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Pulmonary arterial compliance and exercise capacity after balloon pulmonary angioplasty in chronic thromboembolic pulmonary hypertension
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INTRODUCTION

Chronic thromboembolic pulmonary hypertension (CTEPH) is an uncommon complication of pulmonary embolism that results from occlusion of large pulmonary arteries by persistent thrombi and from distal small-vessel vasculopathy [START_REF] Gerges | Microvascular Disease in Chronic Thromboembolic Pulmonary Hypertension: Hemodynamic Phenotyping and Histomorphometric Assessment[END_REF]. These pulmonary vascular lesions lead to increased right ventricle (RV) afterload and, as the condition progresses, result in reduced oxygen delivery due to inadequate cardiac output, which is clinically manifested by progressive worsening of dyspnea and limitation of exercise.

Balloon pulmonary angioplasty (BPA) is an endovascular procedure that has recently emerged as a valuable treatment option for carefully selected CTEPH patients [START_REF] Mahmud | Chronic Thromboembolic Pulmonary Hypertension: Evolving Therapeutic Approaches for Operable and Inoperable Disease[END_REF][START_REF] Brenot | French experience of balloon pulmonary angioplasty for chronic thromboembolic pulmonary hypertension[END_REF]. BPA targets lesions within pulmonary arteries that are too distal to be amenable to pulmonary endarterectomy (PEA). BPA may be considered alone or in conjunction with targeted medical therapy and/or with PEA [START_REF] Delcroix | ERS statement on chronic thromboembolic pulmonary hypertension[END_REF]. BPA improves symptoms, exercise capacity and, in most cases, near-normalizes pulmonary vascular resistance (PVR) and mean pulmonary artery pressure (mPAP) measured at rest in most patients. Nevertheless, changes in exercise capacity, assessed either by changes in oxygen uptake at peak exercise (VȮ 2 peak) and/or by changes in distance walked in 6 minutes (6MWD), are highly variable from one patient to another [START_REF] Blanquez-Nadal | Exercise hyperventilation and pulmonary gas exchange in chronic thromboembolic pulmonary hypertension: effects of balloon pulmonary angioplasty[END_REF][START_REF] Jin | Improved hemodynamics and cardiopulmonary function in patients with inoperable chronic thromboembolic pulmonary hypertension after balloon pulmonary angioplasty[END_REF].

Reduced cardiac output due to increased RV afterload is considered an important mechanism for persistence of poor exercise capacity after intervention on pulmonary arteries [START_REF] Ghio | Pulmonary arterial compliance and exercise capacity after pulmonary endarterectomy[END_REF]. The two major components of increased RV afterload are increased PVR and decreased pulmonary artery compliance (PCa). It has been supposed that the PVR and PCa product (RC-time of the pulmonary circulation, in seconds) is unaltered in health and disease, meaning that PCa can always be deduced from PVR. Nevertheless, some data suggest that the concept of unaltered RC-time in healthy and diseased subjects should be questioned [START_REF] Chemla | The isobaric pulmonary arterial compliance in pulmonary hypertension[END_REF][START_REF] Chemla | Pulmonary vascular resistance and compliance relationship in pulmonary hypertension[END_REF]. In addition, RC-time was found to be lower by 20% post-PEA compared with pre-PEA in patients with proximal CTEPH [START_REF] Ross | Decreased time constant of the pulmonary circulation in chronic thromboembolic pulmonary hypertension[END_REF]. Thus, it is plausible that PCa provides information that PVR does not about right heart function and thus exercise capacity in patients with CTEPH. Indeed, a recent retrospective study has found PCa was associated with improvement in exercise capacity after PEA whereas PVR was not [START_REF] Ghio | Magnetic resonance imaging of pulmonary arterial compliance after pulmonary endarterectomy[END_REF].

In a series of 17 patients undergoing BPA, an improvement in PCa in proportion to a decrease in PVR (i.e., a constant RC-time) has been reported [START_REF] Magoń | Pulmonary Artery Elastic Properties After Balloon Pulmonary Angioplasty in Patients With Inoperable Chronic Thromboembolic Pulmonary Hypertension[END_REF], but the relationship between these hemodynamic parameters and exercise capacity has not been studied. Our aims were therefore [START_REF] Gerges | Microvascular Disease in Chronic Thromboembolic Pulmonary Hypertension: Hemodynamic Phenotyping and Histomorphometric Assessment[END_REF] to study the consequences of BPA on PVR, PCa and RC-time in order to confirm the concept of a "constant" RCtime in patients with CTEPH undergoing BPA, and (2) to study the relationship between PVR, PCa and RC-time and their changes after BPA on the one hand, and 6MWD and peak VȮ 2 (and their changes after BPA) on the other hand.

