
Summary

Physical activity protects against premature manifes-
tations of many degenerative and especially cardiovas-
cular diseases. On the other hand there is a slightly in-
creased risk of cardiac death during activity, predomi-
nantly in untrained persons but also in previously
healthy and well trained athletes. Since cardiologists
advocate sports and physical activity they are called
upon to recommend appropriate screening procedures
to avoid some of these risks.

Based on broad knowledge about the pathophysi-
ology of sports related deaths a number of effective
screening methods can be recommended which should
be applied to individuals according to their level of ac-
tivity and possible risk factors.

We specifically recommend a thorough personal
and family history on any person before taking up
strenuous activity, searching for exercise related symp-
toms and cardiovascular risk factors as well as for
cases of genetic heart disease or sudden death in fam-
ilies. Second a physical examination with blood pres-
sure measurement and chest auscultation are manda-
tory to detect congenital abnormalities (outflow ob-
struction of the left ventricle such as aortic stenosis,
hypertrophic cardiomyopathy, coarctation). Before en-
gaging in competitive sports a resting 12-lead ECG is
recommended to detect signs of cardiomyopathy or pri-
mary electrical disease. Any abnormal finding should
be followed by detailed evaluation before clearing the
athlete. For professional elite athletes it may be advis-
able to undertake a more detailed testing at the outset
of a career involving high financial stakes in order to
avoid economic consequences of later disqualification.
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Exercise and health

During the last 60 years a broad knowledge has accu-
mulated as to the health promoting effect of regular
physical activity [1]. Exercise has beneficial effects not
only on the cardiovascular system but also on other
major organ systems and has been found to be protec-

tive for a variety of diseases. As a consequence sports
activities have gained widespread acceptance in our so-
ciety. Physical fitness is advocated not only by the med-
ical profession but also by political authorities based
on evidence-based scientific recommendations [2–4]
(fig. 1). For the official recommendations by the
Swiss government and health authority see website
www.hepa.ch

Sudden cardiac death occurring during sports is a
rare but tragic event [5]. It is usually given great pub-
lic attention especially when it occurs during competi-
tions or games. These facts have led to a concept called
“sports paradoxon” a term used to summarise that al-
though exercise promotes health it can also provoke
death. These two facts however do not necessarily con-
tradict each other, as the preventive benefit refers to
the population at large, whereas the momentary risk
of a complication during activity – although present in
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Figure 1
The “pyramid of movement” as proposed by the BASPO (Swiss
governmental agency of sports). (With kind permission to reprint
from BASPO, http://www.sport.admin.ch/hepa/downloads/
Bewegung_pyramide_de.pdf, copyright © 2009.)
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any individual – varies greatly according to the level of
training or habitual activity and does never outweigh
the benefit mentioned in the first place [6, 7].

The cardiologists’ role

It is easily conceivable that not every heart is apt to
any amount of physical challenges. The risk of sudden
cardiac death (SCD) during exercise not only strongly
depends on the presence of a known or hidden disease
or malformation, but also on the type of activity per-
formed. Daily low-level exercise like walking or cycling
is not the same as high level competition when extreme
dynamic and or isometric physical exertion may be as-
sociated with considerable mental stress. In healthy
populations the annual incidence of SCD is estimated
to be up to 1 in 50000 competition-hours or 1 in 200000
organised sports participants [8], whereas among pa-
tients in cardiac rehabilitation a rate of 1.3 cardiac ar-
rests in one million patient-exercise-hours has been re-
ported [9]. Numerous studies have been conducted to
clarify the causes or circumstances responsible for SCD
during exercise [5, 10–12].

These can be placed into three main categories
(table 1):
1. In the truly healthy there is a rare condition called

commotio cordis which can cause SCD by a blunt
blow to the chest mechanically triggering ventric-
ular fibrillation (VF).

