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Background: Evidence-based guidelines are needed for effective

delivery of home oxygen therapy to appropriate patients with chronic
obstructive pulmonary disease (COPD) and interstitial lung disease
(ILD).
Methods: The multidisciplinary panel created six research questions
using a modiﬁed Delphi approach. A systematic review of the
literature was completed, and the Grading of Recommendations
Assessment, Development and Evaluation approach was used to
formulate clinical recommendations.
Recommendations: The panel found varying quality and

availability of evidence and made the following judgments: 1) strong
recommendations for long-term oxygen use in patients with COPD
(moderate-quality evidence) or ILD (low-quality evidence) with
severe chronic resting hypoxemia, 2) a conditional recommendation
against long-term oxygen use in patients with COPD with moderate
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chronic resting hypoxemia, 3) conditional recommendations for
ambulatory oxygen use in patients with COPD (moderate-quality
evidence) or ILD (low-quality evidence) with severe exertional
hypoxemia, 4) a conditional recommendation for ambulatory liquidoxygen use in patients who are mobile outside the home and require
.3 L/min of continuous-ﬂow oxygen during exertion (very-lowquality evidence), and 5) a recommendation that patients and their
caregivers receive education on oxygen equipment and safety (bestpractice statement).
Conclusions: These guidelines provide the basis for evidence-based

use of home oxygen therapy in adults with COPD or ILD but
also highlight the need for additional research to guide clinical
practice.
Keywords: mobility; hypoxemia; quality of life; chronic

obstructive pulmonary disease; interstitial lung disease
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>3 L/min during exertion, we suggest
prescribing portable liquid oxygen
(LOX) (conditional recommendation,
very-low-quality evidence).

Summary of
Recommendations
Chronic Obstructive Pulmonary
Disease
d

d

d

In adults with chronic obstructive
pulmonary disease (COPD) who have
severe chronic resting room air
hypoxemia,* we recommend
prescribing long-term oxygen therapy
(LTOT) for at least 15 h/d (strong
recommendation, moderate-quality
evidence).
*Severe hypoxemia is deﬁned as
meeting either of the following criteria:
1) PaO2 < 55 mm Hg (7.3 kPa) or
oxygen saturation as measured by pulse
oximetry (SpO2) < 88%; 2) PaO2 = 56–59
mm Hg (7.5–7.9 kPa) or SpO2 = 89%
plus one of the following: edema,
hematocrit > 55%, or P pulmonale on
an ECG.
In adults with COPD who have
moderate chronic resting room air
hypoxemia,* we suggest not prescribing
LTOT (conditional recommendation,
low-quality evidence).
*Moderate hypoxemia is deﬁned as an
SpO2 of 89–93%.
In adults with COPD who have severe
exertional room air hypoxemia, we
suggest prescribing ambulatory oxygen
(conditional recommendation, moderatequality evidence).

Interstitial Lung Disease
d

d

For adults with interstitial lung disease
(ILD) who have severe chronic resting room
air hypoxemia, we recommend prescribing
LTOT for at least 15 h/d (strong
recommendation, very-low-quality evidence).
For adults with ILD who have severe
exertional room air hypoxemia, we
suggest prescribing ambulatory oxygen
(conditional recommendation, lowquality evidence).

Liquid Oxygen
d

In patients with chronic lung disease
who are mobile outside of the home and
require continuous oxygen ﬂow rates of

Education and Safety
d

For patients prescribed home oxygen
therapy, we recommend that the
patient and their caregivers receive
instruction and training on the use and
maintenance of all oxygen equipment
and education on oxygen safety,
including smoking cessation, ﬁre
prevention, and tripping hazards (bestpractice statement).

Introduction
Five million adults live with chronic lung
disease in the United States, with more than
one million prescribed LTOT (1, 2), deﬁned
as oxygen prescribed for at least 15 h/d. The
rationale for the provision of LTOT in
adults is based on the survival beneﬁt
reported by two randomized clinical trials
(RCTs) published over three decades ago in
patients with COPD and severe, chronic
hypoxemia (3, 4). Since then, an additional
clinical trial has examined the role of home
oxygen therapy in patients with COPD and
moderate resting hypoxemia or exertiononly hypoxemia (LOTT [Long-Term
Oxygen Therapy Trial]) (5).
Although several professional societies
and groups have published clinical practice
guidelines for home oxygen therapy (6–12),
most have not incorporated the recent
LOTT results (5). Recent data highlight
signiﬁcant differences in home oxygen
needs and experiences across patients with
different lung diseases, lifestyles, and
oxygen supply requirements (13–16). For
example, the physiologic mechanisms of
hypoxemia differ between obstructive and
restrictive lung diseases. The rapid and
steep rate of exertional desaturation for
patients with ILD differs from that of those
with COPD (17, 18). These considerations
highlight the need for guidelines speciﬁc to
individuals with COPD and ILD, the two

major diagnosis entities for which oxygen
therapy is prescribed (19).
The 2017 American Thoracic Society
(ATS) workshop on optimizing home oxygen
therapy identiﬁed the lack of evidence-based
clinical practice guidelines for appropriate
use of home oxygen as a critical gap in the
care of patients (20). Workshop proceedings
suggested a need for additional research on
portable oxygen technology, advocacy for
improved ﬁnancing of oxygen therapy, and
updated guidelines to guide policy, advocacy,
and practice, as none currently exist in the
United States.
Our aim was to conduct a rigorous and
systematic review and develop clinical
guidelines targeting healthcare providers
who care for adults living with chronic lung
disease who need oxygen in the community
outside of inpatient and emergency settings.
In applying these guidelines, clinicians
should use an interactive, shared decisionmaking approach to ensure oxygen
prescriptions meet the needs of individual
patients by considering physiology, lifestyle,
and treatment preferences. The systematic
review underpinning this guideline did not
speciﬁcally address supplemental oxygen
use for patients with acute hypoxemia or for
patients with signs of cor pulmonale,
pulmonary hypertension (PH), or
polycythemia. However, the panel agreed
that clinical guidance related to hypoxemia
and PH should be included when pertinent
to each question.

Methods
This clinical guideline was developed in
accordance with policies and procedures of
the ATS. The guideline panel included 4 cochairs and 18 voting members: 11
pulmonary and/or critical care physicians, 4
nurses, 1 registered respiratory therapist,
and 1 physiotherapist. To capture the
critical input of an oxygen user, the panel
included a patient representative (Box 1).
We used the Grading of Recommendations
Assessment, Development and Evaluation
(GRADE) approach to appraise the quality

An Executive Summary of this document is available at http://www.atsjournals.org/doi/suppl/10.1164/rccm.202009-3608ST.
You may print one copy of this document at no charge. However, if you require more than one copy, you must place a reprint order. Domestic reprint orders:
amy.schriver@sheridan.com; international reprint orders: louisa.mott@springer.com.
Correspondence and requests for reprints should be addressed to Susan S. Jacobs, M.S., R.N., Division of Pulmonary, Allergy and Critical Care, Department of
Medicine, Stanford University, 300 Pasteur Drive, Stanford, CA 94035. E-mail: ssjpulm@stanford.edu.
This document has an online supplement, which is accessible from this issue’s table of contents at www.atsjournals.org.

e122

American Journal of Respiratory and Critical Care Medicine Volume 202 Number 10 | November 15 2020

AMERICAN THORACIC SOCIETY DOCUMENTS

Box 1
“The ability to get out of the house and continue my activities is top of the chart
in importance! There is no way I want to become a couch potato . . . All the
oxygen equipment was ‘dumped’ on me. I knew nothing and was in a daze. I am sure
that the delivery guy gave me some instructions when it was delivered but I retained
nothing. . . . My ﬁrst concern was to ﬁnd a better solution than the shoulder carry bag
that the oxygen company provided. I needed to be hands free to play tennis. . . . I spent
a couple of years perfecting my system of how to carry enough tanks to a tennis match
(requires 6–8 tanks). I did a lot of Internet research to ﬁnd carts or carrying cases for
tanks. I have settled on a rolling cart that was designed to carry wine bottles to tasting
parties. Perfect size for 6 tanks . . . It is a pain to have to plan out a day of activities with
oxygen. What is the elevation, how far will I have to walk, how many tanks do I need,
where can I recharge my POC [portable oxygen concentrator]? There may come a day
when you can’t do these things so enjoy every minute you have. When I don’t get
enough tanks it makes me mad as hell . . . I still do not let down my guard down around
the supplier. I never know when their business decisions will again affect my life.”
—Supplemental home oxygen user
of evidence and to formulate and grade
recommendations (Tables 1 and 2) (21). We
adopted a published terminology for home
oxygen therapy (Table 3) (22). For the
systematic review to June 2019, we deﬁned
severe hypoxemia as having an SpO2 < 88%
as assessed by pulse oximetry or having an
PaO2 < 55 mm Hg (7.3 kPa) as assessed by
blood-gas sampling, and we deﬁned
moderate hypoxemia as having an SpO2
88–93% or PaO2 56–60 mm Hg (7.5–7.8
kPa). We deﬁned severe exertional
hypoxemia as having SpO2 < 88% on
exertion. However, we found substantial
variability in deﬁnitions for severe
hypoxemia across studies, and the data were
not reported in a way that would allow
reanalysis of outcomes at different
thresholds. Thus, we also considered studies
using different thresholds and reported the
deﬁnitions of severe and moderate
hypoxemia used by study authors. We have

provided suggested thresholds for
hypoxemia in the implementationconsideration sections. Potential conﬂicts
of interest were disclosed and managed in
accordance with the policies and
procedures of the ATS (see Table E1 in
the online supplement). The online
supplement provides a detailed
description of the methods.

Results
After a systematic literature review, the
guideline panel created ﬁnal
recommendations on the basis of the
available evidence. Table 4 summarizes these
ﬁndings for questions related to patients
with COPD and ILD as well as for questions
related to the use of LOX. A best-practice
statement was included to address education
and safety needs for all home oxygen users.

Table 1. Certainty of Evidence
Evidence Quality

Deﬁnition

High

High conﬁdence that the estimated effect is close to
the true effect.

Moderate

Moderate conﬁdence that the estimated effect is
close to the true effect, but with a chance that the
true effect is considerably different.

Low

Low conﬁdence in the estimated effect. Higher
likelihood that the true effect is considerably
different from the estimated effect.

Very low

Very low conﬁdence in the estimated effect. High
likelihood that the true effect is considerably
different from the estimated effect.
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Question 1: Should long-term oxygen
be prescribed for adults with COPD
who have severe chronic resting
room air hypoxemia?
Background. Hypoxemia is common in
people with COPD, particularly those with
more advanced disease, because of
_ mismatch and decreased
_ Q
worsening V=
diffusion capacity. In some patients,
hypoxemia can be sufﬁciently severe to
occur at rest and is associated with dyspnea,
worsening neurocognitive function, PH,
and mortality (22, 23).
In 1917, Haldane described the
therapeutic potential of providing
supplemental oxygen (24). Since then,
several studies have examined the role
of oxygen therapy in patients with
COPD. “LTOT” refers to supplemental
oxygen for a period of years, and in
most cases for the remainder of the patient’s
life (Table 3). LTOT can be delivered
through a combination of stationary
equipment (e.g., stationary oxygen
concentrator and liquid reservoirs) and
ambulatory oxygen equipment
(e.g., compressed-oxygen cylinders, portable
oxygen concentrators [POCs], and LOX
canisters) (Figure 1). In this section, we
discuss the role of LTOT for adults with
COPD and severe resting hypoxemia. The
critical outcome for this question was
mortality, and important outcomes included
dyspnea, healthcare resource use, exercise
capacity, fatigue, health-related quality of life
(HRQL), physical activity, and safety.
Description of the evidence and its
quality. We included ﬁve studies (two RCTs

[3, 4]), one pre- versus postintervention
study (25), and two observational studies (26,
27) (see the SUMMARY OF STUDIES and Table
E2 in the online supplement). Severe resting
hypoxemia was deﬁned as a PaO2 < 55 mm
Hg (7.3 kPa) or a PaO2 < 59 mm Hg (7.9
kPa) plus one of the following: edema,
hematocrit > 55%, or P pulmonale on ECG
in the NOTT (Nocturnal Oxygen Therapy
Trial) (3); or was deﬁned as a PaO2 of
40–60 mm Hg (5.3–8.0 kPa) in patients with
at least one prior episode of ankle edema in
the MRC (Medical Research Council) study
(4). In the pre- versus postintervention
study, eligibility criteria were not reported;
participants (n = 6) had a PaO2 of
41.5–46.5 mm Hg (5.5–6.2 kPa) (25). The
observational studies enrolled individuals
with a PaO2 < 55 mm Hg (7.3 kPa) (26, 27).
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Table 2. Implications of Clinical Guideline Recommendations by Stakeholder
Stakeholder

Strong Recommendation

Conditional Recommendation

Patient

The majority of patients would want the
recommended course of action in this situation,
and only a small number would not.

