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distance] (HR 0.879, 95% CI 0.832-0.928, p<0.001) and BPA (HR 0.307, 95% CI 0.099-0.957, p=0.042) were independently associated with survival.

Conclusion:

Survival of not-operated CTEPH patients has significantly improved in the recent management era. New treatment options, including BPA, might have the potential to improve the prognosis of non-operable CTEPH patients.

CLINICAL PERSPECTIVE

What is New?  Survival of not-operated chronic thromboembolic pulmonary hypertension (CTEPH) patients diagnosed in the modern management era (since 2013) has improved.

 Not-operated CTEPH patients who were treated with BPA had a better prognosis than those who were not.  Among recently diagnosed not-operated CTEPH patients, BPA performed at an early stage following diagnosis was independently associated with better survival.

What are the clinical implications?

 New treatment options, including BPA, may have beneficial effects on long-term survival in non-operable CTEPH patients.

Chronic thromboembolic pulmonary hypertension (CTEPH) is characterised by stenosis

and obstruction of pulmonary arteries with non-resolving organised thromboemboli combined with a variable microvasculopathy and leading to elevated pulmonary vascular resistance (PVR), severe pulmonary hypertension (PH), right heart failure, and finally, death [START_REF] Kim | Chronic thromboembolic pulmonary hypertension[END_REF][START_REF] Hoeper | Chronic thromboembolic pulmonary hypertension[END_REF][START_REF] Humbert | Pulmonary arterial hypertension and chronic thromboembolic pulmonary hypertension: pathophysiology[END_REF]. Historically, the prognosis of untreated patients with CTEPH is very poor, with a 5-year survival rate of 10% in those with mean pulmonary artery pressure (mPAP) greater than 50 mmHg [START_REF] Riedel | Longterm follow-up of patients with pulmonary thromboembolism. Late prognosis and evolution of hemodynamic and respiratory data[END_REF]. Pulmonary endarterectomy (PEA) is the gold standard treatment for operable CTEPH, and operated patients have better long-term survival than not-operated patients. Indeed, an international prospective registry from 27 European centers showed that not-operated patients had a significantly worse prognosis with a 3-year survival rate of 70%, while that of patients undergoing surgery was 89% [START_REF] Pepke-Zaba | Chronic thromboembolic pulmonary hypertension (CTEPH): results from an international prospective registry[END_REF][START_REF] Delcroix | Long-Term Outcome of Patients With Chronic Thromboembolic Pulmonary Hypertension: Results From an International Prospective Registry[END_REF]. However, about 40% of CTEPH patients are judged as non-operable due to distal lesions or the presence of comorbidities [START_REF] Pepke-Zaba | Chronic thromboembolic pulmonary hypertension (CTEPH): results from an international prospective registry[END_REF][START_REF] Bonderman | Predictors of outcome in chronic thromboembolic pulmonary hypertension[END_REF]. Although several controlled and uncontrolled trials have shown that the use of pulmonary arterial hypertension (PAH) medications (prostanoids, endothelin-receptor antagonists and drugs targeting the nitric oxide pathway, i.e. phosphosdiesterase type-5 inhibitors and the soluble guanylate cyclase stimulator) (8) might be useful in non-operable CTEPH patients, their efficacy is limited and the mortality rate remains elevated [START_REF] Delcroix | Long-Term Outcome of Patients With Chronic Thromboembolic Pulmonary Hypertension: Results From an International Prospective Registry[END_REF][START_REF] Jais | Bosentan for treatment of inoperable chronic thromboembolic pulmonary hypertension: BENEFiT (Bosentan Effects in iNopErable Forms of chronIc Thromboembolic pulmonary hypertension), a randomized, placebo-controlled trial[END_REF][START_REF] Pepke-Zaba | Chronic thromboembolic pulmonary hypertension: role of medical therapy[END_REF]. Recently, the short-term ( 16weeks) randomized double-blind controlled CHEST trial showed that riociguat, a soluble guanylate cyclase stimulator, significantly improved exercise capacity (6-minute walk distance) and pulmonary haemodynamics in patients with non-operable CTEPH or with persistent/residual PH after PEA [START_REF] Ghofrani | Riociguat for the treatment of chronic thromboembolic pulmonary hypertension[END_REF][START_REF] Simonneau | Riociguat for the treatment of chronic thromboembolic pulmonary hypertension: a long-term extension study (CHEST-2)[END_REF]. An open-label extension of the study showed that those benefits were maintained over the long-term [START_REF] Ghofrani | Riociguat for the treatment of chronic thromboembolic pulmonary hypertension[END_REF][START_REF] Simonneau | Riociguat for the treatment of chronic thromboembolic pulmonary hypertension: a long-term extension study (CHEST-2)[END_REF]. Riociguat is currently the only PAH targeted medication approved for the treatment of patients with inoperable CTEPH or persistent/residual PH after PEA. More recently, the double-blind, randomized, placebo-controlled phase 2 MERIT-1 study showed that macitentan, a dual endothelin-receptor antagonist, also improved pulmonary vascular resistance and exercise capacity in inoperable CTEPH [START_REF] Ghofrani | Macitentan for the treatment of inoperable chronic thromboembolic pulmonary hypertension (MERIT-1): results from the multicentre, phase 2, randomised, double-blind, placebo-controlled study[END_REF]. Furthermore, balloon pulmonary angioplasty (BPA), an endovascular procedure to widen narrowed or obstructed pulmonary arteries, has emerged as an additional treatment option for patients with non-operable CTEPH. In the first case series reported by [START_REF] Feinstein | Balloon pulmonary angioplasty for treatment of chronic thromboembolic pulmonary hypertension[END_REF], the efficacy and safety of the procedure were not satisfactory [START_REF] Feinstein | Balloon pulmonary angioplasty for treatment of chronic thromboembolic pulmonary hypertension[END_REF]. With refinements in the technique, several reports, mainly from Japan, have reported the efficacy and safety of BPA [START_REF] Mizoguchi | Refined balloon pulmonary angioplasty for inoperable patients with chronic thromboembolic pulmonary hypertension[END_REF][START_REF] Sugimura | Percutaneous transluminal pulmonary angioplasty markedly improves pulmonary hemodynamics and long-term prognosis in patients with chronic thromboembolic pulmonary hypertension[END_REF][START_REF] Taniguchi | Balloon pulmonary angioplasty: an additional treatment option to improve the prognosis of patients with chronic thromboembolic pulmonary hypertension[END_REF]. BPA has the potential to become an established treatment strategy for non-operable patients; however, in the current guidelines, PH targeted medical therapy is recommended for inoperable cases and balloon pulmonary angioplasty (BPA) should be considered only in experienced centers.

