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Introduction
• CLD-associated PH (CLD-PH) is clearly linked with reduced 
functional status and worse outcomes

COPD 2017; 14: 484–489
Ann Thorac Surg 2016; 101: 246–252.



Introduction
• Even in patients who fulfil 
diagnostic criteria for 
group 1 pulmonary 
arterial hypertension 
(PAH), the presence of 
minor lung disease affects 
survival.

Chest 2013; 144: 169–176

Mean FEV1 % 
predicted of 69.2, 



Introduction

• Moreover, there is data suggesting that mean pulmonary 
arterial pressure (mPAP) 25 mmHg is associated with worse 
outcome in CLD-PH.

Chest 2007; 131: 650–656.
Am J Respir Crit Care Med 1999; 159: 158–164



Epidemiology and clinical relevance of 
PH in COPD Am J Respir Crit Care Med 2005 172189-194.



998 chronic obstructive pulmonary disease (COPD) patients with 
a mild to very severe airflow limitation

European Respiratory Journal 2008 32: 1371-1385



COPD, a rapid rise in mPAP during moderate exercise

CHEST 2012; 142(5):1166–1174



Pulmonary Arterial 
Enlargement and Acute 
Exacerbations of COPD

• Pulmonary artery enlargement 
(a PA:A ratio of >1), as detected 
by CT, was associated with 
severe exacerbations of COPD.

N Engl J Med 2012; 367: 913–921. 



Healthy lung
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CHEST 1977; 74 :6



Muscularisation of the small, 
normally partially muscularised
arteries adjacent to the 
alveolar ducts, cigarette smoke 
(B) for 6 months in guinea pigs

Thorax 2005

COPD IPAH

Eur Respir Rev 2014



Epidemiology and clinical relevance of PH in 
IPF and other IIPs

• In IPF, mPAP ≥25 mmHg has been reported in 8–15% of 
patients upon initial work-up, with greater prevalence in 
advanced (30–50%) and end-stage (>60%) disease.

Respiration 2013; 85: 456–463
Eur Respir J 2015; 46: 1370–1377
Eur Respir J 2007; 30: 715–721.



Epidemiology and clinical relevance of PH in 
IPF and other IIPs

• One longitudinal study 
suggested that mPAP
increases by around 
1.8 mmHg per year, but 
rapid progression of PH 
has also been reported in 
late-stage IPF patients.

Respirology 2017; 22: 986–990.





Combined pulmonary fibrosis and emphysema, 
and other lung diseases

• Patients with CPFE are particularly prone to develop PH, with 
estimates suggesting a prevalence of 30–50%.

• The PH appears to contribute to the functional limitation in 
CPFE and is associated with poor survival.

Eur Respir J 2010; 35: 105–111.
Chest 2009; 136: 10–15.



Angiogenesis in IPF
Normal IPF patient

Turner-Warwick M



Respir Res 2020

Pulmonary hypertension secondary to pulmonary fibrosis: 
molecular insights



Detection of PH in CLD
Figure 1. Evaluation of pulmonary hypertension (PH) in chronic lung disease (CLD).

1) symptoms and signs (dyspnoea out of proportion, loud P2, signs of right heart failure, right axis deviation 

on ECG, elevated natriuretic peptide levels); 

2) pulmonary function test abnormalities (low DLCO(e.g. <40% of predicted), elevated %FVC/%DLCO ratio 

(low KCO)); 

3) exercise test findings (including decreased distance, decreased arterial oxygen saturation or increased 

Borg rating on 6-min walk test and decreased circulatory reserve, preserved ventilatory reserve on 

cardiopulmonary exercise testing); 

4) imaging findings (extent of LD, enlarged pulmonary artery segments, increased pulmonary artery/aorta 

diameter ratio >1 on CT).
Nathan SD, et al. Eur Respir J  2018



Detection of PH in CLD

¶: signs supporting the diagnosis of PH include elevated systolic pulmonary 
arterial pressure and signs of right ventricular dysfunction. However, 
echocardiography measures are only suggestive and have limited accuracy in 
patients with CLD.
+: strongly consider referring the patient to a PH expert center.

