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I. PREAMBULE 

 

Ce sujet de thèse, a germé durant mes deux semestres en cardio-pédiatrie au CHU Arnaud de 

Villeneuve. En effet j’ai pu effectuer mon troisième semestre d’internat dans le service 

conventionnel de cardio-pneumo-pédiatrie où j’ai été sensibilisé au déconditionnement 

musculaire des patients avec pathologie chronique (cardiopathie, asthme, mucoviscidose… ). 

Puis j’ai réalisé mon cinquième semestre d’internat en échocardiographie et au laboratoire de 

physiologie du CHU où se déroulent les épreuves d’effort. J’ai par ailleurs eu la chance de me 

rendre à l’Institut Saint Pierre, où j’ai réalisé de nombreuses épreuves d’effort mais également 

participé à l’élaboration de l’étude QUALIREHAB[1], sur l’activité physique et la qualité de 

vie des enfants avec cardiopathie congénitale. Détentrice du DIU de cardiologie pédiatrique et 

congénitale, ce sujet de thèse m’a passionné puisqu’il est une justification à la prévention 

primaire chez l’enfant. En effet même si nous nous sommes concentrés sur les cardiopathie s 

congénitales, ce suivi longitudinal pourrait s’appliquer à toute pathologie chronique de l’enfant, 

ceci afin de mettre en évidence l’importance de la pratique d’une activité physique réguliè re 

dans la prise en charge de ces enfants. 

 

II. CPET follow up paediatric CHD cohort  

 

1. Contexte et genèse de l’étude  

 

En 1980, l'Organisation Mondiale de la Santé déclarait que les explorations de la capacité 

fonctionnelle reflétaient mieux l'impact d'une maladie chronique sur la qualité de la vie. 

Actuellement, en cardiologie adulte, l’épreuve d'effort cardiorespiratoire (CPET) est devenu le 
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«gold standard» pour quantifier la gravité de la maladie et cet examen fait partie du suivi 

habituel des patients[2] 

 

En cardiologie pédiatrique, la CPET commence à apparaitre et s’intégrer dans la prise en charge 

standard de nos patients. D’ailleurs, en 2018, la société française de cardiologie proposait 

certaines indications pour la réalisation de CPET en cardiologie pédiatrique[3]. 

Notre équipe devenue experte dans le domaine des CPET, avec plusieurs études portant sur le 

sujet [4]–[6], réalise des CPET depuis 10 ans. Dans notre première étude multicentrique 

transversale [6] où nous avions inclus 798 enfants (496 avec cardiopathie congénitale et 302 

contrôles), nous avions constaté que la VO2max était significativement plus basse dans le groupe 

cardiopathie congénitale (CC) que le groupe contrôle. Nous avions également constaté que la 

baisse de la VO2max était associée à une augmentation de l’indice de masse corporelle, à une 

baisse du seuil anaérobie ventilatoire, au sexe féminin, à un trouble ventilatoire restrictif, à 

l’hypertension systolique du ventricule droit, à la sévérité de la régurgitation tricuspidienne, au 

nombre de cathéters cardiaques ou d'interventions chirurgicales et à la présence d'une anomalie 

génétique. Nous avions estimé que la diminution moyenne annuelle de la VO2max était 

significativement plus élevée chez les patients avec cardiopathie congénitale que chez les 

témoins (−0,84 ± 0,10 vs -0,19 ± 0,14 mL/kg/min/an, P <0,01) mais il s’agissait d’une étude 

transversale. 

La plupart des études sur le sujet sont basées sur des études transversales, ce qui ne permet pas 

d’évaluer la réelle histoire naturelle de la VO2max chez les sujets avec CC.  

Peu d’études montrant l’évolution longitudinale de la VO2max ont été publiées, aucune n’a 

inclus de groupe témoins. 
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Reybrouck et al. a rapporté l’évolution du seuil ventilatoire anaérobie (SV1) chez 79 enfants, 

et Muller et al. qui a évalué l'évolution de la VO2max de 522 jeunes adultes atteints de CC a 

trouvé les données suivantes : −1,01 ± 6,83% VO2max prédite / an. 

 

Notre nouvelle étude propose d’évaluer nos hypothèses à travers une étude longitudina le  

contrôlée en suivant ces mêmes patients entre 1 à 9 ans plus tard. Notre objectif principal est 

d’évaluer chez les patients avec CC, la diminution réelle de la VO2max au cours du temps. Notre 

objectif secondaire est de déterminer les paramètres cliniques et paracliniques pronostiques 

(pronostic basé sur la baisse de la VO2max) pour nos patients avec cardiopathie congénitale.  

 

2. Éléments de physiologie et synthèse de l’étude 

 

2.1 Design de l’étude : Étude de cohorte longitudinale contrôlée 

 

2.2 Population cible 

 

- Groupe cardiopathie congénitale (CC) : enfant issu de la cohorte pédiatrique décrite dans 

l’article “Cardiopulmonary fitness in children with congenital heart diseases versus healthy 

children”[6] et ayant réalisé une nouvelle épreuve d’effort cardio-respiratoire 1 à 9 ans plus 

tard dans le cadre de son suivi. Les données cliniques et paracliniques à la première 

évaluation ont été collectées afin de rechercher des facteurs pronostiques de la diminution 

de la VO2max. 

 



 30 

- Groupe témoin : enfant ayant réalisé une épreuve d’effort pour des symptômes non sévères 

liés à l’exercice ou pour des certificats de sport. Les enfants contrôles n’avaient eux, qu’une 

seule épreuve d’effort. 

 

2.3 Concept de consommation maximale d’oxygène   

 

Le concept de débit maximal d’oxygène, VO2max, ou consommation maximale d’oxygène, a 

été développé par Hill et Lipton en 1923. A l’effort, la consommation en oxygène (ou VO2max) 

doit augmenter pour adapter les apports en oxygène aux besoins des muscles squelettiques 

actifs. Les adaptations concernent un exercice progressivement croissant mené jusqu’à 

épuisement, réalisé en ambiance thermique neutre, sur ergocycle en position assise. Les 

adaptations (musculaire, cardiaque et respiratoire) sont observées juste avant, tout au long de 

l’effort et dans les minutes qui suivent sa réalisation. 

La VO2 augmente linéairement avec son intensité. Au-delà d’un certain niveau d’effort 

(puissance maximale aérobie), la VO2 ne peut plus augmenter malgré l’incrémentation de la 

puissance. La VO2max du sujet est atteinte.  