Thus, the management of non-operable CTEPH patients has recently evolved with the availability of effective medical therapies and BPA. We aimed to analyse the long-term outcomes and prognostic factors in patients with not-operated CTEPH.

METHODS

This study complied with the Declaration of Helsinki. Although French law does not require ethics committee approval or informed consent for retrospective data collection, the data were anonymized and complied according to the requirements of the "Commission Nationale Informatique et Liberté", the organization dedicated to privacy, information technology and civil rights in France. The committee approved the methods used to collect and analyse data on May 24, 2003 (approval number 842063).

Patients

This observational study was carried out in all consecutive not operated patients with CTEPH who were diagnosed, treated and followed up in the French Reference Center We also recorded treatment received as well as changes in therapies during follow-up. Vital status was assessed at the last follow-up visit. For patients without any contact or follow-up for more than 6 months, mortality status was ascertained by city government records at their birthplace at the censoring date. In order to analyse the impact of BPA in incident and prevalent patients, we defined incident cases as those who underwent BPA within one year after initial CTEPH diagnosis. Therefore, as BPA became available in February 2014, patients diagnosed after 2013 (within one year before availability of BPA) were considered as belonging to the "recent period", and those diagnosed from 2006 to 2012 as belonging to the "early period" of the study. We analysed overall long-term survival and prognostic factors according to the period of diagnosis.

