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Pulmonary Arterial 
Hypertension in Scleroderma



Outline: Scleroderma and PAH

• Lung involvement in scleroderma
• PAH is a vascular complication of Scleroderma
• Manifestations of PAH
• Screening, diagnosis and evaluation of PAH
• Management of PAH
• Take-home message



Lung Involvement in Scleroderma

Interstitial lung
disease: fibrosis

Pulmonary 
hypertension: 
vascular



Lung Involvement in Scleroderma
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Scleroderma and the Lung

Chang B et al. Natural history of mild-moderate PAH.
J Rheumatol 2006: 33: 269.



Interstitial Lung Disease (Fibrosis) in 
Scleroderma

FibrosisFibrosis



Interstitial Lung Disease 
(Fibrosis) in Scleroderma

Normal LungNormal Lung Scleroderma Lung: FibrosisScleroderma Lung: Fibrosis



Scleroderma: two types of complications:

- Fibrosis (scar formation)

- Vascular (blood vessel damage)



Scleroderma: Vascular Complications

Telangiectasia

Nailfold
capillaries

PAH Renal Crisis

GAVE
Raynaud



Pulmonary arterial hypertension 
(PAH) in scleroderma



PAH in scleroderma: definitions

• PASP >25 mmHg at rest

• 20-40% of scleroderma patients

• Late complication (often > 5 yrs)

• Risk factors
limited >> diffuse
Antibodies to U3RNP, fibrillarin
HLA DRw52



PAH : Pathophysiology



Symptoms of PAH in scleroderma

Fatigue, reduced exercise tolerance
Shortness of breath; may occur only w exercise
Chest pain; palpitations
Lightheadedness, loss of consciousness
Leg swelling

May have May have no symptomsno symptoms until disease advanceduntil disease advanced



Functional Classification of PAH (WHO)



Shortness of Breath in 
scleroderma may be due to:

• Pulmonary Arterial Hypertension

• Interstitial Lung Disease

• Heart Disease (left)

• Anemia

• Physical deconditioning



Evaluation



Evaluation of PAH in scleroderma: 
- Basic principles

• Screening, early recognition

• Accurate diagnosis, full evaluation

• Serial monitoring



Evaluation of PAH in scleroderma

• History, exam
• PFT
• Radiology (XR, CT)
• 6 min walk test
• ECHO/Doppler
• Right heart cath



Pulmonary Function Testing: PFT



Evaluation of PAH in scleroderma: 
Pulmonary Function Testing (PFT)



PFT Results



Radiology (X rays, CT scan)



Normal Chest X ray



Scleroderma Chest X ray (fibrosis)



Scleroderma Chest X ray (PAH)



CT Scan



CT scan: Normal



6 min walk test



6-Min Walk Test

0

20

40

60

80

100

0 10 20 30 40 50 60

S
ur

vi
va

l r
at

e 
(%

)

Long distance group (≥332 m)

Short distance group (<332 m)

Time (mo)

Miyamoto S et al. Am J Resp Med. 2000;161:487-492.



ECHO/Doppler



Echo/Doppler

NonNon--invasive, reproducibleinvasive, reproducible
Very useful for screening for PAHVery useful for screening for PAH
However, false positives and false negatives occurHowever, false positives and false negatives occur
Only Only estimatesestimates (not (not measuresmeasures) PA pressure) PA pressure



LV
RV

LA
RA

IVSIVS

McGoon M et al for the American College of Chest Physicians. Chest. 2004;126:14S-34S.

PH: ECHO findings
• Increased PASP
• R atrial and ventricular hypertrophy
• Flattening of intraventricular septum 
• Small LV 
• Dilated PA



Screening for PAH in scleroderma

AnnualAnnual
ECHO/Doppler, PFTECHO/Doppler, PFT

Patient with Patient with 
existingexisting

sclerodermascleroderma

Perform Perform baselinebaseline
ECHO/Doppler PFTECHO/Doppler PFT

NewlyNewly
diagnoseddiagnosed

sclerodermascleroderma

McGoon M et al for the American College of Chest Physicians. Chest. 2004;126:14S-34S.



Right Heart Catheterization



Right Heart Catheterization
-why needed?

--Measure PA pressure
--r/o other causes of elevated pressure



Pulmonary Arterial Hypertension (PAH)

Interstitial
Lung Disease 
(ILD)

Chronic 
thromboembolic disease

Myocardial
Involvement

Pulmonary
Veno-Occlusive 

Disorder
(PVOD)

RHC: Rule out other Causes of PH



Treatment



PAH Therapy: 2 Approaches
• SUPPORTIVE

Prevent vasoconstriction hypoxia), reduce edema, 
increase cardiac function, prevent blot clots; avoid 
pulmonary infection, pregnancy; vascular 
protection/repair?

• SPECIFIC
Pulmonary vasodilatation, increased RV function, 
reduced platelet aggregation/clotting; vascular healing?



PAH Supportive Therapy
• Low-flow oxygen

• Digoxin (Lanoxin®)

• Furosemide (Lasix®)

• Spironolactone (Aldactone®)

• Losartan; ACE inhibitors

• Warfarin (Coumadin®)

• Calcium channel blockers [?]

