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From acute pulmonary embolism 

to chronic thromboembolic 

pulmonary hypertension 
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State of the Art 

• Pulmonary embolism and venous thromboembolic disease 

are fast-moving fields of cardiopulmonary medicine 

• ESC PE Guidelines endorsed by ERS have been 

published in 2014 

• Novel ESC PE Guidelines endorsed by ERS should be 

released in 2019 

 

Konstantinides et al. Eur Heart J 2014;  35:3033-80 
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Treatment of Pulmonary Embolism 

 treatment of PE = international guidelines / evidence-based medicine.  

 Evolution of patients with PE according to respect with guidelines ? 

 

 Two analyses : 

– One prospective monocentric cohort (Madrid) 

– External validation in a prospective multicentric registry (RIETE) 

 

 

Jimenez et al. Eur Respir J 2018; 51:1800445  
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Management classified unappropriateness if : 

 

Use of UFH* in a patient i) without severe renal failure (i.e., creatinine clearance < 

30 mL/min), ii) without severe obesity (i.e., body weight > 120 kilograms), and iii) 

without unstable PE (defined as cardiogenic shock, systolic blood pressure < 90 

mmHg, or use of inotropic or vasopressor support);  

use of LMWH** in a patient i) with severe renal failure, ii) severe obesity, or iii) 

unstable PE. 

 

Use of thrombolytic therapy in a hemodynamically stable patient who did not 

deteriorate soon after diagnosis; or no use of thrombolytic therapy in a 

hemodynamically unstable patient without major contraindications owing to bleeding 

risk. 

 

Insertion of an inferior vena cava filter in a patient without a contraindication to 

anticoagulant therapy; or no insertion of an inferior vena cava filter in a patient with 

a contraindication to anticoagulant therapy. 

Jimenez et al. Eur Respir J 2018; 51:1800445  

Treatment of Pulmonary Embolism 

*UFH: unfractionated heparin ** low moelcular weight heparin 
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Treatment of Pulmonary Embolism 
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Inappropriate management =  

all-cause mortality (adjusted OR= 2.39; 95% CI, 1.57-3.61)  

PE-related (adjusted OR=5.02; 95% CI, 2.42-10.42) 

Jimenez et al. Eur Respir J 2018; 51:1800445  

Treatment of Pulmonary Embolism 
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Treatment of cancer-associated PE 

Konstantinides et al. Eur Heart J 2014;  35:3033-80 
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- Open-label, noninferiority trial 

- Patients with cancer who had acute symptomatic or incidental VTE 

- Receive either LMWH (at least 5 days) followed by oral edoxaban at a dose 

of 60 mg once daily (edoxaban group) or SC dalteparin, 200 IU/kg/day (one 

month), followed by dalteparin,150 IU/kg/d (dalteparin group). 

- Treatment was given for at least six months and up to 12 months.  

- Primary outcome = composite of recurrent VTE or major bleeding during the 

12 months after randomization, regardless of treatment duration. 

 Raskob GE, et al. N Engl J Med 2018; 378:615-624 

Edoxaban for the treatment of cancer-associated 

venous thromboembolism (HOKUSAI-VTE Cancer) 
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Dalteparine 1SC/d 

(200 then 150 UI) 

6 months to 12 months 

Edoxaban 60 mg/day 

(or 30 mg*) 

non-inferiority open trial 

DVT* 
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Edoxaban for the treatment of cancer-associated 

venous thromboembolism (HOKUSAI-VTE Cancer) 

Raskob GE, et al. N Engl J Med 2018; 378:615-624 

*DVT: deep vein thrombosis 
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- 1046 patients 

- A primary-outcome event occurred in 67 of the 522 patients (12.8%) in the 

edoxaban group as compared with 71 of the 524 patients (13.5%) in the 

dalteparin group (P = 0.006 for noninferiority; P = 0.87 for superiority). 

- Recurrent VTE occured in 41 patients (7.9%) in the edoxaban group and 

in 59 patients (11.3%) in the dalteparin group.  

- Major bleeding occurred in 36 patients (6.9%) in the edoxaban group and 

in 21 patients (4.0%) in the dalteparin group. 

