
Introduction

The electrocardiogram (ECG) of athletes,
especially in those that are endurance-trained,
frequently shows some alterations and usually reflects
structural and electrical remodeling of the heart as an
adaptation to regular physical training (athlete’s
heart).1 However, abnormalities of athlete’s ECG may
be an expression of an underlying heart disease which
carries a risk of sudden death during sport.2-4 It is
important that ECG abnormalities are correctly
distinguished.5,6

We report a case of an ultramarathon athlete who
arrived in Emergency Department (ED), after a 100-
kilometer race, with unspecific abdominal pain and

showing ECG alterations that required further
investigations to rule out a cardiac disease.

Case Report

A 47-year-old Caucasian man presented to our ED
with aspecific abdominal pain; the symptom occurred
after finishing an ultra-marathon of 100 kilometers.
He did not have cardiovascular risk factors. 

On physical examination, he had a blood pressure
of 115/70 mmHg and a heart rate of 83 per minute.
His chest was clear to auscultation and heart sounds
were normal. His abdomen was soft and nontender.
Bowel sounds were present and there was no
guarding, rebound tenderness, or organomegaly;
femoral pulse was isosphygmic.

ECG trace showed anterior repolarization
abnormalities with ST-segment elevation in V1 to V3
leads with a convex toward the top morphology and
normal T-wave and inverted T-wave in D1, aVL, and
V5 to V6 leads (Figure 1).

His laboratory data showed potassium 5.0
mMol/L, creatinine 1.5 mg/dL, HS-troponin T 76
pg/mL (normal value 0-13 pg/mL).

He was admitted to the Cardiology Department
and underwent a coronary study. Coronary
angiography was normal. A cardiac magnetic
resonance was also performed. In this study, the cavity
size of left ventricle was normal, while the medium
posterior septum thickness and the cardiac mass were
increased [12.6 mm and left ventricular mass index 96
g/m2 (normal value <72 g/m2), respectively]. The left
ventricular systolic function was normal; no papillary
muscle hypertrophy or focal areas of myocardial
edema or fibrosis were observed. The final diagnosis
was therefore athlete’s heart.
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Subsequently, an ECG performed two months before
was made available and showed similar abnormalities
to the one performed on arrival (Figure 2).

During hospitalization the patient remained
asymptomatic, troponin values reduced and he was
discharged after four days.

Discussion
The patient presented with non-specific abdominal

pain and the ECG trace showed some repolarization
abnormalities. He was admitted to Cardiology
Department to study these alterations and to exclude an
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Figure 1. Electrocardiogram on arrival to the Emergency Department, showing high QRS voltages, ST elevation in V1-
V3 leads with a convex toward the top morphology and positive T-wave, inverse T-wave in V5, V6, D1 and aVL leads.

Figure 2. Electrocardiogram performed two months previously. There are similar repolarization abnormalities.
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acute coronary syndrome. Coronarography and
magnetic resonance excluded a coronary disease.
Moreover, magnetic resonance did not show a papillary
muscle hypertrophy that sometimes can explain these
abnormalities. Thus, it had been necessary to explain
these repolarization alterations in a young health athlete. 

Early repolarization (ER) has traditionally been
regarded as an idiopathic and benign ECG
phenomenon, with an estimated prevalence in healthy
young individuals of 1-2%, and a clear male
preponderance.7 The ER ECG pattern is the rule rather
than the exception among highly trained athletes, in
whom it is observed in 50-80% of resting ECG.7

Over the last decade, ECG interpretation standards
have undergone several modifications to improve the
accuracy of detecting potentially life-threatening
cardiac conditions in young athletes while also
limiting false positive results.8 In February 2015, an
international group of experts convened in Seattle to
update contemporary recommendations for ECG
interpretation in asymptomatic athletes.8

The most common pattern of ER in anterior leads
is characterized by J-point (QRS-ST junction)
elevation, at least 0.1 mV from the baseline, associated
with notching or slurring of the terminal QRS complex
which may vary in location, morphology, and
degree.9,10 The most common morphological pattern
seen in up to 45% of Caucasians athletes is an elevated
ST-segment with an upward concavity, ending in a
positive (peaked and tall) T-wave.7 In 63-91% of
athletes of African-Caribbean descent, however, the
morphology is often different with an elevated ST-
segment with an upward convexity, followed by a
negative T-wave.7 This pattern, with the domed
morphology of the elevated ST-segment requires
differentiation from the Brugada-ECG (Brugada-like
ECG).11 The European Society of Cardiology criteria
proposed that a down-sloping ST-segment elevation
is typical of Brugada pattern whereas an upsloping ST-
segment elevation is characteristic of ER.7

