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Abstract

Interstitial lung diseases (ILDs) may be complicated by chronic respiratory failure (CRF), especially
in the advanced stages. Aim of this narrative review is to evaluate the current evidence in
management of CRF in ILDs.

Many physiological mechanisms underlie CRF in ILDs, including lung restriction,
ventilation/perfusion mismatch, impaired diffusion capacity and pulmonary vascular damage.
Intermittent exertional hypoxemia is often the initial sign of CRF, evolving, as ILD progresses, into
continuous hypoxemia. In the majority of the cases, the development of CRF is secondary to the
worsening of the underlying disease; however, associated comorbidities may also play a role. When
managing CRF in ILDs, the need for pulmonary rehabilitation, the referral to lung transplant centers
and palliative care should be assessed and, if necessary, promptly offered. Long-term oxygen therapy
is commonly prescribed in case of resting or exertional hypoxemia with the purpose to decrease
dyspnea and improve exercise tolerance. High-Flow Nasal Cannula oxygen therapy may be used as
an alternative to conventional oxygen therapy for ILD patients with severe hypoxemia requiring
both high flows and high oxygen concentrations. Non-Invasive Ventilation may be used in the
chronic setting for palliation of end-stage ILD patients, although the evidence to support this
application is very limited.

Key words: Interstitial lung diseases, idiopathic pulmonary fibrosis, chronic respiratory failure, non-invasive
ventilation, oxygen therapy

1. Introduction

Interstitial lung diseases (ILDs) are a
heterogeneous group including more than 200
diseases characterized by widespread fibrotic and/or
inflammatory =~ abnormalities = of the Ilung
parenchyma.[1] Respiratory failure is a common
complication both in the advanced stages or following
episodes of acute worsening of ILDs and can be
classified on the basis of different parameters,
including time of onset (acute or chronic), severity

(mild to (reversible or
irreversible).

This review is aimed to evaluate the current
evidence in determining the best management of
chronic respiratory failure (CRF) in ILDs. A search of
relevant medical literature in the English language
was conducted in Medline/PubMed and EMBASE
databases including observational and interventional

studies from 1990 through August 2018. Keywords

severe), and causes
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used to perform the research are reported in Table 1.
Studies targeting children and editorials, narrative,
and conference abstracts have been excluded. For the
purpose of this review, any kind of ILDs was included
in the search.

Table 1: Keywords used to perform the research

Chronic respiratory failure (OR respiratory failure OR chronic respiratory
worsening) AND interstitial lung diseases (OR IPF OR NSIP OR CTD-ILD OR
chronic HP);

Pathophysiology AND chronic respiratory failure (OR respiratory failure) AND
interstitial lung diseases (OR IPF OR NSIP OR CTD-ILD OR chronic HP);
Comorbidities (OR COPD, emphysema, CPFE, pulmonary hypertension,
pulmonary embolism, venous thromboembolic disease, congestive heart failure,
lung cancer, obstructive sleep apnea syndrome) AND interstitial lung diseases (OR
IPF OR NSIP OR CTD-ILD OR chronic HP);

Rehabilitation (OR pulmonary rehabilitation) AND interstitial lung diseases (OR
IPF OR NSIP OR CTD-ILD OR chronic HP);

Palliative care (OR palliation) AND interstitial lung diseases (OR IPF OR NSIP OR
CTD-ILD OR chronic HP);

Lung transplantation (OR lung transplant) AND interstitial lung diseases (OR IPF
OR NSIP OR CTD-ILD OR chronic HP);

Long term oxygen therapy (OR oxygen therapy, oxygen supplementation) AND
interstitial lung diseases (OR IPF OR NSIP OR CTD-ILD OR chronic HP);

High flow oxygen (OR high-flow nasal cannula) AND interstitial lung diseases (OR
IPF OR NSIP OR CTD-ILD OR chronic HP):

Non-invasive ventilation AND interstitial lung diseases (OR IPF OR NSIP OR
CTD-ILD OR chronic HP)

2. Pathophysiology of chronic respiratory
failure in interstitial lung diseases

In ILD patients an impairment in gas exchange is
a common finding, reflecting an increased
alveolar-arterial oxygen gradient, which depends on
the alteration of the ventilation-perfusion ratio and
the diffusion capacity.[2] Pulmonary function tests
(PFTs) are characterized by a restrictive pattern with
decreased forced vital capacity (FVC) and total lung
capacity (TLC), associated with decreased diffusing
lung capacity for carbon monoxide (DLCO). The
abovementioned lung alterations cause an increase in
respiratory rate (RR) as a compensatory mechanism,
with higher than normal minute ventilation, with
hypercapnia developing only in the late disease
stages. The reduction in lung compliance, as a
consequence of the increased lung elastic recoil
related to the extracellular matrix deposition, also
contributes to the increase in RR due to the
overloading of respiratory muscles that stimulates
peripheral mechanoreceptors.[3] This breathing
pattern aims to minimize the work of breathing;
however, in the late stages of the disease and when
exercise intensity increases, tidal volume accounts for
a greater proportion of the diminished vital capacity
and physiological dead space increases leading to

increased  respiratory request and possible
development of hypercapnia.
Pulmonary vascular damage is another

contributing factor to CRF. A sharp increase in
pulmonary pressures often occurs during exercise,

regardless of the presence of pulmonary hypertension
(PH) at rest. Hypoxic pulmonary vasoconstriction is
the initial factor responsible for the increased
pulmonary pressure.[4] However, as the disease
progresses, the vascular damage increases with an
overall reduction in vascular bed, increase of right
ventricular afterload and, ultimately, onset of heart
failure. The combination of all these factors often
leads to an early arterial oxyhemoglobin desaturation
during exercise.[5]

Detailed evaluation of exercise capacity at rest
and under stress with cardiopulmonary exercise test
(CPET), 6-minute walking test (6MWT) and PFTs
helps to provide insights into the physiological
impairments. These measurements may suggest the
best intervention, including supplemental oxygen or
exercise training, and assess prognosis more
accurately.

