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ABSTRACT

Pulmonary hypertension (PH) is a progressive 
syndrome characterized by increased pulmonary 
artery pressure. PH often complicates chronic 
lung diseases, thus contributing to a substantial 
disease burden and poor prognosis. The WHO 
Group 3 Pulmonary Hypertension has many 
subcategories, including sleep-hypoventilation 
PH, high altitude-PH, chronic obstructive 
pulmonary disease (COPD)-PH, and interstitial 
lung disease (PH-ILD), the latter carrying the 
worst prognosis. ILD is a heterogeneous group of 
disorders characterized by cough and shortness 
of breath and, in progressive forms, irreversible 
loss of function and respiratory failure. The 
development of PH in patients with ILD worsens 
exercise capacity and exertional dyspnea and 
impairs quality of life. Thus, suspicion and early 
detection of PH following thorough cardiologic 
evaluation (i.e., echocardiography, pro-BNP, 

and right heart catheterization) is paramount 
for appropriate patient management. For PH 
secondary to chronic respiratory diseases, 
current guidelines recommend optimizing 
the treatment of the underlying respiratory 
condition and offering long-term oxygen 
therapy. In recent years, several clinical trials 
have failed to identify drugs beneficial for group 
3 PH. Conversely, the INCREASE trial of inhaled 
treprostinil has recently provided hope for 
treating PH-ILD. In this review, we summarize 
and critically discuss the present and future of 
the pharmacological management of PH-ILD.
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Key Summary Points 

Patients with WHO group III pulmonary 
hypertension related to pulmonary fibrosis 
have a worse prognosis compared with other 
types of pulmonary hypertension.

In patients with interstitial lung diseases, 
screening for pulmonary hypertension is 
essential to detect signs of vascular disease 
earlier.

There is little indication of the use of 
vasoactive drugs in the treatment of PH-ILD.

Inhaled treprostinil showed encouraging 
results paving the way for investigating novel 
molecular targets and addressing this area of 
unmet clinical need.

INTRODUCTION

Pulmonary hypertension (PH) is a progressive 
and life-threatening disease that represents a 
major global health issue; the estimated preva-
lence of PH ranges up to 1% of the worldwide 
population [1–3]. The 6th World Symposium 
on Pulmonary Hypertension, held in 2019, 
defined PH as a mean pulmonary artery pres-
sure (mPAP) > 20 mmHg based on hemodynamic 
assessment by right heart catheterization (RHC) 
[4]. Subsequently, in 2022, the European Society 
of Cardiology and European Respiratory Society 
(ESC/ERS) updated the guideline document and 
further classified PH as pre-capillary PH [i.e., pul-
monary vascular resistance (PVR) > 2 wood units 
and pulmonary wedge pressures (PAWP) ≤ 15] 
and post-capillary PH (i.e., pulmonary wedge 
pressures > 15 mmHg [5]; Table 1). PH associated 

Table 1   Definition criteria for pulmonary hypertension according to the ESC/ERS2022 guidelines

mPAP/CO mean pulmonary arterial pressure over cardiac output, mPAPs mean systolic pulmonary arterial pressure, PAWP 
pulmonary artery wedge pressure, PH pulmonary hypertension, PVR pulmonary vascular resistance

