
CURRENT OPINION

Physical activity in adolescents and adults with
congenital heart defects: individualized exercise
prescription†

Werner Budts1,2*, Mats Börjesson3, Massimo Chessa4, Frank van Buuren5,
Pedro Trigo Trindade6, Domenico Corrado7, Hein Heidbuchel1,2, Gary Webb8,
Johan Holm9, and Michael Papadakis10

1CardiovascularDiseases,University Hospitals Leuven, Leuven,Belgium; 2Department ofCardiovascular Sciences,KU Leuven,Herestraat49, B-3000 Leuven, Belgium; 3SwedishSchoolof
Sports and Health Science, and Karolinska University Hospital, Stockholm, Sweden; 4Pediatric and Adult Congenital Heart Centre, IRCCS—Policlinico San Donato San Donato Milanese,
Milan, Italy; 5Heartcenter of Northrhine Westphalia University of Bochum, Bad Oeynhausen, Germany; 6Groupe Médical du Petit-Lancy, Petit-Lancy, Switzerland; 7Department of
Cardiac, Thoracic and Vascular Sciences, University of Padua Medical School, Padova, Italy; 8Cincinnati Children’s Hospital Heart Institute, Cincinnati, OH, USA; 9GUCH Unit, Skåne
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Introduction
Studies in patients with congenital heart disease (CHD) indicate that
the majority of individuals participating in such programs achieve sig-
nificant improvement of their exercise capacity and psychological
state.1 The challenge is to ensure safe participation in regular physical
activity (PA) in order to avoid the detrimental effects associated with
sedentary life style.

Why are physical activity
recommendations for adolescents and
adults with congenital heart disease
needed?
The improved surgical techniques and clinical care of children with
CHD have led to a considerable increase in the population of patients
with CHD who reach adulthood, and the number of adults is
expected togrowata rateof5% peryear.2 Cardiac rehabilitationpro-
grams in patients with CHD have shown improvements in
peak-VO2.

3 –5 Additionally, regular physical exercise is associated
with lower risk of future obesity and ischaemic heart disease.3 Para-
doxically, only a minority of CHD patients (19%) receives formal PA
advice,4 and are often encouraged towards a sedentary lifestyle as a
result of overprotection,5 and uncertainty as to which physical activ-
ities and with what intensity should be recommended.1 This is of par-
ticular importance when one considers that children with CHD are
more likely to be overweight because of physical inactivity compared
with children without CHD.6 On the other end of the spectrum,

young patients may reject exercise limitations and engage in unsafe
sporting practices.

Existing exercise guidelines are of limited value for the majority of
patients with CHD because they focus predominantly on competi-
tive athletes.7 Consequently, they cover less than 1% of the CHD
population and applying these recommendations to leisure time ac-
tivities would be too restrictive. In addition, in all current recommen-
dations, the decision making process is primarily based on the
individual anatomic lesions. As a result formulating recommenda-
tions becomes complex and the documents are long and impractical
(Figure 1).8

Aim of the recommendations
The scope of this article is to produce concise and practical recom-
mendations relating to PA for adolescents and adults with CHD.
The novel approach is to formulate clinically useful recommenda-
tions based on haemodynamic and electrophysiological parameters,
instead of focusing solely on specific defects. Although the recom-
mendations are aimed at CHD specialists, it is important to acknow-
ledge that CHD patients with mild disease are frequently managed by
non-specialists.

Methodology

Nature of recommendations
The present document is a consensus of an international panel of cardi-
ologists with expertise in CHD, sports cardiology, and exercise
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physiology. In consideration of the scarcity of scientific data, the panel
acknowledges the challenges in formulating arbitrary recommendations.
Therefore, it is essential to inform patients of the potential uncertainties
relating to the recommended exercise prescription regime.

Target patient population
Given that most of children with CHD have reached physical maturity by
the age of 16 years, these recommendations apply to CHD patients ≥16
years. The authors concede, however, that the recommendations are not
applicable to all patients with CHD and in particular not to patients with
congenital rhythm or conduction disorders and with isolated congenital
coronary artery anomalies.

Clinical approach to congenital heart disease
Emphasis is placed on associated haemodynamic and electrophysiologic-
al factors rather than on specific defects. All individuals are assessed by
five specific parameters (Figures 2 and 3). This novel approach simplifies
the evaluation process and at the same time allows for tailored advice
since individuals with the same lesion may be affected to different
degrees.