3. Chronic respiratory failure aetiologies
and diagnostic work-up: complications
and worsening of associated
comorbidities

CRF often complicates the clinical course of
ILDs, and usually is secondary to the worsening of the
underlying disease; however, associated
complications and comorbidities may also play a role
(Figure 1 and Figure 2). We do not discuss here acute
respiratory failure onset secondary to acute
exacerbations of ILD (both idiopathic pulmonary
fibrosis -IPF- and other than IPF), because it is subject
of a previous review from our group.[6] Correct
identification of the underlying cause of CRF is crucial
in clinical practice both for prognostic implications
and for different management. Thus, in the
assessment of CRF, the onset or worsening of
comorbidities should be always investigated.

The most frequent complications and
comorbidities associated with CRF are pulmonary
hypertension, chronic obstructive pulmonary disease
(COPD) and emphysema, pulmonary embolism (PE),
congestive heart failure, lung cancer, obstructive sleep
apnea syndrome (OSAS), and small airway disease.

- Worsening of underlying ILD

ILD natural history is affected by the
development of CRF, which is often insidious and
slowly progressive, while, more rarely, may occur as
the consequence of an acute worsening of the
underlying ILD. A prospective study conducted on
IPF patients demonstrated that the development of
CRF and the need for high oxygen flows were
associated with higher mortality rates, regardless of
PFTs.[7]
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Figure 1: Diagnostic work-up of chronic respiratory failure in interstitial lung diseases. Footnotes: 6MWT: six minute walking test; CPFE: combined pulmonary
fibrosis and emphysema; CRF: chronic respiratory failure; CT: computed tomography; DLCO: diffusing lung capacity for carbon monoxide; FVC: forced vital capacity; HF: heart
failure; HRCT: high resolution computed tomography; ILD: interstitial lung disease; NT-proBNP: N-terminal pro B-type natriuretic peptide; OSAS: obstructive sleep apnea
syndrome; PE: pulmonary embolism; PFTs : pulmonary function tests; PH: pulmonary hypertension; RHC: right heart catheterization.

COPD and Emphysema

- relatively preserved lung
volumes (FVC and TLC) at
PFTs with severely impaired

Obstructive sleep apnea syndrome

Worsening of underlying

- presence of risk factors (e.g. obesity)
- suggestive symptoms, including
daytime sleepiness, attention deficit etc.

ILD
- worsening of respiratory
symptoms and exclusion of all

DLCO
- significant smoking history

Small airway disease
- airway obstruction at PFTs
(particularly on small airways)
- signs and symptoms of airway
obstruction (e.g. wheezing)

Lung cancer
- concomitant presence of
COPD/emphysema
- systemic symptoms (e.g. weigh
loss)

Congestive heart failure
- dyspnea and/or CRF

other causes / comorbidities

Pulmonary hypertension
- resting or exertional hypoxemia
not fully explained by the degree
of impairment of lung
parenchyma
- disproportionately low DLCO
compared with the degree of
restriction at PFTs
- presence of exertional chest pain
- episodes of syncope or near-
syncope
- signs of right heart failure on
physical exam
- right-axis deviation on
electrocardiogram

disproportionate to the extent
/severity of the underlying ILD
- cardiovascular comorbidities,
including CAD and arrhythmias
- concomitant cardiovascular

Pulmonary embolism
- presence of risk factors for PE
- presence of CTDs with
prothrombotic effect (e.g. LES)
- signs and symptoms similar to

- right atrial enlargement, and/or
right ventricular hypertrophy
and/or enlarged pulmonary
arteries on HRCT

symptoms (e.g. angina)

those present in PH

Figure 2: Causes of chronic respiratory failure in interstitial lung diseases and when to suspect them. Footnotes: CAD: coronary artery disease; COPD: chronic
obstructive pulmonary disease; CTD: connective tissue disease; CRF: chronic respiratory failure; DLCO: diffusing lung capacity for carbon monoxide; FVC: forced vital capacity;
HRCT: high resolution computed tomography; ILD: interstitial lung disease; LES: Systemic lupus erythematosus; PE: pulmonary embolism; PFTs: pulmonary function tests; PH:

pulmonary hypertension; TLC: total lung capacity.