METHODS

Subjects.

All patients referred for BPA at our institution between March 2019 and November 2020 were considered for inclusion. Eligibility criteria and techniques used to perform BPA were similar to those described elsewhere [START_REF] Brenot | French experience of balloon pulmonary angioplasty for chronic thromboembolic pulmonary hypertension[END_REF].

We included in our analysis patients who had one complete workup at baseline (pre-BPA) and at least one complete workup at a subsequent visit after at least 2 BPA sessions (post-BPA). A complete workup comprised right heart catheterization, symptom-limited incremental cardio-pulmonary exercise tests (CPET) and 6-min walk test (6MWT), all performed within 24 h. To avoid factors other than BPA that may contribute to improve exercise capacity (especially, exercise training performed after BPA), we excluded workups performed more than 3 months after the last BPA session. Patients who had any change in PH-targeted therapy between the two workups were excluded from the analysis. Patients with an obstructive ventilatory disorder according to the latest ERS definition [START_REF] Quanjer | Multi-ethnic reference values for spirometry for the 3-95-yr age range: the global lung function 2012 equations[END_REF] and/or interstitial lung disease, and/or pulmonary arterial wedge pressure (PAWP) > 15 mmHg were also excluded.

The study protocol was approved by the Institutional Review Board (Comité de Protection des Personnes Sud-Est V, 2013-AO1036-39), and all the patients were informed about the potential risks and benefits of BPA and provided written informed consent.

Study procedures

All catheterization measurements were performed by a specialist in PH in supine position at rest using fluoroscopic guidance with standard techniques. Pressures were measured using a quad lumen Swan-Ganz catheter (Edwards Lifesciences, Irvine, CA) connected to a Philips Haemosphere (Philips Medical Systems, Surrey, UK). Pressure measurements were taken at end expiration. Cardiac output (CO) was measured by thermodilution. PVR was calculated as [(mPAP -PAWP)/CO], where PAWP is the pulmonary artery wedge pressure. PCa was calculated in conformance to the pulse pressure method (PPM): PCa = ([SV/PP]/1.76 + 0.1), where SV is the stroke volume (i.e., CO divided by cardiac beat frequency) and PP is the pulse pressure (i.e., systolic PAP minus diastolic PAP) [START_REF] Ghio | Pulmonary arterial compliance and exercise capacity after pulmonary endarterectomy[END_REF]. The RC-time (in seconds) was calculated as the PVR and PCa product (PVR•PCa).

Symptom-limited incremental CPET were performed on an electronically braked cycle ergometer (Ergometrics 900; Ergoline; Bitz, Germany), as previously described [START_REF] Chemla | The isobaric pulmonary arterial compliance in pulmonary hypertension[END_REF]. CPET were performed without adjunction of oxygen, even in patients with arterial oxygen desaturation. Oxygen consumption (VO 2 ), carbon dioxide output (VCO 2 ) and minute ventilation (VE) were obtained breath by breath (Ergocard CPX, Medisoft, Belgium).

6-min walk test (6MWT) was performed according to last American Thoracic Society statement, as previously described [START_REF] Chemla | Pulmonary vascular resistance and compliance relationship in pulmonary hypertension[END_REF].

Statistical analysis.

Results are presented as mean ± standard deviation (SD) and n (%) for continuous and categorical data, respectively. Comparisons of pre-and post-BPA continuous parameters were performed using the t-test for paired data.

Categorical parameters were compared using the McNemar test. Linear regression analysis was used to adjust for the effect of age, height, weight and gender to determine whether there was any effect of PVR, PCa and RT-time on peak VO2 and on 6MWD.

All analyses were performed using R software (version 3.6) and a P-value below 0.05 was considered as significant.

RESULTS

The selection of patients is summarized on Figure 1. For the 34 patients included in the analysis, the mean (± standard deviation) interval between the 2 evaluations was 3.1 ± 2.4 months and the mean number of BPA sessions was 4.7 ± 1.7. After BPA, improvements in NYHA functional class, 6-min walk distance, NT-proBNP and hemodynamic parameters (in particular, mean pulmonary artery pressure, cardiac index and PVR) were all significant (Table 1). In addition, PCa significantly increased but the RC-time did not change (Table 1).

