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ABSTRACT

Pulmonary hypertension (PH) associated to chronic lung disease (CLD) is relatively fre-
quent in end-stage disease but can be also present at early stage, sometimes associated 
with low carbon monoxide diffusion capacity (DLCO) and relatively preserved lung vol-
ume in a pulmonary vascular phenotype. PH worsens prognosis, decreases exercise capac-
ity, and impairs quality of life. Echocardiography, chest high-resolution computed tomog-
raphy (HRCT) and cardiopulmonary exercise test may help for PH screening in CLD. The 
diagnostic is based on right heart catheterisation. Treatment of CLD-PH includes treatment 
of the underlying condition, long-term oxygen therapy and lung transplantation. Pulmo-
nary arterial hypertension (PAH)-specific medications may be useful but due to lack of 
evidences, heterogeneity of the studies and concerns regarding side effects, cannot be rec-
ommended. In this review, we summarize epidemiological data, clinical features and treat-
ments of CLD-PH, especially in chronic obstructive pulmonary disease (COPD) and idio-
pathic pulmonary fibrosis (IPF).

Keywords: Chronic lung disease. Chronic obstructive pulmonary disease. Idiopathic pul-
monary fibrosis. Pulmonary hypertension.
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INTRODUCTION

Pulmonary hypertension (PH) is currently de-
fined as a mean pulmonary artery pressure 
(mPAP) of > 20 mmHg with a pulmonary vas-
cular resistance (PVR) of ≥ 3 Wood Units (WU) 
according to the 2018 World Symposium on 
PH (WSPH)1. Patients can be classified into 
different subgroups according to disease 
mechanisms and therapeutic options2. Group 
1 refers to pulmonary arterial hypertension 
(PAH), typically involving different forms of 
PH which were originally described as dis-
playing the histopathological hallmark of 
plexiform lesions. Group 2 refers to PH asso-
ciated with cardiac diseases. Group 3, which 
will be discussed in this article, refers to PH 
associated with chronic lung disease (CLD)3. 
Group 4 PH is associated with thromboembol-
ic and proximal pulmonary artery occlusions. 

Virtually, all lung diseases, regardless of their 
aetiology, may lead to PH if they evolve to end-
stage disease. However, moderate forms of 
CLD may also be associated with severe PH, 
similar to PAH. Therefore, group 3 PH may be 
considered as a disease spectrum going from 
PH associated with end-stage CLD to forms 
close to PAH with mild lung disease. The most 
common CLDs associated with PH are chronic 
obstructive pulmonary disease (COPD) and id-
iopathic pulmonary fibrosis (IPF). The features 
of COPD and IPF may be combined in one 
patient, resulting in the clinical form of com-
bined pulmonary fibrosis and emphysema 
(CPFE), which is frequently associated with 
PH. Interestingly, patients with severe PH with-
out severe CLD frequently present with a low 
carbon monoxide diffusion capacity (DLCO) 
and mild parenchymal abnormalities on chest 
high-resolution computed tomography (HRCT). 

This clinical presentation has been recently re-
ferred to as ‘pulmonary vascular phenotype 
associated with underlying mild CLD4. 

In this review, we will discuss the various 
clinical features of group 3 PH especially for 
COPD (COPD-PH) and IPF (IPF-PH), and 
their diagnosis and treatment, which remain 
challenging.

PREVALENCE, CLINICAL FEATURES 
AND PROGNOSIS OF PULMONARY 
HYPERTENSION IN CHRONIC LUNG 
DISEASES

The prevalence of PH in CLD has been exten-
sively studied. However, the results need to 
be interpreted according to different diagnos-
tic methods (echocardiography or right heart 
catheterisation [RHC]), definitions of PH, and 
selection of patients (type of CLD, severity of 
the underlying CLD). Indeed, an important 
proportion of the studies has been conducted 
in patients evaluated for lung transplantation 
(LTx) and therefore present with terminal re-
spiratory disease.

Chronic obstructive pulmonary 
disease

COPD is frequently associated with a mild 
degree of PH5. Structural changes related to 
emphysematous lungs with loss of the pul-
monary vascular bed, hypoxic vasoconstric-
tion, and inflammation due to toxic inhala-
tion may lead to PH in COPD. Genetic factors 
may also play a role6. Remodelling of the pul-
monary vessels is observed with muscular-
ization of the pulmonary arterioles due to 
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proliferation and hypertrophy of smooth 
muscle cells7,8. Intimal thickening is also seen, 
but without the presence of plexiform lesions, 
as encountered in PAH. Venular remodelling 
with muscularization and extracellular ma-
trix deposition has also been demonstrated. 

The degree of pulmonary vascular involve-
ment in COPD has been correlated with the 
severity of airflow obstruction, with the high-
est prevalence of PH in advanced COPD. In 
two cohorts of patients with severe COPD, the 
mean mPAP was 26 mmHg9,10. The preva-
lence of an mPAP of > 20 mmHg in COPD 
patients was found to be between 18% and 
91% in the whole spectrum of severity of the 
airway obstruction10-12. Severe PH is not fre-
quently encountered in patients with COPD5 
and in a large cohort of 998 patients with 
COPD, the mean mPAP was 20.8 mmHg and 
only 5.8% of the patients presented with an 
mPAP of ≥ 35 mmHg13. Interestingly, severe 
PH is not frequently encountered in patients 
with COPD5. In COPD patients evaluated for 
LTx, the prevalence of mPAP between 26–35 
mmHg, 36–45 mmHg, and > 45 mmHg were 
36.7%, 9.8%, and 3.7%, respectively14. In these 
patients, the prevalence of precapillary PH has 
been estimated at 30.4% and post-capillary PH 
at 17.2%15. A recent analysis of 99 patients with 
COPD and severe PH from a prospective 
French multicenter cohort has shown that 
these patients presented with marked dys-
pnoea (78% of the patients in New York Heart 
Association [NYHA] class III or IV), a moder-
ate obstruction (mean forced expiratory vol-
ume in one second [FEV1] value of 50%), a 
very low DLCO (average 20%), and severe hy-
poxaemia associated with hypocapnia16. The 
mean survival was poor (15 months). Before 
developing resting PH, COPD patients may 

encounter abnormal circulation during exer-
cise. Indeed, in a cohort of 131 patients with 
COPD without PH at rest, Kessler et al.17 
demonstrated that 25% developed mild PH 
over a period of six years, mainly observed in 
patients presenting with higher mPAP during 
exercise. Interestingly, the patients who devel-
oped PH also presented with more gas ex-
change impairment at baseline. PH in COPD 
is also associated with a worse prognosis18-21. 
COPD patients with an mPAP of ≥ 25 mmHg 
have a five-year survival of 33%, whereas the 
survival is 66% in patients with an mPAP of 
< 25 mmHg18. Low DLCO has also been found 
to be a predictor of poor survival in patients 
with COPD-PH22. Besides survival, PH in 
COPD is also associated with symptoms and 
exercise intolerance15.

Idiopathic pulmonary fibrosis

PH is frequently associated with IPF. Patholog-
ical studies of IPF-PH have shown that the en-
tire microvasculature can be affected by the 
disease process, with changes in the arteries, 
arterioles, capillary bed, and venules23. These 
changes are caused by the fibrotic process, as 
well as by the remodelling effect of hypoxia. 
The different structures of the pulmonary ar-
tery wall may be affected by adventitial thick-
ening due to extracellular matrix deposition 
and increased presence of fibroblasts and my-
ofibroblasts. The media is enlarged due to 
smooth muscle cell hypertrophy and hyperpla-
sia, as well as accumulation of collagen and 
elastin. Finally, the intima is also thickened due 
to fibrosis. Interestingly, these changes have 
been found in areas of dense parenchyma 
fibrosis, but signs of vascular remodeling 
may also be present in fibrotic-spared areas 
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of the lung, suggesting that processes other 
than fibrosis and hypoxia could play a role in 
the vascular remodelling observed in IPF. 
The post-capillary compartment is also in-
volved showing intimal proliferation and fi-
brosis in the pulmonary venules. Finally, cap-
illary bed destruction is observed. In contrast, 
other areas of the fibrotic lung show vascular 
proliferation and neo-angiogenesis.

The prevalence of PH in IPF has been non-in-
vasively evaluated between 20% and 84%24,25. 
The prevalence of precapillary PH in IPF as-
sessed with RHC is lower, evaluated between 
28% and 41% in a cohort of candidates for 
LTx26-28. In a large cohort of 2525 patients with 
IPF awaiting LTx, the incidence of an mPAP 
≥ 25 mmHg was 46%, and severe PH with an 
mPAP > 40 mmHg was 9%29. In a large ran-
domised control study evaluating the effect 
of ambrisentan on progression-free survival 
in IPF, including less severe patients, the 
prevalence of pre- and post-capillary PH in 
IPF was 14% and 5%, respectively30. PH asso-
ciated with IPF can progress rapidly. A study 
of 45 patients with IPF on the LTx waiting list 
showed an mPAP increase of 3.8 mmHg/
month31. Interestingly, a low DLCO and the 
use of supplemental oxygen therapy were as-
sociated with a higher probability of PH, 
whereas lung volumes were not26,27. Higher 
systolic pulmonary artery pressures (sPAP) in 
IPF have been associated with a higher de-
gree of hypoxaemia, a lower functional capac-
ity, higher brain natriuretic peptide (BNP) 
levels, and increased dyspnoea32. 

In IPF, PH is associated with the risk of 
death24,25,33, increasing from 5.5% to 28.8% at 
one year if PH is present26. Moreover, each 5 
mmHg increase in mPAP has been associated 

with a 50% increase in the risk of death28. Many 
other factors are also associated with worse 
outcomes in IPF-PH such as right ventricle 
(RV) dysfunction, RV chamber enlargement34, 
tricuspid annular plane systolic excursion, RV 
fractional area change35, and low DLCO

33.

