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Introduction

The rationale for offering an expert consensus document
concerning the participation in competitive sports by
individuals with cardiovascular (CV) disease is based on
the widely accepted clinical perception, substantiated
by scientific evidence,1 that athletes with underlying
(even clinically silent) CV disease have an increased risk
for sudden cardiac death (SCD) or clinical deterioration
in comparison with normal individuals, by virtue of
their regular exercise training and sports participation.
Therefore, the aim of the present recommendations is
to provide careful guidelines to physicians and consultant
cardiologists regarding the evaluation of athletes with
CV abnormalities and to suggest sports activities that
can be safely performed. These recommendations
assume that the cardiac diagnosis has already been
made, so that the issues directly related to screening
for CV disease2 are beyond the scope of this document.

Target of the recommendations

For the purpose of this document, the target of rec-
ommendations are competitive athletes, here defined
as individuals of young and adult age, either amateur
or professional, who are engaged in exercise training
on a regular basis and participate in official sports
competition. Official sports competition (local, regional,
national, or international) is defined as an organized
team or individual sports event that, placing a high
premium on athletic excellence and achievement, is
organized and scheduled in the agenda of a recognized
Athletic Association.

A characteristic of competitive sports, regardless of
the level of achievement, is the strong proclivity for
participants to exert themselves physically until their
limits and improve performance.3

Our interest in competitive sports is dictated by the
awareness that competitive athletes (in particular, the
elite and professional ones) represent a special subset of
the society, not only for their outstanding performances,
but also for the substantial economic interests they

gather, as well as the intense pressure to which they are
exposed by sponsors, Athletic Associations, and media.
Conversely, the present recommendations do not apply

to individuals participating in a variety of recreational
or leisure sports activities, from modest to vigorous, on
either a regular or an inconsistent basis, not requiring
systematic training or pursuit of excellence, nor the
same pressure to prevail against others which is
characteristic of competitive sports.

Nature of the recommendations

The present recommendations represent the consensus
document of an international panel of experts appointed
by the European Society of Cardiology (ESC), including
clinical CV specialists with experience in exercise physi-
ology, sports medicine, and clinical cardiology. The
present recommendations are based on published scienti-
fic evidence, when available, and on personal experience
and consensus of experts. However, in consideration of
the scarcity of scientific investigations concerning the
effect of regular sport activities on the pathophysiology
and clinical course of several CV diseases, the panel
acknowledges the difficulties inherent in formulating
arbitrary recommendations, particularly for CV diseases
in which scientific evidence is inconsistent. Therefore,
caution is needed in applying the present document,
and efforts should be made to tailor precise advice to
each individual. The aim of the panel was to formulate
indications which represent a reasonable balance
between the risks and the benefits inherent with com-
petitive sports participation, and not simply restrict
sports activity that could conceivably be associated
with increased risk. The present recommendations rep-
resent, therefore, a prudent, contemporary, and practi-
cal document for advising competitive sports activity in
patients with CV disease.
Finally, these recommendations should be placed in

perspective. The present document is based on the
(scarce) scientific evidence relating the risk of death or
disease progression of several CV diseases with exercise
training and sports, and more information is expected
to be available when a pre-participation screening pro-
gramme will be widely implemented across the
European countries.2 Therefore, the recommendations
formulated in this document are going to be updated
when larger knowledge of the natural history of CV dis-
eases in relation to sports participation will be available.
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Implementation of the recommendations
within the European countries

At present, a large heterogeneity (or lack) of regulations
exists in the European countries, with only a few
countries requiring medical clearance of competitive
athletes and, in individuals with CV disease, having
implemented guidelines which are considered the
standard of medical care.4 This panel believes that a
common protocol for evaluation and management of
competitive athletes with CV disease is now needed,
in consideration of the unlimited opportunities for
professional athletes to move across the European
Union. Implementation of a unique and appropriate
consensus document will be of relevant medical
(and legal) value for physicians required to evaluate
athletes with CV disease in the different European
countries.
In the absence of binding requirements established

by law, this panel recommends that the present
recommendations represent the standard of medical
care for evaluation of competitive athletes with CV
disease. Adherence to these recommendations will
have substantial and cost-effective impact on medical
care, by enhancing the safety of athletic activities and
reducing the legal controversies related to different
(or lack of) regulations. This panel advises that
implementation of the present recommendations will
occur in the different European countries with
keeping in mind the different legal and cultural
backgrounds, possibly by legislative action, and with
the support of the national scientific and sport
organizations.

Role of the examining physician

Should the physician be the ultimate authority in deter-
mining whether an athlete with CV disease can partici-
pate in competitive sports? Alternatively, can the
athlete with CV disease just sign an informed consent
form and be engaged in a risky and potentially life-
threatening sports activity?
Owing to the unique structure and pressures of com-

petitive sports, individuals with CV disease may not
always use proper independent judgement in assessing
the overall risk associated with a competitive sports
career. This panel believes that the examining physician
(as well as the consultant cardiologist) has the ethical,
medical, and legal obligation to exhaustively inform the
candidate of the risks inherent in competitive athletic
lifestyle and, when the CV risk appears to be dis-
proportionately high, the physician should be responsible
for the final decision, with the aim to prevent adverse
clinical events and/or reduce the risk for disease pro-
gression. The safeguard of the athlete’s health is the
paramount objective of the physician, regardless of
other considerations, such as the visibility and economic
revenues for sponsors or Athletic Association, which
may be dependent on the athlete’s competitive
activity. These recommendations are intended,

therefore, to support the physician’s decision in such dif-
ficult instances and to offer medical protection to the
athlete from the unsustainable hazard of a competitive
sports activity.

Search methodology

We performed systematic MEDLINE searches of the
English language literature up to 2004, and reviewed
abstracts of all pertinent research and review articles,
and also included selected articles suggested by experts
in this field.

Classification of sports

A classification of the different sports is provided in
Table 1. Sports activities are classified into two main
categories (i.e. dynamic and static) and intensity is
roughly divided into low, moderate, and high.5 This
classification is intended to provide a schematic indi-
cation of the CV demand associated with different
sports, with an additional notification of those disciplines
associated with increased risk of bodily collision and
those associated with an enhanced risk if syncope
occurs (which should be avoided in certain cardiac
patients).

