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Abstract
Pulmonary hypertension (PH) associated with chronic lung disease (CLD) is both common and
underrecognised. The presence of PH in the setting of lung disease has been consistently shown to be
associated with worse outcomes. Recent epidemiological studies have advanced understanding of the
heterogeneity of this patient population and shown that defining both the specific type of CLD as well as
the severity of PH (i.e. deeper phenotyping) is necessary to inform natural history and prognosis. A
systematic diagnostic approach to screening and confirmation of suspected PH in CLD is recommended.
Numerous uncontrolled studies and one phase 3 randomised, controlled trial have suggested a benefit in
treating PH in some patients with CLD, specifically those with fibrotic interstitial lung disease (ILD).
However, other studies in diseases such as COPD-PH showed adverse outcomes with some therapies.
Given the expanding list of approved pharmacological treatments for pulmonary arterial hypertension,
developing a treatment algorithm for specific phenotypes of PH-CLD is required. This article will
summarise existing data in COPD, ILD and other chronic lung diseases, and provide recommendations for
classification of PH-CLD and approach to the diagnosis and management of these challenging patients.

Introduction
It has long been known that chronic lung disease (CLD) is frequently complicated by pulmonary
hypertension (PH) and right ventricular (RV) dysfunction. Despite this clear association, the prevalence,
clinical significance and treatment options for PH in CLD are still under investigation. The heterogeneity
of PH in CLD increases the difficulty in characterising this group. In addition, the definitions of PH in
general have evolved. Since the 6th World Symposium on Pulmonary Hypertension (WSPH), the
definition of PH was further revised by the 2022 European Society of Cardiology (ESC)/European
Respiratory Society (ERS) guidelines to include patients with a mean pulmonary arterial pressure (mPAP)
>20 mmHg and a pulmonary vascular resistance (PVR) >2 Wood Units (WU) [1, 2]. How this change
affects estimates of PH prevalence in CLD is not entirely known. However, it is inevitable that lowering
the PVR threshold will increase the number of patients with CLD diagnosed with PH [3–7]. For example,
in a study of 8991 patients with idiopathic pulmonary fibrosis (IPF) listed for lung transplantation through
the United Network for Organ Sharing, PH was more prevalent using the 6th WSPH definition (73.6%)
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compared to the former version (47.6%), with the pre-capillary phenotype being present in 36.8% of IPF
patients [8]. Similarly, the prevalence of PH associated with COPD numerically increased from 52.4% to
82.4%, of whom 28.1% had pre-capillary PH [8]. The prevalence data for interstitial lung disease
(ILD)-PH or COPD-PH defined by PVR >2 WU have yet to be published.

In addition to better understanding the epidemiology of PH in CLD, defining distinct clinical phenotypes
is critical in both understanding unique pathogenetic mechanisms (supplementary material) as well as in
designing and testing therapies. Until recently, various phenotypes of CLD-PH have been grouped together
in both registries and clinical trials. Although there are some commonalities among various phenotypes of
CLD-PH, recent literature demonstrates that there are important pathogenic differences contributing to PH
complicating different CLDs (figure 1). Based on the emerging data on different behavioural disease
patterns according to the underlying parenchymal disease, group 3 classification was updated by the 7th
WSPH [9] (figure 1).
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FIGURE 1 Major components of the updated classification of group 3 pulmonary hypertension (PH). Chronic
lung diseases (CLDs) encompass a wide range of parenchymal processes which often have unique pathogenetic
mechanisms and clinical presentations. Recent literature demonstrates that there are important pathogenic
differences contributing to PH complicating different CLDs, which is likely to impact how these entities respond
to therapy. These considerations led to a change in classification of group 3 PH that placed COPD, interstitial
lung disease (ILD), combined pulmonary fibrosis emphysema (CPFE) and other parenchymal lung diseases in
different categories, in addition to developmental lung diseases, nonparenchymal restriction and hypoxia
without lung disease (which are not represented on the figure). Making a diagnosis of CLD-PH requires a
multimodal approach, with particular emphasis on a high-quality radiographic assessment.
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This article focuses primarily on COPD-PH and ILD-PH, and describes subphenotypes of both conditions
based on parenchymal disease and haemodynamic impairment, outlines a diagnostic algorithm,
summarises current data on safety and efficacy of treatments, and offers a pragmatic therapeutic approach
to the management of ILD-PH. It provides an update on PH associated with several other chronic lung
diseases, including several non-Group 3 diseases that often involve parenchyma, such as sarcoidosis and
Langerhans cell histiocytosis. Finally, current gaps in evidence are identified and directions for future
research are provided.

PH in the setting of COPD and emphysema
Prevalence, mortality and predictors of outcomes
COPD is a common condition in the general population, with a 7–9% prevalence in developed countries,
and hence might be a comorbidity in any type of PH [10]. Furthermore, COPD is frequently associated
with other diseases that also cause PH, in particular left heart disease [11]. Most studies on PH in COPD
have been conducted in patients who were candidates for lung volume reduction surgery or lung
transplantation or patients with severe PH [3, 6, 8]. When considering PH phenotypes in COPD, it is
necessary to place them in the context of the airway/parenchymal disease and concomitant comorbidities.
COPD severity is commonly categorised using the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) criteria based on post-bronchodilator forced expiratory volume in 1 s (FEV1) percentage (stage 1:
FEV1 ⩾80%; stage 2: FEV1 50–79%; stage 3: FEV1 30–49%; and stage 4: FEV1 <30%) [12]. COPD
comprises a range of patterns of emphysema, chronic bronchitis and nonemphysematous obstruction due to
small-airways disease that vary among individuals [13]. Importantly, individuals with similar levels of
physiological impairment may have very different computed tomography (CT) morphological appearances.
Additionally, cigarette smokers who do not have obstructive physiology can exhibit emphysema on CT
scan [14]. Given that a subset of patients with COPD have emphysema without evidence of obstruction,
we suggest incorporating the Fleischner radiographic staging (trace/mild, moderate, confluent) while
phenotyping pulmonary vascular disease in patients with COPD, as CT has been validated extensively as a
tool for the assessment of the presence, pattern and severity of emphysema [15].

A meta-analysis of 38 studies of patients across a wide spectrum of COPD severity showed a prevalence
for PH of 39.2% [16]. In patients with severe COPD by GOLD criteria, up to 90% of patients have a
mPAP >20 mmHg, with the majority ranging between 20 and 35 mmHg. The prevalence of PH in GOLD
1 and 2 COPD is much lower (∼5%) [17, 18]. Only a small subset of these patients (1–5%) have severely
increased mPAP (⩾35 mmHg) [19, 20].

The presence of PH is associated with worsened functional class, reduced exercise tolerance, increased rate
of COPD exacerbations and hospitalisations as well as higher healthcare utilisation cost [11, 21–24]. The
presence of PH is strongly associated with mortality. Several recent analyses have demonstrated that the
6-min walk distance (6MWD) and PVR were significantly associated with survival, with the latter being
the strongest independent haemodynamic predictor of mortality [1, 5, 25–27].

COPD-associated PH phenotypes
Haemodynamic phenotypes
Severe COPD-PH
PH in COPD is usually of mild-to-moderate severity and progresses slowly. A subset of COPD patients
develops severe PH, which is associated with higher mortality. Different cut-offs have been proposed
previously to define severe PH in COPD. While analysing different cut-off values, ZEDER et al. [26] found
that a PVR value >5 WU had the strongest predictive value for mortality in a cohort of patients with
moderate airflow obstruction. Based on these data, the 2022 ESC/ERS guidelines recommended PVR
>5 WU as the haemodynamic definition of severe PH in COPD [1]. Thereafter, another study confirmed
the significance of PVR >5 WU in a COPD cohort with a wider range of airway obstruction and
pulmonary vasculopathy [6]. Most patients with this degree of PVR elevation usually have mPAP
⩾35 mmHg, one of the prior definitions of severe PH in CLD [28].

