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Cardiopathies Congénitales de 
l’adulte (ACHD)

• CC : incidence stable 0.8%, prévalence 
croissante (surtout CC complexes)

• Meilleure espérance de vie

• Souhait d’une meilleure qualité de vie

• Dont les activités physiques, 
sportives

• Problèmes : population hétérogène 
(anatomie et chirurgie), faible niveau de 
preuve des recommandations, principe de 
précaution



Une épidémiologie nouvelle

• Evolution des prévalences des cardiopathies congénitales 
(CC) chez l'enfant (< 18 ans) et chez l'adulte, et des 

proportions d'enfants et d'adultes entre 1985 et 2000
Prévalence/1000 
CC et (CC sévères)

Proportions
CC et (CC sévères)

Enfants Adultes Enfants Adultes

1985 6,88 (1,19) 3,57 (0,21) 39% (65%) 61% (35%)

1990 8,55 (1,43) 3,74 (0,25) 42% (64%) 58% (36%)

1995 9,87 (1,47) 3,93 (0,30) 43% (60%) 57% (40%)

2000 11,89 (1,45) 4,09 (0,38) 45% (51%) 55% (49%)

Marelli AJ, Mackie AS, Ionescu-Ittu R et coll. Congenital heart disease in the general population: changing 
prevalence and age distribution. Circulation 2007;115:163-72.



La VO2 = nouvel «outcome» indispensable 
des Cardiopathies Congénitales

• Plus d’adultes que d’enfants avec CC en France 
aujourd’hui

• La mortalité n’est plus le seul « outcome »

• Ni les «classiques» : NYHA, BNP,...

• 2 nouveaux «outcomes» très liés à évaluer désormais: 

• les capacités fonctionnelles :  VO2 +++

• la qualité de vie 



Corrélation entre qualité de 
vie et épreuve d’effort

• OMS 1980 : concept de WOOD : l’EE reflète mieux 
la QdV et le handicap social qu’un examen de repos

• VO2 max et pente VE/VCO2 sont corrélées à la 
classe NYHA et à la QdV

• Giardini et al. Natural history of exercise capacity after the Fontan operation: a 
longitudinal study. Ann Thorac Surg 2008.

• Mancini et al. Value of peak exercise oxygen consumption for optimal timing of cardiac 
transplantation in ambulatory patients with heart failure. Circulation 1991.

• Ponikowski et al. Enhanced ventilatory re- sponse to exercise in patients with chronic 
heart failure and preserved exercise tolerance: marker of abnormal cardiorespiratory 
reflex control and predictor of poor prognosis. Circulation 2001.



Recommandations : ACHD et VO2

ESC GUIDELINES
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- test d’effort
- recherche de 
complications rythmiques
- aptitude au sport

- test d’effort simple utile pour 
cardiopathie ischémique
- mais pour ACHD insuffisant => 
CPET :  VO2, pente VE/VCO2
- suivi longitudinal indispensable
- recherche de complications
- bilans pré et post-opératoires
- corrélation à la qualité de vie

2008

2010



Applications de la VO2 en 
cardiologie congénitale

Celles (non spécifiques) de 
l’épreuve d’effort

Douleur thoracique, malaise, syncope, dyspnée, 
troubles du rythme ou de la conduction

Suivi de la fonction ventriculaire
Ventricule gauche, ventricule 
droit, ventricule unique

Bilans pré et post-opératoires

- Obstacles gauches
- Obstacles droits
- Valvulopathies 
- Recherche de shunt résiduel (Fontan)
- HTA d’effort (coarctation de l’aorte)
- Réimplantations coronaires (TGV)

Aptitude au sport
Ré-entrainement à l’effort Toutes les CC

Recherche clinique
 VO2, VE/VCO2, SV1, OUES

et autres critères classiques : QdV, NYHA, BNP, 
morbi-mortalite



Activité physique et sportive 
chez le cardiaque 

congénital : la fin d’un 
dogme! 

Don’t move !!



Absence d’activité 
physique/sportive

• Conséquences de la sédentarité :

• surmorbidité cardio-vasculaire : surpoids, HTA...

