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Ref Methodology Diagnosis  PAH prevalence 

Mukerjee 
2003 
UK 

n=722, monocenter 
Prospective 1998-
2002 

RHC 12% 

Hachulla 
2005 
France 

599, multicenter 
Prospective, 
transsectionnal 

RHC 8% 

Phung 
2009 
Australia 

184, monocenter 
Prospective, 
transsectionnal 

RHC 13% 

Prevalence of PAH in Scleroderma 
is high 



PH: classification 
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CTD

Congenital 

heart disease

Portal 

hypertension

Anorexigens
HIV

Coexisting RF

Familial

Idiopathic

15.3% 

11.3% 

1O.4% 

9.5% 
6.2% 

4.3% 

39.2% 

N = 674 

3.9% 

Humbert M. AJRCCM 2006; 173: 1023 
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CTD : - 78 SSc 
          - 15 SLE 
          - 10 other 



PAH group 1 pathophysiology 

PAH is characterized by dysfunctional  

Pulmonary Artery Endothelial Cells  

Pulmonary Artery Smooth Muscle Cells 

Platelets 

 
 

Leading to pulmonary vasoconstriction, smooth muscle cell and endothelial cell proliferation 
and thombosis 

 (pulmonary small vessels disease< 500 µm) 

media hypertrophy Intimal proliferation / thickening Plexiform lesions 

Courtesy Marc Humbert  



Most common initial presenting symptoms: 

   

  - breathlessness   

  - fatigue 

  - palpitations  

  - chest pain  

  - syncope  

  - edema  

PAH clinical symptoms are non 
specific  



The multiple faces of dyspnea in SSc 

PAH/PH 
Anemia 

LV systolic 
dysfunction 

LV diastolic 
dysfunction 

Bronchiolitis 

ILD 

SSc patient 
with 

beathlessness 

GERD 
Muscle 
involvement 



Classe fonctionnelle NYHA 

II III IV Total 

SSc (n = 291) 49% 16% 4%  70% 

PAH-SSc (n = 39) 33% 46% 18%  97% 

PID-SSc (n = 117) 48% 26% 9% 82% 

SSc sans HTAP ni PID 

extensive, avec CPT/CVF > 

70% et FEVG normale (n = 74) 

57% 5% 0% 62% 

The multiple faces of dyspnea in SSc 



Dyspnea functional class at diagnosis 

Hachulla E. Chest 2009; 136: 1211 

Dyspnea functional class at diagnosis 

n=78 



NYHA FC II 

n=13 

NYHA FC III 

n=49 

NYHA FC IV 
n = 16 

n=78 

Log rank test p=0.002 Hachulla E. Chest 2009; 136: 1211 
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Time from PAH diagnosis (years) 

Survival depends on dyspnea 
functional class at diagnosis 
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 55.1% during the 5 first years 
 22% dSSc and 78% lSSc 

n=78 
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Hachulla E. Chest 2009; 136: 1211 



Mean DLCO at 
diagnosis: 52% 

Steen V, Medsger TA Jr. Arthritis Rheum 2003 ;48 :516 
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Which SSc-patients are at risk of PAH? 

Patients with low DLCO? 



Allanore Y. Arthritis Rheum 2008;58 : 284 

Which SSc-patients are at risk of PAH? 

Patienst with high NT-proBNP? 



 
  

Bernoulli equation:  tricuspid insufficiency peak gradient (TIPG) = 4xTVJ2 

 
  sPAP= TIPG + right atrial pressure (RAP) = 4 X 4.26 X 4.26 = 73 + 10 (estimate RAP) 

tricuspid velocity jet (TVJ) = 4.26 m/s 
 

 sPAP  = 83 mm Hg 

Courtesy P de Groote 

How patients should be screened? 

Echocardiography: the best screening tool 



        Hemodynamic definition 

– Mean PAP > 25 mmHg at rest 

 > 30 mmHg during exercise 

– mPAWP < 15 mmHg 

 

Right heart catheterization  
= diagnostic tool 

Courtesy Marc Humbert 



599 patients (165 dSSc and 434 lSSc) 

29 known PAH 

screening  echocardiography 

570 patients  

VTR could not be 

 measured: 114* 

Not suspected 

 PAH:419 

LV diastolic  

dysfunc:4 

* no indirect evidence of pulmonary hypertension, since the size of their right 
heart chambers was comparable with that of the patients with a TJV 2.5 m/second 

Suspected 

 PAH: 33 

Doppler echocardiography 
 = screening tool  

Hachulla E. Arthritis Rheum 2005; 52: 3792-3800 



33 with suspected PAH 

33 RHC done 

Confirmed PAH 

18 (54%) 

 

Post capillary PH 

(mPAWP > 15) : 3 (10%) 

No PAH 

12  (36%)  