Diagnosis and treatment of CTEPH

The diagnosis of CTEPH was established according to clinical guidelines that were current during the observational period [START_REF] Galie | ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), International Society for Heart and Lung Transplantation (ISHLT)[END_REF]. Diagnosis was based on medical history, physical examination, ventilation-perfusion lung scan, multidetector computed tomography pulmonary angiography, RHC and selective pulmonary angiography. We also assessed baseline functional status with the New York Heart Association functional class (NYHA-FC) and exercise capacity with the 6-minute walk distance (6MWD).

Newly diagnosed patients were defined as those meeting the diagnostic criteria at the time of their first RHC and follow-up time was calculated from this date. In all patients, the assessment of operability and decisions regarding other treatment strategies were made by a multidisciplinary team of experts including experienced chest physicians, radiologists and thoracic surgeons, as recommended by guidelines [START_REF] Galie | ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), International Society for Heart and Lung Transplantation (ISHLT)[END_REF]. Operability was considered according to the accessibility and distribution of chronic thromboembolic lesions, hemodynamic severity, age, and the presence of comorbidities that could increase surgical risk [START_REF] Delcroix | Long-Term Outcome of Patients With Chronic Thromboembolic Pulmonary Hypertension: Results From an International Prospective Registry[END_REF][START_REF] Jamieson | Pulmonary endarterectomy: experience and lessons learned in 1,500 cases[END_REF]. Patients were required to have at least 3 months of anticoagulation therapy before operability assessment. Eligibility for surgery was decided on the basis of a consensus among the multidisciplinary team. Not-operated patients were those judged as technically non-operable due to distal lesions and those deemed technically operable but who were not operated due to advanced age (≥ 75 years old) and/ or comorbidities, or who refused PEA. Not-operated patients were treated with oral anticoagulants alone or in association with PAH drugs including endothelin-receptor antagonists (ERA; bosentan, ambrisentan), phosphodiesterase type-5 inhibitors (PDE-5i; sildenafil, tadalafil), prostacyclin analogues (i.v. epoprostenol, s.c. treprostinil, inhaled iloprost), and/or soluble guanylate cyclase stimulator (sGC stimulator; riociguat), according to patient clinical status, treatment availability and physicians' decision. Beginning in February 2014, we launched a BPA program for non-operable CTEPH patients. There was no clear criteria for indication or contraindication of BPA [START_REF] Kim | Chronic thromboembolic pulmonary hypertension[END_REF]; however, patients having too severe or too mild hemodynamics, extremely old age (> 85 years old), and chronic kidney disease stages 4-5 were not offered BPA. Eligibility for BPA for non-operable CTEPH was also decided by the multidisciplinary team.

Statistical analysis

Data were stored in a personal computer-based data spreadsheet. All statistical analyses were performed using GraphPad Prism version 5 (GraphPad Software, La Jolla, CA, USA) and SPSS Statistics 17.0 (IBM, Armonk, NY, USA). Continuous variables are expressed as mean ± standard deviation or median and interquartile range (IQR) according to variable distribution. Differences in continuous variables, such as age, 6MWD, and hemodynamic characteristics, were compared using the independent Student's t-test for normally distributed variables and the Mann-Whitney U test for non-normally distributed variables. Categorical variables, such as gender, NYHA-FC and use of PAH medications or BPA were expressed as number and percentage and were compared using the χ 2 test for independence. Analysis of overall survival was performed using an intention-to-treat approach. For the survival analysis, the date of diagnostic RHC was used as the start point to determine length of survival. The cut-off date was December 31, 2017. The Kaplan-Meier method was used to estimate overall survival at each interval. Patients who underwent lung transplantation were censored at the date of transplantation. Univariate analysis using the Cox proportional hazards regression model examined the effect of each variable (baseline clinical and hemodynamic characteristics, management) on survival in not-operated CTEPH patients. Variables with p values < 0.2 in the univariate analysis were investigated by a multivariate Cox proportional hazard regression model to examine the independent effect of each variable on survival. In these Cox hazard analyses, BPA was assigned as a time varying covariate because there was a time lapse after diagnosis and initiation of BPA. For all analyses, the level of statistical significance was set at p < 0.05.