COPD with post-capillary PH
Patients with COPD have a high prevalence of associated cardiac diseases, particularly coronary artery
disease, heart failure (especially with preserved ejection fraction (HFpEF)) and atrial fibrillation, likely due
to common risk factors (older age, smoking, sedentary lifestyle, obesity) and pathobiological mechanisms
[29, 30]. Cardiovascular diseases are a major cause of death in COPD, particularly in patients with
mild-to-moderate airflow obstruction [31]. Isolated post-capillary and combined pre-/post-capillary PH
have been reported in 23% of patients with advanced COPD listed for lung transplantation [8].
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Phenotypes related to severity of COPD/emphysema
PH with mild COPD (GOLD stage 1–2) and/or trace or mild centrilobular emphysema
Several publications have described a group of patients with significant PH in the presence of mild COPD
including GOLD stage 1 and 2 airflow obstruction [20, 32]. Registries of patients with COPD-PH have
also reported that most patients with severe PH have mild-to-moderate airflow obstruction [27, 33]. Based
on previously published data, the term “pulmonary vascular phenotype” of COPD-PH has been proposed
to describe patients with severe PH, moderate airflow limitation, no hypercapnia, severely reduced
diffusion capacity of the lung for carbon dioxide (DLCO) and a circulatory exercise limitation or progressive
RV failure [34]. The Registry to Evaluate Early and Long-Term PAH Disease (REVEAL) database
reported that 20% of patients with pulmonary arterial hypertension (PAH) had COPD as comorbidity. A
cluster analysis of the Comparative Prospective Registry of Newly Initiated Therapies for Pulmonary
Hypertension (COMPERA) registry identified a subgroup (52%) of patients diagnosed with idiopathic
PAH (IPAH), who were characterised by male predominance, older age, history of smoking, history of
smoking and DLCO <45% predicted, and coined “IPAH with lung phenotype”. These patients had worse
survival and poorer response to treatment than the classical IPAH phenotype [35]. An analysis of the
COMPERA and Assessing the Severity of Pulmonary Hypertension in a Pulmonary Hypertension Referral
Centre (ASPIRE) registries showed that patients who carried a diagnosis of IPAH with “lung phenotype”
had similar characteristics to those diagnosed with the “pulmonary vascular phenotype” in terms of age,
sex distribution, DLCO, arterial partial pressure of oxygen, response to PH therapies and survival [4]. This
analysis was limited by the lack of radiographic data, which was not collected in COMPERA and available
only in a minority of patients from the ASPIRE registry. In the cohort with available CT data,
approximately half of the patients had either no or mild emphysema, and the rest had moderate-to-severe
parenchymal involvement, thus raising the question whether the latter group should have been classified as
having group 3 PH for the purposes of analysis. Furthermore, a study of histological patterns in IPAH
patients (excluding those with FEV1 or forced vital capacity (FVC) <60%) showed that those with
nonplexiform vasculopathy, predominantly older males with a history of smoking and lower DLCO, had
mild emphysema on CT in 46% of cases and, interestingly, significantly more microscopic emphysema on
histopathology [36]. In addition to being captured in various registries, a proportion of these patients were
likely included in prior PAH clinical trials due to lack of CT imaging in the inclusion criteria and a
commonly employed exclusion criterion for FEV1 of either <60% or <70% pred, thus potentially allowing
patients with mild obstructive disease to be enrolled in the trials [37, 38]. Overall, these observations
suggest that the lung function criterion alone is no longer valid in isolation to rule out significant
parenchymal lung disease.

PH with moderate-to-severe COPD (GOLD stage 2 and 3) and/or moderate or confluent emphysema
Patients in this group most commonly present with PH of mild-to-moderate severity (mPAP 25–34 mmHg)
with slow progression, although some present with severe PH [1, 16, 26, 27, 33]. Patients with mPAP
⩾35 mmHg tend to have higher FEV1, lower DLCO and hypocapnia [16, 26, 27, 33]. Patients with higher
mPAPs also tend to be more symptomatic, with lower 6MWD, and have higher mortality in comparison to
patients with milder vasculopathy [26, 27, 33].

PH with very advanced COPD (GOLD stage 4 and/or advanced emphysema)
Patients with advanced COPD have traditionally been excluded from clinical trials. These patients have a
worse prognosis than those with severe airflow obstruction and nonsevere PH or those with severe PH and
mild-to-moderate airflow obstruction [16, 25]. Histopathological studies in patients with advanced COPD
and severe PH who have undergone lung transplantation demonstrated a more prominent pulmonary
vasculopathy than in nonsevere PH [39–41].

PH in the setting of ILD
Prevalence, mortality and predictors of outcomes
Most patients with fibrotic ILDs have mild-to-moderate PH with mPAP 21–34 mmHg, with severe lung
disease occurring in 10–15% of patients [3, 6]. In a large cohort of patients with IPF listed for lung
transplantation, ∼20% and ∼32% had mild and moderate haemodynamic impairment, respectively, ∼10%
had severely increased mPAP >35 mmHg, and the rest had no PH [3]. Patients with ILD-PH are very
symptomatic, with increased functional class, decreased 6MWD, and decreased quality of life [42–47].
Overall, the prognosis of patients with ILD-PH is poor, with 1-, 2- and 3-year survival of 73.3%, 51.2%
and 34.1%, respectively, based on the data from the COMPERA registry, with similar poor survivals
described in other registries [1, 5, 43–46, 48, 49]. In registries and retrospective studies, factors associated
with a poor outcome in patients with PH-ILD include a higher mPAP, PVR >5 WU, cardiac index
<2.5 L·min−1·m−2, increased arterial elastance, DLCO <35%, systolic (s)PAP >45 mmHg, RV dysfunction
demonstrated as RV fractional area change <28% and tricuspid annular plane systolic excursion (TAPSE)/
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sPAP <0.26 mm·mmHg−1 on transthoracic echocardiography (TTE) and impairment of RV strain on cardiac
magnetic resonance imaging (CMR) [1, 3, 5, 45, 48, 50–53].

ILD-associated PH phenotypes
Haemodynamic severity
Most data on ILD-PH emanates from studies of IPF, although some datasets include patients with other
fibrotic ILDs including nonspecific interstitial pneumonitis (NSIP) and chronic hypersensitivity
pneumonitis (CHP) [3, 4, 54–59].

Based on the most recently updated definition of PH, patients with PVR >2 WU and mPAP >20 mmHg
fall under the umbrella of PH. However, given the limited data available [3, 54, 55, 60–63], prospective
studies are needed to describe the natural history of disease progression and the impact on exercise
capacity and outcomes in patients with milder haemodynamic impairment. PH of any haemodynamic
severity based on mPAP measurements has been shown to have a significant impact on morbidity and
mortality. An analysis of the COMPERA registry analysis showed that in patients with established
ILD-PH, a PVR cut-off >5 WU discriminated outcomes, with a PVR cut-off level of 8 WU showing the
best discrimination in survival [1, 5]. However, this dataset included patients with significant PH with
median PVR of 7.76 WU with combined pulmonary fibrosis emphysema (CPFE) constituting ∼25% of the
cohort, and only included patients with mPAP ⩾25 mmHg. In a Japanese study of 80 patients with ILD
who underwent right heart catheterisation (RHC) and had a broader range of mPAP values, even mild
elevations of mPAP of 21–24 mmHg were associated with increased mortality, decreased exercise
tolerance and a greater risk of acute exacerbations [64]. A recent multicentre analysis that included patients
with a wider range of mPAP and PVR ⩾3 WU demonstrated an increase in mortality for each 1 mmHg
change of mPAP, with PVR >5 WU not being a discriminator of outcomes [6].

The predictive role of haemodynamics in ILD-PH has not been stratified based on the degree of RV
function, and vice versa, but RV dysfunction has been linked to outcomes in this patient population [50,
53]. In addition, the function of RV as measured by TAPSE/sPAP appears to be similarly impaired in
patients with severe and nonsevere PH as defined by PVR >5 WU [53]. Finally, neither mPAP nor PVR
cut-offs have been examined as predictors of outcomes when stratified by the severity of parenchymal lung
disease. Given this information, it is likely that in ILD, the severity of PH is better conceptualised as a
continuum rather than one singular marker of haemodynamic impairment.

Finally, the degree of vascular impairment in ILD may need to have different thresholds when applied to
prognostication versus indications for treatment. The concept of severity in the setting of CLD was initially
introduced in part to justify an individualised treatment approach in patients with severe PH that appeared
to be “out of proportion” to the underlying lung disease. With the recently published data showing efficacy
of inhaled treprostinil in patients with ILD with a wider range of PVR impairment, it becomes even more
imperative to distinguish the markers of prognostication from the indications for treatment in ILD-PH.

PH in the setting of CTD-ILD
A number of CTDs including SSc, MCTD and rheumatoid arthritis can be complicated by fibrotic
ILD [65]. A significant proportion of patients with SSc develop some ILD, and up to 30% go on to
develop progressive ILD, especially in patients with a UIP pattern. Risk factors for the development of
SSc-ILD include male sex, older age at disease onset, Black race, anti-topoisomerase-I antibody positivity
and the diffuse cutaneous subtype [66]. Differentiation between SSc-PAH and SSc-ILD-PH can be
somewhat arbitrary, as both disease states have pre-capillary PH profiles. The prevalence of SSc-ILD-PH is
poorly characterised and ranges from 6.1% to 31.2% [67, 68].

The outcome data are also discrepant. A meta-analysis published in 2013 reported a 3-year survival of
only 35% for SSc-ILD-PH compared to 56% in SSc-PAH [69]. In an analysis of a Spanish registry of
patients with PAH, the presence of ILD did not affect the 5-year transplant-free survival with poor
outcomes in both groups (SSc-ILD-PAH 35% versus SSc-PAH 43.5%) [70]. Conversely, an analysis of
3257 German patients reported a 5-year survival of 79.1% for SSc-ILD-PH, compared to SSc-PAH (85%)
and SSc-ILD without PH (92.8%) [67]. Another analysis of 200 patients with SSc described several
clinical phenotypes in patients with ILD and PH with the highest 3-year mortality of 49.9% in patients
with extensive ILD and any degree of PH. Patients with severe PH and either limited ILD or no ILD with
low DLCO also had a poor 3-year survival of 61.9% [71].

In patients with MCTD, ILD with the fibrosing NSIP and UIP patterns is the most common pulmonary
complication, with an estimated 50–70% of patients having CT evidence of parenchymal involvement [72].
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While patients with MCTD-ILD may develop group 3 PH, the prevalence is poorly defined. In patients
with rheumatoid arthritis, ILD occurs in 10–15% of cases [73, 74]. While pre-capillary PH can be caused
by vasculitis, chronic thromboembolic pulmonary hypertension (CTEPH) and, very rarely, PAH, ILD is
the most common cause of PH, but data are very limited [75].

