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Updated classification of pulmonary hypertension 

Simmoneau G et al. J Am Coll Cardiol 2013 

Connective tissue diseases 



15% of PAH have CTD 

SSc is the leading cause of CTD-associated PAH 

Limited 

67% 

Diffuse  

33% 

Humbert M, et al. Am J Respir Crit Care Med 2006;173:1023–30. 

• Other ~ 10% 
• MCTD 
• Sjögren’s syndrome 
• Polymyositis 
• (Rheumatoid arthritis?) 

• SLE: 15%  

• SSc: 76% 

 



SYSTEMIC SCLEROSIS 

Vascular 

hyperreactivity 
Raynaud’s phenomenon 

Renal crisis 

Pulmonary arterial 

hypertension 

Fibrosis 

Skin 

Lung 

Bowell 

Heart 

Autoimmunity 
 
Autoantibodies 

 Anti-Scl70 

 Anti-centromere 

 Anti-ARNPolIII 

Ac anti-fibroblasts 



Prévalence 
Auteurs Régions technique 

Prévalence 

/million  

Etats Unis 

Michet Rochester Hôpital 138 

Mayes Detroit Sources multiples 242 

Maricq Caroline du sud Population 190-750 

Océanie 

Chandran Australie du sud 147-208 

Roberts-Thomson Australie du sud Sources multiples 233 

Asie 

Shinkai Japon Santé publique 7 

Tamaki Tokyo Santé publique 21-53 

Europe 

Silman West midland Sources multiples 31 

Asboe-Hansen Danemark Source hôpital 126 

Le Guern Seine Saint Denis Sources multiples 158 

El Adssi Lorraine 
Sources multiples 

 

132 



2013 classification criteria for SSc: an 

ACR/EULAR collaborative initiative (I) 

• Skin thickening of the fingers extending proximal 

to the metacarpophalangeal joints: SSc;  

• If that is not present, 7 additive items apply: 

– skin thickening of the fingers, 

– fingertip lesions,  

– telangiectasia,  

– abnormal nailfold capillaries, 

– interstitial lung disease or pulmonary arterial 

hypertension, 

– Raynaud’s phenomenon,  

– SSc-related autoantibodies. 

van den Hoogen F et al. Ann Rheum Dis 2013 



Telangiectases in Scleroderma: A Potential Clinical Marker of 
Pulmonary Arterial Hypertension 

Shah et al. J Rheumatol 2010 



Skin score 

Visceral involvement 

SYSTEMIC SCLEROSIS : EVOLUTION 

Diffuse 

Limited cutaneous 

0 10 2 4 6 8 

Raynaud’s syndrome 

Kidney 

ILD + PAH 

Myositis 

Bowell 

ILD 

PAH 

Bowell 

0 10 2 4 6 8 Years 

Lung 



Pulmonary vascular remodeling in SSc-PAH 

Le Pavec J et al 2010 AJRCCM 



PAH-SSc: Prevalence 

Author 
Year of 

publication 
Country PAH definition (RHC) PAH prevalence 

Mukerjee et 

al. 
2003 UK 

mPAP > 25 mmHg at rest or > 30 

at exercise pulmonary capillary < 

14 mmHg 

12% (86/722) 

Hachulla E, 

et al. 
2005 France 

mPAP > 25 mmHg at rest or > 30 

at exercise pulmonary capillary < 

14 mmHg 

7,85% (47/599) 

Vonk, et al. 2009 Netherlands 

PAPm ≥25mmHg at rest  and 

normal pulmonary capillary 

pressure 

9,9% (113/1,148) 

Phung, et 

al. 
2009 Australia 

PAPm ≥25mmHg at rest, or 

≥30mmHg at exercise pulmonary 

capillary < 15 mmHg and PVR> 

240 dyn/s/cm² 

13% (24/184) 

Avouac, et  

al. 
2010 

France and 

Italy 

PAPm ≥25mmHg at rest, or 

≥30mmHg at exercise pulmonary 

capillary < 15 mmHg absence of 

pulmonary fibrosis 

3,6% (42/1,165) 

Hsu et al.  2014 
North 

America 

PAPm ≥25mmHg au repos, ou 

≥30mmHg à l'effort et PCP < 

15mmHg 

13,9% (35/251) 

Legendre P, Mouthon L. Presse Med 2014 



 Fisher MR, et al. Arthritis Rheum 2006; 54:3043-50.  

Time (years) 
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p = 0.002 

PAH-SSc has a poor prognosis… 

90%                   78%                 56%  

In the modern treatment era PAH-SSc 

has still a poor prognosis… 

Launay D, et al. Ann Rheum Dis 2013;72:1940–1946. 

PAH-SSc has a poorer prognosis 

than idiopathic PAH 



a Class of recommendation 
b Level of evidence 

2015 ESC/ERS Guidelines 

Galiè N, et al. ESC/ERS Guidelines. Eur Heart J 2016 & Eur Respir J 2015. 