RESULTS

Patient population

Between January 2006 and December 2016, a total of 343 consecutive not-operated CTEPH patients were enrolled in this study cohort. Of these, 320 patients (93.3%) were not operated due to distal lesions (technically non-operable CTEPH) and 23 patients (6.7%) were technically operable but were not operated due to advanced age (≥ 75 years old) and/or comorbidities (n=14, 4.1%), or due to patient refusal (n=9, 2.6%). Baseline characteristics and hemodynamics of the study population are summarized in Table 1.

Seventy three percent of patients received PAH medications at any time, either with monotherapy or combination therapy. In these, 66% of patients were treated with an ERA, 56% with a PDE-5i, and 25% of patients with sGC stimulator.

A total of 100 patients (29%) underwent BPA. The majority of these patients were technically non-operable due to distal lesions. Among them, 80 patients (80%) were diagnosed in the recent period (since 2013), and underwent BPA after a median of 3.9 months (IQR: 1.9; 7.7 months) after diagnosis. In those patients, 47 (59%) also received PAH drugs including ERA (n=18, 38%), PDE5-i (n=12, 26%) and sGC stimulator (n=33, 70%). Twenty patients (20%) who were diagnosed in early period (from 2006 to 2012) underwent BPA after a median of 76.0 months (IQR: 51.8; 89.6 months).

Survival and prognostic factors in the overall population (2006-2016)

During a median follow-up period of 38.4 months (IQR: 15.5; 73.1 months), 114 of 343 patients (33%) had died, mainly due to right heart failure. Four patients underwent lung-transplantation. The 1-, 3-, 5-year overall survival rates were 90.2%, 78.4%, 64.5%, respectively (Figure 1). Baseline characteristics and medical treatments at any time of survivors and non-survivors are summarized in Table 1. Non-survivors had significantly worse baseline hemodynamics, a higher proportion were in NYHA-FC III and IV, and had poorer exercise capacity (6MWD).

The results of Cox proportional hazards regression analyses of variables associated with survival in the overall population are shown in Table 2. In univariate analysis, age, baseline NYHA-FC, 6MWD, brain natriuretic peptide (BNP) level, forced expiratory volume in one second (FEV1), diffusing capacity for lung carbon monoxide (DLCO), and the presence of chronic kidney disease were associated with survival. Among 3. Baseline hemodynamics were almost similar, but patients diagnosed recently received a sGC stimulator, and/or underwent BPA more frequently.

Survival and prognostic factors in patients diagnosed in the recent period (since

2013)

In patients diagnosed in the recent period (n=170), 80 (47%) had undergone BPA after a median of 3.9 months after diagnosis. Baseline characteristics and medical treatment for the recently diagnosed patients are summarized in Table 4 according to whether or not BPA was performed. Patients who received BPA were younger and had better exercise capacity compared to patients who did not, but had almost similar baseline hemodynamics. Patients not receiving BPA were treated with PAH medications including an ERA and/or PDE5-i more frequently. One patient died of a periprocedural complication 1 week after BPA. Figure 3 shows the Kaplan-Meier estimates of survival in recently diagnosed patients treated with BPA and those not treated with BPA. The 1-, and 3-year survival rates of patients with BPA were 98.8% and 92.9%, as compared to 84.8% and 77.6% in patients without BPA (p=0.002 by the Cox-Mantel log-rank test).

