was unremarkable.
There was no history of SCD in close relatives, and the family history
was negative for underlying cardiac disease. He denied using anabolic
steroids, smoking cigarettes, drinking alcohol, or using recreational
drugs. Physical examination demonstrated a regular heart rhythm
of 42 beats per minute with a blood pressure of 130/80 mmHg.
On auscultation, he had normal heart sounds with no additional mur-
murs. There were no abnormal lung sounds and no peripheral oe-
dema. A 12-lead ECG revealed frequent PVCs in a bigeminy
pattern (Figure 1). Premature ventricular contractions displayed left
bundle branch block and inferior QRS axis morphology (also

referred to as an infundibular pattern), with small R-waves in V1
and an early QRS transition before V3, indicating a left ventricular
outflow tract (LVOT) ectopic focus. The athlete was referred for a
48 h Holter monitoring and was mandated to keep exercising
throughout ambulatory monitoring. Holter monitoring showed an
absolute number of 75191 PVCs (a total burden of 35% of the total
monitored beats) mostly in a monomorphic ventricular bigeminy
pattern. Sporadic episodes of ventricular couplets were seen, and
no sustained or non-sustained ventricular tachycardia (NSVT) was
detected. During the exercise, the morphology of the PVCs did
not change, and no NSVT or couplets were identified.
Transthoracic echocardiogram showed markedly increased left ven-
tricular (LV) end-diastolic diameters (63 mm), which was higher than
the accepted normal limits (≤54 mm),4 with moderate-to-severe

global systolic dysfunction, (LV ejection fraction was 35%). There
was no regional wall motion abnormality, and tricuspid annular plane
systolic excursion was within normal limits (17≤mm).5 Cardiac
magnetic resonance (CMR) imaging showed biventricular dilatation
[LV end-diastolic volume was 232 mL and right ventricular (RV) end-
diastolic volume was 225 mL] and moderate-to-severe dysfunction
(LV and RV ejection fraction were 34% and 41%, respectively)
(Supplementary material online, Video S1). Right ventricular outflow
tract (RVOT) diameter in parasternal long-axis was 25 mm, which
was within normal limits (20–30 mm),5 and there was no evidence
of myocardial fibrosis or fatty infiltration (Supplementary material
online, Video S2). There was no evidence of endocrine disorder on
a comprehensive blood test in terms of endocrine hormonal
screenings.
The athlete was advised against competitive sports activities and

directly referred for an electrophysiological study with a view to pro-
ceeding with radiofrequency ablation (RFA). An electrophysiological
study confirmed the origin of the PVCs seen on surface 12-lead
ECG (Figure 2). Electroanatomical mapping confirmed the absence
of a scar. After localizing the origin of PVCs by activation sequence
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Time Description

May 2019 • A 28-year-old athlete was referred for cardiac pre-participation screening.

• He was asymptomatic, his history assessment was negative, and his physical examination was normal.

• Electrocardiogram (ECG) showed bigeminy premature ventricular contractions (PVCs) with an infundibular pattern.

• Transthoracic echocardiogram (TTE) revealed left ventricular (LV) dilatation and dysfunction.

• A Holter monitoring showed 75191 PVCs/48 h.

• Cardiac magnetic resonance (CMR) imaging demonstrated biventricular dilation and dysfunction without fibrosis.

• The athlete was advised against competitive sports.

June 2019 • The electrophysiological study confirmed the left ventricular outflow tract origin of PVCs.

• Electroanatomical mapping confirmed the absence of a scar.

• Radiofrequency ablation of the targeted region was performed.

• The post-ablation ECG revealed sinus rhythm with no PVCs.

July 2019 • No PVCs were detected on 48 h Holter monitoring.

• TTE and CMR indicated the near-normal limit of LV and right ventricular (RV) function and dimension.

September

2019
• 48 h Holter monitoring showed no PVCs.

• Function and dimensions of the LV and RV returned to the normal limit.

October 2019 • The athlete resumed competitive sports activities.
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mapping and pace mapping approach, targeted ablation of the region
was performed. Post-ablation 12-lead ECG showed sinus rhythm
without PVCs (Figure 3). No PVCs were detected in the 48 h
Holter monitor at 1 and 3 months after ablation. Echocardiography
and CMR, 1 and 3 months after ablation showed that the function
and dimensions of the LV and RV gradually returned to the accepted
normal limits (≤54 mm)4 (Table 1). The athlete resumed competitive
sports activities 4 months after the ablation.

