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Normal PAH

Pulmonary arterial hypertension: 

A severe pulmonary vascular disease

• Definition: chronic pre-capillary pulmonary hypertension (PAPm > 25 mmHg, 

PAPO < 15 mmHg

• Cause: progressive structural remodeling of the small pulmonary arteries

• Consequence: right heart failure and death

PAH, pulmonary arterial hypertension. Images are presenter’s own.

Galiè N et al. Eur Heart J 2016;37:67–119. Galiè N et al. Eur Respir J 2015;46:903–75.



NO: -

ET-1: +

Endothelial cell

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

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

ET-1, endothelin-1; NO, nitric oxide; PGI2, prostacyclin; SMC, smooth muscle cell.

Galiè N et al. Eur Heart J 2016;37:67–119. Galiè N et al. Eur Respir J 2015;46:903–75.
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Pulmonary vascular centers in France: 
The French Pulmonary Hypertension Network
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In Paris:

National Reference Center: AP-HP, Hôpitaux

Universitaires Paris-Sud with 2 related

centers: AP-HP, Necker (Pediatrics) and

Marie Lannelongue (Thoracic Surgery & 

Transplantation)

Outside Paris:

22 Competence Centers (2 overseas)



CLASSIFICATION 

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



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) 

BACKGROUND

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 
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Gene transcription

Smad1

Smad5

Smad8

Smad4

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



 PAH :

- BMPR2, ALK1, END, KCNK3, Calveolin-1, Smad1/5/8, TBX4.

- Autosomal dominant

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

 PVOD :

- EIF2AK4

- Autosomal recessive

- Penetrance to be determined (#100%)

GENETIC TRANSMISSION



Genetic counselling in PAH and PVOD patients

Girerd B. Eur Respir J 2016 



Strategy in the French PAH network:

 Genetic couselling and testing are offered to all patients with:

- PAH (idiopathic / familial / drug and toxin-induced)

- PVOD (idiopathic / familial / drug and toxin-induced)

 Informed written consent is mandatory

 Genetic counselling is done in an individual consultation

 Next generation Sequencing (NGS)

BMPR2, ACVRL1, ENG, CAV1, KCNK3, SMAD9, TBX4, SMAD4, EIF2AK4

 The prescriber informs directly the person who underwent the genetic test in an individual

consultation

 A consultation with the psychologist is systematically offered because of the psychological

impact of the genetic result

GENETIC COUNSELLING

Girerd B. Eur Respir J 2016 



MUTATIONS IDENTIFIED

Girerd B. Eur Respir J 2016 



MUTATIONS IDENTIFIED

Girerd B. Eur Respir J 2016 , Eyries M,  Nat Genet, 2014 

 BMPR2 gene

EIF2AK4 gene



Age at diagnosis Age at death

AGE AT DIAGNOSIS AND DEATH

PAH patients carrying BMPR2 or ALK1 (ACVRL1)
mutation 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



Evans JDW, Lancet Resp Med 2016



Evans JDW, Lancet Resp Med 2016



Montani D, Lancet Resp Med 2017



Montani D, Lancet Resp Med 2017

PVOD patients carrying EIF2AK4 mutations were younger at 
diagnosis and at death compared to non carriers



Montani D, Lancet Resp Med 2017

PVOD patients carrying EIF2AK4 mutations were more likely 
to be transplanted as compared to noncarriers



Montani D, Lancet Resp Med 2017

PVOD in pediatric patients was often discovered in EIF2AK4
mutations carriers



PH in patients carrying EIF2AK4 biallelic mutations was typical of PVOD

Montani D, Lancet Resp Med 2017



In the presence of a mutation in PAH predisposing genes in a PAH patient:

 The patient is classified as having heritable disease.

 The patient is informed about the possible risk in their family (parents, siblings and

offspring) of developing PAH

 We encourage the patient to share this genetic information with his/her relatives and to

inform them about the possibility of genetic counselling and pre-symptomatic diagnosis

 Patients with PAH-causing mutations have a 50% risk of transmitting the familial mutation

to their offspring.

Discussion about the reproductive options: remain childless, adopt, have a child without

genetic testing (reproductive chance), have gamete donation or undergo pre-implantation

diagnosis

GENETIC COUNSELLING

Girerd B. Eur Respir J 2016 



In the presence of a mutation in EIF2AK4 genes in a PVOD patient:

 The patient is classified as having heritable disease.

