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Objectives: To categorize ECG findings into normal, borderline or abnormal in a team of professional elite
cyclists according to the 2017 international recommendations.
Design: A cross-sectional study was performed.

Methods: Twelve-lead ECGs collected between 2012 and 2015 as part of an annual routine examination
for a team of professional elite cyclists were analysed, and findings classified as normal, borderline or
abnormal according to the 2017 recommendations. Information on exercise capacity testing was also
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Athlet .

Electeroecardio h Results: A total of 43 professional cyclists, all Caucasian males ranging between 21 and 38 years of age,
graphy ; : ;

Cyclist were included. Given most were followed up for multiple years, a total of 103 ECGs were collected.

Screening Normal variations were found in 43 (100%) athletes; borderline findings in 4 (9.3%), and 2 (4.7%) athletes

Men had abnormal findings. No pathology was identified on further investigation of the four cyclists with two
Guidelines concurrent borderline or any abnormal ECG findings, reflecting a false positive rate of 9.3%.
Conclusions: In this team of professional cyclists, the prevalence of abnormal ECG findings requiring
further investigation, and the false positive rate were low, despite a very high prevalence of normal
variations expected in athletes. This may be as a result of heightened specificity of the new international
recommendations for ECG interpretation in athletes.

© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Sudden cardiac death (SCD) in athletes, defined as death due
to cardiac causes within one hour of symptoms’ onset, is the most
common medical cause of mortality while training and competing.'
More than 20 causes of SCD have been identified in young ath-
letes aged 12-35 years, whilst in those >35 years, coronary artery
disease predominates.? Of the most common causes of SCD in
the young athlete population, many have characteristic ECG fea-
tures, and the ECG can be diagnostic in Wolff-Parkinson-White,
long QT and Brugada syndromes.? Therefore, the 12-lead ECG is an
important screening tool in those athletes at risk of SCD.? Indeed,
the European Society of Cardiology endorses the use of 12-lead
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ECG screening for athletes,* as does the International Olympic
Committee.”

SCDis associated with significant alarm within the broader com-
munity due to media attention.! This public concern could lead
to screening, not only of competitive athletes, but also amateurs;
and given the historically high false positive rate of ECG anal-
ysis, could cause significant over-investigation and unnecessary
distress'. Therefore, there has been an imperative to enhance the
specificity of ECG criteria with the publication of the 2010 European
Society of Cardiology (ESC) recommendations?; the 2012 Seattle
criteria which were subsequently revised in 2015%; and the most
recently released 2017 international recommendations for electro-
cardiographic interpretation in athletes.?

The 2017 international recommendations® have focused on
updating those of the ESC in 2010,* which classified ECG changes
into either common and physiological, or uncommon and patho-
logical; the latter prompting further diagnostic evaluation. Instead,
the new recommendations classify ECG changes into normal, bor-
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derline, or abnormal; where two borderline or one abnormal ECG
feature warrants further investigation. The key features that have
moved from the pathological/abnormal category include: T-wave
inversion, which is considered normal in black athletes in V{-V4
and juvenile athletes <16 years of age in V;-V3; left atrial enlarge-
ment, left axis deviation and right axis deviation, and complete
right bundle branch block (RBBB), all of which are now borderline
features.

An ideal sport to evaluate the application of the new guidelines
is one with both high static but also dynamic components, as this
is the type of activity that sees the most cardiac remodelling and
ECG changes. Cycling is one such sport.” To our knowledge, there is
a paucity of data on ECG analysis in professional elite athletes, and
often studies lack clarity as to how to define a competitive athlete.
This study is novel in investigating truly elite cyclists by focussing
on a team of professionals who have attained the “World Tour
Licence”, and for whom cardiopulmonary exercise-testing data is
available to confirm their physical condition. Furthermore, this is
the first study to apply the new international recommendations in
such a population.

2. Methods

We studied ECGs from a population of elite male professional
road cyclists, who were part of a team formed in April 2012. The
team was considered a “Continental cycling team” from 2013 to
2014, and then attained the “World Tour License” in 2015, which is
the highestlevel for a road cycling team. They competed in the Tour
de France on three occasions, and the Giro d’Italia on two occasions.
The athletes are regularly tested for performance enhancing drugs,
and thus to our knowledge no such substances were used in this
population.

