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Cardiac performance assessment during cardiopulmonary exercise test can improve the management of children with repaired congenital heart disease
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Introduction

Advances in cardiac surgery and interventional catheterization have significantly improved the survival of patients with CHD. However, residual lesions may persist after cardiac repair and lead to progressive alteration of cardiac function. The decision of treating residual lesion is based on the degree of the lesion and the patient symptoms of exercise intolerance. Cardiopulmonary exercise test (CPET) is used in routine to evaluate cardiac performance using maximal aerobic capacity (VO2max) assessment. It has been shown that the presence of a cardiac residual lesion and the complexity of the underlying heart disease contribute to a lower VO2 max [START_REF] Diller | Exercise intolerance in adult congenital heart disease: comparative severity, correlates, and prognostic implication[END_REF]. However, although VO2max is known to be mainly dependent on cardiac performance, its ability to reflect cardiac output during exercise remains low even in patients with heart failure [START_REF] Wilson | Dissociation between exertional symptoms and circulatory function in patients with heart failure[END_REF]. In addition, the relationship between resting ventricular function parameters and VO2max remains controversial in patients with congenital heart disease [START_REF] Meadows | Cardiac magnetic resonance imaging correlates of exercise capacity in patients with surgically repaired tetralogy of Fallot[END_REF][START_REF] O'meagher | Exercise capacity and stroke volume are preserved late after tetralogy repair, despite severe right ventricular dilatation[END_REF][START_REF] Menon | Effect of ventricular size and function on exercise performance and the electrocardiogram in repaired tetralogy of Fallot with pure pulmonary regurgitation[END_REF].

The usual CPET parameters can help to evaluate the cardiac determinants of exercise intolerance. High ventilator efficiency slope (VE/VCO2 slope) reflects an impaired cardiac performance and pulmonary perfusion which may depend on decrease of both left and right ventricular function [START_REF] Menon | Effect of ventricular size and function on exercise performance and the electrocardiogram in repaired tetralogy of Fallot with pure pulmonary regurgitation[END_REF][START_REF] Mezzani | Hemodynamic, not ventilatory, inefficiency is associated with high VE/VCO2 slope in repaired, noncyanotic congenital heart disease[END_REF]. Oxygen pulse, defined as VO2max/maximal heart rate (HR), is also used to reflect stroke volume [START_REF] Klainman | Contribution of cardiopulmonary indices in the assessment of patients with silent and symptomatic ischemia during exercise testing[END_REF][START_REF] Wensel | Differential contribution of dead space ventilation and low arterial pCO2 to exercise hyperpnea in patients with chronic heart failure secondary to ischemic or idiopathic dilated cardiomyopathy[END_REF]. However, these parameters are not specific of cardiac function and are difficult to analyze when central and peripheral causes coexist [START_REF] Wensel | Differential contribution of dead space ventilation and low arterial pCO2 to exercise hyperpnea in patients with chronic heart failure secondary to ischemic or idiopathic dilated cardiomyopathy[END_REF] Using noninvasive measurement of cardiac output during exercise helps to distinguish between the peripheral and the central causes of exercise intolerance: the central causes (when the oxygen transport from the pulmonary vein to the capillaries of the peripheral muscle is altered), is mainly determined by the cardiac output during exercise; the peripheral causes (the ability of oxygen to diffuse from the capillary to the mitochondria during exercise) is determined by muscular conditioning. The increase in oxygen diffusion observed during exertion is due to the increase of the capillary surface and ratio around the muscular fibers [START_REF] Hepple | Structural basis of muscle O(2) diffusing capacity: evidence from muscle function in situ[END_REF]. Oxygen diffusion at effort can be assessed by estimating venous oxygen pressure and using the simplification of the capillary oxygen diffusion law toward the mitochondria in the myocyte [START_REF] Wagner | Muscle O2 transport and O2 dependent control of metabolism[END_REF][START_REF] Roca | Effects of training on muscle O2 transport at VO2max[END_REF]. This has been particularly applied in the exercising peripheral muscle of healthy subjects or patients with chronic heart failure [START_REF] Boushel | Low-intensity training increases peak arm VO2 by enhancing both convective and diffusive O2 delivery[END_REF][START_REF] Esposito | Limited maximal exercise capacity in patients with chronic heart failure: partitioning the contributors[END_REF].