Hemodynamic definitions of PH

Pre capillary PH mPAPs > 20 mmHg

PAWP ≦ 15 mmHg

PVR > 2 WU

Isolate post capillary PH mPAPs > 20 mmHg

PAWP > 15 mmHg

PVR ≦ 2 WU

Combined pre-post capillary PH mPAPs > 20 mmHg

PAWP > 15 mmHg

PVR > 2 WU
Exercise PH mPAP/CO Slope between rest and 

exercise > 3 mm Hq/L/
min
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with chronic lung diseases, both obstructive 
and restrictive, with or without hypoxemia, is 
included in group 3 by the World Health Organi-
zation (WHO) and is now defined by the pres-
ence of mPAPs > 20 mmHg, PAWP ≤ 15 mmHg, 
and PVR > 2 mmHg [5]. Interstitial lung dis-
ease (ILD) is a heterogeneous group of diffuse 
parenchymal lung disorders characterized by 
inflammation and scarring of the lung often 
complicated by PH, thus representing a subset 
of the WHO group 3 PH [6, 7]. In idiopathic 
pulmonary fibrosis (IPF), the most common 
and severe form of idiopathic ILD, PH is more 
common compared to other ILDs (20–80%) 
[7–9]. In the USA, in 2018, the prevalence of 
PH in IPF exacerbations requiring hospitaliza-
tion was around 26.6% divided between eth-
nic groups Black (41%), Hispanic (21.3%), and 
female (28.7%) [10] Regarding the other ILDs, in 
an Indian study, the prevalence of PH was 32% 
in patients with hypersensitivity pneumonitis 
(HP), 31% in connective tissue disease-associated 
ILD, and 36% in other ILDs [11]; moreover, the 
presence of pulmonary fibrosis and emphysema 
combined (also called CPFE) appears to carry a 

higher risk of PH [12]. Interestingly, in patients 
with IPF, pulmonary vascular dysfunction can 
also occur without the presence of detectable PH 
by echocardiography. This concept was recently 
emphasized in a study by Nathan. S D et al. [13], 
where the clinical impact of this phenotype has 
been reported. More in detail, in patients with 
IPF, the vascular dysfunction increased the pul-
monary vascular resistance, reflecting a poor 
cardiac output that resulted in higher morbid-
ity and mortality. In this study, among patients 
without PH (n = 143), the group with high PVR 
(n = 32) was associated with increased mortal-
ity in comparison with patients without PVR, 
although it does appear to have a better progno-
sis than those with an overt PH [13].

Because of similar clinical manifestations 
(such as shortness of breath, fatigue, and 
reduced exercise tolerance) [14], the concomi-
tant diagnosis of PH in ILDs can be difficult 
and consequently delayed for a long time 
[15]. For this reason, especially in the severe 
and progressive form of ILDs, PH needs to be 
considered. Some functional features can help 
clinicians to individuate PH, for example, an 

Table 2   Clinical, radiological, and functional features for detecting pulmonary hypertension (PH) in patients with intersti-
tial lung diseases

6MWT 6-min walking test, BNP natriuretic peptide,CPET cardiopulmonary exercise test, CT scan computer tomography, 
DLCO diffusion lung capacity of CO, FVC forced vital capacity, RH right heart, SaO2 arterial oxygen saturation

Clinical examination Increased oxygen requirements
Deterioration of exercise tolerance
Excessive and unexpected dyspnea
Discrepancy with pulmonary function test
Peripheral edema

Pulmonary function test FVC/DLCO ratio > 1.6
Excessive low DLCO
6MWT: rapid worsening of SaO2, distance 

reduction
CPET: exhausted circulatory reserve

Radiological examination CT scan:
Pulmonary artery/aorta > 1
Pulmonary artery > 32 mm
Enlarged RH chambers
Pruning of the peripheral vessels

Other Elevated BNP or NT-proBNP
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excessive decrease of DLCO (diffusion lung 
capacity of CO) at pulmonary function tests, 
especially in the context of stable parenchymal 
disease [16], as well as an excessive desatura-
tion on the six-minute walking test (6MWT). 
Moreover, a worsening of respiratory symp-
toms despite stable lung function may shed 
light on the occurrence of PH [17–19]. Inves-
tigations for the suspicion of PH in ILDs are 
reported in Table 2.

