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Pulmonary Arterial Hypertension:
Definition

• Mean PA pressure > 25 mmHg with 
PCW <15 mmHg
– (NIH Registry on PPH, 1987)

• PVR � 3 Units

• Exercise mean PA pressure > 35 mmHg

PVR = TPG/CO

TPG = PAM-PCW



World Conference World Conference 
on Pulmonary on Pulmonary 
Hypertension Hypertension 
Revised Revised 
Nomenclature and Nomenclature and 
ClassificationClassification

(Venice 2003)(Venice 2003)

•• PAHPAH
•• IPAHIPAH

•• FPAHFPAH

•• CVDCVD

•• Congenital L to R shuntsCongenital L to R shunts

•• Portal pulmonary HTNPortal pulmonary HTN

•• HIVHIV

•• Drugs/toxinsDrugs/toxins

•• PVODPVOD

•• Pulmonary venous HTNPulmonary venous HTN

•• Left heart Left heart dzdz

•• PH assoc with hypoxiaPH assoc with hypoxia
•• COPDCOPD

•• ILDILD

•• Sleep disordered breathingSleep disordered breathing

•• High altitudeHigh altitude

•• ThromboembolicThromboembolic

•• MiscellaneousMiscellaneous



Pathogenesis of PAH

Gaine S. J Am Med Assoc 2000;284:3160-68
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Assessment of PAH:Assessment of PAH:
History I: Signs and SymptomsHistory I: Signs and Symptoms

–– Initial signs and symptomsInitial signs and symptoms

•• DyspneaDyspnea –– FatigueFatigue

•• SyncopeSyncope –– EdemaEdema

•• DizzinessDizziness –– AnginaAngina

–– NonNon --specific nature of complaint can lead specific nature of complaint can lead 
to:to:

•• Confusion with other conditionsConfusion with other conditions

•• Delayed diagnosisDelayed diagnosis



Findings on ECG

RAD

RAE
RVH RV strain



Courtesy of Michael McGoon, MD.
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Assessment of PAH:
Echocardiography

• Estimated RV systolic pressure

• RV size and function
• RA size

• TR, PI…?PS
• Dilation, flow reversal of IVC

• PA size
• Lack of left sided chamber and valve 

abnormalities



IPAH
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LV dysfunction – “passive” PH



RA RV PA PA PCW
0

20

40

60

80

100

m
m

H
g

12

2

20/2 20/8

6

C.O. 5 L/min

TPG = 6

PVR = 1.2

Hemodynamic Profiles In PAH: 
LV dysfunction – after Rx



RA RV PA PA PCW
0

20

40

60

80

100

m
m

H
g

52

10

80/15 80/40

12

C.O. 5 L/min

TPG = 40

PVR = 8

Hemodynamic Profiles In PAH: 
IPAH - compensated



PAH: Diagnostic Evaluation

H&P, ECG, CXR  ? PH

Echo 

PH; left heart dz, congenital R to L shunt

No evidence of PH

Serologies CVD, HIV

V/Q, chest CT, 
PFT, sleep study Thromboembolism, intrinsic lung dz

RHCIPAH 
FPAH 6MWT



Therapeutic Options for PAH

Traditional Rxs

� Supplemental O2

� Diuretics
� Oral vasodilators

� (CCB)
� Anticoagulants

� warfarin
� Inotropic agents

� Digitalis

FDA Approved 
for PAH

� Prostanoids
� Epoprostenol
� Treprostinil
� Inhaled Iloprost

� ERAs
� Bosentan 
� Ambrisentan

� PDE-5 Inhibitors
� Sildenafil

Investigational 
Rxs

� Prostanoids
� Inhaled & Oral 

Treprostinil
� ERAs

� Sitaxsentan

• Other

- SSRI’s

- Statins

- Aspirin



PAH Determinants of RiskPAH Determinants of Risk

McLaughlin and McGoon. Circulation 2006;114:1417-31  

Hemodynamics

Echocardiographic 
findings

BNP

6MW distance

WHO class
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High RAP, low CI
Normal/near normal