 

Raskob GE, et al. N Engl J Med 2018; 378:615-624 

Edoxaban for the treatment of cancer-associated 

venous thromboembolism (HOKUSAI-VTE Cancer) 
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Edoxaban for the treatment of cancer-associated 

venous thromboembolism (HOKUSAI-VTE Cancer) 
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 Edoxaban : less recurrent VTE (mostly less DVT ?) ? 

Raskob GE, et al. N Engl J Med 2018; 378:615-624 

Edoxaban for the treatment of cancer-associated 

venous thromboembolism (HOKUSAI-VTE Cancer) 
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 Edoxaban : more major bleeding (gastro-intestinal ?) ? 

Raskob GE, et al. N Engl J Med 2018; 378:615-624 

Edoxaban for the treatment of cancer-associated 

venous thromboembolism (HOKUSAI-VTE Cancer) 
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Edoxaban for the treatment of cancer-associated 

venous thromboembolism (HOKUSAI-VTE Cancer) 
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 Chronic thromboembolic pulmonary 

hypertension (CTEPH) is defined by a 

mean PAP ≥ 25 mmHg with persistent 

perfusion defects despite 3-6 months of 

adequate anti-coagulation 

 CTEPH is a disease with:  

• a mechanical component which can 

be treated by surgery (endarterectmy) 

or interventional balloon pulmonary 

angioplasty 

• and variable small vessel disease 

which may require medical therapy 

with vasodilators  

Definition of CTEPH 

Simonneau et al. Eur Respir Rev 2016 
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CTEPH is a rare complication of acute PE 

- Prospective, multicentre, observational study 

- Patients with acute pulmonary embolism from 11 centres in Switzerland from 

March 2009 to November 2016 

- Screening for possible CTEPH was performed at 6, 12 and 24 months using 

a stepwise algorithm that included  

- a dyspnoea phone-based survey 

- transthoracic echocardiography 

- right heart catheterisation  

- and radiological confirmation of CTEPH 

Coquoz N, et al. Eur Respir J 2018; 51: 1702505 
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CTEPH incidence after acute PE 

Coquoz N, et al. Eur Respir J 2018; 51: 1702505 

* 

*TTE: transthoracic echocardiogramm 
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CTEPH is a rare complication of acute PE 

Out of 1699 patients with acute PE 508 patients were assessed for CTEPH 

screening over 2  years 

- CTEPH incidence following pulmonary embolism was 3.7 per 1000 patient-

years 

- with a 2-year cumulative incidence of 0.79% 

- The Swiss pulmonary hypertension registry consulted in December 2016 

did not report additional CTEPH cases in these patients.  

- The survey yielded 100% sensitivity and 81.6% specificity.  

- The second step echocardiography in newly dyspnoeic patients showed a 

negative predictive value of 100%. 

Coquoz N, et al. Eur Respir J 2018; 51: 1702505 
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CTEPH is a rare complication of acute PE 

Meta-analysis 
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Thrombolytic therapy does not prevent CTEPH 

- PEITHO trial = randomized comparison of thrombolysis with tenecteplase 

versus placebo in normotensive patients with acute PE, RV dysfunction on 

imaging, and a positive cardiac troponin test result.  Both treatment arms 

received standard anticoagulation.  

- Long-term (median 37.8 months) survival was assessed  

- Overall mortality rates were 20.3% and 18.0%, respectively (NS).  

- Between day 30 and long-term follow-up, 65 deaths occurred in the 

thrombolysis arm and 53 occurred in the placebo arm.  

- At follow-up, persistent dyspnea (mostly mild) or functional limitation was 

reported by 36.0% versus 30.1% of the patients (NS).  

- Echocardiography did not reveal significant differences in residual 

pulmonary hypertension or RV dysfunction.  

- CTEPH was confirmed in 4 (2.1%) versus 6 (3.2%) cases (NS). 



   Pneumo Update Europe 2018 Konstantinides S et al. J Am Coll Cardiol 2017; 69:1536-44  

Thrombolytic therapy does not prevent CTEPH 
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BPA= balloon pulmonary angioplasty 

CTEPH Treatment Algorithm 
 

Galiè et al. Eur Heart J 2016;  Eur Respir J 2015  
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The largest European experience of balloon 

pulmonary angioplasty for CTEPH 

- Description of  all consecutive patients with inoperable CTEPH who 

underwent BPA at the French Reference Centre for Pulmonary 

Hypertension. 