MANAGEMENT OF PULMONARY 
HYPERTENSION ASSOCIATED 
WITH INTERSTITIAL LUNG DISEASE 
(PH‑ILD)

The initial management of PH-ILD (like other 
PH group 3) starts with the optimization of the 
underlying lung disease therapy, including, for 
example, pulmonary rehabilitation and sup-
plemental long-term oxygen [5]. Pulmonary 
rehabilitation has been shown to positively 
impact functional status and quality of life in 
patients with fibrotic ILD, including patients 
with PH secondary to ILD [20]. In the same 
way, oxygen therapy has an important role in 
hypoxemic respiratory conditions, including 
patients with ILD. The benefits include reduced 
dyspnea, improved physical activity, better 
health-related quality of life, and prevention 
of secondary PH and right heart failure [21]. 
Lastly, when the disease progresses to respira-
tory failure, given the high mortality associ-
ated with PH-ILD, eligible patients should be 
referred for lung transplant evaluation [22]. 
International guidelines strongly recommend 
referring individuals with IPF earlier during 
their disease course [23]. Moreover, the devel-
opment of PH in patients with fibrotic ILD rep-
resents one of the major criteria for inclusion 
in a transplant list [24]. Nevertheless, data on 
the impact of PH on post-transplant prognosis 
in IPF are controversial and scarce. In particu-
lar, no strong evidence suggests that PH signifi-
cantly alters the risk of death in IPF patients 
after lung transplantation [25].

Beyond the baseline interstitial condition, 
a considerable number of comorbidities have 
been associated with an increased risk of devel-
oping PH, including obstructive sleep apnea 
(OSA), systemic hypertension, obesity, and 
venous thromboembolism. All these conditions 
should also be appropriately managed [26]. 
Several studies have shown that OSA and sleep-
related hypoventilation are responsible for an 
acute increase in pulmonary arterial pressure 
(PAP). If OSA is diagnosed, continuous posi-
tive airway pressure (CPAP) treatment can be 
proposed to improve daytime sleepiness and 
sleeping conditions [27]. Overnight desatura-
tion is also associated with higher echocardio-
graphic probability of PH and higher mortal-
ity in patients with ILD [28]. In the evaluation 
of patients with PH ILD, it is recommended 
to exclude left heart diseases, which may con-
tribute to worsening PH. Indeed, it has been 
shown that 20% of patients with PH-ILD can 
be diagnosed with post-capillary PH, and that 
cardiovascular diseases are associated with a 
higher risk of mortality in patients with post-
capillary PH [29]. An additional complication 
that can be observed in patients with ILD is 
pulmonary thromboembolism, with an esti-
mated mortality of around 3.4% [30].

Patients with ILD are at increased risk of 
venous thromboembolism due to the increased 
systemic inflammatory burden. Patients with 
advanced respiratory symptoms are also 
likely to have limited mobility, resulting 
in venous stasis [31]. Pulmonary computer 
tomography (CT) angiography or ventilation-
perfusion scanning is crucial in determining 
a filling defect in these cases. Importantly, 
ever-smoking status (vs. never smoking) is 
associated with earlier time to hospitalization 
and shorter survival after PAH diagnosis 
strongly supporting the recommendation of 
smoking cessation in patients with PH-ILD 
[32].

Regarding the specific treatment of ILDs, 
nintedanib and pirfenidone, the two anti-
fibrotic medications approved for IPF, have 
been shown to reduce the rate of forced vital 
capacity (FVC) decline and disease progres-
sion [33, 34]. More recently, the INBUILD trial 
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has demonstrated that nintedanib reduces the 
annual rate of FVC decline in patients with 
progressive fibrosing ILD regardless of the 
underlying subtype [35]. Experimental data 
have also suggested that nintedanib may pro-
vide benefits in preclinical models of PH [36]; 
moreover, in a mouse model of systemic scle-
rosis (SSc), nintedanib ameliorated not only 
the histological features of pulmonary fibro-
sis but also the abnormalities associated with 
pulmonary vascular disease [37]. Pirfenidone, 
which is also approved for the treatment of IPF, 

can induce positive regulatory transcriptional 
changes in smooth muscle cells isolated from 
the lungs of patients with idiopathic PAH, thus 
exerting a protective effect against the develop-
ment of pulmonary vascular disease [38].

