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Pulmonary Hypertension 

• Pulmonary hypertension (PH) is defined as a resting mean 

pulmonary artery pressure (mPAP) of ≥25 mmHg measured during 
right heart catheterization (RHC) 

Respiratory Medicine 143 (2018) 139–146 

Mayo Clin Proc.2020;95(9):1978-1988. 

JAMA Intern Med. 2013 May 27;173(10):887-93. 

 Although the prognosis of PAH has improved with targeted therapies, the outcome is 
dependent on early detection and an accurate diagnosis 





• PH-  MPAP >25 mm Hg  

• Pre- capillary PH – PCWP <15mmHg   -  PAH 

                                                                         PH due to  lung 

                                                                         PH thromemb. 

                                                                         PH multifact. 

Post – capillary PH – PCWP >15mmHg        PH lt. heart. 

TPG <12, TPG>12 



VENICE 2003 CLASSIFICATION 



CTD LEADING CAUSE OF PAH 
 

• IDIOPATHIC                                                39% 

 

• CTD                                                15% 

 

• CHD                                         11% 

 

• PORTAL HTN                        10% 

 

• HIV                                        6% 

 

• FAMILIAL                             4% 

 

Humbert M, et al. AJRCMM 

2006;173:1023–30 



• SSc is the leading cause of death from PAH amongst the CTD. 

 

• SLE-15% 

 

• SSc- 76% 

Humbert M, et al. AJRCMM 

2006;173:1023–30 



67 

33 

PAH in SSC 

Limited

diffuse

Humbert M, et al. AJRCMM 

2006;173:1023–30 



PAH in SSc worse than SLE 



          PH in SSC causes 



Venice 2003 classification of PH 



           PH-ILD worse than isolated PH 



              I PAH  vs PAH SSc 

Kawut et al. chest 2003 

I PAH 

PAH SSc 



        PHAROS STUDY 

• 2 YR OUTCOME FOR PRE-PAH IN SSc 

• ENTRY CRITERIA-  DLCO <55% 

•      ECHO PASP- >40MMHG 

• 205 PATIENTS ENROLLED SCREENED ANNUALY 

• AFRICAN AMERICAN, AND NUCLEOLAR U3 RNP AB,DLCO 

• CONCLUSION- AT 2YRS 22% CUMULATIVE DEV OF PAH IN PATIENTS AT HIGH 
RISK 

• VERY LOW DLCO(40%) WAS THE BEST PREDICTOR 

• ECHO PASP VARIABLE OVER TIME DID NOT CORRELATE WITH SPAP ON RHC. 

 



OTHER risk factors for PAH in SSC 

• Nt pro-BNP 

 

 

• Telengectasias >10 

 

 



    Nail fold Capillaroscopy 

NORMAL EARLY SSc 

ACTIVE SSc LATE SSc 



Not associated with risk of developing PAH 

• Digital ulcers 

 

• Digital gangrene 

 

• Renal crisis 









SCREENING FOR PAH 

 



              Why screening 

Koh ET, et al Pulmonary hypertension in systemic 

sclerosis: an analysis of 17 patients. Br J Rheumatol 1996;35:989–93 



ECS 



Itine´rAIR-Scle´rodermie study 

• 559 pts without severe Pulmonary function abnormalities 

     underwent   Doppler echocardiography. 

 

• Patients with a peak velocity of tricuspid regurgitation (VTR) 
of >3 m/s or 2.5–3 m/s accompanied by unexplained 
dyspnoea then underwent right heart catheterization (RHC) 
to confirm PAH according to international guidelines 

 

• Based on Doppler echocardiography- 

    33 of the 559 patients had suspected PAH. 

Hachulla E et al. ArthritisRheum 2005;52:3792–800. 



