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ABSTRACT: It is unknown whether acute response to ambulatory oxygen (O2)
predicts longer term improvement in health-related quality of life (HRQL) in chronic
obstructive pulmonary disease (COPD) patients.

The aims of this study were 1) to assess the short-term clinical impact, as determined
by HRQL, of ambulatory O2 in a 12-week, double-blind, randomised crossover study of
O2 (versus cylinder compressed air) of dyspnoeic but not chronically hypoxic COPD
patients with exertional desaturation ¡88% (n=41), and 2) to determine whether either
baseline characteristics or acute response to O2 predicts short-term (12 weeks)
response. Primary outcome measures were Chronic Respiratory Questionnaire (CRQ),
Hospital Anxiety and Depression scale and the short form (SF)-36.

Improvements were seen in all domains of the CRQ for cylinder O2 compared with
cylinder air. Significant improvements were also noted in anxiety and depression and in
certain domains of the SF-36. There were 28 (68%) acute responders to cylinder O2

(defined as increase in 6-min walk o54 m or decrease in post-Borg dyspnoea o1) and
23 (56%) short-term responders (defined as clinically significant improvement in CRQ).
However, acute and short-term responses were not correlated with no predictors of
short-term response identified. At study completion, 14 (41%) of acute or short-term
responders did not want to continue therapy, with 11 citing poor acceptability or
tolerability.

Short-term ambulatory oxygen is associated with significant improvements in health-
related quality of life. These benefits cannot be predicted by baseline characteristics or
acute response. Despite acute or short-term response, a substantial proportion of
patients declined ambulatory oxygen.
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There are a considerable number of patients, not
currently satisfying criteria for long-term oxygen (O2)
therapy (LTOT) [1, 2], who demonstrate significant
exertional desaturation. [3, 4]. These patients may
benefit from the prescription of ambulatory O2. The
American Thoracic Society (ATS) guidelines for
domicilary O2 state that "ambulatory O2 should be
prescribed to patients normoxaemic at rest with
evidence of exertional desaturation to 88% or less"
[5]. More recently, the Royal College of Physicians
report on Domicilary Oxygen Services stated that
"ambulatory O2 should be prescribed when there is
evidence of significant exercise desaturation and
improvement of at least 10% in either walking
distance or dyspnoea score when walking with
cylinder O2 compared with cylinder air" [6].

However, guidelines for ambulatory O2 are limited
and not based on randomised controlled studies. The
majority of ambulatory O2 studies are acute, concen-
trating on physiological measures with variable results
[7–12]. The longer term benefits of ambulatory O2

remain uncertain. Hence, there is a need for rando-
mised controlled studies of the domicilary use of

ambulatory O2, which incorporate not only tradi-
tional physiological measures but comprehensive
health-related quality of life (HRQL) outcome mea-
sures. This should allow a more realistic assessment of
the balance between practical benefits which may
ensue from the use of ambulatory O2 versus the
drawbacks of such an intervention. Only with such an
evidence base, can guidelines be developed.

The aims of this study were 1) to assess the short-
term clinical impact, as determined by HRQL, of
ambulatory O2 in patients with severe chronic
obstructive pulmonary disease (COPD) and signifi-
cant exercise desaturation, who did not fulfil criteria
for LTOT, and 2) to determine whether either baseline
characteristics or acute response predicts short-term
response.

Methods

Study design and patient recruitment

Figure 1 outlines the study design and patient recruit-
ment details. A 12-week, randomised, double-blind,
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crossover study of cylinder air and O2 was performed.
Eligible patients were identified consecutively from
outpatient clinics and pulmonary rehabilitation refer-
rals to Green Lane Hospital, Auckland, NZ. Inclusion
criteria were COPD as defined by ATS criteria [5],
exertional dyspnoea impacting on daily activities, not
fulfilling criteria for LTOT (resting oxygen tension in
arterial blood (Pa,O2) o7.3 kPa on air), exertional
desaturation (arterial oxygen saturation (Sa,O2) ¡88%
on air; ATS criteria for ambulatory O2), ex-
smoker and clinically stable for over 2 months with
standard optimal medical care. All patients were
required to have completed a formal 6-week pulmo-
nary rehabilitation program [13]. Patients with impor-
tant comorbidities (e.g. limiting angina or significant

musculoskeletal disability) were excluded. Approval
was granted by the North Health Ethics Committee
with signed informed consent obtained from all
patients.