VASODILATOR THERAPY

Over the last two decades, many PH-ILD tri-
als have increased dramatically, specifically 

Table 3   ILD/IIP/IPF trials with vasodilatory therapies

6MWT 6-min walking test, BNP natriuretic peptide, FVC forced vital capacity, IIP idiopathic interstitial pneumonia, ILD 
interstitial lung diseases, IPF idiopathic pulmonary fibrosis, SGRQ Saint George respiratory questionnaire, V/Q ventilatory/
perfusion

Drugs Year Subjects enrolled Diseases involved Results References

Sildenafil 2007 n = 14 IPF 57% improved 6MWT Collard et al. [43]

Sildenafil 2010 n = 180 IPF Failed to improve 6MWT Zisman et al. 
[44]

Nintedanib + sildenafil 2018 n = 274 IPF Primary endpoint of change 
in SGRQ was not met

Kolb et al. [46]

Pirfenidone + sildenafil 2020 n = 177 IPF Primary endpoint of change 
6MWT was not met

Behr et al. [45]

Riociguat 2019 n = 147 IIP Terminated early for 
unfavorable risk/benefit 
profile

Nathan et al. 
[50]

iNOS 2020 n = 23 Fibrotic ILD Improvement in moderate to 
vigorous activity and overall 
activity

Nathan et al. 
[52]

Bosentan 2008 n = 158 IPF Failed to improve 6MWT King et al. [57]

Ambrisentan 2013 n = 492 IPF Terminated early for lack of 
efficacy in time to clinical 
worsening

Raghu et al. [58]

Sildenafil + epoprostenol 2002 n = 16 ILD Sildenafil improved V/Q 
matching

Epoprostenol worsened V/Q 
matching

Ghofrani et al. 
[60]

(I)Treprostinil 2021 n = 326 ILD Improved 6MWD, NT 
proBNP, and FVC, reduced 
clinical worsening

Waxman et al. [62]
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the number of patients enrolled in PH-ILD or 
IPF trials with vasodilatory therapies (Table 3). 
However, most of these studies have failed to 
meet their primary endpoints or were prema-
turely discontinued. The existence of differ-
ent disease phenotypes, the inclusion criteria, 
and the choice of appropriate endpoints were 
considered the main causes of the inconsistent 
results. Despite these challenges, the field of 
PH-ILD research is evolving dramatically, and 
several potential future therapies are currently 
being developed.

Current pharmacological agents can be 
mainly divided into three categories based on 
the pathways involved in disease pathogenesis: 
nitric oxide pathway moderators [phosphodies-
terase (PDE)-5 inhibitors, guanosine-3′,5′-cyclic 
monophosphate (cGMP) enhancers or nitric 
oxide synthetase (NOS)] endothelin receptor 
antagonists and prostacyclin pathway (pros-
tacyclin, receptor agonists) (Fig. 1). However, 
new drugs that truly target pulmonary vascular 
remodeling, such as sotatercept, are promising 

and distinguished from the previous classic 
treatment.

Hereafter, we summarize the main evidence of 
the three classic major pathway drugs in patients 
with ILD.

Sildenafil (Phosphodiesterase‑5 Inhibitor)

The PDE family is a group of different 
enzymes that have the potential to break a 
phosphodiesterase bond. There are 11 families, 
namely PDE1–PDE11 [39, 40]. Sildenafil acts 
by blocking phosphodiesterase 5 (PDE5) and 
then cGMP, which controls arterial vessels and 
facilitates the blood flow in the lung [41]. The 
first study evaluating sildenafil was conducted 
in 2002 in 16 patients with different types of 
pulmonary fibrosis. Following inhalation of 
nitric oxide (10–20 ppm), 8 patients were treated 
with epoprostenol and 8 with sildenafil; the 
study showed that sildenafil use was associated 
with improved gas exchange and pulmonary 
vasodilation [42]. Subsequently, another study 