In contrast to CTD-ILD conditions with predominantly inflammatory pathology (such as lupus) in which
immunosuppression can improve underlying parenchymal lung disease and associated PH [76], there are
no data showing that antifibrotics used in some CTD-ILDs have any effect on the development or
progression of vasculopathy. Assessment of the response to treatment with PH medications comes from
either registry or case report data and is rarely stratified by clinical phenotypes. One study compared
treatment response between patients with SSc-ILD-PH and SSc-PAH and found that although functional
class did not improve in patients with ILD-PH, they had a similar haemodynamic response to treatment as
those without ILD [77]. Another paper found that in the group of patients with extensive pulmonary
fibrosis and severe pre-capillary PH defined by mPAP ⩾35 mmHg treated with parenteral prostanoids, the
presence of autoimmune disease (mostly SSc) was associated with better transplant-free survival in
comparison to those with other fibrotic lung diseases [58]. Another analysis similarly reported that treated
patients with CTD-ILD-PH had better survival than patients with IPF-PH, with 5-year survival rates of
56% versus 15% [48].

Patients with CTD-ILD-PH represent a varied and heterogeneous group of patients and is distinct from
other forms of ILD-PH in its epidemiology, natural history, response to treatment and outcomes. This
patient population should be studied prospectively to gain better understanding of how particular diseases
behave clinically, as this will have a potential impact on the design and outcomes of future clinical trials.

PH in patients with mild ILD
Similarly to patients with mild COPD, based on the data from the COMPERA/ASPIRE registries, patients
with mild ILD and significant PH are likely to be older, predominantly male, often current/ex-smokers
with lower body mass index in comparison to patients with IPAH. Physiologically, these patients have
either preserved or mild restriction, severely decreased DLCO <45% pred and lower 6MWD compared to
patients with IPAH [4, 35, 78, 79]. When available, CT findings often show either interstitial lung
abnormalities or minimal to mild ILD, but in most registries CT data were not collected. One study
showed that 19% of patients with nonsevere ILD-PH and 9% of those with severe PH had <20% fibrosis
on chest imaging [80]. Histopathological studies of patients classified as “IPAH with lung phenotype”
demonstrate microscopic changes of ILD, further indicating that these patients represent a separate clinical
phenotype from IPAH patients [38, 81, 82]. Registry data also suggest that the presence of any degree of
interstitial fibrosis has significant prognostic impact in patients classified as IPAH. PH in mild ILD is
associated with worse survival compared to patients with classic IPAH and has similar outcomes to those
diagnosed with group 3 ILD-PH [78, 79, 83].

ILD-PH with predominantly post-capillary PH
Patients with ILD tend to be older and are likely to have cardiovascular comorbidities (such as obesity,
obstructive sleep apnoea, systemic hypertension, atrial fibrillation and coronary artery disease) that puts
them at risk of developing post-capillary PH or combined pre- and post-capillary PH [8, 84]. Post-capillary
PH is found in 5–20% of patients with ILD and portends a better prognosis than pre-capillary PH [8, 85,
86]. Incorrect phenotyping of these patients may lead to both undertreating and potentially worsening
underlying heart failure.

CPFE-associated PH
CPFE is a tobacco-related ILD characterised by emphysema predominantly in the upper lobes and often
paraseptal regions (⩾5% of total lung volume) and fibrosis in the lower zones of the lungs on HRCT
imaging. It is present in up to 25–50% of patients with idiopathic interstitial pneumonias (IIPs) [59].
Fibrosis can be due to UIP, fibrotic NSIP, smoking-related interstitial fibrosis and desquamative interstitial
pneumonia. It can also be seen in CTDs (including in never-smokers), CHP and ILD due to occupational
and inhalational exposures. CPFE is characterised by male predominance, severe dyspnoea and exercise
limitation, relatively preserved lung volumes and airflow, severely altered DLCO and profound desaturation
on exercise and poor prognosis [59, 87].

PH in the setting of CPFE occurs in 30–50% of patients, has a poor prognosis and tends to be more severe
in comparison to those with either fibrosis or emphysema alone [88, 89]. For a given extent of fibrosis,
presence of emphysema contributes to the risk of development of PH compared to those with fibrosis
alone, and may increase mortality [90]. However, the likelihood of PH does not differ between patients
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with CPFE and those with fibrosis alone when matched based on the extent of disease on HRCT [88, 89].
Patients with CPFE-PH are more symptomatic, have higher oxygen requirements and markedly impaired
cardiopulmonary exercise testing (CPET) results [91].

Diagnosis of PH in chronic lung disease
There is a significant overlap in symptomatology of CLD and PH, which may lead to delay in diagnosis of
the pulmonary vascular component [33, 92]. The 6th WSPH laid the groundwork for the diagnosis of PH
in the setting of CLDs using the suspect/support/confirm/stratify strategy [3]. Subsequently, many authors,
including the taskforce for the most recent 2022 ESC/ERS guidelines, have published algorithms for how
to monitor and assess these patients for development of PH [1, 93, 94].

PH in the setting of CLDs may coexist with other PH aetiologies. Therefore, patients with PH should be
evaluated for concomitant PAH risk factors, such as HIV infection, CTD, portal hypertension or CTEPH
[95]. Phenotyping such patients can be especially complicated and depends on the extent of each
respective contributing factor. These patients should be referred to PH centres for further workup and
management [96].

Assessment for PH in the setting of CLDs should be made when the patient is clinically stable, as acute
disease exacerbations can significantly raise pulmonary arterial pressures. In addition, other comorbidities,
such as thyroid disease and anaemia, that can cause hyperdynamic circulation, should be treated. Key parts
of evaluating suspected PH in lung disease include integrating clinical features and available diagnostic
modalities from the following list to assess for the need for RHC (figure 2).

1) Clinical features, including disease trajectory (e.g. rapid recent deterioration versus gradual change over
years), increased oxygen requirements and the presence or absence of risk factors for PAH (i.e.
autoimmunity, specific drug exposure, HIV), CTEPH (history of venothromboembolism), or HFpEF
risk factors.

2) Pulmonary function tests, including DLCO, 6-min walk test (6MWT) variables such as distance and
degree of desaturation, assessment of oxygenation and ventilation by arterial blood gases and CPET.

3) Findings on cross-sectional imaging with HRCT, CT pulmonary angiogram (CTPA) and in selected
cases, CMR.

4) Brain natriuretic peptide (BNP)/N-terminal pro-BNP (NT-proBNP) measurements.
5) TTE.

In many CLDs, PH is associated with diminished exercise capacity and a greater than expected impairment
of gas exchange at rest or during exercise based on ventilatory limitation alone. Suggestive findings
include a reduction in 6MWD, pronounced exertional desaturation, discrepancy between pulmonary
function tests and symptoms, and functional class 3–4 dyspnoea [3, 22, 27, 33, 44, 64, 97, 98].

Pulmonary function tests are an essential part of the workup and evaluation of a patient with CLD.
Decreased DLCO, especially in a setting of stable parenchymal disease, has been shown to be associated
with PH and has prognostic significance in patients with various ILDs and COPD [65, 99]. In addition, in
both COPD-PH and ILD-PH, a decreased DLCO correlates with worsened survival [33, 48, 100, 101]. In
fibrotic CHP, patients also have a higher FVC/DLCO ratio [102]. In most CLDs, the diagnosis of PH is
associated with a decreased distance and worsening desaturation during the 6MWT. In addition, in IPF
heart rate recovery (a difference between the heart rate at 1 min of recovery and the heart rate at the end of
the 6MWT) <13 is associated with both presence of PH and decreased survival [3]. CPET may be helpful
in assessing whether the effort dyspnoea and exercise limitation are due to ventilatory or cardiovascular
limitation, although data are lacking regarding its clinical use in patients with CLD-PH [103, 104].

While the literature supports the correlation of BNP/NT-proBNP with right atrial pressure on RHC, and as
a predictor of mortality in patients with established PH, their role in screening for CLD-PH is less defined,
especially as they can be elevated in left heart disease pathology, renal failure and in acute pulmonary
embolism and coronary syndrome [105].

In patients with CLDs, the performance characteristics of TTE are often affected by poor windows, altered
location of the heart in the chest cavity, and interference due to the lung tissue overlying the heart [106].
Use of an sPAP on TTE ⩾45 mmHg, or abnormal RV findings, including hypertrophy, dilatation or RV
systolic dysfunction in the absence of an elevated sPAP, has been shown to predict the presence of PH on
RHC in patients with ILDs and in mixed cohorts of CLD [107, 108]. In COPD-PH, a low TAPSE/sPAP
ratio (a surrogate of RV–pulmonary artery (PA) uncoupling) has been shown to be associated with disease
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severity, exacerbations of COPD and survival [109]. In an IPF cohort both without PH and
mild-to-moderate PH, the TAPSE/sPAP ratio was shown to be associated with all-cause mortality and
hospitalisations [51]. In addition, a cut-off of 0.26 mm·mmHg−1 for TAPSE/sPAP discriminated between
severe and nonsevere PH based on the 6th WSPH definition and predicted mortality in a cohort of patients
with ILD and COPD [53]. Another study suggests that a stepwise composite TTE score can identify
patients with severe PH, with and without an estimate of tricuspid regurgitant velocity, using other
echocardiographic features including right atrial area, RV:left ventricular (LV) ratio, and LV eccentricity
index [80]. TTE also provides assessment of the left heart as patients with CLD are at risk for HFpEF [6,
8, 30, 84, 110, 111]. Machine learning methods by TTE to identify the presence of PH promises to be the
way of the future in patients with various forms of PH [112, 113].