After BPA, peak VO 2 and peak workload increased significantly by 20 ± 25 % and 20 ± 26 %, respectively (Table 2). 6MWD also improved significantly by 14 ± 33 % (Table 2). Heart beat frequency was much higher at peak VȮ 2 than at the end of 6MWT both before and after BPA.

Correlations between exercise and hemodynamic variables

The two studied exercise variables (namely, peak VO 2 and 6MWD) were correlated both before and after BPA (Figure 2A and2B). Nevertheless, correlations were weak (r=0.40 and r=0.66 before and after BPA, respectively).

Changes in peak VO 2 did not display an correlation with changes in 6MWD (Figure 2C).

The correlations between the two exercise vriables (pea VȮ 2 and 6MWD) on the one hand, and PVR, PCa and RC-time on the other hand are shown in Table 3.

Before BPA, both PVR and PC are correlated with peak VO 2 and with 6MWD.

By contrast, after BPA, only PVR was correlate with peakVȮ 2 and with 6MWD.

In addition, only change in PVR was correlated with changes in peak VO 2 and with changes in 6MWD.

DISCUSSION

The present study shows that in CTEPH patients who have undergone BPA, PVR and PCa improved (i.e., decreased and increased, respectively), but the RC-time did not change. The current analyses also show that after BPA, PVR (and its variations) was associated with peak VȮ 2 and with 6MWD (and their variations), but PCa was not.

The finding of a stable RC-time after BPA, that has already been observed by others [START_REF] Magoń | Pulmonary Artery Elastic Properties After Balloon Pulmonary Angioplasty in Patients With Inoperable Chronic Thromboembolic Pulmonary Hypertension[END_REF], differs from findings established after PEA [START_REF] Ross | Decreased time constant of the pulmonary circulation in chronic thromboembolic pulmonary hypertension[END_REF]. Indeed, after PEA, RC-time has been shown to decrease in patients experimenting major improvements (i.e., decreases) of PVR, suggesting that the drop in PVR was not accompanied by a "proportional" increase in PCa. One possible explanation for these differences could arise from structural changes in pulmonary artery wall that occur after PEA and not after BPA. During PEA, there is a removal of the tunica intima and, at least partly, of the tunica media; despite rapid reendothelization of the pulmonary artery, it is plausible that these removals contribute alter pulmonary artery compliance [START_REF] Bonderman | Right ventricular load at exercise is a cause of persistent exercise limitation in patients with normal resting pulmonary vascular resistance after pulmonary endarterectomy[END_REF]. By contrast, the BPA technique does not alter the pulmonary arterial wall, presumably contributing to a better improvement in pulmonary artery compliance after BPA than after PEA. Another plausible explanation for these different may come from the fact that patients PEA-eligible differ from patients BPA-eligible. Indeed, it is plausible that treating proximal pulmonary arteries (in PEA-eligible patients) results in altering pulmonary compliance more than treating more distal pulmonary arteries (in BPA eligible patients).

Although some authors have reported very similar RC-time in healthy subjects and in patients with various pulmonary vascular diseases including CTEPH [START_REF] Saouti | RC time constant of single lung equals that of both lungs together: a study in chronic thromboembolic pulmonary hypertension[END_REF], others have reported shortened RC-times in some conditions such as postcapillary pulmonary hypertension [START_REF] Chemla | Pulmonary vascular resistance and compliance relationship in pulmonary hypertension[END_REF]. In addition, reported RC-times in the literature have consistently demonstrated significant scatter around the mean, suggesting that it is not appropriate to state that PCa can always been calculated from PVR (and vice versa) [START_REF] Chemla | Pulmonary vascular resistance and compliance relationship in pulmonary hypertension[END_REF]. In our study, we found a rather low standard deviation (SD) of RC-time and thus a coefficient of variation (100×SD/mean) of 21% before BPA and 25% after BPA, i.e., values that among the lowest of those previously reported in CTEPH [START_REF] Chemla | Pulmonary vascular resistance and compliance relationship in pulmonary hypertension[END_REF][START_REF] Ross | Decreased time constant of the pulmonary circulation in chronic thromboembolic pulmonary hypertension[END_REF]. This suggests that the RC-time, that characterizes the decay of pulmonary arterial pressure in diastole, can be regarded as "constant" among CTEPH patients with chronic occlusion of distal large pulmonary arteries. Nevertheless, we found values of RC-time that were much lower than values reported by others in CTEPH patients [START_REF] Chemla | Pulmonary vascular resistance and compliance relationship in pulmonary hypertension[END_REF]. This is due to the correction that we used to calculate PCa, called pulse pressure method (PPM), that led to values of PCa that were much lower than the values of SV/PP. Assuming that by definition, the RC-time represents the time necessary for pressure to decrease in value to about 37% from pulmonary arterial notch pressure to end-diastolic pulmonary arterial pressure, it takes theoretically three RC-times to complete 95% of this pressure change [START_REF] Chemla | Pulmonary vascular resistance and compliance relationship in pulmonary hypertension[END_REF]. We therefore consider that the values of RC-time found in our study, resulting in estimated diastolic time of around 1 second, is physiologically realistic.

