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Abstract

Traditionally, cardiovascular screening has been recom-
mended mostly for competitive athletes younger than 35
years. The perception that only young competitive athletes at
top level are at increased risk, has changed in the last years.
Theoretically, we advocate a voluntary cardiovascular
screening for all athletes who exercise vigorously, independ-
ent of their competitive status, and age. Although, this should
be based on an individual estimation of the athlete’s risk.
Physical examination, medical history and an ECG should
be the baseline investigations for all athletes. Ideally, an
echocardiography should be performed once at the beginning
of the athletic career to rule out congenital coronary and
valvular abnormalities-although addition of an echocardiog-
raphy has not yet been established routinely due to lacking
evidence. We advocate to repeat the ECG every 1-2 years in
athletes < 30-35 years. For older athletes, we recommend to
assess their individual CV risk profile (particularly with in-
clusion of lipid profile) and their previous training history.
Depending on the assessment, further investigations should
be implemented such as an exercise stress test and/or Coro-
nary CT scan.

Keywords: athlete, ECG, preparticipation screening, sudden
cardiac death

Zusammenfassung

Bisher wurde tiblicherweise ein kardiovaskulidres Screening
v.a. fiir junge kompetitive Athleten unter 35 Jahren empfoh-
len. Die Vorstellung, dass nur junge Athleten, welche an
Wettkdmpfen teilnehmen, ein erhdhtes Risiko haben kénn-
ten, hat sich in den letzten Jahren jedoch gewandelt. Theore-
tisch wire ein freiwilliges, kardiovaskuldres Screening fiir
alle Athleten, welche sich intensiv sportlich betitigen, unab-
hidngig von Alter und ob sie an Wettkdmpfen teilnehmen,
wiinschenswert — in Abhéngigkeit der individuellen Risiko-
abschitzung fiir den Athleten. Korperliche Untersuchung,
Anamnese und EKG sollten die Basisuntersuchung fiir alle
Athleten darstellen. Eine Echokardiographie wire idealer-
weise am Beginn der sportlichen Karriere wiinschenswert,
um kongenitale und valvuldre Erkrankungen auszuschliessen
— auch wenn die Echokardiographie bisher, aufgrund fehlen-
der Daten, noch nicht routinemissig fiir Screeningunter-
suchungen etabliert wurde.

Wir befiirworten des Weiteren, dass EKGs bei Athleten
unter 30-35 Jahren alle 1-2 Jahre wiederholt werden sollten.
Fiir dltere Athleten empfehlen wir, das individuelle kardio-
vaskulire Risiko abzuschitzen unter Einbezug von aktuellen
Cholesterinwerten und Trainingsanamnese. In Abhéngigkeit
des individuellen Risikos empfehlen wir weitere Untersu-
chungen wie Belastungs-EKG und/oder Coronar-CT.

Schliisselworter: Athlet, plotzlicher Herztod, EKG, Screening
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Introduction

Sport and exercise activities are recommended by expert pan-
els to promote and maintain cardiovascular (CV) health and
to prevent disease [1]. However, if an underlying cardiac con-
dition exists, sport can potentially trigger a life-threatening
ventricular arrhythmia and cause sudden cardiac death
(SCD). Not the sporting activity per se increases the risk of
SCD but the combination of underlying CV disease with
sport. Therefore, most international professional societies
recommend a cardiovascular evaluation of athletes-although
protocols vary between the different countries [2—4].

The incidence of SCD is difficult to determine because
most registries are retrospective. Also, determination of the
exact number of deaths and the number of athletes who ac-
tually participated (as denominator) can be challenging [2].
Overall, the incidence of SCD appears to be low and in the
range of 0,7 to 2,3 out of 100 000 athletes [5—8]. A retrospec-
tive study also confirmed a low incidence of sports-related
SCD in Switzerland [9]. However, data from Italy clearly
showed a reduction of the incidence of SCD by pre-partici-
pation screening [10].

The goal of this “viewpoint” article is to review the cur-
rent data and to provide aspects and perspectives for a pos-
sible “Swiss approach” of a screening concept.

Who to screen?

