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• Definition : chronic precapillary pulmonary hypertension 

• Cause : progressive structural remodeling of the small pulmonary arteries 

• Consequence : right heart failure and death 

Normal PAH 

Introduction: Pulmonary Arterial Hypertension 
a severe pulmonary vascular disease 

  



• Rare : prevalence 15-25 / million (incidence 6/million/yr) 

• Pathophysiology : pulmonary artery endothelial cell dysfunction… 

• Drugs : 10 agents approved in the last 15 years (orphan drug status) 

• Lung / Heart-Lung transplantation : if refractory to medical therapy 

  5-HT 

  ET-1 

Endothelial Cell 

SMCs 

  FGF-2 

Introduction: Pulmonary Arterial Hypertension 
a rare, but not an orphan disease 
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TRANSFER 

Basic Research 

Pulmonary Hypertension 

Pathophysiology  

Clinical Research 
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Animal Models 

Experimental 

Surgery 
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Lungs) 
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 Primary cells culture 
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French National 
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Identify and support pulmonary vascular centers  
in the country 

PARIS 

(AP-HP) 

BORDEAUX 

BREST 

CAEN 

CLERMONT-

FERRAND 

DIJON 

GRENOBLE 

LILLE 

LIMOGES 

LYON (HCL) 

MARSEILLE 
(AP-HM) 

MONTPELLIER 

NANCY 

NANTES 

NICE 

POITIERS 

REIMS 

RENNES 

STRASBOURG 

TOULOUSE 

TOURS 

REUNION 
MARTINIQUE 

DOM-TOM 

In Paris: 

National Reference Center: AP-HP, Hôpitaux 

Universitaires Paris-Sud with 2 related 

constitutive centers: Necker (CHD) & Marie 

Lannelongue 

 

 

Outside Paris: 

22 Competence Centers, including 2 centers 

overseas  

 



Haemodynamic definitions of pulmonary hypertension 

Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  



HTAP  

✔ PAPm ≥ 25 mmHg 

✔ PAPO ≤ 15 mmHg 

✔ RVP > 3 UW 

• Ajout des RVP dans la définition de l’HTAP 

• Définition et paramètres pour la définition de l’HTP postcapillaire (tableau 3) 

• Test de vasoréactivité au NO seulement dans les HTAP idiopathiques héritables et 

induites par les médicaments 

Ce qui ne change pas 

• Définition de l’HTP (PAPm ≥ 25 mmHg) au cathétérisme cardiaque droit 

• Algorithme diagnostique (figure 1 et tableau 12) 

• Diagnostic de l’HTAP par cathétérisme cardiaque droit dans un centre de référence / 

compétences (tableau 10) 
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HTP précapillaire 

Définition de l’hypertension pulmonaire 

Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  



 

A clinical classification was proposed  

to individualize different categories of PH sharing 

–  similar pathophysiological mechanism 

–  similar histological findings 

–  similar clinical presentation  

–  similar management 

Classification of Pulmonary Hypertension 



Rationale for a Clinical Classification of PH 

A clinical classification of various forms of 

pulmonary hypertension can be useful: 

– in communicating about individual patients 

– in standardizing diagnosis and treatment 

– in conducting trials with homogeneous groups  

of patients 

– in analyzing novel pathobiological abnormalities 

in well-characterized patient populations 

 



CLASSIFICATION  

Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  



                    CATEGORY             TREATMENT 

Group 1 

Pulmonary Arterial Hypertension Prostanoids, ERA, PDE5i… 

Group 2 

PH due to Left Heart Disease ACE inhibitors, ß-blockers… 

Group 3 

PH with Lung Diseases/Hypoxemia Oxygen 

Group 4 

Chronic Thromboembolic PH Pulmonary endarterectomy/BPA... 

Group 5 

PH with unclear or multifactorial ? 

mechanisms     

    

Clinical classification of Pulmonary Hypertension 



 

 • Idiopathic 

• Heritable  

• Drugs and toxins 

• Associated  with other diseases 

− Connective tissue diseases 

− Scleroderma 

− Other CTDs 

− HIV infection 

− Portal hypertension 

− Systemic-to-pulmonary shunts 

− Schistosomiasis 

1. Pulmonary Arterial Hypertension  



29

42

70

76

103

64

26

264

2 coexisting risk

factors (4.3%)

HIV infection (6.2%)

Portal Hypertension

(10.4%)

Congenital Heart

Diseases (11.3%)

Connective Tissue

Diseases (15.3%)

Anorexigens (9.5%)

Familial (3.9%)

Idiopathic (39.2%)

Types of PAH at diagnosis - French National Registry 

N = 674 

(10/02 – 10/03) 

Am J Respir Crit Care Med 2006;173:1023–30. 