Our results regarding the association between improvement in PVR and improvement in exercise capacity agree with those of Kikuchi et al. who found a correlation between PVR measured at rest after BPA on the one hand, and exercise pulmonary hypertension and exercise capacity on the other hand [START_REF] Kikuchi | Exercise intolerance in chronic thromboembolic pulmonary hypertension after pulmonary angioplasty[END_REF].

In their work, these authors did not study pulmonary artery compliance. In our current study, we did not find a significant association between PCa and exercise parameters. This result contrasts with findings established in CTEPH patients undergoing PEA, where PCa (and not PVR) was associated with exercise capacity [START_REF] Ghio | Pulmonary arterial compliance and exercise capacity after pulmonary endarterectomy[END_REF][START_REF] Ghio | Magnetic resonance imaging of pulmonary arterial compliance after pulmonary endarterectomy[END_REF]. There are at least two plausible reasons for this discrepancy. Firstly, as RC-time decreases after PEA (and not after BPA), improvement in PCa for a given improvement in PVR is less after PEA than after BPA. It is possible that after PEA, the subset of patients who improve their PCa the most will have the greatest improvement in exercise capacity. Secondly, in the studies that reported an association between PCa and exercise capacity after PEA, improvement in PVR was greater than in our cohort of CTEPH patients after BPA. It is therefore plausible that the respective contribution of PVR and of PCa in terms of improvement of RV afterload (and, thus, in terms of improvement of exercise capacity) was different after PEA and after BPA.

Our study has several strengths. Firstly, we did not include patients with cofounding factors with respect to exercise capacity such as left heart failure, chronic airway obstruction or interstitial lung disease. In addition, we considered only hemodynamic and physiological measurements taken very shortly after the last BPA session to limit the influence of physical rehabilitation on exercise capacity. Secondly, we studied VO 2 as a rough value after adjustment for selected confounding factors (age, height, weight and sex) and not as a percentage of a predicted value. We believe it is a strength because predicted values for peak VO 2 are poorly reliable for older people, especially women. In addition, these factors (age, height, weight and sex) are also recognized to be independently associated with PCa [START_REF] Vanden Eynden | Measuring pulmonary arterial compliance: mission impossible? Insights from a novel in vivo continuous-flow based experimental model[END_REF].

Limitations exist in our study. It is a monocentric study involving a small population. Moreover, PCa is difficult to assess, the pulmonary arterial flow being pulsatile summited to inertial effects leads to a non-uniform recruitment of compliance in the pulmonary vascularization [START_REF] Vanden Eynden | Measuring pulmonary arterial compliance: mission impossible? Insights from a novel in vivo continuous-flow based experimental model[END_REF]. Our estimation of PCa could be non-representative of the global compliance. In addition, we acknowledge that although PVR and PCa are the major component of RV afterload, impedance, hematocrit and reflected pressure also count. It has been demonstrated by Fukumitsu et al. as these authors showed that for given PVR, PCa and impedance, an earlier return of the reflected wave pressure observed in proximal CTEPH was associated with greater RV afterload [START_REF] Fukumitsu | Early return of reflected waves increases right ventricular wall stress in chronic thromboembolic pulmonary hypertension[END_REF]. By contrast, in distal CTEPH, RV afterload was lower due to a later return of the reflected was pressure. The consequences of the reflected wave pressure return on exercise capacity after BPA deserve further studies.