Previous recommendations have focused on so-called com-
petitive athletes. However, the definition of the term “com-
petitive” is debatable and it is increasingly recognized that
recreational athletes also push to their limits to improve their
performance and that they also often “engage in regular, sys-
tematic and often intense training with high CV demands”,
which was originally the definition for competitive athletes
[11]. Furthermore, a recent study from Denmark has shown
that the risk of SCD is similar in competitive and non-com-
petitive athletes [12]. Other studies have shown that not only
the competitive status, but also factors such as baseline fit-
ness, ethnicity, male sex, the nature and intensity of athletic
activity may play a role in increasing the risk for sports-re-
lated SCD [3,11,12]. Therefore, we advocate that theoretical-
ly all athletes who engage in regular, vigorous exercise, in-
dependent of the competitive status, should undergo CV
evaluation. Nevertheless, evidence for non-selective “mass
screening” is limited and how to estimate the athlete’s risk is
still a matter of debate. We think that screening should be
voluntary. However, this mandates adequate education and
information of the community and availability of screening
programs and dedicated and skilled physicians in this field.

The extent of the baseline CV evaluation should depend
on the age of the athletes since the etiology of SCD changes
with increasing age.

In very young athletes (< 12 years), CV evaluation should
be guided by medical and family history, as well as by phys-
ical examination and training intensity. Incorporating an
ECG into the routine pediatric evaluation was shown to be
feasible [13], and might be worth consideration. However,
most children only start to participate in more strenuous ex-
ercise above the age of 12 years. In young athletes (age < 30
to 35 years), SCD is mostly associated with an inherited CV
conditions, such as inherited primary arrhythmia syndromes
(e.g. Brugada, long QT syndrome, catecholaminergic poly-

morphic ventricular tachycardia) [14], or inherited cardiomy-
opathies (e.g. hypertrophic cardiomyopathy (HCM), ar-
rhythmogenic right ventricular cardiomyopathy (ARVC),
dilated cardiomyopathy (DCM)). Coronary artery anomalies
pose another congenital cause of SCD, as well as ventricular
pre-excitation. With increasing age (>25 to 35 years), ac-
quired CV conditions become more predominant causes of
sports-related SCD in the general population. Foremost, cor-
onary artery disease (CAD) is the most common etiology, but
myocarditis has also been shown to play a role [9,12,15,16].
In view of the different etiologies, different screening proto-
col should be applied in our opinion.

How to?

All athletes-ECG

The basis of every CV evaluation should be a standardized
medical questionnaire, which covers typical symptoms sug-
gestive of a CV condition (i.e. chest pain, dyspnea, palpita-
tions, dizziness, syncope) but also family history in regard to
CV disease and especially SCD. Furthermore, a focused
physical examination should be conducted (inspection for
Marfanoid features [17], blood pressure on both arms, cardi-
ac auscultation for murmurs). The sensitivity to detect a CV
abnormality is in between 20-45,5% with this approach
[18,19].

Sensitivity of detection a relevant CV condition improves
substantially to >90% by incorporating an ECG into the
evaluation protocol [19]. A majority of inherited arrhythmia
syndromes, which carry an increased risk for SCD, can be
detected by resting ECG [2,20,21]. In addition, pre-excitation
syndromes can be detected in a resting ECG in the majority
of cases. Most cardiomyopathies also present with an abnor-
mal resting ECG, e.g. an abnormal ECG pattern can be de-
tected in up to 90% of HCM [22,23] and >80% of ARVC
patients [24]. Unspecific changes can also be found in pa-
tients with DCM, myocarditis and LVNC [2,25]. Together
these conditions account for two thirds of SCD in young ath-
letes [14]. Sensitivity of the ECG is not perfect but adding an
ECG increases the likelihood of detection significantly, and
has been shown to decrease SCD among young athletes after
nation-wide implementation in Italy [10,19]. One major con-
cern is, or was, specificity. A false positive rate of 5-10% has
been reported [26,27]. However, with the newest “Interna-
tional Criteria” for ECG interpretation, sensitivity and spec-
ificity has been further increased [28]. This improvement
further reduced the false-positive rate, and the cost of fol-
low-up investigations [29]. Thus, from an evidence based
point of view, it is no more debatable whether an ECG should
be included in the screening of young athletes [29].

In regard to screening frequency, we recommend to repeat
ECGs every 1-2 years in these young athletes because some
cardiomyopathies only become apparent with increasing age
and training loads [2,24,30,31], and some primary arrhyth-
mia syndromes vary in their appearance on the resting ECG

[2].
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The role of the echocardiography

Another drawback of the ECG is that it fails to detect coro-
nary artery anomalies, as well as aortopathies. The detection
of relevant valvulopathies in clinical examination is chal-
lenging (e.g. bicuspid aortic valve, mitral valve prolapse), al-
though these diseases are relevant particularly in an athletic
population. Congenital coronary anomalies have an inci-
dence of 0,5% to 2%, and are the second most common cause
of SCD in young athletes in some series [32,33]. Echocardi-
ography can detect the origin of the coronary arteries in the
majority of cases (left main stem 97%, 80% RCA) [34]. Fur-
thermore, congenital abnomalities such as bicuspid aortic
valve, aortopathies and mitral valve prolapse can be detected,
which can pose an increased risk depending on the sporting
discipline. Due to its advantages, some major sporting bodies
have implemented echocardiography in their mandated CV
evaluation protocols. The Fédération Internationale de Foot-
ball Association (FIFA) and the Union of European Football
association (UEFA), as well as the Union Cycliste Interna-
tionale (UCI) mandate an echocardiography in the screening
of their athletes [2]. Concerns against performing an echo-
cardiography are mostly additional cost, and an increased
rate of false-positive findings due to training-induced chang-
es.

