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Background Physical activity is important for patients with congenital heart disease. The aim of this paper is to provide a
consensus document for participation in competitive or leisure sport activity in children and adults with congenital heart
disease.

Methods The recommendations are based on expert consensus meetings, personal experience of the contributing authors
and an updated review of the literature regarding exercise performance and risk stratification in patients with congenital
heart disease.

Results Physical performance and exercise tolerance is close to normal in patients with simple lesions with successful
repair or no need for therapy. Most patients with complex lesions have some degree of residual disease, making them less
suitable for participation in competitive sport.

Conclusion Regular exercise at recommended levels can be performed and should be encouraged in all patients with
congenital heart disease. Many can attend sports with no restrictions. Special concern should be given to those patients
with a significant ventricular dysfunction or recent history or risk of arrhythmia. Eur J Cardiovasc Prev Rehabil 13:293-299
© 2006 The European Society of Cardiology
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Introduction

Numerous scientific reports have documented the positive
effects of physical activity on public health in general
[1-3] and on cardiovascular health in particular [4].
Futhermore, patients with congenital heart disease
(CHD) seem to benefit from regular physical activity
[5,6]. Regarding the cardiovascular long-term health
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effects of high intensity, competitive sport very little is
known both in healthy people and in those with CHD [7].

Overprotection is common in children with CHD [8].
The resulting sedentary lifestyle leads to diminished
physical work capacity and places them at risk for early
development of cardiovascular disease and other illnesses
associated with physical inactivity [9]. Children have a
natural need for motor activities and this should not be
interrupted or discouraged. Perception and motor activ-
ities in children with CHD are catalysts not only for the
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child’s physical development but also for the emotional,
psychosocial and cognitive skill [10].

As regards adolescents, we know that physical activity in
youth is a major predictor of maintained fitness through-
out life [11]. International recommendations suggest at
least 60 min of moderate to vigorous physical activity
daily [12]. On the other hand not all adolescents with
CHD are eligible for competitive sport. If the adolescent
needs to be restricted in his or her physical activity,
information about this should be given at an early
adolescent stage (10-12years), allowing both the child
and the parents to adapt to the new rules before things
get too serious.

The purpose of this review is to give the reader a
comprehensive, though practical, tool to guide patients
with all relevant CHD, including both children and
adults, in leisure and competitive sport participation. The
recommendations represent the consensus document of
an international expert panel appointed by the European
Society of Cardiology. The recommendations are based on
published scientific evidence, if available, and on the
personal experience of the contributing authors.

Evaluation/risk stratification

If the patient is seen on a regular basis and is well known
to the physician, advice regarding leisure sport activity
can be given during routine visits. In those attending
competitive sports, the level of preparticipation screening
should be extensive and up to date (Table 1).

The surgical reports and the latest diagnostic testing are
the most important part of the medical record.

We recommend a questionnaire to describe the sympto-
matic status according to the criteria of the New York
Heart Association (NYHA).

Physical examination should include the resting blood
pressure (BP).

The standard 12-lead electrocardiogram (ECG) should be
searched for signs of hypertrophy, changes in repolariza-
tion and for arrhythmias.

Echocardiography should assess known morphological and
haemodynamic problems in that particular defect. If this
is not feasible the echo should be repeated or substituted
by more suitable investigations.

Magnetic resonance imaging (MRI) should be performed
on a regular basis in patients with coarctation of the aorta.
MRI can also be necessary in patients with a poor
echocardiographic window or to supplement right ven-

Table 1  Eligibility for non-restricted participation in competitive
sports in congenital heart disease patients

Eligible Not eligible

| Surgical procedure
Fully corrected (anatomically)

Uncorrected or palliative corrected

Significant lesions not operated

Univentricular hearts

Mustard, Senning or Rastelli corrected TGA

Arterio-pulmonal shunts

Il Medical history

Satisfactory

NYHA class |

Abnormal

Symptoms of severe palpitations/syncope

Exercise-induced symptoms

(dyspnoea, angina, palpitations,
syncope)

NYHA class Il or higher

Il Physical examination
Satisfactory Abnormal

Hypertension

Hepatomegaly, raised venous pressure

IV ECG/Holter
Satisfactory Abnormal

Ischemia (coronary anomaly, TGA-switch)

QRS-duration (Fallot)

Significant hypertrophy

Significant arrhythmia

V Morphology/haemodynamic
Satisfactory Abnormal

Significant rest-lesion

Mean transvalvular gradient of
aorta > 20 mmHg

Peak transvalvular gradient of the

pulmonary artery of >50 mmHg

Significant hypertrophy

Significant myocardial dysfunction

Pulmonary hypertension

VI Maximal ergospirometry
Satisfactory

Values within normal range

Abnormal
Chest pain or syncope

Significant arrhythmia
Ischemia on ECG

TGA, transposition of the great arteries; ECG, electrocardiogram.

tricular studies. Normally it is not requested to decide
upon participation in leisure sport activity.