The interval from ILD diagnosis to development
of respiratory failure is variable, with CRF occurring
potentially at any stage of the disease. ILDs with a
poorer prognosis and with a natural history

characterized by acute exacerbations, e.g. IPF, show a
higher rate and an earlier occurrence of CRF.[8,9] A
possible worsening of the disease and development of
progressive respiratory failure should be investigated
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and ruled out at every follow-up visit. Important
instruments that may assist clinical evaluation include
arterial blood gases analysis, PFTs and 6MWT. An
absolute decline in FVC >210% or in DLCO >15% over
6 months is a reliable measure of disease progression
in IPF and other ILD patients.[10] Desaturation at
6MWT and reduction of the walking distance at 6
months, despite a low reproducibility, have been
correlated with mortality in IPF patients.[10] CPET at
baseline may also have a prognostic role in ILD
patients.[11,12]

Furthermore, HRCT could provide rapid,
objective measurement of disease extent and change
over time, both through qualitative visual assessment,
limited by inter-observer and intra-observer
variability, or by using the new computer-based
methods for disease quantification.[13]

- Pulmonary Hypertension

PH, defined as mean pulmonary artery pressure
225 mm Hg confirmed by right heart catheterization
(RHC), is a common complication in IPF, particularly
as the disease progresses. The prevalence of PH in IPF
ranges between 3% and 86%,[14] in sarcoidosis
between 5% and 74%,[15] and in systemic sclerosis
between 5% and 12%.[16] These wide prevalence
ranges are due to differences in disease severity,
variable definitions of PH and diagnostic methods
used (echocardiography or RHC).

According to the American Thoracic Society
(ATS) and the European Respiratory Society (ERS)
guidelines,[17] PH associated with ILDs is categorized
as group 3, which includes PH in chronic lung
diseases and/or hypoxemia, and is associated with
poor outcomes and high mortality. Furthermore, the
most recent guidelines on lung transplant candidate
selection cite the development of PH in IPF patients as
a criterion to list for transplantation.[18]

Sarcoidosis, as well as Langherans cell
histiocytosis-related PH, due to their multifactorial
mechanism, are classified as group V PH.[17]
Sarcoidosis-associated PH is not only related to
hypoxic vasoconstriction/vascular rarefaction due to
pulmonary fibrosis but also to compressive
mediastinal infiltration or granulomatous
involvement of pulmonary vessels.[19]

Although RHC remains the gold standard for
PH detection, in clinical practice echocardiography is
commonly used as screening tool. Nevertheless, there
are no consensus recommendations regarding the
timing for PH echocardiographic screening in ILD
patients. The decision to refer a patient for RHC when
echocardiography is suggestive for PH should be
made on a case-by-case basis, particularly as
treatment options are limited.

The optimization of supplementary long-term
oxygen therapy (LTOT) to correct resting, nocturnal,
and exertional hypoxia, diuretics and identification
and treatment of contributing factors, such as OSAS,
is crucial.

There are currently no approved therapies for
the treatment of PH in IPF patients. The 2015
ATS/ERS Treatment Guidelines provided a strong
recommendation against the use of selective
endothelin receptor antagonist (Ambrisentan) in IPF,

and a conditional recommendation against
phosphodiesterase-5 inhibitors (Sildenafil) and dual
endothelin  receptor antagonists (Macitentan,

Bosentan), regardless of the presence of PH.[20]

In ILD-PH, Sildenafil improved 6MWT distance
and brain natriuretic peptide levels but showed no
efficacy in reducing right ventricular systolic pressure
after 6 months of treatment in small cohorts,[21]
whereas in sarcoidosis Sildenafil improved mean
pulmonary arterial pressure and cardiac output in
repeated RHC 4 months after treatment.[22] Bosentan
resulted to be ineffective in fibrotic idiopathic
ILD-PH,[23] but was found to have beneficial effects
in some sarcoidosis-PH patients, especially in those
with limited ILD.[24-27] By contrast ambrisentan
appeared to be poorly tolerated in
sarcoidosis-PH.[28] More recently, Riociguat, a
stimulator of the soluble guanylate cyclase, was found
to increase cardiac output, decrease pulmonary
vascular resistance and improve exercise capacity in
an open-label, uncontrolled ILD-PH trial.[29]
However, the RISE-IIP trial, a randomized controlled
trial (RCT) on Riociguat in idiopathic ILDs, was
stopped early due to increased severe adverse events
and mortality.[30] PH targeted therapies proved to be
effective in larger PH studies, including systemic
sclerosis associated-ILD. Combination therapy with
endothelin receptor antagonists, phosphodiesterase
type-5 inhibitors and prostacyclin analogues did not
affect survival but improved multiple outcome
measures such as 6 MWD, functional class and quality
of life.[16]

In conclusion, PH treatment remains mainly
supportive in ILDs with the exception of systemic
sclerosis associated-ILD patients who have access to
PH targeted therapies.

- COPD and emphysema

Combined pulmonary fibrosis and emphysema
(CPFE) is defined as the coexistence of emphysema
and pulmonary fibrosis.[31] This syndrome is
frequently complicated by PH [32] and lung cancer.
Resting and exertional hypoxemia are common and
CREF is more frequent in CPFE compared with patients
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with pure emphysema or pure fibrosis, resulting in a
poorer prognosis.

There is no specific therapy for CPFE, as no
clinical trial directly addressing CPFE has been
conducted, thus treatment recommendations are
based on expert opinion. A subgroup analysis of the
INPULSIS trials on Nintedanib, an antifibrotic agent
approved for IPF treatment, found that the drug was
effective in slowing disease progression also in IPF
patients presenting emphysema.[33] In general,
smoking cessation, vaccinations, supplemental
oxygen and pulmonary rehabilitation should be
prescribed when appropriate.

