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Classification of Pulmonary hypertension (PH)

ERJ 2019 53: 1801913

• Nomenclature: ____-PH



PH in ILDs

• Early stage: 14% 

→ advanced: 50% 

→ terminal: 80%

• Decreased exercise / functional capacity

• Oxygen requirement

• Increased risk of hospitalization 

• High mortality (median survival time 0.7 yrs)
Pulmonary Circulation. 2022;12:e12127



PH in ILDs

J Heart Lung Transplant 2017;36:957–967



Overlap in symptoms

Pulmonary Circulation. 2022;12:e12127



Physical examination 

https://doctor2019.jumedicine.com/wp-content/uploads/sites/10/2022/06/Precordiumupdated.pdf



Physical examination 

https://doctor2019.jumedicine.com/wp-content/uploads/sites/10/2022/06/Precordiumupdated.pdf

• Jugular venous distention

• Hepatomegaly

• Peripheral edema

• syncope



High index of suspicion 

Chest 2020; 158: 1651–1664



Early recognition of patients at risk of PH

Respirology. 2017;22(7):1393-1399

Chest. 2020;157(1):89-98

Pulmonary artery : Aorta> 0.9 RV : LV > 1.0



Evaluation of PH

Eur Respir J 2019; 53: 1801914



Echocardiography 

2022 ESC/ERS Guidelines



Evaluation of PH

Eur Respir J 2019; 53: 1801914



Hemodynamic definitions: 6th WSPH*

• mPAP >20mmHg
• Cardiac output ↑

• L-R shunt

• Pulmonary arterial wedge pressure ↑

• Left heart disease 

• Hyperviscosity

+ Pulmonary vascular resistance (PVR) ≥ 3 Wood Unit (WU)

* World symposium on pulmonary hypertension

• 𝑃𝑉𝑅 =
(𝑚𝑃𝐴𝑃−𝑃𝐴𝑊𝑃)

𝑐𝑎𝑟𝑑𝑖𝑎𝑐 𝑜𝑢𝑡𝑝𝑢𝑡



Hemodynamic profile of PH

Eur Respir J 2019; 53: 1801913

➔ No clear guidance on how discriminate between groups



Evaluation of PH

Eur Respir J 2019; 53: 1801914



Diagnosis of ILD-PH

• Right heart catheterization 
• mPAP >20 mmHg

• Pulmonary artery occlusion pressure ≤15 mmHg

• Pulmonary vascular resistance ≥3 WU

+ Underlying lung diseases

• Under stable conditions! Not during acute exacerbation 



Group 1 versus group 3 pulmonary hypertension

Eur Respir J 2019; 53: 1801913



Severity assessment

Severe PH non-severe PH

PVR >5 WU PVR ≤5 WU

<10% in advanced ILD Common in advanced COPD



2022 ESC/ERS guideline 

2022 ESC/ERS Guidelines



2022 ESC/ERS guideline 

2022 ESC/ERS Guidelines

• Indication for RHC
• Assessment for surgical treatment (e.g. lung transplantation)

• Suspected PAH or CTEPH

• Consideration of therapeutic interventions



Case (60/F)

• TR vmax: 4.1m/s

• Severe RV dysfunction

• Normal LV systolic function

• D-shape LV

• mPAP 47 mmHg

• PVR 3.4WU

• PAWP 15 mmHg• FVC 55% predict.

• DLCO 42% predict.
• Biopsy proven iNSIP



Pulmonary vasculopathy and lung fibrosis 

Pulmonary Circulation. 2022;12:e12127

Human Pathology (2007) 38, 60 – 65



Pathophysiology, shared mechanism 

ERJ Open Res 2022; 8: 00272-2022

Hypoxic pulmonary 

vasoconstricton

eNOS uncoupling
Pulmonary vascular 

system capacity ↓



Treatment 

• Group 3 PH
• Treat the underlying lung diseases

• Long-term oxygen therapy 

• Pulmonary rehabilitation 

• Associated comorbidities 
• Thromboembolic disease

• Sleep disorder 

• Pulmonary vasodilators ? 



Treatment 

• Against
• V/Q mismatch

• Pulmonary edema

• For
• Supplementary O2

• PVR↓ & C.O↑→ oxygen delivery ↑

2022 ESC/ERS Guidelines



Clinical trials – PDE5i

• STEP-IPF 

• IPF with 

• DLCO<35%

• 6-min walking distance ≥50m

• Resting SpO2 ≥92%

sildenafil 20mg tid

• Primary outcome 
• Improvement of >20% in 6mwt

• Secondary outcomes
• Change in 6mwd

• Degree of dyspnea 

• Quality of life

Period #1 – 12 wks

Period #2 – 12 wks

N Engl J Med 2010;363:620-8



Clinical trials – PDE5i

N Engl J Med 2010;363:620-8



Clinical trials – PDE5i + antifibrotics

• INSTAGE

• IPF with DLCO ≤ 35%

nintedanib

150mg bid

+- sildenafil 

20mg tid

• Primary outcome 
• SGRQ total score at 12 wk

• Secondary outcomes
• SGRQ at 24 wk

• UCSD-SOBQ

• Serious adverse event

24 wks

N Engl J Med 2018;379:1722-31



Clinical trials – PDE5i + antifibrotics

N Engl J Med 2018;379:1722-31

AJRCCM 2019;15;200(12):1505-1512

+ absolute decline of FVC >5% or death : HR 0.56 (0.38 – 0.82)



Clinical trials – PDE5i + antifibrotics

• IPF with DLCO ≤ 40% and at risk PH

• Primary outcome 
• Disease progression 

• Decline in 6mwt

+    respiratory-related adm.

