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63/M patients with CPFE 

FVC      52% pred.

DLco 25% pred.

BNP 340 pg/mL

6MWT  168m (95- 82%)



63/M patients with CPFE 



Cardiac CT



Echocardiogaphy

TR Vmax 4.0 m/sec



Diagnostic and therapeutic considerations

1. Whether to do RHC or not ?

2. Whether to prescribe PAH target agents ?

 

3. Which PAH target agents ?



Clinical classification of PH



Definition of PH in chronic lung disease

Terminology 2015 ESC/ERS guideline 2022 ESC/ERS guideline

No PH Mean PAP <25mmHg Mean PAP ≤ 20mmHg

Non-severe PH Mean PAP ≥ 25mmHg Mean PAP > 20mmHg
PVR ≤5WU

Severe PH Mean PAP ≥ 35 mmHg, or 
mean PAP ≥ 25mmHg in the presence 

of  a low cardiac output (CI 

< 2.5L/min, not explained by other 

causes)

Mean PAP > 20mmHg 

PVR >5 WU



Mean PAP in patients with IPF

Lettieri CJ, et al. CHEST 2006; 129:746 –752

79 IPF patients with severe IPF who 

listed for lung transplantation
488 patients with mild-to-moderate 

IPF in ARTEMIS-IPF trial

Raghu G, et al. Eur Respir J 2015; 46: 1247–1250

4% had 

mean PAP 

⩾35 mmHg.



PVR is stronger prognostic factor than mean PAP in 

patients with PH-ILD 

(mPAP) ⩾35 mmHg 

or mPAP⩾25 

mmHg with low 

cardiac index 

Olsson KM, et l. Eur Respir J 2021; 58: 2101483

➢ 449 patients with PH-ILD in the COMPERA registry



Pathophysiology of PH-LD



Vascular changes in IPAH

Intimal proliferation

Medial hypertrophy

Plexiform lesions

Diffuse precapillary arteriolar  disease



3 main therapeutic pathways in PAH



Vascular remodeling in PF, PAH and PF-PAH

Ruffenach G, et al. EMBO Mol Med. 2019 Sep;11(9):e10061.



Vascular wall thickening in PH due to 

pulmonary fibrosis

Ruffenach G, et al. EMBO Mol Med. 2019 Sep;11(9):e10061.

Capillary  and venule ?



Pathogenesis of PH in ILD

Dhont S, et al. ERJ Open Res 2022; 8: 00272-2022



Vascular and endothelial contributions to IPF

May J, et al. J Clin Invest. 2023;133(18):e172058. 



mPAP and PFT in patients with IPF

There was no significant correlation between FVC%, 

DLco%, and the ratio of the two with mPAP

Nathan SD, et al. CHEST 2007; 131:657–663



Relationship between CT fibrosis score and measured 

mPAP in patients with advanced IPF

65 patients with advanced IPF

Zisman DA, et al. CHEST 2007; 132:773–779

mPAP did not correlate with CT-based measurements of lung fibrosis, 

and these variables did not differ between those with and without PH.



Moderate PH versus severe PH-ILD

Parameters mPAP > 25mmHg (n=932) mPAP > 40mmHg 

(n=231)

P value

Age 53.4 49.9 0.040

BMI, kg/m2 28.7 27.7 <0.001

FEV1, % predicted 50.0 51.5 <0.001

FVC, % predicted 48.4 51.4 0.020

6MWD < 45m 13.9 21.1 0.010

CI L/min/m 2.8 2.5 0.82

PCWP, mmHg 12.1 14.0 <0.001

Any need for O2 86.0 92.8 <0.001

O2 used L/min-1 2.9 3.5 <0.001

Comorbid illness

COPD 15.7 16.2 0.030

HTN 21.6 22.8 0.040

Shorr AF, et al. Eur Respir J 2007; 30: 715–721



Phenotypes of PH-ILD

Picccari L, et al. Pulmonary Circulation. 2023;13:e12213

Vascular phenotype 
or IPAH with ILD



Not all PH in patients with ILD is PAH !