Total : 18 new PAH+ 29 known PAH: prevalence 7.85 %  
      

Right heart catheterization  
= diagnostic tool 

Hachulla E. Arthritis Rheum 2005; 52: 3792-3800 



Doppler echocardiography 
 = screening tool  

SSc patients with no severe pulmonary function 
abnormalities and no known severe cardiac disease 

TJV< 2.8 m/s TJV ≥ 3 m/s 

Dyspnea (not explained 
by another cause) 

No dyspnea (or 
dyspnea explained 
by another cause) 

TJV 2.8-3 m/s 

No PAH Suspected PAH 

TJV= tricuspid jet velocity  

Hachulla E. Arthritis Rheum 2009; 60: 1831 

RHC 



Forms of PH Incidence per 100 patient-years  

[95% CI] 

PAH  

• Among patients with dSSc 

• Among patients with lSSc 

0.61 [0.26 – 1.20] 

1.25 [0.34 – 3.20] 

0.40 [0.11 – 1.03] 

Postcapillary PH 0.61 [0.26 – 1.20] 

PH associated with severe 

pulmonary fibrosis 

0.15 [0.02 – 0.55] 

All forms of PH 1.37 [0.74 – 2.00] 

Hachulla E. Arthritis Rheum 2009; 60: 1831 

SSc-PAH incidence 

• Mean follow-up : 41.03 ± 5.66 months  
• Corresponds to 1,313 patient-years 



ItinerAIR study 

Detected versus daily practice diagnosed 

SSc-PAH survival 



Braunwald E, et al., eds. Harrison’s Principles of Internal Medicine. Vol. 2. 15th ed  
New York: McGraw-Hill; 2001:1506 

SSC-PAH: natural history 
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RR=0.26  
(95% CI: 0.08, 0.90) 
p=0.0285 
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Improved 
(FC II → I)  

Worsened 
(FC II → III or IV) 

Galiè N et al. Presented at ESC 2007 
Galiè N et al. Lancet 2008; 371:2093-100 

Effect on NYHA/WHO functional class 

Early PAH diagnosis and early 
management may improve the prognosis 

EARLY study 



Humbert M. N Engl J Med 2004; 351:1425-36 

PAH: therapeutic approach 



Blood flow 
RV 

RA 

LA 

LV 

Point 

of obstruction 

PAH=Pre capillary PH 

(mPAWP < 15 mmHg) 

SSc-PAH: scenario 1 
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Blood flow 
RV 

RA 

LA 

LV 

Hypoxemia leads 

to vasoconstriction 

Pre capillary PH 

(mPAWP < 15 mmHg) 

ILD 

SSc-PH: scenario 3 
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Hachulla AL. Ann Rheum Dis 2009; 68: 1878 

PAH-SSc: why such a bad prognosis? 

Localized thinning of LV in 29% Increased signal intensity in T2 in 12% 



PAH-SSc: why such a bad prognosis? 

 ILD: >60% 

 

 TLC<70% risk of PH 

 

 PH owing to ILD: 

 

   - Generally mild =mPAP <35 mm Hg 

   - Sometimes « out-of-proportion» 



Mathai SC. Arthritis Rheum 2009; 60: 569 

PAH-SSc: why such a bad prognosis? 



Resten A. AJR 2004;183:65-70 

Veno-occlusive disease? 
 • HRCT scan:    - septal thickening  

  - intralobular ground glass opacities 

  - pleural and pericardial effusion 

  - Intrathoracic lymph nodes 

 

 



42 Dorfmüller Pet al. ERS 2005. Dorfmüller  P. Hum Pathol 2007; 38: 983 

Veno-occlusive disease in PAH-SSc 
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ESC-ERS guidelines ERJ 2009 

Goal-oriented therapy 

Assessment should be performed at baseline and 
after 4 to 6 months of first-line treatment 

PAH-SSc: how to improve the prognosis? 



subjects 
at risk, n 

16 11 9 6 3 1   

28 20 7 5 

NYHA I/II 
 

NYHA III/IV 3     

NYHA I/II after 4 months 

NYHA III/IV after 4 months 
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49 consecutive SSc-PAH patients, 
 first line oral treatment 

p=0.03 

Launay D. Rheumatology [Epub ahead of print] 
 

PAH-SSc: a goal oriented therapy is needed 
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PAH-SSc: a goal oriented therapy is needed 

Launay D. Rheumatology [Epub ahead of print] 
 



 

 10% of SSc patients suffer from PAH 

 DLCO is useful for identifying SSc patients at risk of PAH 

 Echocardiography is the best screening tool 

 RHC is mandatory for the diagnosis of PAH 

 Keep in mind the different PH scenario 

 Early detection and early intervention may improve survival 

 A goal oriented therapy is needed 

 

 

    

 

 

 

Take home messages 