Findings on CT imaging have been used as potential predictors of ILD-PH and COPD-PH [3]. HRCT
imaging allows for the characterisation and extent of parenchymal disease. It may also enable
morphological phenotyping of patients, as well as evaluation of other potential causes of PH such as
pulmonary veno-occlusive disease (PVOD) [79]. In both ILD and COPD, the ratio of the PA diameter to
the diameter of the ascending aorta >1 on CT angiogram is associated with both the presence of PH and

Chronic lung diseases

Suspect PH

Confirm PH Right heart catheterisation if results impact management

Detect PH Echocardiographic suspicion

Low

Observe/re-evaluate

Moderate

Clinical suspicion

Clinical domain

• Change in disease trajectory

• Unexplained shortness of breath

• Reduced exercise capacity

• Presyncope/syncope

• Peripheral oedema

• Tricuspid regurgitation murmur

• RV third heart sound

• Jugular venous distention

• Parasternal heave

Functional domain

• PFTs: DLCO or KCO ≤40%, DLCO 

 ↓ by 15% 

• FVC/DLCO >1.6 in ILD

• 6MWT: marked ↓ in 6MWD,

 worsening SaO2
, HRR# <13

• Worsening at rest SaO2
/PaO2

 with

 stable lung volumes

• CPET: exhausted circulatory

 reserve¶

Biologic domain

• Elevated BNP or NT-proBNP

Morphologic domain

• Pulmonary artery/aorta  >1

• Pulmonary artery >32 mm

• Enlarged RH chambers

• Pruning of the peripheral vessels

• "Water-bottle" shape of cardiac

   silhouette

• Assess for extent of ILD

• Assess for extent of emphysema

Low

High

Intermediate/high

FIGURE 2 Diagnostic algorithm for pulmonary hypertension (PH) in the setting of COPD and interstitial lung disease (ILD). The decision to perform
a right heart catheterisation should be predicated by a clinical or research need that would impact management and/or provide prognostic
information, such as consideration of disease phenotyping and therapeutic interventions, clinical trial enrolment, pre-operative clearance/
assistance with perioperative management, evaluation for lung transplantation and, in COPD, assessment for lung volume reduction therapy.
A multimodal assessment, including lung function, functional, radiographic and echocardiographic data is recommended to determine when to
proceed with haemodynamic assessment. Given that in patients with chronic lung diseases the performance characteristics of transthoracic
echocardiography are worse due to poor windows, altered location of the heart in the chest cavity and interference due to the lung tissue
overlying the heart, in patients with moderate or high clinical suspicion for PH, right heart catheterisation can be considered irrespective of the
transthoracic echocardiography findings (as indicated by the dotted line). RV: right ventricular; PFTs: pulmonary function tests; DLCO: diffusion
capacity of the lung for carbon monoxide; KCO: carbon monoxide transfer coefficient; FVC: forced vital capacity; 6MWT: 6-min walk test; 6MWD:
6-min walk distance; SaO2

: arterial haemoglobin oxygen saturation; HRR: heart rate recovery; PaO2
: arterial partial pressure of oxygen; CPET:

cardiopulmonary exercise testing; BNP: brain natriuretic peptide; NT-proBNP: N-terminal pro-BNP; RH: right heart. #: in idiopathic pulmonary
fibrosis; ¶: especially in severe PH.
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increased mortality [114–119]. In IPF, segmental PA to segmental bronchus diameter also correlates well
to PH measured on RHC [120]. In ILD, main PA diameter ⩾29 mm has a strong correlation with
haemodynamic diagnosis of PH and is not influenced by severity of underlying ILD [118, 121]. In ILD,
an increased RV:LV ratio has high correlation with survival in patients with ILD-PH [80]. In addition,
CT-measured RV and LV volumes have been shown to have an inverse correlation with TTE-based
estimates of sPAP [122]. Measurements of small vessels surface area and bronchial wall thickness are
emerging CT markers and might be incorporated in predicting and phenotyping PH in COPD in the future
[123, 124]. Automated artificial intelligence derived RV/LV ratios has been shown to have a higher
sensitivity for PH in comparison to a manually measured PA/A ratio and correlates with survival [125].
CTPA can also be valuable to detect signs of acute pulmonary embolism or chronic thromboembolic
pulmonary disease, given the higher risk of venothromboembolism in both ILD and COPD [126–129].
More work needs to be done to determine which CT characteristics might be useful in combination.

In COPD, CMR appears to have a promising role in the early noninvasive assessment of PH. Recent
studies demonstrated that parameters of PA stiffness such as pulse wave velocity have high sensitivity and
specificity for identifying PH [130]. In addition, RV mass index and various PA measurements correlate
with prognosis [131]. In a cohort with varied CLDs, several computational models using CMR were
shown to detect severe PH and correlated with survival [124].

Scoring systems
A number of scoring systems to aid in risk stratification for ILD-PH and COPD-PH have been published
recently, with several validated in external cohorts (table 1). The ongoing Pulmonary Hypertension
Screening in Patients with Interstitial Lung Disease for Earlier Detection (PHINDER) study of patients
with ILD is prospectively collecting data with the goal of deriving a scoring system to help identify those
with a high likelihood of concomitant PH [137]. Finally, a modified Delphi consensus statement
recommended a stepwise approach using a combination of symptoms, signs of RV dysfunction, low DLCO,
findings on chest CT, elevation in NT-proBNP/BNP and TTE RV abnormalities to guide the timing of
RHC in patients with CLD-PH [94].

Right heart catheterisation
RHC is essential for the diagnosis and phenotyping of PH in CLD. RHC should be considered in instances
where the findings will provide prognostic information and result in the change of management such as

1) pre-operative clearance/assistance with perioperative management;
2) phenotyping of disease and consideration of therapeutic PH interventions;
3) clinical trial enrolment;
4) evaluation for lung transplantation;
5) assessment for lung volume reduction therapy in COPD.

Haemodynamic assessment should be conducted when patients are euvolemic, clinically stable, and the
treatment of the underlying lung disease and comorbid conditions have been optimised (including oxygen
therapy where indicated). Consideration should be given to where in the respiratory cycle haemodynamic
measurements should be made, due to large respirophasic changes, especially in COPD and obese patients.
We concur with current recommendations to average all the pressure measurements over several respiratory
cycles (instead of using end expiration measurements), obtain pulmonary artery wedge pressure (PAWP)
saturation, and consider directly measuring left ventricular end-diastolic pressure (LVEDP) if the PAWP
waveform and saturation cannot be obtained, or the values are implausible [1]. In addition, cardiac output
should be measured by direct Fick or thermodilution output methods if direct Fick is not available. In
patients with risk factors for and TTE features of HFpEF, post-capillary PH should be strongly considered
and provocative manoeuvres such as fluid challenge or exercise at the RHC should be performed in
patients with PAWP or LVEDP ⩽15 mmHg [138].

Treatment
Holistic approach to management
The treatment of PH associated with CLD is based on a holistic approach that addresses management of
the underlying disease, adjunctive general measures and potentially drugs approved for PAH [1, 139].
Optimal treatment of the underlying parenchymal lung disease is the cornerstone of the holistic approach
in the management of CLD-PH [1, 59, 140–143]. To what extent treating the underlying respiratory
disease has an impact on the trajectory of associated PH is an area for future studies. Adjunctive general
measures aim at managing comorbidities such as sleep disordered breathing, comorbid cardiac disease,
nutritional status and other factors that may contribute to the pathogenesis and severity of PH, such as
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TABLE 1 Scoring systems for detection of pulmonary hypertension (PH) in interstitial lung disease (ILD) and COPD

First author, year
[reference]

Subjects n Scoring variables Outcomes

ILD
NATHAN, 2024# [132] Derivation cohort:

481 IPF
Validation cohort:

204 IPF

FORD scoring system and FORD index:
FVC%/DLCO% ratio

Oxygenation nadir during 6MWT
Race
6MWD

PH (2022 ESC/ERS)
AUC 0.75

Score ⩾33 sensitivity 70%
specificity 73%

Score ⩾53 specificity 98%
JOSEPH, 2023 [133] 66 ILD Gas exchange-derived PVC

ΔETCO2 (CO measure)
TTE sPAP

Elevated FVC/DLCO

PH (2022 ESC/ERS)
AUC 0.94

sensitivity 0.86 specificity 0.93

PARIKH, 2022# [134]
PARIKH, 2023 [135]

Derivation cohort:
154 ILD

Validation cohort:
161 ILD

History
Exam
6MWD
DLCO

CTA PA/A ratio
BNP/NT-proBNP

PH (6th WSPH)
Score ⩾6 (0–12)

AUC 0.920
sensitivity 86.5% specificity 86.3%

REFINI, 2021 [120] 37 IPF TTE sPAP
PA area

Diameter of the segmental artery to that of the
adjacent bronchus in the apicoposterior
segment of the left upper lobe ratio

mPAP
sensitivity 100% specificity 53%

SOBIECKA, 2020 [136] 93 ILD Age
6MWD

TLC/DLCO ratio

Echocardiography sPAP
AUC ROC 0.867

TELLO, 2019# [53] 172 CLD
94 ILD

78 COPD

TAPSE/sPAP ratio Severe PH (6th WSPH)
TAPSE/sPAP ratio
0.26 mm·mmHg−1

sensitivity 80.6% specificity 71.2%
SONTI, 2019 [42] 105 IPF sPAP

FVC/DLCO
PA/A ratio

PH (6th WSPH)
NPV 87.2%

BAX, 2018# [80] Derivation cohort:
210 ILD

Validation cohort:
61 ILD

Stepwise echocardiographic algorithm Severe PH (6th WSPH)
Score ⩾7

sensitivity 89% specificity 71%
PPV 68% NPV 90%

AUC 84.8%
FURUKAWA, 2018 [99] 273 IPF DLCO

PA/A ratio on CT ⩾0.9
PaO2

<80 Torr

mPAP
AUC ROC 0.757 (95% CI 0.682–

0.833)
COPD
KOVACS, 2022 [25] 142 TTE

NT-proBNP
PA/A diameter ratio

Haemodynamically defined
pre-capillary severe PH

(6th WSPH)
PPV 94%
NPV 94%

COSTE, 2019 [123] 24 CT-measured bronchial wall thickness
% of cross-sectional area of PV <5 mm2