 Doppler echocardiography 

                              SSc patients with no severe pulmonary 

                                           function abnormalities 

 

 

 

VTR < 2.5 m/sec                                          VTR 2.5-3 m/sec                                                                    VTR  ≥ 3 m/sec  
 

                   No dyspnea (or                                       Dyspnea (not explained 

                   Dyspnea explained                                       by another cause) 

                   by another cause) 

 

   

No PAH                                                                                                                            Suspected PAH 

 

                                                                                

  VTR : Peak velocity of pulmonary regurgitation 

                                                                   

                                                                               Hachulla E. Arthritis Rheum 2005; 52 (12): 3792-3800 

 

 



       Right heart catheterization 
 •                 Suspected PAH on Doppler echocardiography 

 

      

                            mPAP at rest< 25 mmHg                    mPAP at rest >25 & 

                                                                                              PCWP <15mmHg 

 

 

         mPAP during                  mPAP during 

         Exercise<30mmHg         exercise >30 mmHg 

 

                                                                                   

       

  No PAH                                                                                                Confirmed PAH                                         
 

                                                                           

                                                                       

 

                                                                                                                      Hachulla E. Arthritis Rheum 2005; 52 (12): 3792-3800 



RHC 

PAH: 18 

• 14 had a mPAP ≥ 25 mmHg at rest 
• ≥ 25-35 mmHg : 9 

• ≥ 35-45 mmHg : 4 

• ≥ 45 mmHg : 1 

• 4 had a mPAP < 25 mmHg at rest but ≥ 30 mmHg at exercise 

No PAH : 12/33 

• 5 had no exercise RHC 

• 6 had a mPAP > 20 mmHg 

Post capillary PH : 3/33 



Key take home points 

• Echo cardiography is a good screening tool. 

• Echo cardiography tends to overestimate PAH as compared to RHC. 

• Left heart disease is a major differential diagnosis and may be missed 
a on Echo. 

 



ASIG 



DETECT 





BUT…… IS IT PRACTICALLY POSSIBLE TO DO 
RHC IN OUR COUNTRY TO DIAGNOSE PAH? 

 





TREATMENT FOR PAH  

 



?Role of immunosuppresive therapy in 
CTD  PAH 

 



Immunosuppressive Therapy in Connective 
Tissue Diseases-Associated Pulmonary Arterial 
Hypertension 

• Eight of 28 patients [29%] were responders 

•  [SLE], n = 5    

• [MCTD]  n = 3 

• No patients with systemic sclerosis responded,  

Sanchez et al CHEST 2006 





?Role of immunosuppresive therapy in 
SSc PAH 

 



                            CYC IN  SSc-PAH 

Effect of intravenous pulse cyclophosphamide (CYC) treatment on 

pulmonary artery systolic pressure (PASP) in 20 patients with ILD. A 

= before CYC treatment; B = at the end of CYC treatment; C = ≥6 
months after completion of CYC treatment. Values are the mean ± 

SD.  
TRAD ET AL A&R 2006 



The trend for improved survival in patients with PH with FVC <70 who were treated with MMF 

even in the absence of improvement of FVC is intriguing.  Whether it has an effect on pulmonary 

artery remodeling should be considered.  These findings warrant prospective controlled 

investigations of MMF in SSc PH particularly in those with restrictive lung disease. 





POOR LONG TERM RESPONSE TO CCB’S IN 
CTD PAH 

N0. OF TESTED 

PATIENTS* 

ACUTE 

RESPONDERS# 

LONG TERM 

RESPONDERS 

IDOPATHIC PAH 523 13.5% 7.5% 

APPETITE SUPRESS. 127 11.8% 7.9% 

CTD-PAH 168 10.1% 1.2% 

PVOD 34 12.2% 0 

HIV ASSOC. PAH 124 1.6% 1.6% 

CHD  PAH 50 0 NA 

FAMILIAL PAH 34 0 NA 

POTROPULM. PAH 153 1.3% 0.7% 

O. Sitbon et al ATS 2003 
* With NO and/or PgI2 ; # fall in mPAP and PVR > 20% 



THREE MAIN PATHWAYS IN 
PATHOPHYSIOLOGY OF PAH 

 



TIMELINE OF TREATMENT OF PAH 

TRITON 

2020 



            TREAT TO TARGET 

• Close monitoring of patients for early identification of 
inadequate response, so that treatment can be escalated 
promptly and before the patient‘s condition deteriorates 
further. 

