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Pulmonary Hypertension -
2010

• 2009 ACCF/AHA Guidelines
• Don’t forget the left-heart
• RV functional assessment
• Role of exercise? Early Rx?
• Paradigm shift re: iPAH
• Trials: new agents
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Adapted from: D’Alonzo GE, Barst RJ, Ayres SM. Survival in patients with PPH:  Results from a 
National Prospective Registry.  Ann Internal Med. 1991; 115: 343-349

Mean survival = 2.8 yearsMean survival = 2.8 years
Class I and II: 6 years
Class III: 2.5 years
Class IV: 6 months

A Disease of Decline &A Disease of Decline &
DeteriorationDeterioration

SxsSxs: fatigue, SOB, CP, hormonal : fatigue, SOB, CP, hormonal 
activation (edema, bloating), activation (edema, bloating), 
hemoptysishemoptysis, syncope, arrhythmia, syncope, arrhythmia



PAH: A Modern RegistryPAH: A Modern Registry

17 universities, n = 674: France17 universities, n = 674: France

Humbert M et al. Am J Respir Crit Care Med 2006





Clinical Classification of Pulmonary Hypertension 
(Dana Point 2008)

1. Pulmonary arterial hypertension (PAH)

1’. Pulmonary veno-occlusive disease (PVOD) and/or pulmonary 
capillary hemangiomatosis (PCH)

2. Pulmonary hypertension owing to left heart disease

3. Pulmonary hypertension owing to lung diseases and/or 
hypoxia

4. Chronic thromboembolic pulmonary hypertension (CTEPH)

5. Pulmonary hypertension with unclear multifactorial
mechanisms

Simonneau G, Robbins IM, Beghetti M, et al. J Am Coll Cardiol. 2009 S43-S54. 27



Pulmonary Arterial Hypertension 

1.1. Idiopathic PAH
1.2. Heritable

1.2.1. BMPR2
1.2.2. ALK1, endoglin (with or without hereditary hemorrhagic telangiectasia)
1.2.3. Unknown

1.3. Drug- and toxin-induced
1.4. Associated with

1.4.1. Connective tissue diseases
1.4.2. HIV infection
1.4.3. Portal hypertension
1.4.4. Congenital heart diseases
1.4.5. Schistosomiasis
1.4.6. Chronic hemolytic anemia

1.5 Persistent pulmonary hypertension of the newborn

Simonneau G, Robbins IM, Beghetti M, et al. J Am Coll Cardiol 2009, S43-S54. 28



PAH: Global Prognosticators

Exercise TestExercise Test Lower MVO2 (< 10.4)Lower MVO2 (< 10.4)Higher SBP (> 120)Higher SBP (> 120)



Barst R et al.  J Am Coll Cardiol 2009



Joe:
•48 yo corporate executive

•systemic HTNHTN, diabetesdiabetes , morbid obesityobesity

•2 yrs of progressive dyspnea: now 
unable to climb 1 flight stairs

•5’10” 330 lbs. TTE (tricuspid jet): RV 
and PA hypertension. LV contractile 
function is modestly depressed. 
Outside cath: normal epicardial CA’s

•Referred for management assistance
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Heart failure:        
5% hospitalizations   

1 - 2% health budget

2% of the world’s population 
has clinical heart failure  

syndrome

10 - 20 x ­ with age

68-78% of severe HF ® PHT 



‘‘mixedmixed ’’ PH was NOT PH was NOT 
associated with worse associated with worse 

shortshort --term outcomes term outcomes after after 
intensive CMP therapyintensive CMP therapy

Khush K.Am Heart J 2009. ESCAPE trial : L-CHF + PHT



Lewis G, et al. Circulation 2007.
Rest and exercise hemodynamics improve after single dose sildenafil



Lewis G, et al. Circulation 2007.
Sildenafil 75 mg tid x 12 wks  (RCT) ­­­­ MVO2  1.8 ml/kg, 6MWD 29 m, HFS



Guazzi M, et al. JACC 2007.
Sildenafil 50 mg tid x 24 wks  (RCT) ­­­­ FMD, ergoreflex, hemodynamics, MVO2

We have hope that additional We have hope that additional 
study will clarify the role of          study will clarify the role of          

PDEPDE--I for CMPI for CMP --PHTPHT



RV HTN: CatheterizationRV HTN: Catheterization



RV HTN: CatheterizationRV HTN: Catheterization



PrePre--2008: Doppler echo2008: Doppler echo

Celermajer DS and Marwick T  Int J Cardiol 2008



Integrative RV: 3D ImagingIntegrative RV: 3D Imaging

Wald R et al.  Circulation 2009



EARLY: study design

Prospective, double-blind, randomised, placebo-
controlled, multicentre study (WHO FC II)