Heart catheterization and angiocardiogram is not routinely
used in preparticipating evaluation of athletes with CHD.

If arrhythmia is suspected or common in that specific
lesion 24-h Holter monitoring should have been per-
formed within the last 6 months.

Maximal ergospirometry best evaluates the work capacity
and the cardiopulmonary reserves. We prefer treadmill,
especially in children, but also bicycle ergospirometry
provides the necessary data and may have advantages if
frequent BP measurements are important. The exercise
protocol used should be standardized, aiming at exercise
duration of between 6 and 10 min [13]. It should give
information about maximal oxygen uptake (MJ)o,),
expressed in millilitres per kilogram per minute, maximal
heart rate and recovery heart rate at 2 min, respiratory
exchange ratio at peak exercise and also describe /o, at
the ventilatory anaerobic threshold (VAT) including the
method of VAT definition [14]. The oxygen uptake
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efficiency slope can be used in patients not capable or
willing to attain maximal exertion [15,16]. Measurement
of exercise BP and pulse oxymetry are difficult. If
indicated (see specific lesions) we recommend to focus
on the start and end of the exercise test.

Follow-up

All patients with CHD should be followed on a regular
basis according to guidelines given elsewhere [17]. There
is no need for specific follow-up in patients only
participating in leisure sport activities. Adolescents and
adults participating in competitive sport need a struc-
tured reassessment every year [18].

Classification of sports

Sports are usually classified as isotonic/dynamic or
isometric/static and to the level of intensity. Our group
previously reported an overview of the commonest sports
in Europe in respect to the classification above [18]. In
general static exercise causes mainly pressure overload
and can be difficult to control and is therefore less
suitable than dynamic exercise in patients with CHD.

Types of congenital heart disease

Simple shunt lesions

Atrial septal defect and patent foramen ovale

An atrial septal defect (ASD) represents a direct
communication between the left and the right atrium,
allowing shunting of blood between the two chambers. A
significant ASD is defined with a Qp/Qs ratio of over 1.5,
which also is the indication for elective surgical or
percutaneous closure. Shunting over a patent foramen
ovale (PFO), with its flap valve, is only possible when the
pressure in the right atria exceeds the left atrial pressure.

In non-significant ASD or PFO and if surgical or
transcatheter closure of a significant ASD is performed
early in life, exercise performance within the normal range
is expected [19]. Successfully corrected significant ASD
with no residual pulmonary hypertension also has good
exercise tolerance with exercise capacity close to normal
[20,21]. For exercise recommendations see Table 2.

Ventricular septal defect

A ventricular septal defect (VSD) represents a direct
communication anywhere along the interventricular
septum. A significant VSD is defined with a Qp/Qs ratio
of over 1.5, which also is the indication for elective
surgical or percutaneous closure.

Patients with a significant VSD become symptomatic early
in life and will either undergo repair or develop Eisenmen-
ger syndrome (see later). The natural history of non-
significant VSD shows a low normal or just below normal
exercise performance [22]. Exercise studies in successfully
repaired VSD show a high incidence of abnormal exercise
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Table 2 Recommendations for sport participation in congenital

heart diseases

Lesion

Recommendation

ASD (closed or non-significant or
PFO)

VSD (closed or non-significant)

PDA (closed or non-significant)

AVSD (successfully repaired)
Moderate MVR

PAPVC/TAPVC
(successfully repaired)

Pulmonary stenosis (mild)
Moderate

Aortic stenosis (mild)

Moderate

No restrictions

Scuba diving should be avoided in
those with a remaining shunt, due to
the risk of paradoxical embolism

No restrictions

No restrictions

No restrictions

Low to moderate dynamic and static
sports

No restrictions

No restrictions

Low to moderate dynamic and static
sports

Low to moderate dynamic and static
sports

Low dynamic and static sports

No competitive sport if left ventricular
dysfunction or symptoms

No restrictions®

Low to moderate dynamic and static
sports®

Low dynamic and static sports®

CoA (successfully repaired)
TOF (successfully repaired)

Residual disease

TGA
asoTGA (successfully repaired)
iarTGA, ccTGA

Ebstein anomaly

Univentricular hearts/Fontan
circulation

No restrictions

Low to moderate dynamic and low
static sports®

Low to moderate dynamic and low
static sports®

Low to moderate dynamic and low
static sports®

Low dynamic sports®

No restrictions

Eisenmenger's syndrome
Congenital coronary artery
anomalies

Successfully repaired

For definitions, risk stratification and follow-up see text. ASD, atrial septal defect;
PFO, patent foramen ovale; VSD, ventricular septal defect; PDA, persistent
ductus arteriosus; AVSD, atrioventricular septal defect; MVR, mitral valve
regurgitation; PAPVC/TAPVC, partial or total anomalous pulmonary venous
connection; CoA, coarctation of the aorta; TOF, tetralogy of Fallot; TGA,
transposition of the great arteries; aso, arterial switch operation; iar, intra-atrial
repair; cc, congenitally corrected. *Those with conduit, interposed graft or on
anticoagulant drugs should avoid sports with the risk of bodily collision. ®°No
competitive sport.

haemodynamics, but the overall exercise capacity and
tolerance should be expected to be close to normal [23].
Again, for exercise recommendations see Table 2.