Recommendations for participation in
competitive sports in athletes with
congenital heart disease

General considerations

Patients with congenital heart disease (CHD) who partici-
pate in competitive sports may expose themselves to an
upper limit of physical and mental stress.6,7 Because
the available literature regarding exercise and sports
participation in patients with CHD is limited, a restrictive
attitude seems wise. As a general recommendation,
exercise physical tolerance in children with CHD is
better than in adults with CHD, and dynamic exercise
seems to be more suitable than static exercise.8,9 Some
lesions are not compatible with competitive sports, due
to their morphologic severity/complexity and tendency
to serious arrhythmias, including Eisenmenger syndrome,
secondary pulmonary hypertension, univentricular
hearts, coronary artery abnormalities, Ebstein anomaly,
congenitally corrected transposition of the great
arteries, and transposition of the great arteries corrected
by the Mustard, Senning, or Rastelli procedure.

Arrhythmias
As survival has improved among patients with CHD,
arrhythmias become a more common problem in the
long-term course of these patients. Although SCD is a
feared consequence of CHD, only few cases occur
during exercise.10 Patients who have undergone exten-
sive atrial or ventricular surgery are at greater risk of
arrhythmias due to scarring and ventricular dysfunction.
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Transventricular repair and repair late in life, both pre-
dispose for arrhythmias and represent a possible reason
for excluding these patients from competitive sports.
In addition, the presence of ventricular dysfunction rep-
resents a serious risk for developing arrhythmias. These
are important issues to consider in patients with repaired
tetralogy of Fallot or corrected and uncorrected atrial
septal defect (ASD), ventricular septal defect (VSD), or
atrioventricular septal defect (AVSD).11 For instance, in
tetralogy of Fallot, a gradual widening of the QRS
duration of .160 ms might indicate an increased risk of
sustained ventricular tachycardia. A history of frequent
and complex tachyarrhythmias is a reason for CHD patients
to refrain from participation in competitive sports.

Ventricular function
Both left ventricular (LV) and right ventricular (RV)
function may be impaired due to inadequate myocardial
protection during surgical repair. Because impaired
ventricular function is a trigger for arrhythmias and
reduced exercise tolerance, the assessment of systolic
and diastolic indexes of LV and RV function is mandatory.

Pulmonary vascular resistance
Lesions with longstanding left-to-right shunt, corrected
or uncorrected, may have caused persistent pulmonary
hypertension.12 In addition, patients with mitral valve
dysfunction are at risk for developing pulmonary hyper-
tension. Assessment of pulmonary arterial pressure
during exercise is indicated and an intermittent increase

in systolic pressure to ,35 mmHg may be safely
tolerated.

Dysfunction of the valves
Like exercise, both valve stenosis and/or valve insuffi-
ciency result in ventricular and/or atrial overload
and have to be accurately estimated before giving
recommendations for competitive sports13 (see also
Acquired cardiac valve diseases).

Conduits and mechanical valves
Patients with conduit should be refrained from com-
petitive sports and patients with mechanical valves on
anticoagulation should avoid sports with a risk of bodily
collision.

Functioning class
A score according to the New York Heart Association
(NYHA) classification can be useful. Only patients in
NYHA Class I are entitled for unrestricted participation
in competitive sports.

Abnormal exercise blood pressure response
An abnormal increase in systolic blood pressure (BP)
during exercise is found in patients with repaired coarc-
tation of the aorta (CoA). Whether it is of significant
long-term importance in competitive athletes with CoA
is not completely known. An impaired rise or even fall
in BP during exercise may be seen in patients with
aortic stenosis and should lead to further investigations.

Table 1 Classification of sports

A. Low dynamic B. Moderate dynamic C. High dynamic

I. Low static Bowling
Cricket
Golf
Riflery

Fencing
Table tennis
Tennis (doubles)
Volleyball
Baseballa/softballa

Badminton
Race walking
Running (marathon)
Cross-country skiing (classic)
Squasha

II. Moderate static Auto racinga,b

Divingb

Equestriana,b

Motorcyclinga,b

Gymnasticsa

Karate/Judoa

Sailing
Archering

Field events (jumping)
Figure skatinga

Lacrossea

Running (sprint)

Basketballa

Biathlon
Ice hockeya

Field hockeya

Rugbya

Soccera

Cross-country skiing (skating)
Running (mid/long)
Swimming
Tennis (single)
Team handballa

III. High static Bobsleddinga,b

Field events (throwing)
Lugea,b

Rock climbinga,b

Waterskiinga,b

Weight liftinga

Windsurfinga,b

Body buildinga

Downhill skiinga,b

Wrestlinga

Snow boardinga,b

Boxinga

Canoeing, Kayaking
Cyclinga,b

Decathlon
Rowing
Speed skating
Triathlona,b

Adapted and modified after Mitchell et al.5
aDanger of bodily collision.
bIncreased risk if syncope occurs.
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Prophylaxis of endocarditis
Patients with CHD participating in competitive sports
follow the same recommendations regarding endocarditis
prophylaxis as non-competitors.

Unrecognized CHD
Most of CHD lesions are diagnosed during childhood
(provided a good health care system); nevertheless,
late diagnosis of ASD, CoA, and LV outflow tract obstruc-
tions is not uncommon. A structured screening pro-
gramme of all athletes would probably identify most of
these cases.2 Abnormal coronary arteries, in contrast,
are unlikely to be diagnosed during life, despite exten-
sive screening.

Evaluation

The evaluation should include a medical history, with
special emphasis on surgical reports, a careful physical
examination, electrocardiography, chest X-ray, and echo-
cardiography, including an estimation of peak pulmonary
artery pressure. We recommend a questionnaire to
describe the symptomatic status according to the criteria
of the NYHA. Treadmill or bicycle exercise testing with
ergospirometry best evaluates the work capacity. The
exercise testing should be standardized (e.g. the Bruce
protocol) and include electrocardiogram (ECG) record-
ing, maximal heart rate, BP, and possibly respiratory
gas analysis with oxygen uptake (VO2max).

