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INTRODUCTION

Pulmonary hypertension (PH) is a rare and severe condition defined by a rest mean pulmonary artery pressure (mPAP) exceeding 25 mmHg, measured by right heart catheterization (RHC) [START_REF] Ers) ; Nazzareno | the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society[END_REF]. Prognosis is drastically affected by the ability of the right ventricle (RV) to adapt to chronic afterload increase [START_REF] Handa | Prognosis of patients with primary pulmonary hypertension[END_REF]. Functional imaging evaluation of the right ventricle is thus essential to determine disease severity.

RHC is an invasive procedure and transthoracic echography (TTE) has become routinely used for screening of elevated pulmonary artery pressure. RV function is also assessed by TTE through different parameters: tricuspid annular plane systolic excursion (TAPSE), S wave velocity, eccentricity index and right ventricle outflow tract fractional shortening (RVfs).

However, for anatomical and physiological reasons, echographic exploration of RV function remains difficult. In addition, most of the indices are prone to preload variability [START_REF] Dutta | Echocardiographic evaluation of the right ventricle: Clinical implications[END_REF]. Over the past few years, TTE functional evaluation using 2D strain has shown promising results in RV follow-up for PH [START_REF] Vitarelli | Three-dimensional echocardiography and 2D-3D speckle-tracking imaging in chronic pulmonary hypertension: diagnostic accuracy in detecting hemodynamic signs of right ventricular (RV) failure[END_REF][START_REF] Wright | Follow-Up of Pulmonary Hypertension With Echocardiography[END_REF].

Cardiac magnetic resonance (CMR) has become the gold standard for non-invasive morphological and functional assessment of RV [START_REF] Kondo | Right and left ventricular stroke volume measurements with velocity-encoded cine MR imaging: in vitro and in vivo validation[END_REF][START_REF] Sechtem | Measurement of right and left ventricular volumes in healthy individuals with cine MR imaging[END_REF][START_REF] Rominger | Right ventricular volumes and ejection fraction with fast cine MR imaging in breath-hold technique: applicability, normal values from 52 volunteers, and evaluation of 325 adult cardiac patients[END_REF]. In addition, CMR can be used to assess myocardial fibrosis using contrast-enhancement sequences with gadolinium injection [START_REF] Wu | Late gadolinium enhancement by cardiovascular magnetic resonance heralds an adverse prognosis in nonischemic cardiomyopathy[END_REF][START_REF] Leyva | Left ventricular midwall fibrosis as a predictor of mortality and morbidity after cardiac resynchronization therapy in patients with nonischemic cardiomyopathy[END_REF][START_REF] Moon | Toward clinical risk assessment in hypertrophic cardiomyopathy with gadolinium cardiovascular magnetic resonance[END_REF].

Myocardial replacement fibrosis is assessed by late gadolinium-induced enhancement (LGE)

and myocardial interstitial fibrosis is reflected by the extra-cellular volume (ECV) fraction measured using native and post-contrast T1 maps [START_REF] Messroghli | Clinical recommendations for cardiovascular magnetic resonance mapping of T1, T2, T2* and extracellular volume: A consensus statement by the Society for Cardiovascular Magnetic Resonance (SCMR) endorsed by the European Association for Cardiovascular Imaging (EACVI)[END_REF]. However this technique is difficult to use for the RV because of insufficient spatial resolution with respect to RV wall thickness. Only few studies have previously addressed RV T1-mapping, showing correlation between postcontrast T1 and decreased RV ejection fraction (RVEF) or strain in non-ischemic cardiomyopathies, attributed to myocardial fibrosis influence [START_REF] Jellis | Correlation between right ventricular T1 mapping and right ventricular dysfunction in non-ischemic cardiomyopathy[END_REF][START_REF] Jellis | Right ventricular T1 mapping is technically feasible and correlates with right ventricular dysfunction in non-ischemic cardiomyopathy[END_REF].