- Pulmonary embolism

ILD patients are at increased risk of venous
thromboembolic disease,[34-36] mainly due to
immobility secondary to dyspnea or to joint or muscle
pain and stiffness in connective tissue disease
associated ILDs (CTD-ILDs). The presence of a
pro-coagulant microenvironment has been suggested
in IPF and in non-IPF ILDs,[37] as well as a
prothrombotic state has been shown to be more
common in IPF patients than in healthy controls.[38]

Computed tomography pulmonary angiography
is the gold standard for diagnosis, because
ventilation/ perfusion scanning is nonspecific for PE
in ILDs, as perfusion defects are often present and
correspond to honeycombing and emphysema.[39]
Regarding PE treatment, warfarin is contraindicated
in IPF patients,[20] because in a RCT it correlated to
increased mortality.[40] However, there are no data
suggesting that vitamin K antagonists are contraindi-
cated for PE treatment in ILDs other than IPF.[20]

An increased risk of venous thromboembolism,
compared to the general population, has been
reported in CIDs that may present a pulmonary
involvement,[41] in particular in systemic lupus
erythematosus  (SLE),[41,42]  dermatopolymyo-
sitis,[43-45] granulomatosis with polyangiitis,[46]
rheumatoid arthritis,[47] systemic sclerosis,[48-51]
Sjogren syndrome.[52]

The increased thromboembolic risk in these
diseases is thought to be secondary to the underlying
inflammatory state, with proinflammatory cytokines
causing endothelial dysfunction and playing a role in
the activation of the coagulation cascade. Recurrent
episodes of PE in SLE should prompt the exclusion of
secondary antiphospholipid syndrome. Sarcoidosis
has also been associated to increased risk of venous
thromboembolism in population-based studies.[53,54]

- Congestive heart failure

Cardiovascular diseases, in particular coronary
artery disease (CAD) and arrhythmias, represent a

common comorbidity in ILD patients. CAD
prevalence in IPF patients is as high as 60% and is
directly proportional to the high prevalence of left
ventricular diastolic dysfunction.[55,56] Although
some Authors suggested to perform an extensive
CPET in patients with IPF for both prognostic
purposes and to detect potentially treatable
cardiovascular alterations,[57] the cost-benefit ratio of
these diagnostic exams still needs to be determined.

Recently, HRCT was found to be helpful in
identifying CAD in IPF patients, since the presence of
moderate-to-severe coronary calcifications has a high
sensitivity and specificity for the presence of
significant CAD, whereas the absence of calcifications
has an extremely high negative predictive value.[58]
Nathan et al. suggested that in case of angina or
moderate-to-severe coronary calcifications on HRCT
further cardiologic evaluation may be prudent.[58]

Finally, cardiac disease may result also from
direct involvement of the heart as in sarcoidosis or in
idiopathic inflammatory myopathies and systemic
sclerosis.

- Lung cancer

The incidence of lung cancer is markedly
increased among patients with smoking-related ILDs,
particularly IPF. Pulmonary fibrosis appears to be a
risk factor for lung cancer regardless of smoking
history, which is a shared risk factor for the
development of both diseases.[59] Lung cancer in IPF
typically manifests as lower lung nodular lesions
along the periphery of fibrotic areas. Squamous cell
carcinoma is the most common histotype, followed by
adenocarcinoma.

At present, there is neither evidence nor
consensus regarding specific therapeutic approaches
for patients with ILDs diagnosed with lung cancer.
Therefore, management is based on risk/benefit
considerations. Median survival after diagnosis is
worse in patients with lung cancer and ILDs than in
either ILDs or lung cancer alone.[60-62] All the
available treatment options, including surgical
resection, radiotherapy and chemotherapy, may
provoke acute exacerbation of the wunderlying
ILD.[63-65] Furthermore, since only a few studies
have investigated the use of chemotherapy in ILD
patients with lung cancer, the optimal therapeutic
agents have yet to be determined.

- Obstructive sleep apnea syndrome

OSAS is common in ILD patients: reported
prevalence ranges between 59% and 91% in IPF
patients,[14,66-68] between 52 and 67% in
sarcoidosis,[67,69-71] and between 56 and 66% in
patients with systemic sclerosis.[67] This condition is
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more common during rapid eye movement sleep,
when the only operative muscle is the diaphragm,
while the intercostal muscles are inactive, leading to
further reduction of functional residual capacity. This
facilitates upper airway collapse during sleep in
patients affected by ILDs.[72] However, development
of OSAS cannot be totally explained with these
changes and, most likely, multiple factors are
involved. In sarcoidosis, the risk of OSAS may
possibly be increased by the involvement of the upper
airways  themselves.[70] Oral corticosteroids,
frequently used to treat some kind of ILDs, may lead
to liquid accumulation and fat deposition in the
pharyngeal wall and to myopathy of the pharyngeal
muscles, possibly increasing the risk of OSAS.
However, a retrospective study failed to find any
differences in polysomnography data in patients
treated or not with corticosteroids.[67] Obesity is also
a predisposing condition to OSAS in IPF
patients.[14,73]