We advocate an one-time ecocardiographic evaluation at
the beginning of the athletic career to rule out a congenital
coronary or valvular abnomality. Moving forward in their
career to “master athlete status”, we suggest another echo-
cardiography, mainly to detect dilation of the aorta and to
assess cardiovascular changes that develop through life-long
atletic activity. As such, atrial fibrillation due to atrial dila-
tion and right heart fatigue, a condition of the right ventricle,
are relevant diseases in that particular group of athletes. Pref-
erably, echocardiography should be performed onsite of the
CV evaluation to reduce associated cost and time delays un-
til the athlete can be cleared [35].

Older athletes (> 25 to 35 years) and their risk for
coronary plaque rupture

With increasing age, coronary artery disease (CAD) becomes
by far the most common cardiac cause of sports-related sud-
den death in athletes [9,15,16]. Prevalence of artherosclerosis
increases with age and presence of conventional CV risk fac-
tors. Assessment of CV risk factors therefore appears self-ev-
ident. In this regard, the SCORE system of the European
Society of Cardiology (ESC) helps to estimate the 10-year-
risk of fatal CV disease (https://www.escardio.org/Educa
tion/Practice-Tools/CVD-prevention-toolbox/SCORE-
Risk-Charts) [36]. These recommendations have massively
improved in their last version, as they allow to further spec-
ify risk calculation (e.g. by estimating “lifetime risk” and by
integrating further risk factors as ethnic background) [37].
An individualized risk estimation is particularly crucial in
an athletic population where cardiovascular risk is often un-
derestimated.

For senior individuals, the ESC guidelines recommend
further CV evaluation depending on age, CV risk profile by
SCORE, prior physical activity and planned training inten-
sity [38]. Whereas the AHA guidelines recommend CV eval-
uation of all men >40 years and all women > 50 years with
one additional risk factor who take part in competitive sports

[38]. Both societies recommend an exercise test (ET) as pri-
mary additional test on top of ECG, physical examination
and medical history. Appart from CAD diagnosis, exercise
ECG testing bears the advantage to assess blood pressure
response, physical performance and arrhythmias during ex-
ercise. However, the sensitvity of exercise ECG tests to detect
ischemia is limited (68%), and the specificity is only 80%
[40]. Furthermore, ET will not detect non-obstructive CAD
which is not flow-limiting. Psychological and physical stress
potentially carries an increased risk for plaque rupture, like-
ly mediated by increased sympathetic and hormonal activa-
tion [2,38,41]. To determine the individual risk, we recom-
mend that a lipid profile should be determined in all patients
above 25 years. Cholesterol levels are also a part of the
SCORE risk calculator. However, one of the disadvantages
of the SCORE risk calculator is that it does not take into ac-
count a positive family history, which has a crucial impact
on the life-time risk. The SCORE risk calculator only esti-
mates the predicted 10-years risk of a CV event, which is a
good tool to identify people who benefit from preventive drug
therapy. However, some people may be at low risk (< 5%) to
develop a CV event in the next 10 years but carry an in-
creased life-time risk [37,43]. This is especially true for wom-
en and athletes, who have a positive family history or dys-
lipidemia. In these populations, estimation of life-time risk
can help to communicate the high-risk situation and may
advocate a computed tomography coronary angiography
(CTCA) for further risk stratification in mature athletes.
CTCA has the best ability to risk-stratify and re-classify risk
categories, whereas other tools such as carotid ultrasound do
not [43].

Furthermore, it has recently been shown that male ath-
letes who have been exercising on high levels for an extend-
ed period of time (> 10 years, > 4hrs/ wk), have a higher
prevalence of atherosclerotic plaques than sedentary individ-
uals [44]. This non-obstructive CAD is not accurately detect-
ed by exercise ECG, and CTCA reveals a relevant burden in
one quarter of veteran athletes aged >40 years [45]. There-
fore, one might consider a CTCA in veteran athletes, particu-
larly if their CV risk profile is high. Nevertheless, it is im-
portant to discuss possible consequences of an increased
plaque burden with the athlete before undergoing CTCA im-
aging. Detection of coronary sclerosis might prompt a rec-
ommendation for secondary-preventive statin therapy and
life-style changes, and might have a relevant psychological
impact on the athlete [46].