Individualized supplementary investigations
Magnetic resonance imaging (MRI) can be extremely
useful in describing both functional and anatomical fea-
tures, especially in cases which are inadequately visual-
ized by echocardiography. If an arrhythmia is mentioned
by the patient or common in that particular lesion,
both 24 h Holter ECG monitoring and exercise testing
are indicated. In some situations, e.g. when an elevated
pulmonary artery pressure is suspected and cannot be
determined by other methods, cardiac catheterization
may be indicated.

Follow-up and re-evaluation
It is recommended to closely follow the clinical course of
the subject with CHD participating in competitive sports
activities, and structured reassessment may be indi-
cated, according to the clinical judgement, every 6 or
12 months in most patients. Finally, a complete reassess-
ment is advisable every second or third year, according to
the lesion and the individual clinical course.

Conclusion

Because physical activity and sports participation have
positive effects on both physical and mental health,
only those patients with CHD who are likely to deterio-
rate as a consequence of regular physical exercise
and/or those in whom exercise may trigger serious
atrial/ventricular tachyarrhythmias should be restricted
from sports participation. Indeed, it should be considered
that the haemodynamic balance in patients with CHD

varies considerably, even among patients with the same
lesion. This makes it impossible to state recommen-
dations that are valid in all cases and support the
relevance of the examining cardiologist to tailor the rec-
ommendation to each individual patient.

Recommendations

See Table 2.

Recommendations for participation in
competitive sports in athletes with
acquired cardiac valve diseases

Mitral valve stenosis

Mitral valve stenosis (MVS) is generally of rheumatic
origin. This defect results in increased left atrial (LA)
pressure, leading to pulmonary hypertension. The
increase in heart rate and cardiac output associated
with intensive exercise can markedly increase the pul-
monary arterial pressure and may eventually lead to
acute pulmonary oedema.14 Embolization by atrial
thrombus represents a further complication, which
usually occurs in the presence of atrial fibrillation (AF)
and enlarged left atrium.15 To date, the long-term
effects on the pulmonary circulation and on the right
ventricle of repeated pulmonary arterial pressure
boosts as a result of chronic physical activity are not com-
pletely known.

Evaluation
Presence of MVS can be detected by characteristic
auscultation and severity can be determined by ECG,
echocardiography, chest X-ray, and exercise testing.
Echocardiography16 allows assessment of valve opening

area, presence of calcification, and papillary muscle
function. The contribution of regurgitation should also
be considered in the calculation of the valve opening
area. Pulmonary systolic arterial pressure can be
assessed by Doppler-echocardiography in the presence
of tricuspid regurgitation, even during/after exercise.
Exercise testing (or cardiopulmonary testing) can add
information regarding the haemodynamic behaviour and
occurrence of arrhythmias (particularly AF). Invasive
testing, e.g. Swan–Ganz catheterization, is indicated
only in selected cases, when accurate assessment of
pressure in the pulmonary circulation is needed for
therapeutic or legal purposes. Athletes who develop a
pulmonary artery systolic pressure .80 mmHg during
exercise are likely to develop severe adverse effects on
RV function over time.

Classification
The severity of MVS can be categorized as follows:

(i) Mild ¼ mitral valve opening area .1.5–2.5 cm2,
with pulmonary systolic arterial pressure
,35 mmHg, and mean gradient �7 mmHg;

Recommendations for competitive sports participation Page 5 of 29



Table 2 Recommendations for competitive sport participation in athletes with CHDs

Lesion Evaluation Criteria for eligibility Recommendation Follow-up

ASD (closed or small, unoperated)
and Patent foramen ovale

History, NYHA functional class,
PE, ECG, Echo, chest X-ray, ET

,6 mm defect, or 6 months post-closure,
with normal pulmonary artery pressure,
no significant arrhythmia or ventricular
dysfunction

All sports
In patients with PFO,
percutaneous closure may be
considered before regular
scubadiving

Yearly

VSD (closed or small unoperated) History, NYHA functional class,
PE, ECG, Echo, chest X-ray, ET

Restrictive defect (left-to-right
gradient .64 mmHg) or 6 months post-closure,
no pulmonary hypertension

All sports Yearly

AVSD History, NYHA functional class,
PE, ECG, Echo, chest X-ray, ET

No or only mild AV valve insufficiency,
no significant subaortic stenosis or arrhythmia,
normal maximal gas exchange measurements

All sports Yearly. Complete
reassessment every
second year

Partial or complete anomalous
pulmonary venous connection

History, NYHA functional class,
PE, ECG, Echo, chest
X-ray, ET, MRI

No significant pulmonary or systemic venous
obstruction, no pulmonary hypertension or
exercise-induced atrial arrhythmia

All sports Yearly

Persistent ductus arteriosus
(operated)

History, NYHA functional class,
PE, ECG, Echo, chest X-ray, ET

6 months post-closure and no residual
pulmonary hypertension

All sports Not needed

Pulmonary stenosis
(mild native or treated)

History, NYHA functional class,
PE, ECG, Echo, chest X-ray, ET

Native or 6 months
post-interventional/post-surgical;
peak transvalvular gradient ,30 mmHg,
normal RV, normal ECG or only mild
RV hypertrophy, no significant arrhythmias

All sports Yearly

Pulmonary stenosis
(moderate native or treated)

History, NYHA functional class,
PE, ECG, Echo, chest X-ray, ET

Native or 6 months
post-interventional/post-surgical;
peak transvalvular gradient
between 30 and 50 mmHg, normal RV,
normal ECG or only mild RV hypertrophy

Low and moderate dynamic and
low static sport (I A, B)

Every 6 months

Coarctation of the aorta
(native or repaired)

History, NYHA functional class,
PE, ECG, Echo, chest
X-ray, ET, MRI

No systemic hypertension;
peak pressure gradient between
the upper and lower limbs of
,21 mmHg, a peak systolic BP during
exercise of ,231 mmHg, no ischaemia on
exercise ECG, no LV overload.