In a prospective study on 31 IPF subjects
evaluating the association between OSAS and
mortality, intermittent sleep oxygen desaturation was
directly =~ correlated  with  survival, = while
apnea-hypopnea index was not. The Authors
explained these findings mainly as the result of
hypoxic vasoconstriction, leading to development or
worsening of PH.[74]

A recent study conducted on IPF patients found
a worse prognosis, both in terms of mortality and
clinical deterioration, in patients with OSAS and

CHRONIC RESPIRATORY
FAILURE in INTERSTITIALLUNG
DISEASES

1

Evaluate diagnostic
options (see Figure 1)

|

1. Verify the fulfilment of lung
transplantation criteria

r

2. Optimize oxygen supplementation

"

_—————

—_

sleep-related hypoxemia compared to patients
without sleep breathing disorders and those with
OSAS without nocturnal hypoxemia.[75]

Although international ILD guidelines do not
recommend the execution of polysomnography in all
patients, in case of development of CRF and/or other
suggestive symptoms, such as daytime sleepiness and
attention deficits, a sleep study should be considered.

- Small airway disease

Small airway disease is present in different ILDs
typically associated with obstructive ventilatory
defect, such as sarcoidosis, CPFE,
lymphangioleiomyomatosis (LAM), hypersensitivity
pneumonitis and pulmonary Langherans’ cell
histiocytosis. Radiological characteristics that may be
observed at HRCT include mosaic pattern indicating
air trapping and bronchial wall thickening. Other
non-invasive methods to evaluate these alterations
with less radiographic exposure are forced oscillation
technique, ultrasonic pneumography and impulse
oscillometry.[76,77]

The optimization of pharmacological treatment,
for example with a trial of bronchodilator therapy, is
crucial in these patients.[78-80]

4. Management and Treatment

The following therapeutic options may be
considered for ILD patients with CRF together with
different management approaches (Figure 3).

If CRF due to onset or worsening of
associated comorbidities,
optimize their treatment

Ifmet, referto transplant center

3. Evaluate indications for pulmonary rehabilitation

4. Offerpalliative care

Figure 3: Management and therapeutic options in interstitial lung diseases patients with chronic respiratory failure. Footnotes: CRF: chronic respiratory failure.
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a) Therapies for the underlying disease

Currently there is no consensus on whether
continuing pharmacologic treatment in end-stage ILD
patients experiencing CRF. In fact, even in IPF,
patients with severe disease (e.g.,, FVC<50% and/or
DLCO<30-35%) were not enrolled in RCTs. Clinical
observation experiences and preliminary results of
long-term, open-label extensions of RCTs suggest that
both Pirfenidone and Nintedanib may also slow or
decrease progression in patients with severe
IPF.[81-86] Furthermore, there is no consensus on
management of severe-IPF patients experiencing
functional progression, i.e. decline in FVC=10% or
DLCO=15% over 6 months. Several options may be
considered: switch to other antifibrotic drug,
combination therapy, permanent discontinuation of
the antifibrotic drug in order to avoid side-effects in
the absence of a clear benefit, or continuing the
antifibrotic treatment. Two studies demonstrated that
in IPF patients who experienced a 210% absolute
decline in FVC during the first 6 months of treatment,
continued treatment with antifibrotics reduced the
risk of further FVC decline or death compared with
placebo.[87]

b) Therapies for dyspnea

- Oxygen therapy and high-flow nasal cannula

Clinical practice guidelines strongly recommend
supplemental oxygen for hypoxemic patients with
IPF,[20] despite the lack of evidence about a survival
benefit.[88]

Oxygen administration improves exercise
tolerance for patients with resting or exertional
hypoxemia.[89,90] Although LTOT is likely to
improve symptoms and overall quality of life in IPF
patients,[20,91] a recent systematic review showed no
effects of LTOT on exertional dyspnea in ILDs.[92]

The impact of LTOT on breathlessness is also
influenced by patient’s expectations.[93] Furthermore,
despite a high compliance with LTOT prescription,
most ILD patients experience significant anxiety
because of social stigma and concerns that oxygen
prescription is associated with end-stage disease.[94]

Recently, the ambulatory oxygen in fibrotic lung
diseases (AmbOx) trial showed that ambulatory
oxygen seemed to be associated with improved
HRQoL in patients with isolated exertional
hypoxia.[95]

High-flow nasal cannulae (HFNC) have also
been recently introduced. HFNC work with an air
oxygen blender allowing from 21% to 100% FO2,
heating and humidifying the inspiratory gas and
generating up to 60 L/min in adults.[96] HFNC have
also shown favorable physiological effects, such as

pharyngeal dead space washout, reduction of
nasopharyngeal resistance, positive end-expiratory
pressure (PEEP) effect, and reduction of airway
resistance.[96]

At present, the clinical applications of HFNC in
ILD patients with CRF are subject of research.
Briunlich et al. demonstrated a PEEP effect in 13 IPF
patients during HFNC oxygenation associated with
reduced RR and reduced minute volume.[97]

Furthermore, based on the aforementioned
advantages of HFNC compared with standard oxygen
therapy, HFNC may have a role in the management of
CREF, especially for end-stage ILD patients with severe
hypoxemia, as palliative treatment.[98,99] In a
retrospective cohort of 84 ILD patients with a
do-not-intubate order, compared with non-invasive
ventilation (NIV), treatment with HFNC was
associated with an equivalent survival rate, better
tolerance, less temporary interruption and
discontinuation rates, allowing patients to eat and
converse just before death.[100]

These findings seem to suggest that HFNC might
be a reasonable add-on palliative treatment in ILD
patients. However, to date, no cost-effectiveness
analysis is available and further RCTs are needed to
assess the clinical advantages of HFNC over standard
oxygen therapy or NIV in ILD patients.