Combined pulmonary fibrosis  
and emphysema

CPFE is characterised by extensive parenchy-
mal destruction due to the association of lung 
fibrosis, mainly in the lower lobes, and emphy-
sema, predominantly in the upper lobes36-38. 
However, the lung volumes are often pre-
served. The syndrome is frequently associated 
with very low DLCO, hypoxaemia, and PH39. 
The reason for this particular phenotype is not 
well understood but is probably due to the 
combination of alveolocapillary membrane 
thickening due to fibrosis along with extensive 
destruction of the parenchyma due to emphy-
sema40. In an echocardiographic study, the 
prevalence of PH in CPFE was evaluated to be 
50%38. In a study using RHC, the mean mPAP 
in patients with CPFE was 40 mmHg41. Pa-
tients also present a severely reduced func-
tional capacity with a mean six-minute walk 
distance (6MWD) of only 244 m and a poor 
prognosis, with a one-year survival estimated 
at 60%41 and a two-year survival of only 23%42.

Pulmonary vascular phenotype

A specific phenotype of patients with mild-
to-moderate COPD and severe PH has been 
recently proposed43. Some studies have found 
a strong association between PH in COPD, 
mild lung disease, low DLCO, pronounced 
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hypoxaemia associated with hypocapnia, and 
cardiovascular limitation during exercise21,44,45. 
This frequent association has led to the defi-
nition of a specific phenotype associated with 
COPD, referred to as pulmonary vascular 
phenotype3. The distinction between PAH 
and pulmonary vascular phenotype is often 
difficult4,46. This entity, which may constitute 
a continuum spectrum with PAH, is more fre-
quently encountered in older male patients 
with a history of smoking or other toxic expo-
sures and mild HRCT impairment47. Interest-
ingly, these patients present common features 
in terms of poor prognosis, lung function, and 
demographic characteristics with CPFE pa-
tients, with the exception of radiological in-
volvement48. A recent cluster analysis from 
841 patients with idiopathic PAH identified a 
specific cluster of patients presenting low 
DLCO, older age (mean age of 72 yrs), male 
predominance, history of smoking, poor re-
sponse to PAH specific therapies and poor 
survival (five-year survival of 42%)49. Similar 
features have also been observed in post-cap-
illary PH in a subgroup of patients with low 
DLCO, old age, male sex, hypoxaemia, cigarette 
smoking status, and HRCT abnormalities50. 
The histopathological process underlying pul-
monary vascular phenotype is not well un-
derstood. This could be due to a rarefaction of 
the lung capillary bed (also referred to as van-
ishing capillaries), disturbance of the alveolo-
capillary membrane, venular involvement, or 
a combination of multiple factors51-53.

SCREENING, DIAGNOSIS,  
AND EVALUATION OF PH IN CLD

The diagnosis of PH in patients with CLD re-
mains challenging (Fig. 1). Clinical, radiological, 

and electrocardiographic signs of RV failure 
may be present. However, due to the non-spec-
ificity of these signs and the high frequency 
of mild PH not necessarily leading to clinical-
ly overt RV dysfunction, these elements are 
insufficient in diagnosing PH in CLD23. More-
over, the presence of PH in CLD, and notably 
in COPD, should be evaluated outside of ex-
acerbation periods5.

Echocardiography

Echocardiography is a good screening tool 
for PH. However, it has been found to be in-
accurate in determining pulmonary pres-
sure54. Moreover, pulmonary pressure evalu-
ation in CLD may be challenging because of 
a lack of echogenicity, especially in severe 
emphysema55. In a large cohort of LTx candi-
dates, sPAPs measured by echocardiography 
were significantly correlated with pressures 
invasively measured during RHC56. However, 
52% of the estimated pressures were found to 
be inaccurate, and 48% of patients were mis-
classified as having PH by echocardiography, 
leading to a low specificity and a low positive 
predictive value. RV systolic pressures have 
also been proven to be inaccurate in estimat-
ing the presence of PH and its magnitude in 
IPF57. Furthermore, echocardiography cannot 
reliably distinguish between post- or pre-cap-
illary PH. Besides pulmonary pressures, oth-
er echocardiographic parameters have been 
investigated and found useful for the screen-
ing and evaluation of PH in CLD. Echocardi-
ography provided additional information on 
RV function34 and other underlying cardiac 
conditions. However, in a cohort of patients 
with IPF, patients with normal RV showed a 
PH prevalence of more than 25%, suggesting 



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

98

BRN Rev. 2022;8(2)

that normal RV does not exclude PH56. Re-
cently, the ratio tricuspid annular plane sys-
tolic excursion (TAPSE)/systolic pulmonary 
artery pressure (PASP), considered as a sur-
rogate marker of the RV-PA coupling, has 
been demonstrated to be able to discriminate 
between severe and non-severe PH associated 
with CLD58. Moreover, a value less than 0.26 
mm·mmHg−1 was also found as a predictive 
marker of worse survival.

Chest high-resolution computed 
tomography

Chest HRCT is an important tool for the as-
sessment of group 3 PH. First, it provides in-
formation concerning the extent of lung dis-
ease, such as the degree of fibrosis, emphysema, 
or a combination of both. Furthermore, it eval-
uates the pulmonary vasculature. Diameter 
enlargement of the pulmonary artery (PA) has 

mPAP < 21-24 mmHg with PVR ≥ 3 WU
or mPAP 25-34 mmHg

CLD

Suspicion of PH

Phenotyping

Screening test

No PH
mPAP < 21 mmHg or mPAP 
21-24 mmHg with PVR) < 3 WU

CLD-PH

CLD-severe PH
mPAP ≥ 35 mmHg mPAP ≥ 25 mmHg
with CI < 2.0 L·min-1·m-2

Echocardiography
Increased sPAP,

signs of RV
dysfunction

Favouring pulmonary vascular
phenotype

Favouring CLD-PH without
pulmonary vascular phenotype

Hypercapnia
Severe hypoxaemia,

hypocapnia
Clinical suspicion

Clinical deterioration,
RV failure signs

Severely impaired lung
volumes with proportionately

decreased DLCO

Preserved lung volumes with
disproportionately low DLCO

PFTDecreased DLCO

Moderate to severe
radiological anomalies

Mild radiological impairmentHRCTPA enlargment

Ventilatory limitationCardiovascular limitationCPETExercise limitation

Mild-to-moderate PHModerate-to-Severe PHRHCDisgnostic test

Figure 1.  Algorithm for the suspicion, the screening and the diagnosis of PH in CLD.  
CI: cardiac index; CLD: chronic lung disease; CPET: cardiopulmonary exercise test, DLCO: diffusing capacity of the lungs for carbon 
monoxide; HRCT: high-resolution computed tomography; mPAP: mean pulmonary artery pressure; PA: pulmonary artery; PFT: pulmonary 
function test; PH: pulmonary hypertension; PVR: pulmonary vascular resistance; RHC: right heart catheterization; RV: right ventricle;  
sPAP: systolic pulmonary artery pressure; WU: Wood unit.
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been found to be a risk factor for PH and a 
prognostic marker of worse outcomes in var-
ious CLDs. In COPD, PA enlargement59 and 
vascular pruning assessed with the cross-sec-
tional area of small pulmonary vessels less 
than five mm2 has been correlated with 
PH60,61. In IPF, PA enlargement is also associ-
ated with poor prognosis62.

Right heart catheterisation

RHC remains the gold standard for confirm-
ing a diagnosis of PH and for discriminating 
pre- from post-capillary PH. Indeed, the inci-
dence of post-capillary PH increases with age 
and cardiovascular comorbidities, which are 
also associated with pulmonary diseases, es-
pecially COPD. Moreover, the chosen cut-off 
value of mPAP may affect the diagnosis. In 
addition to diagnostic, RHC is also important 
for assessing the severity of the disease and an 
accurate prognosis. Due to respiratory exag-
gerated variation of pulmonary pressures 
during the breathing cycle, the measurement 
and interpretation of the pressure may be 
challenging. Most authors recommend calcu-
lating the average pressure over several breaths 
instead of relying on a specific time point (that 
is, end expiratory pressure) for pulmonary 
pressure measurements3. The definition of PH 
in CLD has also recently been adapted3. The 
proceedings of the 2018 WSPH proposed a 
definition of CLD-PH based on an mPAP > 24 
mmHg or within the range of 21 and 24 mmHg 
with a PVR of ≥ 3 WU. Severe PH was defined 
as an mPAP ≥ 35 mmHg or ≥ 25 mmHg with 
a reduced cardiac index < 2.0 l/min.

Few studies have evaluated the pulmonary 
haemodynamics during exercise in patients 

with CLD. In IPF, patients with an mPAP < 
25 mmHg frequently encountered an mPAP 
at peak exercise > 45 mmHg, suggesting an 
abnormal response of the pulmonary circula-
tion to exercise63. In COPD, patients without 
PH at rest but higher pulmonary pressures 
during exercise have a higher risk of develop-
ing PH at six years17. Moreover, COPD pa-
tients with exercise-induced PH displayed a 
higher cost of exercise in terms of oxygen 
uptake, ventilation, respiratory frequency, 
heart rate, and lactate for a given increase in 
workload compared to COPD with haemody-
namics considered normal during exercise64 
due to an increased RV afterload and a failure 
to increase stroke volume65.