Baseline
randomisation

Screening

Placebo

Bosentan
62.5 mg bid

3 weeks

Bosentan
125 mg bid

4 weeks 24 weeks

Placebo

1°Endpts:
PVR

6 MWD

2°Endpts:
-HD’s

-Borg Scale  
-NT-BNP
-Time to 
clinical 

worsening

4 weeks



DDDD PVR DDDD 6MWD

Galie N et al. Lancet 2008.   EARLY PAH Intervention



Galie N et al. Lancet 2008.   EARLY PAH Intervention

Time To Clinical Worsening

We now have We now have ‘‘ reasonreason’’ to            to             
treat patients with lesser treat patients with lesser 

symptomatologysymptomatology



Tolle JJ et al. Circulation 2008.   Exercise-induced PAH



RV timeline

compensation failure dilation irreversible injury
� PAp

� RV loading

RV dilation

RV ischemia
RV failure and ̄

Systemic perfusion

RV hypertrophy

Ectopy

Neurohormonal,
Cytokine, Mechanical

Stretch Signalling
Toxicity, ischemia
or energy depletion

Altered Gene 
Experssion

Apoptosis
Necrosis

Cell and Organ Death

Growth and 
remodelling



Proliferative anti-apoptotic 
diseases

Degenerative 
diseases

Inflammatory 
diseases

· Elastase inhibitors
· EGF receptor inhibitors
· Dichloroacetate
· Simvastatin
· Anti-survivin
· Imatinib
· Sildenafil
· Cyclopsporine

· EPC activation / injection
· NFAT inhibitiors





Voswinckel R et al. Pulm Pharmacol Ther 2009



Voswinckel R et al. Pulm Pharmacol Ther 2009



We now have an inhaled We now have an inhaled 
prostanoidprostanoid with with ‘‘ realisticrealistic’’
administration demandsadministration demands



Galie N et al. Circulation 2009  Tadalafil in iPAH

We now have an oral PDE5 We now have an oral PDE5 
inhibitor with inhibitor with ‘‘ realisticrealistic’’
administration demandsadministration demands



AmbrisentanAmbrisentan qdqd
BosentanBosentan bidbid

SildenafilSildenafil tidtid
TadalafilTadalafil qdqd

FlolanFlolan IVIV

EposprostenolEposprostenol IVIV

TreprostinilTreprostinil SQ IV SQ IV InhInh

IloprostIloprost InhInh



BUILDBUILD --1: ETA + IPF1: ETA + IPF

King TE et al. Am J Respir Crit Care Med 2008  Bosentan in IPF

We remain We remain ‘‘ hopefulhopeful’’ that            that            
oral oral ERAERA’’ ss may have benefit in may have benefit in 

IPH IPH ±±±±±±±± PHPH



Combination Rx



PAH: Global Prognosticators

Exercise TestExercise Test Lower MVO2 (< 10.4)Lower MVO2 (< 10.4)Higher SBP (> 120)Higher SBP (> 120)



6MWD12 wk100SildenafilBosentanCOMPASS-3

Morbidity / 
mortality event

Event-driven180BosentanSildenafilCOMPASS-2

PVRSingle dose45SildenafilBosentanCOMPASS-1

6MWD12 wk106SildenafilBosentanPfizer

6MWD16 wk406TadalafilNaïve or 
bosentan

PHIRST

6MWD16 wk180IloprostSildenafilVISION

6MWD16 wk267SildenafilEpoprostenolPACES

6MWD12 wk235TreprostinilBosentan or 
sildenafil

TRIUMPH-1

6MWD16 wk300TreprostinilBosentan and/ 
or sildenafil

FREEDOM-C

Primary End-
Point

Study 
Duration

Patients 
(n)

Added 
Therapy

Current 
Therapy

Combination Therapy: Ongoing or 
Recently Completed Clinical Trials

We will soon have We will soon have RCTRCT’’ ss that that 
define the role of combination Rx define the role of combination Rx 

for for iPAHiPAH patients patients ‘‘ in needin need’’



Pulmonary Hypertension -
2010

• 2009 ACCF/AHA Guidelines
• Don’t forget the left-heart
• RV functional assessment
• Role of exercise? Early Rx?
• Paradigm shift re: iPAH
• Trials: new agents
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