Physiological measures

Forced expiratory volume in one second and forced
vital capacity (R-Model; Vitalograph Limited, Buck-
ingham, UK) were performed at all visits according to
ATS standards and expressed as % of predicted using
the European Coal and Steel Community prediction
equations. Resting arterial blood gases on air (Quik
ABG arterial blood sampler; Marquest Medical
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Fig. 1. – Study design and patient recruitment details.
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Products, Inc., Englewood, CO, USA) were per-
formed at all visits other than at crossover. The
6-min walk test (6MWT) was performed in triplicate
on room air prior to the baseline visit to ensure
repeatability [14, 15]. At baseline, crossover and study
completion, patients performed the 6MWT carrying
cylinder gas (the majority with a back pack although
some patients chose a shoulder bag). Cylinder air and
O2 was delivered in double-blind random order using
a standard flow rate (4 L?min-1) with each test
separated by 20–30 min rest. Cutaneous oximetry
(Nellcor N-20PA; Puritan Bennett Inc., Pleasanton,
CA, USA) was obtained with a finger probe. The
following measures were recorded; resting, 2-min and
6-min Sa,O2, walk distance, pre- and postwalk modi-
fied Borg dyspnoea scores [16]. Adequate correction
of exertional desaturation was defined as Sa,O2 w90%
breathing cylinder O2.

Health-related quality of life measures

Chronic respiratory questionnaire. The chronic respira-
tory questionnaire (CRQ) [17, 18] is a well-validated,
repeatable and responsive disease-specific instrument
with four domains; dyspnoea, fatigue, emotional
function and mastery.

Hospital anxiety and depression scale. The hospital
anxiety and depression scale (HAD) [19] scale is a
reliable self-assessment scale for use in the physically
ill, incorporating 14 items with separate scores for
anxiety and depression: the subscales are also valid
measures of the severity of emotional disorder.

Short form-36 health survey questionnaire. The short
form (SF)-36 health survey questionnaire [20] is a
generic HRQL tool with an eight-dimensional profile
which has been demonstrated to be reliable and
sensitive to low levels of morbidity.

Domicilary programme

Patients were randomly assigned in a double-
blinded manner to cylinder air or O2 (light weight
aluminum: standard 2,000–2,200 psi fill: 145 L, weight
2.04 kg (4.5 lbs) fitted with a conserving demand gas
delivery system (Oxymatic; Chad Therapeutics, Inc.,
Chatsworth, CA, USA). All cylinders were painted
pink, prefilled with either air or O2 and identifiable
only by a unique cylinder number, ensuring blinding
of both participants and observers. Instructions were;
to use a flow rate of 4 L?min-1 intranasally for any
activity during which they would normally experience
dyspnoea. After 6 weeks, patients crossed over to the
other cylinder gas for a further 6 weeks. Patients
received comprehensive practical and written educa-
tion in the care and usage of their ambulatory gas.
Cylinder use was quantified by weighing pre- and
postuse with calibrated scales, accepted as an accu-
rate, effective method of quantifying an amount of
gas. Self-reported cylinder use was also recorded.

Definitions

The following definitions were based on published
criteria for minimal clinically important differences
[14, 16, 18].

Acute response to cylinder O2: 1) an improvement
of o54 m in the 6MWT on cylinder O2 compared to
cylinder air or 2) a decrease in post 6MWT Borg
dyspnoea score of o1.