Functional evaluation

A cardiopulmonary exercise test (CPET) may 
provide some information concerning the re-
percussions of PH on dyspnoea, regarding 
cardiac or respiratory limitations. Patients 
with interstitial lung disease (ILD) may fre-
quently experience circulatory impairment 
and an exercise profile response compatible 
with pulmonary vascular disease, contribut-
ing to symptoms and disease severity66. 
Moreover, PH in IPF has been correlated with 
lower oxygen consumption, ventilatory inef-
ficiency, and gas exchange impairment67. In 
COPD, PH has also been associated with low-
er oxygen uptake, poor exercise tolerance, 
ventilatory inefficiency, and desaturation 
during exercise68,69. CPET could potentially 
be useful as an adjunct to echocardiography 
for the screening and diagnosis of PH in CLD, 
determining the profile of dyspnoea with in-
volvement of a respiratory or a cardiac lim-
itation. 
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The 6MWD is widely used for the assess-
ment of patients with PH. A lower 6 MWD 
has been associated with moderate to se-
vere PH in IPF26,28,70 and with death in 
COPD-PH71.

Pulmonary function test

A pulmonary function test (PFT) may be 
used to evaluate the severity of CLD. How-
ever, the correlation between lung volumes 
(i.e., FEV1 for obstructive lung diseases, total 
lung capacity [TLC] and/or forced vitaly ca-
pacity [FVC] for restrictive lung diseases) 
and PH severity is poor. Moreover, the vol-
ume may be normal or only slightly de-
creased in CPFE due to the combination of 
emphysema and pulmonary fibrosis. Patients 
with pulmonary vascular phenotype fre-
quently present with mild lung volume im-
pairment and severe PH.

DLCO is a robust marker of PH and may sug-
gest pulmonary vascular involvement26. A 
DLCO < 30% in IPF has been associated with 
a doubled risk of PH27. A low DLCO has been 
frequently associated with CLD-PH25,26. De-
creased DLCO in CLD-PH reflects the com-
bined effects of alveolar membrane abnor-
mality (due to emphysema or fibrosis) and 
capillary blood volume reduction52. The mi-
crovasculopathy associated with PH could 
further reduce the capillary blood volume, 
decreasing more strongly the diffusion capac-
ity72. The association of low DLCO, poor sur-
vival and PH has been recognized in COPD, 
IPF and CPFE suggesting a common associa-
tion in the spectrum of CLD which may re-
flect common pathophysiological process in 
these diseases13,22,33.

Biomarkers

Biomarkers such as BNP have been found to be 
useful in the diagnosis and assessment of CLD-
PH. An elevated BNP > 33.3 pg/mL may dis-
criminate between moderate-severe and no or 
mild PH in patients with IPF with a sensitivity 
of 100% and a specificity of 89%70. High BNP 
levels have also been associated with a worse 
prognosis in IPF-PH35,73. However, a high BNP 
level may be encountered in various cardiac 
diseases, and a normal BNP level does not ex-
clude a mild PH without RV failure, limiting 
the use of BNP in the diagnosis of CLD-PH.

TREATMENT

General treatment of the underlying lung dis-
ease remains important, although it is limited 
in severe COPD and IPF. Pharmacological 
treatment of respiratory condition, respiratory 
rehabilitation, and prevention of exacerbations 
are important. In addition to these general 
interventions, different treatments targeting 
pulmonary vasculature include long-term ox-
ygen therapy (LTOT), PAH-specific medica-
tions, and LTx.

Long-term oxygen therapy (LTOT)

LTOT addresses the hypoxic pulmonary va-
soconstriction component which worsens PH. 
LTOT can improve prognosis in COPD if ad-
ministered for at least 16 h per day and can 
reverse the progression of PH in COPD74. Ev-
idence in IPF is limited. A recent review 
showed no effects of LTOT on symptoms and 
quality of life (QoL) in patients with ILD, al-
though exercise capacity was increased75.
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PAH-specific therapy

PAH-specific medications have been evaluat-
ed in group 3 PH, with various study designs, 
outcomes, and patient populations. Until now, 
no PAH-specific medication has been ap-
proved for the treatment of group 3 PH due 
to lack of efficacy and safety concerns. How-
ever, compassionate treatment of well-select-
ed patients with severe CLD-PH in experi-
enced centres has led to encouraging results 
but may not be widely generalised and rec-
ommended. 

In COPD, endothelial dysfunction has been 
largely studied with findings suggesting a 
reduction in the expression of endothelial ni-
tric oxide (NO) synthase and prostacyclin 
synthase and increased expression of endo-
thelin-1 in PA of patients with COPD76-78. En-
dothelin-1 has also been found to correlate 
with sPAP in COPD79. 

Sildenafil is the most frequently studied drug 
in group 3 PH. It was found to reduce hypox-
ia-induced PH and pulmonary vascular re-
modelling in animal models80,81 and to reduce 
hypoxia-induced PH in healthy volunteers80. 
However, by inhibition of the hypoxic pulmo-
nary vasoconstriction, pulmonary vasodila-
tors may increase the ventilation perfusion 
mismatch, creating functional shunting and 
worsening hypoxaemia82.

Sildenafil was found to improve mPAP at rest 
and during exercise82,83 but had no effect on 
cardiac function84. However, the use of this 
vasodilating agent was accompanied by a loss 
of hypoxic vasoconstriction, an increase in 
ventilation-perfusion mismatch, and a degra-
dation of gas exchange82. In a double-blind, 

randomised controlled trial of 63 COPD pa-
tients with moderate PH, sildenafil adminis-
tered in association with rehabilitation for 
12  weeks failed to improve exercise capacity 
or QoL85. Interestingly, there was no increase 
in hypoxaemia. A recent meta-analysis of nine 
randomised control trials of sildenafil use in 
COPD-PH involving 579 patients showed that 
sildenafil was able to significantly improve 
6MWD in these patients86. However, there 
was no significant improvement in the QoL or 
symptoms. In a multicentre randomised con-
trol study including 28 patients with severe 
COPD-PH (mean mPAP 39 mmHg), sildenafil 
improved PVR, body-mass  index (BODE) 
score, and QoL without deleterious effects on 
gas exchange after 16 weeks87. Altogether, 
these results suggest a hemodynamic im-
provement with limited effect on QoL and a 
relatively safe profile, especially regarding the 
effect on gas exchange. The results variability 
could be due to the variability of inclusion 
criteria (i.e., severe or non-severe PH) and 
study designs (duration, outcomes studies, 
number of patients enrolled).

Other medications targeting the NO pathway 
have been investigated in COPD-PH. In a ran-
domised control trial of 120 patients with 
mild COPD, tadalafil did not demonstrate im-
provement in exercise capacity or QoL88. Rio-
ciguat, a soluble guanylate cyclase stimulator, 
was also investigated in animal models of 
COPD-PH and in patients. In a mouse model 
of smoke-induced PH and emphysema, rio-
ciguat was found to reduce PH and emphy-
sema89. A single dose of riociguat decreased 
PVR and mPAP in a dose-dependent manner 
in patients with COPD exhibiting mild PH, 
without deleterious effects on gas exchange90. 
Riociguat was also retrospectively evaluated 
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in seven patients with COPD-PH, showing 
that it was able to reduce PVR and airway 
resistance89. These results are relatively limit-
ed and further studies are requested to eval-
uate the effect and the safety profile of riocig-
uat in COPD-PH.

Endothelin pathways has also been studied 
in COPD-PH, mainly with bosentan, a dual 
endothelin receptor antagonist. Bosentan has 
been assessed in a 12-week randomized con-
trol trial including 30 patients with COPD 
exhibiting moderate PH91. There was no im-
provement in the 6MWD, and the authors no-
ticed increased hypoxaemia in patients treat-
ed with bosentan. However, in another 
18-month randomized open study of 40 pa-
tients with COPD, the authors found an im-
provement in exercise tolerance, haemody-
namics, and BODE index92. Ambrisentan, a 
selective type A endothelin antagonist recep-
tor, was evaluated in a large cohort of patients 
with diverse types of PH, of whom 24 had 
COPD-PH and 21 had ILD-PH. There was a 
trend towards a decreased 6MWD and BNP, 
suggesting a progression of the pulmonary 
lung disease rather than the pulmonary vas-
cular disease93. Gas exchange was not studied, 
and the study design precludes firm conclu-
sions in group 3 PH. Due to lack of evidence, 
absence of effect in randomized control trials 
and safety concern regarding gas exchange, 
endothelin receptor antagonists are not rec-
ommended to treat COPD-PH. 

Drugs targeting the prostacyclin pathway 
have also been tested in COPD-PH. Some of 
them have the particularity to be available for 
inhalation, which could be particularly rele-
vant in COPD-PH. Indeed, their deposition 
will occur preferentially in the well-ventilated 

areas of the lungs, reducing the potential neg-
ative effect of vasodilatory drugs on gas ex-
change. Inhaled iloprost was found to acutely 
improve haemodynamics in COPD-PH, with 
a more pronounced effect in severe PH, with-
out a relevant effect on gas exchange94. In a 
small study of nine mild COPD-PH patients, 
inhaled treprostinil after 16 weeks seemed to 
have no relevant impact on arterial oxygen-
ation, but the authors noticed a decline in 
lung function95. However, the very small 
number of patients precluded firm conclu-
sions. Another three-month retrospective 
study with inhaled treprostinil, including 
22  patients with COPD with moderate PH, 
demonstrated an improvement in functional 
class and exercise tolerance without deleteri-
ous effects on gas exchange96. Until now, due 
to lack of evidence, there is no indication for 
medication targeting the prostacyclin path-
way. However, due to these encouraging re-
sults, these medications should be considered 
for future clinical trials.

Combination therapies have also been as-
sessed in COPD-PH. Two retrospective stud-
ies of patients with COPD exhibiting severe 
PH, assessed with serial RHC, and receiving 
various medications including combination 
therapies, showed a significant improvement 
in haemodynamics (mPAP, cardiac output 
[CO], PVR) but no difference in exercise ca-
pacity, symptoms, oxygenation, or NT-proB-
NP levels97,98. 