In conclusion, we found that the RC-time (in seconds) calculated as the PVR and PCa product did not change after BPA in CTEPH patients and demonstrated a relatively low coefficient of variation between patients. In addition, contrarily to previous results in CTEPH, we suggest that PCa calculated with an appropriate correction (pulse-pressure model) gave values that were physiologically plausible. Taken together, this suggests that PCa can be reliably inferred from PVR (and vice versa) in these patients. We also report that PCa is less appropriate than PVR to predict exercise capacity after BPA in CTEPH patients. This suggests that contrary to what is done in patients with prominent distal small-vessel vasculopathy, i.e., to develop endovascular devices aiming at compensating the loss of PCa in order to improve exercise capacity [START_REF] Gerges | Pulmonary Artery Endovascular Device Compensates for Loss of Vascular Compliance in Pulmonary Arterial Hypertension[END_REF], the main objective in CTEPH patients eligible to BPA is improving PVR as far as possible. 

LEGENDS OF THE FIGURES

  min walk distance; BPA = balloon pulmonary angioplasty; PEA = pulmonary endarterectomy; COPD = chronic obstructive pulmonary disease; CPET = cardio-pulmonary exercise test; CTEPH = chronic thromboembolic pulmonary hypertension; CO 2 = carbon dioxide; DLCO = carbon monoxide lung diffusion; fB = breathing frequency; FEV 1 = forced expiratory volume in 1 s; FVC = forced vital capacity; ILD = interstitial lung disease; KCO = rate of uptake of CO from alveolar gas; LHF = left heart failure; NT-proBNP = N-terminal pro-brain natriuretic peptide; NYHA FC = New York Heart Association functional class; PaCO 2 = partial carbon dioxide arterial pressure; PaO 2 = partial oxygen arterial pressure; P(Ai-a)O 2 = ideal alveolar-arterial oxygen gradient; PAP = pulmonary artery pressure; PAWP = pulmonary arterial wedge pressure; PETCO 2 = end-tidal carbon dioxide; PH = pulmonary hypertension; PVR = pulmonary vascular resistance; RAP = right atrial pressure; RER = respiratory exchange ratio; SvO 2 = mixed venous oxygen saturation; VA = alveolar volume; VA/Q = alveolar ventilation/perfusion ratio; VCO 2 = carbon dioxide output; VD/VT = dead space fraction of tidal volume; VĖ = minute ventilation; VȮ 2 = oxygen consumption.
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 1 Figure 1. Flowchart of the study. BPA: balloon pulmonary angioplasty; CTEPH:
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Table 2 .

 2 Cardiopulmonary exercise variables obtained at peak exercise and variables measured during 6-min walk tests before and after balloon pulmonary angioplasty (BPA).Data are presented as mean ± standard deviation or n (%). Continuous parameters were compared using the paired t-test and categorical parameters were compared using the McNemar test. Values measured at the end of 6-min walk test BPA: balloon pulmonary angioplaty; VO 2 : oxygen consumption; VCO 2 : carbon dioxide output; RER: respiratory exchange ratio; VE: minute ventilation; VD/VT: dead space fraction of tidal volume; fB: breathing frequency; PaO 2 : partial oxygen arterial pressure; P(Ai-a)O 2 : ideal alveolar-arterial gradient for oxygen; PETCO 2 : end-tidal carbon dioxide pressure; PaCO 2 : partial carbon dioxide arterial pressure.

		Pre-BPA	Post-BPA	P-value
	CPET			
	VȮ 2 , L•min -1	1.11 ± 0.35	1.30 ± 0.33	< 0.001
	VȮ 2 , mL•kg -1 •min -1	14.5 ± 3.8	17.1 ± 4.1	< 0.001
	VĊO 2 , mL•min -1	1.21 ± 0.44	1.41 ± 0.42	<0.001
	Work load, W	73 ± 26	85 ± 29	< 0.001
	RER	1.08 ± 0.13	1.08 ± 0.14	0.98
	Lactate, mmol•L -1	5.0 ± 1.9	5.2 ± 1.8	0.28
	Heart rate, beat•min -1	133 ± 17	138 ± 15	0.02
	VE/VCO 2	57 ± 17	47 ± 11	< 0.001
	Physiological VD/VT, %	39 ± 10	33 ± 10	<0.001
	PaO 2 , mmHg	61 ± 10	69 ± 14	<0.001
	PaCO 2 , mmHg	31 ± 5	34 ± 4	<0.001
	PETCO 2 , mmHg	24 ± 6	28 ± 5	<0.001
	Borg dyspnea score	7.4 ± 2.0	5.9 ± 2.2	0.003
	Borg leg fatigue	6.1 ± 3.0	5.6 ± 2.6	0.24
	6MWT			
	6MWD	393 ± 119	432 ± 100	<0.001
	Heart rate,* beat•min -1	114 ± 21	112 ± 13	0.55
	SpO 2 ,* %	87 ± 5	88 ± 4	0.09
	Nadir SpO 2 ,* %	86 ± 5	87 ± 5	0.15
	Borg dyspnea score	4.4 ± 2.1	3.0 ± 2.0	0.002
	Borg leg fatigue	1.8 ± 2.0	1.8 ± 2.3	0.87