Persistent ductus arteriosus

Persistent ductus arteriosus (PDA) is a remnant of fetal
life, representing a communication between the aorta and
the pulmonary artery.

Patients with closed PDA without residual pulmonary
hypertension are expected to have an excellent physical
tolerance with normal exercise capacity [24]. These
patients need no regular follow-up. See Table 2 for
recommendations.

Atrioventricular septal defect
In atrioventricular septal defect (AVSD) there is a
common atrioventricular junction, guarded by a common
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atrioventricular valve with shunting at both the atrial and
ventricular level.

Exercise performance and tolerance in successfully
repaired AVSD is normally good [25,26]. Echocardiogram
and exercise ECG within the preceding 12 months is
recommended to look for significant mitral valve regur-
gitation, left ventricular function and arrhythmias [27].
Exercise recommendations are provided in Table 2.

Total or partial anomalous pulmonary venous connec-
tion

Total anomalous pulmonary venous connection is present
when all, and partial anomalous pulmonary venous
connection when one or more but not all pulmonary
veins are abnormally drained, either to the right atrium or
at some venous level above or below the diaphragm.

If successfully repaired, long-term prognosis is essentially
good. Available studies are few, but exercise tolerance
seems to be good and exercise capacity is close to normal
[28]. The chronotropic response is slightly impaired
[29,30]. Table 2 provides exercise recommendations.

Simple obstructive lesions

Pulmonary stenosis

A typical pulmonary stenosis is non-dysplastic and caused
by fusion of the valve leaflets. In adults calcification may
be present. Mild pulmonary stenosis is defined as a peak
transvalvular gradient of less then 50 mmHg, moderate
stenosis as 50 mmHg or greater but less than 80 mmHg
and severe as 80 mmHg or greater or a right ventricular
pressure greater than two-thirds of the systemic systolic
pressure.

Exercise capacity and tolerance is quite extensively
investigated in children and adults with pulmonary
stenosis, both before and after intervention. In mild
pulmonary stenosis exercise performance should be
expected to be close to normal. Both children and adults
with moderate and severe pulmonary stenosis have
moderate impaired physical tolerance, due to low cardiac
output [31]. Especially children improve their exercise
tolerance after intervention, emphasizing the disfavour-
able course of long-standing, significant pulmonary
stenosis [32,33]. For exercise recommendations see
Table 2.

Aortic stenosis

Congenital aortic stenosis is a result of abnormal
development of the aortic valve commissures and a
bicuspid valve is the most common morphologic finding.
Aortic stenoses are classified as mild (mean aortic valve
gradient < 20 mmHg), moderate (mean aortic valve
gradient between 21 and 49 mmHg) or severe (mean
aortic valve gradient > 50 mmHg).

Exercise tolerance and capacity is moderately impaired in
those with severe aortic stenosis and will improve after
surgery [34]. Patients with mild or moderate aortic
stenosis have either normal or slightly subnormal exercise
capacity, the latter probably due to medically imposed
restrictions. Sudden cardiac death during exercise,
probably due to fatal arrhythmias, is associated with
aortic stenosis [35]. This is very unlikely to happen in
asymptomatic patients, however, with mild or moderate
aortic stenosis. Exercise testing to look for limiting
symptoms seems valuable in predicting the need for
surgical intervention in asymptomatic patients and should
be performed regularly because of the progressive nature
of this lesion [36,37]. Exercise recommendations are
listed in Table 2.

Coarctation of the aorta

Coarctation of the aorta is either a localized stenosis or a
longer hypoplastic segment of the aorta most commonly
located at the junction of the distal aortic arch and the
descending aorta.

Patients with successfully repaired coarctation of the
aorta have no residual obstruction (gradient between the
upper and lower limbs < 21 mmHg) or hypertension and
exercise tolerance and capacity are normal [38]. Truly
‘successful repair’, however, is rather seldom. Most
follow-up studies on repaired coarctation of the aorta
find residual hypertension at rest, on ambulatory BP
monitoring or an abnormal peak exercise BP response
[39,40]. In adults a peak BP response above 230 mmHg
should be regarded as abnormal, as in children it is
necessary to take the child’s age and height in account
using diagrams given elsewhere [41].