The understanding of VO2 max determinants is essential for the management of these patients in order to decide if surgical repair of residual lesion is needed, or indicate a retraining program [START_REF] Longmuir | Postoperative exercise training develops normal levels of physical activity in a group of children following cardiac surgery[END_REF][START_REF] Eyskens | Homograft insertion for pulmonary regurgitation after repair of tetralogy of fallot improves cardiorespiratory exercise performance[END_REF]. The purpose of this study is to compare the influence of central and peripheral determinants on max VO2 in children with repaired heart disease with and without residual lesions with that of controls. The ability of usual CPET parameters to reflect the cardiac performance at exercise in this population has been also evaluated.

Methods

Population

We retrospectively analyzed data of patients with CHD repaired by surgery with extracorporeal circulation that underwent a CPET between 2016 and 2018 with non-invasive measurement of cardiac output. Information about sport activities was collected if it was recorded at the time of the test. Patients were divided into 2 groups: patients without residual cardiac lesion and patients with residual cardiac lesion defined by a mean gradient in the left ventricular outflow tract > 25 mmHg, or a mean gradient through the mitral valve > 3 mmHg, or a maximal gradient in the right ventricular outflow tract > 30 mmHg, or a pulmonary regurgitation with moderate to severe regurgitation fraction above 30 % at MRI, or a mitral valve regurgitation at least moderate on echocardiography or a decrease in LV ejection fraction <55% at echocardiography and RV ejection fraction <40% at MRI. Children with severe residual lesion in whom surgical or intravascular procedure were indicated were excluded. Patients with aortic regurgitation were also excluded because the measurement of cardiac output using impedancemetry was not interpretable in such a condition. We also excluded patients who did not undergo open-heart surgery and patients with suspected or confirmed impairment of VO2max related to respiratory limitation, cyanotic patients at rest or on exertion and patients with pacemaker. We compared this group of patients with a group of 44 control patients who underwent a CPET for dyspnea on exertion in whom no anomaly was found on pulmonary, cardiac exploration and CPET (with cardiac output measurement), and who were considered healthy at the end of the evaluation.

CPET

CPET tests were performed to assess the maximum exercise capacity by means of a cycle ergometer as previously described [START_REF] Legendre | Reliability of Peak Exercise Stroke Volume Assessment by Impedance Cardiography in Patients with Residual Right Outflow Tract Lesions After Congenital Heart Disease Repair[END_REF]. The effort was considered as maximal if the patient achieved a respiratory exchange ratio > 1.1 and/or maximal HR > 85% of theoretical HR and/or if oxygen uptake reaches a plateau. Ventilatory threshold (VT) was determined graphically using the method of Beaver et al. [START_REF] Beaver | A new method for detecting anaerobic threshold by gas exchange[END_REF]. Peripheral saturation was determined by pulse oximetry. Oxygen pulse is defined as the ratio of VO2 to HR and as the product of stroke volume (SV) and arteriovenous difference in oxygen content (AVD) according to Fick equation. VE/VCO2 slope was also determined. Chronotropic insufficiency was defined as maximal HR < 85% of theoretical HR.

Noninvasive stroke volume measurement

Cardiac output (Q) and stroke volume (SV) were determined non-invasively during exercise test using a thoracic bioelectrical impedance device (PhysioFlow, PF-05 Lab1, Manatec Biomedical) as usual in our center. This method was previously described ( 16)

Calculation of variables:

1-Oxygen consumption (VO2) can be expressed according to the Fick principle of mass conservation: VO2 = Q x AVD where AVD is the arteriovenous difference in oxygen content: AVD = CaO2 -CvO2 where CaO2 and CvO2 are respectively the arterial end the venous oxygen content. This relation is applicable during ramp exercise and at maximal exercise [START_REF] Yamabe | Clinical application of cardiac output during ramp exercise calculated using the Fick equation--comparison with the 2-stage bicycle ergometer exercise protocol in the supine position[END_REF] : AVD max = VO2 max/ Q max 2-CaO2 at peak depends on both arterial oxygen saturation and hemoglobin level (Hb). CaO2 = 1.34 x SaO2 x Hb because O2 carrying capacity is 1.34 ml per gram of hemoglobin. Then CvO2 = AVD max -CaO2. Venous O2 saturation (SvO2) is deduced and mean venous O2 pressure (PvO2) can be obtained by Hb dissociation curve modeled by the Hill simplified equation corrected for pH and temperature assumed respectively at 7.2 and 39°C [START_REF] Severinghaus | Simple, accurate equations for human blood O2 dissociation computations[END_REF].

