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Abstract
Background—Palliative oxygen therapy is widely used for dyspnea in individuals with life-
limiting illness ineligible for long-term oxygen therapy.

Methods—This international double-blind randomized controlled trial evaluatedeffectiveness of
oxygen vs. medical (room) air for relieving breathlessness in patients with life-limiting illness,
refractory dyspnea, and PaO2>55 mm Hg. Participants were recruited from outpatient clinics at 9
sites (Australia, United States, England). Participants received oxygen or medical air via
concentrator through nasal cannulae at 2 liters/minute for 7 days. The primary outcome measure
was breathlessness (0-10 numerical rating scale [NRS]), measured twice daily.

Findings—Participants (N=239) were: mean age, 73 (standard deviation [SD] 10); 62% male;
mean PaO2, 77 mm Hg (SD 12); mean morning dyspnea, 4.5 on NRS (SD 2.2); chronic
obstructive pulmonary disease, 64%; cancer, 16%. Oxygen was not significantly superior to
medical air for relief of breathlessness. Over the 7-day period, after provision of medical gas,
mean morning and evening dyspnea decreased by -0.8 (95% confidence interval [CI]: -1.1, -0.5)
and -0.4 (CI: -0.7, 0.1), respectively (p<0.001), regardless of intervention. Baseline dyspnea
predicted improvement with medical gas; participants with moderate (4-6 NRS) and severe (7-10
NRS) baseline dyspnea had average decreases in morning dyspnea of -0.7 (CI: -1.1, -0.4) and -2.4
(CI: -3.0, -1.8), respectively.

Interpretation—There is no additional symptomatic benefit of oxygen over room air delivered
by nasal cannulae for relieving refractory dyspnea related to life-limiting illness in patients with
PaO2>55 mm Hg. Dyspnea intensity decreased in both study arms, temporally related to provision
of medical gas.

Keywords
Dyspnea; dyspnoea (MeSH); Palliative care (MeSH); Terminal care (MeSH); Oxygen;
Breathlessness
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Background
Dyspnea has been defined as “a subjective experience of breathing discomfort that consists
of qualitatively distinct sensations varying in intensity. The experience derives from
interactions among multiple physiological, psychological, social, and environmental
factors.”1 Prevalence of severe dyspnea among terminally ill patients has been reported as
65%, 70%, and 90% for heart failure, lung cancer, and chronic obstructive pulmonary
disease (COPD) patients, respectively.2 Dyspnea often presents as a chronic condition that
intensifies during the dying process;3 it can erode quality of life (QOL), psychological well-
being, and social functioning.4

The exact nature and cause, and therefore appropriate treatment, of dyspnea remain elusive.
Objective measures, such as desaturation with exercise, may point toward underlying
pathology, but do not reliably indicate subjective experience. Current pharmacologic
treatments include opioids, psychotropic drugs, inhaled frusemide, Heliox 28, and oxygen;
opioids remain the mainstay of treatment.5, 6 Palliative interventions seek primarily to
alleviate the sensation of breathlessness; they are generally applied in palliative care
irrespective of underlying pathology and respiratory functioning.7

Long-term oxygen therapy (LTOT) is indicated for COPD patients with severe hypoxemia
(PaO2≤55 mm Hg at rest); treatment improves survival, dyspnea, and functional status.8-10

Palliative oxygen is frequently prescribed to manage dyspnea in people with advanced life-
limiting illness, irrespective of PaO2, and is generally considered standard of care.11, 12

Over 70% of physicians caring for dyspneic palliative care patients report prescribing
palliative oxygen, usually for refractory symptoms (65%) or at patient request (30%).13

There is not, however, clear evidence demonstrating symptomatic benefit of palliative
oxygen,14-16 though the intervention entails cost and logistical burden. Across the world,
hospices commonly prescribe oxygen based on symptomatic, rather than pulse oximetry,
criteria. In Canada, compassionate-use oxygen not meeting LTOT criteria represents 30% of
the oxygen therapy budget.9 Lack of evidence to support palliative oxygen use and lack of
available clinical practice guidelines have led to inconsistent access and variable utilization.
17

This study sought to determine the symptomatic effectiveness of palliative oxygen for
patients with life-limiting illness, refractory breathlessness, and PaO2>55 mm Hg. The
comparator was medical (room) air provided via a modified concentrator (altered according
to a standardized protocol, see below); the null hypothesis was that oxygen therapy is not
superior to medical air in this setting.