The follow-up of this cycling team was performed by the Geneva
University Hospitals. During 4 years between 2012-2015 in the
pre-season in December, the athletes had physiological tests at
the Cressy Medical Centre in Geneva. As part of the 2013 Union
Cycliste Internationale obligatory medical examination for con-
tinental cycling teams, they underwent clinical assessments by
sports medicine physicians, blood tests and urinary examina-
tions. A resting 12-lead ECG (Cardiovit MS-2010 Schiller AG, Baar,
Switzerland; voltage 10 mm/mV, paper speed 25 mm/s, 50 Hz filter)
was performed by a cardiologist. Heart rate (Polar Electro, Kempele,
Finland); maximal oxygen consumption (VO, max) (Mextamax 38
analyser, Cortex Biophysics, Lepzig Germany); and maximal aerobic
power (SRM ergometer, Germany) were measured.

ECG analysis was performed by two certified cardiologists expe-
rienced in sports cardiology. ECGs were scanned and magnified
on a computer in order to improve the accuracy of the analy-
sis. A standard ECG criteria enumeration included analysis of the
P wave, RR interval, QRS complex, T wave, PQ interval, and QT
interval. In accordance with the 2017 international recommen-
dations for ECG interpretation in athletes, the Bazett’s heart rate
formula was used to calculate the QTc interval (QT/,/RR) and the
Sokolow-Lyon-Index to assess for left (SV1+RV5 or RV6>3.5mV)
or right (RV1+SV5 or SV6>1.1 mV) ventricular hypertrophy. In
terms of early repolarization physiological criteria, we separated
early repolarisation into anterolateral (V4-Vg), inferior (II, IIl and
aVF), and lateral (I and aVL). We analysed the type of J-wave pat-
tern of early repolarisation: none, notched or slurred, and measured
the maximal amplitude in mV, along with the overall ST pattern,
100 ms after the J point. We also classified T wave inversion (TWI)
into anterior (V,-Vy), lateral (I and aVL, V5 and/or Vg), and infe-
rior (Il and aVF). Any ambiguous ECG changes were discussed with
other investigators to reach a consensus for each case. We then

Table 1

Normal, borderline and abnormal ECG findings. AV, atrioventricular; LBBB, left bun-
dle branch block; LVH, left ventricular hypertrophy; PVC, premature ventricular
contraction; RBBB, right bundle branch block; RVH, right ventricular hypertrophy;
TWI, t-wave inversion.

Normal ECG findings N athletes (%)

Increased QRS voltage indicating LVH 28 (65%)
RVH 9(20.9%)
Incomplete RBBB 18 (41.8%)
Early repolarization 42 (97.6%)

Black athlete repolarization variant 0 (0%)
Juvenile T-wave pattern 0 (0%)
Sinus bradycardia 42 (97.6%)
Sinus arrhythmia 6 (13.9%)
Ectopic atrial rhythm 7(16.3%)
Junctional escape rhythm 2 (4.6%)
First degree AV block 14 (32.6%)
Mobitz I (Wenckebach) AV block 1(2.3%)
Total 43 (100%)

Borderline ECG findings

Left axis deviation 1(2.3%)
Left atrial enlargement 4(9.3%)
Right axis deviation 1(2.3%)
Right atrial enlargement 2 (4.6%)
Complete RBBB 0 (0%)
Total 4(9.3%)
Abnormal ECG findings

Pathological TWI 2 (4.6%)
ST-segment depression 0 (0%)
Pathologic Q waves 0 (0%)
Complete LBBB 0 (0%)
Profound nonspecific intraventricular conduction delay 0 (0%)
Epsilon wave 0 (0%)
Ventricular pre-excitation 0 (0%)
Prolonged QT interval 1(2.3%)
Brugada type I pattern 0 (0%)
Profound sinus bradycardia 0 (0%)
Profound first degree AV block 0 (0%)
Mobitz type II 2 AV block 0 (0%)
Third AV block 0 (0%)
Atrial tachyarrhytmias 0 (0%)
PVC 0 (0%)
Ventricular arrhythmias 0 (0%)
Total 2(4.7%)
Athletes requiring further Ix 4(9.3%)

classified the ECG changes into normal, borderline, and abnormal,
and further investigations were planned accordingly.?

3. Results

Baseline characteristics are recorded in Table I, Supplemen-
tary material. A total of 103 ECGs were recorded from 43 athletes.
All were Caucasian males aged 21-38 years, with a mean age of
28.1 £3.9years, competing for >6 months of the year. The BMI
ranged from 18.5-26 kg/m2. Eleven athletes were followed for
4years; 5 over 3years; 17 for 2years; and 10 for 1year (mean
years followed 2.4 +1.1). The primary reason for leaving the study
was a change in cycling team. Maximal aerobic power results and
VO, max results from 2012 to 2015 are listed in Table I (Supple-
mentary material). The average VO, max was 66.4 + 7.1 ml/min/kg,
consistent with a high level of aerobic training.