Many patients in this situation would prefer the
recommendation, but a substantial number may
not. This is an opportunity for shared
decision-making between the clinician and patient.

Clinician

Most individuals should receive the course of
action that is recommended. There is a low
chance that additional formal decision aids are
needed to help individuals make decisions
consistent with their values and preferences, and
adherence to this recommendation could be
used as a performance indicator or quality
criterion.

Different choices will be applicable to different
patients, and additional factors will need to be
considered in addition to the recommendation in
order for a patient to make a decision according to
their values and preferences. Decision aids may be
needed to assist individuals in making their best
choice. This is an opportunity for shared
decision-making between the clinician and patient.

Policy-maker

The recommendation can be widely adapted as
policy and can be used for performance
indicators.

Policy-making will require substantial additional
debate and involvement of many and/or additional
stakeholders. The likelihood of regional variance is
also higher, and performance indicators would
need to take into consideration any additional
deliberation that has occurred.

There was moderate-quality evidence
on the effects of LTOT on mortality in adults
with COPD who have severe, chronic
resting room air hypoxemia. The RCTs did
not employ masking (blinding), but the
guideline panel did not judge this to be a
serious risk of bias because the critical
outcome (mortality) was objective.
However, there was substantial imprecision
in estimating the treatment effects (Table
E2). The NOTT (3) study of 203
participants indicates a 2-year mortalityrisk reduction of 55% in those prescribed
LTOT (24 h/d) compared with control
subjects prescribed only nocturnal oxygen
(relative risk [RR], 0.45; 95% conﬁdence
interval [CI], 0.25–0.81). Similarly, the
MRC study (4) in 87 participants indicates
a 5-year mortality-risk reduction of 59% in
those with LTOT versus no oxygen (RR,
0.41; 95% CI, 0.17–0.98). Data from the
NOTT and MRC studies were not pooled,
as they employed different thresholds to
deﬁne severe hypoxemia, examined
different durations of home oxygen therapy
(prescribed 24 h/d vs. at least 15 h/d),
employed different comparators (nocturnal
oxygen in NOTT; no oxygen in MRC), and
reported mortality at different time points
(1- and 2-yr risk [3] and 5-yr risk [4],
respectively).
In the NOTT study (3), subgroup
analysis suggested that LTOT improved
survival compared with nocturnal oxygen in
patients with a higher PaCO2 (PaCO2 > 43 mm
Hg [5.7 kPa]: 21.7% vs. 41.5%; P = 0.002),
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lower arterial pH (pH , 7.40: 16.0% vs.
42.2%; P = 0.004), lower FVC (FVC , 1.89
L: 20.8% vs. 43.5%; P = 0.01), more severe
nocturnal hypoxemia (mean room air
SaO2 , 85%: 24.4% vs. 50.0%; P = 0.02),
lower hematocrit (hematocrit , 47.4%:
21.7% vs. 41.5%; P = 0.03), lower mean
pulmonary arterial pressure (PAP; mean
PAP , 27 mm Hg: 17.5% vs. 37.0%,
P = 0.03), and lower pulmonary vascular
resistance (PVR; PVR , 279 dyn $ s/cm5:
12.8% vs. 33.3%; P = 0.03). The NOTT
authors were surprised to ﬁnd smaller
differences in mortality, only bordering
on statistical signiﬁcance, between
continuous versus nocturnal oxygen in
those with higher baseline hematocrit
(hematocrit > 47.4%: 24.5% vs. 38.8%;
P = 0.20), higher PAP (mean
PAP > 27 mm Hg: 24.0% vs. 39.6%;
P = 0.14), and higher PVR (PVR > 279
dyn $ s/cm5: 38.6% vs. 45.2%; P = 0.11). Of
note however, the direction in the trend
toward improved mortality in these
individuals was similar to the trend in those
with less impaired hemodynamics, and the
mean PAP threshold used to separate
subgroups (overall group median,
27 mm Hg) was higher than the one used in
the currently accepted deﬁnition of PH. In
the NOTT study, continuous oxygen
therapy was associated with a reduction in
PVR levels compared with nocturnal
oxygen, but a relationship between greater
PVR decreases and reduced mortality was
not seen, while subgroup numbers were

small. The MRC study did not report
mortality beneﬁts according to baseline
pulmonary hemodynamic characteristics
(4) and was presumably enriched for
patients with PH (at least one previous
episode of ankle edema in the inclusion
criteria), but a higher PaCO2 and red-cell
mass were associated with greater mortality.
The MRC report (4) also incorrectly stated
(p. 685) that participants in the NOTT
study with higher baseline hematocrit or
PAP derived the most beneﬁt from LTOT
versus nocturnal oxygen. In light of the
caveats listed above, it is not possible to
draw ﬁrm conclusions on the differential
effects of LTOT in patients with
concomitant PH. A particular unanswered
question is whether a lower threshold for
starting LTOT could be of beneﬁt for
patients with early pulmonary
hemodynamic impairment, an area in need
of further research.
There was very-low-quality evidence on
the effects of LTOT on healthcare use. One
retrospective study (26) found fewer
hospitalizations over 3 years for participants
using LTOT compared with conventional
therapy (mean difference [MD], 21.17; 95%
CI, 21.73 to 20.59). An observational study
(27) did not ﬁnd a reduction in admission
risk once patients began receiving LTOT
(RR, 0.70; 95% CI, 0.15 to 3.30). There was a
35% reduction in hospital-bed days per
patient year of follow-up in patients
receiving LTOT, but this was not statistically
signiﬁcant (RR, 0.65; 95% CI, 0.40 to 1.05).
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Table 3. Terminology for Home Oxygen Therapy
Term

Deﬁnition

Ambulatory oxygen

Oxygen delivered during exercise or activities of daily
living.

Continuous-ﬂow oxygen

Oxygen delivered at a constant ﬂow rate, regardless
of the respiratory rate, in contrast to pulse-dose
oxygen (see below).

Continuous oxygen

Oxygen prescribed 24 h/d.

Home oxygen

Oxygen delivered in a home, also known as
domiciliary oxygen. It includes not only long-term
oxygen but also short-term, nocturnal, palliative,
ambulatory, and short-burst oxygen. It excludes
oxygen use in healthcare and emergency settings.

Long-term oxygen

Oxygen that is delivered to patients with chronic
hypoxemia, in most cases for the remainder of the
patient’s life. Long-term oxygen therapy is
prescribed for at least 15 h/d.

Nocturnal oxygen

Oxygen delivered during sleep time only.

Palliative oxygen

Oxygen to relieve dyspnea. Palliative oxygen may be
provided continuously, nocturnally, or during
ambulation. Short-burst oxygen therapy falls into
this category.

Portable oxygen

Oxygen delivered through systems that are
sufﬁciently lightweight so that they can be carried
or pulled by patients and allow them to leave their
home (e.g., oxygen cylinders or canisters carried or
pulled in trolleys or portable oxygen
concentrators).

Pulse-dose oxygen

Oxygen delivered during inspiration only in such a
way that the quantity of oxygen administered is
inﬂuenced by the respiratory rate. The delivery
system is at rest while the patient is exhaling.

Short-burst oxygen

Brief and intermittent oxygen administration before
and/or after exercise, generally used as needed, in
the absence of known hypoxemia.

Short-term oxygen therapy

Oxygen provided temporarily, during a period of
severe hypoxemia (e.g., during the course of and
shortly after an exacerbation of COPD).

Definition of abbreviation: COPD = chronic obstructive pulmonary disease.
There are several types of home oxygen therapy. This table is provided to assist in standardizing the
terminology and is adapted by permission from Reference 22.

For the outcome of safety, the
systematic review identiﬁed cases of ﬁres,
burns from smoking around oxygen
equipment, nosebleeds, and tripping over
the equipment (28). For all COPD Medicare
beneﬁciaries who used home oxygen
(LTOT, exertion only or sleep only), those
who had an emergency room visit for a
burn injury were twice (odds ratio [OR],
2.43; 95% CI, 1.57–3.78) as likely to be
prescribed oxygen in the preceding 90 days
compared with those without burn injury
(29). The LOTT trial found that for every
100 person-years the rate of ﬁres was 0.08,
the rate of burns from smoking around
American Thoracic Society Documents

oxygen equipment was 0.12, the rate of
burns from oxygen around an open ﬂame
was 0.04, the rate of burns from LOX frost
was 0.16, the rate of nosebleeds was 0.35,
and the rate of tripping or falling over
oxygen equipment was 0.90 (5). These
safety data from LOTT were for
participants with moderate hypoxemia who
were prescribed continuous oxygen or
oxygen during both exertion and sleep.
Panel judgments. DESIRABLE
CONSEQUENCES AND THEIR MAGNITUDES

(BENEFITS). The panel concluded that the size

of the desirable anticipated effects on
mortality is large. LTOT was associated with

decreased 2-year and 5-year mortality
(critical outcome). There was insufﬁcient
evidence to evaluate the effects of LTOT on
healthcare use or other important outcomes.
UNDESIRABLE CONSEQUENCES AND THEIR

The panel concluded
that there is a moderate level of undesirable
anticipated effects of LTOT. Patients report a
physical and mental burden of using oxygen
equipment with reduced ability to travel
outside of the home, difﬁculty obtaining
information about appropriate access to
oxygen equipment during travel, and
equipment noise from the use of stationary
oxygen equipment, affecting sleep (10, 30).
Rationale for the recommendation. The
panel concluded that the balance of
desirable and undesirable effects supported
the use of LTOT in patients with COPD
associated with severe resting hypoxemia.
The NOTT trial (3) reported that patients
with severe hypoxemia associated with
ventilatory compromise (on the basis of
PaCO2, arterial pH, and FVC) and milder
disturbances in pulmonary hemodynamics
(on the basis of PVR and PAP) may be
more likely to beneﬁt from LTOT.
However, these were subgroup analyses,
and similar analyses were not performed in
the MRC study (4), so the panel concluded
that there is insufﬁcient evidence to
recommend preferentially prescribing
LTOT to speciﬁc subgroups of patients with
COPD and severe hypoxemia.
Given the variability in reimbursement
rates for medical expenses in the United
States, it is difﬁcult to project the true cost
per person for LTOT. In the United States,
Medicare typically covers 80% of the
Medicare-approved amount (31). However,
costs may vary depending on the payor.
The incremental cost-effectiveness ratio for
LTOT was $16,124 per quality-adjusted life
year in the United States, which is within
the bounds considered to be cost-effective
(32). Cost variables were based on the
Medicare reimbursement rate for the 2009
published study and on appropriate sources
(32). On the basis of these considerations,
the panel concluded that cost-effectiveness
favors the use of LTOT. Because COPD
disproportionately affects minority and
low-income populations, a standardized
approach to prescribing LTOT will
probably increase health equity.
LTOT is probably acceptable to most
patients with COPD and severe chronic
hypoxemia. LTOT is a widely recognized
and recommended therapy for patients with
MAGNITUDES (HARMS).
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Table 4. Summary of ATS Recommendations

Question

ATS Recommendation

Strength of Recommendation and Level
of Evidence

COPD
Question 1: Should long-term oxygen be
prescribed for adults with COPD who
have severe* chronic resting room air
hypoxemia?