Figure 1. Evaluation of pulmonary hypertension (PH) in chronic lung disease (CLD).

Nathan SD, et al. Eur Respir J  2018



When to perform RHC

• RHC should be performed

1. Significant PH is suspected 

2. Management will likely be influenced by RHC results, including referral for 

transplantation, inclusion in clinical trials or registries, treatment of unmasked left 

heart dysfunction, or compassionate use of therapy.

• RHC may be considered when

1. Clinical worsening, progressive exercise limitation and/or gas exchange 

abnormalities are not deemed attributable to ventilatory impairment.

2. An accurate prognostic assessment is deemed sufficiently important.

Nathan SD, et al. Eur Respir J  2018



Measurement of Pulmonary 
Arterial Pressure



Eur Respir J 2014



• Bland–Altman analyses of the 

difference between mean 

pulmonary artery pressure 

(mPAP) and transmural mPAP

(mPAPtm) plotted versus the 

mPAPtm.

• Transmural mPAP (mPAPtm) 

(calculated as mPAP - Poes)

Eur Respir J 2014



Pressure measurements during RHC

• As a result of exaggerated changes in intrathoracic pressures 

during the breathing cycle in patients with lung disease, a 

floating average over several breaths (without a breath hold) 

is suggested for measurement of mean pressures, including 

the pulmonary capillary wedge pressure.

Nathan SD, et al. Eur Respir J  2018



Circulation Research 1961
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Detection of PH in ILD

§: expert centres should comprise multidisciplinary teams.

Nathan SD, et al. Eur Respir J  2018



PVR = (Pap – Pla)/Q

Pap = Q x PVR + Pla

The hemodynamic definition of PH

« The normal pulmonary blood pressure in a series of  60 n
ormal controls studied at the Brompton Hospital ranged fro
m 8/2 to 28/14 mmHg Pulmonary hypertension is defined b
y Pap >30/15, mean 20 mmHg, and the normal PVR is < 1 
unit ... In practice, serious PH usually means much higher Pap

A cut-off of 25 mmHg seems

reasonable

Paul Wood, Br Heart J 1958; 20: 557-570



The definition for PH in the context of CLD-
PH:
Definition Characteristics Reference

CLD without PH • mPAP <21 mmHg or,
• mPAP 21–24 mmHg with 

pulmonary vascular 
resistance (PVR) <3 Wood 
Units (WU).

Eur Respir J 2019; 53: 1801913

Isolated post-capillary PH 
(Group 2, 5)

CLD with PH • mPAP 21–24 mmHg with 
PVR ≥3 WU, or

• mPAP 25–34 mmHg

Eur Respir J 2019; 53: 1801913

CLD with severe PH • mPAP ≥35 mmHg

• mPAP ≥25 mmHg with low 
cardiac index 
(<2.0 L·min−1·m−2)

J Am Coll Cardiol 2013; 62: 
D109–D116.

Nathan SD, et al. Eur Respir J  2018



• Conclusions— Exercise-induced 

PAH is an early, mild, and clinically 

relevant phase of the PAH spectrum.

CHEST 2018; 154(1):10-15



Treatment of PH due in CLD: evidence for 
appropriate risk–benefit balance of PAH-targeted 
therapy

Eur Respir Rev 2017; 26: 160080.