• déconditionnement : très fréquent chez les CC, 
même pour les cardiopathies simples opérés 
sans séquelle (CIA, CIV)

• exclusion sociale : collège, lycée => 
professionnelle. 5 X plus d’inactivité 
professionnelle chez les CC.

• altération de la qualité de vie 



Recommandations : sport et CC

• Sports de Compétition et pathologies cardio-
vasculaires (dont les CC): avis d’expert de la 
36ème Conférence de Bethesda (Maron et 
al. J. Am. Coll. Cardiol. 2005).

• Sports de loisirs et pathologies cardio-
génétiques chez le jeune : avis d’experts pour 
Brugada, Marfan, DAVD, CMH, SQTL 
avec niveau de 0 (fortement déconseillé) à 5 
(autorisé) pour chaque sport (Maron et al. Circulation 
2004).

• ESC Guidelines for the management of grown-up 
congenital heart disease (2010) : non détaillées, 
reprennent les recommandations ci-dessus.

Test d’effort

Test d’effort

VO2



Aptitude au sport : 36ème 
Conférence de Béthesda - 2005

• Expertise : cardiopédiatre/
cardiologue congénitaliste

• Individuelle : au cas par cas 

• Exhaustive : interrogatoire 
orienté, échocardiographie, 
ECG, holter ECG, test d’effort 
au minimum

• Répétée au cours de la 
pratique du sport



 VO2 et ACHD : quelles 
valeurs?
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CLINICAL RESEARCH

Reference values for exercise limitations among
adults with congenital heart disease. Relation to
activities of daily life—single centre experience
and review of published data
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Pamela Moceri1, Lorna Swan1, Michael A. Gatzoulis1,3, and Gerhard-Paul Diller1,2,3
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Aims We aimed to investigate the distribution of exercise capacity across the spectrum of adult congenital heart disease
(ACHD) using own data and the published experience and to provide diagnosis, gender-, and age- specific reference
values.

Methods
and results

Publications describing exercise capacity in ACHD patients using cardiopulmonary exercise testing (CPET) were
identified (n ¼ 2286 patients in 23 papers). In addition, we included 2129 patients who underwent CPET at our
own institution. The majority of patients (80%) had reduced peak oxygen uptake (peak VO2) compared with
normal values (defined as ,90% of predicted peak VO2). There were significant differences in peak VO2

between subgroups of patients, with the lowest values seen in patients with Eisenmenger syndrome and complex
heart disease. However, even in patients with simple lesions, peak VO2 was on average significantly reduced com-
pared with normal values. Based on a large number of observations we herewith provide gender- and age-specific
peak VO2 centile plots for the most common lesions (Tetralogy of Fallot, systemic right ventricle, Ebstein
anomaly and Fontan–palliation) and relate disease-specific exercise capacity to that required for specific activities
of daily life, sports, and occupations.

Conclusion We provide age-, gender-, and diagnosis-specific data on peak VO2 levels across the spectrum of ACHD allowing to
compare the exercise capacity of individual patients with that of their peer patients. These data should be helpful in
interpreting CPET results, guiding therapy, and advising patients on activities of daily life, sports participation, and
choice of occupation.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Adult congenital heart disease † Tetralogy of fallot † Transposition of the great arteries † Fontan procedure †

Eisenmenger syndrome † Exercise test

Introduction
Most patients born with congenital heart disease are expected to
reach adulthood in the current era.1 Owing to the frequent late
complications, however, many of them require and will benefit
from life-long cardiac follow-up.2,3 Among the different screening

tools employed during such periodic follow-up, cardiopulmonary
exercise testing (CPET) has emerged as one of the most valuable.
It is non-invasive, enables risk stratification with regard to morbid-
ity and mortality, and helps deciding on the need and timing of
therapeutic interventions. The interpretation of CPET results in
patients with adult congenital heart disease (ACHD) remains

* Corresponding author. Tel: +44 207351 8602, Fax: +44 207351 8629, Email: kempny@gmail.com