 

Selon la loi de Fick : VO2max = QCmax x C(a-v)O2max  

QC = débit cardiaque maximal  

C(a-v)O2max = différence artério-veineuse en O2 

 

La consommation maximale d’oxygène correspond donc à la quantité maximale d’oxygène 

qu’un organisme peut prélever par son système respiratoire, faire diffuser jusqu’à ses capillaire s 

pulmonaires, fixer sur son hémoglobine, transporter par son système cardiovasculaire, faire 

diffuser sur la myoglobine dans ses muscles squelettiques et utiliser par ses mécanismes 

oxydatifs. 
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Sur cycloergomètre, les normes de VO2max historiques sont celles de Cooper [7]: 

• fille : 28.5 x poids + 288.1 

• garçon : 52.8 x poids – 303.4 

En routine, il est facile d’utiliser les valeurs moyennes simplifiées suivantes : 

• fille : 40 ml/kg/min 

• adolescente post-pubère : 36 ml/kg/min 

• garçon : 47 ml/kg/min 
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2.4 Déroulement de l’épreuve d’effort 

 

 

 

Chaque enfant bénéficie d’une consultation cardiologique, d’un ECG, d’une  

échocardiographie, d’une EFR avec courbe débit/volume avant la réalisation de la CPET.  

L’interrogatoire préalable, indispensable à l’examen, doit dépister les épreuves d’effort à risque 

(sténoses aortiques serrées, tachycardies ventriculaires catécholergiques, hypertens ion 

artérielle pulmonaire, myocardiopathies) et les contre-indications (fièvre, asthme instable, 

hypertension artérielle non contrôlée, ischémie myocardique aiguë, myocardite, péricardite). 

Les CPET étaient réalisées soit dans le laboratoire de physiologie de l’Institut Saint Pierre, soit 

au CHU de Montpellier avec une harmonisation des protocoles. La même équipe médicale 

effectue les examens sur ces 2 centres. 

Les épreuves d’effort sont réalisées sur cyclo-ergomètre, utilisable à partir d’une taille minimale 

de 120 cm (environ 5-6 ans). 

La réalisation de l’épreuve d’effort se fait selon le protocole suivant : une partie d’échauffement 

de 3 minutes à une puissance de 20 Watts, se poursuit avec une incrémentation de puissance 

entre 15 et 30 Watts par paliers d’une minute et se termine par une phase de récupération active 



 33 

de 2 minutes à une puissance de 20 Watt puis une récupération passive de 3 minutes. Dans 

l’idéal, l’incrémentation de puissance doit être entre 8 et 12 minutes pour obtenir la coopération 

optimale de l’enfant. 

 

Principes d’interprétation : 

Une épreuve d’effort est dite maximale lorsqu’un des critères suivants est présent (30) : 

- Épuisement malgré des encouragements actifs,  

- Fréquence cardiaque maximale atteinte (définie par la formule : FC = 210 -

0,65 x âge +/-10%) 

- Quotient respiratoire supérieur à 1,1. Le quotient respiratoire (QR) est le 

rapport VCO2/VO2. 

- Plateau de VO2 (rarement atteint en Pédiatrie) 

En présence des critères de maximalité, si la VO2max est supérieure à 80% de la valeur 

théorique, la CPET est considérée comme normale. Si la VO2max est inférieure à 80% de la 

valeur théorique, l’épreuve est dite « symptômes limités », avec trois types de limitations : 

cardiovasculaire, respiratoire et/ou périphérique. Ces limitations seront évaluées à l’aide d’autre 

paramètres obtenus lors de l’examen. 

 

2.5 Méthode  

 

Les patients avec CC ont été recrutés à partir de la population de base initiale de notre étude 

transversale. Nous avons établi une cohorte longitudinale en incluant tous les enfants qui 

avaient réalisé une deuxième CPET (CPET finale) espacée de plus de 1 an de la première CPET 

(CPET initiale).  
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Nous avons collecté, les données cliniques et paracliniques lors de la première CPET (CPET 

initiale) afin de rechercher des facteurs prédictifs de l’évolution de la VO2max. 

Les témoins n’avaient eux qu’une seule CPET (cohorte transversale), ce qui a du être pris en 

compte dans les statistiques (cohorte longitudinale vs cohorte transversale). 

D’un point de vue statistique nous avons appareillé sur l’âge et le genre puis ajusté sur l’âge et 

l’IMC. 

 

2.6 Principaux résultats  

 

Nous avons inclus 936 enfants, 296 dans le groupe CHD et 640 témoins. Le temps moyen entre 

la CPET initiale et le CPET finale était de 4,4 ± 1,7 ans. Après appariement sur l'âge et le sexe 

et ajustement sur l'âge et l'IMC, la différence de VO2max entre les CHD et les témoins appariés 

était de 10,6 ± 1,0% à la CPET de base et de 19,1 ± 1,3% à la CPET finale. Dans le groupe 

cardiopathie congénitale, le pourcentage de sujets avec VO2max <80% de VO2max prédit était 

significativement plus élevé à la CPET finale par rapport à la CPET de base (51,4% vs 20,3%; 

P <0,01). La diminution annuelle moyenne était significativement supérieure dans le groupe 

CC que dans le groupe témoin (-1,88 ± 0,19% de VO2max prédite/an vs -0,44 ± 0,27% de 

VO2max prédit / an, P <0,01, respectivement), soit 4 fois supérieure. Des données similaires sont 

retrouvées entre les filles et les garçons (Cf Figure 1 et 2). La majeure partie de la diminution 

est en lien avec un déconditionnement de ces enfants (SV1 <50% de la VO2max prédite) entre 

la CPET initiale et finale dans le groupe CC (16,7% vs 39.5% ; p<0.01).  

Dans l'analyse multivariée, les prédicteurs de la diminution annuelle de VO2max étaient le sexe 

masculin, un VO2max initiale élevée, un IMC élevé, un nombre d'interventions chirurgica les 

cardiaques ≥ 2. 
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Figure 1. comparison of annual evolution of VO2max in female CHD and control subjects  

 

Legend: the left figure illustrates the annual evolution in VO2max (in mL/Kg/min/year) and the 

right figure shows the annual evolution in VO2max predicts (% of VO2max predicts/year). 

 

 

Figure 2. comparison of annual evolution of VO2max in male CHD and control subjects 

 

Legend: the left figure illustrates the annual evolution in VO2max (in mL/Kg/min/year) and the 

right figure shows the annual evolution in VO2max predicts (% of VO2max predicts/year). 

 

 

 

Controls=  - 0.42 mL/Kg/min/year

CHD       =  - 0.85 mL/Kg/min/year

Controls =    0.29 % of VO2max predicts/year

CHD        =  - 1.57 % of VO2max predicts/year

Evolution of annual VO2max (mL/Kg/min/year) Evolution of annual VO2max predicts(% of VO2max predicts/year)

Evolution of annual VO2max (mL/Kg/min/year) Evolution of annual VO2max predicts(% of VO2max predicts/year)

Controls=  0.24 mL/Kg/min/year

CHD       =  - 0.57 mL/Kg/min/year

Controls =    -1.16 % of VO2max predicts/year

CHD        =  -2.14 % of VO2max predicts/year
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3. Perspectives 

 

L’exercice et l’activité physique sont reconnus comme modalités efficaces de prévention de 

nombreuses pathologies. Depuis les années 1980, plusieurs études et méta-analyses ont évalué 

les effets de l’exercice physique sur la morbidité et la mortalités globale et cardiovasculaire. 