Fig. 1   Different signaling pathways implicated in PH and corresponding pharmacological approaches



1633Adv Ther (2025) 42:1627–1641	

in 2007 highlighted that sildenafil in patients 
with IPF and PH ameliorated the 6MWD 
after 3  months of therapy, 14 patients were 
dichotomized into groups of “responders” 
(i.e.,  ≥  20% improvement in 6MWD) or 
“nonresponders” (i.e., < 20% change or unable 
to complete), 57% were classified as responders 
[43] The STEP-IPF trial assessed the safety and 
efficacy of sildenafil in patients with IPF [44]. 
The proportion of patients with an increase in 
the 6-min walking distance (6MWD) of 20%, 
the primary endpoint, was not met; however, 
sildenafil exerted a positive effect on several 
secondary endpoints, such as the percentage of 
predicted DLCO and the pressure of oxygen in 
arterial blood. Behr and co-workers evaluated 
the safety and efficacy of sildenafil combined 
with pirfenidone (compared with pirfenidone 
monotherapy) in 177 patients with IPF at risk 
for PH. The study did not meet the primary 
endpoint of disease progression defined as a 
significant decline in 6MWD, respiratory-related 
admission to hospital, or all-cause mortality after 
52 weeks, and was assessed in the intention-to-
treat population [45]. A similar study evaluated 
the safety and efficacy of sildenafil combined 
with nintedanib, but the primary outcome was 
not met with possible causes of the negative 
outcome, including resulting lack of positive 
results in functional parameters and stabilization 
of BNP in the sildenafil arm [46], suggesting, 
as a potential reason for failure, the lack of 
PH confirmation by RHC and not appropriate 
specific endpoints. Further studies are needed 
to clarify the usefulness of PDE5 in patients with 
PH secondary to ILD [47].

Role of cGMP (Guanosine‑3′,5′‑Cyclic 
Monophosphate) Stimulator (Riociguat)

Riociguat is the first member of a class of 
soluble guanylate cyclase (sGC) stimulator 
drugs approved by the Food and Drug 
Administration (FDA). Riociguat enhances 
the response of sGC to endogenous NO and 
directly stimulates sGC independently of NO 
binding, thereby increasing cGMP, which 
causes vasodilation. cGMP also has additional 

antifibrotic and antiproliferative action [48]. In 
the prospective randomized controlled phase 
III trials PATENT-1 and CHEST-1, improvements 
in exercise capacity, serum NT-proBNP levels, 
World Health Organization functional class, and 
hemodynamic parameters [mean pulmonary 
arterial pressure (mPAP), PVR and cardiac 
output (CO)] were described when treating 
with riociguat patients with PAH or chronic 
thromboembolic pulmonary hypertension 
(CTEPH), respectively [49]. RISE-IIP was a 
double-blind, randomized, placebo-controlled 
study conducted in 19 countries to evaluate the 
efficacy and safety of riociguat in patients with 
PH-IIP. The primary endpoint was a change in 
6MWD in the intention-to-treat population. 
The primary endpoint failed, and the study was 
terminated early because of a higher incidence 
of deaths and serious events [50]. Subsequently, 
a post hoc analysis highlighted that mortality 
was higher in patients with CPFE (12/41; 
29%), indicating that patients with extensive 
emphysematous lesions are more likely to get 
worse with their functional condition [51].

Inhaled Nitric Oxide (iNO)

The role of nitric oxide is crucial in the 
vasodilation of pulmonary capillaries, and 
a phase 2b/3 trial with pulsed inhaled nitric 
oxide (iNO) in patients with fibrotic ILD-PH 
was performed in 2020. During blind treatment, 
iNO30 subjects showed an average improvement 
in physical activity. The iNO group had an 
improvement in oxygen saturation [52]. At the 
end of phase 3, the REBUILD Clinical Trial of 
INOpulse for treating fibrotic interstitial lung 
disease did not reach all primary endpoints [53].

