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Haemodynamic definitions of pulmonary hypertension (PH)

Proceedings of the 6th World Symposium on Pulmonary Hypertension

Simonneau G, Montani D, Celermajer DS, et al. Eur Respir J 12/2018



Prevalence
20-91%

GOLD  stage IV:
90% have mPAP >20 mmHg,

most ranging between 20 and 35 mmHg.



Prevalence and predictors associated with 
severe pulmonary hypertension in COPD

Fekri MS:, American Journal of Emergency Medicine, 2017

The results showed that there is an independent correlation 
between:
hypoxia, hypopnea and 
compensatory metabolic alkalosis, 
polycythemia, 
left ventricular dysfunction, 
emaciation, and cachectic with severe pulmonary hypertension.

The prevalence of  severe PH in these patients was 13.7%.
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Distribution of PAPm

Chaouat A ERJ 2008
Thabut, Chest 2005; 127: 1531 

998 pts

Low rate of progression = 1.5-
2.8 mmHg/year (PAP)

Opitz I J Thorac Dis. July,2018;10



Pathophysiology

Singh I The American J of Med 2016



Singh Inderjit AJM,2016(129)



Pulmonary Vascular 
Resistance =
Pulmonary Driving 
Pressure/
Cardiac  Output



Singh I The American J of Med 2016

Factors contributing to elevation in PVR
in COPD



J Grimminger Exper Rev in Res Med May 2016

Endothelial dysfunction

Increased production of certain growth 
factors that promote inflammation

resulting in smooth muscle cell 
proliferation 

and
Pulmonary vascular lesions



Similarities in vascular remodeling 
between PH-COPD and PAH?



Pulmonary hypertension in chronic obstructive pulmonary 
disease and emphysema patients 

Courtesy of Dr. B. Vrugt, Institute of Pathology, University Hospital Zurich 
Switzerland. 

Isabelle Opitz, Silvia Ulrich J Thorac Dis. July,2018;10

Vascular remodeling in an emphysema patient with PH 

hematoxylin eosin staining Elastica van Gieson staining

narrowing of the arterial lumen due to 
eccentric intimal hyperplasia and 
fibrosis



Chronic Obstructive Pulmonary Disease and 
Pulmonary Vascular Disease

A Comorbidity?

STATE OF THE ART Norbert Weissmann Annals ATS December 2018



Detection of PH in CLD

Steven D. Nathan:Eur Respir J 2019; 53



Detection of PH in CLD

Steven D. Nathan:Eur Respir J 2019; 53

Symptoms
1. Dyspnea 
2. Loud P2
3. Signs of RHF, NT-proBNP

Pulmonary function tests
1. DLCO<50% pred
2. Elevated %FVC/%DLCO

Exercise test findings

Imaging findings



Chest radiography AP and lateral

Isabelle Opitz, Silvia Ulrich J Thorac Dis. July,2018;10



CT systemic vascular characteristics
a. enlargement of central pulmonary vessel

b.  enlargement and hypertrophy of RV 

Isabelle Opitz, Silvia Ulrich J Thorac Dis. July,2018;10

Pulmonary artery / aorta >1 
Sensitivity = 70%
Specificity = 92%



Detection of PH in CLD

Steven D. Nathan:Eur Respir J 2019; 53

Suggestive/limited accuracy



Ητωκαρδιογραθική εκηίμηζη Πνεσμονικής 
Υπέρηαζης ζε αζθενείς 

με ζοβαρή Πνεσμονική νόζο

Arcasoy SM AJRCCM 2013 167: 735-40



K Chatterjee: Curr Opin Pulm Med 2017



Detection of PH in CLD

Steven D. Nathan:Eur Respir J 2019; 53



Right Heart Catheterization in Chronic 
Lung disease

• RHC remains the gold standard for the diagnosis of PH

-suspicion of underlying PH does not always mandate 
RHC

-RHC should be performed in patients with chronic lung disease
1. Evaluation for lung transplantation
2. Suspicion of left ventricular systolic/diastolic 

dysfunction
3. Severe PH is suspected and further therapy or 

inclusion in clinical trials or registries are being 
considered.

-RHC may be considered:
1. Clinical worsening, progressive exercise limitation and/or gas 

exchange abnormalities are disproportionate to ventilatory
impairment.