We recorded 102 ECGs in 43 athletes with normal variations, 10
ECGs in 4 athletes with borderline changes, and 2 ECGs in 2 athletes
with abnormal variations, as detailed in Table 1.

The most common normal variations seen were bradycardia
(97.6%), left ventricular hypertrophy (LVH) (65%) and early repo-
larisation (97.6%). Normal variations did not tend to vary between
years in athletes who had multiple years of follow-up.

Positive Sokolow criteria for left ventricular hypertrophy was
noted in 28 (65%) of athletes across 61 ECGs (59.2%), with the high-
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Table 2
Early repolarization patterns.
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ECG leads ECGs, n (%) Notched t-wave, n (%) Terminal QRS slurring, n (%) ST elevation Descending/horizontal pattern
V4-Vg 97 (94.2) 20(19.4) 2(1.9) 75(72.8) 3(2.9)
I,avL 6(5.8) 1(1.9) 0(0) 5(4.8) 0(0)
I, 11, aVF 26(25.2) 2(1.9) 10(9.7) 12(11.6) 1(0.97)
Table 3

ECG findings necessitating further investigation. LAVI,
ventricular.

left atrial volume index; LAE, left atrial enlargement; RAE, right atrial enlargement; TWI, T wave inversion; LV, left

Gender Age (years) BMI (kg/m?) VO2max (ml/kg/min) MAP (Watt) ECG findings TTE findings

Male 26 223 68.4 430 LAE RAE Mild RAE (right atrial area
24 cm?)

Male 29 22 74.4 405 LAE RAE Mild LAE (LAVI 35.5 ml/m?)
and mild LV wall thickening
(posterior LV wall thickness
11 mm)

Male 24 18.8 69.4 370 TWI V,-V4 QTc>=470 ms Mild LAE (LAVI 41.8 ml/m?)

Male 34 26 54.0 419 TWIV,-Vy Mild bi-atrial dilatation (LAVI

36 ml/m?, right atrial area
23.6cm?)

estindex (SwaveinV; +RwaveinVs_g)recorded as 58 mm (normal
<35 mm). Right ventricular hypertrophy (RVH) was identified in
9 (20.9%) of athletes. Echocardiography, performed biennially in
all athletes as part of routine screening, revealed an elevated left
ventricular mass index in 11 (26%) of athletes, with a sensitivity
and specificity of electrocardiographically determined LVH in our
cohort of 73% and 34% respectively.

42 (97.6%) of the athletes met early repolarisation criteria, which
were predominantly seen in lateral leads; 41 (95.3%) of athletes had
early repolarisation in V4-Vg. Almost all ECGs had an ascending
pattern 100 ms after the J point (Table 2).

4 (9.3%) of the athletes met the criteria for left atrial enlarge-
ment, 2 (4.7%) of the athletes demonstrated left axis deviation, and
1 (2.3%) athlete had right atrial enlargement (right and left atrial
enlargement demonstrated in Fig. S1, Supplementary material).
No complete RBBB was found. 2 (4.7%) of the athletes had ECGs
exhibiting 2 coexistent borderline variations, prompting further
investigation.

Two ECGs in two different athletes met the criteria for patho-
logical changes. Both had TWI in the anterior precordial leads, and
one had QTc prolongation (Fig. S2, Supplementary material). This
athlete saw resolution of the QTc prolongation in subsequent ECGs
in following years but not the TWI, whilst the other athlete had
resolution of the TWI and no further abnormal findings (Table 3).

As described above, two athletes had two co-existent borderline
variations, and two athletes had abnormal variations. Therefore
4 athletes (9.3%) were further investigated with transthoracic
echocardiography, as highlighted in Table 3. The findings were mild
right or left atrial dilatation without other concerns in 3; and the
4th had mild left ventricular wall thickening in addition to mild left
atrial dilatation. This implies a false positive rate of 9.3% for the ECG
assessment, albeit with a short period of follow-up.

The consistency of these concurrent borderline or abnormal ECG
findings across each athlete’s follow-up period for these 4 ath-
letes was also assessed. The athletes with TWI had 3 and 4 years
of follow-up, however TWI according to the 2017 international
recommendations was only identified in one ECG. Interestingly,
applying the 2010 recommendations found TWI in all 4 years of
follow up for one, and 2 out of 3years for the other. Similarly,
regarding the two athletes with two concurrent borderline find-
ings; these only coexisted in one out of the 3 or 4years that they
were followed for. In both cases, these athletes had isolated LAE in
one year, and the remaining year(s) were normal.

