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Abstract

Purpose of Review This review delineates current diagnostic and management strategies for pulmonary hypertension due

to interstitial lung disease (PH-ILD).

Recent Findings The INCREASE trial, a phase III multicenter, randomized, placebo-controlled trial demonstrated both
improved 6-min walk distance and decreased disease progression with inhaled treprostinil. This pivotal trial led to inhaled
treprostinil becoming the first FDA approved medication for treatment of PH-ILD. The availability of this treatment has
generated subsequent recommendations for the screening for PH in patients with ILD. As a result, it is becoming increasingly
important for clinicians to gain awareness and familiarity with the evolving management options for PH-ILD.

Summary The management of PH-ILD has its roots in goal-directed treatment of the underlying lung disease. However,
recent medication advances and ongoing clinical studies are opening opportunities for more disease-specific treatment.

Keywords Pulmonary hypertension - Interstitial lung disease

Introduction

The World Health Organization (WHO) divides pulmonary
hypertension (PH) into five groups based on underlying eti-
ology and therapeutic options [1ee]. PH due to lung disease
or hypoxia is assigned to Group 3 (Table 1). Group 3 is the
second most common group of PH and the prevalence of
this category of PH is increasing. Compared to other causes
of PH, Group 3 PH is associated with the highest morbidity
and the lowest survivability [2, 3].

PH is a common complication of interstitial lung diseases
(ILD) including idiopathic pulmonary fibrosis, chronic
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hypersensitivity pneumonitis, and non-specific interstitial
pneumonia. In patients with ILD, the development of PH is
associated with increased mortality, more frequent ILD exac-
erbations, decreased quality of life, decreased exercise capac-
ity, and an increased need for supplemental oxygen [4-8].

Prior to the recent INCREASE trial, studies of pulmo-
nary vasodilators in pulmonary hypertension due to ILD
(PH-ILD) were largely negative. As evidence was lacking
regarding the benefits of pulmonary vasodilators in this
population, clinical practice guidelines related to the care
of patients with PH-ILD emphasized optimization of the
underlying lung disease [9]. However, recently emerging
evidence, including the results from the INCREASE trial,
suggest the potential for benefit from pulmonary vasodila-
tors in patients with PH-ILD. This changing paradigm and
the important prognostic impact of PH in patients with ILD
have led to an increased emphasis on screening for PH in
these patients [10e].

Relatedly, the 6th World Symposium on Pulmonary
Hypertension re-defined case criteria for pulmonary hyper-
tension, establishing a mean pulmonary artery pressure
(mPAP) greater than 20 mmHg, compared to the previous
cut-off of 25 mmHg, as the diagnostic threshold [11]. Sub-
sequently, the European Society of Cardiology and the Euro-
pean Respiratory Society have further refined the requisite
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Table 1 Causes of Group 3 PH

Obstructive lung disease or emphysema

Interstitial lung disease (ILD)

Combined pulmonary fibrosis and emphysema (CPFE)
Hypoventilation syndromes & sleep-disordered breathing
Hypoxia without lung disease (e.g., high altitude)
Developmental lung disorders

hemodynamic thresholds, establishing a lower pulmonary
vascular resistance (PVR) threshold (greater than 2 Wood
units) in their diagnostic definition of pre-capillary PH
[12]. Given these more inclusive criteria and the increas-
ing emphasis on screening, it is reasonable to expect an
increased rate of PH-ILD diagnoses [1ee, 13]. With this
assumption in mind, we describe currently established diag-
nostic and management strategies for PH-ILD. We focus on
exploring opportunities to move beyond the long-standing
advice to “treat the underlying lung disease” and conclude
with a discussion of the approach we utilize to diagnose and
manage these complex patients.

Establishing a Diagnosis of PH-ILD

Symptoms of PH often overlap with those of ILD, making
the detection of PH in these patients a clinical challenge.
No standard method for screening for PH has been estab-
lished, and a combination of laboratory data, non-invasive
functional and exercise testing, and cross-sectional imaging
is often utilized to estimate the probability of PH coexisting
with ILD [14]. A recently published multidisciplinary Del-
phi study examined commonly utilized PH-ILD screening
techniques and provided a clear framework for how clini-
cians may incorporate this data into the decision for recom-
mending invasive testing. Some recommended triggers for
screening for PH in these patients included symptoms out
of proportion with ILD severity, severely reduced DLCO,
changes in symptoms not explained by ILD progression, the
requirement for supplemental oxygen, and impaired heart
rate recovery or markedly reduced distance on 6-min walk
testing [10e].

