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Unexplained syncope in a young athlete: the

diagnostic process to find the diagnosis—a case
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Background Differential diagnosis of recurrent syncope is a routine procedure in clinical practice. Most of these syncopes are benign
reflex syncopes but identifying patients with cardiac syncope is crucial to prevent fatal outcomes.

...........................................................................................................................................................................................................................
Case summary In this case report, we present the case of a young athlete with recurrent unexplained syncope referred to us for a second

opinion. Despite normal resting-electrocardiography and echocardiography, he developed frequent polymorphic and bidirec-
tional premature ventricular contractions during exercise. Genetic testing confirmed a mutation in the RyR2-gene and the diag-
nosis of catecholaminergic polymorphic ventricular tachycardia was made. A medical therapy with betablockers was initiated
but poorly tolerated, so that an implantable cardioverter-defibrillator was implanted. Furthermore, family screening revealed his
mother and his sister to be genetic carriers as well. Implantable cardioverter-defibrillator implantation was performed in both
family members. The patient did not experience any syncope or arrhythmic episodes during the follow-up period.

...........................................................................................................................................................................................................................
Discussion This case report highlights the importance of thorough diagnostic and potential pitfalls in patients with unexplained syncope.

Sometimes, the diagnostic steps need to be extended or repeated to detect rare or potential malignant causes of syncope.
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Introduction

With a lifetime cumulative incidence of 35%, syncope is one of the
most common conditions being evaluated in the cardiology

department.1 Syncope is defined as total loss of consciousness
(TLOC) due to cerebral hypoperfusion with sudden onset and quick
recovery.2 The age distribution is characterized by two peaks, one in
adolescents and one in the elderly.3 The majority of syncope in the

Learning points
• Unexplained syncope is a common phenomenon in clinical practice but requires thorough anamnesis and diagnostics to identify a potential

harmful cardiac origin.
• If a cardiac origin is suggested, the investigation should be expanded until a definite diagnosis can be made.
• Especially in young patients with unexplained syncope and normal cardiac status, it is helpful to carry out the diagnostics several times to

unmask temporary changes of cardiac repolarization and ventricular ectopy.
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young refers to a benign reflex mechanism,4 however, the diagnostic
workup should help to differentiate between the distinct forms of
syncope to guide further therapy. A thorough history taking, if neces-
sary via third-party, is the cornerstone of the diagnostics and should
guide further examinations. The sequence of diagnostic steps also
depends on the mode of presentation, i.e. a patient who presents at
the emergency department with acute symptoms probably requires
a different diagnostic sequence than the patient who presents himself
at the outpatient clinic in a stable condition. The latter is the more
common situation. If the syncope occurs during exertion or supine
or is accompanied by palpitations right before TLOC, a cardiac origin
is highly likely. A thorough medical history should be raised and the
family should be checked for sudden cardiac death (SCD). A compre-
hensive cardiac examination including resting-electrocardiography
(ECG), cardiac imaging, Holter-, and exercise-ECG should follow. If
all examinations are normal but a cardiac origin is still suspected, an
implantable loop recorder (ILR) is a useful tool to further investigate
an arrhythmic cause.5 However, even if some cases remain unclear
despite extensive evaluation at the beginning, the diagnostic effort
should not stop at that point. Sometimes it can be helpful to repeat
certain examinations, especially stress tests.

In this report, we present the case of a young athlete who was
referred to us for a second opinion due to unexplained syncope
during physical activity. Despite normal resting-ECG and echo-
cardiography, he developed bidirectional and polymorphic pre-
mature ventricular contractions (PVCs) during exercise-testing.
He further had a family history of SCD and syncope. Taking into
account a mutation in the RyR2-gene, he was diagnosed with cat-
echolaminergic polymorphic ventricular tachycardia (CPVT).

Timeline

Case presentation

A 24-year-old white male was referred to us in January 2019 for a se-
cond opinion due to recurrent syncope, related to physical activity.
The patient was an amateur athlete, performing marathons and tri-
athlons on a high-performance level and was trained in martial arts.