3-Hb level was not measured in routine before CPET. According to a recent study of Rodríguez-Hernández et al., we postulated for this calculation that hemoglobin was 14 g/dl for girls and 15 g/dl for boys [START_REF] Rodríguez-Hernández | Anemia in adolescents and young adult patients with congenital heart disease[END_REF] of population of patients and controls 4-Central determinant is defined by the maximal oxygen content brought to capillaries : QO2 max = Qmax x CaO2 5-Peripheral determinant is defined as oxygen diffusion at the maximal effort. Fick diffusion law is used: VO2 max = DO2 x (Pcap O2 -PmitO2) where DO2 is the muscle diffusion capacity of oxygen and PcapO2 and PmitO2 are, respectively, the mean O2 pressure in the capillary and in the myocyte mitochondria. The enzymatic capacities of the mitochondria are such that, at the maximum effort in particular, PmitO2 is close to zero (between 1 and 3 mmHg) (21) Moreover, PvO2 in the muscle is proportional to the capillary O2 pressure; 2 x k PvO2 = PcapO2, where k = 2, assuming a uniform diffusive conductance along the capillary with homogeneous distribution of the blood flow [START_REF] Roca | Evidence for tissue diffusion limitation of VO2max in normal humans[END_REF]. Thus, the diffusion Fick law can be expressed in a simplified way: VO2max = 2 x DO2 x PvO2 and DO2 = VO2max/ (2 x PvO2)

6-Indexed values for central determinant was used to compare different group

Statistical analysis

Statistical analysis was performed using Mann-Whitney test for non-parametric variables and Fisher's exact test for ordinal variables. Pearson correlation coefficient was used to determine if two parametric variables were correlated. The Kruskal-Wallis test was used to test whether different populations had identical anthropomorphic characteristics. Significant level was set at p < 0.05.

Ethical standards:

The authors assert that all procedures contributing to this work and has been approved by the institutional committee: Conseil d'Ethique de Necker-Enfants Malades (CENEM). Information letter was sent to each patient and the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.

Results

Population

We retrospectively analyzed 80 patients with repaired CHD. Three patients were excluded because calculated PvO2 were <10 mmHg due to very low cardiac output at peak exercise. Population characteristics of 77 included patients are shown in Table 1. No significant differences were found in anthropomorphic data between controls and different subgroups of patients (p>0.05). Mean, range and median age in control and patients were respectively 13.6, 7 to 23 and 14 years and 13.6, 6 to 22 and 13 years. Among patients with repaired CHD, 22 patients had no residual lesions and 55 had residual lesions (suppl. data). Ventricular function was normal in all patients but two with residual pulmonary regurgitation. Only one patient received beta-blockers. Sport activity, when available, was reported in Table 1. There was no significant difference in sport activity between controls and patients with repaired CHD but patients with residual lesion were more excused from scholar sport activity (p= 0.049).

Central, peripheral determinants and CPET parameters

Patients with residual lesion had lower VO2max (%) (p=0.006), Q max, HR max (p<0.0001) and SV max (p=0.012) at peak, lower central determinant QO2max) (p<0.0001), lower muscle diffusion capacity DO2 (p=0.028) (Figure 1 and suppl. data). Patients without residual lesion also had lower maximal HR, (p=0.023) but better SV than healthy subjects (p=0.031), and similar CI (p=0.137) (suppl.data). Figure 2 shows the interactions between central determinant (QO2 max) and muscle diffusion capacity (DO2) and the impact on VO2 max and estimated PvO2 at peak of the exercise.

Significant lower central and peripheral determinants were found in girls compared to boys in control group and in patients without lesion (p<0.01). Only the peripheral determinant was found lower in girls in the subgroup of patients with residual lesion (p<0.01).

In the whole population (controls and patients with repaired CHD), subjects who performed scholar plus extra-scholar sport had significantly better muscle oxygen diffusion (DO2) than those who performed only scholar sport and those who did not perform any sport activity (suppl. data). VT (% TV of VO2) of patients that did scholar plus extra-scholar sport was higher than patients that did no sport but was not different from patients that did only scholar sport.