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2011. For permissions please email: journals.permissions@oup.com
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- la plus large étude 
sur l’EE dans les CC
- n= 4415 patients 
ACHD



VO2 et CC : revue de la littérature

challenging, however. It is well known that exercise capacity is
reduced in these patients. Relating exercise capacity to normal
values obtained in healthy volunteers may, however, not tell the
whole story in ACHD patients. It is obvious that one cannot
expect an Eisenmenger patient to achieve a similar peak oxygen
uptake (peak VO2) as a patient with a simple cardiac lesion. As
some (variable) level of impairment in peak VO2 is to be expected
it may be more helpful to interpret the achieved level of exercise
capacity in comparison with what would be usual/expected given
the patient’s age, gender, and underlying diagnosis. Comparing an
individual patient to his/her peer patients may inform clinicians if
this represents a ‘good’ or ‘bad’ exercise capacity for a given
patient group.

Exercise capacity has been assessed in many studies both in
adult and paediatric patients with congenital heart disease. Pro-
tocols differ between centres and, thus, the results cannot be
generalized to all patients with this disease. Ideally, every
centre should develop its own database and reference values.
Given the wide anatomic spectrum of ACHD patients and the
variable patient volume attached to different centres, this may
not be practicable for most centres. In the absence of such
centre specific data, combining the available evidence may
provide best estimates of expected exercise capacity. In addition
to averaging out outliers by combining data, increasing patient
numbers reduces stochastic uncertainty and should decrease
variability of the data.

Our aim in this study was to1 compare a large ACHD-CPET data
set from our institution with CPET data reported in the literature;2

to combine available data to investigate the expected peak VO2 in
relation to patient gender and age in the most prevalent ACHD
diagnostic groups and, thus provide disease specific reference
values and3 to examine the potential relation between disease spe-
cific exercise limitation and activities of daily life/certain occupa-
tions, thus assisting clinicians in advising patients.

Methods
Patients
We retrospectively reviewed all cardiopulmonary exercise tests per-
formed in ACHD patients between March 1999 and February 2011
at the Royal Brompton Hospital, London. Exercise tests had been per-
formed as part of their routine clinical assessment.

We also searched PubMed for publications investigating cardiopul-
monary exercise capacity in ACHD patients published between 01/
01/1985 and 01/06/2011. The search was performed separately for
every diagnosis listed in the Table 1 using the MESH phrase ‘exercise
test’ and the MESH phrase describing the disease.

Measurements
Details of the cardiopulmonary testing at the Royal Brompton Hospital
have been published previously.4 Briefly, CPET was performed in
patients from our institution on a treadmill according to a modified
Bruce protocol with an additional first stage at which the patient
walks at a velocity of 1 mile/h and a gradient of 5% for 3 min.
Oxygen uptake, carbon dioxide production, and ventilation were mea-
sured continuously using a computerized breath-by-breath analyser.
The VE/VCO2 slope was calculated by linear regression analysis of
all data acquired during the exercise period.

Activities of life data
The minimal peak VO2 required to perform daily life activities, sports,
and selected occupations was calculated based on the ‘Compendium
of Physical Activities’ maintained by the Arizona State University.5

The Compendium provides energy costs for several hundred activities
with metabolic equivalents values (MET) based on the published litera-
ture. The oxygen uptake (VO2) for each activity was calculated by
multiplying the MET value by 3.5 mL . kg21 . min21. The values
obtained represent average (peak) oxygen uptake. As subjects
should be able to perform most of the listed activities continuously,
without resorting to anaerobic metabolism, patients should remain
below their anaerobic threshold (AT). Based on the mean relation of