4. Discussion

We believe that this is the first study to be published follow-
ing the release of the 2017 international recommendations for ECG
interpretation in endurance athletes. We are aware of one paper
studying professional Basketball players,® which surprisingly found
higher rates of concurrent borderline or abnormal findings.

In our study, the application of these new guidelines resulted
in 4 cases requiring further investigation, all of which were neg-
ative echocardiography examinations. This gives a false positive
rate of 9.3%, marginally lower than reports from the application of
the previous recommendations, however it must be noted that the
false positive rate is based on a very short follow-up time frame,
and it is possible ECG findings may have preceded echocardio-
graphic abnormalities. Weiner et al. applied the 2010 guidelines
to the assessment of university athletes participating in a range of
sports of predominantly static components, and found a 10% false
positive rate of ECG screening.” This suggests improved specificity,
albeit marginal, of the new guidelines, however the difference in
sporting activity studied may affect this result.

Our study applied the new international recommendations for
ECG analysis in athletes to an elite professional cycling team, and
found that “normal”, or physiological, changes were ubiquitous.
Not surprisingly, the majority of cyclists had sinus bradycardia and
early repolarization abnormalities, both present in 42 (97.6%) of
athletes, which are common consequences of increased vagal tone
in athletes.'? Early repolarization abnormalities are considered to
be benign according to international consensus.? This is despite
literature suggesting that certain morphologies of early repolariza-
tion may pose an increased risk of malignant arrhythmias. !’

This association between early repolarization and ventricular
fibrillation is seen mostly when the early repolarization is in the
inferior leads.!! In the athletes in this study, the vast majority of
early repolarization was seenin the lateral leads (94.2%), with 25.2%
in the inferior leads; only 1 ECG showed the “highest risk” combina-
tion of horizontal or descending ST segment, and location of early
repolarisation in the inferior leads. Therefore, although early repo-
larization was almost ubiquitous in our population, the pattern is
predominantly one of lower risk. Furthermore there is insufficient
evidence at present to suggest that early repolarization patterns in
isolation are indicative of any underlying pathology, and therefore
these athletes can be reassured.’
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Another common normal variation found in our athletes was
LVH, present in 65% on ECG, although only 26% on echocardio-
graphy, consistent with other reports there is a poor correlation
between LVH on the ECG and LVH on cardiac imaging in young
populations.’?13 This high prevalence of LVH on the ECG is compa-
rable to similar studies of cyclists,'# suggesting that they may have
higher left ventricular mass compared to athletes in other sports,
such as football players and canoeists. The high static and dynamic
demands of cycling, with a requirement to enhance cardiac output
for a prolonged period of time, could explain the resultant LVH.

Another common finding in our elite cyclists was RVH, present
in 20.9% of athletes, a rate slightly higher than other studies of
young athletes.!> Right ventricular remodelling is typically seen in
endurance athletes, and increases with race duration.' The right
ventricle experiences greater increases in ventricular load with
exercise, and therefore is more susceptible to an increase in ven-
tricular dimensions.!® Interestingly in our study, LVH was far more
common than RVH. However, we did not include echocardiographic
measures of right ventricular size, and therefore we were not able
to compare echo-based measures of RVH to LVH. Features sugges-
tive of right ventricular pathology include anterior TWI, which may
be suggestive of arrhythmogenic right ventricular cardiomyopathy;
or changes such as right axis deviation, ST-depression, right atrial
enlargement and TWI, which may indicate pulmonary hyperten-
sion. Given the high frequency of RVH in athletes, the presence of
these features is required to warrant further investigation.!”

Borderline changes were identified in 12 ECGs, most commonly
atrial enlargement and left axis deviation. Endurance athletes have
a 2-7 fold higher rate of atrial fibrillation'®!9; which is associ-
ated with increased left atrial diameter and volume,'? suggesting
that these structural changes may predispose to atrial arrhythmias.
However this association between endurance sport and atrial fib-
rillation derives from cohorts with a mean age of 57 and 39years,
and is therefore not reflective of our study population.