 

• Goal-oriented therapy determines the timing of treatment 
escalation by inadequate Response to known prognostic 
indicators  

  



 An algorithm  for goal-oriented therapy in pulmonary arterial            

hypertension (PAH) 

 

Hoeper MM, et al. Eur Respir J 

2005; 26:858-63. 

WHO: World Health Organization; 

6MWD: 6-min walk distance; Pra: right 

atrial pressure; CI: cardiac index; ERA: 

endothelin receptor antagonist; PDE: 

phosphodiesterase 



O Sitbon ,ERS 2010 



6MWD & NYHA- FC STRONGLY 
CORRELATES WITH SURVIVAL 

O Sitbon ,ERS 2010 



https://uptravihcp.com/ctd-subgroup/ 



https://uptravihcp.com/ctd-subgroup/ 



GRIPHON—The Largest PAH-CTD Subpopulation in 

a Randomized Controlled PAH Trial (n=334) 

https://uptravihcp.com/ctd-subgroup/ 



PAH-CTD was a prespecified subgroup of the GRIPHON phase 3 trial  
(Selexipag: n=167, placebo: n=167) 

https://uptravihcp.com/ctd-subgroup/ 



Prevents Disease Progression 

Selexipag 

https://uptravihcp.com/ctd-subgroup/ 



Excellent Efficacy 

https://uptravihcp.com/ctd-subgroup/ 

Selexipag 



Reduces Hospitalizations  

https://uptravihcp.com/ctd-subgroup/ 

Selexipag 



Initiation before 6 months 

https://uptravihcp.com/ctd-subgroup/ 

Selexipag 



Initiation after 6 months 

https://uptravihcp.com/ctd-subgroup/ 

Selexipag 



Triple combination subgroup  

https://uptravihcp.com/ctd-subgroup/ 



Prevents Disease Progression 

https://uptravihcp.com/ctd-subgroup/ 

Selexipag 



FC II SUBGROUP 

https://uptravihcp.com/ctd-subgroup/ 

Selexipag 



FC III SUBGROUP 

https://uptravihcp.com/ctd-subgroup/ 

Selexipag 



https://uptravihcp.com/ctd-subgroup/ 

Selexipag 



SSC SUBGROUP 

https://uptravihcp.com/ctd-subgroup/ 



 The risk reduction of selexipag versus placebo was 44%  in patients with 
PAH-SSc and 34%in patients with PAH-SLE  

Eur Respir J 2017; 50: 1602493 



Most frequent adverse events among patients 
with PAH associated with connective tissue 
disease 

Eur Respir J 2017; 50: 1602493 



• Study included 13 systemic sclerosis–associated pulmonary arterial hypertension 

patients, 10 patients were female, median age (interquartile range) of 68 (58–75) years, 

median systemic sclerosis disease duration of 7.4 (4.7–13.5) years, and median 

pulmonary arterial hypertension duration of 4 (2.5–7.5) years 

• Adding selexipag to background therapy in a high-risk cohort of systemic sclerosis– 

associated pulmonary arterial hypertension patients provided sustained stabilization of 

symptoms with an acceptable safety profile 

Journal of Scleroderma and Related Disorders 2020, Vol. 5(3) NP7–NP11 



TRITON TRIAL 



ESC Congress 2021 – 27–30 August 2021  



SUMMARY 
• CTD PAH ARE ONE OF THE MAJOR GROUPS OF PAH 

 