FAMILIAL/HERITABLE PAH 

Eur Heart J 2015, Eur Respir J 2015  



2001      ALK1 (ACVRL1) gene involved in the development of PAH  

1954      First familial Pulmonary Hypertension described 

  

 

1997      Locus implicated in PAH development localised on chromosome 2 

     

2000      BMPR2 gene involved in the development of PAH 
    

2009       Smad8 gene involved in the development of PAH : (2 cases)  

  

     

2003      - Endogline gene involved in the development of PAH 

    
               - Begining of genetic counseling in France 

2011       Smad1 (one case) and Smad5 (one case) genes involved in the development of PAH  

    

2013       KCNK3 and TBX4 genes involved in the development of PAH  

    
2012       Caveolin-1 gene involved in the development of PAH  

    

BMPRII
ACVRL1 (ALK1)

ActR-1a (ALK2)

BMPR1A (ALK3)

BMPR1B (ALK6)

BMPs

Gene transcription

Smad1

Smad5

Smad8

Smad4

Endoglin

BMPRII
ACVRL1 (ALK1)

ActR-1a (ALK2)

BMPR1A (ALK3)

BMPR1B (ALK6)

BMPs

Gene transcription

Smad1

Smad5

Smad8

Smad4

Endoglin

2014       Bi-allelic mutations of EIF2AK4 gene involved in the development of PVOD  

    

FAMILIAL/HERITABLE PAH 



BMPR2 MUTATIONS IDENTIFIED 

Girerd B. Eur Respir J 2016   

 BMPR2 gene 

 

 

 

 

 

 

 

 

 

 



 Heritable PAH :  

 

- BMPR2 

- Autosomal dominant 

- Incomplete penetrance (14% in males , 42% in females) 

GENETIC TRANSMISSION 



• A similar female predominance (sex ratio 2.4/1) is observed in PAH 
patients carrying or not carrying a BMPR2 mutation 

PAH patients 

n = 382 

BMPR2 mutation 

carriers 

n = 115 

BMPR2 mutation  

non-carriers 
n = 267 

Males 

n = 34 

Females 

n = 81 

Males 

n = 79 

Females 

n = 188 

Female/male ratio: 2.4 Female/male ratio: 2.4 

Female predominance 

Girerd B, et al. Respir Res.2010; 11: 73. 



Age at diagnosis Age at death 

AGE AT DIAGNOSIS AND DEATH 

PAH patients carrying BMPR2 (or ALK1/ACVRL1) mutations were 
younger at diagnosis and at death compared to non carriers 

 
 
 
 
 
 

Girerd, B, Am J Respir Crit Care Med 2010 



Sztrymf B, Am J Respir Crit Care Med 2008 

Girerd, B, Am J Respir Crit Care Med 2010 

Evans JDW, Lancet Resp Med 2016 

• Patients with PAH and BMPR2 mutations present at younger age with 

more severe disease, and are at increased risk of death and 

transplantation, compared with those without BMPR2 mutations 

 

• Mutation carriers are less likely to respond to acute vasodilatator testing 



Evans JDW, Lancet Resp Med 2016 



Evans JDW, Lancet Resp Med 2016 

Transplant-free survival Overall survival 

Transplant-free survival 

Younger than 50yo at diagnosis 
Overall survival 

Younger than 50yo at diagnosis 



Girerd B. Eur Respir J 2016  



PAH associated with aminorex alone or 

in combination with other anorectic drugs 

Idiopathic PAH 

PAH reported as idiopathic but without further data 
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Appetite suppressant-induced PAH 

Gurtner HP. Cor Vasa 1985;27:160-71. 

1967-1970 - Epidemic in Austria, Germany and Switzerland 

   - Geographic and temporal relation to Aminorex 

   - 75% of patients with PAH exposed to Aminorex 

                  - Amphetamine like drug 

                   - Potent appetite suppressor 



         

http://content.nejm.org/content/vol335/issue9/images/large/01t3.jpeg


1997 : withdrawal of fenfluramine 

derivatives in France 

% of newly-diagnosed Fen-PAH compared to idiopathic or 

heritable PAH in the French PAH Network 

Souza R, Eur Respir J 2008. 