Low and moderate dynamic and
static sport (I A,Bþ II A, B)
If interposed graft avoid sport
with a risk of bodily collision

Yearly. Complete
reassessment every
second year

Aortic stenosis (mild) History, NYHA functional class,
PE, ECG, Echo, chest X-ray, ET

Mean transvalvular gradient ,21 mmHg,
no history of arrhythmia, no syncope,
dizziness, or angina pectoris

All sports, with exception of
high static, high dynamic sports

Yearly

Aortic stenosis (moderate) History, NYHA functional class,
PE, ECG, Echo, chest X-ray, ET,
24 h Holter

Mean transvalvular gradient
between 21 and 49 mmHg, no history
of arrhythmia, no syncope, dizziness,
or angina pectoris

Low dynamic and static sport (IA) Every 6 months

Continued
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(ii) Moderate ¼ mitral valve opening area between 1.0
and 1.5 cm2, with resting pulmonary systolic arter-
ial pressure between 35 and 50 mmHg, and a mean
gradient between 8 and 15 mmHg;

(iii) Severe ¼ mitral valve opening area ,1.0 cm2, with
resting pulmonary systolic arterial pressure
.50 mmHg, and a mean gradient .15 mmHg.

Patients with MVS and AF must receive anticoagulation
treatment (provided there are no contraindications) to
avoid risk of systemic embolism.

Recommendations
See Table 3.
For subjects with MVS associated with AF, see also

section Arrhythmias.

Mitral valve regurgitation

The most frequent cause of mitral valve regurgitation
(MVR) is the prolapse of leaflets. Other causes include
post-rheumatic fever, infectious endocarditis, coronary
heart disease (ischaemic cardiomyopathy), or connective
tissue disease, e.g. Marfan’s syndrome (MS) or dilated
cardiomyopathy. MVR is responsible for a regurgitated
blood into left atrium, which causes increased LV dias-
tolic filling and raises LA pressure.

Evaluation
MVR is detected by a characteristic auscultation. Severity
of MVR can be assessed by Doppler-echocardiogra-
phy,17,18 ECG, and chest X-ray. In assessing the severity
of MVR, it should be considered that LV end-diastolic
size is usually increased in well-trained athletes and,
therefore, the definition of LV dilatation should be
adjusted. In athletes, the severity of MVR should be
based on LV end-systolic volume, with the cut-off
of 55 mL/m2 useful to distinguish individuals with LV
enlargement of clinical relevance. The extent of the LA
enlargement should also be considered, because of
the proclivity to AF. The 24 h Holter monitoring is
recommended when arrhythmias are evident (or strongly
suspected) and when MVR is due to prolapse of the
leaflets.

Classification
There are several methods to classify MVR. The widely
accepted PISA-method uses the width of the jet and
the velocity to assess the degree of regurgitation. In
addition, the vena contracta method is suitable for
classification.17

(i) Mild ¼ regurgitation width ,0.3 cm;
(ii) Moderate ¼ regurgitation width 0.3–0.6 cm;
(iii) Severe ¼ regurgitation width .0.6 cm.

Recommendations
See Table 3.
Patients with AF must receive anticoagulation treat-

ment and they should avoid sports with risk of bodily
collision (see also section Arrhythmias).
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Table 3 Recommendations for competitive sport participation in athletes with valvular disease

Lesion Evaluation Criteria for eligibility Recommendations Follow-up

MVS History, PE, ECG,
ET, Echo

Mild stenosis, stable sinus rhythm All sports, with exception of high
dynamic and high static (IIIC)

Yearly

Mild stenosis in AF and anticoagulation Low-moderate dynamic,
low-moderate static (I A,Bþ II A, B),
No contact sport

Yearly

Moderate and severe stenosis
(AF or sinus rhythm)

Low dynamic and low static (IA)
No contact sport

Yearly

MVR History, PE, ECG,
ET, Echo

Mild-to-moderate regurgitation,
stable sinus rhythm,
normal LV size/function,
normal exercise testing

All sports Yearly

If AF, in anticoagulation All sports, with exception of contact sport Yearly
Mild-to-moderate regurgitation,

mild LV dilatation (end-systolic
volume ,55 mL/m2), normal LV function,
in sinus rhythm

Low-moderate dynamic,
low-moderate static (I A,Bþ II A, B)

Yearly

Mild-to-moderate regurgitation,
LV enlargement (end-systolic
volume .55 mL/m2) or LV dysfunction
(ejection fraction ,50%)

No competitive sports

Severe regurgitation No competitive sports
AVS History, PE,

ECG, ET, Echo
Mild stenosis, normal LV size

and function at rest and under stress,
no symptoms, no significant arrhythmia

Low-moderate dynamic,
low-moderate static (I A,Bþ II A, B)

Yearly

Moderate stenosis, normal LV function
at rest and under stress, frequent/complex
arrhythmias

Low dynamic and low static (IA) Yearly

Moderate stenosis, LV dysfunction
at rest or under stress, symptoms

No competitive sports

Severe stenosis No competitive sports
AVR History, PE, ECG,

ET, Echo
Mild-to-moderate regurgitation,

normal LV size and function,
normal exercise testing,
no significant arrhythmia

All sports Yearly

Mild-to-moderate regurgitation,
proof of progressive LV dilatation

Low dynamic and low static (IA) Yearly

Continued
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Table 3 Continued

Lesion Evaluation Criteria for eligibility Recommendations Follow-up

Mild-to-moderate regurgitation,
significant ventricular arrhythmia at
rest or under stress, dilatation of the
ascending aorta

No competitive sports

Severe regurgitation No competitive sports
TVS History, PE, ECG,

ET, Echo
No symptoms Low-moderate dynamic,

low-moderate static (I A,Bþ II A, B)
Every

second year
TVR History, PE, ECG,

ET, Echo
Mild-to-moderate regurgitation Low-moderate dynamic,

low-moderate static (I A,Bþ II A, B)
Yearly

Any degree, with right atrial
pressure .20 mmHg

No competitive sports

Poly-valvular
diseases

History, PE, ECG,
ET, Echo

See most relevant defect

Bioprosthetic aortic
or mitral valve

History, PE, ECG,
ET, Echo

Normal valve function and normal
LV function, in stable sinus rhythm

Low-moderate dynamic,
low-moderate static (I A,Bþ II A, B)

Yearly

If AF and anticoagulation No contact types of sports Yearly
Prosthetic (artificial)
aortic or mitral valve