2. In people older than 35 years SCD generally is due
to coronary artery disease, either known or un-
known.

3. In persons younger than 35 the cause of SCD most
often is an underlying congenital defect.

Considering these three major mechanisms, it is
possible to envisage the most effective strategies for
prevention as outlined in table 2 and illustrated in fig-
ure 2:
1. To prevent death from mechanical impact causing

VF, this condition albeit rare has to bee known to
trainers and supporters. In addition automatic de-
fibrillators should be available in arenas where
hockey and ball games are held.

2. In order to lower the risk of deaths from coronary
heart disease every effort should be made to inform
the public about the risk factors for atherosclero-
sis, its manifestations and the early signs of coro-
nary disease. Individuals with a high risk profile
should undergo more in depth testing.

3. Lastly, screening for hidden cardiac diseases
should be considered in well-defined circum-
stances, taking into account the potential to detect
relevant disease at a reasonable cost and without
creating too many false positive findings.
When asked to counsel on physical activity cardiol-

ogists should refer to published recommendations but
at the same timemake specific prescriptions to healthy
individuals aswell as to cardiac patients [3, 4, 8, 13, 14].
It is assumed that cardiologists should rule out most of
the known potential risks which means that they also
must not overlook extracardiac domains [15, 16].

The meaning of screening

Screening implies that effective test methods as well
as treatments influencing outcome are at hand, which

is true for most of the cardiac prob-
lems.

Table 3 shows the relative
value of various investigations re-
garding the main anomalies and
pathologies with a risk for SCD
during exercise.

From this overview it is very
obvious that a careful history is of
key importance. This should eluci-
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Table 1
Common congenital cardiac malformations associated with sudden death
in athletes (according to [10]).

Defect Prevalence in SCD

Hypertrophic cardiomyopathy 26%

Coronary anomaly + myocardial bridging 17%

Valvar aortic stenosis 3%

Cardiomyopathy (dilated CMP,
arrhythmogenic right ventricle) 5%

Myocarditis 5%

Table 2
Causes of sudden death during exercise and prevention strategies.

Predominant Prevention
cause of SCD

Any person exposed to blunt Commotio cordis Public knowledge
chest impact Automatic defibrillators near field

Age <35 Congenital anomalies Screening as described in text

Age >35 Coronary artery disease Prevention in the population
Testing of high risk individuals

Figure 2
Screening philosophy depicting the scope of testing according
to the type of persons concerned.
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date a personal history of any symptoms (chest pain,
shortness of breath, malaise, dizziness, syncope) oc-
curring during exercise as well as any personal cardio-
vascular risk factors such as hypertension, smoking,
hyperlipidaemia. The family history of SCD or cases of
cardiomyopathies and of any premature manifestation
of atherosclerotic disease is also of great importance.
Physical examination complemented in doubtful cases
by echocardiography can help to detect LVOT obstruc-
tion by valvular or subvalvular aortic stenosis and to

rule out other major valve disease. It should also be
used to evaluate patients with suspected or known
heart failure.

An electrocardiogram may show anomalies in al-
most any of the circumstances confering a risk for SCD
during exercise, when analysed carefully according to
the criteria listed in table 4 [17, 18]. The prevalence of
ECG anomalies in unselected populations of athletes
has been reported by several groups to be around 10%
[18]. The majority (about 80%) of the anomalies are
minor (sinus bradycardia, first degree AV-block, in-
complete RBBB, early repolarisation, high QRS-volt-
age). These findings, when isolated, need no further
evaluation, as they are commonly (99%) not associated
with structural heart disease [19]. All other anomalies
need further testing.

In athletic populations screened by this clinical and
ECG testing strategy the incidence of SCD dropped
even slightly below the level of the general population
[19, 20] (fig. 3).

The screening philosophy should also take into ac-
count two aspects: the number of persons concerned
and the methodology used. Their relative connection is
illustrated in figure 2. Methods can be kept simple
when everyday physical activities in large populations
are concerned but should to be more refined in profes-
sional top-elite athletes exposed to extreme forms of
physical and emotional stress. In these cases a selec-
tive screening should preferably be performed at the
start of a career before financial stakes may be com-
promised by medical recommendations or disqualifica-
tion.