A series of tests evaluated in combination in patients sus-
pected of having PH-ILD can provide the highest diagnostic
accuracy. For example, utilization of transthoracic echocar-
diography to evaluate right ventricular function combined
with thoracic contrast-enhanced CT examining pulmonary
artery diameter and RV outflow tract hypertrophy is likely
to improve the diagnostic accuracy of PH-ILD prior to inva-
sive testing [10e, 12]. Ultimately, right heart catheterization
(RHC) remains the only way to diagnose and risk-stratify
the severity of PH-ILD and should be considered in patients
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with ILD where symptoms are out of proportion to the
degree of ILD, suspicious for PH-ILD, and who might make
appropriate candidates for pulmonary vasodilator therapies
and in patients undergoing lung transplantation evaluation
[12]. It should be noted that TTE is an imperfect screening
tool for PH-ILD, so RHC should be pursued in patients with
a high clinical suspicion of the diagnosis based on other
clinical parameters.

The Basics: Treating the Underlying Disease

Management of PH-ILD and other causes of Group 3 PH
starts with optimizing the treatment of the underlying lung
disease [1ee]. Recommendations for conservative manage-
ment of PH-ILD including supplemental oxygen and smok-
ing cessation are largely extrapolated from data from other
chronic pulmonary conditions and other causes of pulmo-
nary hypertension.

Supplemental Oxygen and Sleep Disordered
Breathing

The recommendation for supplemental oxygen is extrapo-
lated from data from patients with COPD [1ee, 15]. In
this population, supplemental oxygen has been shown to
decrease pulmonary vascular resistance, improve exercise
tolerance, and improve survival [15—-17]. Continuous supple-
mental oxygen for at least 18 h per day is recommended for
patients with resting hypoxemia, PaO2 < 60 mmHg, or oxy-
gen saturation < 92%. Ambulatory oxygen is recommended
for patients with exertional symptoms and oxygen desatura-
tions that improve with supplemental oxygen. Additionally,
nocturnal oxygen therapy is recommended for patients with
sleep-related oxygen desaturations [18]. Furthermore, sleep-
disordered breathing and alveolar hypoventilation should be
screened for and optimized if found [12].

Exercise and Pulmonary Rehabilitation

The general recommendation in patients with PH is that
they remain as active as tolerated [12, 19]. However,
patients should avoid exertion with severe breathlessness,
dizziness, or chest pain. Because of the high frequency of
deconditioning and oxygen desaturations seen in patients
with PH-ILD, a formal exercise program or pulmonary
rehabilitation is often recommended [12]. Pulmonary reha-
bilitation has been shown to improve exercise tolerance and
quality of life in patients with PH. In patients with Group
3 PH, a similar improvement in 6-min walk distance has
been observed [20].



Current Pulmonology Reports (2023) 12:105-112

107

Smoking Cessation

A retrospective study of patients with PH found that those
who had ever smoked had decreased time to hospitaliza-
tion and diminished survival [21]. Additionally, animal
studies of the effect of inhaled nicotine on the pulmonary
vasculature have demonstrated substantial increases in
PVR and progression of PH [22]. Thus, smoking cessa-
tion remains a cornerstone, not only in the management
of chronic lung disease but also in PH-ILD.

Vaccinations

A metanalysis of multiple randomized controlled trials has
established that in COPD, the influenza vaccine reduces exac-
erbations, hospitalizations, and deaths [23]. The data in ILD
is not as robust, with one epidemiologic study published in
2022 demonstrating reduced mortality only in years that the
influenza vaccine was effective [24]. Despite the lack of data,
respiratory failure, frequently related to infectious pneumo-
nia, is the leading cause of death in Group 3 PH [25, 26].
Relatedly, patients with pulmonary arterial hypertension have
been found to be more likely to die from COVID-19 com-
pared to the broader population [26]. As a result, standard
influenza, pneumococcal pneumonia, and COVID-19 vac-
cinations are recommended in this at-risk population [12, 27].