Methods
This was an international multi-site, double-blind, randomized controlled trial conducted
from April 2006 to March 2008. The study protocol was approved by the Duke University
Health System Institutional Review Board (IRBs), and local Research & Ethics Committees
or IRBs of all participating sites.

Participants and Setting
Participants were recruited from outpatient pulmonary, palliative care, oncology, and
primary care clinics at 5 sites in Australia, 2 in United States, and 2 in England. Eligible
participants were: >18 years of age, with PaO2>55 mm Hg, experiencing refractory dyspnea
related to life-limiting illness (determined by referring physicians), maximally treated for
underlying disease, reporting dyspnea at rest or with minimal exertion of ≥3 on the Medical
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Research Council (MRC) categorical dyspnea scale,18 on stable medications for 1 week
prior to participation, and judged by their physicians to have ≥1 month prognosis. Exclusion
criteria included: meeting international LTOT eligibility guidelines, history of hypercarbic
respiratory failure with oxygen, anemia (hemoglobin <10.0 g/dL), hypercarbia (PaCO2 >50
mm Hg), smoking, cognitive impairment (Folstein Mini-mental Status Exam19 <24/30), and
a respiratory or cardiac event in the prior 7 days. All participants provided written informed
consent.

Intervention and Procedures
Consenting participants who met screening criteria underwent arterial blood gas assessment
either in the outpatient clinic or home using a standardized protocol. If PaO2 >55 mm Hg
and all eligibility criteria met participants were randomized 1: 1 to oxygen or medical air,
stratified by baseline PaO2 (≤70, 71-80, 81-90, 91-100 mm Hg). A central system available
through the pharmacy service at Repatriation General Hospital (Adelaide, Australia)
randomized participants in balanced blocks of 4 patients per stratum, based on Fisher and
Yates Statistical Tables.20

The intervention lasted 7 days. This duration was selected because, in a preparatory survey,
palliative care physicians indicated that a definitive study of palliative oxygen, one that
would provide compelling evidence about dyspnea and QOL, would require 3-7 days.13

Although dyspnea caused by hypoxemia or hypoxygenation may be relieved by oxygen
within a short period of a few minutes or hours, we chose the conservative estimate of
practicing clinicians because these physicians represent the practical audience for the study's
results.

A medical gas concentrator was delivered to the participant's home in the afternoon on Day
0 and retrieved in the afternoon on Day 7. Using a standardized protocol, the medical gas
company serving each site modified half of the concentrators to dispense room air without
setting off the internal alarm that sounds when oxygen levels are low. Concentrators
appeared identical. Patients, delivery persons, investigators, and nurses were blinded to
assignments. Medical gas was administered continuously at 2 liters/minute through nasal
cannulae. Participants were instructed to use the concentrator at least 15 hours daily, during
hours of their choosing.

Measurements
The study's primary outcome was “breathlessness right now,” recorded twice daily – within
30 minutes of awakening (“morning”) and bedtime (“evening”) – in a patient diary using a
0-10 numerical rating scale (NRS; anchors, 0=“not breathless at all”, 10=”breathlessness as
bad as you can imagine”), a valid instrument for this population.21 A 1-point reduction in
self-reported dyspnea is generally considered clinically relevant change;22 therefore, a 1-
point reduction was used to define “response” for all NRS measures in the study.

Diaries also captured secondary outcomes: average dyspnea in the past 24 hours (0-10
NRS), worst breathlessness in the past 24 hours (0-10 NRS), relief of dyspnea over the prior
24 hours (0-10 NRS), and ordered categorical scales for functional impact, sleep
disturbance, drowsiness, anxiety, nasal irritation, and nose bleeds. QOL was assessed daily
using the McGill Quality of Life Questionnaire (MQOLQ);23 comprised of 17 items, the
MQOLQ includes a single-item measure of global QOL (0-10 NRS). Functional changes
were assessed using the Modified Medical Research Council of Great Britain (MRC) 4-point
categorical dyspnea scale 24 and Dyspnea Exertion Scale (DES, categories provided in Table
1).25 Secondary measures were asked once daily, usually in the evening except when more
relevant to morning (e.g., sleep).
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Diaries were completed beginning two days prior to intervention (Day -2). Research
personnel assessed the full MQOLQ and performance status (Eastern Cooperative Oncology
Group [ECOG] Performance Status Scale26) on Days -2, 0, and 6. At the end of the study,
respondents were asked to rate their overall experience with the intervention and to state if
they wished to continue with oxygen therapy (via concentrator).