Usual CPET parameters and correlation with QO2max, SV and DO2

In all patients with CHD, correlation coefficient between VO2 max (mL/Kg/mn) and CI was r=0.65 (p<0.001) and between VO2 max and DO was r = 0.48 (p<0.001). In the subgroup of patients with residual lesion, VE/VCO2 was higher than controls (p=0.007) but VT (% th VO2max) and oxygen pulse (% th value) were not significantly different (p=0.209, p=0.08). Qmax and SV at peak (mL/m²) had a weak correlation with respectively VE/VCO2 slope (r= -0.35, p=0.002) and oxygen pulse at peak (r=0.38, p=0.0007) (figure 3).

Discussion

Maximum aerobic capacity and its central and peripheral determinants are maintained in patients without residual lesion, while they have all been decreased in the residual lesion group. In all patients with CHD, VO2 max is highly dependent on the central determinant (i.e., maximum cardiac output) but is strongly weighted by the peripheral diffusion capacity of oxygen. Thus, VO2max appears insufficient to monitor the cardiac performance of patients with residual lesions. Moreover, the usual parameters (among which the slope VE/VCO2 and oxygen pulse) do not appear sufficient to affirm a decline in Qmax as observed in other cardiac diseases [START_REF] Finocchiaro | Cardiopulmonary responses and prognosis in hypertrophic cardiomyopathy: a potential role for comprehensive noninvasive hemodynamic assessment[END_REF]. The VE/VCO2 slope is known as reflecting a mismatch of pulmonary ventilation perfusion and impairment of central and peripheral chemoreceptors (8) and does not specifically reflect Qmax. Similarly, the stroke volume correlates weakly with oxygen pulse in our study probably because of variations of AVD in our patients.

We showed that central determinant (QO2max) of patients without residual lesion was not impaired, as the patients had a Qmax greater than 7.5 L/mn/m² despite the complexity of the initial CHD. Some of these patients had lower maximum heart rate. Chronotropic insufficiency in patients with CHD seems to be mainly influenced by previous history of surgery as demonstrated in a previous study [START_REF] Ohuchi | Stratification of pediatric heart failure on the basis of neurohormonal and cardiac autonomic nervous activities in patients with congenital heart disease[END_REF]. However, in our study patients with lower maximum heart rate maintained normal cardiac output by increasing stroke volume resulting in normal cardiac performance. The capacity to increase stroke volume reflects a preserved cardiac reserve during effort in this subgroup.

Only patients with residual lesions had a lower VO2max mainly due to a decrease in Qmax. In this group, the decrease in cardiac output was related to both chronotropic insufficiency and decline in SV (cardiac reserve). Although the resting ejection fraction was preserved in almost all patients, the peak SV is reduced in this subgroup of patients. Diastolic dysfunction can contribute to impaired stroke volume under stress by reducing ventricular preload, particularly in certain congenital cardiac abnormalities such as pulmonary/aortic stenosis where ventricular compliance can be altered. In addition, evaluation of ventricular function remains difficult in patients with residual valvulopathy such as pulmonary valve regurgitation after tetralogy of Fallot repair. The timing of pulmonary valve replacement is generally based on resting right ventricular function/volumes. However, some studies have shown that patients with pulmonary regurgitation have a decreased right ventricular reserve that is not well correlated with resting ventricular ejection fraction/volumes [START_REF] Reduto | Radionuclide assessment of right and left ventricular exercise reserve after total correction of tetralogy of Fallot[END_REF][START_REF] Roest | Tetralogy of Fallot: postoperative delayed recovery of left ventricular stroke volume after physical exercise assessment with fast MR imaging[END_REF]. It has also recently been suggested that echocardiographic evaluation of the contractile reserve of the right ventricle appears to reveal early right ventricular dysfunction in these patients [START_REF] Bhatt | Right Ventricular Contractile Reserve Is Impaired in Children and Adolescents With Repaired Tetralogy of Fallot: An Exercise Strain Imaging Study[END_REF]. Screening for alterations in overall ventricular performance (right and left) during exercise, assessed here by measuring maximum SV, appears as an additional parameter of early ventricular dysfunction and may be useful in determining the appropriate time for valve replacement indications.