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

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

Table 1 Cardiopulmonary exercise data published in the literature

Diagnosis Patients with reported pVO2 Patients with reported VE/VCO2

n Age pVO2 Male (%) n Age VE/VCO2 Male (%) References

ASD 222 42.4 21.9+7.9 47.7 78 45.0 32.3+3.4 61.3 23,24,28,45

ccTGA 61 31.6 20.9+7.4 55.7 21 30.0 37.2+4.3 61.3 23,35,45

CoA 100 31.0 27.5+7.0 61.2 28 27.0 30.1+2.3 61.3 35,45

Complex 20 33.6 15.9+3.4 50.0 — — — — 35

Ebstein 230 22.9 21.1+6.7 51.5 28 31 37.4+2.6 61.3 19,23,30,35,45

Eisenmenger 43 41.8 13.0+4.1 38.7 19 39.0 63.4+5.8 61.3 35,45

Fontan 590 19.4 22.7+5.8 57.6 65 23.0 40.2+3.5 61.3 18,20,23,27,29,31,33,35–37,45

TGA-arterial switch 104 12.4 38.9+9.1 63.5 60 13.3 30.7+4.4 73.3 21,26

TGA-atrial switch 391 25.3 24.3+7.5 64.5 274 26.3 33.4+7.8 64.6 16,23,25,35

ToF 487 29.6 24.2+6.8 55.3 124 26.0 31.1+4.6 61.3 23,32,34,35,45

Valvular 38 32.0 26.6+9.1 61.3 38 32.0 32.2+2.9 61.3 45

Age is expressed in years, peak VO2 (pVO2) in mL/kg/min. VE/VCO2 stands for VE/VCO2 slope. ASD, atrial septal defect; TGA, transposition of the great arteries; ccTGA,
congenitally corrected TGA; CoA, coarctation of the aorta; Complex, complex lesions including patients with cyanosis; ToF, tetralogy of Fallot; Valvular, collective of patients with
various valvular lesions.

A. Kempny et al.Page 2 of 11
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4
3
2
1
5
2

11
2
4
5
1

CIA

Double discordance

Coarctation Aorte

CC Complexe

Ebstein

Eisenmenger

Ventricule Unique

TGV - switch artériel

TGV - switch atrial

Tétralogie de Fallot

Valvulopathies

- n = 2286 patients
- n = 23 publications
- Hétérogénéité : patients, pathologies, centres, protocoles 

D’après Kempny et al. 2011 



Quelle VO2 pour quelle cardiopathie?

80+30, and 78+25% of predicted peakVO2, respectively).
There were also significant differences in VE/VCO2 slope (P,
0.001, on one-way ANOVA) with the highest values found in
patients with Eisenmenger syndrome and complex heart disease
(72+55 and 52+19, respectively) and the lowest values in
patients with TGA after arterial switch and corrected aortic coarc-
tation (30+ 5 and 30+ 8, respectively) (Table 2). Table 1 informs

about the distribution of peak VO2 and VE/VCO2 slope (mean and
standard deviation) in published studies.

In most diagnostic subgroups men achieved significantly higher
peak VO2-values than women (Table 3). Therefore, when looking
at the peak VO2 levels required to perform various activities
(such as movement, sporting activities, occupation, or home activ-
ities), more women than men were found to have an exercise

Figure 1 Peak oxygen uptake (peak VO2) data expressed as % of predicted value. Histograms represent data from our own institution. The
density lines above histograms and the numbers to the right of the graph relate to all patients with a given diagnosis. The numbers above the
density lines indicate %peak VO2 values for the 10, 25, 50, 75 and 90th centile. ASD, atrial septal defect; ccTGA, congenitally corrected TGA;
CoA, coarctation of aorta; Complex, complex congenital heart disease (including univentricular hearts); Ebstein, Ebstein anomaly; Eisenmenger,
Eisenmenger syndrome; Fontan, patients after Fontan palliation; TGA, transposition of the great arterial; ToF, tetralogy of Fallot; Valvular, mixed
collective of patients with congenital valvular heart disease; VSD, ventricular septal defect.

A. Kempny et al.Page 4 of 11
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n=2286 patients 
biblio

+
n=2129 patients 
Royal Brompton 

Hospital
=

total de 4415 VO2
(Kempny et al. 

2011)



Résultats principaux
• D’un centre à l’autre : peu de différences entre les VO2 par groupes de 

CC.