- All cases were discussed in a multidisciplinary meeting (experienced 

surgeons for pulmonary endarterectomy, interventional 

radiologists/cardiologists, radiologists experienced in pulmonary vascular 

imaging and pulmonologists with expertise in PH). 

- 154 patients had a complete evaluation after a median duration of 6.1 

months after the first session.  
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BPA for inoperable CTEPH 

- Overall, there was a significant improvement in  

- WHO functional class 

- 6-min walk distance (mean change, +45 m) 

- and a significant decrease in mPAP by 26% and PVR by 43%  

- The percentage decrease of mPAP and PVR (pulmonary vascular 

restistance) were 22% and 37% in the early period versus 30% and 49% in 

the recent period, respectively (p<0.005).  

- The main complications included lung injury which occurred in 9.1% of 1006 

sessions (10.4% in the early period versus 1.8% in the recent period, 

p<0.001) and hemoptysis (7.1%).  

- Three-year survival was 95.1%. 

- Safety and efficacy improve over time, underscoring the unavoidable 

learning curve period for this complex interventional procedure 

- Long-term results and the respective roles of medical therapy and BPA are 

currently evaluated in a prospective, multicenter study comparing medical 

therapy with guanylate cyclase stimulator riociguat versus BPA in 

inoperable CTEPH (RACE study, NCT 02634203). 

Brenot P, et al. American Thoracic Society Conference; San Diego 23 May 2018 
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Pulmonary Arterial Hypertension 
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State of the Art 

• Pulmonary hypertension is another fast-

moving field of cardiopulmonary medicine 

• ESC/ERS Guidelines have been released 

in 2015 

• Novel information have been produced in 

the last year 
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 NO: - 

ET-1: + 

Endothelial cell 

SMCs 

PGI2: - 

Pulmonary arterial hypertension:  

a rare, but not an orphan, disease 

• Rare: prevalence 15–50/million (incidence 6/million/year) 

• Pathophysiology: pulmonary artery endothelial cell dysfunction 

• Drugs: 14 agents approved in the last 15 years (orphan drug status) 

• Lung/heart–lung transplantation: if refractory to medical therapy 

Galiè et al. Eur Heart J 2016;  Eur Respir J 2015  



   Pneumo Update Europe 2018 

Targeting endothelial dysfunction in PAH 

Humbert et al. Circulation 2014 
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Recommendations for evaluation of severity of pulmonary arterial 

hypertension and clinical response to therapy 

Galiè et al. Eur Heart J 2016;  Eur Respir J 2015  
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ESC/ERS Guidelines Risk Assessment  

Galiè N, et al. Eur Respir J 2015; 46: 903–975  
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Validation of the ESC/ERS Tool 

• 3 recent studies 
 

– Kylhammar et al. – Swedish SPHAR registry 

 

– Hoeper et al. – COMPERA registry 

 

– Boucly et al. French PH Registry 

Kylhammar D, Kjellstrom B, Hjalmarsson C, et al. Eur Heart J 2017  

Hoeper MM, Kramer T, Pan Z, et al. Eur Respir J; 50: 1700740 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  
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Recent Publications Addressing Application of ESC/ERS 

Guidelines for Risk Stratification 

SPAHR  COMPERA  French  

Kylhammar D, Kjellstrom B, Hjalmarsson C, et al. Eur Heart J 2017  

Hoeper MM, Kramer T, Pan Z, et al. Eur Respir J; 50: 1700740 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  
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• French Registry incident patients from 2006 

– 2016 

• Only included idiopathic, heritable PAH, 

drug and toxin-induced PAH 

• Only included patients with a complete 

follow-up including RHC, 6MWD, 

assessment of NYHA/WHO functional class 

within first year of diagnosis 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  

  

French Registry 
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• Methods 

– Calculated number of low-risk criteria present 

for each patient: 

1. NYHA/WHO functional class I or II 

2. 6MWD > 440 m 

3. Right atrial pressure (RAP) < 8 mmHg 

4. Cardiac index (CI) ≥ 2.5 L/min/m2 

 

