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Abstract

Interstitial lung disease (ILD) comprises a large and heterogeneous
group of disorders that often lead to progressive fibrosis and
premature death. Oxygen supplementation is typically used in
patients with advanced lung disease with resting hypoxemia;
however, there is a paucity of evidence guiding the use of
supplemental oxygen in ILD, and significant heterogeneity in
clinical practice. It remains unclear whether supplemental oxygen

improves clinicallymeaningful outcomes, and the role of ambulatory
oxygen supplementation in isolated exertional hypoxemia is
particularly controversial. In some regions, the lack of robust data
creates barriers to funding support and access to supplemental
oxygen for patients with ILD. Further research into the role of
oxygen supplementation is needed to optimize the comprehensive
care of this patient population.
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Interstitial lung disease (ILD) comprises
a heterogeneous group of diseases
characterized by inflammation and/or
fibrosis of the lung parenchyma. Some
forms of ILD are irreversible, characterized
by progressive hypoxemia and frequent
early mortality, and with few
pharmacotherapies of proven benefit.

Supplemental oxygen is often
prescribed for patients with advanced ILD;
however, there are limited data guiding its
use in this population. This lack of evidence
has made it challenging for providers to
know when to prescribe oxygen and for
patients to understand when it should be used.
This has also led to variable criteria for funding
of supplemental oxygen across healthcare
regions, with particular uncertainty regarding
which patients should be provided ambulatory

oxygen (i.e., oxygen supplementation only
with ambulation and not at rest). Herein, we
present the evidence base examining the
use of oxygen in patients with ILD and
discuss how the limited data have created
significant barriers to accessing this therapy
in many regions. We highlight some of the
practical limitations to oxygen use and
identify priorities that we believe warrant
additional research on the role of
supplemental oxygen in patients with ILD
with resting or exertional hypoxemia.

Rationale and Evidence for
Oxygen in ILD

Patients with advanced ILD frequently
develop hypoxemia due to multiple

physiologic derangements, including
diffusion limitation, ventilation–perfusion
mismatching, and abnormalities of the
pulmonary vasculature (1–3). Exertional
desaturation can be profound in some
patients with ILD (2, 4), contributing to
exertional dyspnea that is distressing and
associated with depression, functional
impairment, and reduced quality of life
(5, 6). Hypoxemia during exercise impairs
maximal work load and endurance time,
attenuating the benefits gained from
pulmonary rehabilitation (7, 8). Hypoxemia
may also contribute to the development
of pulmonary hypertension (9, 10), a
prognostically important comorbidity
with no proven therapy in ILD (11–13).
Supplemental oxygen can improve many
of these adverse changes; however, there is
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no clear consensus on the threshold
below which oxygen supplementation
is warranted, given the sparse and
inconsistent data (14). Despite the paucity
of evidence, clinical supplemental oxygen
is used by 11–28% of patients with mild-
to-moderate idiopathic pulmonary fibrosis
(IPF) at the time of clinical trial enrolment
(15–18).

The use of continuous supplemental
oxygen for resting hypoxemia in ILD is
primarily extrapolated from studies in
patients with chronic obstructive
pulmonary disease (COPD) that were
published over 35 years ago. The NOTT
(Nocturnal Oxygen Therapy Trial) and
MRC (Medical Research Council) studies
were randomized, controlled trials that
demonstrated a mortality benefit from
supplemental oxygen in patients with
COPD with severe resting hypoxemia
(19, 20). Additional smaller studies have
since demonstrated that supplemental
oxygen improves oxygen delivery, cardiac
output, arterial oxygen content, minute
ventilation, exertional dyspnea, and
exercise endurance in patients with
hypoxemia and COPD (21–24).
Extrapolating from these data, IPF
clinical practice guidelines make a
strong recommendation for the use
of oxygen in patients with resting
oxygen saturations below 88% (25),
despite no direct evidence of benefit in
this clinical context.