• SCLERODERMA FOLLOWED BY LUPUS ACCOUNT FOR MOST OF THE CASES 

 

• SCREENING PROTOCOLS ARE VERY USEFUL FOR EARLY DETECTION 

 

• IMMUNOSUPRESSIVE THERAPY  IS DEFINITELY USEFUL IN SLE AND PROBABLY 
USEFUL IN SCLERODERMA 

 

• WE SHOULD TREAT TO TARGET( FC-1) 

 

 

• COMBINATION THERAPIES (TRIPLE WITH SELEXIPAG)  IS PROBABLY THE FUTURE 



THANK YOU 

 



• PAH definition 

• PAH classification 

• PAH screening 

• PAH pathophysiology 

• PAH  management 

• PAH follow up 





 
 
 
 
 
 
 
 
 
 
 
 
 
 



The trend for improved survival in patients with PH with FVC <70 who were treated with MMF 

even in the absence of improvement of FVC is intriguing.  Whether it has an effect on pulmonary 

artery remodeling should be considered.  These findings warrant prospective controlled 

investigations of MMF in SSc PH particularly in those with restrictive lung disease. 







ASIG 



ECS 



DETECT 









TREATMENT 

 



TIMELINE OF PAH THERAPIES 

TRITON 

2021 

www.ajmc.com JULY 2015 





   Pulmonary vasculature 



nomenclatures 

• PH – pulmonary hypertension 

• PAH- Pulm. Arterial hypertension 

• mPAP- Mean Pulm. Arterial pressure 

• PCWP- Pulm. Capillary wedge pressure. 

• VTR – Velocity of Tricusp. Regur. 

• PFT- Pulm. Function test 

• 6MWD- 6 min walk distance 

• BNP- B-type natriuretic peptide 



Definition &Classification of PH 

 



             PH DEFINITION 

mPAP >30mmhg 

after exercise 

NOT VALID 



ECHO definitions for PH 

• PH  unlikely- vTR < 2.8m/s,PA syst pressure<36mHg 

 

 

• PH possible- vTR 2.9- 3.4m/s,PA syst pressure 37- 50mmHg 

 

• PH likely – vTR - >3.4m/s, PA syst pressure >50mmHg 



ECHO CAN NEVER DIAGNOSE PAH 

 



Venice 2003 classification of PH 



PH in CTD & Systemic Sclerosis 

 



CTD LEADING CAUSE OF PAH 
 

• IDIOPATHIC                                                39% 

 

• CTD                                                15% 

 

• CHD                                         11% 

 

• PORTAL HTN                        10% 

 

• HIV                                        6% 

 

• FAMILIAL                             4% 

 

Humbert M, et al. AJRCMM 

2006;173:1023–30 



J Respir Crit Care Med Am Vol 179. pp 151–157, 2009 
 





• SSc is the leading cause of death from PAH amongst the CTD. 

 

• SLE-8% 

 

• SSc- 74% 

Humbert M, et al. AJRCMM 

2006;173:1023–30 



               PAH in SSC 

67 

33 

Limited

diffuse

Humbert M, et al. AJRCMM 

2006;173:1023–30 



PAH in SSc worse than SLE 



              I PAH  vs PAH SSc 

Kawut et al. chest 2003 

I PAH 

PAH SSc 



          PH in SSC causes 



Venice 2003 classification of PH 



PH  in Scleroderma can be multifactorial and 
difficult to asses. 

• PVOD-  characterised by intimal proliferation and fibrosis of the 
intrapulm veins and venules. 

