
Screening

Transthoracic echo

(TRJV > 2.8 m/s)

Diagnosis

Right Heart Catheterisation

(Mean PAP > 25 mmHg)

• Precapillary PH :  PAWP ≤ 15 mmHg (PAH: PVR > 3 Wood units)

• Post-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) – Group 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) – Group 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) – Group 1 : PAH



• 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

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;351:1425–36.



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;130:2189–208.



Endothelin pathway Prostacyclin pathwayNO–cGMP pathway

Endothelin receptor 
antagonists (ERAs)

• Ambrisentan  

• Bosentan

• Macitentan

PDE5 inhibitors 
or sGC stimulators

• Riociguat

• Sildenafil

• Tadalafil

Prostanoids

• Beraprost 

• Epoprostenol iv

• Iloprost iv, inhaled

• 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:D60–72.



RCTs with monotherapy in PAH

Improvement in exercise capacity (3-4 months)

Control*
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Effect of PAH-specific therapies on PVR after 3-

6 months



• 23 RCTs

• Average duration 14.3 wks

• 3140 patients

• All-cause mortality rate in the 

control group = 3.8%

• Active treatments:

• 43% reduction in mortality

• RR 0.57 (95%CI 0.35–0.92)

• P = 0.023



Unmet need in the modern management era

NIH, National Institutes of Health.

Despite drug discovery and development PAH remains a devastating condition

Humbert M et al. Circulation 2010;122:156–63.



PAH management: How to do better?
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Ultimate goals: no functional impairment and prolongation of life

Late intervention

Early intervention

Regular monitoring allows
escalation of treatment

Progressive remodeling
and right heart failure

in absence of treatment

Early treatment of PAH

Sitbon O, Galiè N. Eur Respir Rev 2010;19:272–8.



Goal-oriented therapy (risk assessment)

CI, cardiac index; CMR, cardiovascular magnetic resonance; EqCO2, breathing equivalent for CO2;

RAP, right atrial pressure; RV, right ventricle; VO2, oxygen consumption.

McLaughlin VV et al. J Am Coll Cardiol 2013;62:D73–81.



ESC/ERS 2015 Guidelines for risk

assessment in PAH

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



Some centres perform RHCs at regular intervals during follow-up

Should be considered

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

Suggested  assessment and timing for the 

follow up of patients with PAH



Drug 

tested
Study Background N

Duration 

(weeks)
Primary endpoint

Bosentan EARLY None or sildenafil (16%) 185 24 PVR +, Δ6MWD (NS)

Bosentan COMPASS-2 Sildenafil 334 92 Morbi-mortality (NS)

Iloprost STEP Bosentan 67 12 Δ6MWD (NS)

Iloprost COMBI Bosentan 40 12 Δ6MWD (NS)

Imatinib Phase II
Bosentan &/or sildenafil

&/or prostanoids
59 24

Δ6MWD (NS)

Imatinib IMPRES
Bosentan &/or sildenafil

&/or prostanoids
202 24 Δ6MWD +

Selexipag Phase II Bosentan &/or sildenafil 43 17 PVR +

Sildenafil PACES Epoprostenol 264 16 Δ6MWD +

Sildenafil NCT00323297 Bosentan 104 12 Δ6MWD (NS)

Tadalafil PHIRST None or bosentan (54%) 405 16 Δ6MWD (NS)

Trepostinil Inhaled- TRIUMPH Bosentan or sildenafil 235 12 Δ6MWD +

Trepostinil Oral- FREEDOM C1 Bosentan &/or sildenafil 354 16 Δ6MWD (NS)

Trepostinil Oral- FREEDOM C2 Bosentan &/or sildenafil 310 16 Δ6MWD (NS)

Sequential combination therapy:

results are not uniform…



Drug 

tested
Study Background N

Duration 

(weeks)
Primary endpoint

Riociguat PATENT

None (50%),

bosentan

or prostanoids

443 12 Δ6MWD +

Macitentan SERAPHIN

None (36%),

PDE5i (61%)

or oral/inhaled prostanoids

742 ≈ 100
Time to first event of

death or morbidity +

Selexipag GRIPHON

None (21%),

ERA (13%), PDE5i (32%)

or both (34%)

1156 ≈ 70
Time to first event of

death or morbidity +

Sequential combination therapy:

Recent studies



Humbert M, et al. Circulation 2014.

Evolving paradigm: From sequential to   

initial combination therapy



Upfront triple combination therapy: 

Effect on FC and 6MWD
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Prospective, observational analysis of idiopathic or heritable PAH patients (n = 19) 

treated with upfront combination therapy (epoprostenol, bosentan and sildenafil)

#32 ± 19 months

*p < 0.01 versus baseline; ** p < 0.01 versus 4 months
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Sitbon O, et al. Eur Respir J. 2014;43:1691–7.



Upfront triple combination therapy: 

Effect on haemodynamics
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#32 ± 19 months      *p < 0.01 versus baseline

Baseline Month 4 Final follow-up#

RAP (mmHg) 11.9 ± 5.2 4.9 ± 4.9* 5.2 ± 3.5*

mPAP (mmHg) 65.8 ± 13.7 45.7 ± 14.0* 44.4 ± 13.4*

CI (l/min/m2) 1.66 ± 0.35 3.49 ± 0.69* 3.64 ± 0.65*

PVR (d.s.cm-5) 1718 ± 627 564 ± 260* 492 ± 209*

Sitbon O, et al. Eur Respir J. 2014;43:1691–7.



• Long-term follow-up (n=19)

– Median follow-up: 58.7 months (IQR: 52.5 – 70.0 months)

– Two patients underwent LT (after 3.8 and 41.4 months)

– 17 patients well and alive in NYHA FC I-II

– 7 patients with mPAP < 35 mmHg (incl. one < 20 mmHg)

• Survival (n=19)

* according to the French equation (Humbert M, et al. Eur Respir J 2010)

Upfront triple combination therapy: 

Long-term outcome / survival

1-year 2-year 3-year 5-year

Actual 100% 100% 100% 100%

Expected*
[95% CI]

75%
[68%-82%]

60%
[50%-70%]

49%
[38%-60%]

-

Transplant-free 94% 94% 94% 89%

Sitbon O, et al. Eur Respir J. 2014;43:1691–7.



Survival of patients with idiopathic, heritable and 

anorexigen-associated PAH (n=74)

Humbert M, et al. Eur Respir J 2010; 36:549-55.

Sattler C, Sitbon O, et al. ERS Congress 2015.



2015 ESC/ERS guidelines treatment algorithm

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



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

2015 ESC/ERS guidelines treatment algorithm



▪ Many progresses have been made in treatment strategies

▪ Sequential combinations delay time to clinical worsening

▪ More aggressive sequential combination in a goal-oriented approach 

likely more efficacious (no proof)

▪ Initial combination therapy is likely the way forward

▪ Including a parenteral prostacyclin in the most severe patients (high risk 

and/or FC IV)

▪ Initial dual oral combination therapy with ERA and PDE-5 inhibitor is 

superior to monotherapy in patients with low/intermediate risk (FC II-III)

▪ No direct comparison neither in between different combinations of 

drugs nor in between sequential and initial combination strategies

Current PAH management: Summary