Short-term response to cylinder O2: an improve-
ment in dyspnoea (o3), fatigue (o2), emotional
function (o4) or mastery (o2) domains of the CRQ
using the validated definition of a clinically important
difference.

At study completion patients were asked whether
they wished to be considered for the clinical prescrip-
tion of ambulatory O2. If their response was no, they
were asked to state their reason(s).

Statistical methods

A mixed model approach to crossover trials was
employed, which used information from all patients,
including those who did not complete both time
periods. Treatment and order of treatment (to exclude
a carryover effect) were included in the model with the
patient as a random effect. Age, baseline Pa,O2 and
carbon dioxide tension in arterial blood were also
included as was the level of the outcome at the
baseline visit. A p-value v0.05 was considered
statistically significant. Logistic regression was used
to investigate factors which might predict short-term
response to cylinder O2. Included in the model were:
age, sex, baseline Borg dyspnoea score pre-6MWT,
difference in Borg pre- and post-6MWT on cylinder
O2, difference in distance walked on cylinder O2 and
cylinder air, change in Sa,O2 pre-2-min and post-
6MWT on air, correction of exertional desaturation,
cylinder O2 use (weights) and treatment order.

Results

Patient characteristics

A total of 50 patients were available for randomisa-
tion at baseline. They had severe COPD, did not fulfil
for LTOT and demonstrated significant exertional
desaturation and dyspnoea (table 1). There were nine
withdrawals (comorbidities n=3, personal reasons
n=6); results from the remaining 41 patients are
reported. Clinical stability over the 2-month run-in
period was established with no significant differences
between resting Pa,O2 on air, 6MWT and resting Borg
dyspnoea score (run-in and baseline visit).

Acute and short-term responses in functional indices

Acute functional responses to cylinder O2 and
cylinder air (6MWT and post-Borg dyspnoea scores)
are shown in table 1 with significant improvement in
6MWT distance and post-6MWT Borg dyspnoea
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score observed with cylinder O2. Over the study
period, there was no difference in Borg dyspnoea
score post 6MWT on cylinder O2 depending on
whether they had been assigned cylinder air or
cylinder O2 in the preceding 6 weeks (p=0.4). Like-
wise, there was no difference in the distance walked on
O2 depending on whether the patient had been using
cylinder air or O2 (p=0.9).

Short-term responses in health-related quality of life

Group analysis of mean difference between cylinder
O2 and cylinder air demonstrated significant improve-
ments in all domains of the disease-specific CRQ, both
domains of the HAD and several domains of the
generic SF-36, for cylinder O2 compared with cylinder
air (table 2).

Cylinder gas use

A treatment order effect was apparent in that
patients who were randomised to cylinder O2 first had
higher weekly use 12.25¡2.06 h compared to cylinder
air 6.95¡2.12 h (p=0.004). There was no change in the
pattern of use over the weeks (p=0.3).

Responders to cylinder oxygen

Using validated definitions of a minimally clinically
important difference, the authors found 28 (68%)
acute responders to cylinder O2 and 23 (56%) short-
term responders; 17 (41%) demonstrating both acute
and short-term responses (table 3). Only seven (17%)
patients were defined as neither acute nor short-term
responders.

Table 1. – Patient characteristics including acute responses to cylinder gas

Room air Cylinder oxygen Cylinder air

Subjects n 41
Age 67.1 (9.3)
Male % 70
Body mass index 23.7 (4.4)
FEV1 % pred 25.9 (8.0)
Resting Pa,O2 kPa 9.2 (1.0)
Resting Pa,CO2 kPa 5.8 (0.7)
6MWD m 358 (93) 377# (94) 337# (113)
Pre-6MW Sa,O2 94 (1.9) 96 (1.7) 94 (1.9)
Post-2MW Sa,O2 87 (2.9)
Post-6MW Sa,O2 82 (5.4) 90 (4.2) 83 (4.2)
Pre-6MW Borg dyspnoea 0.7 (1.0) 0.7 (0.9) 0.7 (0.9)
Post-6MW Borg dyspnoea 4.7 (1.6) 4.1} (1.8) 4.8} (1.5)

Data are presented as mean (SD). FEV1: forced expiratory volume in one second; Pa,O2: oxygen tension in arterial blood; Pa,CO2:
carbon dioxide tension in arterial blood; 6MWD: 6-min walk distance; Sa,O2: arterial oxygen saturation. #: p=0.0001; }: p=0.005.