RCT with PAH-targeted therapy in COPD

Year Subj
ect 
(n)

Inclusion Dx of PH Baseline 
hemodynami
cs

Baseline PFT Therapy Duration Primary 
end point

Outcomes

2008 30 GOLD III–IV; 
no 
haemodynami
c require

Echo sPAP 32 (29–
38) mmHg

Not reported Bosentan
125 mg 2 
times daily

12 wks 6MWD, no 
change

Worsened 
hypoxaemia
and health-
related QoL

2009 32 COPD with PH 
by RHC, open 
label

RHC mPAP 37±5 
mmHg

FEV1 37±18% Bosentan
125 mg 2 
times daily

18 months No 
defined 
primary

mPAP, PVR, 
BODE index 
and 6MWD 
improved

2014 120 COPD with PH 
by echo

Echo: 
pulmonary 
acceleration 
time <120 
ms or 
sPAP >30 
mmHg

Echo: sPAP
42±10 mmHg

FEV1 41±16% Tadalafil
10 mg 
daily

12 weeks 6MWD, no 
change

Decreased 
sPAP; no 
difference in 
QoL, BNP or 
SaO2

2016 28 COPD with PH 
by RHC

RHC: 
mPAP >35 
mmHg (if FEV1 
<30%), mPAP
⩾30 mmHg (if
FEV1 ⩾30%)

mPAP 39±8 
mmHg, CI 
2.4±0.5 
L·min−1·m−2, 
PVR 7±2.6 WU

FEV1 54±22%, 
DLCO 
33±12%

Sildenafil 
20 mg 3 
times daily

16 weeks PVR, 
decreased 
1.4 WU

Improved CI, 
BODE scores 
and QoL; no 
effect on gas 
exchange



COPD: Effect on pulmonary hemodynamics 

• Beneficial hemodynamic effects with 

long-term PAH therapy, assessed by 

RHC, have been demonstrated with 

both sildenafil and bosentan. 

J Heart Lung Transplant 2017; 36: 166–174



COPD: Effect on pulmonary hemodynamics

Ther Adv Respir Dis 2009; 3: 15–21. 



COPD: Effect on exercise tolerance, 
symptoms and quality of life 

• The effect of PAH-targeted therapy on exercise capacity and 
QoL in patients with COPD-PH is less apparent. 

• Two meta-analyses failed to show significant improvement in 
6-min walk distance (6MWD), whereas a third reported an 
improvement in 6MWD in COPD patients with demonstrated 
PH 

J Thorac Dis 2015; 7: 309–319. 
Pulm Circ 2017; 7: 145–155. 
J Korean Med Sci 2013; 28: 1200–1206. 



COPD Summary

• Mild-to-moderate pulmonary hypertension is a common in COPD

• PH is associated with increased risks of exacerbation and decreased survival in COPD.

• Sildenafil may improve hemodynamics and exercise capacity in severe COPD-

PH

• Current data may not support therapy with bosentan in COPD-PH patients

• COPD-PH should be evaluated in randomized clinical trials



RCT with PAH-targeted therapy in IPF

Year Subj
ect 
(n)

Inclusion Dx of PH Baseline 
hemodynami
cs

Baseline PFT Therapy Duration Primary 
end point

Outcomes

2013 119 IPF with Echo Echo: RVSD N/A FVC 57%
DLCO 26%  

Sildenafil 
20mg tid

12 wks 6MWT, 
less 
decline 
RVSD

Improve 
QOL in 
RVSD 
patients

2014 60 IPF or 
idiopathic 
fibrotic NSIP

RHC: mPAP
≥ 25 
mmHg

mPAP 37±9.9 
mmHg,
CI 2.2±0.5

FVC 55.7±20%,
KCO 45±22%

Bosentan 16 wks 20% 
PVRI↓, 
negative

Secondary 
end-points 
all (-)

2015 68 IPF with group 
2 PH
(14% of 
cohort)

RHC mPAP 30±8 
mmHg

FVC 67±12%,
DLCO 
39±15%

Ambrisent
an 10 mg 
QD

Event-
driven,
terminated
early

Disease
progressio
n,
Unfavoura
ble trend

More 
hospitalized
ambrisentan
arm

2019 147 IIP, FVC >45%, 
mPAP
>25 mmHg

RHC mPAP 
33.2±8.2 
mmHg,
CI 2.6±0.7

FVC 76.3±19%,
DLCO 
32±12%

Riociguat
2.5 mg tid

26 weeks,
study 
stopped 
early

6MWD, no
difference 
at
study halt

Riociguat
arm (death  
↑and
Hospitalisa
tion ↑)







ILD-PH: Effect on exercise tolerance

• Difference in 6MWD comparing 

placebo to PAH specific therapy 

from two randomized controlled 

studies. There was not a 

significant difference in 6MWD 

(21.6 m; 95% CI, –17.8 – 61.0).