Specific tests

Exercise tests are not generally recommended for basic
levels of activity as there is broad consensus about the
very low diagnostic yield of this test in healthy indi-
viduals [21]. Exercise testing is however very useful in
cases of known heart disease to elicit physical capac-
ity, signs of ischaemia, conduction disturbances or ar-
rhythmias and to study the course of blood pressure
and heart rate allowing the detailed prescription of ex-
ercise based upon these data [2, 14].

Echocardiography is extremely helpful in any cases
of suspected structural heart disease or anomaly, espe-
cially for further evaluation of abnormal physical or
ECG findings.

Other tests such as electrophysiological studies,
MR, CT or nuclear imaging and coronary angiography
may be needed according to clinical indications in spe-
cific cases.

A summary of recommendations about the use of
various screening methods in predefined populations
is shown in table 5 [2, 4, 13, 15, 22]. For recommenda-
tions adapted to the Swiss health care system see also
website www.sakr.ch.
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Table 3
Potential value of investigations to detect anomalies predisposing to sudden
cardiac death during exercise.

History Physical ECG Echo
examination

Coronary artery disease ++ – + –

Coronary anomaly (+) – + –

LV outflow obstruction + + (+) +

Ion channel anomaly ++ – + –

Scar, dilatation, cardiomyopathy + (+) + +

Myocarditis ++ – + +

Table 4
Criteria for ECG screening before engaging in sports (according to [17, 18]).

Item Criteria

Rhythm Other than sinus

Pre-excitation pR <0.120 sec

AV block pR >0.20 sec, second or third degree block

QRS axis ≥+120 or ≥–30 degrees

QRS width ≥0.120 sec

QRS voltage R or S ≥2 mV in leads I–aVF; S in V1–V2
or R in V5–V6 ≥3 mV

QRS axis >0.44 sec (m) / >0.46 sec (f)

Q waves Abnormal localisation, QS in ≥2 leads

Repolarisation ST depression / flat or negative T-waves in ≥2 leads
changes

Figure 3
Incidence of sudden cardiac death during sports in screened athletes
and unscreened population. Screening was introduced in the early 1980s
(adapted from [20]).
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Effectiveness of screening programs

Whereas based on a recent meta analysis [23] the value
of physical examination as a sreening test has been
questioned, the incidence of SCD in athletes has been
shown to be dramatically reduced after the introduc-
tion of legislation for ECG screening in Italy [20]. Crit-
ics argue that this merely represents a shift of cases
from the athletic into the general population where
these few cases do not alter statistics. Screening per-
haps does not lead to a real reduction of SCD, but at
least they do not occur during sports any more. Aword
of caution is also appropriate as to the negative effects
on people’s life when false positive findings entail a
host of further investigations or when they are given
diagnoses without prognostic relevance.

Who pays?

The costs of any screening procedure in a person with-
out health complaints should not be covered by basic
health insurances but rather by the individual or an
association or organising body. Further testing which is
necessary because of abnormal initial findings is sub-
ject to coverage by health insurances.

Conclusion

Physical activity although promoting health may also
provoke sudden death. In healthy individuals the risks
of low-level athletic activities can be minimised by a
careful personal and family history and physical ex-
amination. Before engaging in competitive sports a
resting ECG is recommended to detect some rare
anomalies with increased risk during heavy exertion.
Anomalous findings then need meticulous further eval-
uation. In patients with known heart disease or with
multiple cardiovascular risk factors exercise testing
and imaging tests are recommended according to clin-
ical needs.
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Table 5
Recommended screening in various subgroups before engaging in sports.

Recommended tests

All persons Personal and family history +
physical examination

Competitive sports Resting 12-lead ECG

Professional athletes Extensive testing early in career

Seniors / Exercise test
high cardiovascular risk profile

Cardiac patients Exercise test and cardiac imaging
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