2. When an accurate prognostic assessment is deemed sufficiently 
important

Nice 
2018



Definition for PH in the context of 
CLD-PH

SD. Nathan:Eur Respir J 2019; 53

Technique: averaging of pressure values over several 
respiratory cycles.

A floating average over several breaths (without a breath hold) is suggested for 
measurement of mean pressures, including the pulmonary capillary wedge pressure



Detection of PH in CLD

Steven D. Nathan:Eur Respir J 2019; 53



Criteria favouring group 1 versus group 
3 pulmonary hypertension (PH)

Steven D. Nathan:Eur Respir J 2019; 53



Detection of PH in CLD

Steven D. Nathan:Eur Respir J 2019; 53



2015
Recommendations for 
Pulmonary Hypertension 
due to
Lung disease

Management 

2018/19
Treatment of PH in Lung Diseases
Evidence for appropriate benefit to 
risk ratio of PAH approved drugs?? 



Therapeutic trials focusing on PH-COPD

Meta-analysis: Chen et al, J Thorac Dis 2015

Meta-analysis: Prins et al Pulm Circ 2017



Chronic use of PAH-specific therapy in World Health Organization Group III 
Pulmonary Hypertension: a systematic review and meta-analysis

Kurt W. Prins, Sue Duval, Jeremy Markowitz, ...
First Published March 24, 2017

Assessment of symptomatic burden and oxygenation changes.

Hemodynamic effects of PAH-specific therapy.

Exersice capacity  (6MWD)

https://journals.sagepub.com/doi/figure/10.1086/690017?
https://journals.sagepub.com/doi/figure/10.1086/690017?
https://journals.sagepub.com/doi/figure/10.1086/690017?


COPD pts :  studies included > 20 pts

Steven D. Nathan:Eur Respir J 2019; 53

Outcome
1. Effect on pulmonary hemodynamics

1. Long-term use of PAH-targeted therapy improves pulmonary haemodynamics in COPD patients 
with PH, as shown in two different meta-analyses. 

2. Beneficial haemodynamic effects with long-term PAH therapy, assessed by RHC, have been 
demonstrated with both sildenafil and bosentan

2. Effect on exercise tolerance, symptoms and quality of life
1. The effect of PAH-targeted therapy on exercise capacity in patients with COPD-PH is less 

apparent. 
2. Two meta-analyses failed to show significant improvement in 6-min walk distance (6MWD), 

whereas a third reported an improvement in 6MWD in COPD patients with demonstrated PH
3. The effect of PAH-targeted therapy on dyspnoea or quality of life measures in COPD-PH is also 

generally disappointing when evaluated in RCTs. However, one recent study conducted in COPD 
patients with severe PH showed that sildenafil significantly improved the BODE (body mass, 
airflow obstruction dyspnoea, exercise capacity)

3. Effects on oxygenation  
1. Evidence for a long-term benefit of PH therapy in COPD-PH is heterogeneous

1. deterioration of gas exchange with the long-term use of bosentan or sildenafil 
2. no change was observed in others using sildenafil or tadalafil and rarely resulted in 

treatment withdrawal 
2. Reduction in oxygenation related to pulmonary vasodilation might be compensated for by an 

increased CO that may maintain or even improve tissue oxygen delivery, especially with exercise 

Taken together, the available studies 
do not provide clear evidence that the effect of PAH-targeted 
therapy on pulmonary  haemodynamics in COPD-PH 
translates into an improvement in exercise tolerance and 
symptoms.



2015
Recommendations for 
Pulmonary Hypertension 
due to
Lung disease

Management 

2018/19
Treatment of PH in Lung Diseases
Evidence for appropriate benefit to 
risk ratio of PAH approved drugs?? 

General
1.  Treatment of underlying disease
2. No established vascular therapy 

except for LTOT in COPD
3. Evidence from 3 studies that rehab 
improves exercise capacity in CLD-PH

4. Rational for use PAH approved 
therapy?

- PH contributes to limitation of 
exercise capacity

- PH contributes to shortage of life 
expectancy?