Data analysis
Primary analyses were conducted on an intent-to-treat basis using SAS 9.1 (Cary, NC,
USA). Descriptive statistics were used to characterize populations. Internal consistency of
each subscale of the MQOLQ was confirmed with Cronbach's alpha prior to proceeding with
analyses.

Efficacy—Repeated measures models were used to estimate the effect of time and
intervention on all endpoints. Mixed Model Repeated Measures analysis (SAS PROC
MIXED) with an unstructured covariance matrix was used to estimate the effect of time on
mean dyspnea and QOL score by intervention. Separate repeated measures logistic
regression models were used to estimate change over time by intervention in (a) participants
with high MRC scores, and (b) participants reporting sleep disturbance due to
breathlessness. These models were created using generalized estimating equations (GEE,
SAS PROC GENMOD), assuming an unstructured covariance matrix and using categorical
variables of: time (Days -1 to 6), intervention (oxygen vs. air), and interaction (time ×
treatment intervention). The interaction term was included to assess the consistency of
treatment effect over time. Intention-to-treat principles were followed; all models included
participants who completed the baseline assessment (N=239) regardless of whether they
received intervention. Missing assessments were minimal and assumed to be missing at
random.

Predictors of response—Proportions of responders were calculated, with response
defined as a ≥1-point NRS decrease from Day -1 to Day 6 (i.e., participants still indicating
improvement at end of intervention). This post hoc analysis included only participants who
completed both baseline and Day 6 assessments.

To identify variables that best predicted response, a series of logistic regression models
estimated the effect of each predictor on response and the difference in effect between
treatment arms. Each model included treatment arm, one predictor, and interaction. Potential
predictors were baseline dyspnea (low [0-3], moderate [4-6], severe [7-10]), age, gender,
COPD (yes/no), PaO2 at enrollment, rapid decline in breathlessness preceding enrollment
(declining MRC scores over 4 weeks), ECOG at Day 0, opioid use, previous oxygen use,
and study site. Predictors that indicated a potential effect on response (Type III Wald chi-
square test with p≤0.2) were included in a full interaction model. Predictive variables in the
interaction model were identified through stepwise selection. Morning and evening changes
in breathlessness were modeled separately.

Sample size calculation—The sample size estimate of 240 participants was based on the
primary outcome variable, prior experience in a dyspnea trial evaluating morphine vs.
placebo,7 and use of a student t test to compare interventions at Day 6. Assumptions were:
20% attrition rate; NRS variance of 6; 1-point NRS change defining clinical relevance. A
sample size of 240 participants would provide 80% power to detect a 1-point difference with
α=0.05. Actual NRS variance and attrition were less than expected. Repeated measures
analyses were used rather than the student t test.
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Role of funding source
None of the study sponsors had a role in the conduct of this study or its reporting.

Results
Figure 1 presents participant flow; Table 1 provides participant characteristics (n=239).
Thirteen participants (5%; 10 air, 3 oxygen) dropped out before the study commenced and
completed no assessments; 15 (6%; 10 air, 5 oxygen) dropped out before completing the
final (Day 6) assessment.

Primary analysis: Relief of dyspnea
The primary outcome was the sensation of breathlessness, measured twice daily (0-10 NRS).
No significant difference was found in the effect of the two gases on this measure (Figure 2).
Dyspnea scores were not significantly lower for oxygen at any time over the study period.
For morning dyspnea, 62 (52%) and 48 (40%) of patients responded to the oxygen and
medical air interventions, respectively. For evening dyspnea, response rates were 42% for
both interventions.