In adults with COPD who have severe
Strong recommendation, moderate-quality
chronic resting room air hypoxemia, we
evidence
recommend prescribing LTOT for at least
15 h/d.

In adults with COPD who have moderate
Question 2: Should long-term oxygen be
chronic resting room air hypoxemia, we
prescribed for adults with COPD who
†
suggest not prescribing LTOT.
have moderate chronic resting room air
hypoxemia?

Conditional recommendation, low-quality
evidence

Question 3: Should ambulatory oxygen be
prescribed for adults with COPD who
have severe exertional room air
hypoxemia?

Conditional recommendation,
moderate-quality evidence

In adults with COPD who have severe
exertional room air hypoxemia, we
suggest prescribing ambulatory oxygen.

ILD
Question 4: Should long-term oxygen be
prescribed for adults with ILD who have
severe chronic resting room air
hypoxemia?

For adults with ILD who have severe
Strong recommendation, very-low-quality
chronic resting room air hypoxemia, we
evidence
recommend prescribing LTOT for at least
15 h/d.

Question 5: Should ambulatory oxygen be
prescribed for adults with ILD who have
severe exertional room air hypoxemia?

For adults with ILD who have severe
exertional room air hypoxemia, we
suggest prescribing ambulatory oxygen.

Conditional recommendation, low-quality
evidence

In patients with chronic lung disease who
are mobile outside of the home and
require continuous oxygen ﬂow rates of
.3 L/min during exertion, we suggest
prescribing portable liquid oxygen.

Conditional recommendation,
very-low-quality evidence

Liquid oxygen
Question 6: Should portable liquid oxygen
be provided for adults with chronic lung
disease who are prescribed continuous
oxygen ﬂow rates of .3 L/min during
exertion?
Education
Education and safety for patients and
caregivers

For all patients prescribed home oxygen
Best-practice statement
therapy, we recommend that the patient
and their caregivers receive instruction
and training on the use and maintenance
of all oxygen equipment and education on
oxygen safety, including smoking
cessation, ﬁre prevention, and tripping
hazards.

Definition of abbreviations: ATS = American Thoracic Society; COPD = chronic obstructive pulmonary disease; ILD = interstitial lung disease;
LTOT = long-term oxygen therapy.
*On the basis of two clinical trials (3, 4), severe hypoxemia is defined as meeting either of the following criteria: 1) PaO2 < 55 mm Hg (7.3 kPa) or oxygen
saturation as measured by pulse oximetry (SpO2) < 88% or 2) PaO2 = 56–59 mm Hg (7.5–7.9 kPa) or SpO2 = 89% plus one of the following: edema,
hematocrit > 55%, or P pulmonale on an ECG.
†
On the basis of a single clinical trial (5), moderate hypoxemia is defined as an SpO2 of 89–93%. The corresponding PaO2 was not reported in that study.

COPD and severe resting hypoxemia (7, 11,
12). Although oxygen is generally available,
the main barrier in the United States is cost.
This varies internationally, with some
countries reporting higher direct costs of
oxygen for COPD care than others (33). In
addition, reimbursement can vary by region,
particularly because of the requirements that
must be met for funding (34, 35).
The NOTT and MRC studies tested two
different durations of LTOT and two
different comparators for LTOT (NOTT:
e126

LTOT prescribed for a duration of 24 h/d vs.
LTOT prescribed for a duration 12 h/d;
MRC: LTOT prescribed for a duration of at
least 15 h/d vs. no oxygen prescribed) in
patients with COPD and severe resting
hypoxemia. From these two studies, we
know that prescribing LTOT for at least
15 h/d is superior to prescribing no oxygen
and that prescribing LTOT for 24 h/d is
likely superior to prescribing the therapy for
12 h/d, as assessed by mortality. We do not
know if prescribing LTOT for at least 15 h/d

is superior to prescribing it for 12 h/d (no
studies compared these two interventions
directly) on the basis of mortality. On the
basis of these considerations and the
potential for a longer duration of LTOT use
per day to be a patient burden, the panel
believes that prescribing LTOT for at least
15 h/d is justiﬁed in patients with COPD
and severe resting hypoxemia.
ATS recommendation. In adults with
COPD who have severe chronic resting room
air hypoxemia, we recommend prescribing
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Figure 1. Examples of stationary and portable oxygen devices in the United States. Illustration by
Patricia Ferrer Beals.

LTOT for at least 15 h/d (strong
recommendation, moderate-quality evidence).
What others are saying. A 2015 British
Thoracic Society (BTS) guideline recommends
that patients with stable COPD and severe
resting hypoxemia (PaO2 < 55 mm Hg [7.3
kPa]), or with a resting PaO2 < 60 mm Hg
(8.0 kPa) with evidence of peripheral edema,
hematocrit > 55, or PH, should be considered
for LTOT because of its survival beneﬁts
and potential to improve pulmonary
hemodynamics (36). They recommend
LTOT be used for 15–24 h/d (36). The
Thoracic Society of Australia and New
Zealand (TSANZ) recommends titrating
oxygen to maintain a PaO2 . 60 mm Hg
(8.0 kPa) or an SpO2 . 90% during waking at
rest (9, 37). The Global Initiative for Chronic
Lung Disease (GOLD) report recommends
LTOT if SpO2 is <88% and recommends
oxygen titration to maintain a saturation of
>90% in patients with COPD (12).
Implementation considerations. Severe
hypoxemia was deﬁned using different
American Thoracic Society Documents

thresholds in the two RCTs that reported our
critical outcome of survival (PaO2 < 55 mm
Hg [7.3 kPa] or PaO2 < 59 mm Hg [7.9 kPa]
plus one of the following: edema,
hematocrit > 55%, or P pulmonale on ECG
[3]; vs. PaO2 40–60 mm Hg [5.3–8.0 kPa]
[4]). Because a mortality beneﬁt was
demonstrated in both studies, the panel
concluded that either deﬁnition of severe
hypoxemia is clinically justiﬁed.
Neither clinical trial reported SpO2-based
thresholds for severe hypoxemia. We
recognize that the relationship between SpO2
and PaO2 can vary because of an individual’s
pH, 2,3-diphosphoglycerate concentration,
PaCO2, and temperature. However, the
guideline panel concluded that providing
approximate thresholds for SpO2 that
correspond to the PaO2 thresholds used in the
NOTT and MRC studies would improve
the usability of the guideline report in
circumstances in which arterial blood gas
measurements were not available. The panel
suggests titrating the level of LTOT to achieve

a target saturation of 90%, as opposed to 88%
in some guidelines, to avoid prolonged
episodes of desaturation with minimal activity.
In addition, the NOTT and MRC trials
used slightly different deﬁnitions of “chronic.”
In the NOTT study (3), chronic was deﬁned
as meeting the deﬁnition of severe
hypoxemia on “at least two occasions more
than 1 week apart over a 3-week observation
period” while the patient was free of
exacerbations. In the MRC study (4), chronic
was deﬁned as meeting the PaO2-based
criteria for hypoxemia on “two repeated
measurements at least 3 weeks apart.”
For implementation purposes, we
deﬁne chronic resting hypoxemia as resting
hypoxemia in the absence of a reversible
cause. Although the NOTT and MRC trials
used deﬁnitions that required repeated
measures 3 weeks apart, this may not be
possible or necessary in clinical practice (for
instance, for a patient with idiopathic
pulmonary ﬁbrosis [IPF] who has resting
hypoxemia as a result of progressive lung
disease, without reversible cause). This
differs from the patient who is discharged
from the hospital after a COPD
exacerbation, in which case resolution of
resting hypoxemia may occur over time and
reassessment of oxygen needs is important
to avoid unnecessary treatment with oxygen.
Reassessment of patients’ oxygen needs
after an acute exacerbation is critical.
Respiratory exacerbations (in some cases
accompanied by pneumonia, pulmonary
embolism, or heart failure) usually increase
oxygen requirements (e.g., require higher ﬂows
to maintain an SpO2 of at least 90%). In
addition, the pace at which patients recover
partially or fully from their respiratory
exacerbations varies and can range from days
to months, and their oxygen requirements
may therefore vary over time. Moreover, a
substantial proportion (perhaps as many as
50%) of patients who are initiated on home
oxygen at the time of a respiratory exacerbation
may recover sufﬁciently to no longer have a
clinical indication for home oxygen (38, 39).
Patient education (e.g., how to use new
equipment, how to titrate oxygen ﬂow to
evolving requirements), oxygen prescriptions,
and communication with other providers
(e.g., primary care and home health agencies)
would need to match the requirements for
home oxygen after a respiratory exacerbation.
Proper reassessment of home oxygen needs
is so important that it has been identiﬁed as one
of the top ﬁve areas for further improvement in
adult respiratory medicine by the Choosing
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Wisely Campaign (40). According to the
TSANZ guideline, patients who commence
LTOT after a COPD exacerbation should be
reassessed 4–8 weeks after hospital discharge to
ensure continued eligibility (9). In patients
prescribed home oxygen for severe chronic
resting room air hypoxemia, the 2020 GOLD
initiative recommends reassessing the need for
oxygen after 60–90 days; when home oxygen is
started to treat severe hypoxemia after a COPD
exacerbation, the GOLD initiative recommends
reassessing the home oxygen requirement at
1–4 weeks and again at 12–16 weeks to update
the oxygen prescription as clinically indicated
(12). At the time of reassessments, SpO2 (or
arterial blood gases) at rest and with exertion
should be considered. Ideally, reevaluation
should occur at home to capture context and
barriers to use. Expert opinion suggests that
patients should be monitored, at minimum,
every 6 months to conﬁrm continued oxygen
use, a current oxygen prescription, and
adequacy of the equipment used.
Values and preferences. This
recommendation places a high value on
reducing mortality and a lower value on cost
and resource use.
Research needs. The practice of
initiating short-term oxygen therapy on
hospital discharge in patients with severe
hypoxemia is based on indirect evidence from
the NOTT and MRC clinical trial populations
with chronic hypoxemia. The harms and
beneﬁts of prescribing short-term oxygen
therapy on hospital discharge deserves further
study. The panel recommends studies to
develop and test the acceptability and
effectiveness of easy-to-use ambulatory
oxygen equipment that can facilitate LTOT
use by patients, to identify strategies that
improve adherence to LTOT, and to develop
and test strategies to discontinue home oxygen
in patients who recover sufﬁciently after an
exacerbation or no longer have a clinical
indication for its use. Studies to examine
whether some subgroups of patients with
COPD and severe hypoxemia (e.g., higher
hematocrit, higher mean PAP, early
hemodynamic impairment) are more or less
likely to beneﬁt from LTOT are also needed.
Question 2: Should long-term oxygen
be prescribed for adults with COPD
who have moderate chronic resting
room air hypoxemia?
Background. Some patients with COPD
develop moderate resting room air
hypoxemia that may be asymptomatic or
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associated with dyspnea. Moderate
hypoxemia is rarely mentioned in clinical
guidelines. In this section, we discuss the
role of LTOT for adults with COPD
associated with moderate resting
hypoxemia. For this question, mortality was
the critical outcome, and important
outcomes were dyspnea, COPD
exacerbation, HRQL, fatigue, physical
activity, healthcare resource use, and
safety.
Description of the evidence and its
quality. There was only one study, and the