Based on current evidence, all patterns of ER when
present in isolation and without clinical markers of
pathology, should be considered benign variants in
athletes.12

Methods to differentiate between this benign
repolarization abnormality and the pathological
Brugada ECG pattern include measurement of the
Corrado index: the measurement of the ST segment
at the J point (STJ) and then 80 ms after the J point
(ST80). In ER, the ST elevation is convex, therefore
the ST80 is invariably higher than the STJ producing
a STJ/ST80 ratio <1. In Brugada syndrome, the ST80
is lower than the STJ and so the STJ/ST80 ratio is >113

(Figure 3).
Zorzi et al.13 found that an upsloping ST-segment

configuration (STJ/ST80 <1) had a sensitivity of 97%,

a specificity of 100%, and a diagnostic accuracy of
98.7% for the diagnosis of ER.

Our patient showed some ECG patterns associated
with athlete’s heart. Right precordial leads ST-segment
elevation with a convex toward the top morphology
can be related to an early repolarization. Moreover,
this presentation is original, because there is an
upward convexity (as African-Caribbean athletes)
followed by a positive T-wave (as Caucasian athletes).

A recent study on ECG variations pre- and post-
marathon14 showed that the most common finding was
ER pattern, typically manifesting with ST elevation, J
point elevation or terminal slurring of the QRS; some
athletes had more pronounced ER after the race.
Finally, no correlations between ECG changes and
serum cardiac biomarkers levels were found. 

The magnitude of ST-segment elevation is
characteristically modulated by autonomic influences
and heart rate changes which explain the dynamic
nature of the ECG abnormalities with waxing and
waning of the ST-segment and T-wave over time.9,10,15

ER in athletes reflects the development of a training-
related hypervagotonia, and ECG abnormalities are a
reversible phenomenon which reduces or disappears
with deconditioning.7

The Brugada ECG pattern is particularly
problematic in athletes because of the risk of
hyperthermia during training in addition to their
increased vagal tone, which places them at higher risk
of development of ventricular arrhythmias seen in
patients with Brugada.
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Figure 3. Measurement of Corrado index. A) Brugada pat-
tern (personal case): the ST80 is lower than the STJ =
STJ/ST80 ratio is >1. B) Early repolarization (reported
case): the ST80 is higher than the STJ = STJ/ST80 ratio <1.
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Isolated changes of ER in inferior and/or lateral
leads with terminal QRS slurring have been reported
in patients with idiopathic ventricular fibrillation.16

Also recently, ER (particularly in the inferolateral
leads) has been associated with an increased risk of
idiopathic ventricular fibrillation and cardiovascular
death in the general, non-athletic population.11 The
available data do not support the view that in general
population of asymptomatic young individuals or
athletes this ECG pattern is predictive of an increased
risk of malignant ventricular arrhythmias7 and recent
studies on large populations of athletes and long
follow-up do not support the view that among healthy
athletes this ECG pattern is predictive of malignant
ventricular arrhythmias and death.12,17-19 This pattern
appears not to confer a significant risk of recurrent
malignant ventricular arrhythmias in the general
athletic population.20

Conclusions

Although it can also be found in normal people,
ER is almost always the rule in athletes and represents
one of the elements, which characterize the typical
athlete’s ECG.

ER patterns deserve specific mention because they
have been associated with an increased risk of
ventricular fibrillation and sudden cardiac death.
However, in otherwise healthy athletes without heart
disease, the strong association between athletic
performance and ER appears benign.21

An unfamiliarity with common ECG
manifestations of regular or prolonged aerobic
exercise may lead to misdiagnosis, unnecessary
treatment, and the avoidable consumption of
healthcare resources. Clinicians should be familiar
with the normal ECG variants associated with
significant aerobic activity.14

This case report could contribute to remind
clinicians to consider the contextual clinical pictures
behind the ECG findings.
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