PaO2

Sensitivity of 87.5% for severe PH
(6th WSPH)

IPF: idiopathic pulmonary fibrosis; FORD: forced vital capacity (FVC)/diffusing capacity for of the lung for carbon monoxide (DLCO) ratio (F), oxygen
saturation nadir during 6-min walk test (6MWT) (O), race (R) and distance ambulated during 6MWT (D); 6MWD: 6-min walk distance; ESC: European
Society of Cardiology; ERS: European Respiratory Society; AUC: area under the curve; PVC: pulmonary vascular compliance; ΔETCO2: change in
end-tidal carbon dioxide; CO: cardiac output; TTE: transthoracic echocardiography; sPAP: pulmonary artery systolic pressure; CTA: computed
tomography angiogram; PA: pulmonary artery; A: aorta; BNP: brain natriuretic peptide; NT-proBNP: N-terminal pro-BNP; WSPH: World Symposium
on Pulmonary Hypertension; mPAP: mean pulmonary arterial pressure; TLC: total lung capacity; ROC: receiver operating characteristic; CLD: chronic
lung disease; TAPSE: tricuspid annular plane systolic excursion; NPV: negative predictive value; PPV: positive predictive value; CT: computed
tomography; PaO2

: arterial partial pressure of oxygen; PV: pulmonary volume. #: includes a validation cohort.
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hypoxaemia, smoking and acute/chronic thromboembolism. Smoking cessation and avoidance of
environmental irritants should be advised if applicable. Exposure to air pollution is a risk factor for acute
exacerbations in IPF and COPD, and there is also an association between PH and acute exacerbations in
ILD [144]. Furthermore, a population study suggests an association between air pollution and the incidence
and mortality of PH [145]. Although this is not based on clinical trial data, it would seem prudent to
suggest limiting any inhalational exposures to a minimum in patients. Patients should be vaccinated against
influenza, coronavirus disease 2019, Pneumococcus and respiratory syncytial virus if applicable, as most
exacerbations of both COPD and ILD are thought to be triggered by respiratory tract infections.

Patients with CLDs are frequently deconditioned, and consistent exercise is recommended to maintain
regular adapted activity. Pulmonary rehabilitation has not been evaluated in CLD-PH and the
recommendation for pulmonary rehabilitation participation is inferred from the data on PAH, COPD and
ILD [146, 147]. In COPD, pulmonary rehabilitation improves exercise capacity and quality of life, and
reduces symptoms and hospitalisations [148]. In ILD, pulmonary rehabilitation has a positive effect on
functional status and quality of life, including in the subgroups with PH [149, 150]. In patients with PH,
pulmonary rehabilitation results in clinically relevant improvements in exercise capacity [151, 152].

PH is associated with exertional hypoxia in most CLDs. Based on the possible contribution of hypoxaemia
to the pathogenesis of CLD-PH, we suggest treating hypoxaemia at rest and exertional and nocturnal
hypoxaemia. In COPD, a recent meta-analysis suggested that long-term oxygen therapy resulted in mild
reductions in mPAP, slowed the progression of PH and reduced mortality [153]. In addition, in patients
with COPD, oxygen use for ⩾15 h·day−1 may prevent a progressive increase in mPAP [154, 155]. In
patients with alveolar hypoventilation, noninvasive ventilation has been shown to improve pulmonary
haemodynamics, RV function and exercise capacity [156, 157].

Management of comorbidities is an integral part of the care of patients with CLD-PH. Heart failure with
preserved ejection fraction can be an associated cause of dyspnoea and requires optimisation of both risk
factors and fluid status [158]. Treatment of sleep disordered breathing may lead to improvement in hypoxic
vasoconstriction, pulmonary endothelial dysfunction and, potentially, haemodynamics [159, 160].

Symptoms such as dyspnoea should be managed optimally according to the most recent international
guidelines for each chronic respiratory disease [59, 140, 142, 143]. Palliative care should be considered
early to help manage symptoms and provide emotional assistance through the course of the patient’s
illness [161]. Discussion about advanced directives should be conducted with patients in accordance with
their individual treatment plans. Finally, PH in CLDs is an indicator for referral for evaluation lung
transplantation for potentially eligible patients [162].

Treatment of patients with PH and mild COPD or mild ILD
Based on worldwide registry data, patients with mild COPD and ILD and/or a history of smoking with
severely decreased DLCO and associated PH who historically have been classified as PAH are frequently
treated with PH monotherapy in the real-world setting and have probably been included in clinical trials.
None of the clinical trials of PH medications have included DLCO or imaging in their inclusion criteria.
Analyses of various registries strongly suggest that the response to therapy is reduced in this group in
comparison to those with a classic IPAH phenotype [4, 79, 83].

A single-centre study showed that patients with emphysema and preserved spirometry (mean±SD FEV1

99±19%, FEV1/FVC ratio 65±10%) with severe PH had a worse response to therapy (primarily with
phosphodiesterase-5 inhibitors (PDE-5i)) as assessed by 6MWD, NT-proBNP and functional class change
compared to patients with moderate spirometric impairment, although the former group remained
stable [45]. An analysis of patients in the ASPIRE database who fulfilled the criteria of IPAH (PVR of
∼11 WU) with evidence of mild emphysematous (66% of cohort) or mild fibrotic (20% of cohort) changes
on CT scans and preserved spirometric indices (COPD mean FEV1/FVC 66±8%, FEV1 88±16%; fibrotic
ILD mean FVC 97±19%) was performed [79]. The analysis showed that this group had both poorer
survival and decreased response to PH therapies compared to “classic” IPAH patients as measured by the
incremental shuttle test and emPHasis-10 quality-of-life score [79]. Conversely, patients with no
radiographic disease, but a DLCO <45%, had worse survival in comparison to patients with DLCO >45%,
although they did demonstrate improved exercise capacity with treatment [79]. One study suggested that
patients with isolated low DLCO may have an undiagnosed PVOD as an aetiology of PAH [163].

Pending more data, these patients should be referred to a PH centre for further phenotyping and
management. While PH therapies may be of benefit to a subset of patients, harm was demonstrated in
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patients with mild IPF (FVC 68.7±13.1%) (with 15% of patients diagnosed with PH) in the ARTEMIS
trial of ambrisentan, which showed an increased risk for disease progression and respiratory
hospitalisations, and in the RISE-IIP trial of riociguat in IIP-PH, which was stopped early for a signal of
increased mortality in treated patients [164]. If treated, an initial monotherapy is recommended with close
monitoring for both response to therapy and adverse effects. Finally, eligible patients should be referred for
lung transplant evaluation due to their poor prognosis.

COPD-PH
Recent registry data show that PH medications are frequently used in patients with COPD-PH characterised
by moderate and severe obstruction. Characteristics of the populations included in the registries are
heterogeneous and include patients with various degrees of haemodynamic impairment, as well as pooled
cohorts with other CLDs [25, 27, 33, 44, 97, 165, 166]. Studies evaluating the use of PH therapies
(PDE-5i in the majority of cases) have generally included small numbers of patients with severely impaired
haemodynamics and have yielded conflicting results [1, 3] (table 2). Several studies showed that treated
and untreated patients had similar survival, despite the former group having worse clinical and
haemodynamic profiles, thus suggesting that PH therapy may have a stabilising effect [27, 34]. A
meta-analysis that included 23 randomised controlled trials (RCTs) (1159 patients) and 23 non-RCTs
(1187 patients) published through 2020 showed that PDE-5i, but not endothelin receptor antagonists,
resulted in significantly improved sPAP (pooled treatment effect −5.9 mmHg, 95% CI −10.3–−1.6
mmHg), but with inconsistent clinical benefits [153].

Data from several registries identified a subset of patients with COPD and severe PH treated primarily with
PDE-5i that had beneficial response from therapy as demonstrated by increase in 6MWD by ⩾30 m, or
functional class improvement or PVR decrease >20% from the baseline [27, 165]. In addition, a
meta-analysis focusing on 308 patients from 13 studies with severe PH as defined by PVR >5 WU or
mPAP ⩾35 mmHg treated with a range of PH medications also showed a significant reduction in mPAP
(−3.68 mmHg, 95% CI −2.03–−5.32 mmHg) and PVR (−1.40 WU, 95% CI −1.97–−0.82 WU) [176].
Although there were fewer treated patients who had persistent New York Heart Association functional class
III/IV symptoms, there were no significant differences in post-treatment 6MWD or BNP/NT-proBNP [176].
No increased hypoxaemia was noted with treatment [176].

The largest RCT to date (PERFECT) of patients with pre-capillary PH with mPAP ⩾30 mmHg and
PVR ⩾4 WU, in which a total of 66 COPD patients were exposed to inhaled treprostinil, was stopped early
at the behest of the data safety monitoring committee for increasing the risk of serious adverse effects, as
well as suggestive evidence of an increased risk of mortality [169]. All the patients had radiographic
evidence of emphysema, but CT scans were not centrally adjudicated. Patients with a diagnosis of CPFE
were excluded from the study. Only a minority of patients were able to achieve a goal dose of 12 puffs
four times daily, and treated patients had a numeric decline in 6MWD. The most common serious adverse
effects in the treatment group were COPD exacerbation and acute respiratory failure. In the post hoc
analysis, patients with DLCO <25% in particular had a reduced likelihood of benefit and appeared to be at
an increased risk of mortality [169]. Therefore, inhaled treprostinil is not recommended for future studies
or as an off-label treatment for COPD-PH.

