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Classification of PH in five groups (ESC/ERS 2015) 
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• Definition : chronic precapillary pulmonary hypertension 

• Cause : progressive structural remodeling of the small pulmonary arteries 

• Consequence : right heart failure and death 

Normal PAH 

Pulmonary Arterial Hypertension :  

a severe pulmonary vascular disease 

  



Delay in diagnosis of PAH has not substantially changed 

over the two decades 

Delay from onset of 

symptoms to diagnosis 

 

Two years on average 

Delayed diagnosis of pulmonary hypertension is 

common and reported in as many as 85% of at-risk 

patients. 

JAMA Cardiol. doi:10.1001/jamacardio.2016.4471 

Published online November 16, 2016. 



Registry data suggest PAH is often advanced when diagnosed 

*REVEAL enrollment was completed in December 2009, with all patients followed for 5 years.  

REVEAL was funded and sponsored by Actelion Pharmaceuticals US, Inc.  

NIH: National Institutes of Health; PAH: pulmonary arterial hypertension; PHC: Pulmonary Hypertension Connection; REVEAL: Registry to EValuate Early And Long-term PAH 
Disease Management; REVEAL FCCRegistry to EValuate Early And Long-term PAH Disease Manage 
 

Adapted from Frost AE et al. Chest. 2011;139:128-137. 



PAH diagnosis is typically delayed and has a negative 

impact on patients’ long-term outcomes 

      Delays in diagnosis of over 1 year have been reported in almost half of PAH        

      patients 

• non specific symptoms 

• low level of suspicion in everyday clinical practice 

• Delays in diagnosis adversely affect long term outcomes and can result in 

patients feeling distressed and frustrated 

Armstrong I et al. BMC Pulm Med 2019 



 

The disease is characterized by a pre- symptomatic phase 

Ann Am Thorac Soc Vol 11, Supplement 3, pp S178–S185, Apr 2014 

Copyright © 2014 by the American Thoracic Society 

DOI: 10.1513/AnnalsATS.201312-443LD 



         Galie N et al. Eur Heart j 2010 



Why is early treatment needed? 
 



 Phenotyping PH 

 Registries: The Changing Phenotype of PAH  

• Elderly patients, mean age at diagnosis 50-65 years 

• Comorbidities  

• Female predominance is quite variable 

              McGoon et al. JACC 2013 





Redefining PH and pre-capillary PH  

 Nice proceedings 2018 

 

 
Effort to identify early 
Pulmonary Vascular 

Disease (PVD) 
 

Simonneau G, Montani D, Celermajer DS, et al. Haemodynamic definitions and 

  updated clinical classification of pulmonary hypertension. Eur Respir J 2018 





The symptoms are non-specific, leading to a great delay in 

diagnosis 
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Patients (%) 

Rich A et al. Ann Intern Med. 1987;107:216-223.  

Badesch DB et al. Chest. 2010;137:376-387. 

NIH Registry (1981 to 1985) 1.3 years 

REVEAL Registry (2006 to 2007) 1.1 years 

Median Time From Symptom Onset to Diagnosis 



Normal PAH 

Pulmonary arterial hypertension (PAH) 
Pathophysiology 

Increased resistance (impedance) to flow 



 

Capillary recruitment  and Vascular distention 

During exercise a healthy subject can increase cardiac output 4-5 times while MPAP 

increases 2-3 times normal - almost doubles the resting lung capillary blood volume  



Exercise pathophysiology in PAH 

 Inefficient pulmonary vascular bed 

recruitment:  

     increase of “functional” dead space 

ventilation (VD/Vt) 

 Failure of cardiac output to increase: 

inadequate oxygen transport, lactic 

acidosis 

 Hypoxemia 

 Respiratory muscle impairment  

 

 Sun XG et al.Circulation 2001, Paolillo 
et al. Eur J Prev Cardiol 2011 



 42-year-old woman with dyspnea, 

fatigue, palpitations 

 

 Diagnosed with “depression”… 

 

 







Συνεχές Doppler δια της τριγλώχινας για την 

εκτίμηση της συστολικής πίεσης της δεξιάς κοιλίας 

   RVSP=4xVmax2+RAP 







• Γυναίκα 42 ετών 

• Ιστορικό ΣΣ από το 1985 

• Ιστορικό δακτυλικών ελκών (Ilomedin, Adalat, τρέχουσα αγωγή  Bosentan 125mg x2), χρόνιας 

οισοφαγίτιδα (2005), περικαρδίτιδα, θρόμβωση ιγνυακής αρτηρίας (2008) 

• Παραπέμπεται από ρευματολογική κλινική: δύσπνοια στην ελάχιστη προσπάθεια 

• Raynaud (+) , σκληρό οίδημα άνω-κάτω άκρων, αρχόμενη μικροστομία και περιστοματική 

ρυτίδωση, τρίζοντες βάσεων άμφω 

 





Recent Nice proceedings emphasize on the need  
to identify high risk populations 

High risk patients: 