• 80% des CC ont une VO2<90% théorique

• Meilleures VO2 : 

• TGV avec switch artériel (plus jeunes, correction chirurgicale néonatale) :  
VO2max moyenne 36,7 ml/kg/min (89%),  pente VE/VCO2=30

• Coarctation de l’aorte :  VO2max moyenne 27,6 ml/kg/min (78%), pente 
VE/VCO2 =30

• Pires VO2 : 

• CC complexes : 15,7 mlKg/min (46%), pente VE/VCO2 =52

• Syndrome d’Eisenmenger :  VO2max moyenne 12,5 ml/kg/min (42%), 
pente VE/VCO2 la plus élevée = 72

• Plus la cardiopathie est sévère moins les VO2 entre hommes et femmes 
sont différentes (valeurs identiques dans Eisenmenger)



Retentissement de la cardiopathie sur 
la vie quotidienne : rôle de la VO2

• ACHD sans emploi => 5 X plus que population générale

• inactivité non corrélée à la sévérité de la cardiopathie

• mauvaise estimation du véritable retentissement 
fonctionnel de la cardiopathie : par les médecins 
(généralistes, médecins du travail), par la MDPH, par le 
patient, par son entourage... 

• choix potentiellement inadapté des études, de la 
formation professionnelle, du métier.

• VO2 est la 1ère étape vers un programme de 
réhabilitation à l’effort : perspectives +++



Retentissement de la cardiopathie 
sur la vie quotidienne : rôle de la VO2

• Calcul des dépenses énergétiques en fonction d’une liste 
d’activités => «The Compendium of Physical Activities» 
Ainsworth BE et al. (2011). The Compendium of Physical Activities Tracking Guide. Arizona State 
University, USA : https://sites.google.com/site/compendiumofphysicalactivities/ 

• 1 MET (metabolic equivalent of task) = 3,5ml/kg/min

• ACHD :  VO2 au SV1 = 0,7 x VO2max (Kempny et al. 
2011)

VO2 idéale pour maintenir activité en dessous du seuil 
ventilatoire : nombre de METS x 3,5 x 0,7 



te



«OUES» et cardiopathies 
congénitales

• VO2 = OUES x log10 VE + b

• OUES = Oxygen Uptake 
Efficiency Slope

• dans insuffisance cardiaque 
chronique il s’abaisse 

• prédictif de la morbi-mortalité

• valable dans épreuves sous 
maximales

increase the VE versus VCO2 slope prognostic value in
CHF patients [87].

Normal values of the VE versus VCO2 slope range
between 20 and 30, with an intercept on the VE axis of
some 4–5 l/min because of a reduction of VD/VT ratio after
the start of exercise and/or early exercise hyperven-
tilation. The VE versus VCO2 slope is affected by age,
showing increasing values with increasing age [21]
(Table 2). A higher than normal VE versus VCO2 slope
may be of undeterminable origin (primary hyperventila-
tion) or because of hypoxia or respiratory or cardiac
diseases that can stimulate VE (secondary hyperventila-

tion). Conversely, a downward displacement of the VE
versus VCO2 slope occurs when the PaCO2 set point is
raised, that is, in primary alveolar hypoventilation
syndrome (impaired ventilatory chemoreflex function).

In patients with coronary artery disease (previous
myocardial infarction, percutaneous transluminal coronary
angioplasty, coronary artery bypass grafting, and signifi-
cant chronic coronary stenosis), the VE versus VCO2

slope has been shown to be higher the lower the peakVO2

is [88]. This could be because of a marked sympathetic
overactivity and neurohormonal imbalance in these
patients, causing an exaggerated ventilatory response to
exercise and/or to exercise-induced ischemia, causing a
mismatch between CO response to exercise and increas-
ing work rate and a consequent metabolic acidosis. The
VE versus VCO2 slope has been found to be increased
also in patients with congenital heart disease, probably
because of an altered VD/VT ratio in this population
[89,90]. Finally, a high VE versus VCO2 slope is
frequently observed in CHF patients (Fig. 4, lower
panel) and is associated with the severity of disease
[91–93] (see section ‘Patients with chronic heart failure’).