Relative intensity and classification of sports
Absolute intensity, expressed as the energy cost in metabolic equivalents9,
does not take into account the individual variations in cardiopulmonary
capacity (fitness). Our exercise prescription utilizes the concept of rela-
tive intensity in order to provide individualized exercise prescription.

Sports are in general classified from low static to high static according
to the estimated percentage of maximal voluntary contraction.7 The
static component of specific sports has been summarized and discussed
by Mitchell et al.10–12 For example, golf and long distance running have
typical low static demands, whereas weightlifting, water skiing, and
rowing have principally high static demands. However, this classification
remains very arbitrary and needs interpreting with caution. Indeed, some
sports involve heterogeneity with respect to static (and dynamic) cardio-
vascular demands in either different athletic disciplines—such as parallel
bars and floor exercises in gymnastics or positions such as lineman and
running back in football, or goalkeeper and mid-fielder in soccer.12 The
dynamic component in this article is replaced by relative intensity.

How to calculate training intensity?
Cardiopulmonary exercise testing (CPET) can provide parameters such as
the maximal heart rate (MHR), heart rate reserve, maximal/peak
oxygen consumption (peak-VO2), first ventilatory anaerobic threshold
(VAT) (also referred in the literature as the ‘aerobic threshold’ or ‘first
lactate turn point’), as well as the maximal workload.13 To avoid

confusion, it is important to note that exercise is divided into three
phases marked by two ventilatory thresholds; the first lactate threshold,
also referred as aerobic threshold represents 40–60% of peak-VO2 and
the second lactate threshold, referred as the anaerobic threshold repre-
sents 60–90% of peak-VO2.

14

Objective CPET measurements allow correlation with subjective esti-
mates such as the rate of perceived exertion (RPE) (Borg scale).15 Individ-
ual RPE ratings correlate well with blood lactate levels and oxygen
consumption.16 Beside RPE, the authors recommend the use of a fixed
percentage of the MHR which correlates well with RPE of the Borg
scale (Table 1).17 Monitoring of both the training heart rate and RPE is
simple and can be performed by exercising individuals in the field
without the need of complicated or expensive equipment. Training
bursts could be allowed for patients with high intensity training, but is
less applicable for patients in whom moderate or low intensity physical
exercise is recommended. For CHD patients, who may have chronotro-
pic incompetence or atrial fibrillation and in whom the use of a fixed per-
centage of MHR is not applicable, the exercise prescription could be
based on maximal work load or VAT, as the preferred approximation
of training heart rate.9,15 However, not all patients will have a typical
s-shaped heart response pattern in incremental exercise.18– 21 For

Figure 1 Available recommendations/position papers in patients with congenital heart disease.

Figure 2 Flow chart depicting the six steps when evaluating ado-
lescent and adult patients with congenital heart disease.
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individuals who are unable to monitor their heart rate, also the use of
‘if you can talk while exercising’ rule could be applied to approximate
moderate relative exercise intensity.22

Parameters to evaluate prior to exercise
prescription
Exercise is associated with an augmentation of the cardiac output,
enhanced ventricular preload, and an increase in both the pulmonary
and systemic arterial pressures.23,24 Dynamic exercise imposes primarily
a volume load, while static exercise produces primarily a pressure load.
The physician needs to assess the potential haemodynamic repercus-
sions, but also the potential risk for sudden cardiac death.

General recommendations
The recommended steps for comprehensive evaluation of patients
with CHD in order to advise are outlined in Figure 2.

Step 1. History and physical examination
The physician should obtain a detailed medical and surgical history
and a precise account of on-going symptoms and perform a
detailed physical examination. Knowledge of the type of CHD
raises awareness of potential haemodynamic and electrophysio-
logical complications.

Figure 3 Flow chart depicting in detail steps 2–5. Following evaluation of the five variables and the interpretation of the CPET, an individualized
recommendation can be provided (solid lines). When patients insist on sports with high static component, where it is not recommended, PA at a
lower level intensity is suggested (dotted lines).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 The relation between rate of perceived
exertion (Borg scale), % of maximal heart rate

RPE (Borg
scale, ranging
6–20)

Subjective
description of
exercise intensity

Feels like % of
MHR

,10 Very light Nothing ,35

10–11 Light Something 35–54

12–13 Moderate Perspiring 55–69

14–16 Hard Sweating
working

70–89

17–19 Very hard Hard working ≥90

20 Maximal Can’t breathe
anymore

100

RPE, rate of perceived exertion; MHR, maximal heart rate achieved during
cardiopulmonary exercise testing.
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Step 2. Assessment of five baseline
parameters
(1) Assessment of ventricular function:

