
EDITORIAL

Treatment of pulmonary hypertension in interstitial lung

disease: do not throw out the baby with the bath water
Vincent Cottin

P
ulmonary hypertension (PH), group III of the interna-
tional aetiological classification [1], is a frequent and
severe complication of interstitial lung diseases (ILDs),

especially idiopathic pulmonary fibrosis (IPF), the syndrome
of combined pulmonary fibrosis and emphysema, ILD asso-
ciated with connective tissue disease, sarcoidosis, pulmonary
Langerhans cell histiocytosis and, rarely, other ILDs [2–6].
Although its prevalence varies widely between these conditions,
PH, when present, dramatically impacts morbidity and survival.

Despite recent progress with pirfenidone and nintedanib,
which reduce the rate of decline in lung function in patients
with mild-to-moderate disease [7, 8], management of IPF
remains largely supportive, with a relentless progression to
respiratory failure and death after a median of only 3 years
from the time of diagnosis. Precapillary PH is common in
advanced IPF, with a prevalence of 32–46% [9–12] at right heart
catheterisation (RHC) at the time of evaluation for lung
transplantation. The haemodynamic severity of PH in this
context is usually mild, although 2–10% of patients have severe
PH with a mean pulmonary artery pressure (mPAP) greater
than 35–40 mmHg [9, 10]. PH is associated with increased
dyspnoea, decreased exercise capacity as measured by the 6-
min walk distance (6MWD) and the peak oxygen uptake at
cardiopulmonary exercise testing [9, 13, 14], lower diffusing
capacity of the lung for carbon monoxide (DLCO), greater
oxygen requirements and reduced survival [2, 9]. In one study,
the 1-year mortality of patients with IPF and associated PH at
RHC was 28% versus only 5.5% in those without PH [9]. In
subjects with moderate functional impairment, the prevalence
of PH is lower and varies depending upon the procedures
used. In a recent series of 101 patients who underwent
systematic RHC at the initial evaluation of IPF, PH defined
as a mPAP greater than 25 mmHg was present in 14.9% of
patients, and severe PH with a mPAP greater than 35 mmHg
was found in 5% [15], demonstrating that PH may develop
earlier in the course of disease than previously considered.
Even borderline PH (with mPAP 21–24 mmHg) may have
prognostic relevance in IPF [15]. The frequency of PH further
increases in the presence of common comorbidities, especially

obstructive sleep apnoea, thromboembolism and cardiac
diastolic dysfunction [2], or in the setting of the syndrome of
combined pulmonary fibrosis and emphysema [3].

Current guidelines discourage the use of pulmonary arterial
hypertension (PAH)-specific therapy in ILD-PH [16] based on
insufficient evidence. The primary treatment approach is,
therefore, to correct hypoxaemia using supplemental oxygen
whenever appropriate, and to consider lung transplantation
when not contraindicated by age or comorbidities. However, the
pathogenesis of ILD-PH is multifactorial and more complex
than only hypoxic pulmonary vasoconstriction. Pulmonary
haemodynamics do not correlate with pulmonary function in
this setting, and oxygen supplementation rarely reverses PH in
patients with ILD and, especially, IPF. With the exception of
corticosteroids, which may provide significant haemodynamic
improvement in a few patients with connective tissue disease
[17] or sarcoidosis with stage II or III disease [5, 18], PH is not
influenced by the systemic therapy given for ILD. Despite
significant experience using pirfenidone in Japan, there is no
evidence that this drug might impact PH development or
progression in patients with IPF. Parenchymal lung destruction,
intrinsic vascular abnormalities, dysregulation of neovascular-
isation, alteration in mediators and the cytokine milieu,
microvascular injuries, possibly autoimmunity and hypoxia
collectively contribute to pulmonary vascular remodelling and
PH in IPF [2, 19, 20]. Overall, it has become clear that
conventional management of the underlying ILD, including
use of supplemental oxygen, does not address the issue of
associated PH. Similarities between the pathogenesis of fibrosis
and that of PAH support therapeutic approaches that target
vascular remodelling in ILD-PH.

Given the availability of drugs to treat PAH, the question has
long been raised of whether PH might represent a reasonable
therapeutic target in ILDs. If achievable, improvement of ILD-
PH using specific PAH therapy might conceivably improve
functional limitation and symptoms, and possibly survival.
Studies have been hampered by the relative rarity of this
condition, the concern that PH may be a physiological correlate
of the underlying ILD rather than the process driving its
worsening outcome, the lack of a consensus definition of severe
(‘‘disproportionate’’) PH in chronic respiratory diseases and,
especially, the theoretical risk that vasodilators may contribute
to worsening gas exchange through inhibition of hypoxic
pulmonary vasoconstriction. Indeed, short-term intravenous
prostacyclin experimentally increases ventilation–perfusion
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CORRESPONDENCE: Vincent Cottin, Hôpital Louis Pradel, 69677 Lyon Cedex, France. E-mail:

vincent.cottin@chu-lyon.fr

Eur Respir J 2013; 41: 781–783

DOI: 10.1183/09031936.00024113

Copyright�ERS 2013

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 41 NUMBER 4 781



mismatch and decreases arterial oxygenation (whereas oral
sildenafil improves gas exchange in patients with severe lung
fibrosis and ‘‘secondary’’ PH) [21]. Another potential risk of PAH
therapy is related to frequent pathological lesions of pulmonary
veno-occlusive disease in ILDs [22], but reports of pulmonary
oedema induced by PAH therapy in ILDs are scarce.