+    all-cause mortality 

• Secondary outcomes
• Individual components 

• Echocardiography parameter

• PFT

• SGRQ, UCSD-SOBQ

pirfenidone

801mg tid

+- sildenafil 

20mg tid

52 wks* mPAP ≥ 20mmHg and pcwp ≤ 15mmHg 

or high probability of PH on echoCG

Lancet 2021;9(4):e38



Clinical trials – PDE5i + antifibrotics

Lancet 2021;9(4):e38



Clinical trial – ERA

• IPF with minimal honeycombing

• ARTEMIS-IPF

Ambrisentan

10mg qd

• Primary outcome
• IPF progression 

• All-cause death 

• Respiratory-related adm

• Lung function decline 

• Secondary outcomes

• Change in FVC,DLCO,6mwt

16 wks

Ann Intern Med. 2013;158:641-649



Clinical trial – ERA

Ann Intern Med. 2013;158:641-649



Clinical trial – ERA

• BPHIT 

• IIP with RHC confirmed PH
Bosentan 125mg bid

• Primary outcome 

• Decrease in PVRi ≥20% 

• Secondary outcomes
• mPAP, RA pressure, absol. PVRi

• 6mwt

• Quality of life 

• Lung functions 

• O2 saturation, BNP

16 wks
* mPAP ≥ 25mmHg and pcwp ≤ 15mmHg

AJRCCM. 2014 Jul 15;190(2):208-17



Clinical trial – ERA

AJRCCM. 2014 Jul 15;190(2):208-17

• 𝑃𝑉𝑅𝑖 =
(𝑚𝑃𝐴𝑃−𝐿𝐴𝑝𝑟)

𝑐𝑎𝑟𝑑𝑖𝑎𝑐 𝑖𝑛𝑑𝑒𝑥



Clinical trials – guanylate cyclase stimulator

• RISE-IIP 

• PH-IIP confirmed by RHC

• FVC ≥45% 

• 6-min walking distance ≥150m

• sBP ≥95mmHg

riociguat 0.5-2.5 mg tid

• Primary outcome 
• Mean change in 6mwd

• Secondary outcomes
• Clinical worsening 

• All-cause mortality 

• Hospital admission 

• >15% decrease in 6mwd

Main study– 26 wks

Open-label extension

Lancet Respir Med 2019;7: 780–90



Clinical trials – guanylate cyclase stimulator

Lancet Respir Med 2019;7: 780–90



Clinical trial – summary 

Bosentan

Ambrisentan

Endothelin receptor antagonists Soluble guanylate stimulator

Riociguat

Phosphodiesterase 5 inhibitor

Sildenafil 

Sildenafil + nintedanib

• Disease progression ↑
• Respiratory hospitalization ↑

• Hemodynamics →
• Functional capacity / sx →

• Serious adverse events↑
• Death↑
• 6mwt →

• 6mwt →
• Quality of life↑
• PaO2↑
• DLCO↑

• Functional capacity / sx →
• Death and/or decline in FVC<5% ↓

→Unlikely to be harmful, may be beneficial



Worsening of V-Q mismatching ?



Pulmonary venous fibrosis ?

Human Pathology (2007) 38, 60 – 65

Eur Respir J 2013; 41: 853–860



The optimal endpoint ?

Hemodynamic parameter

Functional / emotional

Survival – all-cause, PH-related

Composite outcomes



Do no harm 



Is effective treatment an impossible dream ? 

• INCREASE study 

N Engl J Med 2021;384:325-34

• ILDs confirmed by RHC

• FVC <70% 

• 6-min walking distance ≥100m

Inhaled treprostinil

9 times(6ug/breath) 

q 6 hrs

• Primary outcome 
• Change in 6mwd

• Secondary outcomes
• Clinical worsening 

• All-cause mortality 

• Hospital admission 

• >15% decrease in 6mwd

• Change in NT-proBNP

16 wks



Prevention of deterioration 

Improvements in exercise capacity Reductions in NT-proBNP Lower risk of clinical worsening 

N Engl J Med 2021;384:325-34



Prevention of deterioration 

Overall population Subgroup - IIP Subgroup - IPF



Greater treatment effect in higher PVR & BNP

Lancet respire med 2021; 9(11):1266-1274



Open label extension study 

ERJ 2023 early view



Inhaled treprostinil

• Greater deposition of drug at the site of disease
• Improvement of V-Q matching 

• Fewer systemic side-effects

Antifibrotic effects

Pulmonary vasculature itself  

Shared pathway 
between PH and fibrosis 

: amelioration of FVC decline 
by inhaled treprostinil

: greater treatment effect in 
higher PVR and NP-proBNP



Treatment strategy 

+ inhaled treprostinil

Eur Respir J 2019; 53: 1801914



Summary 

• Incompletely understood, under-recognised clinical entity

• Associated with significant mortality and morbidity

• Diagnostic dilemma

• mPAP >20mmHg, PAWP ≤15mmHg, PVR ≥3WU  + significant lung diseases
• PAH with concomitant lung disease vs. PH due to lung disease

→ physiological testing, CT, and clinical context

• An area of great unmet medical need

• Feasible option in severe PH, PDE5i (sildenafil)

• The first therapeutic option, prostacyclin analogue (treprostinil)



Thank you for your attention
Email: bskwon82@snubh.org 
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