                                                     Dorfmuller p et al Hum pathol 2007 

 

 

• PVOD is an under recognised cause of PH in SSc patients.                         
Montani D et al Eur Respir J  2009;33:189-200 

 

• SSc-PAH may be charcterised by more frequent coexistent PVOD.                    
Dorfmuller p et al Hum pathol 2007   

 

 



 



PH  in SSc due to left heart failure 





PH due to pulmonary fibrosis 



PH-ILD worse than isolated PH 



              Why screening 

Koh ET, et al Pulmonary hypertension in systemic 

sclerosis: an analysis of 17 patients. Br J Rheumatol 1996;35:989–93 



 Methods of screening 

 



Itine´rAIR-Scle´rodermie study 

• 559 pts without severe Pulmonary function 
abnormalities 

     underwent   Doppler echocardiography. 

 

• Patients with a peak velocity of tricuspid regurgitation 
(VTR) of >3 m/s or 2.8–3 m/s accompanied by 
unexplained dyspnoea then underwent right heart 
catheterization (RHC) to confirm PAH according to 
international guidelines 

 

Hachulla E et al. ArthritisRheum 2005;52:3792–800. 



 Doppler echocardiography 

                              SSc patients with no severe pulmonary 

                                           function abnormalities 

 

 

 

VTR < 2.8 m/sec                  VTR 2.8-3 m/sec                                          VTR  ≥ 3 m/sec  

 

                   No dyspnea (or                              Dyspnea (not explained 

                   Dyspnea explained                by another cause) 

                   by another cause) 

 

   

No PAH                                                                                                  Suspected PAH 

 

                                                                                

  VTR : Peak velocity of pulmonary regurgitation 

                                                                   

                                                    

                                                 Hachulla E. Arthritis Rheum 2005; 52 (12): 3792-3800 

 

 

 



Based on Doppler echocardiography- 

    33 of the 559 patients had suspected PAH. 
 

 



RHC 

PAH: 18 

• 14 had a mPAP ≥ 25 mmHg at rest 
• ≥ 25-35 mmHg : 9 

• ≥ 35-45 mmHg : 4 

• ≥ 45 mmHg : 1 

• 4 had a mPAP < 25 mmHg at rest but ≥ 30 mmHg at exercise 

No PAH : 12/33 

• 5 had no exercise RHC 

• 6 had a mPAP > 20 mmHg 

Post capillary PH : 3/33 



       Right heart catheterization 
 
•                 Suspected PAH on Doppler echocardiography 

 

      

                            mPAP at rest< 25 mmHg                    mPAP at rest >25 & 

                                                                                              PCWP <15mmHg 

 

 

         mPAP during                  mPAP during 

         Exercise<30mmHg         exercise >30 mmHg 

 

                                                                                   

       

  No PAH                                                                                                Confirmed PAH                                         
 

                                                                           

                                                                       

 

                                                                               Hachulla E. Arthritis Rheum 2005; 52 (12): 3792-3800 



Key take home points 

• Echo cardiography is a good screening tool. 

• Echo cardiography tends to overestimate PAH as compared to RHC. 

• PAH can never be diagnosed on ECHO. 

 



Other methods of screening 

 



        PHAROS STUDY 

• 2 YR OUTCOME FOR PRE-PAH IN SSc 

• ENTRY CRITERIA-  DLCO <55% 

•      ECHO PASP- >40MMHG 

• 205 PATIENTS ENROLLED SCREENED ANNUALY 

• AFRICAN AMERICAN, AND NUCLEOLAR U3 RNP AB,DLCO 

• CONCLUSION- AT 2YRS 22% CUMULATIVE DEV OF PAH IN PATIENTS AT HIGH 
RISK 

• VERY LOW DLCO(40%) WAS THE BEST PREDICTOR 

• ECHO PASP VARIABLE OVER TIME DID NOT CORRELATE WITH SPAP ON RHC. 

 



OTHER risk factors for PAH in SSC 

• Nt pro-BNP 

 

 

• Telengectasias >10 

 

 



    Nail fold Capillaroscopy 

NORMAL EARLY SSc 

ACTIVE SSc LATE SSc 



Not associated with risk of developing PAH 

• Digital ulcers 

 

• Digital gangrene 

 

• Renal crisis 



 