quality of evidence was considered low
because of imprecision in the estimate of
treatment effects for the critical and
important outcomes (see the SUMMARY OF
STUDIES and Table E3 in the online
supplement). The LOTT study included
participants who had moderate hypoxemia
at rest (deﬁned as room air SpO2 of 89–93%,
no PaO2 threshold speciﬁed) as well as those
with no hypoxemia at rest but desaturation
only on exertion (deﬁned as an SpO2 > 80%
for >5 min and ,90% for >10 s during a
6-min-walk test [6MWT]). No information
was provided on the presence of PH. Study
participants with moderate hypoxemia at
rest were randomly allocated to continuous
LTOT or no oxygen. Those with isolated
exertional hypoxemia were randomly
allocated to LTOT during both exertion
and sleep or to no oxygen. Unlike the
NOTT and MRC trials, chronicity
(hypoxemia sustained over 3 wk in stable
condition) was not assessed. As with the
NOTT and MRC trials, the intervention
was not masked (blinded).
At the request of the guideline panel, the
LOTT group conducted additional analyses
comparing the risk of death with and without
LTOT in the subgroup of participants who
had moderate resting hypoxemia (n = 419,
57% of LOTT participants) (Table E3). The
results indicated no difference between
groups in time to death (hazard ratio [HR],
0.95; 95% CI, 0.59–1.50). A previous smaller
RCT of 135 patients with COPD by Górecka
and colleagues (41) also reported no effect
on mortality with LTOT versus no oxygen in
patients with PaO2 56–65 mm Hg (7.5–8.7
kPa); the relative hazard of survival was 0.92
(95% CI, 0.57–1.47). This smaller study
deﬁned moderate hypoxemia on the basis of
PaO2 of 56–65 mm Hg (no SpO2 thresholds
speciﬁed) and study participants received
monthly home visits by a respiratory nurse.
Because moderate hypoxemia was deﬁned
differently in the LOTT and Górecka and

colleagues studies, and the study by Górecka
and colleagues included intensive homebased follow-up, inclusion in the evidence
tables and a meta-analysis that included
both studies was not considered appropriate.
The panel concluded the quality of
evidence for effects on HRQL was moderate.
The St. George’s Respiratory Questionnaire
(SGRQ) favored the use of LTOT at
4-month follow-up in those with both
moderate resting and exertional
desaturation (MD, 23.30; 95% CI, 26.50 to
20.10). However, no signiﬁcant differences
were found at 12-month follow-up or in
those with only resting desaturation. There
were no differences between groups in the
Quality of Well-Being Scale (5).
In the LOTT study, the composite
endpoint of time to death or ﬁrst
hospitalization was not signiﬁcantly different
between those in the LTOT group compared
with those in the no-LTOT group in those
with moderate hypoxemia at rest only (HR,
0.96; 95% CI, 0.79–1.12) or in those with
moderate hypoxemia at rest and
desaturation with ambulation (HR, 0.95;
95% CI, 0.72–1.27). No study that met our
inclusion criteria directly reported on the
effects of LTOT on other outcomes
considered “important” by the guideline
panel (dyspnea, physical activity, fatigue, or
healthcare resource use) in participants with
COPD and moderate hypoxemia at rest.
The LOTT trial reported ﬁres, burns,
nosebleeds, and tripping or falling over
oxygen equipment in the study participants
prescribed LTOT or oxygen during exertion
and sleep (5); see description of results in
question 1.
Panel judgments. DESIRABLE
CONSEQUENCES AND THEIR MAGNITUDES

(BENEFITS). The panel concluded that the size

of the desirable anticipated effects on
mortality (critical outcome) was not
clinically meaningful. Likewise, the effect on
HRQL at 12 months was not clinically
meaningful. Data were insufﬁcient to
evaluate other important outcomes (5).
UNDESIRABLE CONSEQUENCES AND THEIR

In a judgment similar
to that developed for question 1, the panel
concluded that there is a moderate level of
undesirable anticipated effects of LTOT.
Rationale for the recommendation. The
panel concluded that the certainty of evidence
was moderate and was based on a single clinical
trial that used SpO2 of 89–93% to deﬁne
moderate hypoxemia. Similar results were
noted in a trial by Górecka and colleagues (41),

MAGNITUDES (HARMS).
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which compared LTOT plus monthly home
visits by a nurse versus monthly home visits by
a nurse alone in patients with moderate resting
hypoxemia as deﬁned by a PaO2 of
56–65 mm Hg. There was probably no
important uncertainty or variability about how
much people value mortality as the critical
outcome. Some patients may not experience
any value added on additional life years if they
are very ill. However, this is less likely in
patients with moderate hypoxemia, as they
tend to have less severe COPD than those with
severe resting hypoxemia. The balance between
desirable and undesirable effects does not favor
LTOT in those with moderate hypoxemia.
ATS recommendation. In adults with
COPD who have moderate chronic resting
room air hypoxemia, we suggest not
prescribing LTOT (conditional
recommendation, low-quality evidence).
What others are saying. Only one
guideline was found that makes
recommendations regarding LTOT in
patients with moderate resting hypoxemia.
The 2020 GOLD document states, “In
patients with stable COPD and resting or
exercise-induced moderate desaturation,
long-term oxygen treatment should not be
prescribed routinely. However, individual
patient factors must be considered when
evaluating the patient’s need for
supplemental oxygen” (12).
Implementation considerations. On the
basis of the LOTT study, we deﬁned
moderate resting hypoxemia as an SpO2 of
89–93%. The corresponding PaO2 was not
reported (5). The costs and burden of the
treatment outweigh the minimal beneﬁt of
LTOT in adults with COPD who have
moderate resting room air hypoxemia.
Patients likely would not choose LTOT on
the basis of the lack of beneﬁt; they may
decide to defer using oxygen at rest until
their resting hypoxemia worsens. The
LOTT study did not report any data on
pulmonary hemodynamics, and it is
therefore not possible to conclude whether
effects of LTOT in this group of patients
differs according to the presence of PH.
When patients have moderate resting
hypoxemia, it is an opportunity for shared
decision-making between the clinician and
patient (see Table 2, which discusses the
situations that provide an opportunity for
shared decision-making).
Values and preferences. This
recommendation against LTOT in this
setting places a high value on the absence of
a mortality reduction and a lower value on
American Thoracic Society Documents

short-term improvement in HRQL (which
was observed at 4 mo but not at 12 mo).
Research needs. The panel
recommends studies on the use of shared
decision-making to personalize the use of
home oxygen in participants with moderate
resting hypoxemia, as well as studies
evaluating the discontinuation of
supplemental oxygen in patients who
previously had severe resting room air
hypoxemia but now have moderate resting
room air hypoxemia. Conﬁrmatory
evidence is needed to determine the effect of
LTOT on dyspnea and other outcomes for
patients with moderate resting hypoxemia.
Question 3: Should ambulatory
oxygen be prescribed for adults with
COPD who have severe exertional
room air hypoxemia?
Background. Exertional hypoxemia occurs
in up to 40% of people with moderate to
severe COPD who have normoxemia at
rest (42). It is seen most frequently in those
with low lung function (FEV1 , 45%,
DLCO , 50%), in those with low resting
saturation (,95%), and in women (42).
The imbalance between oxygen delivery and
demand is a major contributor (43).
Exertional hypoxemia is linked to more
rapid decline in lung function, worse HRQL
(44), and increased mortality. In 576 people
with severe COPD followed for at least 3
years, mortality in those with isolated
exertional hypoxemia on a 6MWT was 2.63fold higher than in those without exertional
hypoxemia (95% CI, 1.53–4.51) (45).
“Ambulatory oxygen” is deﬁned as
oxygen delivered during exercise or activities
of daily living when the individual is walking
freely (Table 3) (22). It is prescribed for
people with COPD to improve oxygen
delivery during exertion, reduce symptoms,
and enhance physical capacity. It may be
prescribed for individuals using LTOT who
require a portable oxygen supply when
leaving the house or for those with isolated
exertional hypoxemia. Although the
beneﬁcial effects of supplemental oxygen
during laboratory-based exercise tests have
been reported in COPD (46–49), clinical
trials of ambulatory oxygen used during
daily life have had less consistent results
(50–52). There is variation in prescribing
practices and access to ambulatory oxygen
across jurisdictions (10, 51, 52).
The prespeciﬁed critical outcome for
this question was HRQL; important

outcomes included dyspnea, fatigue,
exercise capacity, physical activity,
mortality, healthcare resource use, and
safety.
Description of the evidence and its
quality. Several studies assessed patients

with COPD who had severe exertional
desaturation (46, 47, 49–58), but cohorts
varied from those who were on or eligible
for LTOT (46, 49, 53–55) to those who had
isolated exertional desaturation (47, 50–52,
56–58) (Table E4). The quality of evidence
was low. Most studies reported the acute
effects of oxygen during exercise testing,
with only four studies evaluating use of
oxygen during daily life (50–52, 55), of
which two were crossover trials (50, 52).
There were only two parallel-group RCTs
of ambulatory oxygen (51, 55), of which
only one included blinding to the
intervention (51). Three additional RCTS
(48, 59, 60) reported on the effects of
oxygen supplementation during exercise
training, so these were not directly relevant
to our question; however, two of them (48,
59) reported baseline data for the acute
effects of oxygen during an exercise test
that we were able to include in our analysis.
The LOTT study was not included in this
review, as the patients with exertion-only
desaturation were required to wear oxygen
during sleep as well as during exercise, thus
not meeting our deﬁnition of ambulatory
oxygen (5). One additional study was
identiﬁed in which the degree of exertional
desaturation was not speciﬁed, but the
participants were users of LTOT (61). As it
is likely that these participants would have
met our inclusion criteria, this study was
included in the narrative review as indirect
evidence.
Evidence for patients with isolated
exertional desaturation. Several different

tools were used to measure HRQL. Metaanalysis of three studies (50–52) found a
small but signiﬁcant improvement in the
dyspnea-related quality-of-life domain of
the Chronic Respiratory Disease
Questionnaire (CRQ) (standardized mean
difference, 0.42; 95% CI, 0.04–0.79;
I2 = 12%; n = 211) in favor of ambulatory
oxygen (62). However, the effect size was
small, and the mean number of changes for
the CRQ dyspnea domain was generally less
than the minimal clinically important
difference (MCID) (63) and was of
uncertain clinical signiﬁcance. The number
of participants in whom changes exceeded
the MCID was not reported in any study.
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Improvements with oxygen in individual
participants could not be predicted by
participant characteristics (degree of
exertional desaturation, severity of airﬂow
obstruction or dyspnea, volume or exercise
response to hyperoxia, and sex) (51). The
emotion, fatigue, and mastery domains
were not different between the groups. A
sensitivity analysis stratiﬁed by study design
(crossover trial vs. parallel groups) found
that the results remained signiﬁcant for the
dyspnea domain (Table E4 and Figures E1
and E2).
One study assessed HRQL using the
SGRQ (50). No differences for the
administration of supplemental oxygen
versus compressed room air were
observed. However, using the 36-Item
Short-Form Health Survey, Eaton and
colleagues (52) observed a signiﬁcant
difference in favor of ambulatory oxygen
in the domains of physical role (MD, 16.8;
95% CI, 6.02–27.58), general health (MD,
6.1; 95% CI, 0.42–11.78), social
functioning (MD, 10.5; 95% CI,
0.31–20.69), and emotional role (MD,
18.3; 95% CI, 3.21–33.39), which exceed
the reported MCID for all domains except
social functioning (64).
The acute effects of oxygen on
functional exercise capacity were assessed
using multiple tests. We meta-analyzed the
results from two studies (52, 56) using the
6MWT, one of which used cylinder room
air and the other of which used room air as
the comparator. An MD of 28.9 m (95% CI,
16.1–41.9 m; I2 = 0%) was found in favor of
the oxygen group. Oxygen acutely increased
exercise endurance time on a cycle
ergometer by 5.8 minutes (95% CI,
2.23–9.37 min) compared with room air
(58). Peak workload on a stationary bike
was acutely improved with ambulatory
oxygen (MD, 17.9 W; 95% CI, 8.10–27.70
W) (47). Ambulatory oxygen increased the
number of steps walked in 5 minutes
compared with cylinder room air (MD,
14.90; 95% CI, 0.85–28.94) (50). Metaanalysis of three studies reporting on the
Borg dyspnea score at the end of exercise
(52, 56, 58) showed a reduction of 1.11 U
(95% CI, 0.53–1.69 U; I2 = 39%) in favor of
ambulatory oxygen. This remained
signiﬁcant when we did a sensitivity
analysis by study design (crossover trial vs.
parallel groups; Table E4). No studies
reported the long-term effects of
ambulatory oxygen on exercise capacity
beyond acute laboratory or ﬁeld tests, and
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no studies reported effects on physical
activity in daily life.
Evidence for patients with resting
hypoxemia and severe exertional
desaturation. For the subgroup of studies in

