Hemodynamic classification of pulmonary
hypertension (PH)

Screening Diagnosis
Transthoracic echo Right Heart Catheterisation
(TRJV > 2.8 m/s) (Mean PAP > 25 mmHg)

Artére
pulmonalire

Ondes de pression Intracardiaque
caractéristiques au cours du passage
& travers le coeur

40 mm Ha

Oreillette
\ qauche m m m m
; ‘
¥ S
Veine cave | » i
supearieure f : ﬁ
E \ vavule
| ‘ ‘ signoide
N Y pulmonaire
Y 3 |
Oreilietie & D )
droite Y : \ N
SR B 2
Veine cave - Venfricule
Ventricule gauche

inferieure

droit

A Precapillary PH  : PAWP O InfnHg (PAH: PVR > 3 Wood units)
A Post-capillary PH : PAWP > 15 mmHg (isolated if dPAP-PAWP < 7 mmHg)

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



Hemodynamic classification of pulmonary
hypertension (PH)

Definition Characteristics®
PH PAPm 225 mmHg
Pre-capillary PH PAPm 225 mmHg

PAWP <15 mmHg

Post-capillary PH PAPm 225 mmHg
PAWP >|5 mmHg
Isolated post-capillary PH DPG <7 mmHg and/or
(Ipc-PH) PVR <3 WU

Combined post-capillary and pre-capillary PH DPG =7 mmHg and/or
(Cpc-PH) | PVR >3WU-e

Vachiéry JL, et al. J Am Coll Cardiol 2013.
Galie N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.



Clinical classification of pulmonary
hypertension (PH)

1. Pulmonary arterial hypertension 3. Pulmonary hypertension due to lung diseases and/or hypoxia

1.1 Idiopathic 3.1 Chronic obstructive pulmonary disease
1.2 Heritable 3.2 Interstitial lung disease
1.2.1 BMPR2 mutation 3.3 Other pulmonary diseases with mixed restrictive and
1.2.2 Other mutations obstructive pattern
1.3 Drugs and toxins induced 3.4 Sleep-disordered breathing
1.4 Associated with: 3.5 Alveolar hypoventilation disorders
1.4.1 Connective tissue disease 3.6 Chronic exposure to high altitude
1.4.2 Human immunodeficiency virus (HIV] infection 3.7 Developmental lung diseases (Web Table I1i)
:22 gg;tga;:){zler?:an:ggease (Fablalé) 4. Chronic thromboembolic p_ulmonary hypertension and other
1.4.5 Schistosomiasis pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions
4.2.1 Angiosarcoma

1.1 Idiopathic 4.2.2 Other intravascular tumors
1.2 Heritable 4.2.3 Arteritis
1".2.1 EIF2AK4 mutation 4.2.4 Congenital pulmonary arteries stenoses
1".2.2 Other mutations 4.2.5 Parasites (hydatidosis)
1".3 Drugs, toxins and radiation induced z - - z
Rt with® ). Pulmongry hypertension with unclear and/or multifactorial
: St : mechanisms
1".4.1 Connective tissue disease
i 1".4.2 HIV infection _ 5.1 Haematological disorders: chronic haemolytic anaemia,
1”. Persistent pulmonary hypertension of the newborn myeloproliferative disorders, splenectomy _
2. Pulmonary hypertension due to left heart disease 2.2 SyEEe Fhso_rders: sarco_ld05|s, pu_lmonary h_|st|ocyt05|s,
lymphangioleiomyomatosis, neurofibromatosis
2.1 Left ventricular systolic dysfunction 5.3 Metabolic disorders: glycogen storage disease, Gaucher disease,
2.2 Left ventricular diastolic dysfunction thyroid disorders
2.3 Valvular disease 5.4 Others: pulmonary tumoral thrombotic microangiopathy,
2.4 Congenital/acquired left heart inflow/outflow tract obstruction fi!)rosing mediastinitis, chronic renal failur:e (with/without
and congenital cardiomyopathies dialysis), segmental pulmonary hypertension

2.5 Congenital/acquired pulmonary veins stenosis

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



Hemodynamic classification of pulmonary
hypertension (PH) 1 Group 2

PH associated with left heart diseases

Post-capillary PH PAPm >25 mmHg
PAWP >15 mmHg
Isolated post-capillary PH DPG <7 mmHg and/or
(Ipc-PH) PVR <3 WU*

Combined post-capillary and pre-capillary PH DPG >7 mmHg and/or
(Cpc-PH) | PVR >3 WU

The use of PAH-approved therapies is not
recommended in PH-LHD

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



Hemodynamic classification of pulmonary
hypertension (PH) i Group 3

PH associated with chronic lung diseases

Terminology Haemodynamics

(right heart catheterization)
COPD/IPF/CPFE without PH PAPm <25 mmHg
COPD/IPF/CPFE with PH PAPm 225 mmHg