– Exploratory analysis looked at only non-

invasive criteria including BNP/NT-proBNP at 

follow-up 

French Registry 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  
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French Registry 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  

  



   Pneumo Update Europe 2018 

French Registry (from diagnosis/baseline) 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  
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French Registry (from first re-evaluation) 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  
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French Registry 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  
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1. WHO FC I or II 

2. 6MWD > 440m 

3. NT-proBNP<300  

 or   BNP < 50 

French Registry 

Boucly A, Weatherald J, Savale L, et al. Eur Respir J 2017; 50: 1700889  
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Swedish1 COMPERA2 French3 

Number of patients at Baseline 530 1588 1017 

Number of patients at Follow-up 383 1094 1017 

Associated-PAH Included Yes Yes No 

Definition of Low-Risk Average 

Score <1.5 

Average 

Score < 1.5 

3-4 of 4 low-

risk criteria 

1-year mortality % by Risk Group 1/7/26 2.8/9.9/21.2 1/NA/13-30 

% Low-Risk at Baseline 23% 12.3% 17% 

% Low-Risk at Follow-up 29% 24% 41.5% 

Non-invasive Assessment No No Yes 

Initial Combination Therapy 12% 17% 50% 

Monotherapy 86% 83% 50% 

1. Kylhammar D et al. Eur Heart J 2017 

2. Hoeper M et al. Eur Respir J 2017 

3. Boucly A et al. Eur Respir J 2017 

Recent validation of the ESC/ERS Risk Tool 
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Recent validation of the ESC/ERS Risk Tool in 

patients wih systemic sclerosis-associated PAH 

Boucly et al. American Thoracic Society Conference; San Diego 20 May 2018 
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ESC/ERS Risk Assessment Tool 

• The ESC/ERS Risk assessment tool is a simple and easy way to 

estimate short and long-term risk of death in incident PAH patients. 

• Risk assessment after starting initial treatment discriminated prognosis 

better than baseline risk assessment in all 3 recent European studies. 

• The tool can be applied by assigning a value of 1, 2, or 3 to each 

available variable and calculating the average score OR by calculating 

the number of criteria in the low-risk zone. 

• A simple, non-invasive version using only 3 variables (NYHA/WHO FC, 

6MWD, and BNP/NT-proBNP) accurately identifies a truly low-risk 

group. 

• Had not yet been validated in a prevalent cohorts (> 1 year from 

diagnosis). 
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Recent validation of the ESC/ERS Risk Tool in a 

prevalent population treated with riociguat (PATENT) 

Humbert et al. American Thoracic Society 
Conference; San Diego 20 May 2018 
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Galiè N et al. Eur Respir J 2015 & Eur Heart J 2016 
Launay et al. Eur Respir Rev 2017; 26:170056 



   Pneumo Update Europe 2018 

Post-capillary PH due to left 
heart disease (group 2) 

CTEPH (group 4) 

Pre-capillary PH due to ILD (group 3) 

PVOD 

Pre-capillary PAH (group 1 PAH) 

Galiè N et al. Eur Respir J 2015 & Eur Heart J 2016 
Launay et al. Eur Respir Rev 2017; 26:170056 



   Pneumo Update Europe 2018 
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Mild to severe 

Mild to severe 

ILD absent extensive 

It may be challenging to classify a PH patient in SSc 

Different phenotypes of PH in SSc 

Launay et al. Eur Respir Rev 2017; 26:170056 
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1. Definition of clustering variables 

2. The analysis detects homogeneous clusters according to 

these variables 

3. Comparison of the different clusters characteristics 

 

How to define  

homogeneous PH phenotypes in SSc ? 

= Cluster analysis 

Launay et al. PLoS One; 2018; 13:e0197112  



   Pneumo Update Europe 2018 

How to define  

homogeneous PH phenotypes in SSc ? 

= Cluster analysis 

Launay et al. PLoS One; 2018; 13:e0197112  
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 May contribute to better understanding of the disease and support 

personalised medicine 

How to define  

homogeneous PH phenotypes in SSc ? 