 The patient is informed about the possible risk in siblings of developing PVOD (autosomal

recessive transmission)

 We recommend to share this genetic information with siblings and to inform them about the

possibility of genetic counselling and pre-symptomatic diagnosis

GENETIC COUNSELLING

Girerd B. Eur Respir J 2016 



Genetic counselling in asymptomatic carriers

Girerd B. Eur Respir J 2016 



Presymptomatic diagnosis:

 Presymptomatic diagnosis is offered to all relatives of a patient carrier of a mutation in PAH

predisposing genes

 Informed written consent is mandatory

 The genetic counseling is done in an individual consultation

 Relatives are informed about their risks of carrying the familial mutation, their risk of developing

the disease and the transmission of the mutation to their progeny. They also receive complete

information about PAH or PVOD symptoms, disease characteristics and prognosis

 Presymptomatic diagnosis requires a multidisciplinary approach involving geneticists,

pulmonologists, genetic counselors, psychologists and nurses

 The prescriber informs directly the person who underwent the genetic test in an individual

consultation

 All relatives have a delay of 1 month between the first genetic consultation and the consultation

for the genetic result. This delay allows relatives to change their mind and suspend their

presymptomatic diagnosis temporarily or permanently

 The person can refuse to be aware about the result

GENETIC COUNSELLING

Girerd B. Eur Respir J 2016 



GENETIC COUNSELLING

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



Recommendations for pulmonary arterial 

hypertension screening

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



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

Recommendations 

for pulmonary arterial hypertension screening



Objectives

The main objective of this study to is follow prospectively for 3 years a cohort of asymptomatic

carriers of BMPR2 mutation to

- monitor these subjects’ clinical, functional, biological, echocardiographic and hemodynamic 

characteristics

- assess the risk of occurrence of prevalent and incident PAH

- determine predictive factors (biological, functional, radiological and hemodynamic) of 

development of PAH

- screen patients with PAH at an early stage of disease and offer them an early management

Inclusion completed

55 asymptomatic relatives carriers of a BMPR2 mutation

Preliminary results

Two mild PAH screened at first evalutation in 2 BMPR2 mutations carriers)

Three year follow-up now completed

RESEARCH PROGRAM : DELPHI-2



TITLE

Asymptomatic carriers of 

BMPR2 / KCNK3 mutation

Visit

. NYHA

. NT-pro BNP, CRP

. ECG

. Chest Rx

. Genetic counseling

PFTs

. VO2 max

. DLCO

. DLNO……

Blood samples

. Plasma/serum,

. Biomarkers,

. Fibrocytes

. Circulating Progenitors,

. PDGF, endothelin-1…

Right Heart Cath
Rest / exercise

Echo cardio

.  TRJ,

. TAPSE, 

. Tei…..

Every 12 months or symptoms

Dyspnea or 

unexplained 

syncopa

Decrease in VO2 

max >20% 

between 2 visits

TRJ >2.8 m/sor or

Dépistage et EvaLuation des facteurs Prédictifs de la survenue d’une Hypertension 

artérIelle pulmonaire chez les sujets asymptomatiques, porteurs de mutation BMPR2

Confirmed PAHNo PAH
withdrawal from  the study

Management according to 
ERS/ESC guidelines

Optional at inclusion:

Right Heart Cath
Rest / exercise



 Preimplantation Diagnosis (PID): in vitro fertilization with a genetic

testing performed on the embryo prior to embryo transfer. Only embryos

without the familial BMPR2 mutation are implanted in the uterus

PREIMPLANTATION GENETIC DIAGNOSIS

Frydman N, Eur Respir J, 2012



Conclusions

• Genetic testing can be proposed to patients with heritable, idiopathic, 

drug or toxin-induced PAH and PVOD

• Genetic counselling can be offered to these patients 

• Genetic testing can be proposed to informed asymptomatic family

members of patients with heritable PAH and PVOD

• Genetic counselling allows informed decisions in patients and family

members (family planning, pre-symptomatic screening, early

management…)

• The 2015 ESC/ERS guidelines are currently recommending genetic

counselling in heritable PAH (annual screening echocardiography) (IIb-C)

• DELPHI-2 research program has completed its recruitment. Results will

provide important informations on heritable PAH both in terms of genetic

counselling and screening strategies
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