Table 2. – Health-related quality of life (HRQL) measures for 41 patients

Baseline D cylinder oxygen-cylinder air p-value

Disease specific HRQL
CRQ#

Dyspnoea (5–35) 16.6 (5.3) 2.0 (0.9) 0.02
Fatigue (4–28) 15.3 (4.9) 1.8 (0.7) 0.02
Emotional function (7–49) 34.3 (8.0) 3.3 (1.2) 0.006
Mastery (4–28) 19.5 (4.8) 1.8 (0.7) 0.008
Total (20–140) 85.8 (18.5) 8.8 (2.8) 0.002

HAD}

Anxiety (0–21) 5.6 (4.1) -1.6 (0.6) 0.009
Depression (0–21) 4.3 (2.5) -1.0 (0.5) 0.05

Generic HRQL
SF-36#

Physical functioning (0–100) 33.0 (18.8) 1.6 (3.5) 0.6
Role physical (0–100) 15.2 (27.3) 16.8 (5.5) 0.01
Bodily pain (0–100) 73.4 (26.3) 5.3 (5.0) 0.3
General health (0–100) 42.9 (22.8) 6.1 (2.9) 0.04
Vitality (0–100) 48.3 (20.5) 2.9 (3.0) 0.3
Social functioning (0–100) 67.1 (24.2) 10.5 (5.2) 0.05
Role emotional (0–100) 60.2 (44.2) 18.3 (7.7) 0.02
Mental health (0–100) 75.6 (14.7) 4.0 (2.7) 0.1

Data are presented as mean (SD) for baseline and mean (SE) for D cylinder oxygen-cylinder air. CRQ: chronic respiratory
questionnaire; HAD: hospital anxiety and depression; SF-36: short-form-36 health survey questionnaire. #: higher scores
indicate better HRQL; }: higher scores indicate worse emotional function.
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Predictors of short-term response to cylinder oxygen

No predictors of short-term response were identi-
fied. Baseline characteristics (Sa,O2 post-6MWT, Sa,O2

at 2 min, change in Sa,O2 pre- and post-6MWT, Borg
dyspnoea score pre- and post-6MWT) did not predict
short-term response. Despite a standard prescription
of relatively high flow (4 L?min-1), correction of
exercise desaturation was only achieved in 26 (54%)
of patients and this factor also did not predict short-
term response. Quantity of O2, as measured by
cylinder weights (correlation between hours of use
and cylinder weights, r=0.7) did not predict short-term
response. Neither was an association seen between
acute response and short-term improvement in HRQL
(p=0.4).

Clinical preference for ambulatory oxygen

At study completion, 14 (41%) of patients, objec-
tively defined as having either an acute or short-term
response, did not want to be considered for the clinical
provision of ambulatory O2, with 11 citing poor
acceptability or tolerability. Of those, 20 patients that
elected to continue with ambulatory O2 therapy, six
(30%) were defined as acute responders only, two
(10%) were short-term responders only and 12 (60%)
were both acute and short-term responders.

Discussion

The major finding of this randomised, controlled,
double-blind study was improvement in HRQL with
ambulatory O2 compared to cylinder air in dyspnoeic
COPD subjects with exertional desaturation. This
short-term benefit could not be predicted by either
baseline characteristics or acute beneficial response to
cylinder O2.