Only two athletes (4.7%) ECGs met the criteria for pathologi-
cal findings, with TWI and a prolonged QTc interval, similar to a
large study of athletes competing in multiple different sports.?°
The overall prevalence of abnormal ECG findings is lower than
comparable studies using the 2010 recommendations, such as a
study by Wilson et al., finding “uncommon” ECG changes in 5.8%
of Caucasian athletes.?! This study primarily included footballers
and basketballers, and therefore the prevalence in cyclists could
be expected to be higher. Also using the 2010 recommendations,
an Australian study of endurance athletes participating in a vari-
ety of sports found a substantial prevalence of abnormal findings,
with 19% affected.? This may indicate that the updated criteria do
have the desired effect of increasing the specificity of the abnormal
ECG criteria. Furthermore, we found that concurrent borderline or
abnormal findings were only present in one of the 3-4years that
the athletes were followed for, whereas applying the 2010 recom-
mendations found abnormalities in more than twice as many of
the ECGs. This, again, may suggest greater specificity of the new
guidelines.

Regarding TWI, there is no discrimination in the 2017 recom-
mendations with regard to the leads in which this abnormality is
found; all are considered pathological unless in black or adolescent
athletes. In our athletes, the TWI was in V,-V4. The echocardio-
grams in both of these patients simply revealed mild bi-atrial
dilatation. Interestingly, studies have suggested that TWI in inferior
or lateral leads is associated with a higher risk of ischaemic heart
disease, cardiomyopathy, aortic valve disease, systemic hyperten-
sion and left ventricular non-compaction.?>2 Furthermore, in our
patients, TWI was associated with convex ST segment elevation/]
point elevation (Fig. S2), which may indicate ‘physiologic’ rather
than ‘pathologic’ TWI.2> Perhaps, then, our athletes have a more
benign form of TWI; or possibly it may indicate an early expression

of an underlying structural change that is yet to be evident on car-
diac imaging.2® Furthermore, it must be highlighted that the resting
ECG is insufficient for detection of premature coronary disease, and
therefore is inadequate for screening for this purpose.>

One of our athletes had QT segment prolongation on one ECG,
however this resolved on subsequent ECGs. Whilst a study by
Basavarajaiah et al. suggested that a QTc of >500 ms is highly sug-
gestive of long QT syndrome, they also commented that an isolated
long QT segment can be an effect of delayed repolarization as
a result of increased left ventricular mass.2’ Therefore, this may
explain the transient prolongation of QT interval in this case. Alter-
natively, it could have been purely a spurious result.

There are important limitations of this study. The first is the
small sample size, a result of following a single team of cyclists
rather than athletes from multiple different sports. The second
is that for one year of the analysis, athletes had insufficient time
between their physiological tests and their ECG, and therefore the
detection of ECG findings may have been impaired. All tests were
performed in December in a period where the athletes were not
as trained compared to the summer period, however the data on
physiological testing suggested that they maintained a high level
of fitness during the assessment period. Additionally, cyclists may
have been part of a different team prior to joining this elite team,
and therefore those with ECG abnormalities would be likely to have
already been screened out. This introduces the possibility of selec-
tion bias.

A clear limitation to this study is the lack of heterogeneity of
the athletes in terms of race and gender; all were Caucasian males.
This is not unexpected in the context of a gross overrepresenta-
tion of white athletes in professional cycling. There is significant
evidence describing different patterns of cardiac remodelling in
athletes of African origin.2' 2829 There are also sex differences in left
ventricular adaption to exercise; women have lower rates of con-
centric remodelling or hypertrophy in response to exercise, with
lower left ventricular mass but a greater propensity for eccentric
remodelling.3? Therefore these factors must be taken into consid-
eration when assessing athletes of different gender and race.

5. Conclusion

We analysed a small team of Caucasian male professional elite
cyclists according to the newly released 2017 international rec-
ommendations for electrocardiographic interpretation in athletes,
and found universal normal ECG variations, mainly bradycardia
and early repolarization. The presence of abnormal ECG findings
was lower than comparable studies using earlier guidelines for ECG
assessment, and the false positive rate was modestly reduced. This
suggests enhanced specificity of the new recommendations, which
may increase clinicians’ confidence in the guidelines. Further study
of the application of these new guidelines to diverse sporting activi-
ties, ethnicities, and gender, ideally with larger sample sizes, should
be pursued to consolidate our findings.

Practical implications

e This is the first study to apply the new guidelines for electrocar-
diogram assessment in elite professional endurance athletes in
practice.

¢ In the study, there were very few abnormal or borderline electro-
cardiogram findings, and only 9.3% required further investigation.

e This suggests robust specificity of the new guidelines, albeit
applied in a small cohort, and may improve clinicians’ confidence
in using the guidelines in clinical practice.
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