* 

Table 3 .

 3 Correlations between peak VO2 as a dependent variable and selected hemodynamic and morphometric variables

	PVR-VO2 pre: r=0.85; deltaPVR-VO2: 0.60; PCa-VO2 pre: r=0.79; deltaPCa-VO2: 0.49; RC-time-VO2 pre: r=0.83; PVR-VO2 post:
	r=0.88; PCa-VO2 post: r=0.85; RC-time-VO2 post: r=0.85

Table 4 .

 4 Correlations between 6-min walk distance as a dependent variable and selected hemodynamic variables PVR-6MWD pre: r=0.62; PCa-6MWD pre: r=0.58; RC-time-6MWD pre: r=0.51; PVR-6MWD post: r=0.59; deltaPVR-6MWD : 0.49; PCa-6MWD post: r=0.55; deltaPCa-6MWD: 0.36; RC-time-6MWD post: r=0.49 ß: coefficient that compares the strength of the effect of each individual independent variable (i.e., "physiological" VD/VT, DLCO and PVR) to the dependent variable (i.e., P(Ai-a)O 2 ); 95% CI: 95% confidence interval for the ß coefficient. BPA: balloon pulmonary angioplasty; VD/VT: dead space fraction of tidal volume; DLCO: single breath lung diffusion of carbon monoxide (corrected for hemoglobin concentration); % pred: percentage of the predicted value; SvO 2 : mixed venous oxygen saturation. *Physiological VD/VT and SvO 2 were measured pre-and post-BPA for the corresponding analyzes; physiological VD/VT was measured at peak exercise while SvO 2 was measured at rest, pre-and post-BPA.

		Pre-BPA		Post-BPA		Delta (Post-Pre)	
		Standardized ß estimate	P	Standardized ß estimate	P	Standardized ß estimate	P
	PVR	-0.50 [-0.86; -0.14]	0.008	-0.52 [-0.93;-0.12]	0.01	-0.42 [-0.79; -0.04]	0.03
	Gender	0.80 [0.20; 1.39]	0.01	0.53 [-0.18; 1.23]	0.14	-0.36 [-1.03;0.31]	0.28
	Weight	-0.37 [-0.76; 0.01]	0.06	-0.40 [-0.85;0.05]	0.08	0.42 [-0.14; 0.84]	0.14
	Height	-0.14 [-0.44; 0.73]	0.60	0.56 [-0.04;1.17]	0.07	0.11 [-0.56; 0.79]	0.73
	Age	-0.10 [-0.43; 0.23]	0.55	-0.28 [-0.66;0.11]	0.11	-0.06 [-0.44; 0.33]	0.76
	PCa	0.44 [0.04;0.82]	0.03	0.32 [-0.09;0.72]	0.12	0.16 [-0.24;0.55]	0.42
	Gender	0.80 [-0.32;1.82]	0.16	-0.16 [-1.37; 1.07]	0.78	-0.39 [-1.15; 0.37]	0.30
	Weight	-0.35 [-0.76; 0.06]	0.09	-0.33 [-0.80;0.14]	0.17	0.19 [-0.21; 0.59]	0.34
	Height	-0.01 [-0.76; 0.74]	0.89	0.53 [-0.150;1.16]	0.10	0.26 [-0.49; 1.00]	0.50
	Age	-0.08 [-0.43;0.26]	0.63	-0.27 [-0.68; 0.13]	0.17	-0.13 [-0.54; 0.27]	0.36

# DLCO was measured before BPA. $ All variables associated with P(Ai-a)O 2 in univariable analysis with a P-value < 0.20 were included in the multivariable analysis
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Conclusions: Despite stable RC-time pre-versus post-BPA, only PVR (and its changes) was associated with peak VO2 and 6MWD (and their changes), but PCa was not.
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