Exercise oscillatory ventilation
Periodic breathing oscillations of VO2, VCO2, and VE may
be present in humans during spontaneous breathing
while awake (both at rest and during exercise) and during
sleep, and their presence is usually associated with an
underlying pathological condition [94]. Exercise-induced
oscillatory ventilation (EOV) is a slow, prominent,
consistent (rather than random) fluctuation of VE during
incremental exercise that may be evanescent or transient
and has several distinct patterns. It has been observed
throughout the entire exercise protocol, or only during
early or peak exercise [95–98]. The origin of these
oscillations is unclear, and several mechanisms have
been proposed, which may be conveniently grouped into
ventilatory (i.e. instability in the feedback ventilatory
control system) and hemodynamic (i.e. pulmonary blood
flow fluctuations) [99].

EOV has been defined in different ways. Kremser et al.’s
[95] definition relies on the presence of cyclic fluctua-
tions in VE lasting longer than 66% of the exercise
protocol, with an amplitude of more than 15% of the
average value at rest, and increasing in the transition from
rest to light exercise and diminishing during heavy
exercise (Fig. 5). Leite et al.’s [100] description is based
on the following criteria: (i) three or more regular
oscillations (i.e. clearly distinguishable from inherent
data noise); (ii) regularity, so-defined when the standard
deviation of three consecutive cycle lengths (time
between two consecutive nadirs) is within 20% of the
average; and (iii) minimal average amplitude of VE
oscillation equals to 5 l (peak value minus the average of

Fig. 4
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Upper panel: oxygen uptake (VO2) as a function of ventilation (VE)
logarithm during ramp incremental exercise in a normal individual (N)
and a CHF patient. The slope of the relationship is the oxygen uptake
efficiency slope (OUES). Lower panel: VE as a function of CO2
production (VCO2) during ramp incremental exercise in an N and a
patient with chronic heart failure (CHF). Vertical broken lines represent
the respiratory compensation point. A reduced ventilatory efficiency is
present in CHF, as witnessed by a a shallower OUES and a steeper
VE versus VCO2 slope, respectively, when compared with normal
individuals.
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OUES et cardiopathies 
congénitales

• peu d’études chez ACHD

• Baba et al. JACC 1997 : 84 ACHD sur 108 
sujets. OUES corrélé à VO2 max, possible si 
sous max, mieux que SV1et VE/VCO2. 

• Giardini et al. Int J Cardiol. 2009 : OUES 
dans circulation de Fontan peu fiable.

• Buys et al. Int J Cardiol. 2011: corrélation 
avec la VO2max : OUES > SV1 > VE/VCO2 



Cas clinique 1

• Vanessa C, 22 ans, désir de grossesse

• VU type droit (hypoVG)

• Dérivation cavo-pulmonaire totale

• NYHA I, SaO2 95%, surpoids (IMC 37), aucune 
activité physique, assistante maternelle mi-temps

• Sotalex (TSV), Renitec, AVK

• FEVU écho et IRM 60%

• Holter ECG : BAV 1, pas de trouble du rythme



Cas clinique 1

• Estimation de la 
fonction VU en écho, 
IRM difficile

• Patient habitué à cette 
physiologie, clinique 
peu fiable hors 
décompensations aiguë

• place de la VO2?



Cas clinique 1 : ventricules 
uniques et circulation de Fontan

• VU = ventricule 
systémique

• VCI + VCS dans les 
artères pulmonaires 
sans VD

• circulation en série

• condition : PAP basses



Cas clinique 1
- Palier 10W, max 70 W, vélo

- Fc max 70% (144/min)

- VO2max : 12,3 ml/kg/min (38%)

- SaO2 95⟹86%

- SV1 7,5 (32%)

- Pente VE/VCO2 = 53 (↗)

-OUES = 810 (↘)

-FR max 65/min, PetCO2 22

-Vd/VT 29⟹26⟹20

TEST D'EXERCICE SUR BICYCLETTE ERGOMETRIQUE

Date: 14/03/2013

PLATEAU D'EXPLORATIONS FONCTIONNELLES PEDIATRIQUES
CHU ARNAUD DE VILLENEUVE

Consultations Pédiatrie 1er étage
Tél : 04.67.33.66.43
Fax 04.67.33.07.09

Chaler Vanessa
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Conclusion : discordance énorme entre clinique, écho, IRM, biologie et 
ergospirométrie : aptitude aérobie basse, déconditionnement, shunt D/G 
résiduel. Implications cliniques fortes : 
=> ré-entrainement, régime, KT interventionnel, grossesse sous 
surveillance et césarienne. 