- Non-invasive ventilation

Neither oxygen application nor ventilation
techniques modify the natural history of ILDs,
however NIV may play a role in the chronic setting
regarding the impact on the quality of life of patients
with end-stage disease.

Some preliminary data seem to suggest that
chronic use of nocturnal NIV in ILD patients with
hypercapnic CRF (6 chronic hypersensitivity
pneumonitis, 2 sarcoidosis and 2 undetermined ILDs)
might decrease daytime arterial partial pressure of
carbon dioxide and increase arterial partial pressure
of oxygen.[101] However, given the retrospective
nature of the study and the small cohort, the
long-term benefits and the effect on patients’” quality
of life still need to be explored.

Another potential role for NIV regards the
end-of-life care in ILDs, in which NIV is becoming
increasingly common as a palliative treatment,
although the evidence to support this application is
limited.[102,103] In a recent paper Rajala et al.
retrospectively analyzed healthcare documentation
during the 6 months preceding death of 59 IPF
patients from the Finnish prospective IPF cohort
study (FinnishIPF).[103] The most common symptom
manifested in the advanced stages of the disease was
dyspnea and the most prescribed therapies to control
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it, during the last week before death, were opioids
(71% of the patients), supplemental oxygen (81% of
patients), and NIV, used in 29% of the cases.[104]

Despite the use of NIV together with opioids and
benzodiazepines may seem incongruous, these two
interventions may be associated with the aim to
reduce the RR, optimize patient-NIV adaptation, and
palliate severe refractory dyspnea with NIV
application ~ while  adjusting  sedative  and
dyspnea-reliever drugs.

Finally, NIV has also been applied to ILD
patients during rehabilitation programs.[104] Moderno
et al. compared the submaximal exercise tests (60% of
maximum load) of 10 IPF patients in three different
situations: ~without ventilatory support, with
continuous positive airway pressure (CPAP) and with
proportional assist ventilation (PAV).[104] Patients on
PAV  experienced increased submaximal test
compared to those on CPAP or without ventilatory
support, in addition to an improved oxygenation and
lower subjective perception of effort. These
preliminary results suggest that NIV may increase
exercise tolerance and decrease dyspnea and cardiac
effort in patients with IPF. Therefore, rehabilitation
programs for ILD patients might benefit from NIV
implementation to improve cardiopulmonary
conditioning.

In conclusion, NIV in CRF in ILDs might present
very different fields of application ranging from
palliation to rehabilitation programs. However, given
the limited number of studies and the low quality of
the evidence available, future studies are needed to
elucidate its best application.

- Palliative care

According to a World Health Organization
definition dated 1990 “Palliative care is the active total
care of patients whose disease is not responsive to
curative treatment”.[105] The main goal of palliative
care for patients with ILDs is to improve and maintain
an acceptable quality of life during the advanced
phases of the disease.

Despite the well-known ominous prognosis of
some ILDs, in particular IPF, and the evidence on the
applicability at an earlier stage in the disease course in
association with antifibrotic treatment, palliative care
remains largely understudied and underused in this
population.[106-108] According to different European
cohorts, many patients with advanced IPF still die in
the hospital, although the hospital is hardly the
favorite place of death, and end-of-life decisions are
made very late in the course of the
disease.[103,106,109,110]

Regardless of the cause or histological pattern,
ILD clinical course is featured by a high burden of

respiratory symptoms such as breathlessness and
cough, accompanied in the advanced stages with
fatigue, anxiety and depression.[111,112] These
symptoms when uncontrolled lead to a reduced
emotional wellbeing, resulting in severely impaired
quality of life.[107,113,114]

Despite being the most debilitating symptom,

there are cultural neglects, discomfort and
unfamiliarity to report and quantify
breathlessness.[111,113] Currently new

multidimensional scales, such as the Dyspnoea-12
(D-12),[115] Table 2, the Multidimensional Dyspnea
Profile,[116] and the Breathlessness and activities
domain of the King’s Brief Interstitial Lung Disease
(K-BILD) questionnaire,[117] Table 3, are available to
explore the breathing discomfort, sensory qualities,
and the associated emotional responses.[118]
Nevertheless, patients affected by ILDs receive poorer
access to specialist end-of-life care services and seem
to experience more breathlessness than patients with
lung cancer.[112] A possible explanation for this lack
of access to palliation is the high variability in clinical
course among different ILDs, which makes
challenging an appropriate counseling about disease’s
prognosis.

Table 2: Dyspnoea-12 Questionnaire (115)

Item None Mild Moderate Severe

1. My breath does not go in all the way
2. My breathing requires more work

3.1 feel short of breath

4.1 have difficulty catching my breath
5.1 cannot get enough air

6. My breathing is uncomfortable

7. My breathing is exhausting

8. My breathing makes me feel depressed
9. My breathing makes me feel miserable
10. My breathing is distressing

11. My breathing makes me agitated

12. My breathing is irritating

This questionnaire is designed to help us learn more about how your breathing is
troubling you. Please read each item and then tick in the box that best matches your
breathing these days. If you do not experience an item tick the "none" box. Please
respond to all items.

