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1961: WHO Report on Chronic Cor Pulmonale



Cor Pulmonale & Pulmonary Hypertension

Weitzenblum Heart 2003.



Cor Pulmonale parvus

Kawut et al. JACC 2014.



Cor Pulmonale – multifactorial development

Washko et al. AJRCCM 2019.



PH-Lung: Classification

Humbert et al. EHJ 2022, ERJ 2022.



PH-Lung: Pathophysiology of PH in COPD?  

Kovacs et al. AJRCCM 2018, Seimetz et al. Cell 2011.



PH-Lung Epidemiology: Relative Frequency

Hoeper et al. Lancet RM 2016.



PH-Lung Epidemiology: Prevalence of COPD  

Halbert et al. ERJ 2006.



PH-Lung Epidemiology: Prevalence of PH-COPD  

Hoeper et al. Lancet RM 2016.



PH-Lung Epidemiology: Prevalence of PH in severe COPD  

Thabut et al. Chest 2005.
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PH-Lung Epidemiology: PAPm vs. FEV1 in COPD

Thabut et al. Chest 2005.

Cluster „4“:
N=16
mean FEV1= 49%
mean PAP= 40mmHg
mean pO2= 46mmHg



PH-Lung: Pulmonary Vascular Phenotype in COPD?  

Kovacs et al. AJRCCM 2018.



PH-Lung: Concept of severe PH-Lung
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Thabut et al. Chest 2005.



PH-Lung: Concept of severe PH-Lung

Hoeper et al. Int J Cardiol 2011.



PH-Lung: Concept of severe PH-Lung

Minai et al. Res Med 2014.



PH-Lung: Concept of severe PH-Lung

Seeger et al. JACC 2013, Galie et al. ERJ 2015, EHJ 2016.



PH-Lung: Concept of severe PH-Lung

Kovacs et al. Chest 2022.



PH-Lung Epidemiology: Prognosis of PH-COPD & severe PH-COPD  

Vizza et al. Chest 2020.



PH-Lung: Concept of severe PH-Lung

Humbert et al. EHJ 2022, ERJ 2022.



PH-Lung: Concept of severe PH-Lung

Zeder et al. ERJ 2022.

• Retrospective Analysis of n=139 COPD patients

• Cox-Regressios corrected for Age, Sex and FEV1

• Primary Endpoint: Mortality

• Regression Analysis to identify best hemodynamic cut-offs for Mortality
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PVR > 5, independent of mPAP

mPAP 33mmHg, PVR 5 WU



PH-Lung: Concept of severe PH-Lung

Zeder et al. ERJ 2022, Kovacs et al. AJRCCM 2018.

  mPAP 33-44

  PVR ≤ 5 PVR > 5 p-value

N 26 21  

Age, yrs 66 [62- 73] 70 [68 – 74] 0.123

Sex,  Male : Female 13 : 13 16 : 5 0.066

packyear 15.0 [0 - 30] 3.0 [0.0 - 37.5] 0.404

GOLD 1/2/3/4, N 0/12/11/3 3/14/3/1 0.031
Right heart catheterization:      

Heart rate, bpm 74 [68 - 83] 71 [6 - 77 0.243

mPAP, mmHg 36 [35 - 40] 40 [37 - 42 0.041

PAWP, mmHg 13 [10 - 18] 10 [6 - 10] <0.001

RAP, mmHg 8 [6 - 12] 6 [4 - 7] 0.010

PVR, WU 3.7 [3.0 - 4.4] 7.6 [6 - 8.4] <0.001

CI, L/min/m2 3.3 [2.7 - 3.6] 2.3 [2.1 - 2.5] <0.001

Pulmonary function 

parameters:
     

FVC, %pred 68.8 [53.7 – 82.5] 83.8 [68.8 – 93.0] 0.040

FEV1, %pred 48.2 [34.5 – 61.2] 61.5 [54.2 – 74.6] 0.005

FEV1/FVC, % 59.6 [47.8 - 65.6] 62 [55.1 – 68.0] 0.140

TLC, %pred 96.9 [90.3 - 119.7] 99.8 [92.3 - 112.4] 0.685

DLCOcSB, %pred 58.7 [34.9 – 78.2] 54.3 [39.0 – 72.0] 0.693

DLCOcVA, %pred 67.5 [44.6 – 102.9] 72.4 [40.1 – 84.4] 0.761

Exercise capacity, laboratory      

6MWD, m 360 [223 – 376] 278 [210 – 335] 0.064

NT-pro BNP, pg/ml 829 [221 - 1728] 1283 458 - 2537 0.247



PH-Lung: Concept of severe PH-Lung

Olsson et al. ERJ 2022.