Taken together, these data suggest that patients with haemodynamically severe PH should be targeted in
future therapeutic studies, with several trials currently in progress (table 3).

ILD-PH
Overview of previously published trials
Until recently, most large clinical trials targeting ILD with PH drugs have focused on ILD without
documented PH, with disappointing and sometimes harmful results (tables 2 and 3) [3, 139]. In
haemodynamically diagnosed ILD-PH, a meta-analysis published in 2017 investigated the effect of PH
therapy on 6MWT in two RCTs and four single-arm studies [184]. The meta-analysis of the single-arm
studies which included treatment mostly with PDE-5i and subcutaneous treprostinil showed a significant
improvement in 6MWD (46.2 m, 95% CI 27.9–64.4 m). However, the collated RCTs did not demonstrate
a statistically significant improvement in the 6MWD (21.6 m, 95% CI −17.8–61.0 m). Notably, treatment
with PH drugs did not worsen hypoxaemia. One of the largest trials in haemodynamically diagnosed
IIP-PH of riociguat (RISE-IIP) was stopped early for a signal of increased mortality in treated patients
[62]. In addition, in the ARTEMIS trial of ambrisentan, the drug was not effective in treating IPF and was
associated with an increased risk of disease progression and respiratory hospitalisations in treated patients
[85]. Based on these data, and in keeping with prior guidelines, the use of riociguat in patients with
IIP-PH and ambrisentan in patients with IPF is contraindicated [61, 96].
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Clinical trial data for sildenafil are somewhat mixed and have been summarised elsewhere [3, 61, 139]. A
Bayesian retrospective analysis of a cohort of ILD-PH patients showed that patients treated with PDE-5i
had a longer survival and the survival difference was larger in patients with normal RV function [175].
Based on these data, PDE-5i may be considered in patients with PH associated with ILD on an individual
basis, especially in those with severe haemodynamic impairment [96].

Prostanoids have also been evaluated in ILD-PH patients and are summarised elsewhere [3, 139]. The
INCREASE trial, a 16-week RCT of inhaled treprostinil delivered by an ultrasound pulse nebuliser,
examined the effect of the drug on patients with various forms of ILD-PH (including IPF, non-IPF IIPs,
CPFE, CTD-ILD) with mPAP ⩾25 mmHg and PVR >3 WU. The study met its primary end-point of

TABLE 2 Clinical trials targeting COPD, interstitial lung disease (ILD) and ILD-pulmonary hypertension (PH) with PH medications#

First author, year
[reference]

Lung
disease

Study design Subjects
n

Therapy Results Comments

COPD trials
VITULO, 2017 [167] COPD-PH RCT 28 Sildenafil

(n=18)
Decrease in PVR,

improvement in BODE,
DLCO and quality of life

No adverse effect on
oxygenation

MARON, 2022 [168] COPD-PH RCT 42 Tadalafil
(n=28)

No change in PVR or
mPAP at 6 months
Improvement in

shortness-of-breath
questionnaire

No adverse effect on
oxygenation

NATHAN, 2024 [169] COPD-PH RCT 136 Inhaled
treprostinil
(n=66)

Decrease in 6MWD at 12
weeks

Study terminated due to
increased SAE in the treated

group
ILD/IIP/IPF trials
KOLB, 2018 [170] IPF RCT 274 Nintedanib

+sildenafil
(n=137)

Primary end-point of
change in SGRQ was not

met
BEHR, 2021 [171] IPF RCT 177 Pirfenidone

+sildenafil
(n=88)

No difference in disease
progression (composite

end-point)

Composite end-point of decline
in 6MWD and hospitalisation or

all-cause mortality
NATHAN, 2020 [ 172] Fibrotic

ILD
RCT 45 iNO (n=23) Improvement in

moderate to vigorous
and overall activity

Patients on supplemental
oxygen

Bellerophon Pulse
Technologies [173]

Fibrotic
ILD

RCT 145 iNO (n=73) Did not improve
moderate to vigorous

activity

Patients on supplemental
oxygen

PH associated with ILD/
IIP/IPF trials
FARIA-URBINA, 2018 [174] ILD-PH Retrospective 22 Treprostinil

(inhaled)
(n=22)

Improvement in FC and
6MWD

No change in resting
oxygen requirements

NATHAN, 2019 [62] IIP-PH RCT 147 Riociguat
(n=73)

Terminated early for
unfavourable risk/benefit

profile

Post hoc analysis of CT scans
suggested that advanced CPFE
phenotype with emphysema >>
fibrosis may have contributed to

the negative signal [87]
WAXMAN, 2021 [61] ILD-PH RCT 326 Treprostinil

(inhaled)
(n=163)

Improved 6MWD,
NT-proBNP, clinical
worsening and FVC

DAWES, 2023 [175] ILD-PH Retrospective 60 PDE-5i (n=50)
ERAs (n=10)

Patients treated with
sildenafil showed longer

survival

No effect on V′/Q′ matching

IIP: idiopathic interstitial pneumonia; IPF: idiopathic pulmonary fibrosis; RCT: randomised controlled trial; PVR: pulmonary vascular resistance;
BODE: body mass index, airflow obstruction, dyspnoea and exercise capacity; DLCO: diffusion capacity of the lung for carbon monoxide; mPAP: mean
pulmonary artery pressure; 6MWD: 6-min walk distance; SAE: serious adverse effects; SGRQ: St George’s Respiratory Questionnaire; iNO: inhaled
nitric oxide; FC: functional class; CT: computed tomography; CPFE: combined pulmonary fibrosis emphysema; NT-proBNP: N-terminal pro-brain
natriuretic peptide; FVC: forced vital capacity; PDE-5i: phosphodiesterase-5 inhibitor; ERA: endothelin receptor antagonist; V′/Q′: ventilation/
perfusion ratio. #: published after the 6th World Symposium on Pulmonary Hypertension.
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change in 6MWD and secondary end-points including change in NT-proBNP and time to clinical
worsening [61]. Inhaled treprostinil was found to be well tolerated with expected side-effects of throat
irritation, cough, headache and diarrhoea. The therapeutics benefits of the drug appear to be dose-related,
as patients who reached a dose of nine or more breaths per session four times per day had both a lower
rate of clinical worsening and a higher rate of clinical improvement in a post hoc analysis [185]. Inhaled
treprostinil was approved for treatment of ILD-PH in the United States of America in 2021.

A post hoc analysis of the INCREASE trial showed that treated patients across all the ILD aetiologies were
less likely to experience multiple disease progression events compared to placebo [186]. A post hoc win
ratio analysis of the original trial data showed that the treated group had a better ratio for mortality,
cardiopulmonary hospitalisations, 6MWD decline and clinical improvement [187]. The INCREASE
long-term open-label extension data which included a majority of the original cohort (74%) demonstrated
minimal decline of exercise capacity over time [188]. Another analysis of the open-label extension dataset
suggested that patients without a treatment delay had improved exercise capacity as measured by 6MWD
after 1 year of treatment compared with those with a 16-week treatment delay (22.1 m versus −10.3 m)
[189]. In addition, in the open-label extension dataset analysis without a treatment delay had a longer time
to hospitalisation, exacerbation of lung disease and death in comparison to the original placebo group
[189]. Finally, two statistical prediction analyses that account for switching in open-label extension dataset
analysis suggested that treatment might be associated with a significant reduction in death [190].

In a pre-specified analysis of the study, patients with milder PH defined by PVR <4 WU, who constituted
20% of the cohort, did not have improvement in 6MWD [61]. Another post hoc analysis examined whether
inhaled treprostinil had any clinical benefit in this group of patients [189]. Although not powered for
statistical significance, the study showed numerically positive effect of treatment on acute lung disease
exacerbation, clinical disease progression (defined as hospitalisation due to a cardiopulmonary indication,
>15% 6MWD decline from baseline, lung transplantation or death) and disease progression (defined as time
to acute exacerbation or clinical disease progression) [189]. Several new formulations of inhaled treprostinil
are currently being studied for ILD-PH. These trials, along with several other studies, are summarised in
table 3. A proposed framework on how to approach treatment of ILD-PH is presented in figure 3.

