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Clinical classification of PH

Eur Heart J. 2022;43(38):3618-3731

• Group 3 PH – common type of PH



Classification of group 3 PH

• Main disease category

- COPD / Emphysema

- ILD

- CPFE

Eur Respir J. 2024;64(4):2401324



Prevalence of group 3 PH

• COPD

- Pooled prevalence 39% in recent meta-analysis

• ILD

- Pooled prevalence 40% in recent meta-analysis

• Higher prevalence in lung transplantation cohorts

• Maybe still under-estimated 

- selection criteria for evaluation of PH

- diagnostic method used for PH

Int J Chron Obstruct Pulmon Dis. 2022:17:1365-1379
Chest. 2024;166(4):778-792



Impact of group 3 PH in chronic lung diseases

• Worse prognosis

- Reduced exercise capacity

- Greater need of oxygen supplementation

- Decreased quality of life

• Unmet need regarding optimal management

- No standardized treatment strategy

- Consideration for lung transplantation

J Clin Invest. 2023;133(16):e170502



Pathogenesis of group 1 PAH

• Advance in understanding of PAH → Successful development of new drugs (ex. Sotatercept) 

Lancet Respir Med. 2023;11(9):804-819
Am J Respir Crit Care Med. 2023;208(5):528-548



Pathogenesis of group 3 PH

• Previous traditional concept

- Consequence of hypoxia due to insufficient ventilation and diffusion

• Current concept

- PH can develop independent of hypoxia

- Vascular alteration & remodeling 

- Endothelial cell dysfunction

J Clin Invest. 2023;133(16):e170502



Potential key role of endothelium

• Chronic endothelial cell dysfunction

- vascular remodeling & development of PH

- may participate in lung parenchymal damage

J Clin Invest. 2023;133(16):e170502

Parenchymal fibrosis

Vascular remodeling



Pathogenesis of PH-ILD

• Detailed pathways associated with PH in ILD is still poorly understood

- vasoconstriction

- vascular remodeling

- loss of microvasculature

• Lack of appropriate animal model

J Heart Lung Transplant. 2021;40(9):872-881
Life. 2024;14(9):1203

J ERJ Open Res. 2022;8(4):00272-2022



PH-ILD vs. PH-COPD

• Similar in some ways, but different 

J Clin Invest. 2023;133(16):e170502



Histologic study in PH-COPD

• Idiopathic PAH vs. COPD with no PH vs. COPD with mild PH vs. COPD with severe PH

J Heart Lung Transplant. 2024;43(7):1090-1101



COPD with vascular phenotype

Am J Respir Crit Care Med. 2018;198(8):1000-1011



Lack of basic research in PH-ILD

• Some results from transcriptome studies, but very limited data compared to IPF

• Most available studies are using explanted lung tissues 

- cannot properly address heterogeneity of disease, especially at early stage

Am J Physiol Lung Cell Mol Physiol. 2024;327(4):L520-L534



Difference between PAH and PH-ILD

• Different pathobiology → Different response to PAH targeted treatment

Eur Respir J. 2024;64(4):2401095



Heterogeneity in PH-ILD

• Different phenotypes within PH-ILD

- Severity of ILD 

- Severity of PH

Pulm Circ. 2024;14(1):e12310



Ambiguity in differentiation between group 1 & 3

• Unclear threshold for defining group 3 PH

- Multimodal assessment : PFT, DLCO, HRCT

• Example of systemic sclerosis ILD

- Mild parenchymal disease (limited SSc) → favor group 1

- Extensive parenchymal disease (diffuse SSc) → favor group 3

- Maybe combined with even group 2 (cardiac involvement)

Eur Respir J. 2024;64(4):2401324



Concept of PAH with comorbidities

• COMPERA & ASPIRE cohort analysis

• PAH with lung phenotype vs. Group 3 PH

- less severe lung parenchymal disease 

- however, similar survival outcomes

Lancet Respir Med. 2022;10(10):937-948

Classical IPAH 
PAH with 
lung phenotype Group 3 PH

CT fibrosis, any present 9 (8%) 26 (30%) 102 (47%)

CT fibrosis by severity

None 100 (93%) 60 (71%) 117 (57%)

      Mild 6 (6%) 21 (25%) 21 (10%)

      Moderate 1 (1%) 4 (5%) 33 (16%)

      Severe 0 0 36 (17%)

CT emphysema, any present 15 (14%) 42 (49%) 132 (60%)

CT emphysema by severity

None 94 (89%) 44 (52%) 87 (41%)

      Mild 11 (10%) 22 (26%) 21 (10%)

      Moderate 1 (1%) 16 (19%) 62 (30%)

      Severe 0 3 (4%) 40 (19%)



What should we do in Group 3 PH-ILD?

• Decide whether to try PAH therapy

Eur Respir J. 2024;64(4):2401200



Which drugs should we consider?