Discussion
In this case, weobserved that a PVCburden of 35%with an infundibular
pattern in an athletewithout structural cardiac disease is associatedwith
the development of the PVC-induced cardiomyopathy (PICM), which
was characterized by LV and RV dilatation and dysfunction. Although
Pelliccia et al.4 reported that a small proportionof highly trained athletes
have a significant LV dilatation, it is important to note that all of those
athletes participated in endurance sports disciplines.. Therefore, LVdila-
tation, in this case, may not be attributed to physiological adaptation to
sports with high-static and low-dynamic components, such as CrossFit.
Furthermore, an LV end-diastolic diameter≥60 mm combined with an
LVejection fraction≤45%should raise suspicionof dilated cardiomyop-
athy. Moreover, it has been suggested that prolonged and intense exer-
cise may also cause arrhythmogenic cardiomyopathy (ACM) in the

absence of gene mutations, known as exercise-induced ACM.6

However, based on the ACM task force criteria 2010,7 we rule out
the possibility of exercise-induced ACM in this case. Despite RV dilata-
tion and dysfunction, there was no evidence of myocardial fibrosis on
CMR, andRVOTsizewas normal. In addition, the LV is typically involved
in advanced cases of ACM, where disease manifestations such as palpi-
tations and syncope are expected; however, the present case was
asymptomatic; therefore, LV dysfunction that was observed in this
case may be attributed to exercise-induced ACM. Furthermore, there
was also no evidence of ECG abnormalities, such as deep negative
T-waves and epsilon wave in the right precordial leads, which are elec-
trical signs of ACM.
The possible mechanism for explaining idiopathic PVCs in athletes is

assumed tobe either bradycardia-or tachycardia-induced.8However, in
this case, PVCsweremore likely to be tachycardia-induced because the
athlete had sinus bradycardia after ablation, andno PVCsweredetected
on post-ablation ECG. A shift from parasympathetic to sympathetic
predominance as a result of an intensive exercise trainingmay have pre-
disposed the athlete to electrical instability.9 Furthermore, the possible
impact of the hormonal alteration (especially cortisol and adrenaline) in-
duced by prolonged and intensive training on myocardial irritability
should be considered.9

Management strategies in athletes with frequent PVCs include de-
training, pharmacotherapy, and ablation. In this case, a high PVC bur-
den caused LV dysfunction, so we performed RFA in accordance

Figure 1 The resting 12-lead electrocardiogram of a 28-year-old male asymptomatic CrossFit athlete shows bigeminy premature ventricular con-
tractions with an infundibular pattern, characterized by a typical left bundle branch block, inferior ORS axis morphology with small R-waves in V1,
and earlier QRS transition before V3, indicative of an left ventricular outflow tract ectopic focus. PVCs, premature ventricular contractions; LBBB,
left bundle branch block; LVOT, left ventricular outflow tract.
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Figure 2 3D mapping by Navx confirmed the left ventricular outflow tract origin of premature ventricular contractions. LVOT, left ventricular
outflow tract; PVCs, premature ventricular contractions.

Figure 3 Post-ablation 12-lead electrocardiogram shows sinus rhythm without premature ventricular contraction. PVCs, premature ventricular
contractions.
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with the recommendations of the European Society of Cardiology,
which was successful in eliminating the arrhythmia and reversing
the LV dysfunction.10 There is conflicting evidence regarding the ef-
fects of detraining on PVC frequency reduction.11,12 Moreover, elite
athletes with bradycardia experience minimal efficacy from pharma-
cotherapy, and frequent PVCs might be resistant to anti-arrhythmic
medications.13

The significance of PVCs is highly variable and depends on their
characteristics, including frequency and morphology.3 Baman
et al.14 demonstrated that a frequency of 10 000 PVCs over 24 h
or a PVCs burden of 24% suffices to cause PICM. Furthermore,
Biffi et al.15 showed that a higher frequency of PVCs (.2000/24 h)
should raise suspicion of structural cardiac disease. Recently, more
focus has been placed on the morphological pattern of PVCs, and
it has been suggested that PVCswith a common pattern (infundibular
or fascicular) in the absence of underlying heart disease (idiopathic
PVCs) have been thought to be relatively benign.3 In this regard,
Pelliccia et al.2 reported that cardiac diseases were detected in 1%
and 12% of athletes with common and uncommon (othermorpholo-
gies and/or multifocal or repetitive) patterns, respectively. However,
this case indicates that a high PVC burden of common morphology
does not also represent a benign finding and requires further evalu-
ation to rule out a pathological condition.

Conclusion
This case suggested that the burden of PVCs remains an important
feature for risk stratification in athletes, as a high burden might carry

the risk of PICM and may require treatment even in asymptomatic
athletes. This case demonstrates that a high PVC burden of benign
morphology does not represent a benign finding, and a comprehen-
sive cardiac assessment is required to detect underlying heart dis-
ease. The present case highlights the important role of
pre-participation cardiac screening even in asymptomatic athletes.
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