Despite some encouraging results, the prog-
nosis of medically treated patients with 
COPD-PH remains poor and inferior to that 
of patients with PAH, with one-, three-, and 
five-year survivals of only 86%, 55%, and 
38%, respectively71. Table 1 gives an overview 
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of the main randomized clinical trials re-
garding treatment with PH-specific medica-
tions in COPD. These results have also been 
pooled in meta-analyses to investigate the 
global effect of medical treatment. The re-
sults of two meta-analyses were discordant. 
In a recent meta-analysis of PAH-specific 
medication in COPD-PH, the authors anal-
ysed five randomised controlled studies in-
cluding 257 patients with COPD-PH. The 
study found a non-significant increase in the 
6MWD (+ 43 m) without worsening of hypox-
aemia99. In another meta-analysis involving 
nine clinical trials and 365 patients with 
COPD-PH, the authors found a significant 
improvement in exercise capacity with a 
66  m improvement in 6MWD100. There was 
no significant impact on oxygenation, QoL, 
or symptoms. Due to conflicting but encour-
aging results, further well-designed studies 
with specific attention to the type of patients 
enrolled are required.

PH-specific medications have also been eval-
uated in patients with ILD. Due to potential 
effects on the fibrotic process, some of them 
have also been assessed independently of the 
presence of PH, directly to target the pulmo-
nary fibrosis. In IPF, treatments targeting the 
NO pathway have been extensively studied. 
At the cellular level, sildenafil was found to 
reduce pulmonary endothelial dysfunction 
and decrease PA smooth cell proliferation in 
human cells101,102. In animal models, sildena-
fil has been found to decrease RV hypertro-
phy and fibrosis and decrease pulmonary 
vascular remodelling103. In an ex vivo study, 
sildenafil showed an inhibitory effect on 
5-HT-induced contraction to be significantly 
higher in arterial rings of patients with IPF-PH 
than in arterial rings of patients with IPF with-
out PH104. Due to promising results in preclin-
ical studies, sildenafil was also evaluated in 
clinical trials. In patients with IPF without 
overt PH, sildenafil was demonstrated to be 

Table 1. Results of the main randomized control trials of PAH-specific medications in COPD

Study (ref) Therapy Subjects 
included 

(n)

Diagnostic Primary outcome Other outcomes Effect on drug  
on hypoxaemia

Blanco I et 
al. 201385 

Sildenafil  
20 mg tid

63 COPD with sPAP  
> 34 mmHg or mPAP 
≥ 25 mmHg

Negative. No significant 
change in cycle endurance 
time in the constant 
work-rate exercise test

No difference in 
incremental exercise 
test, 6MWD, QoL

No worsening  
of hypoxaemia

Goudie AR 
et al. 
201488

Tadalafil  
10 mg/d

120 COPD with pulmonary 
acceleration time  
< 120 ms or RVSP  
> 30 mmHg

Negative. No significant 
difference in 6MWD  
at 12 weeks

No improvement in QoL No worsening  
of hypoxaemia

Vitulo P et 
al. 201787

Sildenafil  
20 mg tid

28 COPD with mPAP  
≥ 30 mmHg

Positive. Significant 
decrease in PVR.

Improvement in QoL, 
DLCO, BODE index

No worsening  
of hypoxaemia

Stolz D et 
al. 200891

Bosentan 
125 mg bid

30 Severe COPD  
(FEV1 < 50%)

Negative. No significant 
improvement in 6MWD  
at 12 weeks.

No effect on dyspnoea 
or BNP; decrease in 
QoL in patients 
treated with bosentan

Worsening  
of hypoxaemia 
with bosentan

6MWD: six-minute walk distance; BNP: brain natriuretic peptide; BODE: body-mass index, airflow obstruction, dyspnoea, and exercise; COPD: chronic obstructive pulmonary 
disease; DLCO: diffusing capacity of the Lung for Carbon monoxide; FEV1: forced expiratory volume in 1 second; mPAP: mean pulmonary artery pressure; PVR: pulmonary 
vascular resistance; QoL: quality of life; RVSP: right ventricle systolic pressure; sPAP: systolic pulmonary artery pressure.
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ineffective in improving exercise capacity105,106 
but had a positive effect on oxygenation, 
DLCO, and QoL106. Studies with a limited 
number of patients have shown that sildenafil 
was effective in improving haemodynamics 
in IPF, with a substantial reduction in PVR107 
and improved exercise capacity107,108. A ran-
domised controlled, open-label trial in 16 pa-
tients with IPF demonstrated that sildenafil 
was able to reduce PVR by 32.5% without 
deleterious effects on gas exchange, in com-
parison with epoprostenol109. In a randomised 
placebo-controlled study, sildenafil was found 
to improve 6MWD and QoL in patients with 
IPF and RV dysfunction110. A recent dou-
ble-blind, randomised, placebo-controlled tri-
al consisting of the addition of sildenafil to 
pirfenidone in patients with IPF and echocar-
diographic suspicion of PH or an mPAP > 20 
mmHg did not demonstrate a benefit with a 
negative primary outcome consisting of a dis-
ease progression composite endpoint111. An-
other trial including 274 patients with IPF and 
associating nintedanib and sildenafil was 
also negative regarding the primary outcome 
(improvement of QoL)112. As found for COPD-
PH, the effect of sildenafil in IPF-PH seems 
to be relatively safe and could be favourable 
in some subsets of patients. Further studies 
are required with a specific attention to de-
sign, methods of evaluation of PH and selec-
tion of patients.

Riociguat has also been evaluated for the 
treatment of ILD-associated PH in a ran-
domised control trial113. Due to the higher 
proportion of adverse events and death in the 
treated group, the study was stopped earlier 
and according to this results riociguat is now 
contra-indicated for the treatment of ILD-as-
sociated PH.

Endothelin pathway is also a relevant target 
for PH associated to fibrotic respiratory dis-
eases. Endothelin-1 has been associated with 
PH development, but is also a profibrotic 
agent114. In an IPF-PH bleomycin rat model, 
macitentan, a second generation dual endo-
thelin receptor antagonist, was found to pre-
vent pulmonary vascular remodelling, RV 
hypertrophy, and cardiomyocyte diameter 
increase, whereas bosentan did not115. In a 
small retrospective monocentric study, bosen-
tan and IV epropostenol were found to be 
efficacious in improving WHO functional 
class and 6MWD in a heterogeneous popula-
tion of patients with ILD-PH116. A small ran-
domised control trial of 24 patients with IPF 
and mild PH showed a significant increase in 
survival in the treated group compared to the 
non-treated group117. However, in larger ran-
domised trials, bosentan was not able to im-
prove 6MWD118, QoL, symptoms119, or IPF 
progression free survival120. In a randomised 
controlled trial of 60 patients with IPF or non-
specific interstitial pneumonia and RHC-prov-
en PH, bosentan was not able to reduce in-
dexed PVR, exercise capacity, or symptoms121. 
Altogether, these results seem to indicate that 
bosentan is probably not effective in most of 
the patients with IPF-PH. Macitentan was 
evaluated in a randomised control trial for 
the treatment of IPF122. Although well tolerat-
ed, macitentan was not able to demonstrate a 
positive effect on the decrease in FVC in 
178 patients. However, the study did not eval-
uate the potential pulmonary vascular effects. 
Ambrisentan has been evaluated in a large 
randomised control trial in 492 IPF patients 
to for its ability to decrease disease progres-
sion123. However, the study was negative, with 
an increased risk of disease progression and 
hospitalisations in the ambrisentan-treated 
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group. Most of the patients had mild PH, with 
only 4% having an mPAP > 35 mmHg. There 
was no difference in the rate of development 
of PH in subjects without PH at baseline, sug-
gesting that ambrisentan was not able to pre-
vent PH development in IPF-PH. However, in 
patients with PH who received ambrisentan 
and who were repeatedly assessed by RHC, 
an mPAP decrease of 5 mmHg was observed 
in comparison with an mPAP decrease of 1 
mmHg for patients without PH. However, 
due to the increased risk of serious adverse 
events in the treated group, ambrisentan is 
contra-indicated in IPF patients.

To avoid the deleterious effect of vasodilata-
tion of the area of the lung subjected to hy-
poxic vasoconstriction and to maintain an 
optimal ventilation-perfusion ratio, inhaled 
vasodilatory therapies have been assessed in 
IPF. The effects of intravenous prostacyclin 
and inhaled NO and aerosolised prostacyclin 
were compared in a clinical study124. Inhaled 
prostacyclin significantly decreased mPAP 
and PVR without increasing shunting and 
without systemic vasodilatory effect, whereas 
shunting was significantly increased during 
perfusion with intravenous prostacyclin, and 
the decrease in mPAP was significantly less 
pronounced with systemic vasodilatory ef-
fect, suggesting a beneficial effect of inhaled 
medication targeting the prostacyclin path-
way. The Safety and Efficacy of Inhaled Tre-
prostinil in Adult PH With ILD Including 
CPFE (INCREASE) study, a 16-week random-
ized control trial of inhaled treprostinil in 
patients with ILD-PH, recently demonstrated 
a benefit in ILD-PH, with an improvement in 
6 MWD, NT-proBNP, and a reduction in the 
risk of clinical worsening125. Interestingly, a 
post-hoc analysis demonstrated a significant 

increase in FVC, especially in the patient sub-
group with IPF126. 

Finally, a recent meta-analysis of PAH-specif-
ic medication involving 2124 patients, of 
whom 1274 received PH-specific medications, 
was not able to demonstrate a benefit in terms 
of survival, lung function, dyspnoea, or exer-
cise capacity, but showed a small but signifi-
cant improvement in QoL127. Table 2 gives an 
overview of the main randomized clinical 
trials regarding treatment with PH-specific 
medications in IPF/ILD.