which patients had both resting and
exertional hypoxemia, six RCTs (46, 48, 49,
53–55) met our inclusion criteria;
however, none included results for HRQL,
our critical outcome. In one randomized
crossover study of LTOT users (n = 24) in
which the degree of exertional
desaturation was not speciﬁed, ambulatory
oxygen had no effect on the CRQ dyspnea
domain (mean change over the 3-month
treatment period, 0.0 U; 95% CI, 20.3 to
0.2 U) (61). A single-blind RCT found that
ambulatory oxygen at 2 and 4 L/min
acutely increased the distance patients
walked in 12 minutes compared with room
air if they were not using a walker or
shopping trolley, as carrying those devices
eliminated any gains in exercise tolerance
(49). Baseline data from an RCT of
pulmonary rehabilitation found that
ambulatory oxygen acutely improved the
distance walked compared with room air,
measured with the incremental shuttle
walk test (MD, 27.3 m; 95% CI, 14.7 to
39.8 m) (48). In a crossover study,
ambulatory oxygen acutely improved
endurance time by 4.70 minutes compared
with room air (95% CI, 3.76 to 5.64 min)
(46). We meta-analyzed the results from
three studies reporting on the Borg
dyspnea score (46, 48, 54) and found a
reduction of 0.59 U (95% CI, 0.18 to 0.99;
I2 = 25%) in favor of ambulatory oxygen;
the MCID is reported to be 1.0 U (65).
No studies in our review examined
safety in patients with COPD using only
ambulatory portable oxygen systems.
Panel judgments. DESIRABLE
CONSEQUENCES AND THEIR MAGNITUDES

(BENEFITS). For people with COPD and

severe exertional hypoxemia, we did not ﬁnd
consistent evidence that ambulatory oxygen
delivered clinically signiﬁcant
improvements in the critical outcome of
HRQL, whereas effects generally favored
ambulatory oxygen (moderate GRADE
evidence). Acute improvements in exercise
capacity were seen both in those with
isolated exertional hypoxemia and in those
eligible for LTOT. The effects of ambulatory
oxygen on dyspnea during exercise testing
were inconsistent. Mortality risks were not
reported. Fatigue and physical activity in
daily life were not reported.

UNDESIRABLE CONSEQUENCES AND THEIR

There is a substantial
body of evidence regarding the patient and
caregiver burden associated with the use of
ambulatory oxygen, including managing the
weight and bulk of equipment,
embarrassment and perceived stigma, fear
of cylinders running out, reduced ability to
travel outside the home, equipment noise
that may affect social activities, difﬁculty
obtaining POCs, and poor access to
information about effective use of oxygen
equipment (14, 66, 67).
Rationale for the recommendation. There
is some evidence supporting the use of
ambulatory oxygen in people with COPD,
which is complicated by the potential burden of
this therapy. Effects on the critical outcome of
HRQL, which may or may not be clinically
signiﬁcant, tended to favor ambulatory oxygen.
Ambulatory oxygen acutely improves exercise
capacity and may reduce breathlessness during
exercise testing. There is little evidence
regarding the effects of ambulatory oxygen
when used in daily life. Given this uncertainty,
together with the known burden of ambulatory
oxygen, it is likely that some patients will
choose not to use ambulatory oxygen.
ATS recommendation. In adults with
COPD who have severe exertional room air
hypoxemia, we suggest prescribing
ambulatory oxygen (conditional
recommendation, low-quality evidence).
What others are saying. A 2015
guideline by the BTS states that ambulatory
oxygen should not be routinely offered to
patients with isolated exertional hypoxemia
and should only be offered to those eligible
for LTOT if they are mobile outdoors (7).
The 2020 GOLD strategy makes no
recommendations regarding ambulatory
oxygen (12).
Implementation considerations. We
deﬁned exertional hypoxemia as an
SpO2 < 88%. Ambulatory oxygen seems to
have similar effects in patients who are
eligible for LTOT and in those who have
isolated exertional hypoxemia. In patients
who are eligible for LTOT, prescription of
ambulatory oxygen may be important to
increase the daily hours of oxygen usage
(68). Individuals who experience a
reduction in dyspnea or increased activity
levels with ambulatory oxygen may be more
likely to beneﬁt from, and adhere to, this
therapy. Standardization of the level of
exertion is critical when assessing the
effects of oxygen on dyspnea (69, 70).
Ambulatory oxygen devices vary in terms
MAGNITUDES (HARMS).
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of portability, volume, and ﬂow; shared
decision-making between the patient and
provider is necessary to ensure that the
device prescription meets the patient’s
needs and goals.
Values and preferences. This
recommendation places a high value on
increasing HRQL and the potential for
facilitating physical activity outside the
home and places a lower value on cost,
inconvenience, and resource use.
Research needs. Given the welldocumented burden of ambulatory oxygen,
there is an urgent need for new ambulatory
oxygen devices that increase portability
(improved battery life, weight, ﬂow rates,
wireless connections, etc.). Although we
found several studies evaluating the effects
of oxygen during laboratory testing, few
studies evaluated ambulatory oxygen during
daily life activities, the context for which it is
prescribed. Future studies of ambulatory
oxygen should address patient-centered
outcomes such as HRQL and physical
activity in daily life, together with outcomes
pertinent to cost-effectiveness, such as
productivity, days missed from work, and
hospital readmissions. Future studies should
also capture costs of care for other health
conditions that may occur because of
physical inactivity, which could be reduced
with ambulatory oxygen.

Question 4: Should long-term oxygen
be prescribed for adults with ILD who
have severe chronic resting room air
hypoxemia?
Background. Severe resting hypoxemia is
highly prevalent in adults living with ILD.
Those with ﬁbrotic forms of ILD, such as
IPF, often experience a progressive course
characterized by breathlessness, cough,
hypoxemia, episodes of acute respiratory
worsening, and early death. When present,
severe resting hypoxemia often contributes
to disabling and distressing breathlessness,
which is common in ILD. With the
exception of lung transplantation,
supplemental oxygen is the only treatment
that improves hypoxemia that persists
despite optimal medical management of the
underlying disease.
The critical outcome for this question
was mortality; important outcomes were
dyspnea, fatigue, HRQL, physical activity in
daily life, healthcare resource use, exercise
capacity, and safety.
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Description of the evidence and its
quality. No studies were found that met our

inclusion criteria. A 2001 Cochrane
systematic review (71) reported the results
from one unpublished RCT in which severe
resting room air hypoxemia was deﬁned as
a PaO2 of 45–60 mm Hg (6.0–8.0 kPa),
slightly above our prespeciﬁed cutoff of
PaO2 < 55 mm Hg (7.3 kPa) (Table E5).
Because no other study was found reporting
on our outcomes of interest, we elected to
report these results. The study included 62
participants, 49 of whom had IPF. No
signiﬁcant difference in mortality between
the LTOT and room air groups was
observed after 1 year (OR, 0.50; 95% CI,
0.15–1.61), 2 years (OR, 1.76; 95% CI,
0.64–4.86), or 3 years (OR, 0.99; 95% CI,
0.16–6.26). As this is an unpublished RCT,
there is a high risk of bias and a very low
GRADE quality of evidence for this
outcome (Table E5).
No studies reported on dyspnea,
fatigue, HRQL, physical activity, or
healthcare resource use.
Because of the paucity of any direct
evidence regarding patients with ILD, we
chose to consider indirect evidence from our
ﬁrst population, intervention, comparison,
and outcome question that considered
patients with COPD and severe resting
room air hypoxemia (6, 72–74).
Safety data speciﬁc to LTOT in
patients with ILD were scarce. A
qualitative study reported tripping as a
hardship after being on oxygen for 9–12
months (75). The panel agreed that the
safety data for COPD related to risks of
tripping, burns, ﬁres, nosebleeds, and
transporting oxygen cylinders would also
be potential safety concerns for patients
with ILD on LTOT.
Panel judgments. DESIRABLE
CONSEQUENCES AND THEIR MAGNITUDES

(BENEFITS). Despite the absence of any

published randomized trial data, the panel
judged the perceived beneﬁts of LTOT to
treat severe resting hypoxemia to be
substantial for most adults with ILD. As
noted above, LTOT for severe resting
hypoxemia may confer a mortality beneﬁt in
COPD. LTOT may also prevent organ
dysfunction due to severe sustained
hypoxemia, including prevention of PH.
Other beneﬁts may include relief of
breathlessness (76) as well as improvements
in disability and HRQL. These desirable
consequences were considered to be
substantial.

UNDESIRABLE CONSEQUENCES AND THEIR

The primary
undesirable consequences are listed in
question 1, including patient burden and
cost. Overall, the panel deemed the
substantial desirable consequences of LTOT
to outweigh the undesirable consequences of
untreated severe resting hypoxemia.
Notably, despite the very-low-quality
evidence available to the panel, ethical
concerns about withholding LTOT were
strong factors in our decision-making.
Rationale for the recommendation. The
absence of published studies examining
effects of LTOT in ILD led the panel to
incorporate evidence from COPD trials
together with their clinical experience in the
development of the recommendation.
Despite the burden of therapy, the panel
concluded that LTOT is likely to confer
desirable beneﬁts for many patients with
severe resting hypoxemia.
ATS recommendation. For adults with
ILD who have severe chronic resting room
air hypoxemia, we recommend prescribing
LTOT for at least 15 h/d (strong
recommendation, very-low-quality
evidence).
What others are saying. Because of the
lack of direct evidence, the majority of
guidelines made their recommendations on
the basis of expert opinion or extrapolated
from COPD literature. A 2011 multisociety
guideline on IPF recommends the use of
LTOT in patients with severe resting room
hypoxemia (77). The panel made a strong
recommendation in favor of LTOT, as they
placed a high value on evidence from other
chronic lung diseases and low value on cost
and inconvenience to patients. A 2015 BTS
guideline on home oxygen use suggests a
higher threshold of 60 mm Hg (8.0 kPa) for
those who have concomitant PH. They also
recommend LTOT in patients with ILD
with a PaO2 < 55 mm Hg (7.3 kPa) but
noted that the evidence base is extrapolated
from evidence in COPD (7).
Implementation considerations. For
patients with ILD, we have applied the same
deﬁnition of severe resting hypoxemia as in
those with COPD (question 1), as our
recommendation was based on indirect
evidence from COPD trials. The assessment
of PH in patients with ILD should be
considered, as it predicts worsening lung
function and functional status, increased
oxygen needs, and risk of acute exacerbation
in ILD and is a predictor of increased
mortality in IPF (6, 72–74). Some patients
MAGNITUDES (HARMS).
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may not experience dyspnea, despite severe
hypoxemia at rest, or may have strong
personal preferences against the use of
LTOT. The panel encourages healthcare
providers to educate patients about the
harms of severe chronic hypoxemia and to
partner with patients and their caregivers to
select the oxygen delivery system that best
meets their medical and lifestyle needs.
Values and preferences. This
recommendation places a high value on
indirect evidence of decreased mortality, the
relief and prevention of distressing
symptoms, and a perceived likelihood of
overall improved health status by
prevention of organ dysfunction.
Research needs. The panel
acknowledges that RCTs of LTOT to treat
severe hypoxemia in ILD may face
challenges, including a lack of perceived
equipoise. We encourage the research
community to consider innovative
approaches to studying the beneﬁts and
harms of LTOT in ILD, including clinical
trials and quasiexperimental trial designs.
Such trials may minimize harms and be
more ethically acceptable to patients,
caregivers, healthcare providers, and
researchers. Trials of short duration may
need to be performed before longer-term
trials.
Question 5: Should ambulatory
oxygen be prescribed to adults with
ILD who have severe exertional room
air hypoxemia?
Background. Exertional hypoxemia is a
hallmark of ILD, occurring in more than
half of patients evaluated at a tertiary ILD
service and in over 80% of patients with an
FVC , 50% of that predicted (78). The
magnitude of exertional hypoxemia is
generally greater in people with ILD than in
people with COPD (18). People with ILD
who desaturate to an SpO2 < 88% on a
6MWT have a fourfold greater risk of death
than those who do not, after adjusting for
age, sex, smoking, respiratory function, and
resting saturation (79). Exertional
desaturation is an independent predictor of
PH (80), which is itself a strong predictor of
mortality (81). Greater exertional
desaturation is strongly associated with
reduced physical activity (82). These data
provide a strong rationale for treatment of
exertional hypoxemia in ILD to improve
daily functioning and long-term outcomes.
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The prespeciﬁed critical outcome for
this key question was HRQL; important
outcomes were dyspnea, fatigue, exercise
capacity, physical activity, mortality,
healthcare resource use, and safety.
Description of the evidence and its
quality for participants with exertional
desaturation. The AmbOx (Ambulatory