= Cluster analysis 

Launay et al. PLoS One; 2018; 13:e0197112  
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• Collaborative study between the French PH Registry and Johns Hopkins 

Primary objective : cluster analysis to define homogeneous groups of SSc-

PH patients 

• Secondary objective: analyse survival in the different clusters 

• 200 patients studied 

• ACR-EULAR 2013 criteria for SSc 

• Pre-capillary PH at RHC 

• Baseline HRCT of the chest and Lung Function Test (LFTs) 

• CTEPH excluded 

• ILD classified as absent/limited/extensive (Goh’s staging system) 

• Statistical method 

• Cluster analysis : K-means using 4 variables : FVC, DLCO, PVR et 

presence / extension ILD 

• Survival analysis 

How to define  

homogeneous PH phenotypes in SSc ? 

= Cluster analysis 

Launay et al. PLoS One; 2018; 13:e0197112  
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ILD classification (Goh’s staging system) 
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150 Patients 

retrieved from 

the French PH 

Registry 

105 Patients 

retrieved from 

the Hopkins 

SSc-PH cohort 

55 were excluded :  

54 had missing data on 

PAwP, PVR, TLC, DLCO, 

mPAP and/or ILD 

1 had a history of 

pneumectomy 

200 patients 

analyzed 

Flowchart 

Launay et al. PLoS One; 2018; 13:e0197112  
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•  C4 : 
– 29 patients 

– Moderate PH (PVR : 6 ± 2 WU) 

– 100 % no ILD or limited ILD 

– Normal FVC and DLCO : 76±16 % 

– 75 % LcSSc ; 25 % ACA ; 20 % anti-
topo 1  

•  C2 : 
– 61 patients 

– Moderate PH (PVR : 6 ± 3 WU) 

– 100 % of extensive ILD 

– FVC : 61 % and DLCO : 37±16 % 

– 46 % DcSSc ; 12 % ACA ; 41 % anti-topo 1 

•  C3 : 
– 16 patients 

– Severe PH (PVR : 19 ± 5 WU) 

– 94 % no ILD or limited ILD 

– Normal FVC but DLCO : 37±12 % 

– 81 % LcSSc ; 50 % ACA ; 12 % anti-
topo 1 

moderate PAH with normal DLCO without extensive ILD 

moderate PH due to extensive ILD with low DLCO severe PAH with low DLCO without extensive ILD 

moderate PAH with low DLCO without extensive ILD 

•  C1 : 

• 94 patients 

• Moderate PH (RVP : 8 ± 3 WU) 

• 98 % no ILD or limited ILD 

• Normal FVC but DLCO : 45±13 % 

• 84 % LcSSc ; 50 % ACA ; 5 % anti-topo 1 

Cluster analysis : 4 clusters 

Launay et al. PLoS One; 2018; 13:e0197112  
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DLCO 

C2 

C3 

ILD 

C1 

C4 

C1 : moderate PAH with low DLCO without extensive ILD 

C2 : moderate PH due to extensive ILD with low DLCO 

C3 : severe PAH with low DLCO without extensive ILD 

C4 : moderate PAH with normal DLCO without extensive ILD 

Cluster analysis : 4 clusters 

Launay et al. PLoS One; 2018; 13:e0197112  
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Product-Limit Survival Estimate
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Launay et al. PLoS One; 2018; 13:e0197112  
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Avec nombre de sujets à risque

Product-Limit Survival Estimates
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C1 : moderate PAH with low DLCO without extensive ILD 

C2 : moderate PH due to extensive ILD with low DLCO 

C3 : severe PAH with low DLCO without extensive ILD 

C4 : moderate PAH with normal DLCO without extensive 

ILD 

Survival in the 4 clusters 

Launay et al. PLoS One; 2018; 13:e0197112  
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• Four simple SSc-PH clusters can be identified according to 

hemodynamics severity, extent of ILD and DLCO 

 

• Eligible patients in clusters C2 (group 3 PH with extensive 

ILD) and C3 (group 1 PH with severe PAH) should be 

considered for lung transplantation 

 

• Limited ILD has no strong impact on outcomes in SSc-PH 

 

Take home messages 

Launay et al. PLoS One; 2018; 13:e0197112  
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