The current authors elected to study patients with
significant exercise desaturation, consistent with cur-
rent ATS recommendations for ambulatory O2 [5].
Studies of ambulatory O2 have generally been very
small and concentrated on acute physiological
responses [7–12]. The negative impact of COPD on
HRQL is substantial [21–23], and the use of HRQL as
an appropriate primary outcome measure is increas-
ingly acknowledged. The determinants of HRQL
include a complex interplay of functional disability
and psychosocial variables. This study was specifically

designed to examine the effect of cylinder O2 versus
cylinder air on HRQL allowing a potentially powerful
cylinder placebo effect to be controlled. Significant
improvements between cylinder O2 and cylinder air in
all domains of the disease-specific CRQ and several
domains of the generic SF-36 were demonstrated.

Dyspnoea is arguably the single most distressing
symptom for COPD patients. This study found small
but significant improvements in the CRQ dyspnoea
domain with cylinder O2 compared with cylinder air,
consistent with a specific O2 effect and not supportive
of alternative mechanisms, such as nonspecific stimu-
lation of nasal receptors [24]. The mechanism of any
benefit remains uncertain, but is likely to be multi-
factorial. There is evidence that supplemental O2

reduces minute ventilation and respiratory rate for a
given workload, thus, delaying respiratory muscle
fatigue [11]. Improvements in dyspnoea might relate
to reduced ventilatory demand in association with
reduced blood lactate [12].

However, supplemental O2 for exercise training in
pulmonary rehabilitation has not to date been shown
to enhance field testing outcomes [25]. Although the
prescription of ambulatory O2 is not strictly analo-
gous the current authors were also unable to
demonstrate any change in functional capacity,
arguing against a physiological benefit. However,
this may relate to factors such as amount of use or
choice of outcome measure. Each field test has
strengths and weaknesses. The 6MWT was chosen in
this study as it is the most widely employed field test,
repeatable and responsive to change with a validated
minimal clinically important difference [14]. However,
the current authors acknowledge there is increasing
support for endurance tests, as they are more sensitive
to change [26]. Recovery time, as an outcome
measure, could also be considered in future trials [27].

A specific measure of anxiety and depression in
recognition of their prevalence in COPD was included
in this study [21, 23]. Psychological factors may affect
individual perception of dyspnoea and thus impact on
HRQL. A significant decrease in anxiety and to a
lesser extent depression, was demonstrated with
ambulatory O2, an observation strengthened by
significant improvements noted in the emotion
domains of both the CRQ and SF-36. Notably
emotional function and mastery were the CRQ
domains where the larger impact was apparent.
Mastery is defined as the degree to which a patient
feels control over a disease and therefore might be
expected to be a more robust and clinically relevant
measure in this setting than traditional physiological
indices.

The improvement in HRQL with cylinder O2, albeit
significant, was modest in terms of clinical signifi-
cance. Indeed, in comparison with room air the
benefits may become marginal as it seems likely that
there is a significant negative impact related to
carrying the cylinder. However, this requires a
different study design, e.g. a parallel group study
incorporating a room air control arm, involving larger
patient numbers. These studies are labour intensive
which may explain in part the dearth of long-term
clinical studies. In this study, only relatively modest

Table 3. – Acute and short-term responders to cylinder
oxygen

Acute response Total

Yes No

Short-term response
Yes 17 6 23
No 11 7 18

Total 28 13 41

Chi-squared test: p=0.382.
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group differences were demonstrated compared with
improvements attained in some rehabilitation pro-
grams [28, 29]. However, ambulatory O2 afforded
some patients measurable benefit of clinical relevance
over a relatively short period of time and this effect
was over and beyond any gains from an optimal
therapeutic regimen including a formal period of
pulmonary rehabilitation. In a disease with limited
therapeutic options this is of considerable clinical
importance. This study was relatively short and it
remains to be determined whether any response is
maintained or further incremental response accrues.
Long-term studies of ambulatory O2 are warranted,
incorporating additional outcome measures more
critically examining activities of daily living.