In PH, LGE has been debated to show correlation with factors of adverse outcome [START_REF] Freed | Late gadolinium enhancement cardiovascular magnetic resonance predicts clinical worsening in patients with pulmonary hypertension[END_REF].

Actually, LGE at ventricular insertion points is a typical feature of PH but was reported to rather reflect myocardial disarray than fibrosis [START_REF] De Lazzari | Right Ventricular Junctional Late Gadolinium Enhancement Correlates With Outcomes in Pulmonary Hypertension[END_REF]. Subsequently, T1-contrast has been evaluated at ventricular insertion points in PH; T1 value was found increased in PH patients [START_REF] Reiter | Native myocardial T1 mapping in pulmonary hypertension: correlations with cardiac function and hemodynamics[END_REF] and associated with biventricular function [START_REF] Reiter | Native myocardial T1 mapping in pulmonary hypertension: correlations with cardiac function and hemodynamics[END_REF][START_REF] Chen | Association of native T1 times with biventricular function and hemodynamics in precapillary pulmonary hypertension[END_REF]. In a chronic PH model, T1 and ECV at ventricular insertion points appeared to be early correlated to pulmonary hemodynamics [START_REF] García-Álvarez | Association of myocardial T1-mapping CMR with hemodynamics and RV performance in pulmonary hypertension[END_REF].

In this study, we examined the feasibility of measuring global ECV fraction in RV of patients with PH, not limited to ventricular insertion points. For consistency, results were compared to serum biomarkers of pro-fibrotic activity in myocardium and echocardiographic parameters for RV function, in particular RV longitudinal strain which have previously shown good correlation with RV myocardial fibrosis [START_REF] Lisi | RV Longitudinal Deformation Correlates With Myocardial Fibrosis in Patients With End-Stage Heart Failure[END_REF].

METHODS

Subjects

The study was accepted by the local ethical committee and written informed consent was obtained from all subjects, according to the Helsinki declaration. Patients referred to our cardiology PH center between January 2012 and March 2013 were prospectively enrolled during a single hospitalization. Inclusion criteria were: age > 18 years and pre-capillary PH as defined by the European Society of Cardiology: mPAP ≥ 25 mmHg and a pulmonary capillary pressure < 15 mmHg in RHC. Patients could be enrolled at diagnosis or at follow-up for reassessment of specific therapy efficacy. Exclusion criteria were: PH secondary to a cardiac congenital malformation, post capillary PH, patients carrying an implantable device such as pacemaker or defibrillator, claustrophobia, neurostimulator, cochlear implant, glomerular filtration rate < 30 mL.min -1 .1.73m -². Patients with insufficient quality of CMR sequences were excluded.

Clinical and PH assessment data

Collection of clinical data included: age, gender, weight, height, etiology of PH as classified by Dana Point 2009 [START_REF] Humbert | The 4th World Symposium on Pulmonary Hypertension[END_REF], treatment with loop diuretics (furosemide) or specific treatment for PH, NYHA stage of dyspnea, syncope or lipothymia signs, rest pulse oxygen saturation. A 6-minutewalk-distance (6MWD) test was performed under adequate oxygen support (results in meters and percentage of the theoretical value for age). Brain natriuretic peptide (BNP) was measured in blood sample. Pulmonary hemodynamic data was obtained from RHC performed following standard recommendations [START_REF] Hoeper | Definitions and diagnosis of pulmonary hypertension[END_REF], yielding pulmonary artery pressures (systolic, diastolic and mean) and cardiac output (CO).

Blood biomarkers of fibrosis

Measurement of serum biomarkers of collagen metabolism, reflecting pro-fibrotic activity in the myocardium, was used to assess fibrosis. This method has already shown promising results in the evaluation of left ventricle myocardial fibrosis [START_REF] Takawale | Tissue Inhibitor of Matrix Metalloproteinase-1 Promotes Myocardial Fibrosis by Mediating CD63-Integrin β1 Interaction[END_REF][START_REF] Ferreira | Circulating Biomarkers of Collagen Metabolism and Prognosis of Heart Failure with Reduced or Mid-Range Ejection Fraction[END_REF]. They were measured by enzyme immunoassay (Siemens) on blood samples taken the same day as CMR, after a resting period of 20 minutes. Two markers were evaluated for collagen synthesis: PIII-NP (Procollagen III -N-Propeptid) and a biomarker for degradation of collagen: TIMP-1 (Tissue Inhibitor of Metalloproteinase-1).