Fenfluramine-induced PAH 



N Eng J Med 2007 

 Fenfluramine is metabolized  
into norfenfluramine. 

 
 Norfenfluramine is an agonist 
of serotonin receptor 5-HT2B 

 
 Activation of 5-HT2B receptor 
is a key step in initiating valvular 
heart disease and PAH 

5-HT2B 

Benfluorex-induced PAH 

Benfluorex 



Eur Respir J 2012 



Imatinib Dasatinib Sorafenib Sunitinib 

TYROSINE KINASE INHIBITORS 

PDGFR 

c-kit  

Bcr-Abl 

PDGFR 

c-kit  

Bcr-Abl  

Src 

PDGFR 

c-kit  

VEGFR  

Raf-1 

PDGFR 

VEGFR

c-kit  

FLT3  

RET 

Multikinase inhibitors Tyrosine kinase 

inhibitors 



Montani et al Circulation 2012 



Montani et al Circulation 2012 



Updated Risks Factors for PAH 
 
  Definite Possible 

Aminorex Cocaine 

Fenfluramine Phenylpropanolamine 

Dexfenfluramine St. John’s Wort 

Toxic rapeseed oil Chemotherapeutic agents  

Benfluorex 
Serotonine Reuptake Inhibitors 

Interferon type I 
Amphetamines-like 

Likely Unlikely 

Amphetamines Oral contraceptives 

Tryptophan Estrogen 

Methamphetamines Cigarette smoking 

Dasatinib 



 

 • Idiopathic 

• Heritable 

• Drugs and toxins 

• Associated  with other diseases 

− Connective tissue diseases 

− Scleroderma 

− Other CTDs 

− HIV infection 

− Portal hypertension 

− Systemic-to-pulmonary shunts 

1. Pulmonary Arterial Hypertension  



SSc is the leading cause of CTD-associated PAH 

• SLE: 15%  

• SSc: 76% 

 

Limited 

67% 

Diffuse  

33% 

Am J Respir Crit Care Med 2006;173:1023–30. 

• Other: ~ 10% 
• MCTD 
• Sjögren’s syndrome 
• Polymyositis 
• (Rheumatoid arthritis) 



PAH associated with SSc: Prevalence 

Reference Methodology Patients 

(N) 

SSc 

profile 

PAH definition PAH 

prevalence 

Ungerer 

1983 

USA 

Prospective 

Monocentric 

1973 to 1979 

49 Proximal 

SSc and 

CREST 

Mean PAP > 20 mmHg and 

mean PCWP < 12 mmHg 

(right heart catheterization) 

16% 

Murata 

1992 

Japan 

Prospective 

Monocentric 

1988 to 1991 

71 SSc and 

MCTD 

VIT > 2.5 m/s 

Doppler Echo 

17% 

Battle 

1996 

USA 

Prospective 

Monocentric 

34 Diffuse or 

limited c 

SSc 

sPAP > 30 mmHg 

Doppler Echo 

35% 

Koh 

1996 

Canada  

Prospective 

Monocentric 

1978 to 1994 

344 Diffuse or 

limited 

cutaneous 

SSc 

RHC: PAPm > 25 and 

PCWP < 12 mmHg , OR 

Echo: PsVD > 35 mmHg or RV 

dilatation, P or T insufficiency, 

or paradoxical septum motion 

4.9% 

MacGregor 

2001 

UK  

Prospective 

Monocentric  

1992 to 1997 

152 Diffuse or 

limited c 

SSc 

PAPs > 30 mmHg 

Doppler Echo 

 

13% 

Mukerjee 

2003 

UK  

Prospective 

Monocentric 

1998 to 2002 

722 Diffuse or 

limited c 

SSc 

RHC: mPAP > 25 mmHg at 

rest or > 30 on exercise, 

PCWP < 15 mmHg 

12 % 

Hachulla 

2005 

France 

Prospective 

Multicentric 

2002-3 

599 Diffuse or 

limited c 

SSc 

RHC: mPAP > 25 mmHg at 

rest or > 30 on exercise, 

PCWP < 15 mmHg 

7.85% 



Connective tissue diseases 

Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  



Ref. Country Study HIV PAH-HIV Prevalence 
   patients patients 
   (n) (n) 

Himelman USA Retrospective 1200 6 0.50% 
(1989)    

Speich Switzerland Prospective 1200 6 0.50% 
(1991)    

Opravil Switzerland Retrospective 3349 19 0.57% 
(1997) 

Sitbon France Prospective 7648 35 0.46% 
(2007) 

Himelman RB, et al. Am J Cardiol 1989; 64: 1396-9. 