CPFE-PH
In CPFE-PH, the extent of emphysema may affect how patients respond to treatment with PH therapy. A
single study examining the effect of treatment with PH drugs (PDE-5i in ∼70% of patients) showed

TABLE 3 Investigational therapies for COPD-pulmonary hypertension (PH) and interstitial lung disease (ILD)-PH

Compound, clinicaltrials.gov
identifier [reference]

Pathway/mechanism Trial End-points Company/institution

COPD-PH
MK-5475-03,
NCT05612035 [177]

Daily inhaled sGC Phase 2a
INSIGNIA-PH-COPD

Efficacy (6MWD) and safety Merck

Tadalafil,
NCT05844462 [178]

Daily PDE-5i Phase 3
ERASE PH-COPD

Efficacy (6MWD) and safety in
severe PH

Assistance Publique
Hôpitaux de Paris

ILD-PH
Treprostinil palmitil,
NCT05176951 [179]

Daily DPI formulation of inhaled
treprostinil (prostanoid) prodrug

Phase 2
extension

Safety and tolerability Insmed

Treprostinil,
NCT06129240 [180]

Four times daily DPI formulation
of inhaled prostanoid

Phase 3 ASCENT
extension

Safety and tolerability Liquidia

Inhaled treprostinil,
NCT04691154 [181]

Twice daily aerosolised liposomal
prostanoid

Phase 2 open label Safety and tolerability Liquidia/Pharmosa

Hymecromone,
NCT05128929 [182]

Twice daily oral coumarin
derivative (inhibitor of
hyaluronan synthesis)

Phase 2
SATURN study

Safety and tolerability Stanford University

Bardoxolone methyl,
NCT03068130 [183]

Antioxidant (acts via Nrf2
pathway)

Phase 2
LARIAT and RANGER

studies

6 IPF-PH, 4 IIP-PH
17 CTD ILD-PH patients

6MWD change of +38 m in the
IPF-PH cohort

Reata/Biogen

sGC: soluble guanylate cyclase; 6MWD: 6-min walk distance; PDE-5i: phosphodiesterase-5 inhibitor; DPI: dry powder inhaler; IPF: idiopathic
pulmonary fibrosis; IIP: idiopathic interstitial pneumonia; CTD: connective tissue disease.
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significant decrease in NT-proBNP and absence of deterioration in other parameters documented by
stability in functional class distribution and numerical improvement in 6MWD [45]. However, a post hoc
analysis of the RISE IIP trial of riociguat in ILD-PH which was stopped early for increased mortality in
the treated group suggested that patients whose CT scans had more emphysema than fibrosis may have
contributed to the negative outcomes of the trial [87]. Therefore, based on the data from RISE-IIP and
PERFECT trials, future studies for CPFE-PH should target patients with predominantly fibrotic and not
emphysematous phenotype. In addition, future registries should collect high-quality HRCT scan data to
better understand if there is a difference in response to treatment based on a particular phenotype of CPFE.

PH in other parenchymal lung diseases
PH in the setting of other parenchymal lung diseases with mixed restrictive/obstructive physiology, such as
lymphangioleiomyomatosis (LAM) and bronchiectasis, may have features unique to that parenchymal
disease or group of diseases.

PH associated with LAM (group 3.4)
Both the previous WSPH and the latest ESC/ERS guidelines re-classified LAM-PH from group 5 PH to
group 3 PH, as it is thought to be mainly linked to parenchymal destruction [1, 2].

PH associated with fibrotic ILDs

Treatment of underlying ILD and hypoxaemia

Referral of potentially eligible patients for lung transplantation

Pulmonary rehabilitation, supportive care, symptom management

Clinical trial enrolment

Individualised management

Serial re-assessment for progression

Favours no PH therapy

Relevant comorbidities

PVR 2–3 WU and mPAP 20–25 mmHg

Normal BNP/NT-proBNP

Severe restrictive ventilatory defect

FEV1/FVC <0.7

Extensive fibrotic ILD on CT

Emphysema extent >15%

PVR ≥4 WU and mPAP ≥25 mmHg

Elevated BNP/NT-proBNP

Non-severe fibrotic ILD on CT

Drug approval and reimbursement#

Worsening symptoms due to PH

Underlying CTD
Clinical domain

Haemodynamics

Biological domain

Functional 

domain

Morphological

domain

Other considerations

Mild-to-moderate restrictive ventilatory defect

Vascular limitation to exercise

Favours PH therapyDomains

Vasculopathy

Fibrosis

Significant drug interactions

FIGURE 3 Framework for management of patients with interstitial lung disease (ILD) pulmonary hypertension (PH). This figure represents a
framework for management of PH in patients with ILD. The columns “Favours PH therapy” and “Does not favour PH therapy” are not prescriptive
and are meant to guide providers in selecting appropriate patients for treatment. Each patient needs to be evaluated in the context of their
disease and their treatment needs to be individualised. Please refer to the text for further details. PVR: pulmonary vascular resistance; WU: Wood
units; mPAP: mean pulmonary arterial pressure; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; BNP: brain natriuretic peptide;
NT-proBNP: N-terminal pro-BNP; CT: computed tomography; CTD: connective tissue disease. #: inhaled treprostinil where approved; off-label use of
other PH drugs such as phosphodiesterase-5 inhibitors in an individualised manner (ambrisentan is contraindicated in idiopathic pulmonary
fibrosis and riociguat is contraindicated in idiopathic interstitial pneumonia PH).
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LAM-PH is infrequent, with cohort studies showing a low prevalence (∼7–8%) with mild haemodynamic
impairment [191, 192]. A small retrospective cohort of patients with LAM-PH showed that while most
patients had mild PH, the lung transplantation-free survival was 87% at 1 and 56% at 3 years, suggesting
that mortality is mainly driven by parenchymal involvement [191]. However, the presence of PH does
appear to affect symptoms and exercise capacity, as measured by 6MWD [193].

It has been speculated that activation of the mammalian target of rapamycin (mTOR) pathway is involved
in the development of LAM-PH [193, 194]. Sirolimus, an mTORC1 inhibitor, is a recommended treatment
for LAM with parenchymal involvement with salutary effects on the rate of decline in FEV1 as well as
improved quality of life [195]. A single-centre study in 162 LAM patients supports the long-term efficacy
of sirolimus, with stabilisation of lung function among patients treated for >1 year [196]. It is conceivable
that sirolimus, by stabilising and improving parenchymal disease, could positively impact the development
and/or severity of PH, as suggested by a study with TTE data which showed an improvement in sPAP in
10 treated patients [193]. Off-label use of PH medications has been shown to improve haemodynamics, but
has only been reported in case series [191].

PH associated with bronchiectasis (group 3.4)
PH may also complicate the course of advanced bronchiectasis and cystic fibrosis. The prevalence of PH in
bronchiectasis has not been characterised extensively, with particularly few studies reporting haemodynamic
confirmation of PH; these data derive mostly from pre-transplant literature [197, 198]. PH is usually mild to
moderate in severity and primarily diagnosed in patients with advanced parenchymal involvement
[199, 200]. In cystic fibrosis, PH is associated with increased rate of acute exacerbations [201]. Furthermore,
the presence of severe PH is associated with increased risk of waitlist mortality in patients listed for lung
transplantation [197, 198]. In non-cystic fibrosis bronchiectasis, PH is also associated with increased
mortality with a 5-year survival of ∼65% [202, 203]. Data on treatment of PH associated with bronchiectasis
are very limited and come from either very small case series or single case reports [202]. In appropriate
candidates, patients with bronchiectasis and PH should be referred for lung transplantation workup [162].

PH in other parenchymal lung diseases with multiple pathogenic mechanisms
PH associated with pulmonary sarcoidosis (group 5.2)
The prevalence of sarcoidosis-associated PH (SAPH) is reported to be 3–5% in the general sarcoidosis
population, but significantly higher (up to 98%) in patients with dyspnoea or referred for lung
transplantation [204–207]. Although SAPH can occur without parenchymal involvement, the destruction of
the vascular bed by parenchymal fibrosis appears to be the leading cause, as most patients have Scadding
stage 4 sarcoidosis [206–209]. However, the pathogenesis of SAPH is multifactorial and may include
fibrosis-associated remodelling and obliteration of pulmonary vessels, extrinsic compression of central
pulmonary vessels by lymphadenopathy or mediastinal fibrosis, PVOD-like lesions, granulomatous
involvement of pulmonary vessels, left heart dysfunction and portopulmonary hypertension. Therefore,
SAPH remains classified in group 5 PH [2]. The diagnostic workup of SAPH should focus on determining
the leading pathogenic mechanism of PH, as it may have a direct impact on the treatment approach [204].

SAPH is associated with significant symptomatology and morbidity, clinically evidenced by worsening
World Health Organization functional class, decreased 6MWD, increased desaturation and oxygen use
[204, 210]. The presence of PH is an independent predictor of mortality with a 5-year transplant-free
survival of 66.3% and is an indication for lung transplant workup referral [208, 211]. Analyses of a large
SAPH cohort (RESAPH registry) showed that a PVR ⩾5 WU, mPAP ⩾40 mmHg and 6MWD <300 m
were associated with a decreased transplant-free survival, while a low FEV1/FVC ratio was associated with
improved survival, suggesting that patients with obstruction may represent a subset with predominantly
airway involvement and possibly less likelihood for contiguous vascular disease [208, 212].

A small (n=16) double-blind placebo-controlled trial of riociguat in patients with parenchymal SAPH
showed improvement in 6MWD and decrease in time to clinical worsening [213]. A small trial of inhaled
treprostinil is currently enrolling patients [214]. Due to lack of robust RCT data, patients with SAPH
should be referred to PH centres for phenotyping and individualised approach to therapy.

PH associated with pulmonary Langerhans cell histiocytosis (group 5.2)
Langerhans cell histiocytosis is a disease characterised by clonal expansion of myeloid precursors that
infiltrate into organs and differentiate into dendritic Langerhans cells [215]. PH is a frequent complication
of pulmonary Langerhans cell histiocytosis (PLCH), with a prevalence of up 41% and cumulative
incidence of 4.5% at 5 years in incident patients [216, 217]. There is discrepancy between the
haemodynamic severity and the degree of parenchymal lung involvement. Thus, PLCH remains classified
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in group 5 PH due to a multifactorial pathogenesis including diffuse proliferative vasculopathy of the
small-to-medium-sized pulmonary vessels, especially pulmonary arterioles and venules with direct
infiltration with Langerhans cells and PA remodelling seen in the vasculature away from the active PLCH
lesions [218, 219]. Exercise intolerance is multifactorial, with both ventilatory and cardiocirculatory
limitations [220]. With limited data available, PLCH-PH is associated with significant functional
limitation, as assessed by CPET and 6MWT, and appears to impact mortality [220, 221].