Ultrasound data

TTE was performed on a commercial sonographer (Vivid 7 ultrasound General Electric Medical System) by a trained operator blinded to other results. The following parameters were recorded: systolic PAP (sPAP), right ventricular visual assessment, RVfs, S' wave, TAPSE, diastolic and systolic RV surfaces (SRV), left ventricular ejection fraction (LVEF) and presence or absence of pericardial effusion.

Myocardial deformation was measured by 2D strain using Speckle Tracking Imaging [START_REF] Lee | Strain Analysis of the Right Ventricle Using Two-dimensional Echocardiography[END_REF]. This technique consists in semi-automatic segmentation of endocardial and epicardial contours of the RV wall on a kinetic loop; myocardium contraction is regionally assessed following modification of the contour throughout the cardiac cycle. The main marker obtained is the RV global longitudinal strain as an objective index of RV systolic function with prognostic significance (Figure 1) [START_REF] Lee | Strain Analysis of the Right Ventricle Using Two-dimensional Echocardiography[END_REF]. The technique yields indexes of longitudinal septal and lateral strains, whose averaging gives the global strain.

CMR protocol

CMR protocols were performed on a 1.5 T whole-body MR scanner (Symphony TIM, Siemens, Erlangen, Germany) using a dedicated 12-element array coil with the patient placed in a supine position. Images were acquired during a full inspiratory breath-hold with ECG gating.

Three types of sequences were used: 1) Ventricular function was assessed using steady state free precession (SSFP) short-axis cine slices acquired with the following parameters: TR/TE = 3.6ms/1.8ms, slice thickness = 7 mm, flip angle = 65°, spatial resolution = 1.3 x 1.3 mm 2 , temporal resolution = 35 ms. A stack of short-axis slices was prescribed in order to cover RV from base to apex. These sequences allowed for kinetic analysis and calculation of RVEF following Simpson's rules [START_REF] Schiller | Recommendations for quantitation of the left ventricle by two-dimensional echocardiography. American Society of Echocardiography Committee on Standards, Subcommittee on Quantitation of Two-Dimensional Echocardiograms[END_REF].

2) T1-mapping was obtained with modified look-locker inversion recovery (MOLLI) sequence with a single-shot balanced steady-state free precession (bSSFP) readout and parameters TR/TE = 2.4ms/1.2ms, flip angle = 35°, thickness = 7 mm, spatial resolution 2.3 x 2.3 mm 2 , 3 inversions pulses with 4, 3 and 2 images acquired after each inversion pulse respectively and 1 heart beats to recover before the 2 nd and the 3 rd inversion [START_REF] Messroghli | Modified Look-Locker inversion recovery (MOLLI) for high-resolution T1 mapping of the heart[END_REF]. MOLLI T1-mapping was performed before and 15 min after intra-venous gadolinium injection (Dotarem®, 0.2 mmol/kg) followed by a 20 mL flash of saline solution. Three slices in short-axis view were placed at basal, middle and apex of RV.

3) Late gadolinium enhancement (LGE) was acquired 10 minutes after contrast injection in order to identify RV replacement fibrosis. This was obtained with a Gradient echo sequence: TR/TE = 650/1.56 ms, slice thickness = 6 mm, flip angle = 10°, spatial resolution 1.3 x 1.3 mm 2 .

The inversion time = 270-325 ms was manually set so as to cancel the T1 signal of myocardium at the end-diastolic phase. 14 short-axis slices were prescribed to encompass the right ventricle in a single breath-hold.