There are no high-quality studies
evaluating the use of supplemental oxygen
in patients with ILD who desaturate only
with exertion. A recent study of patients
with stable COPD with mild resting
hypoxemia or moderate exercise-induced
hypoxemia found no impact of
supplemental oxygen on functional
capacity, quality of life, need for
hospitalization, or mortality (26). Patients
with advanced ILD frequently have more
rapid and more severe exertional
hypoxemia compared with those with
COPD, suggesting that it is likely
inappropriate to extrapolate these data to
ILD (27). An observational study of 133
patients with IPF with mild exertional
hypoxemia reported no mortality benefit of
supplemental oxygen; however, this study
was underpowered to detect a meaningful
benefit (28). A double-blind, placebo-
controlled crossover study of 20 patients
with IPF with exertional desaturation found
that breathing 4 L/min of supplemental

oxygen via nasal prongs did not improve
6-minute-walk distance compared with
breathing room air (29).

In contrast, several small studies in
patients with ILD demonstrate that
breathing supplemental oxygen or
hyperoxia during exercise improves
endurance time, walk distance, dyspnea,
maximal oxygen uptake, and maximal
workload (30–34). These studies have
several important limitations, including
small sample sizes, mostly retrospective
study designs, lack of blinding with sham
oxygen, and inconsistent consideration of
potential confounders, such as disease
severity or pulmonary hypertension. It is
also unclear whether these findings apply
to patients with resting or exertional
hypoxemia, and what degree of hypoxemia
reversal must be achieved to obtain clinical
benefit. Furthermore, there are no studies
that have adequately evaluated the role
of longer-term ambulatory oxygen
supplementation in this patient population,
and no studies have assessed quality of life.
An ongoing randomized, controlled trial
will address some of these limitations by
examining potential functional and
symptomatic benefits of supplemental
oxygen during an 8-week exercise program
in patients with IPF who do not qualify for
resting oxygen supplementation (clinical
trial registered with www.clinicaltrials.gov
[NCT02551068]) (35). An additional
randomized, controlled crossover trial of
ambulatory oxygen will evaluate the longer-
term role of supplemental oxygen for the
treatment of isolated exertional hypoxemia
in patients with ILD (clinical trial
registered with www.clinicaltrials.gov
[NCT02286063]) (36).

It is unknown whether oxygen
supplementation could conversely be
associated with an increased risk of acute
exacerbation of ILD or other adverse effects.
Although acute exacerbations of IPF are
more common in patients with advanced
disease (37), including many on oxygen
supplementation, there are no data
specifically suggesting toxicity of
supplemental oxygen for patients with
stable ILD with resting or exertional
hypoxemia. Acute exacerbations in patients
with IPF receiving high amounts of oxygen
have primarily occurred in mechanically
ventilated patients during surgical
procedures (38), and are not directly
applicable to an outpatient population. One
small crossover study of patients with IPF

found no difference in biomarkers of
oxidative stress after exercise while
breathing supplemental oxygen compared
with medical air, suggesting that oxygen
is likely a safe intervention, at least in
the short term (39); however, there
remains a need for future studies to
evaluate the potential toxicity of oxygen
in patients with ILD.

Recommendations for Oxygen
Supplementation in ILD

The 2011 IPF guideline, endorsed by several
respiratory societies, recommended that
patients with IPF with resting oxygen
saturation less than 88% should be treated
with supplemental oxygen (25); however,
specific criteria for patients with isolated
exertional hypoxemia were not provided. A
2008 multisociety guideline recommended
that ambulatory oxygen be considered for
patients with IPF who are breathless,
mobile, and who desaturate with exercise
(oxygen saturation ,90%), provided there
is also improvement in exercise capacity
and/or breathlessness with supplemental
oxygen (40). A 2015 guideline from the
British Thoracic Society comments that
long-term oxygen therapy may improve
tissue oxygenation and survival in patients
with ILD with chronic resting hypoxemia,
while preventing complications, such as
pulmonary hypertension, and suggests
that patients with ILD with severe
breathlessness could be considered for
palliative oxygen therapy (41). However,
this guideline further states that ambulatory
oxygen should not be routinely offered to
patients without chronic hypoxemia at
rest (grade B recommendation).

The recommendations made in these
guidelines are based primarily on expert
opinion, given the paucity of strong and
direct evidence. The limited data and
absence of any cost analysis has similarly led
to opinion-based local funding criteria in
many health regions; however, these criteria
are often more restrictive than current
guideline recommendations. The variable
funding criteria across health regions and
their frequent discrepancies with guideline
recommendations have contributed to the
confusion among patients and health
care providers, indicating the need for
updated guideline recommendations
supported by major international societies.
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Criteria for Oxygen
Supplementation

Regional criteria for funding of
supplemental oxygen are heterogeneous,
with each regulatory agency establishing
policy for their local population, and some
agencies not funding oxygen for exertional
hypoxemia at all. Criteria for resting oxygen
supplementation are typically consistent
with the NOTT and MRC trials, including
severe resting hypoxemia (PaO2

, 55 mm
Hg) or moderately severe resting
hypoxemia (PaO2

, 60 mm Hg) with
complications of chronic hypoxemia (e.g.,
cor pulmonale, polycythemia).