History, PE, ECG,
ET, Echo

Normal valve function and normal
LV function and anticoagulation

Low-moderate dynamic,
low-moderate static (I A,Bþ II A, B)
No contact types of sport

Yearly

Post-valvuloplasty History, PE, ECG,
ET, Echo

See the residual severity of
the MVS or MVR

Low-moderate dynamic,
low-moderate static (I A,Bþ II A, B)

Yearly

Mitral valve prolapse History, PE, ECG,
ET, Echo

If unexplained syncope,
or family history of sudden death,
or complex supraventricular or
ventricular arrhythmias, or long
QT interval, or severe mitral
regurgitation

No competitive sports

Absence of the earlier cited cases All sports Yearly

ECG, 12-lead electrocardiography; Echo, echocardiography; ET, exercise stress testing; PE, physical examination; sport type, see Table 1.
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Aortic valve stenosis

The most common cause for aortic valve stenosis (AVS) is
a rheumatic or congenital lesion. Calcified degenerative
stenosis is often associated with congenital abnormality
of the aortic valve (e.g. bicuspid valve), especially
when aortic stenosis is identified in young patients.
Syncope can appear in a young athlete with a mild
degree of AVS.19 Nevertheless, symptoms such as angina
and dyspnoea usually appear in a late stage of the
disease. Occurrence of SCD is far more probable if one
of these symptoms is present.20

Evaluation
AVS is often detected by a characteristic auscultation.
Determination of the gradient and valve opening area
should be carried out by Doppler-echocardiography.
Exercise testing (by bicycle ergometry) is recommended
to assess LV function, development of ST segment
depression, BP behaviour, and possible arrhythmias.
Given that the severity of AVS is often progressive,
periodical evaluation is necessary.

Classification
Classification is based on the mean aortic valve gradient
and aortic valve opening area (AVA).

(i) Mild ¼ mean gradient �20 mmHg (AVA .1.5 cm2);
(ii) Moderate ¼ mean gradient between 21 and

49 mmHg (AVA 1.0–1.5 cm2);
(iii) Severe ¼ meangradient�50 mmHg(AVA,1.0 cm2).

Recommendations
See Table 3.

Aortic valve regurgitation

The commonest causes of aortic valve regurgitation (AVR)
include congenital bicuspid aortic valve, rheumatic
lesion, infectious endocarditis, MS, aortic dissection, sys-
temic arterial hypertension, and rheumatoid spondylitis.
AVR causes dilatation of the LV cavity with increases in LV
diastolic and systolic volumes. Bradycardia can worsen
the haemodynamic pattern, due to lengthening of the
diastolic duration and increase of the regurgitant
volume. Athletes with AVR in the chronic compensated
phase are often asymptomatic and can remain so far for
many years. As LV dysfunction proceeds, symptoms
occur, typically including dyspnoea on exertion, arrhyth-
mias and, in advanced cases, angina.21

Evaluation
AVR is often detected by a characteristic auscultation.
LV dilatation can be evaluated by echocardiography.
In consideration that LV cavity dimension is increased
in healthy athletes as a consequence of training, this
should be considered when assessing LV size in the pre-
sence of AVR. Exercise testing (or cardiopulmonary
testing) can be helpful in the evaluation of exercise
tolerance22 and should be carried out up to the level
that is consistent with the sports participation, enabling
the patient tolerance to be specifically assessed.

Because of possible progression of AVR over time, period-
ical evaluation is recommended.

Classification
The haemodynamic severity of AVR can be classified as
follows:

(i) Mild ¼ absence of peripheral signs of AVR and
normal LV and atrial size and function; small
dimension of the diastolic flow signal on Doppler-
echocardiography.

(ii) Moderate ¼ peripheral signs of AVR, mild-to-
moderate enlargement of the LV, normal systolic
function, moderate dimension of the diastolic
flow signal on Doppler-echocardiography.

(iii) Severe ¼ peripheral signs of AVR, marked dilatation
of the LV and/or evidence of LV dysfunction;
enlarged atrial size, and large dimension of the
diastolic flow signal on Doppler-echocardiography.

Recommendations
See Table 3.
ForathleteswithMarfan’s syndrome: see specific section.

Tricuspid valve stenosis

In most cases, tricuspid valve stenosis (TVS) is caused
by rheumatic fever and is associated with MVS. In the
presence of MVS and TVS, patients should be assessed
with reference to the MVS. An isolated TVS is rare.23 If
the patient is asymptomatic (no dizziness, no dyspnoea,
or peripheral oedema), participation in competitive
sports may be possible.

Recommendations
See Table 3.

Tricuspid valve regurgitation

Tricuspid valve regurgitation (TVR) is often the conse-
quence of RV dilatation. Rheumatic fever and infectious
endocarditis are less common causes. Primary TVR leads
to volume overload of the RV, increased venous pressure,
and congestive symptoms.
The severity of TVR can be determined non-

invasively by physical examination, chest X-ray, and
echocardiography.

Recommendations
See Table 3.

Multi-valvular diseases

Multi-valvular diseases frequently occur in connection
with rheumatic fever, myxomatous valvular diseases,
or infectious endocarditis. These conditions can be
diagnosed by physical examination and assessed quanti-
tatively by Doppler-echocardiography. Multi-valvular
diseases of mild severity may reciprocally worsen each
other for their haemodynamic effects and, therefore,
great caution is needed in these athletes with regard to
participation in competitive sports.
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Recommendations
See Table 3.

Post-operative patients with a prosthetic/
bioprosthetic heart valve

Although patients are clinically improved by heart
valve replacement, the long-term mortality after opera-
tive therapy is higher than in a control population.
Furthermore, many patients with normal haemodynamic
pattern at rest have abnormal values under physical
stress. Therefore, exercise testing (possibly integrated
with cardiopulmonary analysis) should be carried out
up to the limit consistent with the sport the athlete
wishes to pursue. Indeed, patients with mechanical
valves (or bioprosthetic valves in selected cases) need
systematic anticoagulation treatment, which further
limits their potential for competitive sports parti-
cipation. Patients with artificial valves should undergo
periodic re-evaluation.24

Recommendations
See Table 3.
Athletes with a prosthetic or bioprosthetic valves who

are receiving anticoagulation treatment should not par-
ticipate in sports with a risk of bodily collision (Table 1 ).