A transthoracic echocardiogram is usually sufficient to

evaluate left ventricular function. For the morphological right
ventricle or univentricular heart physiology additional imaging
techniques may be required, such as magnetic resonance
imaging (MRI). For cut-off values, we refer to published

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Definition of variables

Variable Definition

Ventricles

Ventricular dysfunction No: EF ≥55%
Mild: 45% ≤EF ,55% (or normal systemic right ventricle)
Moderate: 30 ≤EF ,45%
Severe: EF ,30% (or impaired systemic right ventricle)

Ventricular hypertrophy Left ventricle:
No: septal/posterior wall thickness (cm): F ,1.1 C ,1.0; LV mass (g): F 88–224 C 67–162
Mild: septal/posterior wall thickness (cm): F 1.1–1.3 C 1.0–1.2; LV mass (g): F 225–258 C 163–186
Moderate: septal/posterior wall thickness (cm): F 1.4–1.6 C 1.3–1.5; LV mass (g): F 259–292 C 187–
210
Severe: septal/posterior wall thickness (cm): F ≥1.7 C ≥1.6; LV mass (g): F ≥293 C ≥211
Right ventricle: qualitative echocardiographic evaluation

Ventricular pressure overload

† No pressure overload
† Mild pressure overload

† Moderate overload
† Severe pressure overload

No significant LVOT or RVOT gradient (peak systolic flow ,2.6 m/s), no obstruction in great vessels
2.6 m/s ≤peak systolic velocity ,3 m/s for LVOT and RVOT obstructions and PPS; for coarctation of the
aorta, arm-leg gradient ,20 mmHg
3 m/s ≤peak systolic velocity ≤4 m/s for LVOT and RVOT obstructions and PPS
Peak systolic velocity .4 m/s for LVOT and RVOT obstructions and PPS; for coarctation of the aorta,
clinical gradient ≥20 mmHg

Ventricular volume overload

† No volume overload

† Mild volume overload
† Moderate/severe volume overload

Absent/mild valve regurgitation or shunt that do not cause significant chamber dilatation (parasternal
views—long axis: LVEDD: 55–63 mm; LVESD 35–42 mm; RVEDD: 30–36 mm)
Mild: dilated right or left ventricle by severe regurgitation, however with preserved systolic function
Significant right or left ventricular dilatation with impaired ventricular function

Ventricle physiology Single ventricle or double ventricle
Systemic left ventricle or systemic right ventricle

Pulmonary artery pressure

† Low PAP

† Mildly elevated PAP
† Moderately/severely elevated PAP

No PH: TVRV ≤2.8 m/s, systolic PAP ≤36 mmHg, and/or no additional echocardiographic variables
suggestive of PH
Possible PH: TVRV .2.8 m/s, systolic PAP .36 mmHg, and no signsof right ventricular systolic dysfunction
High probability of PH: TVRV .2.8 m/s, systolic PAP .36 mmHg, and signs of right ventricular dysfunction

Aorta
† No/mild dilatation
† Moderate dilatation
† Severe dilatation
† Dilatation approaching indication for repair

Normal (≤30 mm) or borderline sizes (,35 mm) of the aorta
Aorta size ≥35 and ,45 mm
Aorta size ≥45 and ,50 mm
Aorta size ≥50 mm

Arrhythmia
† No arrhythmias
† Mild arrhythmic burden/non-malignant

arrhythmias
† Significant arrhythmic burden/potentially

malignant arrhythmias

Absence of/infrequent arrhythmias (,500/24 h) PVC if a Holter was done
Frequent/coupled PVC and controlled atrial fibrillation/atrial flutter, which do not worsen with exercise

Atrial fibrillation/atrial flutter, which worsen with exercise
Non-sustained ventricular arrhythmias or sustained ventricular tachycardia

Saturation at rest/during exercise

† No central cyanosis Absence of clinical signs; transcutaneous saturations within the range of 96–100%, at rest and during
exercise

EF, ejection fraction; EDD, end-diastolic diameter; LVOT, left ventricle outflow tract; RVOT, right ventricle outflow tract; PIG, peak instantaneous gradient; PPS, peripheral pulmonary
stenosis; LVEDD, left ventricle end-diastolic diameter; LVESD, left ventricle end-systolic diameter; RVEDD, right ventricle end-diastolic diameter; TVRV, tricuspid valve regurgitation
velocity; PAP, pulmonary artery pressure; PVC, premature ventricular complex.
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echocardiographic diagnostic criteria (Table 2).25 –27 Such values
represent a generic guide rather than absolute criteria, since the
authors recognize that individual centres may utilize different
indices. Interpretation of echocardiographic values should
always take into consideration the individual’s demographics
and background exercise level.28