Very few studies have evaluated the efficacy of specific PH
therapy in ILD-PH. In a small open-label, prospective trial
using sildenafil (a phosphodiesterase-5 inhibitor that induces
pulmonary selective vasodilation) in 14 patients with IPF and
documented PH, COLLARD et al. [16] have observed a 57%
increase in 6MWD. The National Institutes of Health IPF
Network study of sildenafil included patients with IPF and
DLCO ,35% of predicted and, therefore, involved some patients
with associated PH; however, they were not included based on
RHC, and no information was available regarding PH [23]. This
study was negative for the primary end-point of a 20% change in
6MWD, but a number of secondary end-points suggested a
treatment effect, including DLCO, dyspnoea score, quality of life
measures and arterial oxygenation [23]. In a post hoc analysis, the
small group of patients with echocardiographic evidence of
right ventricular dysfunction had a stronger trend toward a
treatment benefit, with greater improvement in exercise
capacity and quality of life [24]. In addition, several trials have
evaluated PAH-approved drugs in IPF, aiming at preserving
lung function decline or improving exercise capacity, with
exclusion of subjects with evidence of severe PH on echocardio-
gram. The dual endothelin-1 receptor antagonists bosentan and
macitentan (NCT00903331) demonstrated acceptable tolerance
yet no efficacy in patients with IPF [25–27]. Ambrisentan, a
selective antagonist for the type-A endothelin receptor, has
proven deleterious in patients with IPF and must be avoided in
this setting [28].

In the current issue of the European Respiratory Journal, HOEPER

et al. [29] report on the results of a 12-week, open-label, pilot
trial sponsored by Bayer HealthCare, using riociguat in 22
patients with PH-ILD including 13 with IPF. Riociguat is a
recently developed stimulator of soluble guanylate cyclase
that restores the intracellular levels of the second messenger
cyclic guanosine monophosphate, thereby inducing vasodila-
tion in both a nitric oxide-dependent and independent manner.
Riociguat has a generally favourable safety profile and improves
exercise capacity, symptoms and pulmonary haemodynamics
in PAH and chronic thromboembolic PH [30]. In this study,
patients had mPAP greater than 30 mmHg (mean¡SD

40¡10 mmHg) and pulmonary vascular resistance greater than
400 dyn?s?cm-5 [29]. The primary end-points were safety and
tolerability. Six of 22 patients terminated the study drug
treatment before the end of the rather short 12-week period
due to death or lung transplantation (one patient each), or
adverse events (two patients). Two patients experienced
pancytopenia related to immunosuppressive therapy. Results
regarding efficacy end-points were mostly deceptive. A slight
increase was observed in 6MWD, which should not be
overemphasised in the absence of randomisation. In the
subgroup of patients who underwent follow-up RHC, the mean
cardiac output increased and pulmonary vascular resistance
decreased with riociguat, while mPAP was unchanged, suggest-
ing lack of specificity of the drug on the pulmonary vasculature,
with greater decrease in systemic than in pulmonary vascular

resistance. Arterial partial pressure of oxygen decreased by
7¡12 mmHg at 12 weeks (p,0.05), corroborating previous
concerns that vasodilator therapy can have deleterious effects
on gas exchange in ILDs. The combination of increased cardiac
output and decreased oxygenation suggests increased shunting
and ventilation–perfusion mismatch. This study suffers from
limitations inherent to its short-term, non-randomised design
and small sample size. The population studied was hetero-
geneous, and response to PAH-specific therapy might not
be equal when in the context of IPF, systemic sclerosis or
sarcoidosis.

Despite these mostly disappointing results, the authors should
be commended for conducting a clinical trial specifically
addressing ILD-PH. Future trials, even pilot studies, should to
be randomised and placebo-controlled. It may prove necessary
to better characterise the subgroup of patients who could
benefit from PAH-specific therapy. Presumably, trials should
first be conducted in subjects with disproportionate elevation
of pulmonary vascular resistance as compared to the severity of
pulmonary fibrosis and restrictive physiology, in whom PH
likely contributes the most to exercise limitation and morbidity.
Which end-point will be appropriate in such studies remains to
be seen. Therapy may theoretically aim at improving patient-
reported outcome measures, haemodynamics and long-term
outcome, while not impairing gas exchange; however, some of
these goals may not be realistic in patients with ILD-PH, who
have ILD as a primary cause of chronic respiratory insufficiency
that is not amenable to PH therapy. Of note, there is currently
some uncertainty about how to measure efficacy in trials of IPF
in general. Some experts have advocated that composite end-
points measuring progression-free survival (morbidity and
mortality end-points) might be adequate [31]. What magnitude
of treatment effect on a given end-point is considered clinically
meaningful and should be targeted also remains to be
determined. Prospective PH registries in expert centres [32]
with unbiased evaluation of prospectively acquired data may
contribute to refining the design of future trials in ILD-PH.

In conclusion, the results presented by HOEPER et al. [29] should
in no way be interpreted as the demonstration that targeting
PH in ILD is deceptive. Management of ILD-PH is now
entering a new era of active research. Clinical trials are sorely
needed to determine whether PAH therapy might be beneficial
in some patients with ILD-PH without imposing a significant
risk of oxygenation worsening.
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