Image post processing

RV volumes, ejection fraction and mass were determined on the SSFP images using semiautomated software (Argus, Siemens Healthcare, Erlangen, Germany) following standard method [START_REF] Jacquier | Measurement of trabeculated left ventricular mass using cardiac magnetic resonance imaging in the diagnosis of left ventricular non-compaction[END_REF].

T1 maps were reconstructed offline from MOLLI images as previously described, using the "MRMap" software available from http://sourceforge.net/projects/mrmap/. The images were sorted by their effective TI to perform a three parameter nonlinear curve fitting using a Levenberg-Marquardt algorithm of the following equation y = A -B exp (-t/T1 *), yielding T1 *, the longitudinal relaxation time under partial saturation. T1 was then calculated from T1 * as in conventional Look-Locker methods by T1 = T1 * ((B / A) -1) [START_REF] Taylor | T1 Mapping: Basic Techniques and Clinical Applications[END_REF].

Native and post-contrast T1 maps were further interpolated using Osirix (Lancros 5, Geneva, Switzerland) yielding final resolution of 0.5 x 0.5 mm 2 for analysis. For each slice, RV was first divided in three segments on the lateral wall and one segment on the trabeculae septomarginalis (Figure 2). LV was also divided following standard method (6 segments at basal and middle levels, 4 at apex).

In PH patients, myocardium of the right ventricle was thickened due to chronic right heart afterload increase and this allowed for controlling partial volume artifact in RV regions of interest (ROI) delimitation. If thickness was larger than 5 mm, corresponding to ten times larger than effective resolution, a ROI was manually drawn in each segment of RV and LV myocardium, as described previously (Figure 3). Areas presenting with LGE positivity were excluded in the manual delimitation so as to exclude replacement fibrosis from ECV interstitial fibrosis assessment. Most of the time the LGE was found closes to the superior and inferior right ventricular insertion points. Rarely inferior RV wall was not thick enough (< 5 mm) to allow for reliable ECV quantification, in these cases this ROI has not been accounted for ECV.

ECV was calculated in each ROI following well-established formula based on variation of longitudinal relaxation time T1 15 minutes after contrast injection and using blood hematocrits of the patient [START_REF] Arheden | Measurement of the distribution volume of gadopentetate dimeglumine at echo-planar MR imaging to quantify myocardial infarction: comparison with 99mTc-DTPA autoradiography in rats[END_REF][START_REF] Flett | Equilibrium contrast cardiovascular magnetic resonance for the measurement of diffuse myocardial fibrosis: preliminary validation in humans[END_REF].

Statistical analysis

Results were expressed as mean with standard deviation unless otherwise stated. Nonparametric Mann-Whitney tests were used for categorical variables according to the sample size (N=12). The relationship between quantitative parameters was examined with Spearman correlation test. Bilateral statistical tests < 0.05 were considered significant. Statistical analysis was performed on SPSS Version 20.0 software (IBM Inc., New York, USA).

RESULTS

Between January 2012 and March 2013, 21 patients presenting with PH in our center were enrolled. ECV calculation was not possible on the RV free wall for 9 patients due to either motion artifact or inability to hold repeated apnea. Subsequently 12 patients were included in the study. The mean age of the population was 50 ± 16 years, 6 males and 6 females, mean weight 63.5 ± 13.4 kg, mean height 166.5 ± 16.3 cm.

The etiology of PH was mainly idiopathic (41.7%) or secondary to connective tissue disease (33.3%). Clinically, our population was at an advanced stage of the disease, with a majority of patients presenting NYHA III dyspnea (7 patients -58.3%) and altered 6MWD (group mean 57.4 % of theoric for age). Characteristics of the patients are detailed in Table 1.