PH-Directed Therapies: Beyond
the Underlying ILD

According to the most recent clinical practice guidelines,
patients with severe PH-ILD may benefit from PH-directed
therapies and/or enrollment in a clinical trial [1ee]. For
context, though prior guidelines defined severe PH by
mPAP > 35 mmHg or mPAP > 25 with CI<2.5 L/min/m2,
recently, severe PH in ILD has been redefined by a PVR
greater than 5 WU [lee]. This new threshold has been
found to be better predictive of worse prognosis [28, 29].

Several small, open-label, retrospective studies sug-
gested that pulmonary vasodilator therapy may improve
6-min walk distance and right-ventricular function
[30-37]. However, for the most part, randomized con-
trolled trials evaluating vasodilator therapy in patients
with PH-ILD have had negative outcomes (Table 2)
[38—44]. While most of these trials demonstrated no dif-
ference, there was an increase in disease progression or
serious adverse events including mortality leading to the
early termination of two trials: Artemis-IPF and RISE-IIP
[43, 44]. These resulted in recommendations against the
usage of both ambrisentan and riociguat in PH-ILD [1ee].

The use of prostanoids had previously been limited as IV
therapy can potentially cause systemic hypotension and oxy-
gen desaturation [33]. These adverse effects were minimized
when the therapy was aerosolized and administered via inha-
lation. In 2021, results from the INCREASE study were
published [45¢¢]. The INCREASE study was a phase III,
randomized, blinded, placebo-controlled clinical trial with
326 patients. After 16 weeks, patients treated with inhaled
treprostinil demonstrated improved distance on the 6-min
walk test (6MWT). Patients in the treatment group were also
noted to have decreased disease progression and biomarker
levels (NT-proBNP). The results of the INCREASE study
led to the FDA approval of inhaled treprostinil for PH-ILD in
April 2021. This step made it the first FDA-approved medi-
cation specifically for PH-ILD[46].

Practically, inhaled treprostinil is administered four
times daily and is titrated to a maximum tolerated dose up
to 72 mcg or 12 breaths per dose [46]. Flushing, headache,
diarrhea, and cough are the most common dose-limiting
symptoms. Additionally, important adverse effects related
to inhaled treprostinil include symptomatic hypotension,
increased bleeding risk secondary to inhibition of platelet
aggregation, and bronchospasm [46]. Additionally, treprosti-
nil is metabolized by the liver via CYP2C8, and significant
drug-drug interactions are possible.

Another inhaled therapeutic option being actively
explored is inhaled nitric oxide [47]. Recently, a small phase
IIb trial reported increased moderately to vigorous activity
as measured by actigraphy and a trend towards improved
measures of dyspnea and quality of life in patients receiving
pulsed inhaled nitric oxide in addition to their supplemental
oxygen therapy. While the actigraphy based measure is a
novel primary endpoint, the outcome is patient-centered and
could suggest that patients with PH-ILD feel better and are
able to better tolerate physical activity. A phase III clini-
cal trial further investigating inhaled nitric oxide using that
same primary endpoint has completed recruitment (Clini-
calTrials.gov: NCT03267108).

Lung Transplantation

A lung transplant is a treatment option available for both
advanced ILD and PH-ILD that progresses despite therapy
[48]. However, the presence of PH in patient undergoing
lung transplant for ILD is associated with increased risk of
primary graft dysfunction and greater mortality [49, 50].
The consensus is that bilateral lung transplant is the
procedure of choice for primary PH not secondary to
lung disease [51]. However, there is less certainty in PH-
ILD whether bilateral or single lung transplant should be
recommended given how frequently elevated pulmonary
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Table 2 Randomized controlled trials of pulmonary vasodilator therapy in ILD

Trial Drug

Patient Duration Results

N=

Primary EP

PDE-5 inhibitors STEP-IPF (2010) [38] Sildenafil

INSTAGE (2018) [39] Nintedanib +/ — sildenafil

SP-IPF (2021) [40] Pirfenidone +/ —sildenafil

Endothelin receptor CORTE (2014) [41] Bosentan

antagonists

MUSIC (2013) [42] Macitentan

Artemis IPF (2013) [43] Ambrisentan

Soluble guanylate
cyclase stimulators

RISE-IIP (2019) [44] Riociguat

Inhaled prostanoids INCREASE (2021)