The results of Cox proportional hazards regression analyses of baseline variables and

treatment variables associated with survival in recently diagnosed patients are depicted in Table 5. In univariate analysis, baseline NYHA-FC, 6MWD, BNP, DLCO, the presence of comorbidities, such as COPD and chronic kidney disease, and mean RAP were predictive of survival. Among treatment variables, medical treatment with a sGC stimulator and BPA were predictors of survival. In multivariate analysis (n=70), no variable was independently associated with survival. In a multivariate sensitivity analysis (n=156) which excluded BNP and DLCO due to missing data (data completeness were 57%, 73% respectively, and other parameters in the regression analyses were complete in over 93%), 6MWD [per 20 m increase in distance] (HR 0.879, 95% CI 0.832-0.928, p<0.001) and BPA (HR 0.307, 95% CI 0.099-0.957, p=0.042) were independently associated with survival.

DISCUSSION

The present study describes one of the largest monocentric cohorts of not-operated were independent predictive factors of death in the not-operated patients (6). These differences might be attributable to the fact that the populations of these two studies are not similar.

The 1-, and 3-year survival rates of not-operated patients diagnosed in early period (from 2006 to 2012) were 89.0% and 74.3%, which are also comparable with the international prospective CTEPH registry showing that the 1-, and 3-year survival rates for not-operated patients (n=275) were 88%, and 70% [START_REF] Delcroix | Long-Term Outcome of Patients With Chronic Thromboembolic Pulmonary Hypertension: Results From an International Prospective Registry[END_REF]. However, our study also demonstrated that the prognosis of not-operated CTEPH patients diagnosed in the recent period (since 2013) had significantly improved. Indeed, the 1-, and 3-year survival rates of the recently diagnosed patients were 91.6% and 85.0%, compared to 89.0% and 74.3% in patients diagnosed earlier. Moreover, our multivariate analysis of prognostic factors for recently diagnosed patients demonstrated that performing BPA was an independent predictor of survival. Thus, the survival of not-operated CTEPH patients has significantly improved in the modern management era since the availability of BPA, however the concurrent availability and increasing use of sGC stimulators might also have contributed to improved survival, even though a similar proportion of patients received PAH therapies in both time periods. The 1-and 3-year survival rates of patients who underwent BPA were 98.8% and 92.9%, which is markedly better than would be expected for inoperable CTEPH patients. These high survival rates are comparable with those reported by Inami et al. who studied 170 CTEPH patients undergoing BPA over a 7 year period, and found that the 1-, 3-, and 5-year survival rates were 98.7%, 98.0%, and 95.5% [START_REF] Inami | Long-Term Outcomes After Percutaneous Transluminal Pulmonary Angioplasty for Chronic Thromboembolic Pulmonary Hypertension[END_REF]. Interestingly, these survival rates are also comparable with those of operated CTEPH patients in the international prospective CTEPH registry (n=404) where 1-, and 3-year survival was 93% and 89%, respectively [START_REF] Delcroix | Long-Term Outcome of Patients With Chronic Thromboembolic Pulmonary Hypertension: Results From an International Prospective Registry[END_REF]. Thus, BPA at an early stage following diagnosis might contribute to better survival of non-operable CTEPH patients. However, there had been no clear eligibility criteria for BPA. In the early period of our experience, as BPA was not a widely accepted treatment option for non-operable CTEPH, few patients were considered to be eligible for BPA. With accumulation of experience and refinement of BPA technique, an increasing number of non-operable patients ended up being considered for BPA in the more recent period [START_REF] Amsallem | Impact of the initiation of balloon pulmonary angioplasty program on referral of patients with chronic thromboembolic pulmonary hypertension to surgery[END_REF].

Another finding of our study is that PAH drugs seemed to have a small beneficial effect on survival. Although use of a sGC stimulator in the recent period was a significant predictive factor of survival only in univariate analysis, treatment with any PAH drugs was not associated with survival in the multivariate analyses, and this finding is similar to what has been shown in the international prospective CTEPH registry (6). This finding must be interpreted with caution due to potential bias and this does not, however, mean that PAH targeted drugs are ineffective in inoperable CTEPH patients. Indeed, this observation might be related to the use of medical treatments more frequently in patients with worse functional and hemodynamic profiles. While the respective place of PAH therapies and BPA for these patients may be clarified by the ongoing RACE trial (Clinical Trials.gov NCT02634203), a randomized controlled trial is still needed to demonstrate the effect of PAH drugs on time to death or disease progression in non-operable CTEPH patients.