Ces études ont montré des bénéfices en relation avec l’intensité de l’activité physique. Des 

recommandations des sociétés savantes ont été déduites tant pour la prévention primaire que 

secondaire dans les pathologies cardiovasculaires mais également pulmonaires, rénales, 

hépatiques, oncologiques… 

Les enfants avec cardiopathie congénitale ont une VO2max abaissée comme dans beaucoup de 

pathologies chroniques. Nous avons constaté que cette VO2 diminue fortement durant 

l’adolescence. Ceci nous encourage à suivre nos patients de près durant cette période à travers 

notamment des programmes de transition, comme nous avons pu le faire à l’Institut Saint Pierre 

(étude TRANSITION[8]). Mais également à promouvoir l’activité physique, notamment en 

mettant en place de véritables programmes de réhabilitation cardiovasculaire comme nous 

l’avons déjà fait à l’Institut Saint Pierre (étude QUALIREHAB[1]). Ces programmes devraient 

également se développer pour toutes les pathologies chroniques de l’enfant (asthme, 

mucoviscidose, oncologie…), ceci afin d’améliorer la qualité de vie de ces enfants. 
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2. Abstract 

 

Objective 

We aimed to evaluate the evolution in cardiopulmonary fitness (VO2max), measured by cardio-

pulmonary exercise test (CPET), of children with CHD compared to matched healthy controls 

and identify predictors of VO2max change in this specific population.  

 

Method 

This longitudinal multicentre cohort study was carried out from 2010 to 2020. Starting to an 

initial study comparing children with CHD to controls, we included CHD patients from this 

cohort who had a second CPET at least 1 year after the first as part of their follow-up.  

 

Results 

We included 936 children, 296 in the CHD group and 640 controls. Mean time between baseline 

and final CPET was 4.4±1.7 years. After matching on age and gender and adjustment on age 

and BMI, the mean VO2max predicts difference between CHD and matched controls was 

10.6±1.0% at baseline CPET and 19.1±1.3% at final CPET. In the CHD group, the percentage 

of subjects with VO2max<80% of VO2max predicts were significantly higher in the fina l 

compared to baseline CPET (51.4% vs 20.3%; P<0.01). The mean annual decrease was 

significantly worse in the CHD group than control (-1.88±0.19 % of VO2max predicts/year vs. 

-0.44±0.27 % of VO2max predicts/year, P<0.01, respectively). In multivariate analyse, the 

predictors of VO2max annual decrease were male gender, a high initial VO2max, a high BMI, the 

number of cardiac surgical procedures ≥ 2.  
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Conclusion 

The annual decline in VO2max was significantly greater in patients with CHD. This study 

highlighted the importance of monitoring patients with CHD in adolescence and promoting 

cardiovascular rehabilitation. 

 

Key questions 
 

• What is already known about this subject? 

In cross sectional study the aerobic capacity of children with congenital heart disease seems to 

decrease with age. The number of longitudinal studies is very limited. 

 

• What does this study add? 

We observed that the annual VO2max  decreased 4 times faster for patients with CHD compared 

to the controls. The predictors VO2max annual decrease were male gender, a high initial VO2max, 

a higher BMI, and the number of cardiac surgical procedures ≥ 2.  

 

• How might this impact on clinical practice? 

Children with CHD should be monitored during adolescence. Physical activities should be 

promoted, especially for those with negative baseline predictive factors. 
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3. Introduction 

 

With an incidence of 1%, congenital heart disease (CHD) is the leading cause of congenita l 

anomalies at birth. Medical advances in CHD have transferred the mortality from childhood to 

adulthood and there are currently more adults than children with CHD [1]. After focusing on 

survival, more attention has been given to health-related quality of life and secondary 

prevention in the CHD population. Indeed, sedentary lifestyle, obesity [2], and increased 

cardiovascular risks [3] have become a major health issue, in patients with CHD.  

Among the various strategies to prevent additional cardiovascular comorbidities in CHD, the 

promotion of physical activity from an early age is probably one of the most effective [4]. 

Indeed, early onset of physical deconditioning in children with CHD [5] may result in impaired 

aerobic fitness and health-related quality of life [6]. Parental and social barriers to physica l 

activity in the paediatric CHD population have been observed, even after successful cardiac 

surgical repair and despite the absence of any sports restriction [4]. Therefore, currently most 

children with CHD are encouraged to follow the World Health Organization (WHO) guidelines 

on physical activity [7], or to undergo cardiac rehabilitation programs [8].  

It is therefore necessary to identify, as early as possible, the children with CHD who are most 

at risk of muscular deconditioning. However, their clinical identification remains difficult, as 

most children with CHD are not limited in their daily exercise activity [9]. As a result, objective 

assessment of aerobic fitness by cardiopulmonary exercise test (CPET) progressively took a 

prominent place in the following up of paediatric CHD population [5,10–12].  

In adult heart failure, CPET parameters, such as maximum oxygen uptake (VO2max) and 

ventilatory efficiency (VE/VCO2 slope) have a prognostic value [13]. However, in the 

paediatric CHD population, the evolution of cardiopulmonary fitness over time,  as well as its 
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predictors have been scarcely evaluated in cross-sectional studies[5,10], and suggested a 

decrease over time but need to be confirmed in large longitudinal cohort studies. 

Thus, the aim of this longitudinal study is, for the first time, to evaluate in a large cohort, the 

change in cardiopulmonary fitness over time of children with CHD in comparison to matched 

healthy controls and to better identify predictors of VO2max change in this specific population.  

 

4. Method 

 

Study design  

This longitudinal cohort study was carried out from November 2010 to September 2020 in two 

paediatric CPET laboratories (centre 1: M3C Regional Paediatric and Congenital Cardiology 

Centre, Montpellier University Hospital, France; centre 2: Paediatric Cardiology and 

Rehabilitation Centre, Saint-Pierre Institute, Palavas-Les-Flots, France).  

Study population 

Two groups were identified: children with CHD group and the control children. All subjects 

were recruited in one of the two CPET laboratories during the study period. 

CHD were recruited from an initial baseline population which previously participated in a 

cross-sectional control study including CPET with VO2max [5] . We proposed to each of them 

during their annual following up, to participate in this longitudinal study by agreeing to perform 

a second CPET, at least one year apart from the first one previously reported in our first cross-

sectional study.  

