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• “Without data, you are just another person 
with an opinion”

W. Edwards Deming

National Academy of Sciences 

1956







1. Definition: Exercise-induced PH 

The limits of normal of the pulmonary circulation during 
exercise

Review of 220 exercise RHC

• Mean PAP from 14±3 to 26±6, up to 45mmHg

• PAWP from 6±3 to 15±8, up to 35mmHg

• CO from 7.5±2 to 20±4, up to 30-35 L/min

Large variability of changes as a function of exercise modality 
(resistive, dynamic, during or after), workload or cardiac output, 
few data in older subjects

Kovacs et al. ERJ 2009, Naeije R et al. AJRCCM 2013 



Variability of pulmonary artery pressure 

response to flow during exercise 

Argiento P. et al. ERJ 2010



1. Definition: Exercise-induced PH 

Pts with resting mPAP<20 mmHg

• mPAP>30mmHg

• TPRmax=mPAP/CO>3mmHg.min.L-1

Naeije R et al. AJRCCM 2013,  Herve P et al. ERJ 2015

Retrospective study n=169 pts

Compare the haemodynamic response during dynamic 

supine exercise in three groups of subjects



1. Definition: Exercise-induced PH 

Stamm A et al. ERJ 2016

72 SSc pts

• PH-rest  n=17

• Exercise PH n=28

• No-PH n=27



Pressure-flow during exercise catheterization predicts 

survival in PH

Retrospective study, n=70pts (PAH & CTEPH)

Pressure-flow-relationship during exercise predicted transplant-free-survival and correlated 

with established markers of disease severity and prognosis.
Hasler ED et al. Chest 2016

•Higher NT-proBNP

•Lower 6MWT

•Worse WHO-FC

•Worse PROs



2. How to define PH due to left heart disease?

•Ipc-PH:  DPG <7 mmHg and/or PVR≤3 WU

•Cpc-PH : DPG≥7 mmHg and PVR>3 WU

Gerges M, Gerges C, Lang IM. ERJ 2016, 

Palazzini et al. Eur J Heart Failure 2017

The diagnosis of pulmonary vascular disease in patients with LHD is more than just a 

new game of acronyms for dedicated experts 



PAH Challenges

High-Risk Populations

Patients with PAPm values between

21 and 24 mm Hg should be carefully

followed, in particular when they are at

risk for developing PAH

• SSc

• Family members of pts with heritable

PAH

ESC/ERS guidelines 2015



3. Borderline PH: what is the outcome?



3. Borderline PH

• Retrospective analysis

• Pts (n=290) with resting PH<25mmHg

referred for suspected PH or

unexplained dyspnea

• Pts with a resting mPAP 21–24 mmHg:

high prevalence of an abnormal pulmonary

vascular response during exercise,

together with reduced exercise capacity

and functional status

Lau EMT et al. ERJ 2016



3. Borderline PH

Maron BA et al. Circulation 2016

 Mortality is directly proportional to mean Pulmonary Arterial Pressure

• Large VA cohort with RHC 

data

• Pts with a mean pressure of 

19-24mmHg were older and 

African American

• Pts with a mean pressure of 

19-24mmHg had higher 

prevalence of metabolic 

disease



4. 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



Screening- Monitor: Biomarkers in PAH

Pezzuto B et al. J Heart Lung Transplant 2015



Screening: Exercise hemodynamics in BMPR2 

Carriers



5. Fluid challenge

Fluid challenge may be useful in identifying patients with occult HFpEF, 

but this technique requires meticulous evaluation and standardization 

before its use in clinical practice can be recommended.

D’Alto M et al. Chest 2017, Fujimoto N et al. Circulation 2013 

Borlaug BA et al. Circ Heart Fail. 2014

• Agreement is emerging about 500 ml of saline given over 5 to 10 min 

and a PAWP of 18 mmHg as an upper limit of a normal response



Eur Respir J 2013; 42: 1083–1091

•Retrospective review of 107 SSc patients

•Right and left catheterization data

(LVEDP pre-/post-fluid challenge)

•PH: 53/107

•PAH: 18/53 (33%)

• PVH: 24/53 + OPVH:11/53 (66%)

•11 PAH patients were reclassified as occult 

PVH (OPVH)

Pulmonary venous hypertension has high prevalence 
in SSc-PH population



5. Fluid challenge

No PH controls Pre-capillary PH Post-capillary PH

D’alto M et al. Chest 2017





LeVarge BL et al. ERJ 2014



Potential misclassifications between pre- and post-capillary pulmonary hypertension

depending on the method of PAWP reading

S. Rosenkranz et al. Eur Heart J 2015

6. Right heart catheterization:

The dilemma of PAWP measurements



7. 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



7. Phenotyping PH
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

DLco<45%

• Worse exercise performance and worse survival rate

Trip P et al. ERJ 2013

Retrospective, 166 IPAH patients

N=48

Dlco≥45%
N=118



How to explain?

• Unmasked Pulmonary Veno Occlusive Disease?

Godinas L et al.J Heart Lung Transplant 2016

• Unmasked left heart disease and/or lung disease?

• Different entity?

Further pathological studies are required!



Opitz CF et al. JACC 2016

7. Phenotyping PH





ESC/ERS guidelines 2015

8. Treatment algorithm for PAH 









Is there a role of Monotherapy for the 
treatment of PAH?

• Monotherapy will likely continue to have a

place in the treatment of patients with PAH

• Patients with PAH are a very heterogeneous

group and may be appropriately treated with

monotherapy under certain circumstances



8. Treatment: switching therapies





9. PH due to lung diseases (group 3)

ESC/ERS guidelines 2015



Dec 2015

COMPERA registry
PH-IIP n=151 (IPF: 113, NSIP:38)
79% severe PH (mPAP>35mmmHg)
FVC 62.9±20.0, DLco 28.5±15.8

•88% PDE5i
•Short-term response to therapy 
(6MWT & FC) comparable to that of 
IPAH
•Dismal survival

14%



We urgently need robust trials in which the objectives and the design are 

adapted to the specific characteristics of these patients

• Reconsider end-points

• Selection of the appropriate patient population
pts with severe PH and mild or moderate parenchymal                      

lung disease

cut-off of PH?

cut-off of FVC?



10. Precision-medicine approach

ESC/ERS guidelines 2015, Ghataorhe et al. JIM 2017

 Current classification is based on a 

relatively simple combination of 

patient characteristics and 

hemodynamics



Only 20 

metabolites 

needed to 

differentiate PAH 

patients from 

control subjects

• Large UK consortium

• Performed metabolomics in 

365 pts with PAH & controls

Rhodes CJ et al. Circulation 2017



 Metabolites 

can also 

predict 

survival- and 

reveal 

potentially 

important 

therapeutic 

targets



 Patients perspective

• Will I feel better?
• Will I function better?
• Will I survive longer?