[4500]

Inhaled treprostinil

Inhaled nitric oxide Pulsed iNO—phase IIb

(2020) [47]

Pulsed inhaled nitric oxide

180 12 weeks A 6MWT >20% Negative
10% sildenafil vs 7%

placebo (p=0.39)*
Negative
—1.28 pts vs —0.77 pts
(p=0.72)

273 12 weeks A SGRQ

177 52 weeks  Disease progression Negative

73% vs 70% (p=0.65)
Negative
28.0% vs 28.6% (p=0.97)
Negative
—-02Lvs-02L
(p=1.00)
Harm
Terminated early due
to increased disease
progression

60 16 weeks A PVRI

178 52 weeks A FVC

494 52 weeks  Disease progression

147 26 weeks A 6MWT Harm
Terminated early due to

increased adverse events

326 16 weeks A 6MWT Positive

Improved 6MWT and
decreased disease
progression in the

treatment group

41 8 weeks Positive
Improved moderate and
vigorous activity in the

treatment group

Activity monitoring
by actigraphy

*Notably, STEP-IPF did demonstrate significant improvements in dyspnea, quality of life, and oxygenation (secondary endpoints) among

patients randomized to sildenafil compared to placebo

artery pressures complicate ILD and the scarcity of
transplant resources. As a result, recommendations have
been to perform bilateral lung transplant when mPAP is
greater than 40 mmHg. Two observational studies have
found that a single lung transplant is as effective as a
double lung transplant in PH-ILD [50, 52]. Given supe-
rior overall survival for bilateral lung transplantation,
this is the preferred strategy for the majority of lung
transplant recipients; however, single lung transplanta-
tion remains a viable option for patients with mild or
moderate PH-ILD.

When to Refer to Expert Center

Centers of excellence in pulmonary hypertension and
advanced lung disease provide patients access to experts in
the field and advanced therapies, enrollment in clinical trials,
and a dedicated multidisciplinary care team [1ee]. Despite
the benefits of early referral, patients are often referred to
expert centers late [53].
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Specific indications for referral to PH expert centers
include (1) severe disease (PVR >5 WU) and (2) decom-
pensated right-heart failure [1ee, 53, 54]. Additionally, due
to the significant impact of PH-ILD on quality of life and
exercise capacity, even patients with the non-severe disease
(PVR <5 WU) who are transplant candidates should also be
considered for referral for treatment optimization and lung
transplant evaluation [1].

Our Approach to Diagnosis and Treatment

When evaluating a patient with ILD, we collate symptoms
and physical exam findings with results from multiple rou-
tine static and functional tests towards identifying a clini-
cal probability of PH in patients with ILD. A particular
emphasis is placed on the 6MWT, where a decrement in
distant ambulated or new exertional hypoxia, especially
if this occurs despite stable PFTs, heightens suspicion
for coexisting PH. Typically, we acquire a transthoracic
echocardiogram on a yearly basis, especially in patients
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with a significant burden of ILD, progressive symptoms out
of proportion to their burden of ILD, or in patients with
functional or radiographic testing indicative of a high prob-
ability of PH. Echocardiographic signs of PH such as right
ventricular systolic pressure >45 mmHg, tricuspid annular
plane systolic excursion (TAPSE) < 18 mm, right ventricular
fractional area change <35%, or right ventricular dilation
are all echocardiographic criteria that may prompt invasive
testing. In some patients, if clinical suspicion is high, we
will proceed with RHC even in the absence of suspicious
echocardiographic findings. During the RHC, provocative
maneuvers to unmask WHO Group 2 PH are performed if
there is clinical suspicion of this condition, either via fluid
challenge or exercise.

When RHC is indicative of PH, we perform a compre-
hensive serologic and imaging evaluation to determine
the etiology of PH. Critically, we rule out a contribution
from chronic thromboembolic disease and consider care-
fully that some patients with ILD may be more appropri-
ately classified and managed as WHO Group 1 disease (for
example, a patient with minimal ILD related to connective
tissue disease who presents with pre-capillary PH and a
markedly elevated PVR). Once PH-ILD is identified, we
first address supportive measures to optimize preload and
afterload in the affected right heart. Supplemental oxygen

and sleep-disordered breathing are provided and optimized
where appropriate. Diuretics are prescribed to optimize fluid
balance. Supportive measures including pulmonary reha-
bilitation, smoking cessation, and vaccinations (including
against COVID-19) are also emphasized. Importantly, all
patients diagnosed with PH-ILD are screened for clinical
trial eligibility.