Speich R, et al. Chest 1991; 100: 1268-71. 

Opravil M, et al. Am J Respir Crit Care Med 1997; 155: 990-5. 

Sitbon O, et al. Am J Respir Crit Care Med 2008; 177: 108-13. 

PAH associated with HIV: Prevalence 



Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

HIV infection 



• First described in 1951 by Mantz and  

      Craige 
 “Portal thrombosis with portocaval shunt 

an resultant cor pulmonale” 

 

 

 

• Portal hypertension rather than hepatic disorder by 
itself is the main determining risk factor for developing 
portopulmonary hypertension 

• Po-PH is independent of cause and severity of liver disease 

• Extrahepatic portal hypertension in 10 % of cases 

Portopulmonary Hypertension (PoPH) 



• Patients with cirrhosis 
 Retrospective autopsy study (17 901 patients)1: 0.73% in cirrhotics 

 Clinical series of 2,459 patients with biopsy proven cirrhosis1: 0.61% 

• Patients with portal hypertension 
 Prospective hemodynamic study in 507 consecutive patients with 

cirrhosis2: 2% 

• Liver transplant candidates 
 3 hemodynamic studies in patients undergoing OLT3-5: 3.5% to 6% 

 

 

 

 

 

1. Mc Donnell et al - Am Rev Resp Dis - 1983 

2. Hadengue et al - Gastroenterology - 1991 

3. Castro et al - Mayo Clin Proc - 1996 

4. Tamara et al - Anaesth Analg - 1996 

5. Colle I, et al. Hepatology - 2003 

Prevalence of portopulmonary hypertension 
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Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

Portopulmonary Hypertension 
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Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

Congenital heart diseases 
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Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

Congenital heart diseases 



CLASSIFICATION OF PH 

2015 

4 

Eur Heart J 2015, Eur Respir J, 2015 



Pathologic assesment 

Montani D et al. Eur Respir J 2016 



Pathologic assesment 

Montani D et al. Eur Respir J 2016 

Occlusive intimal fibrosis of septal veins and small veins 



Pathologic assesment 

Montani D et al. Eur Respir J 2016 

Patchy capillary proliferation 



Pathologic assesment 

Montani D et al. Eur Respir J 2016 

Arterial remodeling without any plexiform lesions 



Pathologic assesment 

Montani D et al. Eur Respir J 2016 



GENETIC IN PVOD 

Eyries et al, Nature Genetics  2014 

All heritable PVOD patients and 10-15% of sporadic form of PVOD 

had biallelic mutations in EIF2AK4 gene (chr 15) 

Autosomal recessive transmission 

PVOD or PCH family 



53 

Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

Pulmonary veno-occlusive disease 



 Probably the most frequent group 

 Lack of epidemiological data 

 2 categories 

 Passive post-capillary PH 

(no gradient between  mPAP and PWP) 

 Mixed pre and post-capillary PH 

(gradient between  mPAP and PWP >12 mmHg) 

Systolic dysfunction 

Diastolic dysfunction 

Valvular diseases 

 

2. PH due to left heart diseases 



Haemodynamic definitions of pulmonary hypertension 

Eur Heart J 2015, Eur Respir J 2015  



Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

2. PH due to left heart diseases 



Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

2. PH due to left heart diseases 
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Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

Group 3: Chronic respiratory diseases / Hypoxia 
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Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

Group 3: Chronic respiratory diseases / Hypoxia 



Fedullo PF, et al. N Engl J Med 2001. 

Pengo, et al. N Engl J Med 2003. 

Represents a frequent form of PH:  

  0.1% to 3% after acute PE 

  500 to 2000 new cases / year in the US   

  >250 new cases / year in the French 

reference center (GH Paris-Sud & CCML) 

 >120 pulmonary endarterectomies/year 

(CCML) 

Acute PE 

Chronic PE 

4. Chronic Thromboembolic PH (CTEPH) 
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Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

4. Chronic Thromboembolic PH (CTEPH) 
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Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

4. Chronic Thromboembolic PH (CTEPH) 
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Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119  

4. Chronic Thromboembolic PH (CTEPH) 



CONCLUSION 


