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Pulmonary Hypertension
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Definition
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Updated Definition of PAH

Right Heart Catheterization Confirmed

Increased mean pulmonary 
arterial pressure (mPAP)*

>25 mm Hg at rest

Normal pulmonary capillary 
wedge pressure (PCWP)

<15 mm Hg

Increased pulmonary 
vascular resistance (PVR)†

>3 Wood units

Badesch DB, et al. J Am Coll Cardiol. 2009;54(suppl 1):S55–S66



Updated Hemodynamic Definitions of 
Pulmonary Hypertension

Galie N, et al. Eur Heart J. 2009;30(20):2493-2537.

Definition Characteristics Clinical group
Pre-capillary PH Mean PAP ≥25 mm Hg

PWP ≤15 mm Hg

CO normal or reduced

 Pulmonary arterial hypertension

 PH due to lung disease

 CTEPH

 PH with unclear or multifactorial
mechanisms

Post-capillary PH Mean PAP ≥25 mm Hg

PWP >15 mm Hg

CO normal or reduced

Passive = TPG ≤12 mm Hg

Reactive = TPG >12 mm Hg

 PH due to left heart disease

CO = cardiac output.

TPG = transpulmonary pressure gradient. 



Pathophysiology
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Causes
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2009 Updated Clinical Classification of 
Pulmonary Hypertension

Group 1 
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• Idiopathic (IPAH)
• Heritable (PAH)

– BMPR2
– ALK1
– Endoglin (with or without 

hereditary hemorrhagic 
telangiectasia)

– Unknown

• Drugs and Toxins induced
• Associated with

– Connective Tissue Diseases
– HIV Infection
– Portal Hypertension
– Congenital Heart Diseases

Simonneau G, et al. J Am Coll Cardiol. 2009;54(suppl 1):S43-S54.



2009 Updated Clinical Classification of 
Pulmonary Hypertension

Group 2
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• Pulmonary hypertension 
with left heart disease
– Systolic dysfunction

– Diastolic dysfunction

– Valvular disease

Simonneau G, et al. J Am Coll Cardiol. 2009;54(suppl 1):S43-S54.



2009 Updated Clinical Classification of 
Pulmonary Hypertension

Group 3
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• Pulmonary hypertension owing 
to lung diseases and/or hypoxia

– Chronic obstructive 
pulmonary disease

– Interstitial lung disease

– Other pulmonary diseases 
with mixed restrictive and 
obstructive pattern

– Sleep-disordered breathing

– Alveolar hypoventilation 
disorders

– Chronic exposure to high 
altitude Simonneau G, et al. J Am Coll Cardiol. 2009;54(suppl 1):S43-S54.



2009 Updated Clinical Classification of 
Pulmonary Hypertension

Group 4
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• Chronic thromboembolic
pulmonary hypertension (CTEPH)

- Thromboembolic obstruction of

the proximal pulmonary arteries

- Thromboembolic obstruction of

the proximal pulmonary arteries

- Nontrombotic pulmonary

embolism (tumour, parasites, foreign

body)



2009 Updated Clinical Classification of 
Pulmonary Hypertension

Group 5
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• Miscellaneous

- Sarcoidosis

- histiocytosis X

- Compression of the 
pulmonary vessels 

Simonneau G, et al. J Am Coll Cardiol. 2009;54(suppl 1):S43-S54.



Survival in Pulmonary Hypertension
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Symptoms
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Dyspnea

• The most common 
symptoms of 
pulmonary 
hypertension is 
shortness of breath 
that worsens with 
activity – 83% 
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Elliott EG, et al. Chest. 2007;132(suppl 4):631S.



Chest pain/ chest discomfort

• Chest pain/ discomfort 
– can occur in up to 
23% of patients
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Elliott EG, et al. Chest. 2007;132(suppl 4):631S.
Elliott EG, et al. Chest. 2007;132(suppl 4):631S.



Presyncope/ Syncope

• Syncope is a very 
severe symptom  and 
can be the initial 
symptom of pulmonary 
hypertension in up to 
20% 
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Elliott EG, et al. Chest. 2007;132(suppl 4):631S.