Secondary analyses
Longitudinal analyses explored the interventions' clinical impact. Over the intervention
period, there was significant improvement from both gases in both morning and evening
dyspnea (time p<0.0001, both models; Figure 2). From baseline to Day 6, mean overall
morning and evening dyspnea decreased by -0.8 (CI: -1.1, -0.5) and -0.4 (CI: -0.7,-0.1),
respectively (p<0.001), reflecting 18% and 9% relative improvement (calculated as mean
decrease in dyspnea ÷ mean baseline dyspnea, i.e., 0.8/4.5 and 0.4/4.7, respectively; Table
2). Oxygen appeared to have greater impact on relative change in morning dyspnea, whereas
medical air had greater impact on relative change in evening dyspnea (Table 2). Morning
dyspnea dropped most substantially between Day 0 and Day 1 (Figure 2A) and evening
dyspnea dropped between Day -1 and Day 0 (Figure 2B), both less than a day after the
concentrator arrived. Of the 177 (74%) of patients whose evening breathlessness decreased
by ≥1 point, 97 (55%) improved within the first 24 hours, and 156 (88%) within the first 72
hours, of the intervention. Relief of dyspnea in the prior 24 hours, measured on a 0-10 NRS
based on the Brief Pain Inventory27, reflected similar results (Figure 3).

Paralleling dyspnea change, QOL change did not differ between groups (Figure 4). Results
from MQOLQ individual items and sub-scales were similar. Overall, the absolute increase
in global QOL scores was 0.7 (CI: 0.5, 0.9) (Table 2); 87% of QOL improvement occurred
within the first 3 days.

All other patient-reported outcomes reflected the dyspnea (and QOL) trends. The proportion
of patients reporting the worst level of functioning on the MRC dyspnea scale (MRC=4;
“breathless when undressing”), and sleep disturbed by breathlessness, reduced over the 7-
day study, without differential impact by intervention (Figures 5 and 6).

Predictors of response
Statistically significant predictors of morning response were intervention (oxygen vs. air)
and baseline dyspnea (severe vs. moderate vs. low; Table 3). Compared to those receiving
air, participants receiving oxygen were twice as likely to have an improvement in morning
dyspnea (OR 2.0; CI: 1.1, 3.5); participants with severe baseline dyspnea were 5 times more
likely to have a response than were participants with low baseline dyspnea (OR 5.3; CI: 2.2,
12.8); participants with severe baseline dyspnea were 3 times more likely to have a response
than were those with moderate baseline breathlessness (OR 3.4; CI: 0.8, 3.0). Baseline
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dyspnea, but not intervention, similarly predicted evening response. No other participant
characteristic predicted response. The impact of the gases was similar regardless of dyspnea
etiology, performance status, opioid use, and baseline oxygenation.

Preference for intervention
Among the 239 participants, 43 (18%) did not want to receive oxygen after the study; 63
(26%) indicated that they derived no benefit; 41 (17%) requested and received unblinded
oxygen after the study; 74 (31%) requested oxygen but did not receive it; 18 (8%) did not
respond. Distributions were similar between treatment arms.

Side effects
There was no clinically meaningful difference between interventions in side effects, and few
adverse effects (Table 4).

Discussion
This adequately powered study demonstrated no additional symptomatic benefit of oxygen
over room air delivered by nasal cannulae for relieving refractory breathlessness in patients
with PaO2 >55mm Hg. Dyspnea intensity decreased across the study period in both arms,
temporally related to the provision of the gas; improvement in QOL scores and exertional
capacity mirrored changes in breathlessness. Breathlessness scores of patients with moderate
to severe dyspnea improved most, irrespective of medical gas administered.

Historically, a compassion-based rationale has underpinned clinical decisions regarding the
use of palliative oxygen. Physicians often prescribe palliative oxygen for patients with
refractory dyspnea and PaO2>55 mm Hg despite a lack of definitive evidence to support
efficacy in this setting. Prior studies of palliative oxygen and medical air have been difficult
to interpret because they were small, inadequately controlled, or had unclear outcomes. This
effectiveness study ensured: (1) masked identical standardized interventions; (2) adequate
sample size; (3) sufficient study duration to evaluate outcomes; and, (4) patient-centered
outcomes meaningful for the target population.

The temporal relationship between gas delivery and breathlessness reduction suggests that
medical air is an intervention, not a placebo. Prior small studies of palliative oxygen vs.
medical air have also demonstrated improvements with both gases.28, 29 Possible reasons
are that: the movement of any gas across the nasal passages influences the sensation of
dyspnea; the obvious presence of an intervention alleviates the patient's anxiety and related
breathlessness; the concentrator itself may function as a placebo, inducing expectation of
benefit; or, the extra attention that the patient receives during study participation improves
psychological status, thereby reducing breathlessness. In a similar longitudinal study,
dyspnea gradually worsened over an 8-day period, suggesting that study participation does
not, in itself, lessen dyspnea.7

In both study arms, a temporal relationship between dyspnea, QOL, exertional capacity, and
sleep improvement after introducing medical gas is apparent (Figures 2-6). Because patients
with intractable symptoms achieved significant benefit from both interventions, these results
warrant further exploration to determine the gases' relative impact and feasibility, whether
this was placebo effect from study participation or a meaningful medical intervention, and to
guide clinicians in best use of medical gases to relieve patients' breathlessness.