For CHD children, two classifications were used to define the type of malformation: the 

anatomical and clinical classification of congenital heart diseases (ACC-CHD) [14] and the 

congenital heart disease anatomy and physiological classification [15]. The following clinica l 

data were collected at baseline: gender, age, weight (kilograms, kg), size (centimetres, cm), 
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body mass index (BMI, kg/m2), medical treatments, number and type of cardiac surgical and 

catheter procedures, and genetic anomalies (Down, DiGeorge, Noonan, and Williams 

syndromes). The following echocardiographic data were collected: systemic ventricle systolic 

ejection fraction (altered if < 55%), right ventricle hypertension (right ventricle systolic 

pressure > 1/3 of systemic systolic pressure), left and/or right outflow tract obstacle (peak and 

mean Doppler velocity), valvular regurgitation (mild, moderate, or severe), and/or stenosis 

(peak and mean Doppler velocity). 

The control group consisted of children referred for a no severe functional symptom linked to 

exercise (murmur, palpitation or dyspnoea) or for a medical sports certificate. These subjects 

were classified in the control group after a completely normal check-up, including physica l 

examination, ECG, echocardiography and spirometry. Children with any chronic disease, 

medical condition (cardiac, neurological, respiratory, muscular or renal), or medical treatment 

and those requiring any further specialised medical consultation were not eligible. The 302 

patients from the first study were recovered, and the patients corresponding to the inclus ion 

criteria were included over the period 2015-2020. These controlled patients only had one CPET. 

CPET procedures  

As in our similar paediatric exercise physiology studies, CPET procedures in both centres were 

harmonised before the study started [5,6,10,11]. Both CPET laboratories used the same 

technical devices: paediatric face masks (Hans Rudolph, Shawnee, Kansas, USA), a calibrated 

gas analyser (Oxycon Pro, Jaeger, Erich Jaeger, Hoechberg, Germany), breath-to-breath 

measurement software (Windows V.98, Jaeger), 12-lead ECG equipment (CardioSoft, GE 

Healthcare, Little Chalfont, UK), a pulse oximeter (Nellcor, Medtronic, Fridley, Minnesota, 

USA) and a manual sphygmomanometer with adapted paediatric cuffs. In 2015, the centre 1 

changed their CPET equipment: calibrated gas analyser (Quark CPET, Cosmed Srl., Pavonna 

di Albano, Italy), breath-to-breath measurement software (Windows 10, Omnia, Cosmed), 12-
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lead ECG equipment (Norav Medical, Mainz-Kastel, Germany) and pulse oximeter (Nonin 

Medical Inc., Plymouth, MN 55441 USA).  

Spirometry was systematically performed before the exercise test with a flow volume curve and 

measurement of forced expiratory volume in 1 s (FEV1), forced vital capacity (FVC) and the 

FEV1/FVC ratio (FEV1%), and were expressed as Z-scores from the spirometry reference 

equations [16]. 

Both centres used the same CPET paediatric cycle ergometer protocol adapted to children to 

obtain a homogeneous incremental overall duration between 8 to 12 minutes: a 1-minute rest; 

a 3-minute warm-up (10 to 20 watts) in increments of 10, 15, or 20 watts each minute; a 

pedalling rate of 60 to 80 revolutions per minute; a 3-minute active recovery (20 watts); and a 

2-minute rest. When the VO2max did not reach a plateau, the peak VO2 was collected, as usual 

in paediatrics [5]. 

The ventilatory anaerobic threshold (VAT) was measured using Beaver’s method [17]. VO2max 

and VAT values were normalised in a percentage of the predicted VO2max using normal values 

from Cooper et al. [18]. We considered that a VO2max value < 80% of predicted VO2max was in 

favour of cardiopulmonary fitness impairment and a VAT value < 50% of predicted VO2max 

was in favour of muscular deconditioning, in reference with reported values in adults and 

children [19]. The ventilatory efficiency (VE/VCO2 slope), determined using linear regression 

of minute ventilation (VE) and CO2 production (VCO2) obtained during incremental exercise. 

The VE/VCO2 slope was measured from the beginning of incremental exercise (after the warm-

up period) to maximum exercise [10].  

Formal aspects 

The study was conducted in compliance with the Good Clinical Practices and Declaration of 

Helsinki principles. The South Mediterranean IV Ethics Committee, Montpellier, France 

approved the study (2009-A00423-54) for the baseline population, and the Institutional Review 
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Board, Montpellier University Hospital, France provided additional approval for the cohort 

study design (reference number 2019_IRB-MTP_10-21). The study was registered on 

ClinicalTrials.gov (NCT01202916 for the baseline population, NCT04815577 for the cohort 

study). Informed consent was obtained from all parents or legal guardians.  

Statistics 

The study population was described with means and standard deviations (SD) for quantitat ive 

variables and with number and percentages for qualitative ones. The main baseline 

characteristics of children who performed only the baseline CPET assessment were compared  

with the children enrolled in the cohort study. The Student’s t-test was used when the 

distribution was gaussian and the Mann-Whitney otherwise. For qualitative variables, the Χ2 

test or Fisher’s exact test were used. 

For a given CHD case, all the controls with the same gender and age (exact year of age) were 

matched. The case and his (or her) matched-controls were considered as a cluster. Therefore, 

to compare CPET parameters between the two groups at baseline and then at final assessment, 

mixed models were performed in which the clusters were introduced as a random effect and, 

BMI and age as fixed effects (age effect remaining significant despite matching). 

The change of CPET parameters between baseline and final assessment was compared, in the 

CHD group, with paired tests (Mac Nemar test and paired- Student or Wilcoxon test). 

The change in VO2max and in the percentage of predicted VO2max were compared between CHD 

and control groups using mixed models with cluster (intercept) and age (slope) as random effe ct 

and group, age, interaction age x group (to test the differences in changes over time between 

groups), BMI and gender as fixed effects. The interaction age x group being significant for 

VO2max, the LS-means were estimated separately in CHD and control groups. 

To determine in the CHD group, the predictors of change in VO2max, a multivariate linear 

regression was performed. All clinically relevant variables identified in the cross-sectional 
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study were included in the model [5]. The best method to select variables was determined using 

leave-one-out cross-validation (LOO). Finally, a forward selection based on the Bayesian 

Information Criterion (BIC) was applied. No collinearity between variables was detected with 

variance inflation factors. The normality of residues in the final model was tested using the 

Shapiro-Wilk test. 

The statistical significance was set at 0.05 and analyses were performed using software SAS 

Enterprise Guide, version 7.13 (SAS Institute, Cary, NC, USA). 

 

5. Results 

 

Population 

During the study period, a total of 936 children were included, 296 in the CHD group (N=129 

female) and 640 controls (N=299 female). In the CHD group, the time between the baseline 

and final CPET assessments was 4.4±1.7 years. No families refused to participate. No side 

effects or complications during the exercise tests were reported. The main demographic data of 

CHD and control groups at baseline and final CPET assessments are reported in Table 1. 