In 2013, he suffered a traumatic brain injury caused by a syncope
during physical activity. At this point, the syncope was explained by
the high temperatures at that day and no further examinations were
carried out.

A year later, near drowning occurred during life guard training
requiring short-term resuscitation by his colleagues. Following this in-
cidence, the patient presented himself at a cardiologist for the first
time. Routine diagnostic work-up including 12-lead ECG, echocardi-
ography, and cardiac magnetic resonance imaging revealed no evi-
dence of a structural heart disease or channelopathy. A genetic
testing was not performed due to the patients’ reluctant attitude to-
wards diagnostics. Due to the recurrent unexplained syncope, an ILR
was inserted in the following. Since then, no syncope occurred, how-
ever, the ILR regularly recorded frequent PVC and one high-rate epi-
sode at 250 b.p.m., which was interpreted as supraventricular
tachycardia. Despite recommendations to the contrary, he continued
the ambitious sporting activity. In 2016, the patient requested the ex-
plantation of the ILR against the doctors advise because he reported
abnormal sensations from it and he did not expect any further find-
ings from it.

Between 2016 and the first contact at our outpatient clinic, he was
asymptomatic most of the time. At the time of his first presentation,
he reported frequent palpitations. This was also the reason for his
presentation at our clinic. A detailed family history revealed that his
mother had been suffering from physical and emotional stress associ-
ated syncope for years. Furthermore, his maternal grandfather died
of SCD at the age of 28, his two great uncles died at a young age.
One died suddenly at the age of 17 while playing soccer, whereas the
other one died of unknown cause in a mine.

He presented himself in a very well-trained condition. Physical
examination showed no abnormalities, the ECG showed a nor-
mal axis with regular intervals without any signs of pre-excitation
or early repolarization (Figure 1). Besides a mild mitral insuffi-
ciency, the echocardiography was inconspicuous. During exer-
cise-ECG, he developed frequent PVCs at a resistance of 175
Watts (W), these PVC were predominantly polymorphic but
also bidirectional. At a resistance of 250 W a significant drop of
blood pressure (>20 mmHg) was noted and the patient reported
dizziness, while he showed bidirectional bigemini and trigemini,
but no sustained ventricular tachycardia (VT) (see Figure 1). The
arrhythmias stopped immediately during recovery time. A genet-
ic testing was performed which revealed a mutation in the car-
diac RyR2-gene. Based on the clinical findings, the genetic blood
test and the family history, the diagnosis CPVT was made. A ther-
apy with betablockade was initiated but the patient tolerated
only the minimal dosage due to significant sinus bradycardia.
Furthermore, he planned to continue with physical activity on a
high-performance level despite advice to the contrary.
Therefore, we suggested to implant an implantable cardioverter-
defibrillator (ICD) based on the history of recurrent syncope.

2013 Syncope with traumatic brain injury

2014 Near-drowning with resuscitation during

lifeguard training

February 2015 First contact with cardiologist

Normal electrocardiography (ECG)

Normal echocardiography

Normal cardiac magnetic resonance imaging

Implantation of an implantable loop record-

er (ILR)

March 2016 ILR explantation at request of the patient

January 2019 Frequent palpitations and arrhythmias

June 2019 First contact with our clinic

Pathological exercise-ECG and suspected

catecholaminergic polymorphic ventricu-

lar tachycardia

November 2019 Genetic testing revealing a mutation in

RyR2-gene

March 2020 Implantation of an one-chamber implantable

cardioverter-defibrillator
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The patient agreed to a single-chamber ICD implantation, which
was performed in March 2020. The betablocker therapy was
continued on the minimum dosage. Since then, no further epi-
sode of syncope or VT/ventricular fibrillation (VF) occurred. The
RyR2 mutation was also detected in his mother and his sister.
Since the sister also experienced exercise-related syncope in the
meantime, ICD implantation was performed in both family mem-
bers as well. Figure 2 depicts the family tree including the definite
and suspected mutation carriers.