First, are results clinically significant? The absolute mean reduction in dyspnea [-0.8 (CI:
-1.1, -0.5) in the morning; -0.4 (CI: -0.7, -0.1) in the evening] reflects an 18% and 9%
relative reduction, respectively. In patients with refractory symptoms, a 9% reduction in
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intensity may be clinically meaningful and most individuals would find 18% improvement
important. Overall, 46% and 42% of individuals responded in the morning and evening,
respectively. These proportions are similar to opioid response proportions.7, 30 Sub-group
analyses demonstrated that the impact of the gases was similar regardless of current opioid
use. The “morning effect”, given anecdotal evidence that most people used oxygen at night,
may warrant further exploration, in conjunction with study of breathlessness on exertion, to
hone in on potential windows of time when a medical gas intervention is most likely to
benefit the patient.

Second, how do results compare to other intervention studies of air movement to treat
breathlessness? Animal studies dating back to the 1960s have demonstrated the role of upper
airway receptors associated with the trigeminal nerve in reducing ventilation requirements.31

Among people with COPD, blowing air on the face (e.g., open window, fan) significantly
diminished the sensation of dyspnea induced by a resistive load and hypercapnia without
causing significant reduction in ventilation.31 Cold temperature appears to improve efficacy,
32 though the relative roles of mechanics and temperature remain unclear. Exploratory
studies found that a handheld fan improved dyspnea when blowing air towards the face, but
not towards the leg;33,34 a randomized controlled crossover trial has recently confirmed that
a handheld fan directed at the face is effective in reducing the symptom of breathlessness, as
compared to the same fan directed at the leg.33 Our study adds to the evidence by
demonstrating (1) change over time in dyspnea after medical gas delivery by nasal cannulae,
and (2) corollary impact on QOL and physical functioning.

Third, how do we interpret the conflicting findings that there were no differences in the
effects of the two gases, and yet the oxygen intervention predicted morning dyspnea
improvement? The graphs provide insight; there was a non-significant trend for oxygen to
confer more benefit (Figures 2, 4, 5, 6); predictor analysis upheld this trend. The
interventions were equivalent in proportional improvement (Figure 3).

Implications for clinical practice
Palliative oxygen is widely prescribed in palliative care. These results should therefore be
placed in clinical context, providing practical guidance to inform care of patients with
refractory breathlessness and advanced life-limiting illness. Interpreted cautiously, these
results suggest that moving gas near the nasal passages, and specifically delivered via nasal
cannulae, may lead to improved symptoms. The gas, however, need not be oxygen. Effect
can achieved in the setting of other palliative interventions, such as opioids (the option best
supported by evidence). Currently, it is difficult to prescribe medical air; prescription of
oxygen may be substituted but with important caveats. Oxygen is flammable; smoking
patients, and those with smoking caregivers, should not be prescribed oxygen.35 Oxygen is
expensive and may be difficult to obtain. Potentially hypercarbic patients, and especially
people with central hypoventilation syndromes, should have close supervision when
prescribed oxygen. Given that air motion seems to be an operative factor in relieving
breathlessness, a simple hand-held or table-top fan may be a helpful, inexpensive, first step.
Treatment of breathlessness with a medical gas – whether oxygen or moving air – may be
advisable to alleviate other related symptoms in addition to dyspnea, such as fatigue.
Additionally, and especially for patients with less severe dyspnea, nonpharmacological
options such as pulmonary rehabilitation should be considered.

If medical gas is prescribed, treatment should focus on patients with dyspnea scores (NRS)
of ≥4, and especially those with scores ≥7. Recurrent assessment with standardized scales is
prudent, especially when using an N-of-1 approach, as it is difficult to predict which patients
will benefit.16 This study demonstrates that most benefit occurred in the first 24 hours, and
nearly all symptomatic and functional improvements happened in the first 3 days.
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Assessment in an N-of-1 study should therefore happen at 72 hours. Discontinuing the
intervention after 3 days, if ineffective in that time, will require substantial re-education of
clinicians and caregivers who often perceive palliative oxygen as a critical element for relief
of suffering. The logistical burden of this intervention, as well as its burden in terms of
social stigma and interpersonal barrier,36 should be considered. Clinical practice guidelines
should be updated to avoid offering a burdensome treatment, or continuing it, if patients are
unlikely to benefit through symptom relief.