In the group considered, mean BNP was elevated to 272 ng/L, mean mPAP 44 mmHg and mean TTE LVEF was preserved at 61.3 %. Global RV strain was altered, either on RV septum and on RV free wall (global RV strain -18.3 ± 4.8 %); normal value is inferior than -20 % [START_REF] Park | Normal references of right ventricular strain values by two-dimensional strain echocardiography according to the age and gender[END_REF]. Global RV and LV ECV were elevated respectively 34.0 ± 4.2 % and 30.6 ± 3.8 %. Summary of hemodynamic, echographic and CMR data is presented in Table 2.

A significant correlation coefficient was found between RV ECV values and the following prognostic parameters for PH: RVfs, S' wave, TAPSE, RVEFMRI (Figure 4). The strongest correlation was found for the S' wave with a Spearman coefficient of r = -0.71, (p = 0.009).

Concerning RV strain a significant correlation was found between septum RV ECV values and septal RV strain r = 0.7 (p = 0.013) (Figure 5). Blood biomarkers of fibrosis were available in only 7 patients among the 12 due to a technical incident. RV ECV fraction was lower in the groups of negative TIMP-1 and negative PIII-NP (Figure 6) but results were not statistically significant in this subgroup (p=0.105 for TIMP-1 and p=0.064 for PIII-NP).

DISCUSSION

This study shows the feasibility to assess RV ECV fraction in PH patients with CMR. Results correlate with echographic markers of RV function and RV strain in septum. Blood markers for fibrosis also showed tendency to correlation with RV ECV though results did not reach statistical significance.

Myocardial fibrosis has been mainly studied and measured with CMR in the left ventricle.

Histological correlation has been established based on LGE measurements and ECV

assessment of diffuse interstitial fibrosis [START_REF] Iles | Histological validation of cardiac magnetic resonance analysis of regional and diffuse interstitial myocardial fibrosis[END_REF][START_REF] Ravenstein C De M De | Histological Validation of measurement of diffuse interstitial myocardial fibrosis by myocardial extravascular volume fraction from Modified Look-Locker imaging (MOLLI) T1 mapping at 3 T [Internet[END_REF]. Our results on RV are consistent with a relation between RV ECV quantification and myocardial fibrosis.

Quantification of ECV in right ventricular wall is challenging because RV free wall is thin, leading to potential partial volume effects with epicardial RV fat. In PH patients with right chronic afterload, RV wall thickened significantly, allowing for selection of areas where the RV wall was ten times larger than effective image resolution. This is not the case in most other studies investigating RV ECV, selecting ROIs at ventricular insertion points. These regions were also avoided in our work using LGE, as their histologic nature is not clear in PH.

All the RV ECV values we recorded were > 25 % and thus higher than the normal value for LV [START_REF] De Meester De Ravenstein | Histological Validation of measurement of diffuse interstitial myocardial fibrosis by myocardial extravascular volume fraction from Modified Look-Locker imaging (MOLLI) T1 mapping at 3 T[END_REF]. To date, there is no data on normal RV ECV values in volunteers. In our work, LV ECV values were also collected in order to allow for comparison. Global RV ECV was larger than LV ECV on segments other than septum, supporting the right-sided specific impact from chronic afterload increase in pre-capillary PH.

In several patients the RV wall was so thin that the measurements could not be assessed, due to motion artifacts. This could be improved by the use of navigator-gated accelerated sequences reducing motion artifacts and giving better definition of RV [START_REF] Mehta | Accelerated and navigator-gated look-locker imaging for cardiac T1 Estimation (ANGIE) with reduced motion artifact[END_REF].

A significant correlation was found between the RV ECV values and echocardiographic and MRI surrogate markers of prognostic in PH: TAPSE, S' wave velocity, RVfs and RVEFMRI. No correlation was found with NYHA class or 6MWD. The value of RV ECV as a surrogate marker of prognosis in PH might be interesting to assess in a larger study. Another study from Mehta et al. found similar results with a significant linear correlation between RV ECV and RVEF, RV end diastolic volume using CMR accelerated navigator-gated sequences [START_REF] Mehta | Detection of elevated right ventricular extracellular volume in pulmonary hypertension using Accelerated and Navigator-Gated Look-Locker Imaging for Cardiac T1 Estimation (ANGIE) cardiovascular magnetic resonance[END_REF]. In the same study the RV ECV was greater than LV ECV in PH and RV ECV was nearly equivalent to LV ECV in normal volunteers, showing again an increase in ventricular fibrosis predominating on RV.