In CPFE, the recent clinical trial INCREASE 
evaluating inhaled treprostinil in patients 
with ILD has enrolled 25% of patients with 
CPFE126. The positive results of the study sug-
gest that inhaled treprostinil could be also 
efficient for patients with CPFE. Due to the 
severity and the dramatic prognosis of CPFE, 
these patients should be promptly referred 
for LTx.

Lung transplantation

LTx is the definitive treatment for various 
forms of CLD with respiratory failure. Pulmo-
nary fibrosis and COPD are the most frequent 
indications. Patients with severe disease with-
out relevant comorbidities and young age may 
be potential candidates for LTx. Severe PH 
associated with CLD is an indication for LTx 
due to its poor prognosis. However, in some 
studies, severe PH in CLD has been associated 
with a higher risk of primary graft dysfunc-
tion and postoperative bleeding, and with a 
poorer 90 day survival after LTx128. Moreover, 
the presence of PH is a contraindication for 
unilateral transplantation.
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Table 2. Results of the main randomized control trials of PAH-specific medications in IPF/ILD

Study (ref) Therapy Patients 
included  

(n)

Diagnostic Primary outcome Other outcomes Effect on drug  
on hypoxaemia

BUILD-1118 Bosentan 125 mg bid 158 IPF Negative (no difference in 6MWD up  
to 12 months)

A trend in favor of bosentan  
in the time to death or disease 
progression; possible positive 
effect on QoL and dyspnoea

No effect

BUILD-3120 Bosentan 125 mg bid 616 IPF of less than three years duration, 
confirmed by surgical biopsy

Negative (no effect on time to IPF 
worsening or death)

No effect on QoL or dyspnoea; 
possible positive effect on the 
decline rate of FVC and DLCO

Not reported

MUSIC122 Macitentan 10 mg/d 178 IPF of less than three years duration, 
confirmed by surgical lung biopsy

Negative (no difference in FVC decline  
at 12 months)

No effect on time to first 
occurrence of IPF worsening  
or death; no significant effect 
on DLCO or dyspnoea

Not reported

ARTEMIS-IPF123 Ambrisentan 10 mg/d 492 IPF < 5% honey combing on HRCT Negative. Stopped earlier due to 
increased risk for disease progression 
in the ambrisentan-treated group

Not reported

STEP-IPF106 Sildenafil 20 mg tid 180 IPF (DLCO < 35%) Negative (no improvement in 6MWD  
at 12 weeks)

Positive effect on DLCO and QoL; 
no effect on dyspnoea

Positive effect of 
sildenafil on PaO2

INSTAGE112 Nintedanib 150 mg bid 
plus sildenafil 20 mg 
tid

274 IPF (DLCO < 35%) Negative (no significant difference  
in the SGRQ total score at 12 weeks)

Lower risk of an absolute decline 
in the FVC in the treated group; 
no effect on dyspnoea  
or exacerbations rate

No effect on saturation 
at 12 weeks

Behr et al. 2021111 Sildenafil 20mg tid 
added to pirfenidone 
(1602-2403mg/d)

177 IPF with DLCO < 40% and precapillary 
PH (mPAP ≥ 20 mmHg) or intermedi-
ate/high probability of PH on 
echocardiography

Negative (no difference in progression-
free survival at 52 weeks)

No effect on QoL, FVC, 6MWD, 
NT-proBNP

Not reported

RISE-IIP113 Riociguat 0·5 mg up  
to 2·5 mg three 
times daily

229 Idiopathic interstitial pneumonia with 
FVC ≥ 45%, precapillary PH 
confirmed by RHC

Negative. Stopped earlier due to 
increased in serious adverse events and 
mortality in patients receiving riociguat

No negative effect  
of riociguat on gas 
exchange

INCREASE125 Inhaled Treprostinil  
72 μg qid (maximum 
dose)

326 ILD with precapillary PH assessed  
by RHC (PVR ≥ 3 WU, mPAP  
≥25 mmHg)

Positive (significant difference 6MWD  
at 16 weeks in the Treprostinil group)

Positive effect on NT-proBNP 
and risk of clinical worsening; 
no effect on QoL

No negative effect of 
inhaled treprostinil 
on gas exchange

6MWD: Six-minute walk distance; DLCO: diffusing capacity of the lung for carbon monoxide; FVC: forced vital capacity; HRCT: High-resolution computed tomography; ILD : interstitial lung disease; IPF: idiopathic pulmonary fibrosis; mPAP: mean 
pulmonary artery pressure; NT-proBNP: N-terminal prohormone of Brain natriuretic peptide; PaO2: partial pressure of oxygen in arterial blood; PH: pulmonary hypertension; PVR: pulmonary vascular resistance; QoL: quality of life; RHC: right 
heart catheterisation; SGQR: St George’s Respiratory Questionnaire; WU: Wood units.
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CONCLUSION AND PERSPECTIVES

As presented in this review, adequate diag-
nosis, evaluation, and treatment of group 3 
PH remain challenging owing to the hetero-
geneity of this entity. 

RHC remains the definitive gold standard for 
diagnosis. However, it is an invasive tech-
nique, and due to the lack of recommended 
drugs in group 3 PH, the decision to perform 
RHC should be based on the perspective of a 
relevant clinical decision: compassionate use 
of specific PAH medication, unexplained clin-
ical degradation, enrolment in a clinical trial 
or referral for LTx. The decision of which pa-
tients should be referred for RHC and when, 
remains difficult. Echocardiography has been 
considered as the best screening test for PH. 
However, assessment of pulmonary pres-
sures, RV function, and morphology with 
echocardiography in CLD remains particular-
ly difficult and frequently inaccurate. There-
fore, there is a crucial need to develop screen-
ing algorithms, including HRCT, CPET, PFT, 
and biomarkers. 

Clinical trials are also highly heterogeneous 
in terms of patient selection, PH diagnosis, 
type and administration of treatments, pre-
cluding firm conclusions regarding medical 
treatment. Due to the lack of evidence and 
risk of clinical degradation, medical treat-
ment of CLD-PH may not be systematically 
recommended and should be reserved only 
at experienced centres. Some studies point to 
a higher benefit of sildenafil in CLD-PH42. 
Due to its relatively low cost, the possibility 
of titration and studies suggesting improve-
ment without gas exchange deterioration, it 
could be considered as the first choice in 

CLD-PH. Moreover, the emerging role of in-
haled Treprostinil in PH associated with ILD 
has to be underlined. Indeed, it is the first 
therapy that has proved efficacy in a multi-
center randomized, double-blind, placebo-con-
trolled trial. However, there is still a crucial 
need for well-designed studies for patients 
with CLD-PH for whom the PH phenotype 
has been precisely determined, especially for 
patients with severe PH and patients with 
pulmonary vascular phenotype.

Conflicts of interest

The authors have no conflicts of interest to 
disclose related to this work.

REFERENCES

	 1.	 Simonneau G, Montani D, Celermajer DS et al. Haemodynamic definitions 
and updated clinical classification of pulmonary hypertension. Eur Respir 
J. 2019;53:1801913. 

	 2.	 Galiè N, Humbert M, Vachiery JL et al. 2015 ESC/ERS Guidelines for the 
diagnosis and treatment of pulmonary hypertension: The Joint Task Force 
for the Diagnosis and Treatment of Pulmonary Hypertension of the Euro-
pean Society of Cardiology (ESC) and the European Respiratory Society 
(ERS): Endorsed by: Association for European Paediatric and Congenital 
Cardiology (AEPC), International Society for Heart and Lung Transplanta-
tion (ISHLT). Eur Heart J. 2016;37:67‑119. 

	 3.	 Nathan SD, Barbera JA, Gaine SP et al. Pulmonary hypertension in chron-
ic lung disease and hypoxia. Eur Respir J. 2019;53:1801914. 

	 4.	 Godinas L, Harari S, Barberà JA, Montani D. Mild parenchymal lung dis-
ease is still lung disease. Eur Respir J. 2020;56:2003542. 

	 5.	 Chaouat A, Naeije R, Weitzenblum E. Pulmonary hypertension in COPD. 
Eur Respir J. 2008;32:1371‑85. 

	 6.	 Castaldi PJ, Hersh CP, Reilly JJ, Silverman EK. Genetic Associations With 
Hypoxemia and Pulmonary Arterial Pressure in COPD. Chest. 2009;135: 
737‑44. 

	 7.	 Wilkinson M, Langhorne CA, Heath D, Barer GR, Howard P. A pathophys-
iological study of 10 cases of hypoxic cor pulmonale. Q J Med. 1988;66:65‑85. 

	 8.	 Magee F, Wright JL, Wiggs BR, Paré PD, Hogg JC. Pulmonary vascular 
structure and function in chronic obstructive pulmonary disease. Thorax. 
1988;43:183‑9. 

	 9.	 Burrows B, Kettel LJ, Niden AH, Rabinowitz M, Diener CF. Patterns of 
cardiovascular dysfunction in chronic obstructive lung disease. N Engl J 
Med. 1972;286:912‑8. 

	 10.	 Scharf SM, Iqbal M, Keller C et al. Hemodynamic characterization of patients 
with severe emphysema. Am J Respir Crit Care Med. 2002;166:314‑22. 

	 11.	 Weitzenblum E, Hirth C, Ducolone A, Mirhom R, Rasaholinjanahary J, 
Ehrhart M. Prognostic value of pulmonary artery pressure in chronic 
obstructive pulmonary disease. Thorax. 1981;36:752‑8. 



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

108

BRN Rev. 2022;8(2)

	 12.	 Portillo K, Torralba Y, Blanco I et al. Pulmonary hemodynamic profile in 
chronic obstructive pulmonary disease. Int J Chron Obstruct Pulmon Dis. 
2015;10:1313‑20. 

	 13.	 Chaouat A, Bugnet AS, Kadaoui N et al. Severe pulmonary hypertension 
and chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 
2005;172:189‑94. 