(2) Assessment of pulmonary artery pressure (PAP):
Pulmonary artery pressure is obtained by the tricuspid valve

regurgitation velocities (TVRV). We suggest using the diagnostic
criteria of Galie et al.,29 where pulmonary hypertension (PH) is
considered to be excluded when TVRV ≤ 2.8 m/s, and no add-
itional echocardiographic variables suggestive of PH are
present. In case of doubt, right heart catheterization should be
performed.29

(3) Assessment of the aorta:
Although aortic diameter should ideally be indexed, for simpli-

fication purposes and in line with recent guidelines for the diag-
nosis and management of patients with thoracic aortic disease,30

the authors suggest to use absolute numbers. Inadequate meas-
urement of the aortic diameter by echocardiography may
require additional imaging by computerized tomography or MRI.

(4) Assessment of arrhythmia:
The evaluation of CHD patients with arrhythmias includes

personal history inquiring for the presence of palpitations, pre-
syncope or syncope, and unexplained weakness. Besides a
12-lead ECG, the evaluation may include 24-h Holter monitor-
ing. When initial testing fails to demonstrate any arrhythmia,
further investigations may be required. Table 2 summarizes the
degree of severity in arrhythmia.

(5) Assessment of saturation at rest/during exercise:
In patients with a potential right-to-left shunt, transcutaneous

arterial saturation at rest should be recorded. Central cyanosis is
largely excluded when transcutaneous saturations are .95%, at
rest, and during exercise (Table 2). Low arterial saturation due to
pulmonary disease must not be forgotten. Evaluation with spir-
ometry should be included in patients with reduced arterial sat-
uration without a cardiovascular explanation.

Step 3. Decision on type of exercise
The physician should assess each parameter (1–5) in turn, assign the
individual patient in a specific route, and decide on the static compo-
nent of the exercise (Figure 3). When at least one of the parameters is
outside the conventional normal limits, moderate or lowstatics sport
is recommended (solid lines, Figure 3). This does not necessarily
exclude sports with a high static component, but it is then recom-
mended to exercise at reduced intensity, as discussed in step 5
(dotted lines, Figure 3).

Step 4. Cardiopulmonary exercise testing
The results of the exercise test will help determine the relative inten-
sity. When CPET is not available, regular exercise testing without
measurement of expired air might be an alternative. The following
parameters need extra attention for individualized advice.

(1) Peak VO2, MHR, Borg scale:
The fitness levels of patients with CHD are decreased when

compared with normal subjects, as shown by a lower peak
VO2.

31 Importantly, VO2 max has been found to be one of the
best predictors of morbidity and mortality in patients with
CHD.32 –34 The Borg scale will assist the patient to get a feeling
as at what level he/she should exercise.

(2) Transcutaneous saturation or arterial blood gasses:
When desaturation is suspected during PA, continuous meas-

urement of saturation is needed when performing CPET. If desat-
uration is present during exercise, the patient has to re-enter the
algorithm at step 2 (Figure 2).

(3) Detection of arrhythmia or conduction disorder during
exercise:

Recently, Koyak et al.35 demonstrated that exercise-induced
arrhythmias increase the risk of sudden death by 6.6-fold. In
case of the detection of arrhythmia, the patient has to
re-enter the algorithm at step 2 (Figure 2). When treatment is
established, repeat assessment of all five variables is recom-
mended.

(4) Blood pressure response to exercise:
A normal blood pressure response during exercise includes a

rise in systolic blood pressure by ≥25 mmHg. Diastolic blood
pressure is usually associated with a small drop36 and an increase
of .10 mmHg during exercise or recovery is abnormal. Individ-
ual centres may use their own criteria to determine ‘abnormal
blood pressure response’.

Step 5. Recommendation on relative
intensity
After interpretation of the CPET, an individualized recommendation
can be provided (Figure 3). In the interest of encouraging participation
in regular exercise of as many individuals with CHD as possible, the
authors wish to provide patients with a wide range of sporting disci-
plines. As such, we accept that some patients may wish to participate
in PAclassified as high static, despite a recommendation for a medium
or low static activity. In these cases, we suggest a compromise in the
relative intensity of exercise, starting at a lower intensity level, com-
pared with the recommended one. However, some types of sports
cannot be practiced at reduced intensity and then preferred to be dis-
couraged.