RAP and CI
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dysfunction

Minimal RV 
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Shorter (<300 m)Longer (>400 m)
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YesNo
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Investigational 
Protocols

Acute Vasoreactivity TestingAnticoagulate ± Diuretics ±
Oxygen ± Digoxin

Oral CCB

Continue 
CCB

Higher Risk

Sustained 
Response 

Positive

Lower Risk 

Yes

Negative

What is the Optimal Treatment Strategy?What is the Optimal Treatment Strategy?

Modified from Badesch DB et al. Chest. 2004;126:35S-62S.

Atrial septostomy
Lung Transplant

Reassess – consider
combo-therapy

ERAs or PDE-5 Is (oral)
Epoprostenol or Treprostinil (IV)

Iloprost (inhaled)
Treprostinil (SC)

No Epoprostenol or 
Treprostinil (IV)

Iloprost (inhaled)
ERAs or PDE-5 Is (oral)

Treprostinil (SC)

Class II-III Class III-IV



Endothelin Receptor Antagonists

• Bosentan ( Tracleer) 

• Mixed ET A/ETB antagonist

• FDA approved for class III-IV PAH 

• Oral, well-tolerated

• LFTs, pregnancy concerns

• Ambrisentan (Letairis)

• ETA specificity

• Unique metabolism, ? lack of drug-drug interaction

• Once daily (?)



PDE 5 inhibitors

• Sildenafil (Viagra, Revatio)
• FDA approved for class II-IV PAH
• Oral, well-tolerated
• Usual PDE 5 inhibitor concerns

• Other agents (not yet approved)
• Tadalafil



Epoprostenol ( Flolan ®) 

• FDA-approved for Class III-IV PAH

• Chemically unstable, short half life

• Continuous IV Rx

• Significant SE’s 

• Line complications



Treprostinil (Remodulin ®)

• FDA-approved for Class II-IV PAH

• Chemically stable; longer half-life
• Continuous SQ or IV 

• inhaled & oral under investigation

• Smaller pump

• Typical prostanoid SE’s 
• SQ limited by site pain



Iloprost (Ventavis ®)

• FDA-approved for Class II-IV PAH
• Chemically stable; longer half-life
• Inhaled (6-9 times daily)

• IV in Europe
• Typical (? milder) prostanoid SE’s 

• ? Favored for patients with parenchymal lung 
disease:

• Provides prostacyclin activity directly 
to lung

• Vasodilates (only?) ventilated 
pulmonary regions 

• Avoids catheter complications



ADULT LUNG TRANSPLANTATION
Kaplan-Meier Survival By Diagnosis (Transplants: January 1994 – June 2003)
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COPD (N= 4,888) IPF (N= 2,058)
PPH (N= 533) SARCOIDOSIS (N = 314)

HALF-LIFE   Alpha-1: 5.1 Years; CF: 5.8 Years; COPD : 4.8 
Years; IPF: 3.7 Years; PPH: 4.3 Years; Sarcoidosis:  4.0 Years

Survival comparisons
COPD vs. IPF: p < 0.0001
Alpha-1 vs. CF: p = 0.0248
Alpha-1 vs. IPF: p < 0.0001
Alpha-1 vs. PPH: p = 0.0021
CF vs. COPD: p = 0.0006
CF vs. IPF: p < 0.0001
CF vs. PPH: p < 0.0001
CF vs. Sarcoidosis: p = 0.0007

J Heart Lung Transplant 2005;24: 945-982 



New Directions in PAH 
• New treatments 

• ERAs, PDEIs, anti-proliferative agents

• New delivery strategies 
• Treprostinil, reformulated Iloprost

• Drug combos 
• FREEDOM, COMPASS 2

• New assessments 
• GRAPH

• New (related) disease states 
• ARIES 3, sickle cell