	 14.	 Thabut G, Dauriat G, Stern JB et al. Pulmonary Hemodynamics in Advanced 
COPD Candidates for Lung Volume Reduction Surgery or Lung Transplan-
tation. Chest. 2005;127:1531‑6. 

	 15.	 Cuttica MJ, Kalhan R, Shlobin OA et al. Categorization and impact of 
pulmonary hypertension in patients with advanced COPD. Respir Med. 
2010;104:1877‑82. 

	 16.	 Dauriat G, Reynaud-Gaubert M, Cottin V et al. Severe pulmonary hyper-
tension associated with chronic obstructive pulmonary disease: A prospec-
tive French multicenter cohort. J Heart Lung Transplant. 2021;40:1009‑18. 

	 17.	 Kessler R, Faller M, Weitzenblum E et al. « Natural history » of pulmonary 
hypertension in a series of 131 patients with chronic obstructive lung dis-
ease. Am J Respir Crit Care Med. 2001;164:219‑24. 

	 18.	 Oswald-Mammosser M, Weitzenblum E, Quoix E et al. Prognostic factors 
in COPD patients receiving long-term oxygen therapy. Importance of pul-
monary artery pressure. Chest. 1995;107:1193‑8. 

	 19.	 Keller R, Ragaz A, Borer P. Predictors for early mortality in patients with 
long-term oxygen home therapy. Respir Int Rev Thorac Dis. 1985;48:216‑21. 

	 20.	 Skwarski K, MacNee W, Wraith PK, Sliwinski P, Zielinski J. Predictors of 
survival in patients with chronic obstructive pulmonary disease treated 
with long-term oxygen therapy. Chest. 1991;100:1522‑7. 

	 21.	 Hurdman J, Condliffe R, Elliot CA et al. Pulmonary hypertension in COPD: 
results from the ASPIRE registry. Eur Respir J. 2013;41:1292‑301. 

	 22.	 Balasubramanian A, Kolb TM, Damico RL, Hassoun PM, McCormack MC, 
Mathai SC. Diffusing Capacity Is an Independent Predictor of Outcomes in 
Pulmonary Hypertension Associated With COPD. Chest. 2020;158:722‑34. 

	 23.	 Patel NM, Lederer DJ, Borczuk AC, Kawut SM. Pulmonary Hypertension 
in Idiopathic Pulmonary Fibrosis. Chest. 2007;132:998‑1006. 

	 24.	 King TE, Tooze JA, Schwarz MI, Brown KR, Cherniack RM. Predicting 
survival in idiopathic pulmonary fibrosis: scoring system and survival 
model. Am J Respir Crit Care Med. 2001;164:1171‑81. 

	 25.	 Nadrous HF, Pellikka PA, Krowka MJ et al. Pulmonary hypertension in 
patients with idiopathic pulmonary fibrosis. Chest. 2005;128:2393‑9. 

	 26.	 Lettieri CJ, Nathan SD, Barnett SD, Ahmad S, Shorr AF. Prevalence and 
outcomes of pulmonary arterial hypertension in advanced idiopathic pul-
monary fibrosis. Chest. 2006;129:746‑52. 

	 27.	 Nathan SD, Shlobin OA, Ahmad S, Urbanek S, Barnett SD. Pulmonary 
hypertension and pulmonary function testing in idiopathic pulmonary 
fibrosis. Chest. 2007;131:657‑63. 

	 28.	 Lederer DJ, Caplan-Shaw CE, O’Shea MK et al. Racial and ethnic disparities 
in survival in lung transplant candidates with idiopathic pulmonary fibro-
sis. Am J Transplant. 2006;6:398‑403. 

	 29.	 Shorr AF, Wainright JL, Cors CS, Lettieri CJ, Nathan SD. Pulmonary hyper-
tension in patients with pulmonary fibrosis awaiting lung transplant. Eur 
Respir J. 2007;30:715‑21. 

	 30.	 Raghu G, Nathan SD, Behr J et al. Pulmonary hypertension in idiopathic pul-
monary fibrosis with mild-to-moderate restriction. Eur Respir J. 2015;46:1370‑7. 

	 31.	 Nathan SD, Shlobin OA, Ahmad S et al. Serial Development of Pulmonary 
Hypertension in Patients with Idiopathic Pulmonary Fibrosis. Respiration. 
2008;76:288‑94. 

	 32.	 Papakosta D, Pitsiou G, Daniil Z et al. Prevalence of Pulmonary Hyperten-
sion in Patients with Idiopathic Pulmonary Fibrosis: Correlation with Phys-
iological Parameters. Lung. 2011;189:391‑9. 

	 33.	 Hamada K, Nagai S, Tanaka S et al. Significance of Pulmonary Arterial 
Pressure and Diffusion Capacity of the Lung as Prognosticator in Patients 
With Idiopathic Pulmonary Fibrosis. Chest. 2007;131:650‑6. 

	 34.	 Rivera-Lebron BN, Forfia PR, Kreider M, Lee JC, Holmes JH, Kawut SM. 
Echocardiographic and Hemodynamic Predictors of Mortality in Idiopath-
ic Pulmonary Fibrosis. Chest. 2013;144:564‑70. 

	 35.	 Amano M, Izumi C, Baba M et al. Progression of right ventricular dysfunc-
tion and predictors of mortality in patients with idiopathic interstitial pneu-
monias. J Cardiol. 2020;75:242‑9. 

	 36.	 Cottin V, Nunes H, Brillet PY et al. Combined pulmonary fibrosis and 
emphysema: a distinct underrecognised entity. Eur Respir J. 2005;26:586‑93. 

	 37.	 Wiggins J, Strickland B, Turner-Warwick M. Combined cryptogenic fibros-
ing alveolitis and emphysema: the value of high resolution computed 
tomography in assessment. Respir Med. 1990;84:365‑9. 

	 38.	 Cottin V, Cordier JF. Combined pulmonary fibrosis and emphysema: an 
experimental and clinically relevant phenotype. Am J Respir Crit Care Med. 
2005;172:1605; author reply 1605-6. 

	 39.	 Jankowich MD, Rounds SIS. Combined pulmonary fibrosis and emphyse-
ma syndrome: a review. Chest. 2012;141:222‑31. 

	 40.	 Montani D, Girerd B, Seferian A, Godinas L, Humbert M. Pulmonary 
Hypertension in Orphan Lung Diseases. In: Cottin V, Cordier JF, Richeldi 
L (eds). Orphan Lung Diseases [Internet]. London: Springer London; 2015 
[accessed 30 Dec 2021]. p. 529‑39. Available on: http://link.springer.com/ 
10.1007/978-1-4471-2401-6_33

	 41.	 Cottin V, Le Pavec J, Prévot G et al. Pulmonary hypertension in patients 
with combined pulmonary fibrosis and emphysema syndrome. Eur Respir 
J. 2010;35:105‑11. 

	 42.	 Tanabe N, Taniguchi H, Tsujino I et al. Multi-institutional retrospective 
cohort study of patients with severe pulmonary hypertension associated 
with respiratory diseases. Respirol Carlton Vic. 2015;20:805‑12. 

	 43.	 Kovacs G, Agusti A, Barberà JA et al. Pulmonary Vascular Involvement in 
Chronic Obstructive Pulmonary Disease. Is There a Pulmonary Vascular 
Phenotype? Am J Respir Crit Care Med. 2018;198:1000‑11. 

	 44.	 Boerrigter BG, Bogaard HJ, Trip P et al. Ventilatory and cardiocirculatory 
exercise profiles in COPD: the role of pulmonary hypertension. Chest. 
2012;142:1166‑74. 

	 45.	 Adir Y, Shachner R, Amir O, Humbert M. Severe Pulmonary Hypertension 
Associated With Emphysema. Chest. 2012;142:1654‑8. 

	 46.	 Lewis RA, Thompson AAR, Billings CG et al. Mild parenchymal lung 
disease and/or low diffusion capacity impacts survival and treatment 
response in patients diagnosed with idiopathic pulmonary arterial hyper-
tension. Eur Respir J. 2020;55:2000041. 

	 47.	 Trip P, Nossent EJ, de Man FS et al. Severely reduced diffusion capacity in 
idiopathic pulmonary arterial hypertension: patient characteristics and 
treatment responses. Eur Respir J. 2013;42:1575‑85. 

	 48.	 Olsson KM, Fuge J, Meyer K, Welte T, Hoeper MM. More on idiopathic 
pulmonary arterial hypertension with a low diffusing capacity. Eur Respir 
J. 2017;50:1700354. 

	 49.	 Hoeper MM, Pausch C, Grünig E et al. Idiopathic pulmonary arterial hyper-
tension phenotypes determined by cluster analysis from the COMPERA 
registry. J Heart Lung Transplant. 2020;39:1435‑44. 

	 50.	 Hoeper MM, Meyer K, Rademacher J, Fuge J, Welte T, Olsson KM. Diffusion 
Capacity and Mortality in Patients With Pulmonary Hypertension Due to 
Heart Failure With Preserved Ejection Fraction. JACC Heart Fail. 2016;4:441‑9. 

	 51.	 Hoeper MM, Vonk-Noordegraaf A. Is there a vanishing pulmonary capil-
lary syndrome? Lancet Respir Med. 2017;5:676‑8. 

	 52.	 Godinas L, Amar D, Montani D et al. Lung capillary blood volume and 
membrane diffusion in precapillary pulmonary hypertension. J Heart Lung 
Transplant. 2016;35:647‑56. 

	 53.	 Montani D, Girerd B, Jaïs X et al. Clinical phenotypes and outcomes of 
heritable and sporadic pulmonary veno-occlusive disease: a popula-
tion-based study. Lancet Respir Med. 2017;5:125‑34. 