The RV ECV calculated on the interventricular septum and septal RV longitudinal strain were correlated. 2D Strain echography has already demonstrated it prognostic value in PH for assessing RV systolic function and monitoring the efficiency of treatment with vasodilators [START_REF] Motoji | Efficacy of right ventricular freewall longitudinal speckle-tracking strain for predicting long-term outcome in patients with pulmonary hypertension[END_REF][START_REF] Haeck | Prognostic value of right ventricular longitudinal peak systolic strain in patients with pulmonary hypertension[END_REF]. Interstitial fibrosis could lead to a reduction of cardiac motion. This result reinforces the hypothesis that ECV could be a marker which should enable us to refine the parameters of RV systolic function and may represent a new prognostic marker to guide treatment and follow-up.

Regarding blood biomarkers of fibrosis, there was a trend towards significance for the correlation between TIMP-1, PIIINP and RV ECV in a sub-group of 7 patients. PIII-NP was first studied in ischemic heart disease and its over-expression seemed to be related to the formation of a fibrotic scar as a result of myocardial infarction [START_REF] Cicoira | Independent and additional prognostic value of aminoterminal propeptide of type III procollagen circulating levels in patients with chronic heart failure[END_REF]. Following this, Sipola et al. demonstrated that high levels of PIII-NP were significantly linked to the presence of LGE on CMR in a genetically predetermined population of patients with hypertrophic cardiomyopathy [START_REF] Sipola | Myocardial late gadolinium enhancement is associated with raised serum amino-terminal propeptide of type III collagen concentrations in patients with hypertrophic cardiomyopathy attributable to the Asp175Asn mutation in the alpha tropomyosin gene: magnetic resonance imaging study[END_REF]. In RV disorders, there is only one study showing a correlation between the collagen synthesis biomarkers (PIII-NP and TIMP-1) and RV dysfunction in patients operated for tetralogy of Fallot [START_REF] Chen | Circulating biomarkers of collagen type I metabolism mark the right ventricular fibrosis and adverse markers of clinical outcome in adults with repaired tetralogy of Fallot[END_REF].

The main limitation of this work was the low number of patients. First, inclusion of patients with a pre-capillary PH is an infrequent condition compared to post-capillary PH [START_REF] Mocumbi | A global perspective on the epidemiology of pulmonary hypertension[END_REF]. Second, dyspneic patients with PH have difficulties to perform an apnea-based examination. Even with a selection of patients likely to perform the examination, some patients were unable to maintain apnea or supine position throughout the duration of the examination during an hour.

Among the 21 patients initially screened, only 12 had sufficient quality image allowing for interpretation.

Another limitation of this work is the inhomogeneity of the population studied regarding stage of the disease; all patients referred were considered, from initial diagnosis to follow-up after several years under specific treatment.

In conclusion, quantification of ECV using T1 mapping in a population of patients with PH seems to be a feasible technique for assessing RV interstitial myocardial fibrosis. Apnea-based CMR examination currently limits wide use in such dyspneic population but navigator-gated accelerated protocols may overcome this limitation. RV interstitial fibrosis assessment should be further confirmed on a larger population and may be correlated with direct histologic fibrosis. Clinical significance of this RV fibrosis in PH could also be investigated more accurately in future works. This figure shows the way to draw ROI in the myocardium, they are deliberately wide in order to avoid partial volume artifacts. 
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Figure 2 :

 2 Figure 2: 2D sonography using dedicated software to analysis global and segmental strain of the right ventricle, after manual segmentation.