Limitations

There are several limitations of this study, the main one being the monocentric and retrospective observational nature of the study. Therefore, missing values for certain characteristics or hemodynamic variables was unavoidable, and it might have influenced the results of the multivariate regression model. Furthermore, the observation period for the study population was quite long, more than 10 years. During this long period, therapeutic strategies for non-operable CTEPH patients have changed with the availability of BPA and the use of PAH medications, therefore the regression analyses of treatment variables were performed for the patients diagnosed in the recent period where all treatments were available. In addition, although BPA was associated with survival in multivariate Cox hazard analysis including baseline characteristics as covariates, factors precluding eligibility for BPA might have biased the impact of BPA on survival. Another limitation was that we did not consider the impact of associated medical conditions increasing the risk of CTEPH (such as splenectomy, infected cardiac pacemaker, antiphospholipid syndrome), because of inconsistent information for these conditions in the French PH Registry until the most recent few years.

Conclusion

This is the first study providing data on long-term outcomes in a large cohort of not-operated CTEPH patients according to diagnosis period. Our study shows that patients diagnosed in the recent period (since 2013) have a better survival than those diagnosed earlier (86% versus 74% at 3 years). In addition, among recently diagnosed patients, those who were treated with BPA had a better prognosis than those who were not treated with BPA (3-year survival 95% versus 80%). In this population, BPA performed at an early stage following diagnosis was predictor of survival. Our results suggest that new treatment options, including BPA, may have beneficial effects on long-term outcome of non-operable CTEPH in the modern management era. However, the effects of BPA on survival and disease progression need to be further evaluated in a prospective, multicentre study. 
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  Pulmonary Hypertension (Paris-Sud University, Hospital Bicêtre and Hospital Marie Lannelongue), between January 2006 and December 2016. Data were collected from the web-based French Pulmonary Hypertension Network Registry (PAH Tool ® , INOVULTUS Ltd, Santa Maria da Feira, Portugal) and completed with hospital medical records if needed. Clinical, functional and hemodynamic characteristics (assessed by right heart catheterization [RHC]) were collected at baseline (i.e. time of CTEPH diagnosis).
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  CTEPH patients with long-term follow-up and shows that baseline NYHA functional class, RAP, 6MWD, and diagnosis period (2006-2012 versus 2013-2016) were the main determinants of survival in this patient population. Additionally, this is the first study to demonstrate an improvement in outcomes for not-operated CTEPH patients in the modern management era (since 2013) and suggests the potential contribution of new treatment options, including BPA, on improving survival of these patients. As mentioned previously, our multivariate analysis confirmed the association between some baseline clinical and hemodynamic characteristics such as NYHA functional class III or IV, low 6MWD and high RAP with increased mortality in not-operated CTEPH patients. Our results are partially consistent with those of the international prospective CTEPH registry by Delcroix et al. who showed that NYHA functional class IV, increased RAP, and history of cancer, coronary disease, left heart failure, and COPD
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 1 Figure 1: Kaplan-Meier estimates of survival in 343 patients with not-operated CTEPH.
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Table 1 . Baseline characteristics and treatments at any time in survivors and non-survivors with not-operated CTEPH patients