Discussion

Catecholaminergic polymorphic ventricular tachycardia belongs to
the group of inherited arrhythmias. It is defined as an adrenergic
driven VT or PVC with a bidirectional or polymorphic QRS
morphology in the absence of a structural heart disease.6 Its clinical
presentation features physical or emotional stress related syncope or
cardiac arrest due to VT/VF.7 Two types of CPVT have been defined
according to genetic findings: an autosomal dominant form with a
mutation of the cardiac ryanodine receptor gene (RyR2) and a reces-
sive form linked to mutations in the calsequestrin gene (CASQ2).8

With an estimated prevalence of 1:10 000 it belongs to the rare
forms of inherited arrhythmias.9 Therapy includes medical betablock-
ade and the implantation of an ICD. It is crucial to keep this
arrhythmia in mind during the routine diagnostic workup in young
patients presenting with syncope. This might explain the significant

Figure 1 Exercise-electrocardiogram of the patient. The resting-electrocardiogram is without any pathological findings. During exercise at
175 Watts, the patient develops frequent premature ventricular contractions, which are completely gone during recovery. The asterisks highlight
bidirectional premature ventricular contractions.

Figure 2 Family tree of the patient. Family members with definite
diagnosis of catecholaminergic polymorphic ventricular tachycardia
(the patient, his sister and his mother) are marked in blue. The blue
box with the red stripes indicates the patient. The orange boxes in-
dicate members with sudden cardiac death at a young age and sus-
pected catecholaminergic polymorphic ventricular tachycardia
(crossed boxes = deceased).
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..delay between symptom onset and definite diagnosis in the majority
of patients.7

In this case, the time period between symptom onset and subse-
quent diagnosis was 5 years; although our patients’ history and symp-
toms were typical for CPVT. The diagnosis is based on ECG findings
during exercise, maximal effort during exercise is a prerequisite for
the diagnosis because the arrhythmias typically appear around the
maximum exercise capacity.10 If the maximum capacity is not
reached, it is sometimes useful to switch the type of exercise from bi-
cycle to treadmill testing which is more suitable for untrained persons
to reach the maximum capacity.11 Importantly, programmed ven-
tricular stimulation is not valuable for risk stratification in CPVT.9

Also, genetic testing can be helpful in finding the correct diagnosis;
however, is prevalent in only half the patients with CPVT.12,13 Still,
genetic testing and screening of family members should be part of the
diagnostic workup in patients in whom an inherited arrhythmia is sus-
pected. In our case, a genetic background was obvious based on the
accumulation of SCD in the mothers’ family and the mothers’ history
of palpitations and syncope.

The basic principle of therapy in CPVT is reducing cardiac sympa-
thetic activation via betablockers (Class IC).8 If the patient is still symp-
tomatic, the antiarrhythmic regimen can be expanded with flecainide
(Class IIa).8 Implantable cardioverter-defibrillator implantation is rec-
ommended in patients with documented cardiac arrest, recurrent syn-
copes or sustained VT despite optimal therapy (Class IC).8 An ICD
should be carefully considered due to the relatively young patient
group. There are reasonable concerns that the ICD itself causes fatal
events in these patients, e.g. by increasing sympathetic activity due to
inappropriate shocks.14,15 Furthermore, a recent observational study
proved, the ICD implantation was not superior to medical therapy in
previously undiagnosed CPVT patients who survived SCD.16

However, in this case, we decided to perform ICD implantation be-
cause the patients’ adherence to medical therapy was low.

The patients’ education in congenital arrhythmia syndromes is cru-
cial for a successful treatment since the diagnosis represents a turning
point in the future of these young patients. Our task is to put the
pieces of diagnostics into a complete picture at the beginning to en-
sure an early diagnosis to prevent fatal outcomes.
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