For exercise recommendation see Table 2. If the criteria
for hypertension at rest or by ambulatory BP monitoring
are fulfilled, the patient should be guided accordingly
[18]. The clinical impact of an abnormal exercise BP
response remains unclear. We recommend these patients
to avoid high static and high dynamic sports.

Complex lesions

Tetralogy of Fallot

The anatomic features of tetralogy of Fallot consist of
subpulmonary infundibular stenosis, VSD, overriding of
the aorta and right ventricle hypertrophy. The treatment
of choice is total correction in early childhood. Unoper-
ated or shunt palliated patients are rare since late repair
can be recommended in most cases [17].

Exercise studies in tetralogy of Fallot conclude with mild to
moderate subnormal exercise capacity [42,43]. Studies also
show that an active lifestyle and training result in better
performance [44,45]. Patients with successful repair are
asymptomatic, have no more than mild pulmonary
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regurgitation, near normal biventricular function and M/o,
above 80% of predicted [46]. Exercise-induced ventricular
arrhythmias are mainly seen in patients with late repair and
poor right ventricular performance [47]. Supraventricular
arrhythmias have also been reported [48]. Fatal cases are
very rare, however, in asymptomatic patients. Risk
stratification should describe the degree of pulmonary
regurgitation, residual right ventricular outflow tract
obstruction, right ventricular function, history of arrhyth-
mias and age at repair [49,50]. Exercise recommendations
are listed in Table 2.

Transposition of the great arteries

In transposition the great arteries (TGA) the aorta arises
from the right ventricle and the pulmonary artery from
the left ventricle. Until the mid-1980s intra-atrial repair
of TGA (iarT'GA) according to Senning or Mustard was
the treatment of choice. After this operation the right
ventricle remains the systemic ventricle. Today the
arterial switch operation of TGA (asoTGA) is preferred.
The advantage with this operation is that the left
ventricle becomes the systemic ventricle. If TGA is
combined with a large subaortic VSD, the Rastelli
operation is performed, also leaving the left ventricle as
the systemic ventricle.

Patients successfully corrected with aso TGA have normal
exercise capacity and normal exercise-ECG on short-term
follow-up [51]. Serial exercise testing is recommended
in those few patients with intramural coronary arteries,
who are at increased risk of ischemic heart disease
[52]. Patients with iarTGA have moderately impaired
physical performance, with MJo, ranging from 25 to
35ml/kg per min in most studies. The major limiting
factors are right ventricular dysfunction, tricuspid regur-
gitation, impaired chronotropic response and atrial
arrhythmia [53,54].

Patients with iarTGA are not eligible for competitive
sport, but benefit from regular low to moderate intense
physical activity. See also Table 2 for further exercise
recommendations.

Congenitally corrected transposition of the great
arteries

In congenitally corrected TGA (ccTGA) the atria are in
normal position, but the left atrium is connected to the
morphological right ventricle and vice versa. The
ventricles are connected to the ‘wrong’ great arteries,
leaving the right ventricle as the systemic ventricle. In up
to 80% of cases ccTGA is combined with other lesions.
VSD, pulmonary abnormalities and tricuspid valve
abnormalities are the most common.

Literature on exercise performance in ¢c¢T'GA is scarce.
Few adult patients are asymptomatic and most patients
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have severe impairment of their exercise capacity due
associated lesions, right ventricle dysfunction, tricuspid
valve regurgitation and arrhythmia [55-57]. Table 2 lists
exercise recommendations.

Ebstein anomaly

Ebstein anomaly is a malformation of the tricuspid valve
with apical displacement of the valve resulting in a small
right ventricle. It is often combined with right ventricular
outflow tract obstruction.

Most patients have severe impairment of exercise
capacity with MJo, below 25ml/kg per min [58,59].
Surgery may improve physical performance [60]. Evalua-
tion should include heart size on chest radiograph, degree
of right ventricular atrialization and tricuspid regurgita-
tion and documentation of arrhythmias, all determinants
for exercise tolerance. Exercise recommendations are
shown in Table 2.

Univentricular hearts/Fontan circulation

Single ventricle function is most commonly a result of
double inlet ventricles, atrioventricular atresia or hypo-
plastic left or right heart syndrome. With only one
pumping chamber the systemic venous return is passive,
bypassing the heart.

Patients with Fontan circulation all have moderate to
severe impaired exercise capacity [61-63]. MJ0, is in the
range of 15-30 ml/kg per min in most studies. This is due
to reduced cardiac output response to exercise, abnormal
heart rate response both during exercise and in the
recovery phase, lower oxygen saturation due to shunting
at different levels and abnormal ventilatory response
[64-66]. Although arrhythmias are common in these
patients, exercise has not been shown to trigger fatal
episodes [67]. As regards exercise recommendation, these
patients are not eligible for competitive sport. They
benefit from regular light and moderate strenuous sport.
See also Table 2.