     VIT > 3 m/s 
(~ sPAP > 45 mmHg)  

VIT 

     VIT < 2.5 m/s 
(~ sPAP < 30 mmHg)  

     VIT 2.5-3 m/s 
(~sPAP 30-45 mmHg)  

No dyspnea 

or dyspnea related to 

another cause 

Dyspnea (not 

related to other  

causes) 

No PAH 

PAH echography  

  

Right cardiac catheterisation 

Cardiac EchoDoppler 
PAH definition 

Hachulla et al. Arthritis Rheum 2005 



Cardiac catheterisation (n=33) 

• PAH : 18                                                                    

• [mPAP > 25 mmHg at rest or > 30 mmHg 
at exercise with PAwP < 15 mmHg] 

– 25-35 mmHg: 14 

– 35-45 mmHg: 3 

– 45 mmHg: 1 

• Post-capillary “venous”pulmonary 
hypertension: 3 (10%) 

• No PAH : 12 => 6 with mPAP > 20 mmHg 
 

Hachulla et al. Arthritis Rheum 2005 



Circulation 

sanguine 
VD 

OD 

OG 

VG 
HTP précapillaire 

(PAPm≥25mmHg et P cap pulm≤15mmHg 
et Resist vasc pulm>3WU) 

Point 

d’obstruction 

HTP: quel est le bon diagnostic ? 
Groupe 1  

• Il s’agit bien d’une hypertension artérielle pulmonaire 

« pré-capillaire » 



Circulation 

sanguine 
VD 

OD 

OG 

VG 

OG 

HTP postcapillaire 

(PAPm≥25mmHg et P cap pulm>15mmHg 
et Resist vasc pulm normales 

HTP: quel est le bon diagnostic ? 
Groupe 2: hypertension pulmonaire  

Point de pression 

élevée 

• Il s’agit bien d’une hypertension pulmonaire « post-

capillaire » 



Long-term outcomes in detected 

vs routine SSc-PAH 

 Humbert M, et al. Arthritis Rheum 2011; 63:3522-30. 



DETECT algorithm 

RHC for diagnosis of PAH 

True PAH positive (n = 69) 

False PAH positive (n = 129) 

No referral for RHC 

True PAH neg. (n = 68) 

False PAH neg. (n = 1) 

Step 1 

6 non-echo variables* 

Total risk score > 300? 

Step 2 

Step 1 total score plus 2 echo 

variables 

Total risk score > 35? 

SSc patients (> 3yr duration & DLCO<60%) to be screened (n = 408) 

YES  

(n = 198) 

No referral for echo 

True PAH neg. (n = 50) 

False PAH neg. (n = 2) 

YES  

(n = 304) 

Missing data 

(n = 52) 

Missing data 

(n = 37) 

NO 

(n = 69) 

For step 1 ROC AUC = 0.844, (95% CI, 0.795, 0.898). 

For step 2 ROC AUC = 0.881 (95% CI, 0.824, 0.923). 

Coghlan JG, et al. Ann Rheum Dis. 2014. 

NO 

(n = 52) 

* telangiectasia, anti-centromere, PFT and DLCO, 

ECG and biomarkers (NT-proBNP and uric acid)  



PAH screening guidelinesESC/ERS 

Guidelines 2015  

DETECT 

Oui = 

ETT 

Oui = 

KT 

Coghlan et al. ARD 2014 





a Class of recommendation 
b Level of evidence 

2015 ESC/ERS Guidelines 

Galiè N, et al. ESC/ERS Guidelines. Eur Heart J 2016 & Eur Respir J 2015. 



Estimated incidence of pulmonary hypertension 

during the 3-year followup period* 

Hachulla et al. Arthritis Rheum 2009 



Changes in causes of Systemic Sclerosis related 
deaths between 1972 and 2001 

Steen et Medsger. Ann Rheum Dis 2007 



The impact of comorbidities 

• Age  

• Myocardial involvement 

• Musculoskeletal involvement  

• Pulmonary fibrosis  

• Pulmonary Veno-Occlusive Disease  



Mathai et al,Arthritis  Rheum. 2009;60:569--‐77 

PAH complicating Pulmonary fibrosis 



Combined Pulmonary Fibrosis and Emphysema 

Syndrome in Connective Tissue Disease 

Cottin et al Arthritis Rheum 2010 



Fibrous remodeling of the pulmonary venous 
system in PAH associated with CTD  



Günther S, et al. Arthritis Rheum 2012; 64:2995-3005. 

Montani D, et al. Eur Respir J 2009; 33:189-200. 

Pre-PAH therapy initiation Post-PAH therapy 

Post-capillary 

obstruction remains 

Increased CO 

Pulmonary oedema 

Pulmonary veno-occlusive disease 

(PVOD) is not uncommon in SSc 



PVOD is not uncommon in SSc 

Suggests PVOD in patients with severe PH & SSc 
 

• Clinical 

• More severe (NYHA III-IV) 

• History of pulmonary oedema (on PAH therapy +++) 

 

• HRCT 

• Lymph node enlargement 

• Centrilobular ground-glass opacities 

• Septal lines 

 

• PFTs & ABG 

• Lower DLCO 

• Lower PaO2 

 

• BAL 

• Hemosiderin-laden macrophages 

 Günther S, et al. Arthritis Rheum 2012; 64:2995-3005. 



Poor prognosis of PVOD-like disease in SSc 

Günther S, et al. Arthritis Rheum 2012; 64:2995-3005. 



Conclusions 

8-12% of SSc patients develop PAH/Incidence 0.6% 

Detection: echocardiography 

Comfirmation: Right heart catheterization 

(treshold….) 

Detect algorithm: step 1 and step 2 

Prognosis: reserved 

Impact of comorbidities 
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