Funding for ambulatory oxygen often
requires a combination of exertional
hypoxemia that is reversed with oxygen
supplementation, with additional
requirement in some regions of a substantial
improvement in either walk distance or
dyspnea. The severity of what qualifies as
significant exertional hypoxemia varies,
with some regulatory agencies funding
oxygen only with desaturation to less than
80% (42), whereas others provide funding
for an ambulatory saturation less than 88%
(43). Some agencies also require that
specific criteria be met on tests performed
over multiple days, whereas others have
complex pretesting algorithms that must be
met before patients are even eligible for
testing (42). An improvement in walk
distance is required in some regions (e.g.,
improvement in walk distance of 30 m and
20–25% compared with the walk distance
achieved on room air). However, patients
with chronic lung disease can suffer from
significant deconditioning that may
prohibit immediate benefit of oxygen
supplementation, indicating that a single
test may not provide an adequate
assessment of potential benefit from longer-
term oxygen supplementation. The United
States’ Centers for Medicare and Medicaid
do not have a “distance” criterion for
oxygen funding (44); however, these criteria
are similarly not evidence based, but rather
appear to rely on expert opinion.

Additional criteria exist within specific
regions and patient populations. Some
regulatory agencies require that candidates
for ambulatory oxygen supplementation
first meet criteria for “severe lung disease”
(42); however, the provided definition of
“severe lung disease” is extrapolated from
mortality prediction models in IPF that
have not been validated to predict benefit
from supplemental oxygen in ILD or any
other chronic lung disease (45, 46). Clearly,
eligibility criteria for oxygen funding must
be established, but the extensive variability
in specific criteria highlights that the
optimal metrics of assessment and
qualification for ambulatory oxygen
remain unclear.

Barriers to Oxygen Use

Oxygen is a costly therapy that is not funded
for some patients who appear to derive
significant benefit. Some populations and
regions have no funding for supplemental
oxygen in cases of isolated exertional
hypoxemia (47, 48), whereas some patients
have substantial out-of-pocket costs before
insurance coverage applies. This limited
access to funding requires many patients to
choose between large personal expenses or
rationing their oxygen use.

There are many additional challenges
to the use of supplemental oxygen. Some
patients find oxygen burdensome and
perceive that it makes them look old and
infirm (49, 50), leading to use of oxygen
only in the setting of significant functional
limitation and/or breathlessness. Providers
may advise patients to use oxygen only
during exercise; however, this may cause
confusion as to what degree of exertion
warrants its use and what flow rates to use.
It can also be difficult to justify use of
oxygen to patients who are relatively
asymptomatic despite significant
desaturation, including patients who have
developed symptomatic tolerance to
chronic hypoxemia. Conversely, oxygen
may provide relatively little symptomatic

relief in some patients who thus abandon
oxygen as an ineffective therapy despite
other potential physiological benefits (50).
There are additional practical issues
related to oxygen tubing, tanks, and other
equipment that can impact compliance
in patients who are frequently frail.
Importantly, patients with advanced
ILD may require high oxygen flow rates
that exceed the capacity of portable or
compact systems, resulting in limited
mobility and hindering their ability
to leave the home. These common
barriers to oxygen use highlight the
complexity of individual needs and
expectations that must be considered
when developing an approach to oxygen
therapy (51).

Conclusions

Supplemental oxygen is frequently
prescribed to patients with advanced ILD;
however, there is a lack of rigorous data
supporting its use, and there are significant
barriers to accessing this therapy in many
regions. Patients with ILD with resting
hypoxemia are typically provided
supplemental oxygen; however, there is a
pressing need for a consistent approach to
oxygen therapy for patients with ILD,
particularly those with isolated exertional
hypoxemia. The current lack of evidence
may result in overprescription of oxygen in
some jurisdictions, whereas, in our
experience, it has created complex barriers
to accessing this therapy. Prospective,
randomized, controlled trials of ambulatory
oxygen therapy in patients with ILD with
exertional hypoxemia are needed to assess
clinically meaningful outcomes. Until such
data become available, our patients will
likely continue to have poor access to an
intervention that may significantly impact
symptoms, patient independence, and
quality of life. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Effects of supplemental oxygen during activity in patients with
advanced COPD without severe resting hypoxemia. Chest 2001;120:
437–443.