Data on the use of PAH therapies in the treatment of PLCH-PH remain limited and are based on
retrospective cohorts of monotherapy, with the suggestion of clinical and haemodynamic improvement
[222–224]. However, management of these patients should be undertaken in PH centres, as some studies
reported severe acute pulmonary oedema with intravenous epoprostenol, possibly due to venous
involvement by the Langerhans cells [223]. In patients with advanced disease, with or without PH, lung
transplantation remains the only possible option.

PH associated with neurofibromatosis 1 (group 5.2)
PH associated with neurofibromatosis type 1 (NF-1) is often associated with lung disease, characterised by
cysts and ground-glass opacities in 75% of cases [225]. Haemodynamic impairment is usually severe, even
in the setting of mild parenchymal disease. Histopathological data demonstrate significant pulmonary
vascular remodelling with both arterial and venous thickening and features consistent with nonspecific
interstitial pneumonia [225]. PH in NF-1 is associated with severe functional limitation and prognosis is
poor, with transplant-free survival at 5 years of 42% [225].

Post-tuberculosis PH
Many patients with tuberculosis (TB) develop long-term pulmonary complications, including PH [226, 227].
However, the frequency of post-TB PH is not well known, as TB is more common in low- and middle-income
countries, where RHC is not routinely available. In a recent meta-analysis of 14 studies reporting the
prevalence of PH in patients with post-TB lung disease, only four papers reported haemodynamically
diagnosed data, while the others reported TTE-based results [227]. The prevalence of PH ranged from 35% to
95% in patients with chronic respiratory failure, from 27% to 54% in symptomatic hospitalised patients, and
up to 9% in asymptomatic outpatients. Post-TB PH seems to affect a younger age group compared to other
parenchymal disease related-PH, with the most affected age-category being 40–60 years. Among the patients
with post-TB lung disease, males are almost three times more likely to develop PH [228].

The mechanisms of PH in post-TB lung disease are thought to be mainly due to the destruction of the
vascular bed, although the data remain limited, and more data are needed. One study demonstrated a
significant association between the number of previous episodes of TB and the development of PH, with
each episode found to increase the odds of developing PH 2.13-fold [229]. In addition, hypoxic
vasoconstriction that can induce pulmonary vascular remodelling, chronic inflammation due to tobacco,
biomass and environmental exposures, chronic thromboembolic pulmonary disease, concomitant small
airway disease or emphysema as well as cofactors such as HIV infection and viral hepatitis-induced liver
disease may be contributory [227]. TB is a known cause of mediastinal fibrosis, another potential
mechanism or contributor to the development of PH [230]. Finally, TB increases the risk of cardiovascular
disease, thus evoking post-capillary PH as a potential aetiology or contributor to post-TB PH [231].

As in other lung diseases, PH portends a poor prognosis. Patients with post-TB PH have longer hospital
stays and increased re-admission rates compared to those without PH [232]. Additionally, the presence of
PH may increase the risk of acute exacerbations of respiratory symptoms, thus further decreasing functional
capacity and worsening quality of life [233]. The only data on the efficacy and tolerability of specific PH
treatments for post-TB PH come from case reports. Therefore, further research is needed to understand the
pathophysiology and prevalence of post-TB PH, to phenotype this disease and to determine effective
treatment modalities.

Future directions and clinical trial design
Research on treatments for PH associated with CLDs has been mostly marked by “negative” clinical trials,
in which a particular treatment was not shown to be beneficial. Existing gaps in knowledge are
summarised in table 4. To increase the likelihood of success in the treatment development in group 3 PH,
we propose the following.

Patient phenotyping
It remains fundamental to properly identify and phenotype underlying lung diseases and vasculopathy for
the purpose of clinical trials, as the effect and tolerance of treatments can differ according to the
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underlying phenotype [234]. We recommend collecting and centrally adjudicating the CT scans in the
studies for ILD-PH and COPD-PH. Furthermore, development of objective digital imaging scoring systems
to quantify and assess distribution of the underlying parenchymal patterns is recommended.

Trial end-points and duration of the treatment trials
A robust clinical end-point should measure a physiologically relevant variable, improvement or
deterioration of the clinical condition, disease specific biomarker and/or “how a patient feels, functions,
and/or survives” with only the latter currently accepted by the United States Food and Drug Administration
for approval in the United States. Changes in haemodynamics, especially PVR, are best suited to phase 2
clinical trials. In addition to 6MWT, the most employed end-point in PAH trials and the INCREASE study
of ILD-PH [185], composite end-points with two or more distinct efficacy outcomes with recognised
clinically meaningful implications may offer advantages, including increased number of events with a
smaller sample size. However, composite end-points can also be dominated by frequently occurring and
less clinically meaningful events (6MWD decrease rather than hospitalisation). Therefore, the choice of
variables in a composite of end-points is open to some debate. The elements of these end-points should
consist of variables that measure how patients feel, function and/or survive. In addition, a composite of
events that show improvement in the patients’ clinical status may also be considered. Ultimately, new
therapies should result in improved activity levels. Changes in moderate activity assessed by accelerometry
and actigraphy have been proposed as a new clinically relevant end-point in cardiopulmonary diseases;
however, further refinement and validation is required [235].

Trial designs
Novel trial designs are needed to maximise the likelihood of success in finding new treatments for PH due
to parenchymal lung diseases. For example, reducing the number of patients in the placebo arm is a major

TABLE 4 Existing gaps in evidence on treatments for pulmonary hypertension (PH) associated with chronic lung disease (CLD)

Gaps in the evidence What is needed

Data on the incidence and prevalence of CLD-PH (and its subtypes)
using the updated definition of PH

Multinational prospective registries with accurate and consistent use of
diagnostic criteria and haemodynamic definitions

Phenotyping of PH in CLD High-quality imaging and blood biobanking for omics and
genetics studies

Accurate confirmation of the type and extent of parenchymal disease.
Why are some CLDs associated with more severe PH than others?

Systematic collection and adjudication of both HRCT description and
imaging data

More sophisticated imaging modalities as well as use of AI and
deep learning

HRCT parenchymal imaging should be incorporated in the inclusion
and exclusion criteria for group 1 PAH studies

Demographic, epidemiologic and clinical data on CLD-PH in patients
with PVR 2–3 WU and mPAP 20–25 mmHg

This patient group needs to be studied prospectively to better
understand disease progression and impact on outcomes, as well as

the role of PH therapy on outcomes
Uniform definition or understanding of CPFE-PH, which is a distinct

phenotype both in clinical behaviour and response to therapy
Pre-specified subgroup analyses of CPFE-PH patients in future

clinical trials
Validated multimodal risk assessment scores to predict outcomes in

the CLD-PH population
Prospective studies to identify such scoring systems

Validated predictive scoring systems to predict the presence of PH
on CLD

Prospective studies to derive scores with subsequent validation cohorts

Delineation of pathogenetic and pathophysiologic pathways leading to
PH in rare parenchymal lung diseases

Continued development of more precise animal models
Procurement of human tissue or cells (e.g. explanted lung, other novel

methods to acquire pulmonary vascular cells)
Identification of circulating biomarkers that may be relevant to

understanding the pathobiology of these diseases
Knowledge about the effect and safety of specific treatments for

pulmonary vasculopathy, and impact of specific treatments for
underlying respiratory diseases on the development and clinical
behaviour of PH. Prognostic and assessment criteria and end-points
to judge the efficacy of treatments for these diseases

Expansion of secondary and exploratory end-points in future clinical
trials to understand which end-points are most relevant to

CLD-PH patients
Implementation of novel, adaptive trial designs in future CLD-PH trials

Lack of CLD-PH-specific patient-reported outcomes Collection and validation of data to develop CLD-PH-specific
patient-reported outcomes

PVR: pulmonary vascular resistance; WU: Wood units; mPAP: mean pulmonary arterial pressure; HRCT: high-resolution computed tomography;
AI: artificial intelligence; PAH: pulmonary arterial hypertension; CPFE: combined pulmonary fibrosis emphysema.
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challenge, and can be achieved by “pooling” placebo-arm data, i.e. an approach in which several
treatments are compared with one placebo arm or in which the placebo arms from phases 2 and 3 clinical
trials are combined, perhaps as part of a seamless transition from phase 2 to 3. Prioritising components of
composite end-points by utilising hierarchical end-points, analysed with statistical methodologies such as
the win ratio, facilitates differentiation of the clinical impact of parameters included in a composite
criterion. For example, the win ratio was used in a post hoc analysis of the INCREASE trial and suggested
a beneficial impact of inhaled treprostinil on mortality, hospitalisation, a composite assessment of disease
exacerbation and clinical improvement [187]. However, the win ratio, like all composites, is typically
driven by effects of the intervention on measurements of greatest frequency that often have lesser clinical
importance, like changes in a biomarker [236]. Therefore, the elements of the composite end-point to be
analysed using the win ratio must be defined in a pre-specified manner, chosen because of their clinical
relevance, and ranked according to clinical significance [237]. Finally, adaptive trial designs such as
randomised discontinuation trials in which all patients are started on active treatment with subsequent
randomisation to either treatment versus converting to placebo once safety has been documented may
result in an overall decreased trial time [234]. Furthermore, adaptive multi-interventional trial platforms
where different interventions are conducted in parallel to one placebo arm and possibly embedded into
clinical practice and/or registry data collection may optimise resources, increase trial accessibility for the
patients and ultimately accelerate the discovery of new, effective therapies [238].
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