 1 

	Variable	Not-operated	Survivors	Non	p
		patients		-survivors	value*
		n=343	n=229	n=114	
	Diagnosed from 2006 to 2012	n=173	n=81	n=92	
	Diagnosed from 2013 to 2016	n=170	n=148	n=22	
	Baseline characteristics				
	Age (years)	67.1 ± 13.0	66.4 ± 13.9	68.6 ± 10.8	0.127
	Male (n, %)	158 (46.1)	110 (48.0)	48 (42.1)	0.304
	Time between onset of	12.2 [20.2]	12.9 [19.9]	10.8 [21.5]	0.360
	symptoms and diagnosis				
	(months)**				
	NYHA FC I/II/III/IV (%)	6 / 28 / 59 / 7	43 / 55 / 2	16 / 68 / 16	<0.001
	6MWD (m)	321 ± 142	353 ± 126	251 ± 151	<0.001
	BNP (pg/mL)**	168 [348]	114 [301]	329 [391]	<0.001
		(n=204)	(n=145)	(n=59)	
	FEV1 (% of predicted value)	88.7 ± 22.2	90.9 ± 20.9	84.3 ± 24.2	0.021
	DLCO (% of predicted	59.0 ± 16.6	60.4 ± 15.6	50.7 ± 20.3	0.009
	value)	(n=158)	(n=135)	(n=23)	
	Comorbidities				
	COPD (n, %)	60 (17.5)	38 (16.6)	22 (19.3)	0.535
	History of cancer (n, %)	26 (7.6)	16 (7.0)	10 (8.8)	0.556
	Coronary disease (n, %)	24 (7.0)	16 (7.0)	8 (7.0)	0.991
	Chronic kidney disease	13 (3.8)	6 (2.6)	7 (6.1)	0.108
	(n, %)				
	Baseline hemodynamics				
	Mean RAP (mmHg)	8.6 ± 5.3	7.9 ± 4.7	10.0 ± 6.2	<0.001
	Systolic PAP (mmHg)	75.5 ± 17.8	73.8 ± 17.9	79.0 ± 17.1	0.012
	Diastolic PAP (mmHg)	25.4 ± 8.5	24.6 ± 8.4	27.1 ± 8.4	0.011
	Mean PAP (mmHg)	44.2 ± 11.0	43.2 ± 10.9	46.4 ± 10.9	0.012

Table 2 . Univariate and multivariate Cox hazard analysis of prognostic variables in not-operated CTEPH patients (2006 -2016)

 2 

	Univariate

Table 3 . Baseline characteristics and treatments of patients diagnosed earlier (2006-2012) and recently (2013-2016).

 3 

	Variable	2006 -2012	2013 -2016	p value
		n=173	n=170	
	Baseline characteristics			
	Age (years)	65.9 ± 12.4	68.4 ± 13.4	0.075
	Male (n, %)	70 (40.5)	88 (51.8)	0.039
	Time to diagnosis (months)*	12.2 [23.0]	12.6 [17.8]	0.947
	NYHA FC I-II/III/IV (%)	38 / 54 / 8	31 / 64 / 5	0.172
	6MWD (m)	313 ± 147	328 ± 137	0.343
	BNP (pg/mL)	153 [330]	180 [347]	0.352
		(n=106)	(n=98)	
	FEV1 (% of predicted value)	85.4 ± 21.4	92.1 ± 22.5	0.013
	DLCO (% of predicted value)	64.7 ± 17.3	57.5 ± 16.2	0.023
		(n=34)	(n=124)	
	Comorbidities			
	COPD (n, %)	31 (17.9)	29 (17.1)	0.834
	History of cancer (n, %)	11 (6.4)	15 (8.8)	0.388
	Coronary disease (n, %)	8 (4.6)	16 (9.4)	0.093
	Chronic kidney disease (n, %)	5 (2.9)	8 (4.7)	0.379
	Baseline hemodynamics			
	Mean RAP (mmHg)	8.1 ± 5.3	9.0 ± 5.2	0.125
	Mean PAP (mmHg)	44.4 ± 11.5	44.1 ± 10.5	0.846
	PAWP (mmHg)	8.6 ± 3.5	9.7 ± 4.0	0.011
	Cardiac output (L/min)	4.54 ± 1.51	4.22 ± 1.20	0.036
	Cardiac index (L/min/m 2 )	2.53 ± 0.70	2.37 ± 0.55	0.029
	PVR (Wood unit)	9.13 ± 5.23	9.03 ± 4.13	0.845
	SvO 2 (%)	60.0 ± 9.6	61.3 ± 8.9	0.289
		(n=134)	(n=93)	
	Treatments			
	PAH-targeted drugs (n, %)	133 (76.9)	117 (68.8)	0.114

* Median [interquartile range]

Table 4 . Baseline characteristics and treatments at any time in recently diagnosed not-operated CTEPH patients with and without BPA.