Athletes post-valvuloplasty

Valvuloplasty is still performed in many patients with
MVS, despite the likeness of restenosis and no clear
advantage in comparison to valve replacement. Aortic
valvuloplasty is only rarely performed in young patients
with AVS. In patients after valvulotomy, recommen-
dations for sports participation are based on the residual
degree of severity of stenosis and/or regurgitation.
Exercise testing should be carried out up to the level
consistent with the level reached in the sport in which
the patient participates.

Recommendations
See Table 3.

Mitral valve prolapse

Mitral valve prolapse (MVP) is mostly associated with myx-
omatous degeneration of the valve. It preferentially
occurs in patients of tall stature and shows a familial
cluster.25 Ischaemic cardiomyopathy and hypertrophic
obstructive cardiomyopathy are potential secondary
etiologies.
Mitral regurgitation is often associated with MVP.

In addition, rhythm disorders (i.e. brady- or tachyar-
rhythmias),26 endocarditis, syncope, or embolism can
also occur.

Evaluation
The typical auscultatory finding is a late-systolic click
and a murmur due to late systolic or holosystolic regurgi-
tation. Elongation and thickening of valve leaflets,

degree of mitral regurgitation and LV dimension and
function should be assessed by echocardiography.
Evaluation should include exercise testing and/or Holter
monitoring to assess the presence of arrhythmias.
Yearly cardiologic evaluation is recommended, because
the regurgitation can get worse by progressive degener-
ation of the leaflets.

Recommendations
See Table 3.

Prophylaxis against endocarditis

Infective endocarditis (IE) is an endovascular, microbial
infection of intracardiac structures facing the blood,
including infections of the large intrathoracic vessels.
The early lesion is a vegetation of variable size, although
destruction, ulceration, or abscess may follow. The
increasing accuracy of echocardiography and therapeutic
progress has contributed to the prognostic improvement
in the last few years.
Patients with previous history of infective endocarditis,

patients with prosthetic heart valves or acquired valve
disease are considered high-risk patients and should
receive antibiotic prophylaxis when exposed to risk of
bacteraemia in accordance with the ESC recommen-
dations.27 Prophylaxis should be performed before
dental, oral, respiratory, oesophageal, gastrointestinal,
and genitourinary procedures. Dental hygiene is of
relevance for prevention of IE.
As a general rule, all sports activity should be avoided

when active infection with fever is present. Resumption
of sport activity can be considered when the inflam-
matory process is completely extinguished, and systema-
tic maintenance of endocarditis prophylaxis must be
strictly observed.27

Recommendations for participation in
competitive sports in athletes with
cardiomyopathies, myocarditis, and
pericarditis

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is a primary cardiac
disease, with hypertrophied and non-dilated left ventri-
cle, in the absence of cardiac or systemic disease
capable of producing LV hypertrophy of that magnitude.28

Sports participation increases the risk for SCD in HCM
patients,28,29 and this disease is the most common cause
of athletic field death in young athletes in the USA.29

Evaluation
Evaluation of athletes with suspected HCM includes
personal and family history, physical examination,
12-lead ECG, and echocardiography.

12-Lead ECG. The majority (75–95%) of HCM patients
show abnormal ECG patterns, commonly including
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markedly increased R- or S-wave voltages, deep and
prolonged Q-waves, and deeply inverted T-waves.30 ECG
abnormalities may precede the LV hypertrophy and
should raise suspicion of the disease in family members
of HCM patients. However, trained athletes without
evident CV disease may occasionally show similar ECG
abnormalities31 (see also Isolated abnormal ECGs).

Echocardiography. Classically, HCM is diagnosed when LV
wall thickness is �13 mm, but a more substantial LV
wall thickening may be found, usually with asymmetric
distribution and sharp transition between contiguous
segments.28 LV hypertrophy becomes evident during
adolescence, in association with body growth,28 but in a
few individuals, it may develop in midlife or beyond.
LV end-diastolic cavity dimension is normal or even
reduced, with an abnormal and sometimes bizarre
shape. Diastolic LV filling (by Doppler-echocardiography)32

and tissue doppler imaging (TDI) are abnormal in the
majority of HCM patients andmay precede the development
of LV hypertrophy. Other alterations includemalformation of
the mitral valve, with elongation of the leaflets, or anoma-
lous insertion of papillary muscles.28

In contrast, distribution of LV hypertrophy is symmetric
in athletes and maximum LV wall thickness does not
exceed 15–16 mm.33 The LV cavity is enlarged (i.e. end-
diastolic diameter �55 mm) with a normal shape, a
normally positioned mitral valve, and no outflow tract
obstruction.33 LV filling (by Doppler-echocardiography)32

and relaxation (by TDI) are normal. Most importantly,
serial echocardiographic studies demonstrate reduction
in LV wall thickness after complete deconditioning.34

Family screening is mandatory in borderline cases,
and identification of the disease in a family member
is diagnostic for HCM. Additional criteria include peak
oxygen consumption (with VO2max . 50 mL/kg/min
being more consistent with athlete’s heart35) and
gender, because women athletes do not usually show LV
wall thickening .12 mm.36

MRI is indicated, when echocardiography is
inadequate, in identifying an atypical pattern of hyper-
trophy or apical HCM.

Molecular genetics. A variety of mutations of genes
encoding structural and regulatory proteins of the
cardiac sarcomere cause familial HCM.37,38 However,
genetic testing is still not available in the current clinical
practice because of the substantial genetic heterogen-
eity of the disease, and the complex, time consuming
and expensive techniques needed.

Recommendations
See Table 4.

Isolated abnormal ECGs. Special attention should be paid
to athletes with ECG abnormalities (such as markedly
increased QRS voltage, diffuse T-wave inversion, deep
Q-waves in precordial leads) suggestive for HCM, in the
absence of familial incidence of HCM and in the
absence of LV hypertrophy. Evaluation of these athletes
should include complete family screening, personal

history, echocardiography, and 24 h Holter ECG monitor-
ing. When SCD or HCM in the family are excluded, and
in the absence of symptoms, arrhythmias and
LV hypertrophy, and with a normal diastolic filling/
relaxation, there is no reason for restricting athletes
from competitive sports, but periodical clinical and diag-
nostic follow-up is recommended.