Level of exercise activity better correlated with the value of muscle diffusion capacity of oxygen than with VT in the subjects of our study. Diffusive oxygen transport was not impaired in the subgroup of patients without residual lesions. Our results suggest that they were not deconditioned in comparison with the controls. This is in contradiction with most studies showing that patients with repaired CHD have a sedentary lifestyle [START_REF] Dua | Physical activity levels in adults with congenital heart disease[END_REF][START_REF] Mccrindle | Physical activity levels in children and adolescents are reduced after the Fontan procedure, independent of exercise capacity, and are associated with lower perceived general health[END_REF]. This subgroup of patients practiced extra-scholar sport at the same level as our controls. International recommendations allowing the practice of sport in patients with congenital heart disease, dating back ten years ago, had certainly had an impact on the attitude of young patients towards sport [START_REF] Warnes | ACC/AHA 2008 guidelines for the management of adults with congenital heart disease: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to Develop Guidelines on the Management of Adults With Congenital Heart Disease). Developed in Collaboration With the American Society of Echocardiography, Heart Rhythm Society, International Society for Adult Congenital Heart Disease, Society for Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons[END_REF]. On the other hand, peripheral oxygen diffusion was blunted in the subgroup of patients with residual lesion. This result reflects a more deconditioning state secondary to a lower practice of physical activity compared with the control population. Indeed, training was proved to improve muscle structure, peripheral convective and diffusive transport in patient with heart failure [START_REF] Esposito | Isolated quadriceps training increases maximal exercise capacity in chronic heart failure: the role of skeletal muscle convective and diffusive oxygen transport[END_REF]. Difficulties in adapting the intensity and the type of effort during sport activities, especially at school, may be a hindrance to sport practice in this group of patients. AVD is, on the contrary, not lowered in these patients because AVD depends on both blood flow and oxygen diffusion. Thus, AVD is increased in case of a blunted cardiac output and is decreased in case of a lower diffusion. When QO2max and DO2 are both reduced in the same proportions, AVD therefore varies in a limited range.

We opted to measure systemic SV by signal morphology impedance cardiography analysis (PhysioFlow®) during cardiopulmonary exercise testing. This method differs from conventional impedance cardiography systems because the algorithm does not require basal thoracic impedance measurement (Z0), making the position of the electrodes not so critical for the accuracy of the measurements, and also making the system less prone to motion artefacts. Also, according to the manufacturer, it makes use of a triggered adaptive filter that enables clear and stable signals even in demanding measurement conditions (marathon races, air force centrifuge machines...). This device has the advantages of enabling evaluation of SV during maximal exercise in an upright position, portability, has lower costs, and requires low technical expertise to acquire the results. It was been demonstrated good accuracy compared with the Fick method during exercise in healthy subjects [START_REF] Charloux | A new impedance cardiograph device for the non-invasive evaluation of cardiac output at rest and during exercise: comparison with the "direct" Fick method[END_REF][START_REF] Richard | Non-invasive cardiac output evaluation during a maximal progressive exercise test, using a new impedance cardiograph device[END_REF][START_REF] Siebenmann | Cardiac output during exercise: a comparison of four methods[END_REF], and also compared with the thermo-dilution method in patients with pulmonary hypertension [START_REF] Tonelli | Value of impedance cardiography in patients studied for pulmonary hypertension[END_REF]. Nevertheless, an overestimation of stroke volume has been observed in patients with hyperinflation [START_REF] Bougault | Does thoracic bioimpedance accurately determine cardiac output in COPD patients during maximal or intermittent exercise?[END_REF] but not found in a recent study [START_REF] Louvaris | Cardiac output measurement during exercise in COPD: A comparison of dye dilution and impedance cardiography[END_REF], and also in heart failure [START_REF] Kemps | Evaluation of two methods for continuous cardiac output assessment during exercise in chronic heart failure patients[END_REF] but with an earlier version of the calibration system. Interestingly, compared to 2 other noninvasive methods, physioflow® method appeared to provide the lowest number of impossible or implausible values (i.e. values of cardiac output that induce a calculated CvO2 < 0 mL/L, or < 20 mL/L observed in elite endurance athletes during maximal exercise) [START_REF] Siebenmann | Cardiac output during exercise: a comparison of four methods[END_REF], in accordance with our experience. Finally, we and others demonstrated high reliability in children and young adult with CHD [START_REF] Legendre | Reliability of Peak Exercise Stroke Volume Assessment by Impedance Cardiography in Patients with Residual Right Outflow Tract Lesions After Congenital Heart Disease Repair[END_REF] or no CHD [START_REF] Welsman | Reliability of peak VO(2) and maximal cardiac output assessed using thoracic bioimpedance in children[END_REF].