	 54.	 Fisher MR, Forfia PR, Chamera E et al. Accuracy of Doppler echocardiog-
raphy in the hemodynamic assessment of pulmonary hypertension. Am J 
Respir Crit Care Med. 2009;179:615‑21. 

	 55.	 Fisher MR, Criner GJ, Fishman AP et al. Estimating pulmonary artery pressures 
by echocardiography in patients with emphysema. Eur Respir J. 2007;30:914‑21. 

	 56.	 Arcasoy SM, Christie JD, Ferrari VA et al. Echocardiographic assessment of 
pulmonary hypertension in patients with advanced lung disease. Am J 
Respir Crit Care Med. 2003;167:735‑40. 



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

109

L. Godinas et al.: Treatment and Diagnosis of PH in CLD

	 57.	 Nathan SD, Shlobin OA, Barnett SD et al. Right ventricular systolic pressure 
by echocardiography as a predictor of pulmonary hypertension in idiopath-
ic pulmonary fibrosis. Respir Med. 2008;102:1305‑10. 

	 58.	 Tello K, Ghofrani HA, Heinze C et al. A simple echocardiographic estimate 
of right ventricular-arterial coupling to assess severity and outcome in 
pulmonary hypertension on chronic lung disease. Eur Respir J. 2019;54: 
1802435. 

	 59.	 Wells JM, Washko GR, Han MK et al. Pulmonary arterial enlargement and 
acute exacerbations of COPD. N Engl J Med. 2012;367:913‑21. 

	 60.	 Matsuoka S, Washko GR, Yamashiro T et al. Pulmonary Hypertension and 
Computed Tomography Measurement of Small Pulmonary Vessels in 
Severe Emphysema. Am J Respir Crit Care Med. 2010;181:218‑25. 

	 61.	 Washko GR, Nardelli P, Ash SY et al. Arterial Vascular Pruning, Right 
Ventricular Size, and Clinical Outcomes in Chronic Obstructive Pulmonary 
Disease. A Longitudinal Observational Study. Am J Respir Crit Care Med. 
2019;200:454‑61. 

	 62.	 Shin S, King CS, Puri N et al. Pulmonary artery size as a predictor of out-
comes in idiopathic pulmonary fibrosis. Eur Respir J. 2016;47:1445‑51. 

	 63.	 Weitzenblum E, Ehrhart M, Rasaholinjanahary J, Hirth C. Pulmonary 
Hemodynamics in Idiopathic Pulmonary Fibrosis and Other Interstitial 
Pulmonary Diseases. Respiration. 1983;44:118‑27. 

	 64.	 Skjørten I, Hilde JM, Melsom MN et al. Exercise capacity in COPD patients 
with exercise-induced pulmonary hypertension. Int J Chron Obstruct Pulm-
on Dis. 2018;13:3599‑610. 

	 65.	 Holverda S, Rietema H, Westerhof N et al. Stroke volume increase to exer-
cise in chronic obstructive pulmonary disease is limited by increased pul-
monary artery pressure. Heart. 2009;95:137‑41. 

	 66.	 Hansen JE, Wasserman K. Pathophysiology of Activity Limitation in 
Patients With Interstitial Lung Disease. Chest. 1996;109:1566‑76. 

	 67.	 Boutou AK, Pitsiou GG, Trigonis I et al. Exercise capacity in idiopathic 
pulmonary fibrosis: The effect of pulmonary hypertension: Pulmonary 
hypertension in lung fibrosis. Respirology. 2011;16:451‑8. 

	 68.	 Torres-Castro R, Gimeno-Santos E, Vilaró J et al. Effect of pulmonary hyper-
tension on exercise tolerance in patients with COPD: a prognostic system-
atic review and meta-analysis. Eur Respir Rev Off J Eur Respir Soc. 
2021;30:200321. 

	 69.	 Holverda S, Bogaard HJ, Groepenhoff H, Postmus PE, Boonstra A, Vonk-
Noordegraaf A. Cardiopulmonary Exercise Test Characteristics in Patients 
with Chronic Obstructive Pulmonary Disease and Associated Pulmonary 
Hypertension. Respiration. 2008;76:160‑7. 

	 70.	 Leuchte HH, Neurohr C, Baumgartner R et al. Brain Natriuretic Peptide 
and Exercise Capacity in Lung Fibrosis and Pulmonary Hypertension. Am 
J Respir Crit Care Med. 2004;170:360‑5. 

	 71.	 Vizza CD, Hoeper MM, Huscher D et al. Pulmonary Hypertension in Patients 
With COPD: Results From the Comparative, Prospective Registry of New-
ly Initiated Therapies for Pulmonary Hypertension (COMPERA). Chest. 
2021;160:678‑89. 

	 72.	 Chaouat A, Adir Y. Diffusing Capacity for Carbon Monoxide Is a Reflection 
of the Pulmonary Microcirculation, but Not Only. Chest. 2020;158:455‑7. 

	 73.	 Song JW, Song JK, Kim DS. Echocardiography and brain natriuretic peptide 
as prognostic indicators in idiopathic pulmonary fibrosis. Respir Med. 
2009;103:180‑6. 

	 74.	 Weitzenblum E, Sautegeau A, Ehrhart M, Mammosser M, Pelletier A. Long-
Term Oxygen Therapy Can Reverse the Progression of Pulmonary Hyper-
tension in Patients with Chronic Obstructive Pulmonary Disease. Am Rev 
Respir Dis. 1985;131:493‑8. 

	 75.	 Bell EC, Cox NS, Goh N et al. Oxygen therapy for interstitial lung disease: 
a systematic review. Eur Respir Rev. 2017;26:160080. 

	 76.	 Barberà JA, Peinado VI, Santos S, Ramirez J, Roca J, Rodriguez-Roisin R. 
Reduced expression of endothelial nitric oxide synthase in pulmonary 
arteries of smokers. Am J Respir Crit Care Med. 2001;164:709‑13. 

	 77.	 Nana-Sinkam SP, Lee JD, Sotto-Santiago S et al. Prostacyclin prevents pul-
monary endothelial cell apoptosis induced by cigarette smoke. Am J Respir 
Crit Care Med. 2007;175:676‑85. 

	 78.	 Giaid A, Yanagisawa M, Langleben D et al. Expression of endothelin-1 in 
the lungs of patients with pulmonary hypertension. N Engl J Med. 1993;328: 
1732‑9. 

	 79.	 Carratu P, Scoditti C, Maniscalco M et al. Exhaled and arterial levels of 
endothelin-1 are increased and correlate with pulmonary systolic pressure 
in COPD with pulmonary hypertension. BMC Pulm Med. 2008;8:20. 

	 80.	 Zhao L, Mason NA, Morrell NW et al. Sildenafil inhibits hypoxia-induced 
pulmonary hypertension. Circulation. 2001;104:424‑8. 

	 81.	 Sebkhi A, Strange JW, Phillips SC, Wharton J, Wilkins MR. Phosphodies-
terase Type 5 as a Target for the Treatment of Hypoxia-Induced Pulmonary 
Hypertension. Circulation. 2003;107:3230‑5. 

	 82.	 Blanco I, Gimeno E, Munoz PA et al. Hemodynamic and gas exchange 
effects of sildenafil in patients with chronic obstructive pulmonary disease 
and pulmonary hypertension. Am J Respir Crit Care Med. 2010;181:270‑8. 

	 83.	 Holverda S, Rietema H, Bogaard HJ et al. Acute effects of sildenafil on 
exercise pulmonary hemodynamics and capacity in patients with COPD. 
Pulm Pharmacol Ther. 2008;21:558‑64. 

	 84.	 Rietema H, Holverda S, Bogaard HJ et al. Sildenafil treatment in COPD 
does not affect stroke volume or exercise capacity. Eur Respir J. 2008; 
31:759‑64. 

	 85.	 Blanco I, Santos S, Gea J et al. Sildenafil to improve respiratory rehabilita-
tion outcomes in COPD: a controlled trial. Eur Respir J. 2013;42:982‑92. 

	 86.	 Hao Y, Zhu Y, Mao Y et al. Efficacy and safety of Sildenafil treatment in 
pulmonary hypertension caused by chronic obstructive pulmonary disease: 
A meta-analysis. Life Sci. 2020;257:118001. 

	 87.	 Vitulo P, Stanziola A, Confalonieri M et al. Sildenafil in severe pulmonary 
hypertension associated with chronic obstructive pulmonary disease: A 
randomized controlled multicenter clinical trial. J Heart Lung Transplant. 
2017;36:166‑74. 

	 88.	 Goudie AR, Lipworth BJ, Hopkinson PJ, Wei L, Struthers AD. Tadalafil in 
patients with chronic obstructive pulmonary disease: a randomised, dou-
ble-blind, parallel-group, placebo-controlled trial. Lancet Respir Med. 2014; 
2:293‑300. 

	 89.	 Pichl A, Sommer N, Bednorz M et al. Riociguat for treatment of pulmonary 
hypertension in COPD: a translational study. Eur Respir J. 2019;53:1802445. 

	 90.	 Ghofrani HA, Staehler G, Grünig E et al. Acute effects of riociguat in bor-
derline or manifest pulmonary hypertension associated with chronic obstruc-
tive pulmonary disease. Pulm Circ. 2015;5:296‑304. 

	 91.	 Stolz D, Rasch H, Linka A et al. A randomised, controlled trial of bosentan 
in severe COPD. Eur Respir J. 2008;32:619‑28. 

	 92.	 Valerio G, Bracciale P, Grazia D’Agostino A. Effect of bosentan upon pul-
monary hypertension in chronic obstructive pulmonary disease. Ther Adv 
Respir Dis. 2009;3:15‑21. 

	 93.	 Badesch DB, Feldman J, Keogh A et al. ARIES-3: ambrisentan therapy in a 
diverse population of patients with pulmonary hypertension. Cardiovasc 
Ther. 2012;30:93‑9. 

