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We present an asymptomatic 26-year-old athlete, with no family history of sudden cardiac death and no structural heart

disease, who displayed short-coupled premature ventricular contractions on exercise test and Holter monitoring. The

rarity of the case as well as management dilemmas are discussed. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol

Case Rep 2021;3:496–501) © 2021 The Authors. Published by Elsevier on behalf of the American College of

Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 26-year-old male athlete was referred to our center
by his workplace for a physical screening test. He was
very physically active, training 6 times per week
(CrossFit). He was asymptomatic and had no personal
history of syncope or any family history of sudden
cardiac death (SCD). Results of his physical exami-
nation were normal, and he was first scheduled for a
maximal exercise electrocardiogram (ECG) test (EET).

Figure 1 represents his resting ECG at the beginning
of the EET. There was a sinus arrhythmia (rate
ranging from 41 to 62 beats/min) with normal QRS
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pattern and duration (80 ms). The QTc interval was
normal at approximately 400 ms; there was a bifid T-
wave in lead V2. An early repolarization pattern (ERP)
was observed in the infero-lateral leads including a
notched J-wave with upsloping ST-segment interval
maximal in leads V3 and V4. Finally, a single prema-
ture ventricular contraction (PVC) with a short
coupling interval of 290 ms was noted.

The EET was performed using Bruce protocol, with
maximal capacity for age reached (93% of maximal
heart rate; total exercise time 14 min and 35 s). The
patient was asymptomatic during the test. The mon-
ofocal PVCs persisted during the test with the same
short coupling interval but the ERP disappeared
(Figure 2). During the recovery phase, the short-
coupled PVCs recurred as intermittent bigeminy
(Figure 3). They had a left bundle branch block
morphology with a QRS duration of 110 ms and axis
of �30�. A saddle ST-T elevation was present in V1 but
disappeared on resumption of the periods of ven-
tricular bigeminy.
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AB BR E V I A T I O N S

AND ACRONYM S

ECG = electrocardiogram

EET = exercise ECG test

ERP = early repolarization

pattern

PVC = premature ventricular

contraction

SCD = sudden cardiac death
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A 24-h ECG Holter revealed 943 single, short-
coupled PVCs (1.3% burden) equally distributed dur-
ing the recording. The morphology of the single PVCs
was similar on the three ECG leads to that observed
during exercise recovery; however, the coupling in-
terval was slightly longer ranging from 360 to 364 ms
at 10-min intervals between 12:25 AM and 12:45 AM

when the patient was awake (Figure 4). There were
also 1 couplet (Figure 5) and 1 triplet. No significant
changes in QTc intervals were found at both slower
and faster heart rates.

MEDICAL HISTORY

The patient was healthy, never suffered from syncope
episodes, did not take any medication, and did not
smoke or use illicit drugs.

DIFFERENTIAL DIAGNOSIS

Very short-coupled PVCs have been recognized as a
trigger for malignant ventricular arrhythmias in pa-
tients with no structural heart disease. These ar-
rhythmias, which usually originate in the Purkinje
system and less commonly in the ventricular
myocardium, have been documented at the onset of
malignant arrhythmic events in patients with idio-
pathic ventricular fibrillation (1). Although their
prevalence in normal asymptomatic subjects is
FIGURE 1 Resting Electrocardiogram

Sinus arrhythmia with normal QRS and QTc (400 ms). A bifid T-wave and

lateral leads, respectively. A single premature ventricular contraction (P
unknown, our experience suggests that such
arrhythmias are exceptional in the normal
population. Their observation in our young
athletic subject who exhibited various repo-
larization disorders warranted comprehen-
sive investigation.

INVESTIGATIONS

Structural heart disease was ruled out using

normal transthoracic echocardiogram and cardiac
magnetic resonance imaging. The diagnosis of Bru-
gada syndrome was ruled out using the ajmaline test
(1 mg/kg over 10 min), suggesting that the pseudo-
Brugada type 2 ECG pattern observed in V1 during
ventricular bigeminy was actually the result of a
“memory phenomenon” secondary to the prior PVC
(2). The bifid pattern of T-wave in V2 was considered
as a normal variant with no suspicion of any type of
long QT syndrome. Finally, the ERP observed in the
inferolateral leads was considered to be of unclear
prognostic significance according to an expert
consensus (3); actually, the notched J-wave is thought
to suggest a worse prognosis while an upsloping ST-
segment is considered to suggest a good one (3). Our
presumptive final diagnosis was short-coupled Pur-
kinje PVCs originating at a medial insertion site of the
moderator band near the right bundle branch (4,5).
an early repolarization pattern are present in lead V2 and the infero-

VC) with a short coupling interval of 290 ms is observed.