In the CHD group, from the initial baseline population (N=496), 200 children were not included 

in the cohort study (no indication retained by the clinician or lost to follow-up). Comparing to 

patients included in this study, the excluded patients were older (13.5 ± 3.2 vs 11.8 ± 3.1 years; 

P<0.01), had less severe CHD according to classification ACHD Anatomy (p<0.01) and had 

less cardiac surgery (p<0.01).  

The subgroups in according to ACCH classification and echocardiographic data are 

summarized in supplementary Table 1. 
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Baseline and final CPET parameters in CHD and control groups 

Data were reported in table 2. After matching on age and gender and adjustment on age and 

BMI, we found a significantly lower FVC, FEV1, maximum heart rate and percentage of 

predicted heart rate in CHD group at the baseline and final assessments. 

The VO2max and the % of VO2max predicts were lower in the CHD group than control group at 

baseline CPET and at final CPET. The mean VO2max difference between the 2 groups was 

4.1±0.4 ml/kg/min (or 10.5±1.0% of VO2max predicts) at baseline CPET, and increased to 

7.8±0.5 ml/kg/min (or 19.1±1.3% of VO2max predicts) at final CPET. In the CHD group, the 

percentage of subjects with VO2max <80% of VO2max predicts were significantly higher in the 

final compared to baseline CPET (51.4% vs 20.3%; P<0.01). Moreover, of the 60 CHD patients 

with VO2max<80% of VO2 max predicts at baseline CPET, 92% remained impaired at fina l 

CPET, and more 97 CHD patients (i.e. 41% of patients with normal VO2max initially) became 

impaired. 

Similar results were found for VAT with a more severe drop between CHD patients and controls 

at baseline than at final CPET with a mean difference of 8.3±0.9% of VO2max predicts and 

12.5±1.1% of VO2max predicts respectively, and a significant increase in deconditioning (VAT 

< 50% of VO2max predicts) between baseline and final CPET in CHD group (16.7% vs 39.5% ; 

P<0.01).  

VO2max change in CHD versus healthy subjects 

The evolution of annual VO2max over time in CHD and control groups are reported in Table 3. 

We observed a decrease in annual VO2max in both groups, but the mean annual decrease was 

significantly worse in the CHD group than in control group, using raw values (-0.67±0.07 

mL/Kg/min/year vs. -0.06±0.10 mL/Kg/min/year, P<0.01, respectively) or percent-predicted 

values (-1.88±0.19 % of VO2max predicts/year vs. -0.44±0.27 % of VO2max predicts/year, 
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P<0.01, respectively). Similar results were observed by gender as illustrated in Figure 1 

(female) and Figure 2 (male). 

The greatest magnitude in terms of VO2max predict annual decrease was observed in the 

following CHD subgroups, in descending order: the anomalies of the extra-pericardial arterial 

trunks, the anomalies of the atrioventricular junctions and valve, the transposition of the great 

arteries and the functionally univentricular hearts. 

Predictors of VO2max change in the CHD group 

In both univariate and multivariate analyses (Table 4), the predictors of annual VO2max decrease 

were: a) male gender, b) a high initial VO2max , c) a high BMI, d) the number of cardiac surgica l 

procedures ≥ 2. The final multivariate model explained 31% of the annual VO2max decrease in 

the CHD group. 

 

6. Discussion 

 

This multicentric longitudinal study with 296 CHD patients, presented for the first time, natural 

evolution of cardiopulmonary fitness in children with CHD compared to 640 matched-contro l 

children, evaluated for each CHD patients by 2 CPET at a mean interval of 4.4 ± 1.7 years. We 

observed for all subject an annual decline in VO2max, which was 4 times greater in CHD children 

compared to matched controls group (-1.88±0.19 vs -0.44±0.27 % of VO2max predicts/year).  

These data corroborate with the results of our initial cross-sectional study suggesting a greater 

annual VO2max decline in the same population [5]. Although few data showing the longitudina l 

evolution of VO2max in a small number of children with CHD have been previously published, 

none of them have included a control group. Indeed, Reybrouck et al. only reported in 79 

children the evolution of VAT [20], and Muller et al. which evaluated the evolution of the 

VO2max of 522 young adults with CHD and found similar data (−1.01±6.83% of VO2max 
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predicts/year) [21]. The other longitudinal previous studies focused on particular CHD such as 

children with univentricular heart where VO2max decrease at 2.6±2.7% of VO2max predicts/year 

[22] or 1.25+/-0.36 % of VO2max predicts/year [23] was observed, which is comparable to our 

data (-2.18±0.75 % of VO2max predicts/year). Similar studies showed the decline of VO2max for 

tetralogy of Fallot [24] or Ebstein’s anomalies [25]. Although our study seems to be 

confirmatory of previous study, cross-sectional studies cannot determine whether a patient with 

poor exercise function has experienced a progressive decline over time or has always had a 

similar degree of exercise dysfunction. The only way to detect a progressive change in VO2max 

is longitudinal studies with serial exercise testing, in a large number of patients in comparison 

to a control group [22]. Our study allowed to focus on high-risk CHD poorly described as the 

anomalies of the extrapericardial arterial trunks (majority of aortic coarctation) and the 

transposition of the great arteries with arterial switch.  Whereas these subgroups had reassuring 

VO2max in our first study (mean VO2max > 90% at VO2max predicts) [5]. This new element 

underlines the interest of following our children with CHD in time even with a reassuring init ia l 

CPET. 

In our initial cross-sectional study [5], we gave a reassuring message concerning CHD 

children:, explaining that VO2max was weakly impaired with a mean overall value of 93% of 

VO2max predicts. With this longitudinal study, we showed that 4 years later, the VO2max had 

dropped significantly with an average of VO2max (82.7±17.2 % of VO2max predicts) which is 

close to hypothetical pathological value (VO2max <80% of VO2max predicts) and more than 50% 

of our CHD children presented a VO2max below this threshold value signing the 

cardiopulmonary fitness impairment. We also showed that children with an initial low VO 2max 

did not improve their value over time, and more specifically, during the adolescence. During 

this period, a burst of sexual hormone appear, which is a pivotal period for body size growth 

and aerobic metabolism development, with a maximum level for VO2max, reached at the end of 
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adolescence [26] including heart contractile function adaptation to exercise which is very poor 

in healthy prepubertal children and improves with growth [27]. 

