
Πμευμομική Υπέρταση και 
κληρομομικότητα

Φραμτζέσκα Φραμτζεσκάκη
Πμεσμομολόγος – Γμτατικολόγος

Διεσθύμτρια ΓΣΥ
Β’ Παμ/κή ΜΓΘ «ΑΤΤΙΚΟΝ»



Case Report

• Female, 25 yo (2012), non-smoker

• Familiar history of pulmonary arterial hypertension 

(father dead on triple combination therapy 
including iv epoprostenol)

• Dizziness after exhaustive physical activity (WHO-
FC II)

• Random control during gastroenteritis 

• ECG: p pulmonale, RBBB





Echocardiography (2012)

• RA: normal dimension 

• RV dilatation (39 mm), severe functional impairment 
(TAPSE: 15mm, TDI: S=8.5, Ea=5)

• Main pulmonary artery dilatation (30 mm)

• Tricuspid valve regurgitation – VmaxTR: 4.4 m/sec 
(PASP: 97 mmHg)



RHC: 2012

• RAP: 15 mmHg

• PAP:106/45/67 mmHg (S/D/M)

• Pwedge: 13 mmHg

• CO:2.9 L/min, CI:1.3 L/min/m2

• PVR: 18.6 Wood Units

• SvO2: 63%

• SaO2: 100%

• Acute vasoreactivity test: negative



Laboratory tests

• 6MWD: 502 m (SaO2 :96%-98% / FiO2 0.21)

• Perfusion lung scanning : negative for PE

• Serological testing for CTD and thrombophilia 
screening: Negative

• HIV: Negative

• Lung function tests: mild restrictive syndrome, 
DLCO: 57% pr

• Cardiopulmonary excercise testing: VO2 max: 
13.2 ml/kg/min (58% predicted), VE/VCO2 max: 39 
(<34)

• NT-proBNP: 2500 ng/L



More laboratory test

• TOE: negative for shunts or defects 

• CBC: Hct 55%, WBC: 10750/μL, PLTs:184000/μL

• JAK2VGHF: negative 

• Tests for polycythemia vera: negative

• Portal vein Tripplex: negative for portal 
hypertension

• CTPA-HRCT: No perfusion defects, not important 
findings from pulmonary parenchyma



Simonneau G et al. Eur Resp J 2018



Risk assessment in pulmonary arterial hypertension 

2015 ESC/ERS Guidelines for the diagnosis and treatment of PH



• Monotherapy with bosentan 125mg x 2 and 
diuretics

• Reevaluation after 3 mo of treatment: 

Echocardiography

VmaxTR:4.5 m/sec (PASP: 80 mmHg)

WHO-FC II

6MWD: 542 m

NT-proBNP: 1100 ng/L



RHC: three months later

• RAP: 5 mmHg

• PAP:93/33/55 mmHg (S/D/M)

• Pwedge: 6 mmHg

• CO:4.6 L/min, CI:2.1 L/min/m2

• PVR: 10.7 Wood Units

• SvO2: 75.8%

• SaO2: 100% 



Risk assessment in pulmonary arterial hypertension 

2015 ESC/ERS Guidelines for the diagnosis and treatment of PH





8/2012 11/2012 9/2013 9/2015 12/2016 5/2017

NYHA II II II II II II

mPAP 67 50 50 54 51 52

RAP 15 5 5 4 5 7

CI 1.4 2.1 2.6 2.8 2.8 3.4

PVR 18 10 8.5 8 7 5.7

6MWT 502 542 570 548 564 589

NT-proBNP 2500 1100 623 950 398 88

Intervention Add 
bosentan

Add 
sildenafil

Switch to 
macitentan

Switch to 
riociguat

YOU  tell 
me
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8/2012 11/2012 9/2013 9/2015 1/2017 75/2017

NYHA II II II II II II
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8/2012 11/2012 9/2013 9/2015 1/2017 5/2017

NYHA II II II II II II

mPAP 67 50 50 54 51 52

RAP 15 5 5 4 5 7

CI 1.4 2.1 2.6 2.8 2.8 3.0

PVR 18 10 8.5 8 7 5.7

6MWT 502 542 570 548 564 589

NT-proBNP 2500 1100 623 950 398 400

Intervention Add 
bosentan

Add 
sildenafil

Switch to 
macitentan

Switch to 
riociguat

Add 
selexipag





Two years later (2019)