Limitations
First, we did not collect the exact time of morning and evening assessments, nor did we
know the exact times during which participants used the gases; we omitted these details to
reduce participant burden. Second, our inclusion/exclusion criteria prevent extrapolation of
study results to terminally ill, dyspneic patients with less than 1-month expected survival,
and to patients eligible for LTOT. Third, we considered palliative oxygen within the context
of general clinical practice, regardless of dyspnea etiology, and therefore we deliberately
enrolled a heterogeneous population. This approach reflects standard practice in palliative
medicine, in which the symptom is treated similarly for patients with different underlying
diseases. It is possible that palliative oxygen is more beneficial than medical air for some
sub-groups (e.g., COPD patients vs. cancer patients), and that our study was not adequately
powered to identify these patients. We plan to combine results from this trial with the main
systematic reviews for palliative oxygen in cancer and COPD to explore this question.14,37

Fourth, more randomized participants dropped out of the medical air arm than out of the
oxygen arm, thereby introducing potential for skewing; however, most drop-outs occurred
before the intervention began. Fifth, because most participants had ECOG performance
status of 2 or 3, and did not indicate breathlessness at rest, this population may not be
representative of the sickest palliative care patients who frequently receive palliative
oxygen. Sixth, the relatively small definition of response (1-point change on NRS) calls into
question the clinical significance of demonstrated benefit. Each patient should be the final
arbiter; patients can and do exercise this role discerningly.38 Seventh, secondary analyses
may be underpowered, and, given multiple comparisons, some findings may occur by
chance. Eighth, since our focus was on subjective experiences of breathlessness, we did not
track objective measures of oxygen saturation, hemodynamics and sleep, which might have
provided insight into the gases' benefits. Finally, although participants were instructed to use
the gas 15 hours per day, total hours of use recorded by concentrator meters suggest a
slightly lower daily usage (14 hours per day; Table 1). Since the majority of response
occurred in the first 24 hours, when participants were presumably most likely to use the
intervention, it is unlikely that stricter adherence would change outcomes. In predictor
analyses, we did not see a dose-response between level of PaO2 and dyspnea relief by
intervention, although it is possible that underuse of concentrators contributed to this lack of
effect.

Conclusion
Quality care for people with life-limiting illness and refractory symptoms requires the
judicious use of interventions that provide greatest patient-defined benefit with least harm.
Palliative oxygen does not provide incremental benefit over room air, when provided at 2L/
min by nasal cannulae, for patients with PaO2 >55mm Hg. There was a temporal
relationship between provision of medical gas, symptomatic benefit, and improved QOL,
especially for people with moderate to severe dyspnea. Results can be efficiently defined
through careful monitoring of symptoms using basic standardized scales (e.g., 0-10 NRS),
with patient preference being a guiding factor in decisions to continue or discontinue
therapy. A future research agenda should explore these findings in the context of health
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service utilization, caregiver confidence, exertional breathlessness, and additional
interventions for refractory dyspnea in the setting of life-limiting illness.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CONSORT diagram showing flow of participants through the study
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Figure 2. Impact of medical gas intervention on dyspnea
Dyspnea was measured on a 0-10 NRS, with which the patient reported “breathlessness right
now.” Panel A is morning dyspnea, and panel B is evening dyspnea. The baseline
assessment was the last assessment completed before initiation of the intervention on Day 0.
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Footnote to figure 2A (CI = confidence interval):

Day -2 Day -1 Day 0 Day 1

ARM Total per arm N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

Oxygen 117 117 4.3
(3.9,4.7)

117 4.5
(4.1,4.9)

117 4.5
(4,4.9)

115 4
(3.5,4.4)

Air 110 108 4.5
(4.1,4.9)

108 4.6
(4.1,5)

109 4.8
(4.4,5.2)

105 4.3
(3.8,4.7)

Day 2 Day 3 Day 4 Day 5 Day 6

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

114 3.8
(3.4,4.3)

113 3.7
(3.2,4.1)

113 3.7
(3.3,4.1)