Eisenmenger’s syndrome

Patients with Eisenmenger’s syndrome have pulmonary
hypertension in combination with a right-to-left or
bidirectional shunt. All patients have severe impairment
of exercise tolerance [68]. Some studies have shown
improved exercise performance after pharmacological
intervention [69,70]. Any kind of strenuous exercise is
prohibited (Table 2).

Congenital coronary artery anomalies

Congenital coronary artery anomalies (CCAAs) describe a
coronary artery arising from an ectopic position off the
aorta. Sudden cardiac death may be the first symptom in
CCAA [71]. Chest pain, breathlessness, syncope or
dizziness during exercise are clinical signs of CCAA
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[72]. Exercise ECG and echocardiography are useful tools
to diagnose CCAA. Multi-slice computed tomography and
magnetic resonance coronary angiogram also seem reliable
non-invasive tools to diagnose CCAA. Patients with
successfully repaired CCAA are expected to have normal
exercise tolerance [73]. For exercise recommendations
see Table 2.

Conclusion

Prepubertal children with CHD need no restrictions in
their physical activity. Regular exercise at a recommended
level can be performed and should be encouraged at all
ages in all patients with CHD. Not all patients, however,
are eligible for competitive sport. We acknowledge the
difficulties in formulating arbitrary exercise recommenda-
tions, particularly for certain CHDs in which scientific
evidence is scarce. Therefore, caution is needed in
applying the present document and efforts should be
made to tailor precise advice to each individual.

Acknowledgements

We gratefully acknowledge the advice and comments
of Benedicte Eyskens, MD, Department of Pediatric
Cardiology, University Hospital Gasthuisberg, 3000
Leuven, Belgium.

References

1 Lou JE, Ganley TJ, Flynn JM. Exercise and children’s health. Curr Sports Med
Rep 2002; 1:349-3583.

2 Glenister D. Exercise and mental health: a review. J R Soc Health 1996;
116:7-13.

3  Myers J, Prakas M, Froelicher V, Do D, Partington S, Atwood JE. Exercise
capacity and mortality among men referred for exercise testing. N Engl J
Med 2002; 346:793-801.

4 Katzmarzyk PT, Church TS, Blair SN. Cardiorespiratory fitness attenuates the
effects of the metabolic syndrome on all-cause and cardiovascular disease
mortality in men. Arch Intern Med 2004; 164:1092-1097.

5 Fredriksen PM, Kahrs N, Blaasvaer S, Sigurdsen E, Gundersen O, Roeksund
O, et al. Effect of physical training in children and adolescents with
congenital heart disease. Cardiol Young 2000; 10:107-114.

6 van Rijen EH, Utens EM, Roos-Hesselink JW, Meijboom FJ, van Domburg RT,
Roelandt JR, et al. Medical predictors for psychopathology in adults with
operated congenital heart disease. Eur Heart J 2004; 25:1605-1613.

7 Williams PT. Relationship of distance run per week to coronary heart disease
risk factors in 8283 male runners. The National Runners’ Health Study. Arch
Intern Med 1997; 157:191-198.

8 Reybrouck T, Mertens L. Physical performance and physical activity in
grown-up congenital heart disease. Eur J Cardiovasc Prev Rehabil 2005;
12:498-502.

9 Tomassoni TL. Role of exercise in the management of cardiovascular disease
in children and youth. Med Sci Sports Exerc 1996; 28:406-413.

10 Dordel S, Bjarnason-Wehrens B, Lawrenz W, Leurs S, Rost R,
Schickendantz S, et al. Efficiency of psychomotor training of children with
(partly-)corrected congenital heart disease [in German]. Deutsche
Zeitschrift Fiir Sportmedizin 1999; 50:41-46.

11 Lunt D, Briffa T, Briffa NK, Ramsay J. Physical activity levels of adolescents
with congenital heart disease. Aust J Physiother 2003; 49:43-50.

12 Kavey RE, Daniels SR, Lauer RM, Atkins DL, Hayman LL, Taubert K.
American Heart Association guidelines for primary prevention of
atherosclerotic cardiovascular disease beginning in childhood. Circulation
2003; 107:1562-1566.

13 Gibbons RJ, Balady GJ, Beasley JW, Bricker JW, Duvernoy WF, Froelicher
VF, et al. ACC/AHA Guidelines for Exercise Testing. A report of the
American College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee on Exercise Testing). J/ Am Coll Cardiol
1997; 30:260-311.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Gaskill SE, Ruby BC, Walker AJ, Sanchez OA, Serfass RC, Leon AS. Validity
and reliability of combining three methods to determine ventilatory threshold.
Med Sci Sports Exerc 2001; 33:1841-1848k.