FIGURE 2 Maximal Exercise Electrocardiogram Test

Monofocal premature ventricular contractions (PVCs) persist during the test with the same short coupling interval but the early repolarization

pattern disappears.

FIGURE 3 Recovery

Short-coupled premature ventricular contractions (PVCs) as intermittent bigeminy. PVC have a left bundle branch block morphology with a

QRS duration of 110 ms and axis of �30�. A saddle ST-T elevation is present in V1 only during the periods of ventricular bigeminy. Note the

normalization of the repolarization on the last beat in V1.
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FIGURE 4 Holter Recording

Monofocal single short-coupled premature ventricular contractions (PVCs) recorded at 10-min intervals. Note that the morphology of the

PVCs on the 3 electrocardiogram leads is similar to that observed during exercise recovery; however, the coupling interval is slightly longer

(360 to 364 ms).
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FIGURE 5 Holter Recording

One single couplet is also recorded initiated with a short-coupled premature ventricular contraction.
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MANAGEMENT

Therapeutic options include the following: 1) a “wait
and see” option while strenuous physical activity is
forbidden and a loop recorder ECG implanted; 2) an
empirically guided treatment with oral quinidine
(beginning with low doses that are usually well toler-
ated), taking into account the great efficacy of this
medication in patients with arrhythmic storms of
idiopathic ventricular fibrillation (6,7); 3) electro-
physiologically guided quinidine therapy, which may
be recommended for those patients who also have
ventricular fibrillation inducible with programmed
ventricular stimulation (7,8); 4) radiofrequency abla-
tion of the PVCs, which could be an excellent option in
patients with mappable monofocal arrhythmias (9);
and 5) implantation of an implantable defibrillator also
may be discussed, but only as an ultimate resort. As far
as genetic testing, a single study showed multiple
ectopic Purkinje-related premature contractions and
attributed them to an SCN5A cardiac channelopathy
(10). In our subject, the lack of any family history of
arrhythmias and sudden death would not support a
familial channelopathy.

DISCUSSION

The asymptomatic 26-year-old athlete, with no
family history of SCD and no structural heart dis-
ease hereunder reported, presented with a PVC
burden of 1.3% short-coupled PVCs on Holter
monitoring, presumably originating from the right
ventricle moderator band. The arrhythmias did not
disappear during exercise. We have not encoun-
tered a similar case during up to 45 years activity
in cardiology (by our most senior author, BB), nor
did other physicians with vast experience in the
field of ventricular arrhythmias in athletes
(Alessandro Zorzi, October, 2020, personal
communication).

In the recent guidelines on sports cardiology pub-
lished by the European Society of Cardiology (11),
athletes with PVCs on baseline ECG have received a
Class I recommendation to be evaluated for excluding
a structural heart disease or arrhythmogenic condi-
tions. After ruling out a family history of SCD and
structural heart disease, all sports activities are
permitted. However, the guidelines state that very
rarely, otherwise “benign” PVCs arising from the
Purkinje network may give rise to polymorphic ven-
tricular tachycardia or fibrillation due to their short
coupling interval; in such patients, the malignant
electrical presentation mandates aggressive treat-
ment. However, specific recommendations for
the clinical management of such subjects are lacking.

FOLLOW-UP

Our patient decided to continue his athletic activity.
He definitely declined receiving an implantable loop
recorder or undergoing any invasive procedure
despite our repeated explanations that such a refusal
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may have lethal consequences. He has remained
asymptomatic during 4 months of follow-up.

CONCLUSIONS

This unique case report should prompt the perfor-
mance of multicenter studies exploring the preva-
lence of short-coupled PVCs in subjects with
apparently normal hearts, especially those engaged in
athletic activities. The question whether such
PVCs could lead to potentially lethal ventricular
arrhythmias during strenuous exercise or as a result
of commotio cordis should be raised.
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