The ESC consensus statement also recommends to take
into consideration the previous exercise history, as well as
the planned intensity of training [38]. We advocate that ma-
ture athletes who have been sedentary for a while should
undergo CV evaluation, since a lower fitness level correlates
with an increased risk for CV events [38,47]. However, in our
opinion the decision whether to undergo CV evaluation in
sedentary subjects should not only be based on the planned
intensity of training. The perception of training intensity can
be very subjective, and even low intensity activities can in-
clude short bursts of higher intensity, or can be negatively
influenced by unfavorable environmental conditions (e.g.
heat). Older athletes should therefore undergo a basic CV
evaluation (ECG, PE, history, lipid profile), and additional
tests such as ET or CTCA based on the individual risk.
Athletes who have been exercising regularly but who plan to
substantially increase their exercise intensity also should
undergo a basic CV evaluation with further testing (ET or
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CTCA) after risk stratification and discussion with the athlete
[38].

In summary, we recommend a basic CV evaluation in all
sedentary individuals (>25 years) who plan to start exercis-
ing, or in all active athletes who will substantially increase
their training intensity and ambitions. CV evaluation should
include an ECG, physical exam (with blood pressure meas-
urement), medical history, and a lipid profile. Depending on
symptoms and the individual risk (lifetime and 10-year, with
inclusion of family history), the patient should be counseled
to undergo further testing with exercise ECG and/or CTCA
for CV risk stratification. In athletes over 30 to 35 years who
exercise regulary, we recommend to repeat a basic CV eval-
uation every 3 to 5 years.

Figure 1 gives an overview of an possible screening strat-
egy throughout an athlete’s career. Although some parts are
not “evidence based”, it should serve as a basis for further
discussion. And it should once more underline that screening
of athletes should always be individualized.

Conclusion

In the past, CV screening has been recommended mostly for
competitive athletes younger than 35 years. The perception
that only young competitive athletes on a top level are at in-
creased risk, has changed in the last years. We advocate a CV
screening for all athletes who exercise vigorously, independ-
ent of their competitive status, and age. Physical examina-

tion, medical history and an ECG should be the baseline
investigations for all athletes. Ideally, an echocardiography
should be performed once at the beginning of the athletic
career to rule out congenital coronary and valvular abnor-
malities. Although the addition of an echocardiography has
not been routinely established yet due to lacking evidence.
We advocate to repeat the ECG every 1-2 years in athletes
<30 to 35 years. For older athletes, we recommend to assess
their individual and specific CV risk profile (particularly
with an additional cholesterol assessment) and their previous
training history. Depending on the assessment, further inves-
tigations should be implemented such as an exercise stress
test and/or CTCA.

Implementing these recommendations needs widespread
expertise in interpretation of the athlete’s ECG by standard-
ized criteria [28]. This requires specialist training because
even amongst cardiologist the inter-observer agreement is
suboptimal, which often leads to (unnecessary) further inves-
tigations [48]. However, even with an eloborate screening
protocol, the risk of SCD cannot be completely eliminated
and some patients at risk will not be identified, e.g. athletes
with a scar/fibrosis after myocarditis. Therefore, it is crucial
that emergency response plans during training and competi-
tion are well thought-out and that cardiopulmonary resusci-
tation is practiced on a regular basis. Furthermore, the wide-
spread availability of automatic external defibrillators is
equally important as the most sophisticated pre-participation
screening.

0-12 years

> 30- 35 years («older athlete»)

> 45-50 years («master athlete»)

Risk estimation: Clinically, medical history (i.e. family history)
Screening modality: Individualised (clinical examination, imaging)

&

> 12-14 years (beginning of regular vigorous exercise)
Risk estimation: Voluntary systematic screening («mass screening»?)
Screening modality: Medical history, clinical examination, ECG

¢

Risk estimation: Individualised, based on specified risk SCORE, risk modifiers and training history
Screening modality: History, clinical examination, ECG, +/- exercise test / CTCA

‘ Regular risk estimation every 3-5 years

Risk estimation: Individualised, based on specified risk SCORE, risk modifiers and training intensity
Screening modality: History, clinical examination, ECG, echocardiography +/- exercise test, CTCA,

ECG screening every 1-2 years

Echocardiography once

Figure 1: Suggestion of a possible screening strategy throughout an athlete’s career.
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