112 3.6
(3.2,4.1)

112 3.6
(3.2,4)

106 4.2
(3.7,4.6)

103 4.2
(3.8,4.7)

103 4.3
(3.8,4.8)

101 3.9
(3.5,4.4)

101 4.2
(3.7,4.6)

Footnote to figure 2B (CI = confidence interval):

Day -2 Day -1 Day 0 Day 1

ARM Total per Arm N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

Oxygen 117 117 4.7
(4.3,5.1)

117 4.7
(4.3,5.1)

116 4.1
(3.7,4.5)

113 4.0
(3.5,4.4)

Air 110 108 4.6
(4.2,5.1)

108 4.7
(4.3,5.1)

106 4.5
(4.1,4.9)

105 4.4
(3.9,4.8)

Day 2 Day 3 Day 4 Day 5 Day 6

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

113 3.9
(3.5,4.3)

111 3.7
(3.3,4.1)

111 3.7
(3.3,4.1)

110 3.8
(3.4,4.2)

112 3.8
(3.4,4.2)

103 4.3
(3.8,4.7)

101 4.3
(3.9,4.7)

101 4.3
(3.8,4.8)

101 4.1
(3.6,4.5)

99 4
(3.5,4.5)
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Figure 3. Relief of dyspnea over the prior 24 hours
Patients reported their “relief of breathlessness over the prior 24 hours” using a 0-10 NRS.
Baseline is Day -1 since the assessment reflected the experience of dyspnea over the
previous day.
Footnote to figure 3 (CI = confidence interval):

Day -2 Day -1 Day 0 Day 1

ARM Total per Arm N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

Oxygen 117 115 3.8
(3.3,4.3)

116 3.5
(3,4.1)

115 4.4
(3.9,4.9)

111 4.6
(4.1,5.1)

Air 110 108 3.6
(3,4.1)

107 3.8
(3.2,4.3)

106 4.6
(4.1,5.1)

104 4.8
(4.3,5.4)

Day 2 Day 3 Day 4 Day 5 Day 6

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

113 4.8
(4.3,5.3)

111 4.9
(4.4,5.5)

110 4.6
(4.1,5.1)

108 4.8
(4.2,5.4)

112 4.9
(4.4,5.4)

102 4.8
(4.3,5.3)

103 4.8
(4.3,5.2)

102 4.8
(4.3,5.3)

101 4.7
(4.1,5.2)

101 4.7
(4.2,5.2)
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Figure 4. Impact of the medical gas intervention on quality of life (QOL)
Global QOL was reported daily on a single-item 0-10 NRS patterned after the McGill QOL
Questionnaire. The baseline reflects the timing of the survey in relation to initiation of
medical gas.
Footnote to figure 4 (CI = confidence interval):

Day -2 Day -1 Day 0 Day 1 Day 2

ARM Total per Arm N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

Oxygen 117 117 6.1
(5.7,6.5)

116 6.2
(5.8,6.6)

106 6.6
(6.3,7)

112 6.7
(6.3,7)

111 6.7
(6.3,7)

Air 110 108 6.1
(5.7,6.4)

108 5.9
(5.5,6.3)

100 6.1
(5.7,6.5)

105 6.4
(6,6.8)

102 6.4
(6,6.8)

Day 3 Day 4 Day 5 Day 6

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

N Mean
(95% CI)

110 6.7
(6.4,7.1)

110 6.8
(6.4,7.1)

109 6.8
(6.4,7.1)

112 6.9
(6.5,7.2)

101 6.6
(6.2,7)

102 6.5
(6.2,6.9)

100 6.4
(6,6.8)

101 6.5
(6.2,6.9)
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Figure 5. Impact of interventions on functional performance
The proportion of participants reporting the worse level of function on the MRC scale (level
4; “breathless while undressing”) is presented. The baseline is Day -1 since the measure is
reported in the evening.
Footnote to figure 5 (‘yes’ = report of MRC category 4; CI = confidence interval):

Day -2 Day -1 Day 0

ARM Total per Arm N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes
(95% CI)

Oxygen 117 116 43 37.1%
(28.3%,45.9%)

115 42 36.5%
(27.7%,45.3%)

102 37 36.3%
(26.9%,45.6%)

Air 110 106 45 42.5%
(33%,51.9%)

105 42 40%
(30.6%,49.4%)