For the frequency and duration of each exercise session, a com-
bined minimum of 3–4.5 h of physical activities per week is recom-
mended; the minimum minutes per session should be 30 min (for
daily or almost daily PA). Although no data are available in the litera-
ture for CHD patients, we hypothesize that habitual training will be
necessary to achieve a long-term clinical benefit. For team sports,
the intensity of PA is difficult to restrict for the individual. Patients
should be encouraged to participate in teams (or with peers) of
similar physical fitness, i.e. when someone want to play football, he
plays with colleagues some of which may be a bit more or less phys-
ically fit compared with the patient. That is where support groups
may also come handy. Patients should monitor their symptoms
(Borg scale) and heart rate to ensure they do not exceed the recom-
mendations, at least for prolonged period of times, particularly for
start-stop sports like football. Individuals who feel that their fitness
is lower than that of their peers should be supported to either find
an alternative team or sport.
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Step 6. Follow-up
New symptoms should prompt discontinuation of the patient’s exer-
cise regime and re-evaluation. For physical activities of medium and
low intensity, we recommend follow-up as frequently as suggested
by the ESC GUCH guidelines.7,37 In patients with regular high inten-
sity PA, follow-up is recommended by the ESC guidelines for com-
petitive and elite sports.7 We recommend going through the PA
algorithm at each routine visit. As the performance of the patient
changes, the degree of PA should be adapted.

Specific recommendations

Individuals with permanent pacemaker or
resynchronization therapy
Pacemaker therapy per se does not preclude high intensity PA.
Modern pacemakers provide bi-ventricular synchronization to opti-
mize systemic ventricular ejection. Implantation of the leads is
oftenperformedepicardially during surgical corrective interventions,
allowing for optimal positioning on both ventricles to achieve adequate
resynchronization. Programming of the pacemaker needs to assure ap-
propriate rate adaptation during exercise. Persistent sinus rhythm
can be used for tracking. Minute ventilation-based rate-response
systems may be preferred over accelerometer-based systems since
they provide more physiological rate response.38 Exercise testing
and Holter ECG monitoring may help to program appropriate
pacing rate responsiveness during exercise. It should be emphasized,
however, that chronotropic incompetence in CHD patients is often a
symptom of ventricular dysfunction or ischaemia, and is difficult to
adjust by rate responsive pacing. This was highlighted by the study
of Uebing et al.39 where rate responsive pacing in patients with a sys-
temic right ventricle did not improve either the right ventricular
haemodynamics or exercise capacity.

Individuals with implantable cardioverter
defibrillator
For patients with an implantable cardioverter defibrillator (ICD), only
low to moderate intensity PA is recommended.40 It remains
unclear how effective cardiac defibrillation is during peak PA and
the ICD cannot be regarded as a substitute for activity restraints
based on the underlying cardiovascular disorder. A recently pre-
sented US-EU international registry (Boston, Heart Rhythm
Society Meeting, 2012) showed that fatalities in ICD recipients,
who continued to perform competitive or high-intensity sports,
were rare. There was also no report of increased lead malfunctions.
Nevertheless, the Registry confirmed that arrhythmias were more fre-
quent during PA and there was a clear increase of inappropriate shocks
during sports. Finally, the risk for damage to the device through body
movements or contact needs to be considered.

Limitations
These recommendations aim to provide the platform for more
uniform advice between health care professionals in order to avoid
confusion between non-expert physicians and patients, alike. They
are, however, based on limited clinical evidence, underscoring the

urgent need for physiologic studies regarding mechanisms of
central and peripheral effects of various forms of exercise training
in specific populations, as well as the acute and chronic benefits
and risks of different training regimes. It would therefore be
prudent to apply this document with caution and tailor advice to in-
dividual patients. Additionally, becauseof the varietyof CHDwith dif-
ferent residua and sequelae, not all patients will fit into the algorithm.
Therefore, the physician has to take into consideration the individual
anatomical lesion in order to assess potential complications at an
early stage.

Conclusion
We envisage that our recommendations will result in more unified
protocols throughout Europe and offer the required reassurance
to both patients and physicians who manage patients with adult
CHD to encourage these patients to enjoy a physically active life
style. Such an individualized exercise prescription might offer a plat-
form with the aim to maximize benefit for health and minimize the
cardiovascular risk. Finally, it could be used as a tool for future re-
search to increase the level of evidence.
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