Endothelial Receptor Antagonists

Endothelin receptor antagonists are specific 
molecules that block endothelin-1 (ET-1). ET-1 
is a peptide that constricts smooth muscle 
in the pulmonary vasculature. Sitaxentan, 
ambrisentan, and bosentan have become 
mainstays in the current treatment of PH 
[54–56].
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Bosentan was one of the first drugs investi-
gated in patients with IPF and concomitant 
PH. In the BUILD-1 trial, 158 patients received 
bosentan (n = 74) or placebo (n = 84) with failure 
in the primary endpoint of improving exercise 
capacity as measured by 6MWT [57]. In con-
trast, a favorable outcome was observed in a 
small cohort of patients affected by sarcoidosis-
associated PH, revealing a significant reduction 
in mPAP in the treatment group. In 2014, two 
other trials were conducted with ambrisentan in 
IPF patients, 10% of whom had PH (ARTEMIS-
IPF and ARTEMIS-PH, NCT00879229). Unfortu-
nately, they were prematurely terminated due to 
the increase in side effects and disease progres-
sion in the treatment arm [58, 59].

Role of Prostanoid

Prostacyclins are members of the endogenous 
prostanoids and exert considerable vasodilator 
functions. Despite their potential role in several 
diseases, in patients with pulmonary fibrosis, a 
vasodilator treatment could have an unfavorable 
effect secondary to the worsening of ventilation/
perfusion (V/Q) mismatch, as previously 
reported in one study of oral sildenafil 
associated with intravenous epoprostenol [60]. 
However, the inhalation of prostacyclin/iloprost 
or NO can promote preferential pulmonary 
vasodilatation and a reduction of PVR without 
deleterious effects on systemic blood pressure 
and pulmonary right-to-left shunt flow [61]. In 
a 16-week, randomized controlled trial (RCT) 
of inhaled treprostinil in patients with PH‐ILD 
(the INCREASE trial), the primary endpoint 
was met at Week 16 [62]. Regarding secondary 
endpoints, NT-proBNP levels were reduced by 
15% from baseline with inhaled treprostinil 
compared with an increase of 46% with placebo. 
Considering the recent 2022 ESC/ERS guidelines 
for PH and the FDA approval, the use of inhaled 
treprostinil is going to be considered in patients 
with PH associated with ILD (class IIb level B) 
[5]. A post hoc analysis of the INCREASE trial 
and its open-label extension showed a benefit 
in the survival of patients treated with the drug 
compared to those treated with a placebo [63]. 

Another post hoc analysis of the INCREASE trial 
led to consistent benefits in clinical outcomes 
in patients with PH-ILD and less severe 
hemodynamics, stratified by baseline PVR of < 4 
Wood units (WU) versus ≥ 4WU and < 5 WU 
versus ≥ 5 WU [64].

FUTURE FRONTIERS

Given the great achievement of inhaled 
treprostinil in patients with ILD, new devices 
for its delivery are being developed. Treprostinil 
inhalation solution is delivered via a handheld 
ultrasonic nebulizer (Tyvaso® Inhalation System, 
United Therapeutics). Nebulized treprostinil 
should be administered four times daily; an 
open-label study with treprostinil inhalation 
powder (TreT) was supplied in single-use 
cartridges. The open-label study evidenced 
that in patients with PAH, the transition from 
treprostinil inhalation solution to TreT is safe 
and well tolerated, accompanied by statistically 
significant improvements in critical clinical 
assessments [65]. The INSPIRE trial evaluated 
the dry powder formulation of treprostinil 
palmitic tested in patients with Group 1 
PAH, but the quality control review has not 
yet concluded [66]. The SATURN trial was a 
phase 2 trial for evaluating hymecromone, a 
coumarin derivative, in patients with PH and 
PH-ILD [67]. The mechanism of action of the 
hymecromome is to inhibit the synthesis of 
hyaluronan, also known as hyaluronic acid), 
a molecule whose deposition is increased in 
multiple fibrotic diseases and has a role in 
wound healing, promoting vascular remodeling 
and myofibroblast genesis [68]. A new era 
is coming with sotatercept, a novel activin 
signaling inhibitor approved for treating PAH, 
which is the first drug with an antiproliferative 
target, distinct from classic vasodilator drugs 
for PH [69]. The excellent results of the PULSAR 
studies in IPAH confirm the future interest of 
this molecule in the study of new therapeutic 
targets. In PH preclinical models, this molecule, 
has been demonstrated to halt right ventricular 
remodeling and pulmonary arterial wall 
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remodeling. In a phase 2 trial (NCT03496207), 
sotatercept significantly decreased vascular 
resistance in the lungs of patients with PH 
receiving background therapy [70].