98 35 35.7%
(26.2%,45.2%)
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Day 1 Day 2 Day 3

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

112 37 33%
(24.3%,41.7%)

107 27 25.2%
(17%,33.5%)

107 23 21.5%
(13.7%,29.3%)

101 35 34.7%
(25.4%,43.9%)

102 33 32.4%
(23.3%,41.4%)

99 32 32.3%
(23.1%,41.5%)

Day 4 Day 5 Day 6

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

107 26 24.3%
(16.2%,32.4%)

107 28 26.2%
(17.8%,34.5%)

110 26 23.6%
(15.7%,31.6%)

99 32 32.3%
(23.1%,41.5%)

99 33 33.3%
(24%,42.6%)

100 29 29%
(20.1%,37.9%)
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Figure 6. Impact of interventions on sleep
Participants were asked the dichotomous question “was your sleep disturbed by
breathlessness?” The proportion responding “yes” is presented. The baseline is Day 0 since
the measure is reported in the morning.
Footnote to figure 6 (‘yes’ = report of sleep disturbance by breathlessness; CI = confidence
interval):

Day -2 Day -1 Day 0

ARM Total per Arm N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

Oxygen 117 117 22 18.8%
(11.7%,25.9%)

117 31 26.5%
(18.5%,34.5%)

117 31 26.5%
(18.5%,34.5%)

Air 110 110 23 20.9%
(13.3%,28.5%)

109 20 18.3%
(11.1%,25.6%)

110 27 24.5%
(16.5%,32.6%)
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Day 1 Day 2 Day 3

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

115 15 13%
(6.9%,19.2%)

114 17 14.9%
(8.4%,21.5%)

112 16 14.3%
(7.8%,20.8%)

107 14 13.1%
(6.7%,19.5%)

108 12 11.1%
(5.2%,17%)

105 14 13.3%
(6.8%,19.8%)

Day 4 Day 5 Day 6

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

N # ‘yes’ % ‘yes’
(95% CI)

111 12 10.8%
(5%,16.6%)

111 15 13.5%
(7.2%,19.9%)

111 12 10.8%
(5%,16.6%)

105 15 14.3%
(7.6%,21%)

103 13 12.6%
(6.2%,19%)

103 17 16.5%
(9.3%,23.7%)
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Table 2
Absolute and relative changes in dyspnea and quality of life (QOL) over the 7 day study
period

Relative change is the absolute change in dyspnea/QOL during the study period divided by the baseline mean
dyspnea/QOL score.

Oxygen Medical Air Overall

Change in morning dyspnea (Baseline to Day 6)

 Absolute change (95% CI) -0.9 (-1.3,0.5) -0.7 (-1.2, 0.2) -0.8 (-1.1, -0.5)

 Relative change -20% -15% -18%

Change in evening dyspnea (Baseline to Day 6)

 Absolute change (95% CI) -0.3 (-0.7, 0.1) -0.5 (-0.9, -0.1) -0.4 (-0.7, -0.1)

 Relative change -7% -11% -9%

Change in global QOL (Baseline to Day 6)

 Absolute change (95% CI) 0.7 (0.4, 1.0) 0.7 (0.4, 1.0) 0.7 (0.5, 0.9)

 Relative change 11% 12% 12%
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Table 3
Predictors of response to medical gas

Response was defined as a ≥1-point decrease in the NRS from baseline. Logistic regression was used to
identify predictors of response.

Parameter (# responders) Reference group (# responders) OR (95%CI) Wald Chi-square p-value

Morning dyspnea (N=111 responders, 102 non-responders)

Intercept 0.008

Oxygen (66) Medical Air (45) 2.0 (1.1, 3.5) 0.02

Severe (32) Low baseline dyspnea (27) 5.3 (2.2, 12.8) 0.0002

Moderate (52) Low baseline dyspnea (27) 1.6 (0.8,3.0) 0.16

Severe (32) Moderate (52) 3.4 (1.5, 7.7) 0.004

Evening dyspnea (N=112 responders, 99 non-responders)

Intercept 0.01

Oxygen (64) Medical Air (48) 1.5(0.8, 2.6) 0.20

Severe (38) Low baseline dyspnea (22) 8.7(3.4, 22.0) <0.0001

Moderate (52) Low baseline dyspnea (22) 1.8(1.0, 3.5) 0.07

Severe (38) Moderate (52) 4.8(2.0, 11.3) 0.0004
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