Pulmonary Circulation 2017; 7(1) 145–155 



ILD-PH: Effect on exercise tolerance

• In contrast, open-label 

studies with sildenafil, 

riociguat and treprostinil

did show significant 

improvements in 6MWD, 

with an average increase 

of 46 m over baseline.

Pulmonary Circulation 2017; 7(1) 145–155 



• The STEP-IPF study, which 

was enriched for underlying 

IPF-PH by the inclusion of 

patients with DLCO <35% of 

predicted.

N Engl J Med 2010



Parameter Results p-Value

Primary 
Endpoint 

Proportion of patients with ≥ 20% 
increase in 6 mwt

10% (Sildenafil) vs 7% (Place
bo)

0.39

Secondary
endpoints

Arterial oxygen saturation Δ+1.22 favoring sildenafil 0.05

DLCO (% pred value) Δ+1.55 favoring sildenafil 0.04

Shortness of breath questionnaire Δ-5.68 favoring sildenafil 0.006

QoL (St. George Resp Questionnaire) Δ-4.08 favoring sildenafil 0.01

Death and acute exacerbations No significant difference n.s.

Sildenafil 20mg tid for 12 weeks



ILD-PH: Effect on exercise tolerance
• The largest observational study to date of severe IIP-PH patients (n=151) 

found that the improvement in 6MWD at 6 months in response to PAH 

therapy was equivalent to that seen in IPAH patients.

PLoS One 2015; 10: e0141911.



Nintedanib and vasculature experiment

Bleomycin

Bleomycin + Nintedanib

Angiogenesis. 2017 



N Engl J Med 2018;379:1722-31.





ARJCCM 2019 epub



ARJCCM 2019 epub

164.7 174.0 58.2 63.4 Baseline BNP

146.4 248.6 58.2 63.4 Post Tx BNP



ARJCCM 2019

Nintedanib

+ sildenafil

Nintedanib

+ placebo



















ILD-PH Summary

• Precapillary PH is common in IPF 

• Usually mild-to-moderate severity PH (mean PAP 25-35 mmHg), with preserved right ventricular 

function

• When present, PH is associated with greater mortality and worse clinical course

• The current guideline suggests riociguat and ambrisentan are contraindicated in ILD-PH 

• Nintedanib and Sildenafil therapy may stabilize BNP in IPF patients with RHD.

• Severe PH (mPAP ≥ 35 mmHg) may be found in a minority of patients, with similarities with 

idiopathic PAH; this subgroup therapy used in PAH should be evaluated in randomized clinical trials

• Current data does support therapy with inhaled Treprostinil in ILD-PAH including CPFE patients.



Conclusion: Diagnosis

• CLD-PH

• IPF with FVC <70% of predicted, 

• COPD with FEV1 <60% of predicted

• Accompanying less severe PH (mPAP 20–24 mmHg with PVR ⩾3 WU, or 

mPAP 25–34 mmHg), these groups represent the majority of patients 

presenting with CLD-PH.



Conclusion: Treatment

• Treatment in sildenafil was well tolerated CLD-PH

• Sildenafil may have clinically meaningful outcomes including 

improvements in NT-proBNP, hemodynamic, and exercise capacity in some 

subgroup of CLD-PH

• Treatment with inhaled treprostinil was well tolerated

• Inhaled treprostinil improves 6MWT in ILD-PH

• Inhaled treprostinil support and additional treatment avenue in ILD-PH
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