Dilated cardiomyopathy

Dilated cardiomyopathy (DCM) is a myocardial disease
characterized by LV dilatation and impaired systolic
function. DCM includes disorders which are familial or
genetic in origin, or secondary to infection or inflam-
mation, exposure to toxic substances, metabolic dis-
orders, or of idiopathic origin.39 Although not frequent,
DCM represents a cause of SCD in athletes.

Evaluation
The assessment of athletes with suspected DCM includes
personal and family history, physical examination,
12-lead ECG with exercise testing, echocardiography,
and 24 h Holter monitoring.

Exercise testing and 24 h Holter monitoring. In young
DCM patients, exercise performance may be only mildly
impaired and arrhythmias are present at a very early
stage of the disease, including supraventricular and ven-
tricular tachyarrhythmias, as well as major conduction
delays.

Echocardiography. The LV cavity is enlarged with respect
to the LV walls, which are normal or only mildly
thickened. LV shape becomes more spherical; the mitral
annulus eventually enlarges with distortion of leaflets
and resultant valvular regurgitation.39 Most importantly,
LV systolic function is diminished (with ejection fraction
,50%), segmental wall motion abnormalities may be
present, and stroke volume is usually reduced.
In contrast, the physiologic LV enlargement present in

athletes (mostly engaged in aerobic disciplines such
as cycling, cross-country skiing, rowing, long-distance
running40) is characterized by a normal systolic
function, no segmental wall motion abnormalities, and
normal diastolic filling and relaxation (by Doppler-
echocardiography and TDI). In case of borderline ejection
fraction (i.e. �50, ,60%), it may be useful to test LV
function during exercise (by echocardiography or radio-
nuclide imaging). Absence of significant improvement
of systolic function at peak exercise is in favour of a
pathological dilatation.

Recommendations
See Table 4.

Arrhythmogenic RV cardiomyopathy/dysplasia

Arrhythmogenic RV cardiomyopathy/dysplasia (ARVC) is a
primary myocardial disease characterized histologically
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Table 4 Recommendation for competitive sport participation in athletes with cardiomyopathies, myocarditis, and pericarditis

Lesion Evaluation Criteria for eligibility Recommendations Follow-up

Athletes with definite
diagnosis of HCM

History, PE, ECG Echo No competitive sports

Athletes with definite
diagnosis of HCM but
low risk profile

History, PE, ECG, Echo,
ET, 24 h Holter

No SD in the relatives,
no symptoms, mild LVH,
normal BP response to exercise,
no ventricular arrhythmias

Low dynamic,
low static sports (I A)

Yearly

Athletes with only gene
abnormalities of HCM,
without phenotype changes

History, PE, ECG, Echo No symptoms, no LVH,
no ventricular arrhythmias

Only recreational,
non-competitive sport activities

Yearly

Athletes with definite
diagnosis of DCM

History, PE, ECG, Echo No competitive sports

Athletes with definite
diagnosis of DCM but low
risk profile

History, PE, ECG, Echo,
ET, 24 h Holter

No SD in the relatives,
no symptoms, mildly depressed
EF (�40%), normal BP response
to exercise, no complex
ventricular arrhythmias

Low-moderate dynamic and
low static sports (I A,B)

Yearly

Athletes with definite
diagnosis of ARVC

History, PE, ECG Echo No competitive sports

Athletes with active
myocarditis or pericarditis

History, PE, ECG, Echo No competitive sports

Athletes after resolution
of myocarditis

History, PE, ECG, Echo, ET No symptoms,
normal LV function, no arrhythmias

All competitive sports First control within 6 monthsa

Athletes after resolution
of pericarditis

History, PE, ECG, Echo, ET No symptoms,
normal LV function, no arrhythmias

All competitive sports First control within 6 monthsa

DCM, dilated cardiomyopathy; Echo, echocardiography; EF, ejection fraction; ET, exercise testing; 24 h Holter; 24 h Holter ECG monitoring; LVH, left ventricular hypertrophy; PE, physical examination; SD,
sudden death; sport type, see Table 1.

aSubsequent controls according to the individual case.
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by fibro-fatty replacement of the RV myocardium, and
clinically by life-threatening ventricular tachyarrhyth-
mias in young individuals.41 Sudden death may occur in
young ARVC individuals in association with exercise, and
this disease represents the most common cause of SCD
in young athletes in Italy.42

Evaluation
Diagnosis of ARVC is based on the criteria previously
proposed by an expert consensus panel.41

12-Lead ECG. In clinical practice, the ECG is of particular
value in raising suspicion for ARVC, in consideration that
ECG abnormalities are present in .50% of ARVC patients.
The most common abnormalities include prolonged QRS
duration .110 ms (with RBBB pattern) and inverted
T-waves in the right precordial leads, evidence of
epsilon wave and either isolated PVCs or VT (typically
with LBBB pattern and vertical axis).

Echocardiography. In ARVC patients, echocardiography
(or MRI) shows an enlarged RV cavity, segmental morpho-
logic abnormalities (with thinning, bulging and aneurysms
in the RV wall), and wall motion abnormalities. MRI
may identify areas of altered signal intensity consistent
with fibro-fatty replacement. Cine-MRI may be decisive
for assessing wall motion anomalies. An enlarged right
ventricle, in association with an enlarged left ventricle,
may also be found in elite athletes (mostly engaged
in endurance disciplines, such as cycling, rowing/
canoeing),40 but in these instances, RV wall thickness is
normal and no segmental wall motion abnormalities are
present.

Recommendations
See Table 4.

Myocarditis

Myocarditis is defined as an inflammatory process of the
myocardium, with histological evidence of myocyte
degeneration and necrosis of non-ischaemic origin,
associated with inflammatory infiltration.43

Evaluation
The assessment of athletes with suspected myocarditis
includes medical history, physical examination, 12-lead
ECG, and echocardiography. Additional testing may be
required according to the specific case.

History. The clinical picture usually starts with upper
respiratory or gastrointestinal symptoms, but palpi-
tations, fatigability, exertional dyspnoea, or syncope
may be the clinical onset. Evidence of flu-like illness,
or epidemiological circumstances supporting viral
infection should be assessed.

