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M/59

• IPF Dx 5yrs ago
• Aggravation of 

dyspnea 
• Pitting edema, both
• Home O2 5L
• BP 117/70 , HR 120





Rt side catheterization

PCWP 14 
mPAP 51
PVR 9

TTE 

1. Severe pulmonary HTN (RVSP: 130mmHg) 
with IVC plethora (23mm)
2. Severe TR (G III-IV/IV) due to incomplete 
coaptation with dilated TV annulus (48mm, 
26mm/m2)
 - Systolic flow reversal of HV was also 
observed. 
3. Enlarged RA, RV and RVH (9mm) with 
reduced RV systolic function (RV FAC: 11%)
 - Relatively preserved RV basal wall motion 
(RV S': 11cm/s)
4. Small sized LV chamber (LVEDD/ESD : 
39/27mm) with normal global LV systolic 
function (EF: 62%) and D-shape of LV 
5. Relaxation abnormality of LV filling pattern 
(E/e': 5)
6. Slightly dilated sinus of Valsalva (36mm)





Definition and classification of PH 

• Definition : mPAP ≥ 20mmHg 

Group I                  Group II                 Group III                Group IV                 Group VI                  

Eur Respir J 2023; 61: 2200879 
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• Prevalence of PH 
• IIP

• PH (cutoff 25mmHg) : 8-15% , 35-50% in advanced IPF, 
end-stage >60% 

• CPFE 

• PH : 30-50% 

• Outcome of ILD with PH
• Risk of mortality ↑

• Propensity for acute exacerbations ↑

• Quality of life ↓

• Exercise capability ↓

• Need for supplemental oxygen ↑

Importance of PH in ILD 

Pulm Circ. 2021;11(2) 20458940211005641, Chest. 2006;129(3):746–752, Eur Respir J. 2010;35(1):105–111, Chest. 2009;136(1):10–15, 
BMC Pulm Med. 2016;16(1):55, Eur Respir J. 2005;26(4):586–593, Eur Respir J. 2012;40(1):93–100, Respir Med. 2012;106(11):1613–1621, 

Curr Opin Pulm Med 2021; 27:396–404, Respiration 2013; 85:456–463. Chest 2007; 131:650–656, Am J Respir Crit Care Med 2006; 174:659–664, 
Chest 2007;131:657–663, Eur Respir J 2007;30:715–721, Respir Med 2007; 101:2153–2159, Respir Care 2010;55:584–588, Respir Med 2012;106:1613–621



Poor prognosis of Group 3 PH

Pulm Circ 2018; 8:2045894018775056.
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J Heart Lung Transplant 2017;36:957-967



Prognosis of ILD-PH  vs. COPD-PH

COPD

ILD

J Heart Lung Transplant 2017;36:957-967



Pathways targeted therapies for PAH

F1000Research 2016, 5(F1000 Faculty Rev):2755 (https://doi.org/10.12688/f1000research.9739.1)

https://doi.org/10.12688/f1000research.9739.1


Sildenafil in advanced IPF (STEP-IPF)

N Engl J Med 2010;363:620

• Double-blind, randomized, placebo -controlled trial
• Oral sildenafil (20 mg t.i.d) for 12 weeks
• Advanced IPF (DLCO <35 % of predicted)
• Primary outome :  the presence or absence of an improvement of at least 

20% in the 6-minute walk distance at 12 weeks, as compared with baseline. 
• Sildenafil (N=89) vs. Placebo (N=91)

Primary outcome:
10% (9/89, Sildenafil ) vs. 7% (6/91, Placebo) , P=0.39



Sildenafil+Nintedanib in IPF (INSTAGE) 

N Engl J Med 2018; 379:1722–1731

• Double-blind, randomised, placebo-controlled trial
• IPF (DLCO <35 % of predicted)
• Ninteadnib + Sildenafil (N=137) vs. Nintedanib + Placebo (N=136), 24wks
• Primary outcome: the change from baseline in the SGRQ total score at week 12
• Rt heart dysfunction sign on Echo : 61 % vs. 56 % 

P=0.72



Sildenafil + pirfenidone in advanced IPF

• Double-blind, randomised, placebo-controlled, phase 2b
• Advanced IPF (DLCO ≤ 40%) 
• At risk of Group 3PH (mPAP ≥ 20 and PAWP ≤ 15 on RHC 18% vs. 19%   or intermediate 

or high probability of Group 3 PH on echo ) 
• Sildenafil + pirfenidone (N=89) vs. Placebo +pirfenidone (N=88), 52wks
• Primary endpoint: proportion of pt with dz progression (decline of 6MWT, respiratory 

related admission, all cause mortality ) 

Lancet Respir Med 2021; 9(1): 85–95

Sildenafil + pirfenidone

Placebo+ pirfenidone



• Enriched for PH
• DLCO <35 % of predicted 
• DLCO ≤ 40% + at risk of Group 3 PH 

• mPAP ≥ 20 and PAWP ≤ 15 on RHC (18~19%) 

or intermediate or high probability of 
Group 3 PH on echo  

• ILD-PH (confirmed by RHC ) ? 