Oxygen in Fibrotic Lung Disease) trial (83)
examined the effects of ambulatory oxygen
used during daily activities on HRQL in a
randomized 2-week crossover trial
conducted in 84 patients with ﬁbrotic ILD
and isolated exertional hypoxemia (deﬁned
as an SpO2 < 88% during a 6MWT). The
control group did not use a sham device,
and there was no blinding of assessment.
For the King’s Brief ILD questionnaire,
there was a signiﬁcant improvement in
favor of ambulatory oxygen for the total
score (MD, 3.7; 95% CI, 1.8 to 5.6),
breathlessness and activities score (MD, 8.6;
95% CI, 4.7 to 12.5), and the chest
symptoms score (MD, 7.6; 95% CI, 1.9 to
13.2), whereas no signiﬁcant difference was
observed for the psychological symptoms
score. The MCID for the total King’s Brief
ILD score has been recently estimated as 3.9
(84, 85). The SGRQ demonstrated a
signiﬁcant improvement in the total score
(MD, 23.6; 95% CI, 26.7 to 20.6) and
activity score (MD, 27.5; 95% CI, 212.4 to
22.5), with no signiﬁcant difference in the
impact and symptoms scores. The MCID
for the SGRQ is 4 U (86). Dyspnea
associated with activities of daily living was
assessed using the University of California,
San Diego, Shortness of Breath
Questionnaire, showing an improvement of
8 U (95% CI, 3.6 to 12.4). The MCID is 5 U
(87). Despite the clear challenges posed by
ambulatory oxygen, highlighted in the
qualitative component of the trial, twothirds of patients decided to continue with
ambulatory oxygen at the end of the study.
Improvements with oxygen in individual
participants could not be predicted by
participant characteristics, but preference to
continue on oxygen after the trial was
inﬂuenced by the patient perception of
beneﬁt for breathlessness or walking ability
(83).
A 2016 Cochrane systematic review
(88) included three crossover RCTs
evaluating the acute effects of oxygen
during exercise testing in patients with ILD.
No change was found in 6-minute-walk
distance with ambulatory oxygen compared
with cylinder room air (89) or in the

endurance shuttle walk test distance with
oxygen compared with room air (90). There
was no change in dyspnea, measured with
the Borg dyspnea score (89). One study
reported an acute improvement in
endurance time by 118.7 seconds (95% CI,
23.9–213.5 s) (91) with ambulatory oxygen
compared with room air. Two other
systematic reviews assessing the ambulatory
oxygen in ILD were subsequently published
(92, 93) but did not meet our inclusion
criteria.
We identiﬁed additional studies
that met our inclusion criteria; all used
6MWTs. Meta-analysis of three studies
(83, 89, 94) showed that oxygen acutely
improved 6-minute-walk distance by
18.57 m (95% CI, 11.14 to 25.99 m;
I2 = 0%) compared with room or cylinder
air (Table E6 and Figure E5). We pooled
the results of three studies (83, 89, 94) that
reported the Borg dyspnea score at the end
of a 6MWT, one of which was not
included in the Cochrane systematic
review (83); no signiﬁcant difference
was found (MD, 20.72; 95% CI, 21.70
to 0.27; I2 = 73.28%). Meta-analysis of
three studies (83, 89, 94) found a
signiﬁcant reduction in the Borg
perceived-exertion score at the end of a
6MWT in favor of ambulatory oxygen
(0.37 U; 95% CI, 0.19 to 0.54 U; I2 = 0%).
We meta-analyzed the results from two
studies (90, 95) and found that exercise
duration on cardiopulmonary exercise
testing improved by 57.67 seconds using
oxygen compared with room air (95%
CI, 0.22 to 115.12; I2 = 0%). No signiﬁcant
improvement was observed in the maximal
work rate (MD, 10.34 W; 95% CI, 23.59 to
24.26 W; I2 = 0%).
No studies reported the effects of
ambulatory oxygen on fatigue, exercise
capacity in the long term, physical activity in
daily life, or mortality. The quality of
evidence was low, with no parallel-group
RCTs and only one study evaluating use of
ambulatory oxygen in daily life (83): a
crossover trial that did not include blinding
of participants or researchers. See Table E6
for an evidence proﬁle.
Safety data speciﬁc to ambulatory
oxygen in ILD were rarely reported. A
Cochrane review of the effects of ambulatory
or short-burst oxygen in ILD did not report
any serious adverse events or side effects
(88). However, the panel agreed that risks
of transporting cylinders, burns, ﬁres, and
tripping would be potential safety concerns
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for patients with ILD using ambulatory
oxygen.
Panel judgments. DESIRABLE
CONSEQUENCES AND THEIR MAGNITUDES

(BENEFITS). For people with ILD and

exertional hypoxemia, ambulatory
oxygen resulted in improvements in the
critical outcome of HRQL that may be
clinically important. However, there was
only one crossover trial with a 2-week
treatment period, so the long-term impact
on HRQL is unknown. In laboratory studies,
the improvements in exercise capacity
tended to favor ambulatory oxygen but
were generally small. Physical activity
in daily life and mortality were not
reported.
UNDESIRABLE CONSEQUENCES AND THEIR

Qualitative studies in
patients with ILD report negative physical
and psychosocial impacts of ambulatory
oxygen therapy, which persist despite
acceptance that this treatment may be
inevitable as disease progresses (96).
Patients and caregivers report that the
equipment is challenging to use, that there
may be unmet expectations for symptom
relief (particularly dyspnea), and that
challenges related to use of cumbersome or
complicated equipment, embarrassment
when using ambulatory oxygen in public,
reduced independence for patients, and
increased caregiver burden mark an
important trade-off between beneﬁts and
inconvenience (75, 96, 97).
Rationale for the recommendation. Weak
evidence supports the use of ambulatory
oxygen in people with ILD, suggesting beneﬁts
in HRQL; certainty is low, as the medium- to
long-term effects are unknown. Ambulatory
oxygen may improve exercise capacity, but
effects on physical activity in daily life have not
been examined. There is uncertainty regarding
symptom beneﬁts. Given this uncertainty,
together with the known burden of
ambulatory oxygen, it is likely that some
patients will choose not to use ambulatory
oxygen.
ATS recommendation. For adults with
ILD who have severe exertional room air
hypoxemia, we suggest prescribing
ambulatory oxygen (conditional
recommendation, low-quality evidence).
What others are saying. A “good
practice point” in the 2015 BTS guideline
acknowledges that ambulatory oxygen
therapy may be useful in patients with ILD
and disabling breathlessness, and it could
be prescribed if there is evidence of beneﬁt
MAGNITUDES (HARMS).
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and ongoing adherence (7). Guidelines
from TSANZ state that in the absence of
trial-based evidence, the beneﬁt of
ambulatory oxygen in individual patients
should be established by comparing
exercise endurance, oxygen saturation, and
dyspnea during a blinded exercise test on
oxygen versus air (9). Current
ATS/European Respiratory
Society/Japanese Respiratory
Society/Asociación Latinoamericana de
Tórax guidelines on management of IPF do
not mention ambulatory oxygen therapy
(6).
Implementation considerations. We
deﬁned exertional hypoxemia as an
SpO2 < 88%. In ILD, exertional hypoxemia
frequently worsens as the disease progresses
and may be profound in those with severe
disease; ambulatory oxygen is likely to be
particularly important for these patients. It
may also be important for those with
functional limitation and those being
considered for lung transplantation. The
panel noted that the need for high-ﬂow
ambulatory devices is greater in people with
ILD than in those with COPD because of
the magnitude of exertional hypoxemia. It
is prudent to ensure that ambulatory
oxygen devices with appropriate ﬂow
capacity are prescribed to patients on the
basis of their needs. The panel noted that
the majority of evidence is related to
laboratory tests that may not be indicative
of activities of daily living. Standardization
of the level of exertion is necessary to assess
the effects of oxygen on dyspnea (69, 70),
which may be particularly important when
determining the eligibility for and likely
beneﬁts of ambulatory oxygen.
Values and preferences. This
recommendation places a high value on
increasing HRQL and facilitating physical
activity outside of the home and places a
lower value on cost and resource use.
Research needs. Randomized parallelgroup trials that evaluate the impact of
ambulatory oxygen on patient-centered
outcomes, daily life activities, disease
progression, and mortality are required.
These trials should address outcomes
pertinent to cost-effectiveness, such as
productivity, days missed from work, and
hospital readmissions. Although we found
several studies evaluating the effects of
oxygen during laboratory testing, there
was only one study that evaluated
ambulatory oxygen during daily life
activities, the context for which it is

prescribed. There is an urgent need for
ambulatory oxygen devices that can better
meet the high ﬂow requirements of people
with ILD during exercise. Novel devices
should also increase portability through
improvements in weight, maneuverability,
and battery life.
Question 6: Should portable LOX
be provided for adults with chronic
lung disease who are prescribed
continuous oxygen ﬂow rates of
>3 L/min during exertion?
Background. Three modes of portable
oxygen delivery are available for patients’
use outside of the home: metal cylinders of
compressed gaseous oxygen, POCs, and
LOX canisters. Each varies in size, weight,
levels of pulse- or continuous-ﬂow
settings, oxygen delivery capacity, and
duration of supply (Figure 1 and Tables 5
and E11). In the past, LOX has been used
for those with higher ﬂow requirements to
facilitate mobility and increase time spent
outside of the home, but relative efﬁcacy is
unclear.
Since the implementation of
the Medicare National Competitive
Bidding Program by the Centers for
Medicare and Medicaid Services (CMS)
in the United States in 2011, Medicare
beneﬁciary claims for portable LOX
declined from 966,846 in 2004 to 97,690
in 2016 (98). This decrease reﬂects lower
CMS reimbursement to durable medical
equipment (DME) companies with
subsequent elimination of LOX, and
other cost-saving changes including
transitioning patients to “nondelivery”
home-ﬁll oxygen systems (99–101) and
heavier E cylinders.
The impact of this decline in the
availability and adequacy of portable oxygen
devices in the United States has been
profound. Supplemental oxygen users
reported numerous problems, with the
overarching theme being restricted mobility
and isolation due to inadequate portable
options (13, 14, 16, 20, 102). The panel
agreed that portable LOX for individuals
requiring .3 L/min of continuous-ﬂow
oxygen was an important problem because
limited mobility affects our critical outcome
of HRQL. The symptoms associated with
severe exertional hypoxemia in patients
with high-ﬂow oxygen needs may be
substantial, but these have not been
assessed in clinical trials.
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Table 5. Characteristics of Portable Oxygen Devices
Metal Oxygen Cylinders