Scores: none (0), mild (1), moderate (2) and severe (3). Total scores range from 0 to
36, with higher scores corresponding to greater severity.

One of the main difficulties for the physician is to
recognize the conditions still deserving of intensive
therapeutic approaches vs 'end stage' manifestations,
in which a parallel palliative care management should
be planned. This is the concept of "integrated model"
and '"simultaneous care" in which palliative care
accompanies specific treatments till the end-of-life
phases, when palliative care substitutes the specific
treatments. For chronic lung diseases, such as COPD
and fibrosing ILDs, it is necessary to identify the
moment when the severity of the disease makes
remissions rarer and shorter and causes an increase in
the number and duration of hospitalizations. Since
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timing for referral to palliative care specialists is not
clearly scheduled, a practical approach could be to
identify some referral criteria. LTOT prescription, age
> 70 years, prior disease exacerbations, presence of
“honeycomb” at HRCT and Usual Interstitial
Pneumonia (UIP) histological pattern are associated
with a poor prognosis and therefore may be
considered as possible indicators for palliative care
referral.[112] Furthermore, increased dependence in
daily life activities and reduced functional autonomy,
particularly when associated with higher degree of
dyspnea, can also be considered useful indicators for
palliative care initiation.[119-122]

Table 3: Breathlessness and activities domain of the King’s Brief
Interstitial Lung Disease (K-BILD) questionnaire (117)

# 1. In the last 2 weeks, I have been breathless climbing stairs or walking up an

incline or hill

1. Allof 2.Mostof 3. Agood 4.Someof 5. Alittle 6.Hardlyany 7. None of

the time the time  bit of the the time  of the of the time  the time
time time

# 4. In the last 2 weeks have you avoided doing things that make you breathless?

1. Allof 2.Mostof 3. Agood 4.Someof 5. Alittle 6.Hardlyany 7. None of

the time the time  bit of the the time  of the of the time  the time
time time

#11. In the last 2 weeks has your lung condition interfered with your job or other

daily tasks?

1. Allof 2.Mostof 3. Agood 4.Someof 5.Alittle 6.Hardly any 7. None of

the time the time  bit of the the time  of the of the time  the time
time time

#13. In the last 2 weeks, how much has your lung condition limited you carrying

things, for example, groceries?

1. Allof 2.Mostof 3. Agood 4.Someof 5. Alittle 6.Hardlyany 7. None of

the time the time  bit of the the time  of the of the time  the time
time time

This questionnaire is designed to assess the impact of your lung disease on various
aspects of your life. Please circle the response that best applies to you for each
question.

Another important aspect to consider is that
palliation is a dynamic process as patients’ needs may
change over time according to the phase of the
disease.[123] The caregiver should also be involved
and supported throughout the disease course.
Patients should be fully informed about symptoms
and treatment options early in the progression of the
disease with special attention to patients’ needs,
preferences, culture, and beliefs.[123] Furthermore,
both the patient and the caregiver need time to
understand supportive treatment options and to
choose setting of care. Van Manen et al. recently
proposed a model (“the ABCDE of IPF care”) to tailor
supportive care along the course of the disease in IPF
patients.[124]

Most used therapies for palliation include
morphine and opioids, such as fentanyl, oxycodone
and hydromorphone, in different administration
forms (oral, subcutaneous, intravenous, transdermal
etc). Despite the wide choice of pharmacological
agents, no RCTs have assessed the best drugs to
control breathlessness in patients with end-stage ILDs

and there are still many prejudices on the use of
morphine and its derivatives in patients with
end-stage chronic respiratory diseases.[125,126] Lack
of guidelines and familiarity with these drugs and
fear of downregulation of respiratory control centers
are some of the factors that prevent implementation in
clinical practice.[127]

In conclusion, similarly to oncologic diseases, in
the late phases of ILDs there is a strong need to
provide access to adequate palliative care and discuss
treatment and supportive options in a dedicated
multidisciplinary setting in order to improve quality
of life. Further trials on the efficacy of symptomatic
interventions for ILDs are advisable in order to
elucidate the best models to take care of both patients
and caregivers.[123]

c) Rehabilitation

Pulmonary rehabilitation (PR) is defined by the
ATS and ERS as a “comprehensive intervention based
on a thorough patient assessment followed by
patient-tailored therapies that include, but are not
limited to, exercise training, educational and
behavioral changes, designed to improve the physical
and psychological condition of people with chronic
respiratory disease and to promote the long-term
adherence of health-enhancing behaviors”.[128,129]

PR role and benefits have been well defined in
patients with COPD and emerging evidence suggests
that these benefits could be extended to other chronic
respiratory conditions, such as ILDs.[130-132]
Current guidelines for the management of IPF make a
weak positive recommendation for PR because of
inadequate reporting of methods and small number of
participants in the available studies.[20] Nevertheless,
a recent Cochrane review reported that PR seems to
be safe for ILD patients and may reduce dyspnea,
increase walking distance, increase maximum oxygen
uptake and improve quality of life.[133] PR has also
been shown to reduce exertional dyspnea in IPF
patients as assessed by Borg scale,[134] MRC and
Chronic ~ Respiratory = Disease = Questionnaire
(CRDQ),[135-138] but statistically significant results
have not been unanimously achieved.[139,140]

PR also led to short-term improvements of
health-related quality of life (HRQoL), as reported by
different RCTs.[138,139,141,142] This was supported
by other non-randomized studies,[135,137,140,
143,144] while other authors did not report any
positive effect on HRQoL.[145,146]

Functional exercise capacity, expressed as
change in walking distance during 6MWT,
significantly improved in IPF patients immediately
after PR.[147] Similarly, gait speed over four metres
(4MGS), a measure of usual walking speed widely
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used in gerontology as a measure of functional and
lower limb performance,[148] improved significantly
with PR.[143,149]

However, the role of PR as available therapeutic
option has yet to be established, in particular it is not
clear whether ILD etiology and severity may
influence the response to PR.