Concerning the clinical determinants associated to the decreased of annual VO2max, we found 

an association with male gender, the high BMI at baseline, the number of cardiac surgica l 

procedures upper or equal than two and the high VO2max (% predicts) at baseline. Our results 

emphasised the importance of cardiopulmonary rehabilitation programs that are emerging [8], 

and the interest of transition programs[28] in order to continue the following up of these CHD 

patients who become adults. The male gender and number of cardiac surgical procedures cannot 

be modified but will raise awareness of the follow-up for the patients concerned. On the other 

hand, the notion of a high BMI from the baseline is very important to take into considerat ion 

because a preventive action can be taken, in particular with rehabilitation programs which offer 

dietary follow up [8]. The overweight/obesity represents today a major public health problem 

in paediatric, especially for children with CHD[2]. Indeed, these specific children present a 

defect of fat oxidation, which is not improved with growth during adolescence [29], a defect 

which must be taken into account for cardiopulmonary rehabilitation programs. The lifestyle is 

problematic in chronic diseases and has an influence in the physical capacity development and 

quality of life of these future adults. Our study showed that most of our patients presented 

muscle deconditioning (39% had abnormal VAT at final CPET) which is an indirect indicator 

of a sedentary lifestyle. Our study strengthened the urgent necessity for prescription and 

supervision of physical activity to patients with CHD, according to the European Society of 

Cardiology (ESC) [30]. 

 

Study limitations 

This is a retrospective study, with heterogenous group of CHD patients; however, this 

heterogeneity is representative of general CHD population and allowed us to include a large 
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number of children. Concerning specific CHD subgroups, the most serious CHD surely 

contribute to overestimate the overall VO2max decrease in all CHD population, considering that 

these patients are more compliant to accept to their clinical follow-up.  

Concerning the control group, it was recruited at hospital and may not be considered as healthy 

as if they were recruited from the general population. However, all of them present a normal 

clinical evaluation. Another assumed limitation, in the control group was that the controls had 

only one CPET evaluation and not two successive evaluations through the time.  

 

7. Conclusion 

 

The annual VO2max decreased 4 times faster for patients with CHD compared to the controls. 

In 4 years of follow-up, our patients with CHD had gone from 20% to more 50% of cardio-

pulmonary impairment. The CHD most severely affected by this drop in VO2max were aortic 

coarctation, Ebstein’s anomaly and atrio-ventricular septal defect, the transposition of the great 

arteries with arterial switch and single ventricle. We showed that the factors associated with the 

decreased of annual VO2max was male gender, the high BMI at baseline, the number of cardiac 

surgical procedures upper or equal than two and the high VO2max (% predicts) at baseline. 

This study emphasized the need for monitoring patients with CHD, especially during 

adolescence, and to promote the cardiovascular rehabilitation and transition to adulthood 

programs. 
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9. Figures and Tables 

 

Figure 1. comparison of annual evolution of VO2max in female CHD and control subjects  

 

Legend: the left figure illustrates the annual evolution in VO2max (in mL/Kg/min/year) and the 

right figure shows the annual evolution in VO2max predicts (% of VO2max predicts/year). 

 

Figure 2. comparison of annual evolution of VO2max in male CHD and control subjects 

 

Legend: the left figure illustrates the annual evolution in VO2max (in mL/Kg/min/year) and the 

right figure shows the annual evolution in VO2max predicts (% of VO2max predicts/year). 

 

 
 
 

Controls=  - 0.42 mL/Kg/min/year

CHD       =  - 0.85 mL/Kg/min/year

Controls =    0.29 % of VO2max predicts/year

CHD        =  - 1.57 % of VO2max predicts/year

Evolution of annual VO2max (mL/Kg/min/year) Evolution of annual VO2max predicts(% of VO2max predicts/year)

Evolution of annual VO2max (mL/Kg/min/year) Evolution of annual VO2max predicts(% of VO2max predicts/year)

Controls=  0.24 mL/Kg/min/year

CHD       =  - 0.57 mL/Kg/min/year

Controls =    -1.16 % of VO2max predicts/year

CHD        =  -2.14 % of VO2max predicts/year
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Table 1. Main demographic data of CHD and control groups at baseline and final CPET assessments . 

 Baseline CPET  Final CPET  

 CHD Controls P* CHD Controls P* 

N 296 640  296 489  

Age (years) 11.8 ±3.1 11.8 ± 4.5 0.03 16.2 ±2.4 14.1 ±3.0 < 0.01 

Height (cm) 146.7 ±16.9 150.2 ±23.6 < 0.01 163.5 ±11.8 161.4±14.1 < 0.01 

Weight (kg) 40.7 ±13.9  41.4 ±19.0 0.17 56.2 ±11.9 49.7 ±14.2 < 0.01 

BMI (kg/m2) 18.3 ±2.7 17.8 ±3.3 <0.01 20.8 ±2.8 18.8 ±3.3 < 0.01 

Sex ratio (male/female) 1.3 1.1 0.37 1.3 1.3 0.83 

 

Legend: BMI, body mass index. CHD, congenital heart disease. Values are mean ± standard deviation. 

*Comparison between CHD and the age and gender-matched controls (random cluster). 
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Supplementary Table 1. Echocardiographic data in CHD subgroups 
 

ACC-CHD group N LVEF<55% 

(n,%) 

RVSP>35 

mmHg (n,%) 

TR  

(n,%) 

PR  

(n,%) 

RVOT obstacle  

(n,%) 

MR  

(n,%) 

AR  

(n,%) 

LVOT obstacle  

(n,%) 

1 Heterotaxy 3 1 (33) 0 (0) 1 (33) 1 (33) 0 (0) 0 (0) 0 (0) 0 (0) 

2 Anomalies of the venous return  9 1 (11) 1 (11) 0 (0) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 

3 Anomalies of the atria and interatrial 

communications 

15 0 (0) 1 (7) 0 (0) 0 (0) 0 (0) 1 (7) 0 (0) 0 (0) 

4 Anomalies of the atrioventricular junctions 

and valves 

18 0 (0) 2 (11) 5 (28) 0 (0) 0 (0) 4(22) 0 (0) 2 (11) 

5 Complex anomalies of atrioventricular 

connections 

2 0 (0) 1 (50) 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0) 

6 Functionally univentricular heart 18 4 (22) 0 (0) 2 (11) 0 (0) 1 (6) 0 (0)  0 (0) 0 (0) 

7 Ventricular septal defects 21 0 (0) 1 (5) 1 (5) 1 (5) 1 (5) 1 (5) 1 (5) 1 (5) 

8.1 Transposition of the great arteries  45 1 (2) 5 (11) 0 (0) 3 (7) 6 (13) 0 (0) 2 (4) 1 (2) 

8.2 Tetralogy of Fallot; truncus arteriosus; 

pulmonary atresia; double outlet right 

ventricle  

60 1 (2) 20 (33) 1 (2) 33 (55) 8 (13) 1 (2) 5 (8) 0 (0) 

8.5 Aortic valve stenosis; Shone syndrome  30 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 15 (50) 15 (50) 

8.6 Pulmonary valve stenosis  28 0 (0) 6 (21) 1 (4) 7 (25) 13 (46) 0 (0) 0 (0) 0 (0) 
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Table 2. Baseline and final CPET parameters in CHD and control groups. 