Pre-capillary PH (n=125) Post-capillary PH 

(n=32)

P value

Age 68 68 0.730

Male 90 25 0.485

ILD-GAP score 5 4 0.063

FVC, % predicted 65.9 68.2 0.439

DLco, % predicted 33.6 40.5 0.025

PaO2, Torr 64.8 72.8 0.001

6MWD, m 385 465 0.071

Lowest SpO2, % 70 76 0.014

BNP, pg/mL 24.3 31.3 0.350

RVSP, mmHg (echo) 47 37 0.103

Mean PAP, mmHg 28 28 0.970

PVR, WU 3.7 1.7 <0.001

PAWP, mmHg 10 18 <0.001

Retrospective analysis of 157 patients with ILD-PH

Teramachi R, et al. Respir Investig. 2021; 59:342-349.



Indications for RHC

1) Proper diagnosis or exclusion of PH in candidates for surgical treatments 

(transplant, lung volume reduction)

2) suspected PAH or CTEPH

3) episodes of right ventricular failure 

4) inconclusive echocardiographic findings in cases with a high level of 

suspicion and potential therapeutic  implications.



Challenges for using RHC



1) Identification of the A wave during exhalation

(right before the beginning of the pressure decline)

2) Average the top and bottom values of the A wave

Measurement of PAWP



63/M IPF patients; 

mean PAP and PAWP

Mean PAP 33 mmHg

PAWP  8 vs 12mmHg ?



Measurement  of cardiac output

❖Fick method

CO (L/m)  =

- Direct Fick method: gold standard method

- Indirect Fick method:  inaccurate estimate of O2 consumption

arteriovenous oxygen difference (mL of O2/L)

oxygen consumption (mL O2/m)

❖Thermo-dilution method 
- At least 3 measurements within 10% of each other

- limitations in severe TR and congenital heart defect

- must be performed by trained personel



63/M IPF patients; 

cardiac output

Thermo-dilution method

PVR:  (33-12)/3.67 = 5.72 WU vs   (33-8)/2.60 = 9.61 WU



PAH drug approval in South Korea

1997

Beraprost

2005

Iloprost

(inh)

Bosentan

Treprostinil

(SC)

Ambrisentan Macitentan

2006 2010 2011 2013

Sildenafil

2016 2017

Selexipag

Sildenfail(Viagra): off-label



Pharmacologic properties of prostacyclins

– Potent vasodilator

– Anti-platelet effect

– Anti-proliferative 

– Anti-inflammatory

– Inotropic effect 

Olscewski H et al. J Lab Clin Med 2001; 138: 287–297



Epoprostenol

• “Gold standard” for FC IV PAH

• The only PAH therapy with a survival 

benefit for patients with PAH that has 

been demonstrated in a single RCT.

Barst et al. N Engl J Med 1996;334:296-301



Effects of endothelin 

ETA–mediated effects

-vasoconstriction

- proliferation, hypertrophy

- cell migration

- fibrosis

ETB-mediated effect

- release of NO and PGI

- ET-1 clearance

- inhibits ET converting enzyme



Phosphodiesterase (PDE)-5 Inhibitors for PAH

Archer SL, et al. N Engl J Med 2009;361:1864-71



Survivals in PH-LD: the ASPIRE registry

Hurdman et al. Eur Respir J. 2012

3 year survival 

IPAH (68%) vs  PH-Lung (44%)

3 year survival 

PH-sleep/hypoventilation (90%)

PH-COPD (41%)

PH-ILD (16%)

Incident cases of PH n=1344



Right Heart Reverse Remodeling by 

Upfront Triple Combination Therapy in PAH

D’Alto M, et al. CHEST 2020; 157(2):376-383

21 patients with newly diagnosed high-risk IPAH were treated upfront with a 

combination of ambrisentan, tadalafil, and subcutaneous treprostinil



Bosentan in IPF without PH: BUILD-1 

• Study design: Double blinded, placebo controlled RCT

• Inclusion: IPF made within 3years before enrollment

• Exclusion: FVC < 50% pred., DLco < 30% pred., echocardiographic evidence of PH, etc.

Primary outcome: 6MWD Subgroup analysis in patients 

with SLB:

time to disease progression or death

King TE, et al. Am J Respir Crit Care Med. 2008; 177:75-81



Bosentan in IPF: BUILD-3 

• Study design: event-driven morbidity and mortality RCT 

• Inclusion: IPF confirmed by surgical lung biopsy

• Exclusion: Extensive honeycombing on HRCT, FVC < 50% pred., DLco < 30% pred., etc.