Typically, we monitor patients with mild PH-ILD closely
with more frequent functional and echocardiographic evalu-
ation. If signs or symptoms progress, we consider obtain-
ing serial RHC data and institute treatment if PH appears
progressive. Finally, in select patients with severe PH-ILD,
we consider treatment generally in accordance with the
most recent clinical practice guidelines [1ee]. Our prac-
tice is perhaps a bit more aggressive, with the initiation
of pulmonary vasodilator therapy in line with the enroll-
ment criteria for the INCREASE study (mPAP >25 mmHg,
PCWP <15 mmHg, and PVR >3 Wood units). Given that
INCREASE is the only compelling favorable clinical trial
data to date, we use inhaled treprostinil as first-line therapy.
We encourage patients to titrate their dose up as tolerated,
as the most benefit in the trial was seen in those achieving
higher doses [55]. Close monitoring of these patients is para-
mount for side effects or unanticipated clinical changes. We
avoid the use of ambrisentan or riociguat in these patients

* Concerning radiographic findings

* Exercise intolerance not explained* Declining 6MWT parameters

1 * Progressive symptoms

by lung disease

MANAGEMENT

OF PH-ILD:
Our Approach

2

accompanied by stable spirometry

|
A) Transthoracic echocardiogram - yearly in high-risk patients
(1) RVSP>45mmHg (2) TAPSE <18 mm (3) RV dilation
(4) RV fractional area of change < 35%
B) Right heart catheterization

A) Serologic testing for connective tissue disease and evidence of pre-
3 capillary PH (WHO Group 1)

B) Evaluate for chronic thromboembolic disease (WHO Group 4)

C) Moderate or severe ILD without other disease (WHO Group 3)

* Supplemental oxygen

* Smoking cessation

* Treat sleep disordered
breathing

+ Pulmonary rehabilitation

* Optimize fluid balance

* Routine vaccinations

* Evaluate candidacy for lung
transplantation

Mild PH-ILD: monitor closely with functional tests, TTE, and possible serial RHC
5 Severe PH-ILD (PVR > 5 WU):
A) Single or combination vasodilator therapy (inhaled prostanoid and/or PDE5-I)
B) Enrollment in clinical trial
C) Avoid Ambrisentan and Riociguat

Fig.1 A summary of our diagnostic and therapeutic approach to
PH-ILD. ILD, interstitial lung disease; PH, pulmonary hypertension;
RVSP, right ventricular systolic pressure; TAPSE, tricuspid annular

plane systolic excursion; RV, right ventricle; PH-ILD, pulmonary
hypertension due to interstitial lung disease; PVR, pulmonary vascu-
lar resistance; PDES-I, phosphodiesterase-5 inhibitors
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for the reasons outlined above. In patients with ongoing PH
despite optimization of inhaled treprostinil, we consider the
addition of sildenafil as well, again while carefully moni-
toring for side effects. Sildenafil can also be considered in
patients who cannot tolerate inhaled treprostinil due to side
effects. In patients with very severe pre-capillary PH-ILD
(CI <2 L/min/m?), we consider initiation of parenteral pros-
tanoids, although there is a paucity of literature supporting
this practice. These patients must be carefully selected and
monitored very closely for decompensation. This approach
should only be employed by experienced PAH centers with
close follow-up. All patients with PH-ILD should be con-
sidered for lung transplantation referral and listing, as even
with pulmonary vasodilator therapy, outcomes remain poor.
A summary of our diagnostic and therapeutic approach is
provided in Fig. 1.

Conclusion

PH frequently complicates the course of ILD and the devel-
opment of PH has important prognostic implications for
these patients. Recent updates to the hemodynamic defini-
tion of PH and the availability of effective treatments have
resulted in a more inclusive case definition and increased
screening for this condition, both of which will likely
increase the prevalence of this condition. Recent medication
advances and ongoing clinical studies are opening opportu-
nities for more disease-specific treatment.
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