 Baseline CPET Final CPET  

 CHD Controls  P* CHD Controls P* P** 

N 296 640  296 489   

FEV1 (Z-score) -0.60 ±1.11 0.04 ±1.11 < 0.01 -0.96 ±1.24 -0.08 ± 1.19 <0.01 <0.01 

FVC (Z-score) -0.57 ± 1.28 0.04 ±1.28 < 0.01 -0.84 ±1.45 -0.07 ± 1.39 <0.01 <0.01 

FEV1/FVC (Z-score) 0.11 ± 1.21 0.04 ± 1.24 0.44 -0.07 ± 1.35 0.01 ± 1.29 0.49 0.01 

Peak heart rate (beats per minute) 174 ± 13 188 ± 12 < 0.01 175 ± 15 188 ± 14 <0.01 0.45 

Percentage of predicted peak heart rate (%) 83.4 ± 6.2 90.3 ± 5.9 < 0.01 84.8 ± 7.3 91.2 ± 7.1 <0.01 <0.01 

RER 1.11 ± 0.09 1.16 ± 0.10 < 0.01 1.19 ± 0.11 1.19 ± 0.11 0.91 <0.01 

Maximum load (W) 133.0 ± 41.8 142.2 ± 50.5 0.03 148.3 ± 47.4 152.3 ± 48.0 0.40 <0.01 

VO2max (ml/kg/min) 38.9 ± 7.0 43.0 ± 8.2 < 0.01 34.3 ± 8.4 41.3 ± 8.4 <0.01 <0.01 

VO2max predicts (%) 95.3 ± 15.6 105.9 ± 16.8 < 0.01 82.7 ± 17.2 101.8 ± 16.7 <0.01 <0.01 

VO2max predicts <80% (n/%) 60 (20.3) 28 (4.4) < 0.01 152 (51.4) 28 (5.7) < 0.01 < 0.01 

VAT predicts (%) 65.8 ± 13.4 74.0 ± 13.7 < 0.01 57.4 ± 14.2 69.9 ± 13.6 <0.01 <0.01 

VAT predicts <50% (n/%) 49 (16.6) 16 (2.5) < 0.01 116 (39.3) 16 (3.3) <0.01 <0.01 
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Legend: CHD, congenital heart disease. CPET, cardio-pulmonary exercise test. FEV1, forced expiratory volume in 1 second. FVC, forced vital capacity. FEV1/FVC, Tiffeneau  

index. RER, respiratory exchange ratio. Values are mean ± standard deviation or N (%).  

* Comparisons between CHD and the age and gender matched controls (random cluster) with adjustment for age and BMI. 

** Paired comparisons between baseline and final CPET assessments in the CHD group.
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Table 3. Change in VO2max in CHD and control groups. 

  VO2max change (mL/Kg/min/year) 
βcoeff ± SDβ 

% of predicted VO2max change (%/year) 
βcoeff ± SDβ 

 NCHD/NControls CHD Controls P *  CHD Controls  P *  

Total 296/640 -0.67 ± 0.07 ** -0.06 ± 0.10 <0.01 -1.88 ± 0.19 ** -0.44 ± 0.27 <0.01 

Gender        

 Female 129/299 -0.85 ± 0.11 ** -0.42 ± 0.15 ** 0.01 -1.57 ± 0.29 ** 0.29 ± 0.41 <0.01 

 Male  167/341 -0.57 ± 0.10 ** 0.24 ± 0.14 <0.01 -2.14 ± 0.25 ** -1.16 ± 0.34 ** 0.01 

ACC-CHD group        

1 Heterotaxy 3/640 - - - - - - 

2 Anomalies of the venous return 9/640 -0.62 ± 0.32 -0.17 ± 0.13 0.16 -1.58 ± 0.83 -0.75 ± 0.33 ** 0.32 

3 Anomalies of the atria and interatrial 
communications  15/640 -0.47 ± 0.34  -0.09 ± 0.13 0.29 -1.86 ± 0.80 ** -0.37 ± 0.34 0.07 

4 Anomalies of the atrioventricular junctions and 
valves  

18/640 -1.10 ± 0.34 ** -0.10 ± 0.13 0.01 -2.62 ± 0.94 ** -0.64 ± 0.34 0.04 

5 Complex anomalies of atrioventricular 
connections  

2/640 - - - - - - 

6 Functionally univentricular hearts  18/640 -0.81 ± 0.23 ** -0.07 ± 0.13 <0.01 -2.18 ± 0.75 ** -0.55 ± 0.34 0.05 

7 Ventricular septal defects  21/640 -0.72 ± 0.32 ** -0.15 ± 0.13 0.09 -1.83 ± 0.79 **  -0.68 ± 0.32 ** 0.16 

8.1 Transposition of the great arteries  45/640 -0.67 ± 0.20 ** -0.10 ± 0.12 0.01 -2.22 ± 0.51 ** -0.56 ± 0.30 <0.01 

8.2 Tetralogy of Fallot; truncus arteriosus; 
pulmonary atresia; double outlet right ventricle 60/640 -0.60 ± 0.16 ** -0.06 ± 0.12 <0.01 -1.74 ± 0.44 **  -0.43 ± 0.31 0.01 

8.5 Aortic valve stenosis; Shone syndrome 30/640 -0.42 ± 0.20 ** -0.14 ± 0.12 0.20 -1.50 ± 0.55 ** -0.59 ± 0.31 0.12 

8.6 Pulmonary valve stenosis  28/640 -0.63 ± 0.25 ** -0.10 ± 0.13 0.05 -1.66 ± 0.67 ** -0.54 ± 0.33 0.11 

9 Anomalies of the extrapericardial arterial trunks  42/640 -1.05 ± 0.19 ** -0.12 ± 0.12 <0.01 -3.22 ± 0.50 ** -0.52 ± 0.31 <0.01 

10 Congenital anomalies of the coronary arteries  5/640 - - - - - - 

Legend: ACC-CHD, anatomical and clinical classification of congenital heart diseases. CHD, congenital heart disease. SD, standard deviation. 

* Test interaction age×group in model adjusted on gender and BMI.  
** Significant VO2max variation (β coefficient) according to age (P < 0.05). 