Hollenberg M, Tager IB. Oxygen uptake efficiency slope: an index of exercise
performance and cardiopulmonary reserve requiring only submaximal
exercise. J Am Coll Cardiol 2000; 36:194-201.

Reybrouck T, Mertens L, Brusselle S, Weymans M, Eyskens B, Defoor J,
et al. Oxygen uptake versus exercise intensity: a new concept in assessing
cardiovascular exercise function in patients with congenital heart disease.
Heart 2000; 84:46-52.

Gatzoulis M, Webb G, Daubeney P. Diagnosis and management of adult
congenital heart disease, 1st ed. London: Churchill Livingston; 2003.
Pellicci A, Fagard R, Bjornstad HH, Anastassakis A, Arbustini E, Assanelli D,
et al. Recommendations for competitive sports participation in athletes with
cardiovascular disease: a consensus document from the Study Group of
Sports Cardiology of the Working Group of Cardiac Rehabilitation and
Exercise Physiology and the Working Group of Myocardial and Pericardial
Diseases of the European Society of Cardiology. Eur Heart J 2005;
26:1422-1445.

Reybrouck T, Bisschop A, Dumoulin M, van der Hauwaert LG.
Cardiorespiratory exercise capacity after surgical closure of atrial septal
defect is influenced by the age at surgery. Am Heart J 1991; 122:
1073-1078.

Matthys D. Pre- and postoperative exercise testing of the child with atrial
septal defect. Pediatr Cardiol 1999; 20:22-25; discussion 26.

Giardini A, Dont A, Formigari R, Specchia S, Prandstraller D, Bronzetti G,
et al. Determinants of cardiopulmonary functional improvement after
transcatheter atrial septal defect closure in asymptomatic adults. J Am Coll
Cardiol 2004; 43:1886-1891.

Gabriel HM, Heger M, Innerhofer P, Zehetgruber M, Mundigler G, Wimmer
M, et al. Long-term outcome of patients with ventricular septal defect
considered not to require surgical closure during childhood. J Am Coll
Cardiol 2002; 39:1066-1071.

Meijpoom F, Szatmari A, Utens E, Deckers JW, Roelandt JR, Bos E, et al.
Long-term follow-up after surgical closure of ventricular septal defect in
infancy and childhood. J Am Coll Cardiol 1994; 24:1358-1364.

Marquis RM, Miller HC, McCormac RJ, Matthews MB, Kitchin AH.
Persistence of ductus arteriosus with left to right shunt in the older patient.
Br Heart J 1982; 48:469-484.

Paulsen A, Edvardsen E, Brunvand L. Follow-up of children with
atrioventricular septal defect [in Norwegian]. Tidsskr Nor Laegeforen 2003;
123:2024-2026.

Ohuchi H, Ohashi H, Park J, Hayashi J, Miayazaki A, Echigo S. Abnormal
postexercise cardiovascular recovery and its determinants in patients after
right ventricular outflow tract reconstruction. Circulation 2002; 106:
2819-2826.

Soufflet V, Daenen W, Van Deyk K, Troost E, Budts W. Repair for partial and
complete atrioventricular septal defect: single centre experience and long-
term results. Acta Clin Belg 2005; 60:236-242.

Di Eusanio G, Sandrasagra FA, Donnell RJ, Hamilton DI. Total anomalous
pulmonary venous connection (surgical technique, early and late results).
Thorax 1978; 33:275-282.

Paridon SM, Sulliva NM, Schneider J, Pinsky WW. Cardiopulmonary
performance at rest and exercise after repair of total anomalous pulmonary
venous connection. Am J Cardiol 1993; 72:1444-1447.

Saxena A, Fong LV, Lamb RK, Monro JL, Shore DF, Keeton BR. Cardiac
arrhythmias after surgical correction of total anomalous pulmonary venous
connection: late follow-up. Pedlatr Cardiol 1991; 12:89-91.

Zellmer S, Graevinghoff L, Keck EW. Hemodynamic findings during exercise
on a bicycle ergometer following balloon valvuloplasty of pulmonary stenosis
in children and adolescents. Clin Cardiol 1992; 15:597-600.

Krabill KA, Wang Y, Einzig S, Moller JH. Rest and exercise hemodynamics in
pulmonary stenosis: comparison of children and adults. Am J Cardiol 1985;
56:360-365.

Rosenthal M, Bush A. The effects of surgically treated pulmonary stenosis
on lung growth and cardiopulmonary function in children during rest and
exercise. Eur Respir J 1999; 13:590-596.