• Retrospective Analysis of “COMPERA”; 2006 - 2021

• N=449 patients with PH-ILD

• mPAP ≥ 25mmHg and PAWP ≤ 15mmHg

• Variables associated with Mortality: age, male sex, low TLC, high PVR

• mPAP, PAWP, CO, FVC, FEV1: not associated with Mortality



PH-COPD: Therapy

Lange et al. Cardiovasc Ther 2014.



PH-COPD: Therapy

Vitulo et al. JHLT 2016.



Haemodynamic definitions of PH: severe PH-Lung

Humbert et al. EHJ 2022, ERJ 2022.



PH-Lung: Group 1 vs. Group 3 PH

Seeger et al. JACC 2013.



PH-Lung: Group 1 vs. Group 3 PH

Nathan et al. ERJ 2019; Humbert et al. ERJ 2022, EHJ 2022.



PH-Lung: Group 1 vs. Group 3 PH

Should we further look for optimal cut-offs, 
or should we change perspective?



PH-Lung: Group 1 vs. Group 3 PH

Hoeper et al. JHLT 2020.



PH-Lung: Group 1 vs. Group 3 PH

Hoeper et al. Lancet Resp Med 2022.IPAH with lung phenotype: DLCO < 45%, Smoking history



PH-COPD: to make life even more complicated…

 COPD is frequently associated with left heart disease that 
may contribute to PH

 COPD exacerbations may lead to significant increase of PAP

 Methodological concerns at the assessment of PAP in COPD



PH-COPD: the role of left heart disease

Scharf et al. AJRCCM 2002, Krahnke et al. J Card Fail. 2015.



PH-COPD: the role of exacerbations

Weitzenblum Heart 2003.



PH-COPD: methodological concerns for the assessment of PAP

Kovacs et al. AJRCCM 2014.

no COPD

COPD



Summary

 PH-COPD is frequent
 PH-COPD and especially severe PH-COPD is associated with 

poor prognosis
 No approved therapies for PH-COPD: unmet medical need
 The right therapy for the right patient

 Severe PH

 Inhalative application

 No severe emphysema, no relevant left heart disease

 Methodological concerns should be addressed



gabor.kovacs@medunigraz.at

Questions?



PH-Lung Epidemiology: Prognosis of PH-COPD & severe PH-COPD  

Vizza et al. Chest 2020.



PH-COPD: Therapy

Arif et al. ERJOR 2022.



PH-COPD: Therapy

Arif et al. ERJOR 2022.



PH-COPD: Therapy

Blanco et al. Int J COPD 2020.



PH-Lung: The right treatment for the right patients

Waxman et al. NEJM 2021.



PH-COPD: The right treatment for the right patients

 Patients with more severe PH

 Patients with no severe Emphysema

 Inhalative therapy to avoid V/Q mismatch?



PH-COPD: Therapy

Nathan et al. JHLT 2021.

RISE-IIP (all participants: n=147)

• With HR-CT: n=65/147 (44%)
• CPFE: n=41/65 (63%)

• Mortality in patients
• With CPFE: 29% (12/41)
• Without CPFE: 13% (3/24)



PH-COPD: Therapy

Olschewski et al. AJRCCM 1998.



PH-Lung: Group 1 vs. Group 3 PH

Hoeper et al. Lancet Resp Med 2022.IPAH with lung phenotype: DLCO < 45%, Smoking history



PH-Lung: Group 1 vs. Group 3 PH

Hoeper et al. Lancet Resp Med 2022.IPAH with lung phenotype: DLCO < 45%, Smoking history
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