King TE, et al. Am J Respir Crit Care Med. 2011; 92-99



Bosentan in fibrotic IIP with PH

• The BPHIT study : Double blinded, placebo controlled RCT

• Inclusion: 60 patients with RHC confirmed PH

• Primary outcome: proportion of PVRI change > 20% over 16 weeks

Corte TJ, et al. Am J Respir Crit Care Med Vol 2014;190: 208–217



Ambrisentan in IPF: The ARTEMIS-IPF study

Raghu et al. Ann Intern Med. 2013;158:641-649

Study design: DB, placebo-controlled. Event-driven RCT

Inclusion criteria: Patients with IPF aged 40 to 80 years with minimal or no honeycombing on HRCT

Primary endpoint: time to disease progression

The study was terminated prematurely because of lack of efficacy,

a worse outcome was observed in terms of disease progression.



Sildenafil in severe PH-IPF

Ghofani HA et al. Lancet 2002

➢ 16 IPF patients with mPAP > 35 mmHg

Sildenafil leads to preferential pulmonary artery vasodilation in 

well-ventilated lung tissue and may improve V/Q matching and gas exchange in IPF.



• The STEP-IPF study :  12 week, double blinded, RCT

• Inclusion: 180 patients with advanced IPF (DLCO < 35% predicted)

• Primary outcome: proportion of 6MWD change > 20%

Sildenafil in severe IPF

IPF Clinical Research Network. N Engl J Med. 2010



Sildenafil in patients with IPF and RV 

dysfunction

• A subgroup analysis of the STEP-IPF study 

(119/180)

Han MK et al. CHEST 2013; 143(6):1699–1708



Riociguat in PH-IIP: RISE-IIP trials

Nathan SD et al. Lancet Respir Med 2019; 7: 780–9

Study design: 26 weeks, DB, placebo-controlled RCT

Inclusion:  147 IIP patients, FVC> 45% pred. 6MWD 150-450m,  PAH confirmed by RHC 
Primary outcome: change in 6MWD

The study was terminated early owing to increased serious AEs and mortality 

in riociguat group



PAH targeted and anti-fibrotic drugs in PH-ILD

Sakao S , et al. J Am Heart Assoc. 2019;8:e013310.



Nintedanib plus sildenafil in severe IPF: 

The INSTAGE trial

• Inclusion : Advanced IPF (DLCO < 35% predicted)

• Primary endpoint: Change in SQRQ score at week 12

Kolb M, et al. N Engl J Med 2018;379:1722-31



Behr J, et al. Am J Respir Crit Care Med 2018; 200: 1505–1512

Nintedanib plus sildenafil in severe IPF with RV 

dysfunction

• A pre-specified subgroup analysis of the INSTAGE study (119/180)

(A) Week 12 (B) Week 24



Behr J, et al. Respiratory Medicine 2018; 138:13–20

Sildenafil added to pirfenidone in patients with 

advanced IPF and risk of PH: A Phase IIb, RCT



The composite primary endpoint : disease progression, defined as either a relevant decline in 

6MWD, respiratory-related admission to hospital, 

or all-cause mortality, after 52 weeks

Behr J, et al. Lancet Respir Med 2021; 9: 85–95

Sildenafil added to pirfenidone in patients with 

advanced IPF and risk of PH: A Phase IIb, RCT



IV and inhaled prostacylin in PH-lung fibrosis

Olschewski H. AM J RESPIR CRIT CARE MED 1999;160:600–607



• Multicenter, randomized, DB, placebo-controlled, 16-week trial

• Inclusion criteria : Group 3 PH by RHC and FVC <70% pred.

• Primary endpoint: difference in peak 6-minute walk distance

Wasman A, et al. N Engl J Med 2021;384:325-34.

Inhaled treprostinil in PH-ILD: INCREASE trial



Wasman A, et al. N Engl J Med 2021;384:325-34.

Inhaled treprostinil in PH-ILD: INCREASE trial



Subgroup analysis of primary efficacy endpoint

https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/214324s000lbl.pdf

Female

IIP, CTD-ILD

≤350m

≥ 4WU



2022 ESC/ERS recommendations for PH-LD



Weatherald J and Humbert M. Respirology 2024;28:212-214

Expert recommendations for PH-LD

90-95%

PAH target 

agent is not 

indicated

5-10%

May consider
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