COPD/IPF/CPFE with severe PH | PAPm >35 mmHg, or

PAPm 225 mmHg in the presence
of a low cardiac output

(Cl <2.5 L/min, not explained by
other causes]

The use of drugs approved for PAH is
not recommended In patients with
PH due to lung diseases

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



Clinical classification of pulmonary
hypertension (PH) 1 Group 1: PAH

1. Pulmonary arterial hypertension

1.1 Idiopathic
1.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 Other mutations
1.3 Drugs and toxins induced
1.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immunodeficiency virus (HIV] infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease (Table 6]
1.4.5 Schistosomiasis

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



PAH: A rare, but not an orphan disease
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Rare: prevalence 15i 50/million (incidence 6/million/year)

Pat hophysiol ogy: pul monary artery
Drugs: 10 agents approved in the last 15 years (orphan drug status)
Lung/hearti lung transplantation: if refractory to medical therapy
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5-HT, 5-hydroxytryptamine; ET-1, endothelin 1 ; FGF-2, fibroblast growth factor 2; SMC, smooth muscle cell.

en.



Treatment: Targeting 3 major dysfunctional
pathways
In PAH (2004)

( A

DRUG THERAPY

Treatment of Pulmonary Arterial Hypertension

\\ Marc Humbert, M.D., Ph.D., Olivier Sitbon, M.D., and Gérald Simonneau, M.D.)
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cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate.

Humbert M et al. N Engl J Med 2004;351:1425i 36.



Treatment: Targeting 3 major dysfunctional
pathways
iIn PAH (2014)

[ Recent Advances in Pulmonary Hypertension \

Advances in Therapeutic Interventions for Patients
With Pulmonary Arterial Hypertension

Marc Humbert, MD, PhD; Edmund M.T. Lau, MD, PhD; David Montani, MD, PhD;
Xavier Jais, MD; Oliver Sitbon, MD, PhD; Gérald Simonneau, MD
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cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate; ET, endothelin; ETA, endothelin receptor A; GTP, guanosine

triphosphate; NO, nitric oxide; PGI,, prostaglandin |,; sGC, soluble guanylate cyclase.
Humbert M et al. Circulation 2014;130:2189i 208.



PAH-specific therapies target the 3 signaling
pathways involved in PAH

Endothelin pathway NOT cGMP pathway Prostacyclin pathway

Endothelin receptor PDES inhibitors Prostanoids
antagonists (ERAS) or sGC stimulators
A Ambri A Rioc A Beraprost
A g\m rlientan A R.|OC|gua.1t A Epoprostenol iv

osentan Slldena_fll A lloprost iv, inhaled
A Macitentan A Tadalafil o

A Treprostinil iv, sc,
iInhaled
+ +
+

cGMP, cyclic guanosine monophosphate; iv, intravenous; NO, nitric oxide; PDES5, phosphodiesterase type 5; sc, subcutaneous; sGC, soluble
guanylate cyclase.

Adapted from Galieé N et al. J Am Coll Cardiol 2013;62:D601 72.



RCTs with monotherapy in PAH

Improvement in exercise capacity (3-4 months)

Epoprostenol Treprostinil lloprost Bosentan Ambrisentan Sildenafil Tadalafil
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Treatment effect +47m + 108 m* +18 m +36m +44 m +44m +42m +44m*

P <0.003 <0.001 0.005 0.004 0.0002 <0.001 <0.001 <0.001

* Control = placebo except for epoprostenolt r i al s ( 6 Convent i#:anorotherapyhoaly apy 6 )

Barst, NEJM 1996. Simonneau, AJRCCM 2002. Rubin, NEJM 2002. Galie, NEJM 2005.
Badesch, Ann Int Med 2000. Olschewski, NEJM 2002. Galie, Circulation 2008. Galie, Circulation 2009.



Effect of PAH-specific therapies on PVR after 3-
6 months
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*Sildenafil:
35 - -12% for 20 mg TID (approved dose)

-28% for 80 mg TID dose

1. Channick RN. Lancet 2001; 2. Galie N. J Am Coll Cardiol 2005; 3.Pulido T. N Engl J Med 2013; 4. Galie N. N Engl J Med 2005;
5. Galie N. Circulation 2009; 6. Simonneau G. Am J Respir Crit Care Med 2002; 7. Barst RJ. N Engl J Med 1996.



A meta-analysis of randomized controlled trials
in pulmonary arterial hypertension

Nazzareno Galie*, Alessandra Manes, Luca Negro, Massimiliano Palazzini,

Maria Letizia Bacchi-Reggiani, and Angelo Branzi European Heart Journal (2009) 30, 394-403

A23 RCTs
A Average duration 14.3 wks
A 3140 patients

A All-cause mortality rate in the
control group = 3.8%

fAActive treatments:

A43% reduction in mortality
ARR 0.57 (95%CI 0.35i 0.92
G AP =0.023