• Potential options

- PDE5 inhibitor (ex. sildenafil)

- Inhaled treprostinil (if available)

- Clinical trial

Lancet Respir Med. 2023;11(9):820-835



Previous studies on PAH therapies in Group 3 PH

• PDE5 inhibitor maybe the most reasonable first choice

J Heart Lung Transplant. 2021;40(9):872-881



Previous RCT – sildenafil 

• Sildenafil in advanced IPF

- inclusion criteria : DLCO < 35%

- no thorough evaluation about PH

- sildenafil vs. placebo for 12 weeks 

→ open label sildenafil for 12 weeks

N Engl J Med. 2010;363(7):620-8

6MWD
Sildenafil
→ Sildenafil

Placebo
→ Sildenafil

Week 0 to 12
‐28.52

(‐43.24, ‐13.80)
‐45.22

(‐59.65, ‐30.79)

Week 12 to 24
‐27.25

(‐46.51, ‐8.00)
‐16.95

(‐36.35, 2.44)

Blue : Sildenafil → Sildenafil
Red : Placebo → Sildenafil



Recent RCT – sildenafil + nintedanib

• INSTAGE trial – nintedanib + placebo vs. nintedanib + sildenafil in advanced IPF

- inclusion criteria : DLCO < 35% (no thorough evaluation about PH)

- stratified by echocardiography finding of RV dysfunction

- primary outcome not met, but some improvements in secondary outcomes

N Engl J Med. 2018;379(18):1722-1731



Recent RCT – sildenafil + nintedanib

• Post-hoc analysis regarding secondary outcomes

- favorable response regarding FVC and BNP level 

- particularly for patients with RV dysfunction

Am J Respir Crit Care Med. 2019;200(12):1505-1512



Retrospective study of sildenafil in PH-ILD

• Single center study : PH referral center in UK)

- Brompton Hospital National Pulmonary Hypertension Service at London

- 128 patients : IPF 74, HP 17, NSIP 12, unclassifiable 8, others 17

Respirology. 2023;28(3):262-272

PDE5 inhibitor + PDE5 inhibitor -

Number (%) 50 (47) 78 (53)

Demographics

Age, years 64.8±12.1 67.4±10.3

Gender, F/M 29/21 58/20

Spirometry

FVC, % predicted 57 (51–73) 52 (45–66)

DLCO, % predicted 25 (19–34) 26 (20–33)

Hemodynamics

mPAP, mmHg 38 (34–43) 35 (31–38)

PCWP, mmHg 11±5 10±4

CO, L /min 4.1 (3.7–4.8) 4.3 (3.8–4.9)

PVR, WU 6.7 (5.7–8.5) 6.0 (4.8–7.8)

Echocardiography

TAPSE, cm 1.7±0.4 1.9±0.4

Others

6MWD, m 258±92 222±93

BNP, ng/L 135 (48–281) 72 (23–205)



Inhaled treprostinil

• Previously approved for PAH

- add-on treatment while on sildenafil or bosentan

• Inhaled iloprost & Inhaled treprostinil

- an option for PAH patients who decline or cannot tolerate parenteral prostanoids

J Am Coll Cardiol. 2010;55(18):1915-22



Success of inhaled treprostinil in PH-ILD

• INCREASE trial

• More sophisticated inclusion criteria (like trials of PAH)

- right heart catheterization : mean PAP ≥ 25 mmHg, PCWP ≤ 15 mmHg, PVR > 3 WU

- not restricted to IPF, but in case of CTD-ILD, FVC < 70%

• Used nebulizer : ultrasound, pulsed-delivery

- 3 breaths 4 times/day → 9~12 breaths 4 times/day

• Primary endpoint : 6MWD 

N Engl J Med. 2021 Jan 28;384(4):325-334



INCREASE trial – main results

• Patient characteristics

N Engl J Med. 2021 Jan 28;384(4):325-334



INCREASE trial – main results

• Change in 6MWD

N Engl J Med. 2021 Jan 28;384(4):325-334



INCREASE trial – post-hoc results

• Change in FVC

Lancet Respir Med. 2021;9(11):1266-1274



DPI formulation of treprostinil

• Better compliance

- conveniently portable

- single-dose cartridges

- 1 breath per cartridge

• Still 4 times / day



Failure of inhaled treprostinil in COPD

• PERFECT trial – terminated d/t safety concern (increased risk of SAE)

• Premature data, but no change in 6MWD

Eur Respir J. 2024;63(6):2400172



Inhaled treprostinil in PH-ILD vs. PH-COPD

• PH-ILD may be quite different from PH-COPD

- fibrotic disease vs. inflammatory disease

Breathe. 2025;21(1):240242



Response monitoring after therapeutic trial 

• Consider lung transplantation as soon as possible if not responsive to PAH therapy

• Consider combination of other PAH therapy if response to initial PAH therapy

• Clinical trial may be another option

Chest. 2024;165(3):682-691



Acutely decompensated setting

• Hemodynamic stabilization 

- Preload optimization : diuresis, renal replacement therapy

- Afterload optimization : inhaled nitric oxide

- Inotrope +/- vasopressor

• Bridge-to-transplantation

Eur Respir J. 2024;64(4):2401193



Lung transplantation as a last resort

• Major consideration – Presence of RV dysfunction

• 203 patients on waiting list for lung transplantation at AMC

J Heart Lung Transplant. 2025 online ahead



Thank you for your attention
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