
Screening

Transthoracic echo

(TRJV > 2.8 m/s)

Diagnosis

Right Heart Catheterisation

(Mean PAP > 25 mmHg)

ÅPrecapillary PH :  PAWP Ò 15 mmHg (PAH: PVR > 3 Wood units)

ÅPost-capillary PH :  PAWP > 15 mmHg (isolated if dPAP-PAWP < 7 mmHg)

Hemodynamic classification of pulmonary 

hypertension (PH)

Galiè N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.



Vachiéry JL, et al. J Am Coll Cardiol 2013.

Galiè N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.

Hemodynamic classification of pulmonary 

hypertension (PH)



Galiè N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.

Clinical classification of pulmonary 

hypertension (PH)



Galiè N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.

Hemodynamic classification of pulmonary 

hypertension (PH) ïGroup 2

PH associated with left heart diseases



Galiè N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.

Hemodynamic classification of pulmonary 

hypertension (PH) ïGroup 3

PH associated with chronic lung diseases



Galiè N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.

Clinical classification of pulmonary 

hypertension (PH) ïGroup 1 : PAH



Å Rare: prevalence 15ï50/million (incidence 6/million/year)

Å Pathophysiology: pulmonary artery endothelial cell dysfunctioné

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

Å Lung/heartïlung transplantation: if refractory to medical therapy

PAH: A rare, but not an orphan disease

5-HT, 5-hydroxytryptamine; ET-1, endothelin 1 ; FGF-2, fibroblast growth factor 2; SMC, smooth muscle cell.

¬¬ET-1

¬¬5-HT

Endothelial 

cell

SMCs

¬¬FGF-2



Treatment: Targeting 3 major dysfunctional 

pathways 

in PAH (2004)

cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate. 

Humbert M et al. N Engl J Med 2004;351:1425ï36.



Treatment: Targeting 3 major dysfunctional

pathways

in PAH (2014)

cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate; ET, endothelin; ETA, endothelin receptor A; GTP, guanosine 

triphosphate; NO, nitric oxide; PGI2, prostaglandin I2; sGC, soluble guanylate cyclase.

Humbert M et al. Circulation 2014;130:2189ï208.



Endothelin pathway Prostacyclin pathwayNOïcGMP pathway

Endothelin receptor 
antagonists (ERAs)

Å Ambrisentan  

Å Bosentan

Å Macitentan

PDE5 inhibitors 
or sGC stimulators

Å Riociguat

Å Sildenafil

Å Tadalafil

Prostanoids

Å Beraprost 

Å Epoprostenol iv

Å Iloprost iv, inhaled

Å Treprostinil iv, sc, 

inhaled 

+ +

+

PAH-specific therapies target the 3 signaling 

pathways involved in PAH

cGMP, cyclic guanosine monophosphate; iv, intravenous; NO, nitric oxide; PDE5, phosphodiesterase type 5; sc, subcutaneous; sGC, soluble 

guanylate cyclase.

Adapted from Galiè N et al. J Am Coll Cardiol 2013;62:D60ï72.



RCTs with monotherapy in PAH

Improvement in exercise capacity (3-4 months)

Control*

Active treatment

Epoprostenol
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(IPAH)

+ 47 m

< 0.003

(PAH-SSc)

+ 108 m*

< 0.001

Treprostinil

+ 18 m

0.005

Iloprost

(AIR)

+ 36 m

0.004

(BREATHE-1)

Bosentan

+ 44 m

0.0002

Sildenafil

(SUPER-1)

+ 42 m

< 0.001

* Control = placebo except  for epoprostenoltrials (óConventional therapyô)#: monotherapy only
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Ambrisentan

+ 44 m

< 0.001

Tadalafil

(PHIRST)

+ 44 m#

< 0.001
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*Sildenafil:

-12% for 20 mg TID (approved dose)

-28% for 80 mg TID dose
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Effect of PAH-specific therapies on PVR after 3-

6 months



Å23 RCTs

ÅAverage duration 14.3 wks

Å3140 patients

ÅAll-cause mortality rate in the 

control group = 3.8%

ÅActive treatments:

Å43% reduction in mortality

ÅRR 0.57 (95%CI 0.35ï0.92)

ÅP = 0.023