24 O’Donnell DE, Bain DJ, Webb KA. Factors contributing to relief of
exertional breathlessness during hyperoxia in chronic airflow
limitation. Am J Respir Crit Care Med 1997;155:530–535.

25 Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK,
Colby TV, Cordier JF, Flaherty KR, Lasky JA, et al.; ATS/ERS/JRS/
ALAT Committee on Idiopathic Pulmonary Fibrosis. An official ATS/
ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-
based guidelines for diagnosis and management. Am J Respir Crit
Care Med 2011;183:788–824.

26 Albert RK, Au DH, Blackford AL, Casaburi R, Cooper JA Jr, Criner GJ,
Diaz P, Fuhlbrigge AL, Gay SE, Kanner RE, et al.; Long-Term Oxygen
Treatment Trial Research Group. A randomized trial of long-term
oxygen for COPD with moderate desaturation. N Engl J Med 2016;
375:1617–1627.

27 Swigris J. Caution against extrapolating results from the trial of long-
term oxygen for chronic obstructive pulmonary disease. Ann Am
Thorac Soc 2017;14:296.

28 Douglas WW, Ryu JH, Schroeder DR. Idiopathic pulmonary fibrosis:
impact of oxygen and colchicine, prednisone, or no therapy on
survival. Am J Respir Crit Care Med 2000;161:1172–1178.

29 Nishiyama O, Miyajima H, Fukai Y, Yamazaki R, Satoh R, Yamagata T,
Sano H, Iwanaga T, Higashimoto Y, Nakajima H, et al. Effect of
ambulatory oxygen on exertional dyspnea in IPF patients without
resting hypoxemia. Respir Med 2013;107:1241–1246.

30 Bye PT, Anderson SD, Woolcock AJ, Young IH, Alison JA. Bicycle
endurance performance of patients with interstitial lung disease
breathing air and oxygen. Am Rev Respir Dis 1982;126:1005–1012.

31 Harris-Eze AO, Sridhar G, Clemens RE, Gallagher CG, Marciniuk DD.
Oxygen improves maximal exercise performance in interstitial lung
disease. Am J Respir Crit Care Med 1994;150:1616–1622.

32 Frank RC, Hicks S, Duck AM, Spencer L, Leonard CT, Barnett E.
Ambulatory oxygen in idiopathic pulmonary fibrosis: of what benefit?
Eur Respir J 2012;40:269–270.

33 Visca D, Montgomery A, de Lauretis A, Sestini P, Soteriou H,
Maher TM, Wells AU, Renzoni EA. Ambulatory oxygen in
interstitial lung disease. Eur Respir J 2011;38:987–990.

34 Schaeffer MR, Ryerson CJ, Ramsook AH, Molgat-Seon Y, Wilkie SS,
Dhillon SS, Mitchell RA, Sheel AW, Khalil N, Camp PG, et al. Effects
of hyperoxia on dyspnoea and exercise endurance in fibrotic
interstitial lung disease. Eur Respir J 2017;49;1602494.

35 Ryerson CJ, Camp PG, Eves ND, Schaeffer M, Syed N, Dhillon S,
Jensen D, Maltais F, O’Donnell DE, Raghavan N, et al. High oxygen
delivery to preserve exercise capacity in patients with idiopathic
pulmonary fibrosis treated with nintedanib: methodology of the
HOPE-IPF Study. Ann Am Thorac Soc 2016;13:1640–1647.

36 Visca D, Tsipouri V, Mori L, Firouzi A, Fleming S, Farquhar M, Leung E,
Maher TM, Cullinan P, Hopkinson N, et al. Ambulatory oxygen in
fibrotic lung disease (AmbOx): study protocol for a randomised
controlled trial. Trials 2017;18:201.

37 Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ,
Lee JS, Maher TM, Wells AU, Antoniou KM, et al. Acute exacerbation
of idiopathic pulmonary fibrosis: an international working group
report. Am J Respir Crit Care Med 2016;194:265–275.