Cas clinique 2
• Serge M, 54 ans

• Syndrome d’Eisenmenger : shunt D/G par large CIV 
avec HTAP (RVP élevées et fixées)

• NYHA II

• Test de marche de 6 minutes : 65% de la norme

• Activité sédentaire, travaille en bureau

• SaO2 de repos 91%

• ATCD de Flutter : Flécaïne

• HTAP : Bosentan 125 mgX2/jour



Cas clinique 2 :
Syndrome d’Eisenmenger 



Cas clinique 2
• Cyclo-ergomètre, paliers 

10W, max 60W

• VO2max 14,6 ml/kg/min 
(33%)

• SV1 14,3 (43%)

• Dyspnée d’effort 9/10

• PetCO2=25

• SaO2 91%⟹75%

• Vd/VT 26⟹28⟹30

• Pente VE/VCO2 = 65 (⇗)

• OUES = 650 (⇘)

TEST D'EXERCICE SUR BICYCLETTE ERGOMETRIQUE

Date: 07/03/2013

PLATEAU D'EXPLORATIONS FONCTIONNELLES PEDIATRIQUES
CHU ARNAUD DE VILLENEUVE

Consultations Pédiatrie 1er étage
Tél : 04.67.33.66.43
Fax 04.67.33.07.09

Mencarini Serge
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Quel impact ?
•Majoration du traitement ?
•Réentraînement à l’effort ?
•Corrélation à QdV ? 



VO2 et Syndrome 
d’Eisenmenger

• Cardiopathie congénitale la plus sévère en 
terme de capacités fonctionnelles

• Associe un shunt droite->gauche, 
déconditionnement, HTAP, dysfonction 
ventriculaire

such as dyspnea, or broader concerns, such as ‘‘quality of life.’’
As such, PROs are unique in that they directly assess benefits to
the patient for which no adequate observable or physical
measures exist. Furthermore, PROs are often designed to capture
the patient’s perspective, thereby adding another dimension to
our understanding of a patient’s response to treatment that
cannot be extrapolated from physiologic or clinical endpoints.
Finally, PROs are relatively quick and easy to administer, and
provide a more formal assessment than outcomes that require
a clinical interpretation of the patient’s status. Figure 1 depicts
the relationships among various types of endpoints in PAH, and
the context in which PRO measures are frequently used.

TYPES OF PRO MEASURES USED IN PAH

The choice of PRO measure depends on its intended purpose.
As shown in Figure 1, PROs in PAH are commonly used to
measure symptoms, functional status, or HRQoL. Instruments
designed to measure symptoms often consist of single-item
scales, for example the BDI (6). Such rating scales typically
focus on the measurement of a defined construct, the interpre-
tation of which is usually straightforward (e.g., from no short-
ness of breath to severe dyspnea). Consequently, such measures
generally do not require the level of conceptual grounding and
psychometric validation expected of more sophisticated health
status instruments.

Functional status differs from symptoms in that it refers to
the extent to which symptoms interfere with a patient’s ability
to perform certain tasks or activities (7). Instruments used to
assess functional status include a wide variety of measures. They
can range from single-item scales similar to those used to rate
symptoms, for example the modified Medical Research Council
[MRC] scale) (11), to more complex measures that closely
resemble HRQoL instruments. Measures of functional status
extend beyond the determination of exercise capacity alone in
that they incorporate an individual’s ability to perform func-
tional activities, as opposed to merely how far a person can walk
in 6 minutes.