Munt BI, Legget ME, Healy NL, Fujioka M, Schwaegler R, Otto CM.
Effects of aortic valve replacement on exercise duration and functional
status in adults with valvular aortic stenosis. Can J Cardiol 1997; 13:
346-350.

Doyle EF, Arumugham P, Lara E, Rutkowski MR, Kiely B. Sudden death in
young patients with congenital aortic stenosis. Pediatrics 1974; 53:
481-489.

Das P, Rimington H, Chambers J. Exercise testing to stratify risk in aortic
stenosis. Eur Heart J 2005; 26:1309-1313.

Copyright © European Society of Cardiology. Unauthorized reproduction of this article is prohibited.



37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Copyright © European Society of Cardiology. Unauthorized reproduction of this article is prohibited.

Amato MC, Moffa PJ, Werner KE, Ramires JA. Treatment decision in
asymptomatic aortic valve stenosis: role of exercise testing. Heart 2001;
86:381-386.

Balderston SM, Daberkow E, Clarke DR, Wolfe RR. Maximal voluntary
exercise variables in children with postoperative coarctation of the aorta.

J Am Coll Cardiol 1992; 19:154-158.

Leandro J, Smallhorn JF, Benson L, Musewe N, Balfe JW, Dyck JD, et al.
Ambulatory blood pressure monitoring and left ventricular mass and function
after successful surgical repair of coarctation of the aorta. J Am Coll Cardiol
1992; 20:197-204.

Instebo A, Norgard G, Helgheim V, Roksund O, Segadal L, Greve G.
Exercise capacity in young adults with hypertension and systolic blood
pressure difference between right arm and leg after repair of coarctation of
the aorta. Eur J Appl Physiol 2004; 93:116-123.

James FW, Kaplan S, Glueck CJ, Tsay JY, Knight MJ, Sarwar CJ. Responses
of normal children and young adults to controlled bicycle exercise.
Circulation 1980; 61:902-912.

Sarubbi B, Pacileo G, Pisacane C, Ducceschi V, lacono C, Russo MG, et al.
Exercise capacity in young patients after total repair of Tetralogy of Fallot.
Pediatr Cardiol 2000; 21:211-215.

Jonsson H, Ivert T, Jonasson R, Holmgren A, Bjork VO. Work capacity and
central hemodynamics thirteen to twenty-six years after repair of tetralogy of
Fallot. J Thorac Cardiovasc Surg 1995; 110:416-426.

Therrien J, Fredrikse P, Walker M, Granton J, Reid GJ, Webb G. A pilot study
of exercise training in adult patients with repaired tetralogy of Fallot. Can J
Cardiol 2003; 19:685-689.

Bradley LM, Galioto FM Jr, Vaccaro P, Hansen DA, Vaccaro J. Effect of
intense aerobic training on exercise performance in children after surgical
repair of tetralogy of Fallot or complete transposition of the great arteries.
Am J Cardiol 1985; 56:816-818.

Wessel HU, Paul MH. Exercise studies in tetralogy of Fallot: a review.
Pediatr Cardiol 1999; 20:39-47; discussion 48.

Joffe H, Georgakopoulos D, Celermajer DS, Sullivan ID, Deanfield JE. Late
ventricular arrhythmia is rare after early repair of tetralogy of Fallot. / Am Coll
Cardiol 1994; 23:1146-1150.

Roos-Hesselink J, Perlroth MG, McGhie J, Spitaels S. Atrial arrhythmias in
adults after repair of tetralogy of Fallot. Correlations with clinical, exercise,
and echocardiographic findings. Circulation 1995; 91:2214-2219.
Harada K, Toyono M, Yamamoto F. Assessment of right ventricular function
during exercise with quantitative Doppler tissue imaging in children late after
repair of tetralogy of Fallot. / Am Soc Echocardiogr 2004; 17:863-869.
Gatzoulis MA, Clark AL, Cullen S, Newman CG, Redington AN. Right
ventricular diastolic function 15 to 35 years after repair of tetralogy of Fallot.
Restrictive physiology predicts superior exercise performance. Circulation
1995; 91:1775-1781.

Massin MM, Hovels-Gurich HH, Gerard P, Seghaye MC. Physical activity
patterns of children after neonatal arterial switch operation. Ann Thorac Surg
2006; 81:665-670.

Sachweh JS, Tiete AR, Jockenhoevel S, Muhler EG, von Bernuth G,
Messmer BJ, et al. Fate of intramural coronary arteries after arterial switch
operation. Thorac Cardiovasc Surg 2002; 50:40-44.

Roos-Hesselink JW, Meijboom FJ, Spitaels SE, van Domburg R, van Rijen
EH, Utens EM, et al. Decline in ventricular function and clinical condition
after Mustard repair for transposition of the great arteries (a prospective
study of 22-29 years). Eur Heart J 2004; 25:1264-1270.