There were no current studies of tadalafil, 
macitentan, iloprost, or selexipag in patients 
with PH-ILD [71]. A sub-analysis of the INSTAGE 
study in a subgroup of patients with right heart 
dysfunction (RHD) highlighted that combina-
tion therapy (nintedanib and sildenafil) on sta-
bilizing BNP was more pronounced in patients 
with RHD at baseline [72]. Acetazolamide 
(ACTZ) has been shown to slow down the mod-
eling of the right ventricle in mouse models of 
PH through the restoration of beta oxidation 
of fatty acids and the suppression of glycolysis. 
These metabolic changes were associated with 
amelioration of the hemodynamic and echocar-
diographic markers of right ventricular hyper-
trophy in the ACTZ-treated SuHx (SU5416 com-
bined with hypoxia rat model) animals and the 
attenuation of cardiomyocyte hypertrophy and 
right ventricular fibrosis [73]. Negative data on 
the use of ACTZ have been recorded in a 5-week 
placebo-controlled, double-blinded trial for eval-
uating the use of acetazolamide for ameliorating 
the cycling exercise in CTEPH [74]. Bardoxolone 
methyl is a nuclear factor E2-related factor 2 
(Nrf2) activator that can downregulate the NF-κβ 
effect in human cell lines [75]. Bardoxolone 
methyl was tested in the LARIAT study (a phase-
II randomized controlled trial, NCT02036970), 
showing significant improvement in 6MWD 
at 16 weeks in different types of PH (PH-ILD, 
groups III and V PH) [76]. Because patients with 
right heart disease and PH have elevated levels 
of aldosterone, the activation of mineralocorti-
coid receptors in the pulmonary vasculature and 
cardiac cells promotes vascular remodeling and, 
consequently, RHD [77, 78]. Indeed, to test the 
efficacy of mineralocorticoid receptor antago-
nists in PAH, a retrospective analysis of patients 
who were enrolled in the ARIES-1 and -2 trials 
showed that spironolactone enhanced the effect 
of ambrisentan [79, 80]. Within this framework, 
a novel hypoglycemic agent, sodium-glucose 
cotransporter 2 (SGLT2) inhibitors, which can 
reduce pulmonary vascular remodeling and 
prevent progression in PAH, is currently under 
investigation [81].

CONCLUSION

Patients with WHO group III pulmonary 
hypertension related to interstitial lung 
disease have a worse prognosis with an 
increased risk of mortality and morbidity. 
Currently, optimizing antifibrosing and 
immunomodulatory treatment is pivotal to 
improving patient outcomes. Screening for 
pulmonary hypertension in patients with 
pulmonary fibrosis is essential to detect 
early signs of vascular disease. Moreover, the 
exclusion of latent causes of hypoventilation 
or hypoxia, such as obstructive sleep apnea 
and pulmonary embolism, is fundamental. At 
present, there is little indication of the use of 
vasoactive drugs in the treatment of PH-ILD 
since many trials have failed to meet primary 
endpoints. The only inhaled vasoactive drug 
approved, treprostinil, showed encouraging 
results, paving the way for investigating novel 
molecular targets and addressing this area of 
unmet clinical need.
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