Other complains

• Other common 
complaints are:

• Cough- 13%  

• Fatigue -29% 

• Dizziness/ lightheaded 
– 16% 
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Elliott EG, et al. Chest. 2007;132(suppl 4):631S.
Elliott EG, et al. Chest. 2007;132(suppl 4):631S.
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NEJM,  351;14 September

30, 2004



Diagnostic Tests
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Algorithm for Diagnosing and Rating Severity of 
PH

Adapted from McLaughlin VV, et al. Circulation. 2009;119(16):2250-2294

History – Physical – CXR - ECG

Echocardiography

VQ Scan - ABGs

Overnight Oximetry

HIV – ANA - LFTs

Functional Testing

Right Heart Catheterization

Index of Suspicion –

Evaluate for LH & RH 

disease

CTEPH

OSA

Underlying Causes

Functional Severity

Confirm Diagnosis



CXR in Pulmonary Hypertension
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ECG in Pulmonary Hypertension
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Echocardiography in Pulmonary Hypertension
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Echocardiography in Pulmonary Hypertension
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Echocardiography in Pulmonary Hypertension
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Diagnosis of Chronic and Acute Pulmonary 
Embolism
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http://rds.yahoo.com/_ylt=A0PDoS1vvldNXXYA88SjzbkF/SIG=12k90mdk4/EXP=1297624815/**http:/www.c2i2.org/vol_iii_issue_1/gallery/article2_figure3.jpg
http://rds.yahoo.com/_ylt=A0PDoS2vvldN0RMAgMGjzbkF/SIG=133seqp8b/EXP=1297624879/**http:/upload.wikimedia.org/wikipedia/commons/4/4d/Pulmonary_embolism_CTPA.JPEG


Right Heart Catheterization
with acute vasoreactivity testing 

The gold-standard
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Right Heart Catheterization
with acute vasoreactivity testing 

The gold-standard
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Right Heart Catheterization
with acute vasoreactivity testing 

The gold-standard
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Invasive Hemodynamic Assessment
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Acute Vasoreactivity Test
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Who is an acute responder?
- decrease in mPAP of at least 10mmHg to an absolute mPAP ≤ 
40mmHg without a decrease in cardiac output



Cardiac MRI
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Progression of Pulmonary Hypertension
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Prognostic Factors in Pulmonary Hypertension
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Therapy
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Targets for Therapy for Pulmonary Hypertension

Nitric oxide

cGMP

Vasodilation and 

antiproliferation

Endothelial 

cells

Nitric oxide pathway

Preproendothelin Proendothelin
L-arginine

NOS

Arachidonic acid Prostaglandin I2

Prostaglandin I2

cAMP

Vasodilation and 

antiproliferation
Vasoconstriction and 

proliferation

Endothelin-

receptor A Endothelin-

receptor B

Endothelin pathway Prostacyclin pathway

Endothelin-1

Endothelin-

receptor 

antagonists

Exogenous 

nitric oxide

Prostacyclin

derivates

Phosphodiesterase

type 5 inhibitor

Phosphodiesterase 

type 5

Humbert M, et al. N Engl J Med. 2004;351:1425-1436.

ERA                                    PDE-5 I Prostanoids



Pulmonary Hypertension Therapy
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Endothelin Receptor Antagonists

Agents

• Bosentan (Tracleer)
– nonselective ERA

• Ambrisentan 
– relative selective ERA

• Sitaxsentan
– selective on ETA ERA

Effects

• Improve 6-min walk 
distance

• Improve functional class

• Monitor liver enzymes
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Phosphodiesterase inhibitors (PDE-5 I)

Agents

• Sildenafil
– specific PDE-5 I

• Tadalafil
– long acting PDE-5 I 

Effects

• Improve 6-min walk 
distance (benefit seen at 
1year)

• Improve functional class

• Side effects:
– flushing

– dyspnea

– epistaxis
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Prostanoids

Agents

• Epoprostenol
– continuous i.v pump 

– improves  survival

• Treprostenil
– used i.v or s.q

• Iloprost
– intranasally

•

Effects

• Improve 6-min walk 
distance

• Improve functional class

• Side effects:
– flushing

– Jaw pain

– naseau/diarrhea

– infections (gram (-) 
organisms)

– Infusion and pump 
interruption – life threatening
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General agents

• Calcium channel blockers

– verapamil, diltiazem

• Anticoagulation with coumadin

– INR=1.5-2.5

• Diuretics

• Digoxin
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Combination Therapy: Treatment Algorithm

Baseline and 2- to 6-Month Evaluation for Treatment Goals
6-Minute Walk Distance >380 meters; Peak VO2 >10.4 mL/min/kg

Peak systolic BP >120 mm Hg during exercise

Oral Monotherapy

Dual-Class Oral Combination Therapy

Addition of Inhaled Prostanoid

Transition to Intravenous Prostanoid

Refer for Lung Transplantation

Hoeper MM, et al. Eur Respir J. 2005;26(5):858-863.



Follow up of Patients with Pulmonary 
Hypertension
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Summary

• Pulmonary Hypertension is a rare disease

• Despite extensive advances in diagnosis and therapy it is a 
disease with high mortality

• Due to its complex nature, patients with pulmonary 
hypertension should be managed at or in conjunction with a 
PAH Center of Excellence 

• PAH Centers of Excellence offer multidisciplinary programs 
(cardiology pulmonology, rheumatology, ID, transplant 
services)
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Thank you!
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