- Vascular abnormalities contribute to 
bronchial/parenchymal disease progression



Clinical relevance

Effect of PH on Prognosis 

AND

Quality of life



Funke M, 2016 Swiss Med Wkly

Ήπια πνεσμονική νόσος 
FEV1 >60% / Σοβαρή Νόσο

PH > 35 mmHg
CI<2

Καμία διαθορά ζηην 
επιβίωζη

I Opitz, J Thorac Dis. July,2018;10



Rose L, Journal of Heart and Lung Transplantation 11/2018

Low DLCO is a 
predictor of mortality 
and should be used to 

risk stratify Group 3 PH 
patients

Survival in Pulmonary Hypertension 
due to Chronic Lung Disease:

Infuence of Low Diffusion Capacity 
of the Lungs for Carbon Monoxide



Clinical relevance

Effect of PH on Prognosis 

AND

Quality of life

Pulmonary hypertension at exercise in COPD:

does it matter?
Robert Naeije, Bart G. Boerrigter



Ventilatory and cardiocirculatory exercise profiles in COPD: the role of 

pulmonary hypertension. COPD pts
GOLD II – IV
no PH (Mpap< 25 mm Hg)
moderate PH (mPAP= 25-39 mm Hg), and 
severe PH (mPAP> 40 mm Hg)

PH-induced circulatory 
limitation to exercise in 
patients with COPD and an 
mPAP of 40 mm Hg.

In patients with COPD 
without or with moderate 
PH, the exercise profile 
indicates a circulatory 
reserve and a 
predominantly ventilatory 
limitation to exercise

Boerrigter BG : Chest. 2012 Nov;142(5):

https://www.ncbi.nlm.nih.gov/pubmed/?term=Boerrigter BG[Author]&cauthor=true&cauthor_uid=22556320
https://www.ncbi.nlm.nih.gov/pubmed/22556320


1

2

3

4

1
0

2
0

3
0

4
0

5
0

6
0

0 20 40 60 80

FEV1  (% pred.)

P
A

P
m

 (
m

m
H

g
)

COPD and Pulmonary Hypertension

Thabut, Chest 2005; 127: 1531

, 

<5% most 
recent studies



Pulmonary hypertension at exercise 
in COPD: does it matter?

Robert Naeije, Bart G. Boerrigter

• The right ventricle limits exercise capacity 
only in COPD patients with “out of 
proportion pulmonary hypertension”:

– Preserved ventilatory reserve 

– Hypocapnia,  hypoxaemia and 

– Very low mixed venous oxygenation at maximal 
exercise

• Only these patients might be candidates for trials 
of targeted therapies with drugs shown efficacious 
in PAH.



•Pulmonary Hypertension in Parenchymal Lung Diseases

Any Future for New Therapies?
Seiichiro Sakao: J Resp Inves March 2019.03

Japan: 5.3 million patients with COPD / 50,000 COPD patients with PH 

„Early Cor-pulmonale‟

“pulmonary vascular COPD phenotype”
„Early Cor-pulmonale‟

less severe airflow limitation,
hypoxaemia, 
very low diffusing capacity of the lung for 
carbon monoxide (DLCO), 
normo- or hypocapnia and 
a cardiovascular exercise limitation profile

Nathan S 2019 Proceedings



Chronic Obstructive Pulmonary Disease and 
Pulmonary Vascular Disease

A Comorbidity?

STATE OF THE ART Norbert Weissmann Annals ATS December 2018



Riociguat for treatment of pulmonary 
hypertension in COPD – a translational study 

• It has been suggested that patients with circulatory, but not ventilatory 
limitation during exercise might profit most from vasoactive treatment of 
PH.

• However, large clinical trials are missing to answer the question which 
patients profit most from therapy. 

• Moreover, an approach addressing both, vascular and alveolar remodeling, 
as well as bronchial obstruction would be desirable. In this regard, it has 
been shown recently in animal models of smoke-induced emphysema that 
treatment with activators of the nitric oxide/cyclic guanoside 
monophosphate (NO-cGMP) pathway can reduce PH and emphysema 
when applied in a preventive approach. 
– NO activates the soluble guanylate cyclase (sGC) to produce cGMP that activates cGMP-

dependent protein kinases that can modulate:

• apoptosis, proliferation, migration, and extracellular matrix protein expression 

Pichl A: Eur Respir J 2019; in press 



Riociguat for treatment of pulmonary 
hypertension in COPD – a translational study 



Conclusion
• „Severe pulmonary hypertension‟ is replacing the term „out of 

proportion‟
• „Severe pulmonary hypertension‟ is defined as mPAP at least 35 mmHg or mPAP <35 and CI less 

than 2.0 l/min/m2 on RHC.