	 94.	 Wang L, Jin YZ, Zhao QH et al. Hemodynamic and gas exchange effects of 
inhaled iloprost in patients with COPD and pulmonary hypertension. Int 
J Chron Obstruct Pulmon Dis. 2017;12:3353‑60. 

	 95.	 Bajwa AA, Shujaat A, Patel M, Thomas C, Rahaghi F, Burger CD. The safe-
ty and tolerability of inhaled treprostinil in patients with pulmonary hyper-
tension and chronic obstructive pulmonary disease. Pulm Circ. 2017;7:82‑8. 

	 96.	 Faria-Urbina M, Oliveira RKF, Agarwal M, Waxman AB. Inhaled Trepros-
tinil in Pulmonary Hypertension Associated with Lung Disease. Lung. 
2018;196:139‑46. 

	 97.	 Girard A, Jouneau S, Chabanne C et al. Severe pulmonary hypertension 
associated with COPD: hemodynamic improvement with specific therapy. 
Respir Int Rev Thorac Dis. 2015;90:220‑8. 

	 98.	 Calcaianu G, Canuet M, Schuller A, Enache I, Chaouat A, Kessler R. Pul-
monary Arterial Hypertension-Specific Drug Therapy in COPD Patients 
with Severe Pulmonary Hypertension and Mild-to-Moderate Airflow Lim-
itation. Respir Int Rev Thorac Dis. 2016;91:9‑17. 

	 99.	 Prins KW, Duval S, Markowitz J, Pritzker M, Thenappan T. Chronic use of 
PAH-specific therapy in World Health Organization Group III Pulmonary 



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

110

BRN Rev. 2022;8(2)

Hypertension: a systematic review and meta-analysis. Pulm Circ. 2017;7: 
145‑55. 

	 100.	 Chen X, Tang S, Liu K et al. Therapy in stable chronic obstructive pulmo-
nary disease patients with pulmonary hypertension: a systematic review 
and meta-analysis. J Thorac Dis. 2015;7:309‑19. 

	 101.	 Wharton J, Strange JW, Møller GMO et al. Antiproliferative effects of phos-
phodiesterase type 5 inhibition in human pulmonary artery cells. Am J 
Respir Crit Care Med. 2005;172:105‑13. 

	 102.	 Milara J, Juan G, Ortiz JL et al. Cigarette smoke-induced pulmonary endo-
thelial dysfunction is partially suppressed by sildenafil. Eur J Pharm Sci. 
2010;39:363‑72. 

	 103.	 Yildirim A, Ersoy Y, Ercan F et al. Phosphodiesterase-5 inhibition by silde-
nafil citrate in a rat model of bleomycin-induced lung fibrosis. Pulm Phar-
macol Ther. 2010;23:215‑21. 

	 104.	 Milara J, Escrivá J, Ortiz JL et al. Vascular effects of sildenafil in patients 
with pulmonary fibrosis and pulmonary hypertension: an ex vivo / in vitro 
study. Eur Respir J. juin 2016;47:1737‑49. 

	 105.	 Jackson RM, Glassberg MK, Ramos CF, Bejarano PA, Butrous G, Gómez-
Marín O. Sildenafil Therapy and Exercise Tolerance in Idiopathic Pulmo-
nary Fibrosis. Lung. 2010;188:115‑23. 

	 106.	 Idiopathic Pulmonary Fibrosis Clinical Research Network, Zisman DA, 
Schwarz M et al. A Controlled Trial of Sildenafil in Advanced Idiopathic 
Pulmonary Fibrosis. N Engl J Med. 2010;363:620‑8. 

	 107.	 Madden BP, Allenby M, Loke TK, Sheth A. A potential role for sildenafil in 
the management of pulmonary hypertension in patients with parenchymal 
lung disease. Vascul Pharmacol. 2006;44:372‑6. 

	 108.	 Collard HR, Anstrom KJ, Schwarz MI, Zisman DA. Sildenafil improves 
walk distance in idiopathic pulmonary fibrosis. Chest. 2007;131:897‑9. 

	 109.	 Ghofrani HA, Wiedemann R, Rose F et al. Sildenafil for treatment of lung 
fibrosis and pulmonary hypertension: a randomised controlled trial. The 
Lancet. 2002;360:895‑900. 

	 110.	 Han MK, Bach DS, Hagan PG et al. Sildenafil preserves exercise capacity 
in patients with idiopathic pulmonary fibrosis and right-sided ventricular 
dysfunction. Chest. 2013;143:1699‑708. 

	 111.	 Behr J, Nathan SD, Wuyts WA et al. Efficacy and safety of sildenafil added 
to pirfenidone in patients with advanced idiopathic pulmonary fibrosis and 
risk of pulmonary hypertension: a double-blind, randomised, placebo-con-
trolled, phase 2b trial. Lancet Respir Med. 2021;9:85‑95. 

	 112.	 Kolb M, Raghu G, Wells AU et al. Nintedanib plus Sildenafil in Patients 
with Idiopathic Pulmonary Fibrosis. N Engl J Med. 2018;379:1722‑31. 

	 113.	 Nathan SD, Behr J, Collard HR et al. Riociguat for idiopathic interstitial 
pneumonia-associated pulmonary hypertension (RISE-IIP): a randomised, 
placebo-controlled phase 2b study. Lancet Respir Med. 2019;7:780‑90. 

	 114.	 Fonseca C, Abraham D, Renzoni EA. Endothelin in pulmonary fibrosis. Am 
J Respir Cell Mol Biol. 2011;44:1‑10. 

	 115.	 Iglarz M, Landskroner K, Bauer Y et al. Comparison of Macitentan and 
Bosentan on Right Ventricular Remodeling in a Rat Model of Non-vasore-
active Pulmonary Hypertension. J Cardiovasc Pharmacol. 2015;66:457‑67. 

	 116.	 Minai OA, Sahoo D, Chapman JT, Mehta AC. Vaso-active therapy can 
improve 6-min walk distance in patients with pulmonary hypertension and 
fibrotic interstitial lung disease. Respir Med. 2008;102:1015‑20. 

	 117.	 Tanaka Y, Hino M, Gemma A. Potential benefit of bosentan therapy in 
borderline or less severe pulmonary hypertension secondary to idiopathic 
pulmonary fibrosis-an interim analysis of results from a prospective, sin-
gle-center, randomized, parallel-group study. BMC Pulm Med. 2017;17:200. 

	 118.	 King TE, Behr J, Brown KK et al. BUILD-1: A Randomized Placebo-con-
trolled Trial of Bosentan in Idiopathic Pulmonary Fibrosis. Am J Respir Crit 
Care Med. 2008;177:75‑81. 

	 119.	 Raghu G, King TE, Behr J et al. Quality of life and dyspnoea in patients 
treated with bosentan for idiopathic pulmonary fibrosis (BUILD-1). Eur 
Respir J. 2010;35:118‑23. 

	 120.	 King TE, Brown KK, Raghu G, du Bois RM, Lynch DA, Martinez F, et al. 
BUILD-3: A Randomized, Controlled Trial of Bosentan in Idiopathic Pul-
monary Fibrosis. Am J Respir Crit Care Med. 2011;184:92‑9. 

	 121.	 Corte TJ, Keir GJ, Dimopoulos K et al. Bosentan in Pulmonary Hyperten-
sion Associated with Fibrotic Idiopathic Interstitial Pneumonia. Am J 
Respir Crit Care Med. 2014;190:208‑17. 

	 122.	 Raghu G, Million-Rousseau R, Morganti A, Perchenet L, Behr J, the MUSIC 
Study Group. Macitentan for the treatment of idiopathic pulmonary fibro-
sis: the randomised controlled MUSIC trial. Eur Respir J. 2013;42:1622‑32. 

	 123.	 Raghu G, Behr J, Brown KK et al. Treatment of idiopathic pulmonary fibrosis 
with ambrisentan: a parallel, randomized trial. Ann Intern Med. 2013;158:641‑9. 

	 124.	 Olschewski H, Ghofrani HA, Walmrath D, Schermuly R, Temmesfeld-Woll-
bruck B, Grimminger F, et al. Inhaled prostacyclin and iloprost in severe 
pulmonary hypertension secondary to lung fibrosis. Am J Respir Crit Care 
Med. 1999;160:600‑7. 

	 125.	 Waxman A, Restrepo-Jaramillo R, Thenappan T et al. Inhaled Treprostinil 
in Pulmonary Hypertension Due to Interstitial Lung Disease. N Engl J Med. 
2021;384:325‑34. 

	 126.	 Nathan SD, Waxman A, Rajagopal S et al. Inhaled treprostinil and forced 
vital capacity in patients with interstitial lung disease and associated pul-
monary hypertension: a post-hoc analysis of the INCREASE study. Lancet 
Respir Med. 2021;9:1266‑74. 

	 127.	 Lee J, Song JU. The Clinical Efficacy of Pulmonary Hypertension-Specific 
Agents in Idiopathic Pulmonary Fibrosis: Systematic Review and Meta-Anal-
ysis of Randomized Controlled Clinical Trials. J Korean Med Sci. 2020;35:e48. 

	 128.	 Whelan TPM, Dunitz JM, Kelly RF et al. Effect of preoperative pulmonary 
artery pressure on early survival after lung transplantation for idiopathic 
pulmonary fibrosis. J Heart Lung Transplant Off Publ Int Soc Heart Trans-
plant. 2005;24:1269‑74.


	_Hlk102515157
	_Hlk102516634
	_Hlk102602166
	_Hlk102514764
	_Hlk102685956
	_Hlk102516381
	_Hlk102684270
	_Hlk102942169
	_Hlk102687133
	_Hlk102686019
	_Hlk102516021
	_Hlk102515867
	_Hlk102517100
	_Hlk102687595
	_Hlk102687393