Proper study design for ILD-PH?



Ambrisentan in IPF (ARTEMIS-PH)

Dz progression PFT decline

Respiratory hospitalization Death

Ann Intern Med. 2013;158:641-9.

사용 X 

• Randomized, double-blind, placebo=controlled (Ambrisentan 329 , placebo 163)
• IPF (honeycomb <5%) , primary outcome: IPF dz progression
• PH on RHC: Ambrisentan (9.7%) vs Placebo (9.8%)
• mPAP : Ambrisentatn (20.3mmHg) vs. Placebo (20.6mmHg) 



Bosentan in fibrotic IIP (BPHIT)

• Double blind, randomized (2:1), placebo controlled trial
• Fibrotic IIP (IPF or fNSIP) and RHC confirmed PH (mPAP ≥ 25, PCWP ≤ 15)
• Bosentan (n=25) vs. placebo (n=14)
• Primary endpoint: fall from baseline PVRindex (PVRi) of 20% ≥ ,16 weeks

Change of PVRi, mPAP, CI, SpO2, 
6MWD, symptom score, 
activities scor, QOL score, DLCO, 
FVC, BNP, TAPSE, RV inlet size : 
No difference

Am J Respir Crit Care Med 2014; 190 (2): 208-217



Riociguat in IIP-PH (RISE-IIP)

• Riociguat : soluble guanylate cyclase stimulator
• Randomised, double-blind, placebo controlled , phase 2b
• Riociguat (n=73) vs. placebo (n=74) , 26wks
• IIP – PH (RHC confirmed, mPAP ≥ 25) (IPF 74% vs. 66%, NSIP  12% vs. 19%)

• Primary outcome: mean change of 6MWD at 26wks
• Mean mMPA : Riociguat (33mmHg) vs. Placebo (33mmgHg)

P 0.257

Lancet Respir Med. 2019;7:780-790.

사용 X 



Eur Respir J 2023; 61: 2300944



Inhaled Treprostinil in ILD-PH (INCREASE)

• Randomized, double blind, placebo controlled
• ILD  – PH (mMPA>25mmHg, Group III PH)

• Primary outcome: difference between two group of 
6MWD at 16wks

• Inhaled Treprostinil (N=163) vs. Placebo (N=163)
• Ultrasonic, pulsed delivery nebulizer 
• 3 breath q.i.d > 9 breath q.i.d (Max 12 breath q.i.d)

N Engl J Med 2021;384:325-34
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Long term use of inhaled treprostinil

Open label extension of INCREASE study (INCREASE OLE)

Eur Respir J 2023; 61: 2202414
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Adverse event

Eur Respir J 2023; 61: 2202414



N Engl J Med 2021;384:325-34



• Phase 2, double blind, placebo controlled, randomized 
clinical trial in USA

• fILD on supplemental oxygen therapy
• FVC at least 40% / Echo / RHC was not mandatory 

• IPF 63% vs. 86% ,iNSIP 13% vs. 14% 

• Mod ~high probability of PH on Echo : 60% vs 64%

• Inhaled nitric oxide 
• Pulsed fixed dose iNO (45 μg/kg IBW/h) with placebo

• Delivered via the INOpulse device (both group)

• 2:1 randomization:iNO45 (N=30) or placebo (N=14) 

• Receive iNO45 or placebo for 4 months

Inhaled NO in fILD pt at risk of PH

Ann Am Thorac Soc 2022; 19:594–602.



Ann Am Thorac Soc 2022; 19:594–602.

MVPA (Moderate to vigorous physical activity )



Ann Am Thorac Soc 2022; 19:594–602.



Curr Opin Pulm Med 2023, 29:406–415

Randomized clinical trials with drugs approved in PAH and targeting ILD-PH (RHC confirmed)



• 1yr later

• Aggravation of hypoxia

• Admission → HFNC 80% → Lung Transplantation

Patient progress



• Prognosis of PH-ILD is poor.

• Many studies failed to prove the efficacy of PAH targeted tx
in PH-ILD. But the study design were different. 

• Recently,  studies of inhaled NO and especially inhaled 
treprostinil opened the new era in PH-ILD.

• Therefore
• Suggestion and proper diagnosis of PH-ILD is important. 

• Further studies about other drugs such as sildenafil are still 
needed. 

• Inhaled treprostinil and iNO can be used in PH-ILD 

Summary

PAH target Tx in PH-ILD : PRO





Thank you



Suggestive findings of PH in ILD pts

Curr Opin Pulm Med 2023, 29:406–415
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