The concept of HRQoL encompasses that of both symptoms
and functional status (12). In principle, HRQoL instruments are
designed to capture not only the level of impairment, but also
the impact of that impairment on an individual’s perceived
physical, psychological, and social well-being (2). HRQoL is
therefore a multidimensional construct by definition. Most
HRQoL instruments are composed of multiple domains; how-
ever, instruments vary in both scope and content. Some inves-
tigators distinguish measures of ‘‘health status’’ from true
‘‘quality of life’’ instruments, which take into account the
patient’s own expectations or internal standards (5, 13). To the
extent that such instruments reflect those aspects of life valued

most by patients, each may provide further insight into the
specific pathways by which PAH leads to HRQoL impairment.

VALIDATION OF HRQOL AND PRO MEASURES

In general, physicians and clinical investigators will agree that
HRQoL is important to assess. In everyday clinical practice,
physicians often inquire in an informal manner about HRQoL
to determine whether a patient with PAH is benefiting from
therapy. In clinical trials, however, concern regarding the use of
HRQoL as an endpoint centers not on the issue of relevance,
but on whether the instruments used to measure it are reliable,
valid, and responsive to the effects of treatment (14). Instru-
ments must also be interpretable insofar as they must provide
results that represent a meaningful change to the patient. In
2006, the United States Food and Drug Administration (FDA)
released a draft guidance document for industry on the appro-
priate development and use of PRO measures in medical
product development (4). The process of instrument develop-
ment and validation represents a highly specialized discipline
that is beyond the scope of this review, and has been described
well by others (15). Table 1 provides a brief overview of the
methods commonly used to assess the psychometric adequacy
of HRQoL and PRO measures.

INSTRUMENTS USED TO ASSESS HRQOL IN PAH

Until a few years ago, very little was known about HRQoL
impairment in PAH. Driven by expanding therapeutic options
and the ability to focus on endpoints beyond survival, an
increasing number of studies have begun to shed light on this
previously neglected area of research. Instruments used by
investigators have varied from study to study, in large part
due to the lack of data on the performance of different
measures in PAH. As a result, past investigators have had to
either rely on the use of generic instruments or adapt existing
measures originally developed for related conditions. Table 2
provides a summary of the various instruments used in studies
of HRQoL in PAH.

Generic measures, such as the Medical Outcome Study 36-
item Short Form Health Survey (SF-36) (16) and the Notting-
ham Health Profile (NHP) (17), are advantageous in that they
can be applied across a broad spectrum of disease states—even
healthy individuals—thereby allowing comparisons with popu-
lation norms over multiple domains. Multi-attribute utility mea-
sures, such as the EuroQol (EQ-5D) (18) and the Australian
Assessment of Quality of Life (AQoL) (19), also provide amulti-
dimensional assessment of general health, but in addition can be
used to derive preference-based ‘‘utility’’ scores that can be
applied in economic analyses. Utilities can also be obtained via
direct elicitation (e.g., visual analog scales [VAS], standard

Figure 1. Simplified conceptual model depicting the relationship between different types of endpoints used in studies of pulmonary arterial
hypertension.
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Perspectives :
Etude de Qualité de Vie des HTAP 

associées aux cardiopathies congénitales

• Epidémiologique, non interventionnelle, sur 1 an

• Adultes et adolescents > 15 ans 

• Présentant une HTAP associée à une cardiopathie 
congénitale

• Promoteur : Actelion

• Critère de jugement principal : scores de Qualité de 
Vie (SF36, CAMPHOR)

• Critères secondaires de jugement : VO2, VE/VCO2, 
SV1, OUES

• Inclusions en cours (plus de 100 patients en France à ce 
jour)



Conclusion
• Evaluation régulière des CC par la VO2 

indispensable.

• 3 objectifs prioritaires de l’épreuve d’effort cardio-
respiratoire :

• Promotion de l’activité physique et sportive chez 
CC

• Recherche clinique : corrélation autres indices 
(OUES, VE/VCO2...), QdV, morbi-mortalité. 

• 1ère étape vers des programmes ETP + ré-
entrainement systématique 