  Congenital heart disease 

 Connective Tissue Disease 

 Suggestive family history 

 HIV and 

 Portopulmonary 

hypertension(POPH)  
 

 

 

 

 

 

 

Frost A, Badesch D, Gibbs JSR, et al. Diagnosis of pulmonary hypertension. Eur Respir J 2018 



Systemic Sclerosis-associated PAH  
Risk factors 

• Limited scleroderma 
       13-25% of pts with PAH present diffuse skin involvement 

• Disease duration>10 years 

• Late age of onset of SSc 

• Raynaud’s phenomenon (duration or severity) 

• Reduction of diffusing capacity 

    DLco<60% (annual reduction>10-15%)  or  
FVC%/DLco%>1.6  or decrease of DLco/VA  together with 
increase of NT-proBNP levels 

• Autoantibodies anti-Th/To, anticentromere 

 
   Le Pavec et al. ARRCCM 2010,  
  Mathai et al. Exp Rev Respir Med 2011 



DETECT Risk Calculator in SSc patients 

                                Coghlan et al. Ann Rheum Dis  2014 

Population:  SSc patients with 

>3years disease duration and a 

DLCO< 60%predicted 





TYPICAL V/Q SCAN –PLANAR VS SPECT 

            Gopalan D et al. Annals ATS 2016 



ESC 2015 guidelines 

Place of dual-energy CTPA vs V/Q scan? 

Tanariu et al. J Nucl Med 2007, 

Galie N et al. Eur Heart J 2016 



Dual-energy CT vs V/Q in diagnosing CTEPH 

• Excellent agreement between CT perfusion and 
scintigraphy 

• Combined information from DECT perfusion and 
CT angiographic images 
 
            Macy M et al. Eur Radiol 2018,          

Machida H et al. Radiographics 2016 

 



Dual-energy CT in diagnosing CTEPH 

• Dual-Energy CT offers the advantage of combining morphological images with 

functional consequences of segmental perfusion defects seen on perfusion map 

during the same acquisition. 

            Kharat A et al. Thromb Res 2018 



   80% of PH cases 



Multimodality investigation for the 
differential diagnosis of PH 



Pulmonary function in primary pulmonary 
hypertension 

 

• Low DLco in PAH: Reduction of 

pulmonary alveolar capillary bed   

• 79 pts with IPAH  

• In 3/4 of IPAH pts, the DLco values were 

below 80% pred (68±17% pred) 

• Mild to moderate restriction                  Sun XG et al. JACC 2003 

• Correlation of DLco vs peak O2 uptake 



The distribution of DLco in IPAH 

A subgroup of IPAH patients with a severely 

reduced DLco has a distinct clinical profile: 

 

• higher age 

• male sex 

• greater tobacco exposure, 

• increased prevalence of coronary disease 

• abnormalities on chest CT scan 

• Worse exercise performance and worse 

survival 

 

 

 

 
 

 

  

 

DLco<45% 

                        Trip P et al. ERJ 2013 

Retrospective, 166 IPAH patients 

N=48 

  Dlco≥45% 

   N=118 

Smoking-related pulmonary vasculopathy 



The first right heart catheterization 
1929 

Werner Forssmann 

(1904-1979) 



www.escardio.org 

Recommendations for right heart catheterization and 
vasoreactivity testing in PH 
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Galiè N. et al Eur Heart J 2015, Eur Respir J, 2015 

r 





Where is the ideal zero point?  

1 mmHg = 13 mmH2O = 1.3 cmH2O  

+10 mmHg = +13 cmH2O  

-10 mmHg = -13 cmH2O  

Ideal zero line 

mid-thoracic 

level 



 

Potential misclassifications between pre- and post-capillary pulmonary hypertension 

depending on the method of PAWP reading 

           S. Rosenkranz et al. Eur Heart J 2015 

 

 Right heart catheterization: 

 The dilemma of PAWP measurements 





PH in chronic lung diseases (CLD) 

PH due to Chronic Lung Disese 

CLD PH 

Chronic Lung Disease & 
PAH coexist 

CLD PAH 



PH in CLD: Is There a Pulmonary Vascular Phenotype- PVP? 



Evaluation of PH in chronic lung disease 

Nathan SD et al. ERJ 2018 



Screening-Early diagnosis 

                               Humbert et al, Circulation. 2014;130:2189-2208 



  Screening: Biomarkers in PAH 

Anwar et al. Respiratory Research (2016) 17:88 

Predictive biomarkers 

Prognostic biomarkers 



Hypothetical schema of possible sources of volatile organic compounds at the level of a 
remodelled artery in pulmonary arterial hypertension (PAH).  

Morad K. Nakhleh et al. Eur Respir J 2017;49:1601897 

©2017 by European Respiratory Society 



     Thank you! 



The mPAP-CO slope represents 
an abnormal pulmonary vascular response to exercise 

and may be indicative of early pulmonary vasculopathy 

Lewis GD et al. Circulation 2013 