Li W, Hornung TS, Francis DP, O’Sullivan C, Duncan A, Gatzoulis M, et al.
Relation of biventricular function quantified by stress echocardiography to
cardiopulmonary exercise capacity in adults with Mustard (atrial switch)
procedure for transposition of the great arteries. Circulation 2004;
110:1380-1386.

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Exercise in congenital heart disease Hirth et al. 299

Fredriksen PM, Chen A, Veldtman G, Hechter S, Therrien J, Webb G.
Exercise capacity in adult patients with congenitally corrected transposition
of the great arteries. Heart 2001; 85:191-195.

Graham TP Jr., Bernard YD, Mellen BG, Celermajer D, Baumgartner H,
Cetta F, et al. Long-term outcome in congenitally corrected transposition of
the great arteries: a multi-institutional study. J Am Coll Cardiol 2000;
36:255-261.

Fischbach P, Law J, Serwer G. Congenitally corrected transposition of the
great arteries: abnormalities of atrioventricular conduction. Progr Pedliatr
Cardiol 1999; 10:37-43.

Diller GP, Dimopoulos K, Okonko D, Li W, Baby-Narayan SV, Broberg CS,
et al. Exercise intolerance in adult congenital heart disease: comparative
severity, correlates, and prognostic implication. Circulation 2005; 112:
828-835.

Trojnarska O, Szyszka A, Gwizdala A, Siniawski A, Oko-Sarnowska Z,
Chmara E, et al. Adults with Ebstein’s anomaly: Cardiopulmonary exercise
testing and BNP levels. Exercise capacity and BNP in adults with Ebstein’s
anomaly. Int J Cardiol 2005 Oct 18; [Epub ahead of print].

Driscoll DJ, Mottram CD, Danielson GK. Spectrum of exercise intolerance in
45 patients with Ebstein’s anomaly and observations on exercise tolerance
in 11 patients after surgical repair. / Am Coll Cardliol 1988; 11:831-836.
Harrison DA, Liu P, Walters JE, Goodman JM, Siu SC, Webb GD, et al.
Cardiopulmonary function in adult patients late after Fontan repair. J Am Coll
Cardiol 1995; 26:1016-1021.

Ohuchi H. Cardiopulmonary response to exercise in patients with the Fontan
circulation. Cardiol Young 2005; 15(Suppl 3):39-44.

Driscoll DJ, Durongpisitkul K. Exercise testing after the Fontan operation.
Pediatr Cardiol 1999; 20:57-59; discussion 60.

Akagi T, Benson LN, Green M, De Souza M, Harder JR, Gilday DL, et al.
Ventricular function during supine bicycle exercise in univentricular
connection with absent right atrioventricular connection. Am J Cardiol
1991; 67:1273-1278.

Nir A, Driscoll DJ, Mottram CD, Offord KP, Puga FJ, Schaff HV, et al.
Cardiorespiratory response to exercise after the Fontan operation: a serial
study. J Am Coll Cardiol 1993; 22:216-220.

Ohuchi H, Ohashi H, Takasugi H, Yamada O, Yagihara T, Echigo S.
Restrictive ventilatory impairment and arterial oxygenation characterize rest
and exercise ventilation in patients after fontan operation. Pediatr Cardiol
2004; 25:513-521.

Durongpisitkul K, Driscoll DJ, Mahoney DW, Wollan PC, Mottram CD,
Puga FJ, et al. Cardiorespiratory response to exercise after modified Fontan
operation: determinants of performance. J Am Coll Cardiol 1997; 29:
785-790.

Benist JI, Landzberg MJ. Eisenmenger’s syndrome. Curr Treat Options
Cardiovasc Med 1999; 1:355-362.

Apostolopoulou SC, Manginas A, Cokkinos DV, Rammos S. Effect of the
oral endothelin antagonist bosentan on the clinical, exercise, and
haemodynamic status of patients with pulmonary arterial hypertension
related to congenital heart disease. Heart 2005; 91:1447-1452.

Wong CK, Yeung DW, Lau CP, Cheng CH, Leung WH. Improvement of
exercise capacity after nifedipine in patients with Eisenmenger syndrome
complicating ventricular septal defect. Clin Cardiol 1991; 14:957-961.
Shotar A, Busuttil A. Myocardial bars and bridges and sudden death.
Forensic Sci Int 1994; 68:143-147.

Felmeden D, Singh SP, Lip GY. Anomalous coronary arteries of aortic origin.
Int J Clin Pract 2000; 54:390-394.

Frommelt PC, Frommelt MA, Tweddell JS, Jaquiss RD. Prospective
echocardiographic diagnosis and surgical repair of anomalous origin of

a coronary artery from the opposite sinus with an interarterial course.

J Am Coll Cardiol 2003; 42:148-154.