• Statins [?]



PAH-specific Treatment



SOTA. March 2006

Pathogenesis of PAH: Therapeutic targets



Prostacyclin DerivativesProstacyclin Derivatives

• Epoprostenol: continuous infusion IV
• Iloprost: inhaled 6x – 9x per day
• Treprostinil: continuous infusion (sc or IV)

Endothelin Receptor AntagonistsEndothelin Receptor Antagonists

• Bosentan: oral 2X per day
• Ambrisentan: oral once daily

PhosphodiesterasePhosphodiesterase--5 Inhibitors5 Inhibitors

Sildenafil: oral 3x per day

FDA-Approved PAH Therapies



Prostacyclin DerivativesProstacyclin Derivatives

Endothelin Receptor AntagonistsEndothelin Receptor Antagonists

PhosphodiesterasePhosphodiesterase--5 Inhibitors5 Inhibitors

FDA-Approved Therapies: issues

Approved only for > Class II PAHApproved only for > Class II PAH
? Would earlier treatment be better?? Would earlier treatment be better?

Expensive!Expensive!
Specialty pharmacy/controlled distributionSpecialty pharmacy/controlled distribution
Used in combination?Used in combination?



Goals of PAH Therapy
• IMPROVE QUALITY OF LIFE

Achieve WHO Functional Class II

Normalize pulmonary hemodynamics

Improve 6 min walk test ( >380 m)

• IMPROVE SURVIVAL



Williams DH et al. Heart. 2006;92:926 -932.
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Survival



In the Pipeline: Investigational Therapies

• Tadalafil

• Inhaled treprostinil

• Oral treprostinil

• Oral beraprost

• Inhaled vasoactive intestinal peptide (VIP)

• Imatinib (Gleevec)



PAH in scleroderma: take-home points

• Early recognition - necessitates regular screening

• Full expert evaluation for accurate diagnosis; 
integrated multi-specialty team approach (lung, GI, 
cardiac issues; rheumatologist)

• RHC generally required for accurate diagnosis



PAH in scleroderma: take-home points

• Early treatment may be important

• Both supportive and specific therapies used

• Which is the best drug? Combination?

• Close monitoring, serial assessment of response

• Best care provided in specialized centers

• Promising pipeline of novel therapies



Better understanding of PH 
in scleroderma needed: PHAROS



Fibrosis [scar]

Interstitial Lung Disease (Fibrosis) 
in Scleroderma



Reversible

Raynaud Phenomenon

Irreversible



NYHA/WHO Functional Classification

Rich et al. Rich et al. WHO Symposium on PPHWHO Symposium on PPH. Evian, France,1998.. Evian, France,1998.

•Class I Symptoms do not limit physical activity. Ordinary
physical activity does not cause undue discomfort.

•Class II Slight limitation of physical activity. The patient is
comfortable at rest, but symptoms with ordinary     
physical activity.

•Class III Marked limitation of physical activity. The patient
is comfortable at rest, but symptoms with minimal 
physical activity.

•Class IV Inability to carry out any physical activity. The patient
may experience symptoms even at rest. Discomfort
increased by any physical activity. These patients
manifest signs of right heart failure.



ACCP 2007 updateACCP 2007 update







No early symptoms
Screening

Progressive dyspnea on exertion, fatigue, 
palpitations, chest pain, dizziness, syncope, 
coughing

Symptoms and signs of right heart failure, 
edema, ascites

Disease OnsetDisease Onset

First Symptoms      First Symptoms      

End Stage End Stage 
Symptoms       Symptoms       

D’Alonzo GE et al. Ann Internal Med. 1991;115:343-349.
Gaine SP et al. The Lancet, 1998. 352; 719-725.

Signs and Symptoms of PAH



Scleroderma complications: two types

- Fibrosis (scar formation)

- Vascular (blood vessel damage)



Lung Involvement in Scleroderma

• Frequent (up to 60%)
• Major complication
• No cure - but improved management
• Rich pipeline of new drugs in development
• Early accurate diagnosis, evaluation crucial



What causes irreversible 
vascular damage?



Vascular Damage in Scleroderma

Blood clotBlood clot

BlockageBlockage

InfarctionInfarction

Mechanical injury
Hypoxia, ROI
Drugs/viruses (?)
Anti-EC Ab
Granzyme
Immune complex
Inflammation

Injury of endotheliumInjury of endothelium

ActivationActivation

Remodeling, narrowingRemodeling, narrowing

Slow blood flowSlow blood flow



Gaine SP, Rubin LJ. Lancet. 1998;352:719-725.

PAH Definition: Hemodynamic
(Right Heart Catheterization)

• Increased mean pulmonary arterial pressure 
(mPAP) (>25 mm Hg at rest)

• Normal PCWP (<15 mm Hg) 

• Pulmonary vascular
resistance (PVR)
>3 WU



Treatment of Scleroderma PAH

• Until recently, PAH was not widely recognized
• Pathogenesis of PAH poorly understood
• No specific treatments available
• Significant mortality