 4 List of abbreviations: BPA: balloon pulmonary angioplasty; NYHA FC: New York Heart Association functional class; 6MWD: 6-minute walk distance; BNP: brain natriuretic peptide; FEV1: forced expiratory volume in one second; DLCO: diffusing capacity for lung carbon monoxide; COPD: chronic obstructive pulmonary disease; RAP: right atrial pressure; PAP: pulmonary artery pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary vascular resistance; SvO 2 : mixed venous oxygen saturation; ERA: endothelin-receptor antagonists; PDE5-i: phosphodiesterase type-5 inhibitors; sGC: soluble guanylate cyclase.

	Variable	BPA (+)	BPA (-)	p value
		n=80	n=90	
	Baseline characteristics			
	Age (years)	65.1 ± 13.5	71.3 ± 12.7	0.002
	Male (n, %)	42 (52.5)	46 (51.1)	0.878
	Time between onset of symptoms	13.2 [18.2]	11.7 [18.8]	0.377
	and diagnosis (months)*			
	NYHA FC I-II/III/IV (%)	32 / 65 / 3	29 / 63 / 8	0.339
	6MWD (m)	356 ± 130	303 ± 140	0.015
	BNP (pg/mL)*	201 [337]	179 [444]	0.670
		(n=43)	(n=55)	
	FEV1 (% of predicted value)	93.5 ± 20.6	90.9 ± 24.1	0.505
	DLCO (% of predicted value)	59.3 ± 15.4	55.8 ± 16.7	0.221
		(n=59)	(n=65)	
	Comorbidities			
	COPD (n, %)	11 (13.8)	18 (20.0)	0.280
	History of cancer (n, %)	7 (8.8)	8 (8.9)	0.974
	Coronary disease (n, %)	8 (10.0)	8 (8.9)	0.804
	Chronic kidney disease (n, %)	0 (0.0)	8 (8.9)	0.006
	Baseline hemodynamics			
	Mean RAP (mmHg)	8.8 ± 4.9	9.2 ± 5.6	0.599
	Mean PAP (mmHg)	45.4 ± 10.6	43.0 ± 10.2	0.124
	PAWP (mmHg)	9.0 ± 3.8	10.3 ± 4.1	0.034
	Cardiac output (L/min)	4.20 ± 1.10	4.25 ± 1.29	0.769
	Cardiac index (L/min/m 2 )	2.35 ± 0.54	2.40 ± 0.57	0.561
	PVR (Wood unit)	9.44 ± 4.14	8.65 ± 4.11	0.215
	SvO 2 (%)	62.2 ± 9.5	60.5 ± 8.5	0.364
		(n=43)	(n=50)	
	Medical treatment at any time			
	ERA (n, %)	18 (22.5)	38 (42.2)	0.009

* Median [interquartile range]

Table 5 . Univariate and multivariate Cox hazard analysis of prognostic variables in recently diagnosed not-operated CTEPH patients (since 2013)

 5 List of abbreviations: NYHA FC: New York Heart Association functional class; 6MWD: 6-minute walk distance; BNP: brain natriuretic peptide; FEV1: forced expiratory volume in one second; DLCO: diffusing capacity for lung carbon monoxide; COPD: chronic obstructive pulmonary disease; RAP: right atrial pressure; PAP: pulmonary artery pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary vascular resistance; SvO 2 : mixed venous oxygen saturation; PAH: pulmonary arterial hypertension; ERA: endothelin-receptor antagonists; PDE5-i: phosphodiesterase type-5 inhibitors; sGC: soluble guanylate cyclase; BPA: balloon pulmonary angioplasty.

	Univariate
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