38 Sakamoto S, Homma S, Mun M, Fujii T, Kurosaki A, Yoshimura K.
Acute exacerbation of idiopathic interstitial pneumonia following lung
surgery in 3 of 68 consecutive patients: a retrospective study. Intern
Med 2011;50:77–85.

39 Dowman LM, McDonald CF, Bozinovski S, Vlahos R, Gillies R,
Pouniotis D, Hill CJ, Goh NSL, Holland AE. Greater endurance
capacity and improved dyspnoea with acute oxygen
supplementation in idiopathic pulmonary fibrosis patients without
resting hypoxaemia. Respirology 2017;22:957–964.

40 Bradley B, Branley HM, Egan JJ, Greaves MS, Hansell DM, Harrison NK,
Hirani N, Hubbard R, Lake F, Millar AB, et al.; British Thoracic Society
Interstitial Lung Disease Guideline Group, British Thoracic Society
Standards of Care Committee; Thoracic Society of Australia; New
Zealand Thoracic Society; Irish Thoracic Society. Interstitial lung

OPINIONS AND IDEAS

1376 AnnalsATS Volume 14 Number 9| September 2017



disease guideline: the British Thoracic Society in collaboration with
the Thoracic Society of Australia and New Zealand and the Irish
Thoracic Society. Thorax 2008;63:v1–v58. [Published erratum appears
in Thorax 63:1029.]

41 Hardinge M, Annandale J, Bourne S, Cooper B, Evans A, Freeman D,
Green A, Hippolyte S, Knowles V, MacNee W, et al.; British Thoracic
Society Home Oxygen Guideline Development Group; British
Thoracic Society Standards of Care Committee. British Thoracic
Society guidelines for home oxygen use in adults. Thorax 2015;70:
i1–i43.

42 Alberta aids to daily living respiratory benefits program policy &
procedures manual. 2015 Jun 30 [accessed 2016 Dec 12]. Available
from: http://www.health.alberta.ca/documents/aadl-manual-r-
respiratory.pdf

43 Sasketchewan aids to independent living general policies. 2016 Dec 12
[accessed 2016 Dec 12]. Available from: https://www.saskatchewan.
ca/residents/health/accessing-health-care-services/health-services-
for-people-with-disabilities/sail-special-benefit-programs

44 Department of Health and Human Services Centers for Medicare &
Medicaid Services. Home oxygen therapy. 2016 Dec 12 [accessed
2016 Dec 12]. Available from: https://www.cms.gov/outreach-and-
education/medicare-learning-network-mln/mlnproducts/downloads/
home-oxygen-therapy-icn908804.pdf

45 Ley B, Bradford WZ, Weycker D, Vittinghoff E, du Bois RM, Collard HR.
Unified baseline and longitudinal mortality prediction in idiopathic
pulmonary fibrosis. Eur Respir J 2015;45:1374–1381.

46 du Bois RM, Albera C, Bradford WZ, Costabel U, Leff JA, Noble PW,
Sahn SA, Valeyre D, Weycker D, King TE Jr. 6-Minute walk distance
is an independent predictor of mortality in patients with idiopathic
pulmonary fibrosis. Eur Respir J 2014;43:1421–1429.

47 Health PEI. Home oxygen program application form. 2016 Dec 12
[accessed 2016 Dec 12]. Available from: http://www.gov.pe.ca/
forms/pdf/1287.pdf

48 Lacasse Y, Bernard S, Maltais F. Eligibility for home oxygen programs
and funding across Canada. Can Respir J 2015;22:324–330.

49 Kelly CA, Maden M. How do respiratory patients perceive oxygen
therapy? A critical interpretative synthesis of the literature. Chron
Respir Dis 2014;11:209–228.

50 Khor YH, Goh NSL, McDonald CF, Holland AE. Oxygen therapy
for interstitial lung disease: a mismatch between patient
expectations and experiences. Ann Am Thorac Soc 2017;14:
888–895.

51 Duck A, Spencer LG, Bailey S, Leonard C, Ormes J, Caress AL.
Perceptions, experiences and needs of patients with idiopathic
pulmonary fibrosis. J Adv Nurs 2015;71:1055–1065.

OPINIONS AND IDEAS

Opinions and Ideas 1377


	link2external
	link2external
	link2external