 62 

Table 4. Explanatory variables of annual VO2max predict (%/year) change in the CHD 
group 
 

Variables Description 
Univariate 
analysis 

Multivariate 
analysis 

(N = 296) 

 r P value P value 

Age (years)  0.26 <0.01  

BMI (kg/m²)  -0.25 <0.01 0.12 

FVC at baseline 0.21 <0.01  

FEV1/FVC at baseline -0.10 0.09  

VO2max (% predicts) at baseline -0.50 <0.01 <0.01 

VAT (% of VO2max predicts) at baseline -0.40 <0.01  

VE/VCO2 slope at baseline -0.09 0.88  

Number of cardiac surgical procedures  0.01 0.90  

Number of cardiac catheter procedures  -0.02 0.27  

 

%  of 
predicted 
VO2max 
change 

(% /year) 
Mean ± SD  

P value P value 

Gender                                                               Girls  

Boys 
-2.9±2.6 

-3.8±4.9 
0.09 <0.01 

Classification I,II,III                                          I 

II 

III 

-3.4±4.1 

-3.6±4.1 

-3.2±4.9 

0.83  

Right ventricle systolic hypertension No 

 Yes 
-3.4±4.6 

-3.5±4.9 
0.87  

Left ventricular outflow tract obstacle  No 

 Yes  
-3.5±4.7 

-2.6±3.2 
0.39  

Right ventricular outflow tract obstacle  No 
 Yes 

-3.4±4.8 

-3.8±3.4 
0.63  

Right ventricular outflow tract regurgitation  No 

 Yes 
-3.4±4.6 

-3.3±4.6 
0.85  

Cardiac surgical procedures  No 

 Yes 
-3.7±4.2 

-3.3±4.5 
0.49  

Number of cardiac surgical procedures  0 
 1 

 ≥ 2 

-3.7±4.2 

-3.3±4.6 

-3.5±4.1 

0.74 0.05 

Cardiac catheter procedures  No 

 Yes 
-3.5±4.2 

-3.2±4.9 
0.62  
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Number of cardiac catheter procedures  0 

 1 

 ≥ 2 

-3.5±4.2 

-3.7±4.5 

-1.5±6.2 

0.17  

Medical treatment No 
 Yes 

-3.5±4.4 

-3.0±4.2 
0.47  

Beta blockers No 

 Yes 
-3.4±4.4 

-3.3±3.9 
0.90  

ACE inhibitors No 

 Yes 
-3.4±4.4 

-3.6±4.9 
0.89  

Genetic anomalies No 
 Yes 

-3.5±4.7 

-2.6±2.9 
0.47  

 

Legend: ACE inhibitors, angiotensin converting enzyme inhibitors. BMI, body mass index. CHD, congenital heart 

disease. FEV1/FVC, normalized Tiffeneau index. FVC, normalized forced vital capacity . SD: standard deviation. 
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R ÉSUM É 
Objectif 

Notre objectif était d'évaluer l'évolution de l’aptitude aérobie (VO2max), mesurée par un test d'effort 

cardio-respiratoire, chez des enfants atteints de cardiopathie congénitale par rapport à des témoins sains 

appariés. Notre objectif secondaire était d'identifier des facteurs prédictifs de la diminution de la 

VO2max dans cette population spécifique. 

Méthode 

Cette étude de cohorte longitudinale multicentrique a été réalisée de 2010 à 2020. En partant d'une 

première étude comparant des enfants atteints de cardiopathie congénitale à des témoins, nous avons 

inclus les patients avec cardiopathie congénitale de cette cohorte ayant eu une deuxième épreuve d’effort 

à plus d’un an d’intervalle de la première.  

Résultats 

Nous avons inclus 936 enfants, 296 dans le groupe cardiopathie congénitale (CC) et 640 dans le groupe 

témoin. Dans le groupe CC, le temps moyen entre l’épreuve d’effort initiale et l’épreuve d’effort finale 

était de 4,4 ± 1,7 ans. Après appariement sur l'âge et le sexe puis ajustement sur l'âge et l'IMC, la 

différence de VO2max entre les enfants avec CC et les témoins appariés était de 10,6 ± 1,0 % à l’épreuve 

d’effort initiale et de 19,1 ± 1,3 % à l’épreuve d’effort finale. Dans le groupe CC, le pourcentage de 

sujets avec une VO2max < 80 % de la VO2max prédite était significativement plus élevé à l’épreuve 

d’effort finale par rapport à l’initiale (51,4 % contre 20,3 % ; P < 0,01). La diminution annuelle moyenne 

de la VO2max était significativement supérieure dans le groupe CC que dans le groupe témoin (-1,88 ± 

0,19 % de VO2max prédite/an contre -0,44 ± 0,27 % de VO2max prédite/an, P<0,01, respectivement) 

soit 4 fois supérieure. En analyse multivariée, les facteurs prédictifs de la diminution de la VO2max 

étaient le sexe masculin, un VO2max initiale élevée, un IMC élevé et un nombre de chirurgie ≥ 2. 

Conclusion  

La diminution annuelle de la VO2max est significativement plus importante chez les patients avec CC 

que chez les témoins. Cette étude souligne l'importance du suivi des patients atteints de CC à 

l'adolescence et la nécessité de promotion de l’activité physique. 

Mots clés : Cardiopathie congénitale ; VO2 ; Épreuve d’effort ; Pédiatrie ; Activité physique 
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ABSTRACT 

Objective 

We aimed to evaluate the evolution in cardiopulmonary fitness (VO2max), measured by cardio-

pulmonary exercise test (CPET), of children with CHD compared to matched healthy controls and 

identify predictors of VO2max change in this specific population.  

Method 

This longitudinal multicentre cohort study was carried out from 2010 to 2020. Starting to an initial study 

comparing children with CHD to controls, we included CHD patients from this cohort who had a second 

CPET at least 1 year after the first as part of their follow-up.  

Results 

We included 936 children, 296 in the CHD group and 640 controls. Mean time between baseline and 

final CPET was 4.4±1.7 years. After matching on age and gender and adjustment on age and BMI, the 

mean VO2max predicts difference between CHD and matched controls was 10.6±1.0% at baseline CPET 

and 19.1±1.3% at final CPET. In the CHD group, the percentage of subjects with VO2max <80% of 

VO2max predicts were significantly higher in the final compared to baseline CPET (51.4% vs 20.3%; 

P<0.01). The mean annual decrease was significantly worse in the CHD group than control (-1.88±0.19 

% of VO2max predicts/year vs. -0.44±0.27 % of VO2max predicts/year, P<0.01, respectively). In 

multivariate analyse, the predictors of VO2max annual decrease were male gender, a high initial VO2max, 

a high BMI, the number of cardiac surgical procedures ≥ 2.  

Conclusion 

The annual decline in VO2max is significantly greater in patients with CHD. This study highlights the 

importance of monitoring patients with CHD in adolescence and promoting cardiovascular 

rehabilitation. 

 

Keywords: congenital heart disease; VO2; cardio-pulmonary exercise test; paediatrics; physical 

capacity 