The limitations of this model are related to the approximations: firstly, the hemoglobin level was estimated and not measured. In addition, the PvO2 was calculated using the hemoglobin dissociation equations, corrected for pH and temperature estimated at the peak of exertion. However, all of these approximations are used for both patients and controls; we do not see any obvious reason for a difference between the 2 compared populations. However, we recommend the measurement of hemoglobin (by capillary sampling for example) for the interpretation of the test. The total diffusive capacity calculated in our study may underestimate the diffusive capacity of the peripheral muscle because it takes into account the PvO2 of the total blood which is higher than the PvO2 of the blood coming solely from the exercising muscle. The obtained diffusion value depends on the way in which the total cardiac output is redistributed towards the exercising muscles and not only on the diffusive property of the muscles. At maximum effort on an ergometer in a ramp effort, 85 to 90% of the cardiac output is redistributed to the muscles of the exercising limbs [START_REF] Roca | Effects of training on muscle O2 transport at VO2max[END_REF][START_REF] Boushel | Low-intensity training increases peak arm VO2 by enhancing both convective and diffusive O2 delivery[END_REF]. Some studies have demonstrated the role of aging or cardiac failure in the redistribution of cardiac output during exercise [START_REF] Esposito | Limited maximal exercise capacity in patients with chronic heart failure: partitioning the contributors[END_REF][START_REF] Beere | Aerobic exercise training can reverse age-related peripheral circulatory changes in healthy older men[END_REF]. In the light of these observations, we postulated that our studied patients had normal muscle flow during exercise and differences in DO2 reflect differences in oxygen diffusion of the exercising muscles.

Conclusion and clinical perspectives

Patients with repaired CHD and residual lesions have an altered aerobic exercise capacity due to a combination of central and peripheral causes: muscle deconditioning, altered cardiac performance and chronotropic insufficiency. On the contrary, patients without residual lesion had normal central and peripheral determinants with better oxygen diffusion capacity than expected. Usual CPET parameters failed to differentiate between the central and peripheral determinants of VO2max in these patients. This study emphasizes the usefulness of cardiac output measurement in refining the interpretation of cardiopulmonary test. Recent devices of thoracic impedancemetry allow routine measurement of cardiac output during CPET. Cardiac reserve represents an additional parameter of ventricular function especially in patients with mild resting dysfunction, diastolic dysfunction or overload making difficult to interpret the usual function parameters. Further studies may help to determine the role of cardiac performance in the strategy of treatment of residual lesions. Finally, a better screening for deconditioning by assessing the oxygen diffusion capacity can improve the quality of life of our patients. 

Legends of figures

Figure 1 :

 1 Figure 1: VO2max and its determinants in controls (white bars) and patients without residual lesion (grey bars) and with residual lesion (black bars).*: p<0.05. Maximum aerobic capacity and its central and peripheral determinants are maintained in patients without residual lesion, while they have all been decreased in the residual lesion group (note the similar AVD in each group).

Figure 2 :

 2 Figure 2:Interactions of central and peripheral oxygen transports that determine VO2max in healthy subjects and patients with and without residual lesion. Note the curve lines that reflect both Fick principle and hemoglobin dissociation curve. The decrease in central transport automatically leads to a decrease in the PvO2 and therefore an increase in the AVD at the peak, partially masking the effect on the VO2 max. Inversely, decrease in diffusive transport decreases the AVD.

Figure 3 :

 3 Figure 3: Graph of correlation in patients with residual lesion: between Qmax and VO2max (A), DO2 and VO2max (B) in all patients and between Qmax and VE/VCO2 slope (C), SV and oxygen pulse at peak (D) in patients with residual lesion. Qmax is the main determinant of VO2max and usual CPET parameters failed to differentiate between the central and peripheral determinants.

  

  

Table 1 :

 1 Anthropomorphic data, physical activity of controls and patients and underlying congenital heart diseases of patients.

		CHD repair	CHD repair	P
	total population	without lesion	with lesion	KW test