• Patients with mild obstructive lung disease and PH.
• PAH (group 1) with concomitant lung disease or PH due to lung disease (group 3)

• diagnostic dilemma (referred to an expert centre).

• Patients with more severe obstructive lung disease COPD with FEV1 <60% 
of predicted) and accompanying less severe PH (mPAP 20–24 mmHg with 
PVR ⩾3 WU, or mPAP 25–34 mmHg). 

• These groups represent the majority of patients presenting with CLD-PH. Current data do not 
support therapy with PAH-approved drugs in these patients. 

– Moreover, as the limitation in exercise capacity in these patients is largely due to ventilatory and not circulatory impairment, any functional benefit from PAH 
treatment is questionable. Vascular changes may, however, contribute to disease progression and future studies addressing this aspect of the disease may be a 
worthy endeavour.

• Patients with more severe obstructive lung disease and severe 
PH (mPAP ⩾35 mmHg; severe COPD-PH). 

• These patients have a poor prognosis and should be referred to a centre with expertise in both PH and CLD for 
individualized patient care. These patients should preferably be included in RCTs if available.

• 4) Patients with “end-stage” obstructive and restrictive lung diseases and 
associated PH. 

• life-preserving measures should only be considered as a bridge to transplantation. Patients in any of

Trials, decisions 
on

individualized patient care 
should be made in the context of 

expert centers



Detection of PH in CLD

Steven D. Nathan:Eur Respir J 2019; 53



•Pulmonary Hypertension in Parenchymal Lung Diseases

Any Future for New Therapies?
Seiichiro Sakao: J Resp Inves March 2019.03

Japan: 5.3 million patients with COPD / 50,000 COPD patients with PH 

“pulmonary vascular COPD phenotype”
„Early Cor-pulmonale‟

less severe airflow limitation,
hypoxaemia, 
very low diffusing capacity of the lung for 
carbon monoxide (DLCO), 
normo- or hypocapnia and 
a cardiovascular exercise limitation profile

Nathan S 2019 Proceedings



Conclusion
• „Severe pulmonary hypertension‟ is replacing the term „out of 

proportion‟ pulmonary hypertension in hypoxic pulmonary 
diseases.

• „Severe pulmonary hypertension‟ is defined as mPAP at least 35 
mmHg or CI less than 2.0 l/min/m2 on RHC.

• „Severe pulmonary hypertension‟ is quite rare (1–3% of severe 
COPD patients) in obstructive lung diseases.

• Currently, there are no conclusive data to support or 
completely reject the possibility of use of specific PAH 
therapies in COPD patients, especially with mild-to moderate 
pulmonary hypertension.

• Patients with mild-to-moderate COPD by PFTs and CT chest, 
and evidence of severe pulmonary hypertension by RHC, may 
be treated with specific PAH therapies similar to WHO group-I 
PAH guidelines.



Proceedings of the 6th World Symposium on Pulmonary Hypertension

Conclusion

• Although preliminary evidence suggests that currently available 
vasoactive medications may have a benefit in COPD-PH patients 
with mPAP ⩾35 mmHg, further studies are required before PAH 
therapies can be recommended. 
– Therefore, these patients should be a target population for larger 

prospective studies.

• This does not preclude COPD patients with lower mPAP
being enrolled in future studies, especially if the cardiac index 

is low or PVR is significantly elevated.

Steven D. Nathan:Eur Respir J 2019; 53



Rose L, Journal of Heart and Lung Transplantation 11/2018

Survival in Pulmonary Hypertension due to Chronic Lung Disease:

Infuence of Low Diffusion Capacity of the Lungs for Carbon Monoxide

There is 
reduced 
survival 
in ILD-PH
as compared 
to COPD-PH



It has been suggested that both
Chemla formula (mPAP = sPAP × 0.61 + 2 mmHg) 
and
Syyed formula (mPAP = sPAP × 0.65 + 0.55 mmHg) might accurately estimate the
mPAP

Correlation between RHC-measured mPAP and 
echocardiographic-estimated mPAP 

using the Chemla formula (a) and the Syyed formula (b) 

Cottini et al. Critical Care (2017) 21:115



Disproportionate PH
Strasbourg group

Chaouat AJRCCM 2005; 172:189



2018 classification

• Chronic lung disease (CLD) without PH (mPAP<20mmHg)
• CLD with PH>/= 20mmHg and PVR>/= 3WU, with supplemental 