POCs

LOX

Size and weight

Available in multiple sizes from 2.5 Vary in weight (1.5–10 kg), noise, Medium to large canister ranges
between 2.5 and 4 kg
to 9 kg (E cylinder in United
battery life, oxygen purity
States, which requires a trolley)*
(87–95%), maximum breath
rates, and settings (pulse ﬂow,
continuous ﬂow, or both)†‡

Filling

Some stationary concentrators
No ﬁlling; POCs “concentrate”
Patients reﬁll portable canisters
allow patients to ﬁll smaller
oxygen by extracting nitrogen
from a larger home reservoir of
oxygen cylinders in their home,
from ambient air. They run off of
LOX
(home-ﬁll units), but these last
a battery and can be recharged One liter of LOX expands to 860 L
,1 h on continuous-ﬂow rates
of gaseous oxygen
.3 L/min and therefore are
inadequate for high-ﬂow
patients

Pulse setting or
continuous-ﬂow capacityx

Oxygen-conserving devices using At a given pulse-ﬂow setting,
Portable LOX technology allows
pulse-ﬂow technology can be
POCs differ as to the volume
delivery of continuous-ﬂow
attached to metal cylinders to
of oxygen (ml) per pulse,
oxygen up to 15 L/min via a
prolong the duration of supply
inspiratory time, and triggering
lighter and longer-duration device
by releasing oxygen only during
sensitivity and may not
inspiration
consistently sense patients’
inspiratory efforts to trigger the
Because of differences in an
device*
individual patient’s ability to
trigger a pulse dose of oxygen, Pulse settings are based on an
and the volume delivered with
oxygen volume unique to each
each pulse at different
device, not a standardized
respiratory rates, they may be
L/min methodology
insufﬁcient for patients who
require continuous oxygen with
exertion at .3 L/min, such as
those with interstitial lung
disease, lung transplantation
candidates, and others with
severe hypoxemia

Duration of supply

A medium LOX canister will last 3 h
A single E tank with a stroller will All POCs depend on a battery
supply that depletes more
at 6 L/min of continuous ﬂow
last approximately 1.9 h on 6
rapidly with higher settings,
L/min. Multiple cylinders are
higher respiratory rates, and the
needed for high-ﬂow (.3 L/min)
use of continuous-ﬂow settings
patients to be out of the home
.2–4 hk

Cost

Metal oxygen cylinders range
from US$50 to US$100;
additional costs for a regulator
or oxygen-conserving device.
Commonly supplied by U.S.
DME companies

Travel

Metal cylinders not allowed for air POCs are the only carry-on
Liquid oxygen not allowed for air
travel
portable oxygen device allowed
travel
by the Federal Aviation
Administration for air travel;
some airlines may provide
oxygen cylinders for emergency
in-ﬂight use only**

In the United States, many DME
companies offer POCs as a
portable option together with
a stationary concentrator;
individuals can also purchase
them for US$2,000–4,000

Cost estimates are approximately
four times higher per patient
compared with POCs or
metal-cylinder options because
of the requirements for DME
companies to access and store
LOX, use specially outﬁtted
delivery trucks, and provide
weekly reﬁll servicing¶

Definition of abbreviations: DME = durable medical equipment; LOX = liquid oxygen; POCs = portable oxygen concentrators.
*The availability of different oxygen devices varies by geographic region, and some jurisdictions do not have smaller metal oxygen cylinders.
†
POCs vary in pulse technology, oxygen purity, and triggering sensitivity (100, 114–118).
‡
The few POCs that currently provide a maximum of 3 L/min on a continuous-flow setting weigh over 9 kg and require a trolley.
x
For all devices, if an oxygen-conserving device is used, the patient should be tested using that device during exertion, similar to what they would do in daily life, to ensure
adequate oxygenation. A continuous-flow setting of 5 L/min and a pulse-flow setting of “5” may not deliver equivalent volumes of oxygen, despite direct marketing claims.
k
Patients depend on their DME company to deliver an adequate number of cylinders per week or month.
¶
LOX costs are higher than costs for POCs or metal cylinders (103).
**The Federal Aviation Administration stipulates which POCs are allowed for use during air travel (119).
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The prespeciﬁed critical outcome for
this key question was HRQL; important
outcomes were oxygen saturation during
exertion, dyspnea, exercise capacity,
physical activity, adherence, and safety.
Description of evidence and its
quality. The literature search did not yield

any studies that met our inclusion criteria,
which speciﬁed that patients be prescribed
continuous oxygen ﬂow rates of .3 L/min
during exertion. Because of the absence of
other forms of evidence, we considered
indirect evidence and synthesized the
literature for six studies in patients with
COPD (54, 55, 103–106) with lower or
unreported ﬂow rates. Five of those
studies tested subjects on continuousﬂow LOX (54, 55, 103–105), whereas
one study (106) used pulse-ﬂow LOX
(Table E7).
A multicenter RCT (103) compared the
use of stationary oxygen concentrators plus
small oxygen cylinders or LOX (stationary
and portable) in patients with COPD
(n = 51). They reported HRQL measured
with the Sickness Impact Proﬁle (SIP) and
the EuroQol instruments. There was no
difference between groups in EuroQol
scores, but there were signiﬁcant differences
in favor of LOX for the SIP domains of
mobility (MD, 24.57; P = 0.043), body care
(MD, 25.83; P = 0.011), ambulation (MD,
28.46; P = 0.017), social interaction (MD,
25.27; P = 0.023), and total SIP score (MD,
23.38; P = 0.018) (103). The MCID for SIP
is a change of 5 U (107).
No difference in oxygen saturation was
observed during the 6MWT (54, 106) and 2minute-walk test (105) between LOX and
concentrators. The Borg dyspnea score did
not differ after the 6MWT (MD, 20.10;
95% CI, 21.23 to 1.03) (54) or 2-minutewalk test (MD, 20.40; 95% CI, 21.36 to
0.56) (105).
A retrospective study (n = 146)
compared adherence in users of stationary
and portable LOX to a group that used a
stationary oxygen concentrator plus small
portable metal cylinders (105). The LOX
group used stationary and portable oxygen
for 6.50 h/d (95% CI, 4.43–8.57 h/d) longer;
92% of the concentrator group did not use
their provided portable cylinders. However,
the majority of patients in the concentrator
group were sicker (presence of
tracheostomy or use of home ventilation)
compared with the LOX group and were
therefore less likely to use portable oxygen
outside of the home. An RCT (55) (n = 159)
American Thoracic Society Documents

found that portable oxygen increased
patients’ daily duration of oxygen therapy
compared with those solely using stationary
devices (MD, 3.00 h; 95% CI, 1.97–4.03 h);
24% more patients who used oxygen for
greater than 18 h/d were LOX users than
cylinder users. In a crossover RCT in which
all participants were LTOT users (n = 15),
participants who were allocated metal
cylinders spent more time each week using
their home stationary oxygen concentrator
than those using LOX spent (13.1 h longer;
95% CI, 1.57–27.92 h longer) (104). LOX
users spent more time outside the home
than metal-cylinder users (MD, 4.0 h; 95%
CI, 0.9–7.1 h) (104, 105) and were more
likely to leave the home (105).
Our systematic review did not identify
safety data speciﬁc to LOX, with the
exception of guidance provided by the
manufacturer (108).
Panel judgments. DESIRABLE
CONSEQUENCES AND THEIR MAGNITUDES

(BENEFITS). Despite the absence of studies

examining continuous-ﬂow LOX at .3
L/min, the panel judged that the desirable
consequences and beneﬁts outweighed the
undesirable consequences and harms of
portable LOX therapy. Indirect evidence
demonstrated improvements in some
domains of HRQL, improved adherence,
and increased time spent outside the home.
LOX provides opportunity to leave the
home for patients with severe hypoxemia
who would otherwise require multiple,
heavy, metal oxygen cylinders to access the
community. Patients who are caregivers for
others, have paid employment or classroom
education needs outside the home, or are
attending pulmonary rehabilitation sessions
to prepare for lung transplantation would
have a means to engage in such activities
by having a longer duration of oxygen
supply.
UNDESIRABLE CONSEQUENCES AND THEIR

The panel agreed that
some of the undesirable consequences of
LOX were similar to those previously
described, including equipment
management, unmet expectations for
symptom relief, embarrassment, reduced
independence, and increased caregiver
burden. However, LOX may have less
impact on mobility because of smaller,
longer-lasting, and more lightweight
canisters and the ability to provide
continuous high-ﬂow oxygen. Use of LOX
requires manual ability to ﬁll portable
canisters from a large reservoir, which is not
MAGNITUDES (HARMS).

required with other portable oxygen
systems. There is also a risk of skin burns
from frost leaks when ﬁlling portable
canisters that is unique to LOX.
Rationale for the recommendation. The
panel made a conditional recommendation
because although LOX is relevant to a
subgroup of patients, there are limited data
to guide patient selection. However, the
panel considered that, on the basis of the
limited capacity of POCs and portable metal
cylinders, the prescription of LOX is
critically important for patients who require
high ﬂow rates and who need to spend
extended periods of time outside the home.
Patients who require continuous-ﬂow
oxygen at .3 L/min cannot spend .2
hours outside the home with a single E
tank. LOX at 3–4 L/min may allow patients
to spend up to 5 hours away from home,
which is reduced to 4 hours if using LOX at
5 L/min (Table E11).
ATS recommendation. In patients with
chronic lung disease who are mobile outside
of the home and require continuous ﬂow
rates of .3 L/min during exertion, we
suggest prescribing portable LOX
(conditional recommendation, very-lowquality evidence).
What others are saying. The National
Institute for Clinical Excellence guidelines for
COPD management (109) state that “small
lightweight cylinders, oxygen-conserving
devices and portable liquid oxygen systems
should be available for the treatment of
patients with COPD. A choice about the
nature of equipment prescribed should take
into account the hours of ambulatory
oxygen use required by the patient and the
oxygen ﬂow rate required.” They suggest
that compressed gas cylinders be used for no
less than 90 minutes and that LOX be used
for .4 hours or .30 minutes, for ﬂow rates
higher than 2 L/min (109).
Guidelines by the U.S. Department of
Veterans Affairs state that LOX should be
“prescribed for ambulatory patients who
use an extensive amount of oxygen from
portable sources” (110). They further state
that “The most efﬁcient and medically
appropriate system for providing oxygen
will be determined by the prescribing
physician based upon the ﬂow rate (per
minute) desired, the daily period of usage,
the patient’s physical condition and daily
activities” (110).
Although individual coverage varies
across insurance companies, one national
insurer’s policy for portable oxygen,
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including ambulatory LOX, says it is
“Considered medically necessary for
members who occasionally go beyond the
limits of a stationary oxygen delivery
system with 50-ft. tubing for .2 hours per
day for most days of the week (minimum 2
hours/week)” (111).
Finally, a health technology assessment
in Quebec, Canada, assessing the evidence
behind portable LOX concluded that
“advantages are likely to be most beneﬁcial
to a select group of patients who are
relatively active and compliant with
therapy, while there are no agreed social or
clinical indicators that would be reliable
predictors of use or beneﬁt” (112).
Implementation considerations. Costs
associated with LOX are higher than for other
delivery systems. DME suppliers in the
United States are reluctant to provide LOX
under current CMS funding, as it does not
fully reimburse costs associated with a special
delivery truck, frequent deliveries, and related
equipment. In other countries, provision of
LOX varies in its costs, availability, and
patient eligibility requirements. The
feasibility of implementing LOX will vary
across geographic areas and reimbursement
policies.
Values and preferences. This
recommendation places a high value on
HRQL related to mobility outside of the
home and places a lower value on costs and
resource use.
Research needs. The lack of any studies
meeting our evidence criteria underscores
the need for future research on the beneﬁts
of LOX in those with ILD and in other
patients who require high-ﬂow oxygen and
are mobile outside the home. Outcomes
such as change in mobility, depressive
symptoms, use of healthcare resources, and
survival require further investigation.
Technologic and device-development
research is needed to develop lighter-weight
and longer-lasting portable oxygen devices.