The largest benefit following PR seems to occur
in patients with asbestosis, followed by those with
IPF, while patients with CTD-ILDs seem to receive
less benefit from PR programs.[141,150,151]

There are opposite views regarding which
patients may benefit most from PR programs: two
studies suggest a greater treatment effect in those
with less functional impairment,[152,153] while
others found greater improvements in those with
more severe impairment.[134,143] In IPF patients, the
response to PR varied depending on the Medical
Research Council (MRC) grade of dyspnea at baseline;
specifically, a greater MRC grade of dyspnea is
associated with greater functional improvement and
lower hospitalization rate.[153]

The beneficial effects in ILDs, particularly in IPF,
seem to be greater amongst patients with a shorter
walking distance at baseline.[134,135,143,144] On the
contrary, in the subgroups with severe ILDs and
exercise desaturation, no definite improvements in
walking distance and maximum oxygen uptake were
demonstrated.[138,143,154,155] Moreover, oxygen
users gained less from PR and had a higher mortality
rate than non-oxygen users.[156] Furthermore, the
presence of PH, as comorbidity, reduced the walking
distance at GtMWT regardless of lung function.[157]

Shorter (6-8 weeks) exercise training programs
have been shown to improve symptoms and physical
activity  levels  both  during and  after
rehabilitation.[158] Longer programs (3 months) seem
able to maintain exercise oxygen uptake and lengthen
constant load exercise time in patients with severe
IPF.[141] Successful adherence is more likely in
patients with milder disease resulting in greater
treatment effects. When adherence to the PR protocol
is limited by severe dyspnea or fear of adverse events,
an interval training approach may be useful. Other
strategies used to enhance the training effect on
peripheral muscles in severe COPD patients, such as
neuromuscular electrical stimulation and using step
counters,[159] may also have a role in severe ILDs,
although this has not yet been tested in RCTs. In
CTD-ILDs, commonly associated with systemic
manifestations such as joint pain and swelling, muscle
weakness and pain, hydrotherapy or resistance
training may be more suitable in achieving
benefits.[141]

Uncertainties remain regarding how long the
benefits after PR persist. Long-term benefits (up to
12-18 months) have not been consistently shown in
patients with [LD.[133,138,141,145,150] A recent
12-week RCT on exercise training showed
maintenance of improved quality of life and leg
strength in IPF patients at 11 months, but not at 30
months of follow-up.[142]

Although the magnitude of improvement seems
to be less evident than in COPD patients [130,145] and
may not persist on long-term,[138] PR is safe and
feasible in ILDs and appears to be a valuable adjunct
therapy.

Further studies are needed to evaluate the best
type (exercise, intensity, frequency, and duration) and
timing of PR programs for ILD patients.

d) Transplantation

Regardless of the specific ILD, lung
transplantation remains the only effective therapy in
patients with advanced ILDs refractory to medical
treatment.[160] The main limitation for Ilung
transplantation is the number of available
organs.[161,162]

A timely referral of the patient to the transplant
center is fundamental to obtain an exhaustive formal
evaluation and to timely place the patient in the active
waiting list. It also warrants the patient time to collect
the strong psychosocial support necessary to undergo
this demanding procedure.[163]

According to the 2014 International Society for
Heart and Lung Transplantation Consensus
document, referral to transplant center must be
considered in presence of any of the following
conditions:  “histopathological or radiographic
evidence of UIP or fibrosing non-specific interstitial
pneumonitis or lung function defect (i.e. “FVC <80%
predicted or DLCO <40% predicted), dyspnea or
functional limitation attributable to lung disease and
oxygen requirement”, for inflammatory ILDs “failure
to improve dyspnea, oxygen requirement, and/or
lung function after a clinically indicated trial of
medical therapy”.[18]

Although the median survival after lung
transplantation in patients with ILDs is 4.7 years, this
intervention still conveys a survival benefit and
improvement in quality of life in suitable patients
with advanced lung disease and hypoxemic CRF.[164]

Because of similar post transplantation survival
rates between idiopathic and CTD-ILDs,[165] the
current guidelines propose the application of the
same criteria to those CIDs in which no
extrapulmonary contraindication to transplantation
coexist.[18]
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Conclusions

Despite the known ominous prognosis of some
ILDs, differential diagnosis of CRF should be properly
assessed. Furthermore, in ILD patients management
options, such as rehabilitation programs, and
palliative care remain largely underused, thus, a
personalized and multidisciplinary approach to CRF
would be desirable and may improve the outcomes
and, particularly, the quality of life of end-stage ILD
patients.
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