Figure 3 :

 3 Figure 3: MOLLI sequence in short axis at mid ventricular for ECV quantification. Length of myocardial wall 9 minutes post gadolinium enhancement. The RV has been segmented into four: 2 of the sidewall 1 inferior and 1 on the moderator band. That corresponds to 12 segments for the RV (4 at the apex, 4 and 4 middle portion at the base). The LV has been divided into six: 1 in front, 2 of the septal wall, 1 inferior, 2 on the sidewall. 18 segments for LV (6 apex, 6 mid and 6 base).

Figure 4 :

 4 Figure 4: MOLLI sequence 9 minutes post gadolinium enhancement in short axis at mid ventricular, allowing ECV quantification. Lengths of myocardial wall are measured, in order to view walls' portion upper than 5 mm which could be analyzed. Some ROI have not been placed on pre-defined segments due to a RV wall thickness less than 5 mm.

Figure 5a :

 5a Figure 5a: Linear regression showing significant correlation between global RV ECV (%) and TAPSE (mm) ; S' wave (cm/s) ; RVsf (%) ; RVEFMRI (%). Spearman correlation are: r = -0.59 p = 0.04 ; r = -0.71 p = 0.009 ; r = -0.64 p = 0.026 ; r = -0.59, p = 0.04 respectively.

Figure 5b :

 5b Figure 5b: Linear regression showing significant correlation between septal RV ECV (%) and average septal Strain (%) with a Spearman coefficient r = 0.69; p = 0.013. The higher the interstitial fibrosis in the septum, the lower the myocardial contractility of the septum.

Figure 6 :

 6 Figure 6: Diagram showing the trend of distribution of ECV between patients with a positive biological assay for TIMP-1 or TIII-NP. Analysis in a subgroup of 7 patients. There is a clear trend towards a higher percentage of ECV in patients with a positive biological assay (p = 0.105 for TIMP1 and p = 0.064 for PIII-NP).

Total Population Number of patients 12 Demographic data

  

	Gender	Male	6 (50 %)
		Female	6 (50 %)
	Weight (kg)		63.5 ± 13.4
	Height (cm)		166.5 ± 16.3
	Age (years)		50 ± 16
	Etiology of PH	Idiopathic	5 (41.7%)
		Connectivitis	4 (33.3%)
		Post embolic	2 (16.7%)
		Cirrhosis	1 (8.3%)
	Clinical data		
	NYHA scale	1	0 (0%)
		2	4 (33.3%)
		3	7 (58.3%)
		4	1 (8.3%)
	Lipothymia-fainting		4 (33.3%)
	Pulse oximetry at rest (%)	96 ± 2
	6 min walk test (m)		349.3 ± 80.7
	6 min walk test theoretical ratio (%)	57.4 ± 12.6

Table 1 .

 1 Characteristics of the population and clinical data. The qualitative variables are expressed as figure with percentage and the continuous variables as mean values ± DS. PH : pulmonary hypertension.

Table 2 : Invasive / non invasive data Total Population Biological data

 2 

	BNP (ng/l)

Table 2 .

 2 Biological, echocardiographic and CMR data. The qualitative variables are expressed as figures with percentage and the continuous variables as mean values ± DS. BNP : Brain natriuretic peptide, CO : cardiac output, dPAP : diastolic pulmonary arterial pressure, ECV : extracellular volume, EDV : end diastolic volume, ESV : end systolic volume, LV : left ventricular, LVEF : left ventricular ejection fraction, mPAP : mean pulmonary arterial pressure, PAPs : pulmonary arterial pressure obtained by echocardiography, RV : right ventricle, RVEF : right ventricular ejection fraction RVfs : right ventricular fraction shortening, sPAP : systolic pulmonary arterial pressure, SRV : surface of right ventricle, TAPSE : tricuspid annular plane systolic excursion.
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Conclusion:

ECV quantification in PH appears to correlate with known echocardiographic prognostic markers and more specifically with the markers which assess RV systolic function. These results suggest that RV myocardial fibrosis measured with ECV could become a new prognostic parameter in PH.