Education and Safety
Considerations
Panel Discussion

The panel agreed that for all patients
receiving home oxygen therapy, there was
no acceptable alternative to providing
patients and their caregivers appropriate
education related to adherence to their
oxygen prescription, proper use and
troubleshooting of oxygen equipment,
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oxygen safety education, and education on
self-management. These were recurring
topics of discussion for all population,
intervention, comparison, and outcome
questions. The panel agreed that these
recommendations applied to patients using
LTOT as well as to ambulatory oxygen users.
A best-practice statement was included to
address these recommendations.
Safety education should be provided to
patients and caregivers to avoid tripping and
falls and to decrease ﬁre risk by not smoking
or allowing smoking inside the home, to
avoid the use of inline devices, to avoid
activities around an open ﬂame or spark,
and to avoid the use of nonpetroleum nasal
products (5, 28). For LOX users, patients
should be provided product information
that includes instructions on avoiding skin
burns from contact with any of the frosted
parts on LOX-device connectors (108). The
panel agreed that patients also need
guidance on transporting and traveling
safely with oxygen (14).
Access to oxygen for patients who
continue to smoke varies globally. In some
regions, smoking is an absolute
contraindication to home oxygen therapy
(9); the BTS recommends advising the
patient that oxygen provides limited clinical
beneﬁt for those who continue to smoke
(36). Smoking safety is now inclusive of
e-cigarettes, or vaping, on the basis of
reported burn accidents in e-cigarette
smokers receiving home oxygen therapy
(113). Included in safety concerns is
establishment of back-up devices for
emergencies or loss of power. Current
smokers or caregiver smokers should
receive education and support for treatment
of tobacco dependence (referral to
appropriate resources).
Educational support is necessary for
patients and caregivers and should be tailored to
patients’ health literacy and cultural contexts.
Current practice does not consistently include
effective evaluation and support of the oxygenusing patient by healthcare providers or oxygen
delivery personnel to ensure adequate education
and return demonstration of their ability to use
their prescribed devices (teaching back) both in
the home and ambulatory settings (13). Other
considerations include access to appropriate
equipment based on patients’ physical,
physiologic, and lifestyle and/or mobility needs.
Clinical support for monitoring at home by
nurses and respiratory therapists is rare in the
United States but common in other regions
(19). The panel agreed that patients should be

advised to bring their portable device to
healthcare visits to assess its effectiveness and to
reinforce self-management.
All panelists agreed on the need
for ongoing reassessment of patients’
increased or decreased oxygen needs and
acknowledged that the frequency would
vary by disease characteristics, rate of
progression, or posthospitalization status.
The high priority for posthospitalization
reassessment of the ongoing need
for oxygen is in agreement with the
ATS/American College of Chest
Physicians policy statement (40) and
others ﬁndings (39).
ATS Recommendation

For patients prescribed home oxygen
therapy, we recommend that the patient
and their caregivers receive instruction
and training on adherence to their oxygen
prescription; the use, maintenance and
troubleshooting of all oxygen equipment;
and education on oxygen safety,
including smoking cessation, ﬁre
prevention, and tripping hazards (bestpractice statement).

Conclusions
Our systematic review reveals that the
quality and quantity of clinical trial evidence
is low, thereby leaving signiﬁcant gaps in
available data regarding prescription of
supplemental oxygen. The need for
guidance is high; the prescription of
supplemental oxygen is common. The
recommendations in this document reﬂect
an integration of current evidence and
clinical experience by a multidisciplinary
expert panel.
For patients with severe resting
hypoxemia, the prescription of LTOT to
improve survival is supported by historical
trials in patients with COPD. The panel
also strongly recommends prescribing
oxygen for patients with ILD with
severe resting hypoxemia. Existing
evidence and panel consensus suggest not
prescribing LTOT for patients with COPD
with moderate resting hypoxemia. The
practice of initiating short-term oxygen
therapy on hospital discharge in patients
with severe hypoxemia is based on indirect
evidence from the NOTT and MRC clinical
trial populations with chronic hypoxemia.
The harms and beneﬁts of prescribing
short-term oxygen therapy on hospital
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discharge deserves further study. Further
research is needed on the appropriate use of
shared decision-making between patients
and their clinicians for decisions regarding
home oxygen therapy and on approaches to
discontinue home oxygen in patients
who no longer have severe resting
hypoxemia.
This review conﬁrmed scarce and
inconclusive data to support the
prescription of oxygen in patients who have
normoxemia at rest but desaturate
(sometimes markedly) with exertion.
Emerging evidence suggests that
ambulatory oxygen may improve HRQL in
patients with ILD in the short term, but
longer-term data are needed. This was
identiﬁed as a critical research need. The
urgency is underscored by the treatment’s
cumbersome nature, associated risks, and

complex effects on the patients, families,
and caregivers.
No studies met the panel’s criteria for
the evaluation of LOX in patients who use
.3 L/min of continuous-ﬂow oxygen and
spend regular and frequent time outside the
home. The panel concluded that although
an E tank, or other large metal cylinder, can
adequately provide oxygen at up to 5 or 6
L/min, the patient would be restricted by
the need to carry multiple E tanks to leave
home for anything more than a very short
time period. Thus, this population is
unintentionally denied the necessary
mobility to travel, work, socialize, or attend
pulmonary rehabilitation—critical
contributors to HRQL. The panel
unanimously agreed that LOX should be
offered to active patients on high-ﬂow
oxygen and that policies to accommodate

this subgroup should be moved
forward.
Finally, the minimal standard of
care for all patients receiving home
oxygen therapy must include education
and training related to their oxygen
equipment, oxygen safety, and selfmanagement.
We urge the research community and
funding agencies to work together to develop
a stronger evidence base that will guide
clinical practice for oxygen prescription. Of
critical importance is the involvement of
engineers and those in related ﬁelds who can
combine creativity with applied science to
develop methods of raising arterial blood
oxygen content to normal levels, even during
intense exercise, without the burdens
associated with current oxygen delivery
systems. n
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of ambulatory oxygen in oxygen-dependent COPD. Eur Respir J
2005;25:1032–1038.
62. Faraone SV. Interpreting estimates of treatment effects: implications for
managed care. P&T 2008;33:700–711.
63. Jones PW, Beeh KM, Chapman KR, Decramer M, Mahler DA, Wedzicha
JA. Minimal clinically important differences in pharmacological trials.
Am J Respir Crit Care Med 2014;189:250–255.
64. Wyrwich KW, Tierney WM, Babu AN, Kroenke K, Wolinsky FD. A
comparison of clinically important differences in health-related
quality of life for patients with chronic lung disease, asthma, or heart
disease. Health Serv Res 2005;40:577–591.
65. Ries AL. Minimally clinically important difference for the UCSD
Shortness of Breath Questionnaire, Borg scale, and visual analog
scale. COPD 2005;2:105–110.
66. Arnold E, Bruton A, Donovan-Hall M, Fenwick A, Dibb B, Walker E.
Ambulatory oxygen: why do COPD patients not use their portable
systems as prescribed? A qualitative study. BMC Pulm Med 2011;
11:9.
67. Kelly CA, Lynes D, O’Brien MR, Shaw B. A wolf in sheep’s clothing?
Patients’ and healthcare professionals’ perceptions of oxygen
therapy: an interpretative phenomenological analysis. Clin Respir J
2018:12:616–632.
68. Petty TL, Bliss PL. Ambulatory oxygen therapy, exercise, and survival
with advanced chronic obstructive pulmonary disease (the Nocturnal
Oxygen Therapy Trial revisited). Respir Care 2000;45:204–211.
[Discussion, pp. 211–213.]
69. Ekström M. Why treatment efﬁcacy on breathlessness in laboratory but
not daily life trials? The importance of standardized exertion. Curr
Opin Support Palliat Care 2019;13:179–183.
70. Ekström M, Ringbaek T. Which patients with moderate hypoxemia
beneﬁt from long-term oxygen therapy? Ways forward. Int J Chron
Obstruct Pulmon Dis 2018;13:231–235.
71. Crockett AJ, Cranston JM, Antic N. Domiciliary oxygen for interstitial
lung disease. Cochrane Database Syst Rev 2001;(3):CD002883.
72. Lv H, Liu J, Pan Q, Cai R, Zhang J. Clinical retrospective analysis of
interstitial lung disease patients associated with pulmonary
hypertension. Med Sci Monit 2019;25:7763–7769.
73. Nemoto K, Oh-Ishi S, Akiyama T, Yabuuchi Y, Goto H, Nonaka M, et al.
Borderline pulmonary hypertension is associated with exercise
intolerance and increased risk for acute exacerbation in patients with
interstitial lung disease. BMC Pulm Med 2019;19:167.
74. King CS, Nathan SD. Pulmonary hypertension due to interstitial lung
disease. Curr Opin Pulm Med 2019;25:459–467.
75. Graney BA, Wamboldt FS, Baird S, Churney T, Fier K, Korn M, et al.
Looking ahead and behind at supplemental oxygen: a qualitative
study of patients with pulmonary ﬁbrosis. Heart Lung 2017;46:
387–393.

e139

AMERICAN THORACIC SOCIETY DOCUMENTS
76. Swinburn CR, Mould H, Stone TN, Corris PA, Gibson GJ. Symptomatic
beneﬁt of supplemental oxygen in hypoxemic patients with chronic
lung disease. Am Rev Respir Dis 1991;143:913–915.
77. Raghu G, Rochwerg B, Zhang Y, Garcia CA, Azuma A, Behr J, et al.;
American Thoracic Society; European Respiratory society;
Japanese Respiratory Society; Latin American Thoracic
Association. An ofﬁcial ATS/ERS/JRS/ALAT clinical practice
guideline: treatment of idiopathic pulmonary ﬁbrosis—an update
of the 2011 clinical practice guideline. Am J Respir Crit Care Med
2015;192:e3–e19. [Published erratum appears in Am J Respir Crit
Care Med 192:644.]
78. Khor YH, Goh NS, Glaspole I, Holland AE, McDonald CF. Exertional
desaturation and prescription of ambulatory oxygen therapy in
interstitial lung disease. Respir Care 2019;64:299–306.
79. Lama VN, Flaherty KR, Toews GB, Colby TV, Travis WD, Long Q, et al.
Prognostic value of desaturation during a 6-minute walk test in
idiopathic interstitial pneumonia. Am J Respir Crit Care Med 2003;
168:1084–1090.
80. Papakosta D, Pitsiou G, Daniil Z, Dimadi M, Stagaki E, Rapti A, et al.
Prevalence of pulmonary hypertension in patients with idiopathic
pulmonary ﬁbrosis: correlation with physiological parameters. Lung
2011;189:391–399.
81. Corte TJ, Wort SJ, Wells AU. Pulmonary hypertension in idiopathic
pulmonary ﬁbrosis: a review. Sarcoidosis Vasc Diffuse Lung Dis
2009;26:7–19.
82. Wallaert B, Monge E, Le Rouzic O, W émeau-Stervinou L, Salleron J,
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