Echocardiography

VmaxTR:4.5 m/sec (PASP: 85 mmHg) / 3.2 m/sec (2017) 

WHO-FC III

6MWD: 530 m (589 m)

NT-proBNP: 437 (400) ng/L
Macitentan 10mg
Riociguat 2,5 mgx3
Selexipag 1600mcg x2



RHC 2019

• RAP: 11 mmHg

• PAP:123/50/74 mmHg (2017: mPAP 52)

• Pwedge: 12 mmHg

• CO:6 L/min, CI:2.9 (3.4) L/min/m2

• PVR: 10.3 (5.7)Wood Units

• SvO2: 70%

• SaO2: 94% 



Risk assessment in pulmonary arterial hypertension 

2015 ESC/ERS Guidelines for the diagnosis and treatment of PH



Galie N et al. Europ Resp J 2019;53

iv epoprostenol



IPAH, HPAH, 
anorexigen associated, 
PVOD/PCH
Children with IPAH
CHD 



N.Morrell et al. Eur Resp J 2019;53



Genetics of PAH

• Family history PAH: 6-10% pts

• BMPR2 : Bone morphogenetic protein receptor type 2 

• 70-80% families with PAH: BMPR2 mutations

• 10-20% IPAH: BMPR2 mutations

• Autosomal dominantly inherited-reduced penentrance

• Males 14%, females 42%

• Genetic, epigenetic, environmental factors, female sex

• Inflammatory mediators: TNF-α suppresses BMPR2
mRNA 

Evans JD et al. Lancet Respir Med 2016;4:129-137
Cogan J et al. Circulation 2012;126: 1907-1916



BMPR2
• Expressed on PVE

• BMP9 protects EC from 

apoptosis, excessive 

proliferation and 

inhibits vascular 

permeability 

• Loss of BMPR2: 

Endothelial dysfunction

Yang X et al. Circ Res 2005;96



Heritable PVOD

Eyries et al. Nat Genet 2014



Heritable PVOD

• Eukaryotic translation initiation factor 2 alpha 
kinase 4

• Activator of cellular stress response pathway

• Autosomal recessive transmission

• 100% of familial cases of PVOD

• 20-25% of sporadic cases

• Penetrance 100%

• Biallelic EIF2AK4 in PH pt: PVOD

Hadinnapola C et al. Circulation 2017; 136:2022-2033



• BMPR2 15.3%
• TBX4 1,3%
• ACVRL1 0.9%
• ENG 0.6%
• SMAD 0.4%
• KCNK3 0.4%

• P-type ATPase
• GDF2
• SOX17
• Aquaporin 1



Utility of genetic diagnosis in PAH

• Prognostic reasons 

• Genetic counseling 

• Therapeutic implications



Link between genotype and 
phenotype in PAH

• 1550 pts with IPAH, heritable PAH and anorexigen

associated

• 8 cohorts tested for BMPR2 mutations

• Primary outcome: Death or LTX







Utility of genetic diagnosis in PAH

• Prognostic reasons 

• Genetic counselling 

• Therapeutic implications



Genetic counselling 

Recommendation (6WSPH)

“All idiopathic, anorexic and familial PAH and first 
generation asymptomatic family members of patients 
with known genetic mutations

Subsequent evaluation of PAH should be offered (CPET, 
TTE) for mutation positive individuals

National databases for genotyping PAH patients”

Aim: Presymptomatic screening-earlier diagnosis 

Multidisciniplary approach 

Genetic testing: a matter of debate





Utility of genetic diagnosis in PAH

• Prognostic reasons 

• Genetic counselling 

• Therapeutic implications



From genes to therapies …

N.Morrell et al. Eur Resp J 2019;53



Take home messages

• Family history of PAH is observed in 6-10% of PAH 
patients

• BMPR2 is the most common mutation

• Penetrance is 14% in males and 42% in females

• Carriers show more severe hemodynamics

• Increased risk of death or LTX

• Genetic counselling is important

• Genomic understanding of PH might lead to novel 
targets for new drugs and prevention strategies



Thank you for 
your attention


