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Research letter

The acute impact of a high-altitude
ultra-trail race on the ECG

Alessandro Zorzi1, Flavio D’Ascenzi2, Francesca Anselmi2,
Lucia Spera2, Aladino Ibrahim2, Chiara Ceccon2,
Sergio Mondillo2, Domenico Corrado1,
Francesco Antonini-Canterin3 and Leopoldo Pagliani3

Ultra-endurance competitions, defined as sports events
that exceed 6 hours in duration, are becoming increas-
ingly popular, but there is concern that these extreme
physical activities may carry negative health conse-
quences in particular in older athletes.1 A previous
study demonstrated that athletes engaging in ultra-
endurance sports show a transient rise in cardiac
biomarkers and right ventricular dysfunction after a
competition.2 It has been hypothesised that repetitive
bouts of myocardial damage may translate into an
adverse arrhythmic remodeling exposing the athlete to
the risk of sudden cardiac death.3 However, the conse-
quences of ultra-endurance sports activity on the heart
rhythm is still a debated issue. The aim of our study was
to evaluate the acute effects on heart rhythm after
an endurance (48 km) and ultra-endurance (120 km)
high-altitude race. We used a portable single-lead elec-
trocardiogram (ECG) recording device which allowed
us to recruit a large number of participants.

The study was performed during the 2018 North
Face Lavaredo Ultra Trail mountain run (Cortina
D’Ampezzo, BL, Italy). Athletes running the
Lavaredo Ultra Trail (120 km and elevation gain of
5800m) and the Cortina Trail (48 km and elevation
gain of 2600m) were offered participation in the
study on a voluntary basis. We recorded the ECG
with the US Food and Drug Administration (FDA)-
approved MyDiagnostick device (Applied Biomedical
Systems BV, The Netherlands). Holding the device by
the handles with both hands, it records a 1-minute,
single-lead ECG tracing. Recordings were performed
at baseline the day before the run and immediately
after the run. Variables that were assessed at the time
of enrollment were age, gender, years of sports activity
and average number of hours of training per week.

ECG tracings were reviewed independently by two
cardiologists (AZ, FD) and a third (LP) was consulted
in case of disagreement. Athletes with at least one
unreadable recording or those who withdrew from
the run or arrived beyond the time limit were excluded.

The ECGs were analysed for heart rate, QRS duration,
QT-interval duration corrected according to the Bazett
correction formula and the presence of at least one
beat of presumed ventricular origin (different QRS
morphology and full compensatory pause) during
the 1-minute recording, hereafter called premature
ventricular beat (PVB). As the P waves were clearly
identifiable in both tracings in only 176 of 545 (32%)
athletes and many showed irregular RR intervals
that could be caused by either sinus arrhythmias or
premature atrial beats/atrial fibrillation, analysis of
supraventricular arrhythmias was not performed.
Analysis of the QT-interval in both tracings was
possible in 498 (91%) athletes.

Data are expressed as number (%) or mean (�
standard deviation). Dichotomous variables were com-
pared with the chi-square or the Fisher exact test as
appropriate. Continuous variables were compared
with the Wilcoxon signed-rank test for paired samples
(comparison between pre-run and post-run data) or the
rank sum test for independent samples (comparison
between athletes who run the 120 and 48 km run).
A two-tailed P< 0.05 was considered statistically sig-
nificant. All analyses were performed using SPSS 18
(SPSS Inc., Chicago, IL, USA).

Athletes who agreed to participate were 315 of 1391
who completed the 48 km run and 248 of 1179 who
completed the 120 km run. Eighteen athletes were
excluded because either the pre or the post-run ECG
was unreadable due to low QRS voltages and/or
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muscular artifacts. Hence, a total of 545 athletes (83%
men, mean age 40� 9 years), 241 running the 120 km
race and 304 running the 50 km race, were included.
Athletes running the 120 km race were more often
men (92% vs. 77%, P< 0.001) and showed a similar
age (41� 8 vs. 40� 9 years, P¼ 0.40) to those running
the 48 km race.

At baseline, athletes showed a mean heart rate of
64� 14 beats per minute (bpm) and a mean QRS dur-
ation of 92� 18ms. Three (0.5%) showed at least one
PVB. Analysis of QTc-interval duration showed a mean
value of 412� 25ms. After the race, athletes showed a
higher heart rate (91� 13 bpm, P< 0.001), a similar
QRS duration (94� 16ms, P¼ 0.32) and a longer
QTc-interval duration (447� 25ms, P< 0.001) as com-
pared with baseline data. The number of athletes show-
ing at least one PVB increased significantly to 18 (3.3%,
P¼ 0.004) as compared with the pre-race evaluation
(Figure 1 and Supplementary Figure 1).

There was no statistically significant difference in the
prevalence of PVBs after the run according to age,
gender and run length. Athletes engaged in the 120km
run showed a slightly longer but statistically significant
post-run QTc-interval (450� 24 vs. 444� 25ms,
P¼ 0.009) while the post-run QRS duration was similar
between the two groups. There was no statistically sig-
nificant correlation between post-run QRS duration and
QTc-interval and age or gender. The presence of PVBs
after the race was not correlated with the QTc-interval.

One of the most debated issues in sports cardiology
is whether intense exercise enhances the burden of ven-
tricular arrhythmias. Recent studies showed that both
young athletes and older endurance athletes show a

prevalence of ventricular arrhythmias on 24-hour
ambulatory ECG monitoring similar to sedentary indi-
viduals.4,5 This finding is in line with our observation
that the prevalence of one or more PVBs during a base-
line 1-minute ECG recording was low (0.5%) also in
middle-aged athletes (mean age 40 years) engaging in
endurance or ultra-endurance mountain runs when
they are evaluated at baseline before the competition.
However, we found that the prevalence of PVB
increases by six times after the run, in parallel with
the prolongation of QT-interval. This observation sug-
gests that prolonged intense physical activity may cause
a transient increase in the electrical instability of the
ventricular myocardium, secondary to myocardial fati-
gue and to electrolytic imbalances that are typically
found after ultra-endurance competitions in athletes.2,6

We may speculate that increased ventricular ectopic
activity and QT prolongation recorded shortly after
an intense and prolonged exercise may contribute to
the increased risk of arrhythmias that persists after
the finish line of endurance competitions.7
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Figure 1. Example of two post-run ECG recordings with the MyDiagnostick device showing premature ventricular beats that were

not present before the race.
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