12-Lead ECG. The ECG abnormalities include frequent
and/or complex ventricular and/or supraventricular
arrhythmia, ST-segment alteration (usually depression;

rarely elevation), T-wave inversion and, occasionally,
LBBB or AV blocks.44

Echocardiography. Global LV enlargement and dysfunc-
tion can be evident in certain cases;45 however, localized
wall motion abnormalities (usually in the apex), mildly
enlarged LV cavity, and borderline systolic dysfunction
are common. Modest pericardial effusion may be
present, associated with increased reflectivity of peri-
cardial leaflets.

Histology. Biopsy is not usually performed in the routine
diagnostic course and may be reserved for selected
circumstances, when needed for therapeutic or legal
purposes.

Recommendations
See Table 4.

Pericarditis

Pericarditis is defined as an inflammatory process of the
pericardium, which may also affect the subepicardial
layers of the myocardium.

Evaluation
The assessment of athletes with suspected pericarditis
includes medical history, physical examination, 12-lead
ECG, and echocardiography.

History. Pericarditis usually starts with upper respiratory
or gastrointestinal symptoms, but clinical presentation
may include chest pain, increased fatigability, or exer-
tional dyspnoea. The onset of the disease may also be
concealed, and the clinical course characterized by only
transient fever, without significant cardiac symptoms.

12-Lead ECG. In patients with pericarditis, a spectrum
of ECG abnormalities may be present, including most
commonly ST–T wave alterations mimicking ischaemic
heart disease (IHD) and ventricular or supraventricular
tachyarrhythmias.

Echocardiography. Often a pericardial effusion is present
at the onset of the disease, with increased reflectivity
and separation of the pericardial leaflets.

Recommendations
See Table 4.

Recommendations for sports participation in
patients with Marfan’s syndrome (MFS)

MFS is an autosomal dominant connective tissue disorder
affecting 1:5000 subjects.46 MFS is caused by fibrillin 1
gene defects (FBN1 ) and by mutation of transforming
growth factor beta receptor 2 (TGFßR2) in a minority of
patients (OMIN #154705). More than 600 mutations have
been detected to date, the majority private.47

Penetrance is complete, but the involvement of different
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organs/tissues is variable, with large phenotypic
heterogeneity. The classical phenotype includes osteo-
skeletal, CV, ocular, skin, pulmonary, and nervous
anomalies. The primary cause of mortality in young
people and competitive athletes is aortic root dilatation,
dissection, and rupture.48

Evaluation

The evaluation of an athlete with suspected MFS includes
family and personal history, physical examination,
echocardiography, and genetic screening.49–51 Clinical
diagnosis of MS is based on the Ghent criteria,52,53

namely the combination of two major criteria plus the
involvement of a third organ/system.
Particular care should be paid in evaluating tall

children and adolescents engaged in certain sports such
as basketball and volleyball. The hypermobility of their
joints, as well as their stature and osteo-skeletal apti-
tude are favouring pre-requisites. Once they are involved
in a successful sports activity, the finding of aortic root
dilatation requiring to interrupt athletic activity may
raise severe psychological problems.

Recommendations

See Table 5.
In examining patients with MFS, the physician (and

consultant cardiologist) should be committed to avoid
the risk of aortic dissection and to protect the aortic
root from accelerated dilation. The following suggestions
may help cardiologists in their recommendations:

(i) In children, offspring of patients with MFS, who
present a major skeletal phenotype, an integrated
educational activity can be proposed to parents, in
order to dissuade children from pre-competitive
commitments and direct their hobbies or physical
training towards non-competitive and moderate
intensity activities.

(ii) In youths committed to pre-competitive activity:
(a) in case of positive family history, uncertain

phenotype but positive FBN1 mutation: compe-
tetive sports participation should be strongly

discouraged, and interests should be re-
addressed to non-risky activities;

(b) in case of positive family history, uncertain
phenotype and negative FBN1 mutation:
youths may continue their activity but should
undergo periodical CV monitoring;

(c) in case of negative family history (�30% of MFS
is caused by de novo FBN1 or TGFßR2
mutations), unknown genotype, uncertain phe-
notype (especially in youths), the decision may
prove particularly difficult. If clinical suspicion
is strong, even in the absence of completion
of the Ghent criteria, the cardiologist should
be cautious and discourage the candidate
from competitive sports participation.

(iii) In young competitive athletes, when Ghent criteria
are reached, the cardiologist should strongly dis-
courage any competitive sports activity.

In patients with MFS, a low-intensity, leisure physical
activity could be appropriate for the osteo-skeletal
problems. However, these patients should avoid contact
sports (Table 1 ), because of the risk of damaging the
aorta and injuring the eyes. It is also wise to avoid
strenuous physical activities to prevent any increase in
aortic wall stress. Patients with MFS in the absence of
aortic dilation but with MVP can perform leisure, non-
contact sports with moderate intensity, such as running,
cycling, swimming, and tennis (see also MVP). Patients
with MFS and mechanical heart valves under anticoagu-
lant therapy have an increased risk of haemorrhages
and regular monitoring of the anticoagulation is
mandatory.

Recommendations for participation in
competitive sports in athletes with
systemic hypertension

Hypertension is defined as systolic BP �140 mmHg and/or
diastolic BP �90 mmHg, measured by conventional tech-
niques in the seated subject according to established
guidelines.54–57 Isolated systolic hypertension corre-
sponds to an elevated systolic BP with normal diastolic

Table 5 Recommendations for competitive sport participation in athletes with MS

Phenotype Genotype Criteria for eligibility Recommendations Follow-up

Adult with full phenotype;
adolescent with incomplete
phenotype; children/adolescent
without phenotype

Positive No competitive sports

Athletes (adults) with
full phenotype

Not available No competitive sports

Athletes (adolescents)
with incomplete phenotype

Not available Positive family history No competitive sports

Athletes (adolescents) with
incomplete phenotype

Not available Negative family history Continued sport
participation with follow-up

Yearly

Athletes (children/adolescent)
without phenotype

Not available Positive family history Continued sport participation
with follow-up

Yearly
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