O2 if needed)
• Stick to the standard definition
• RHC needed to assessment of CO and PAOP

• CLD with severe PH (mPAP>/=35mmHg, supplemental O2)

• Rationale: 
• at this level hemodynamics contribute to exercise limitation
• minor subpopulation with „vascular phenotype‟ (in COPD <3%) 
• optimal target population in future RCT addressing PH in chronic lung disease

Lower  PA clinically 
significant in 
COPD/DPLD

If
↓CI or

RV dysfunction



Chronic obstructive pulmonary disease and the early stage of cor pulmonale: 
A perspective in treatment with pulmonary arterial hypertension approved drugs

Στο ρεβ αρχίζει αναφερονατσ 2 μελετεες

Seiichiro Sakao: J Resp Inves March 2019.03

Summary of studies identified for systematic 
review and meta-analysis

PAH-specific therapy in World Health Organization Group III 
Pulmonary Hypertension: a systematic review and meta-analysis

Kurt W. Prins, Sue Duval, Jeremy Markowitz, ...
First Published March 24, 2017

https://journals.sagepub.com/doi/figure/10.1086/690017?
https://journals.sagepub.com/doi/figure/10.1086/690017?
https://journals.sagepub.com/doi/figure/10.1086/690017?
https://journals.sagepub.com/doi/figure/10.1086/690017?


Chronic obstructive pulmonary disease and the early stage of cor
pulmonale: 

A perspective in treatment with pulmonary arterial hypertension
approved drugs

The off-label use of PAH-approved drugs
The Nippon COPD Epidemiology Study showed that there are
approximately 5.3 million patients with COPD in Japan [20],
and the prevalence of PH is reported to be 1.1% [21], suggesting
that there are approximately 50,000 COPD patients with PH in
Japan. In an actual clinical setting, there are several patients in
whom PAH-approved drugs are used because of Japanese
universal health insurance. 
However, there is concern about
the present situation regarding the off-label use of PAHapproved
drugs without evidentiary support. Actually, there
are some cases in which PAH-approved drugs are likely to be
effective for COPD with PH. Thus, there is an urgent need for a
prospective study aiming to distinguish the cases in which
such treatment can be effective in a clinical setting.



Effects of rehab in PH-chronic 
lung disease

• Evidence from 3 studies that rehab improves exercise 
capacity in CLD-PH

• No adverse effect reported in these studies

• Further studies needed:
• Reproducible in larger trials with focus on PH-chronic lung 

disease?
• Differences between various underlying lung diseases?
• Long-term effects?
• Impact on survival?

Dowman LM Thorax 2017
Oki Y Int J Chr Ob Pul Dis 2016



• Parameters suggesting inadequate intrapulmonary

gas exchange.

• Oxy-hemoglobin desaturation.

• Hyper-circulatory and hyper-ventilatory response

due to elevated inspiratory neural drive.

• Decrease maximum oxygen consumption (VO2 max).

• Variable combination of fatigue and dyspnea as limiting 
symptoms.

K Chatterjee: Curr Opin Pulm Med 2017

COPD-PH 
CPET: contribution of pulmonary vascular disease 
for dyspnea and activity limitation. 





Survival in Pulmonary Hypertension due to 
Chronic Lung Disease

Rose L, Journal of Heart and Lung Transplantation 11/2018

There was no difference in survival when Group 3 PH cohort was divided 
in tertiles and quartiles of mPAP.



Effect of mPAP on survival in patients with COPD 
according to severity of mPAP increase 

Note the marked negative effect on survival as PH becomes severe

Isabelle Opitz, Silvia Ulrich J Thorac Dis. July,2018;10



PAH targeted therapy in COPD
2 meta-analysis and recent small trials

• Improving of hemodynamics in severe PH-COPD (mPAP>35mmHg)

• Preliminary evidence that may translate into improvement of exercise 
tolerance and quality of life, in particular in severe PH-COPD

• Gas exchange may initially deteriorate with minor relevance upon long 
term use 
– Differences between inhalative and systemic route of application

• Large RCTs (are missing )should focus be on the „vascular 
phenotype COPD‟ (mPAP>35mmHg, circulatory exercise 
limitation)

• This does not preclude to focus on COPD patients with lower 
mPAP being enrolled in future studies