Clinical responders were identified using a priori
validated definitions of clinically important differ-
ences. Notably, despite acute improvement in func-
tional indices such as walk distance or in short-term
HRQL, a significant proportion elected to decline
ambulatory O2. This suggests that they did not feel the
clinical benefit afforded was of significant magnitude
to overcome the perceived negative aspects of cylinder
gas use. This occurred despite careful patient selec-
tion, absence of significant comorbidities, compre-
hensive patient education and individual attention to
the carrier device. Intuitively, tolerability would be
expected to have been captured by a measure of
HRQL, this did not necessarily appear to be the case.
A further point was the apparent treatment order
effect. Patients randomised to cylinder air for the first
6 weeks used less cylinder O2 in the second 6-week
period. Conceivably, patients who perceived no
benefit with cylinder air weighted the tolerability
factor higher, which then influenced their approach to
the second 6-week period. The advent of smaller
lighter cylinders may result in greater improvements in
HRQL.

There is only one other randomised, short-term
study of cylinder O2. This reported no significant
difference in HRQL between cylinder air or O2 [30].
Ambulatory O2 remains widely advocated [5, 6]
despite this negative result. The difference between
the two studies may lie partly in study numbers with
only 26 patients completing the study by MCDONALD

et al. [30]. This study had larger numbers, employed a
minimum run-in period of 2 months to ensure
maximal clinical stability and to minimise potential
confounders and drop-outs. All patients had com-
pleted formal pulmonary rehabilitation, another
potential source of confounding. MCDONALD et al.
[30] employed very heavy cylinders (5 kg) compared to
the considerably lighter cylinders (2.04 kg) in this
study. Whilst this should have been controlled for in
the study design, it is possible that the negative effect
of such a weight overwhelmed any small benefit from
O2. It is also possible that the patient group in the
study by MCDONALD et al. [30] differed in some way
which made them less likely to derive benefit from
ambulatory O2. The obvious difference in this respect
was in degree of exercise desaturation. In this study
the ATS criteria (exertional desaturation Sa,O2 ¡ 88%
on air) were employed [5]. In the other study [30], exer-
cise desaturation was not one of the selection criteria

and was generally only mild. Conversely, exercise desa-
turation per se has not been found previously to predict
acute response to cylinder O2.

No predictors of short-term response to cylinder O2

were identified. A number of baseline characteristics
including dyspnoea and degree of exertional desatura-
tion were examined; none were able to predict short-
term response. Neither was an association seen
between acute response and short-term improvement
in HRQL. This is not necessarily surprising, bearing in
mind the acute response has been traditionally defined
by improvement in functional capacity and dyspnoea
whereas short-term benefit was captured by measures
of HRQL, particularly mastery and emotional func-
tion. Arguably such improvements in HRQL are of
greater clinical relevance to the patients. To simplify
study design and maximise the proportion of patients
with adequate correction of exertional desaturation a
maximal tolerable flow rate of 4 L?min-1 was chosen
here. Despite this, exertional Sa,O2 was adequately
corrected in barely one-half of the study population.
As discussed, correction of Sa,O2 was not predictive of
short-term response. Previous work has generally only
examined acute response but a similar lack of
predictors has been reported [7–12].

In conclusion the results in this study have
demonstrated that the short-term use of ambulatory
oxygen is associated with significant improvements in
health-related quality of life in chronic obstructive
pulmonary disease patients who do not fulfil criteria
for long-term oxygen therapy but who demonstrate
significant exertional desaturation. How might these
results influence clinical practice? Ambulatory oxygen
for this group of patients appears generally acknow-
ledged internationally, particularly in the USA,
although this has not previously been evidence-
based. This study provides the first evidence support-
ing these clinical recommendations. However, there
are lingering problems. The improvements were
modest, and the authors remain disadvantaged in
that they are unable to predict which patients may
benefit from ambulatory oxygen. Finally, poor toler-
ability negatively influenced decisions to proceed with
ambulatory oxygen in a substantial proportion of
patients. The Royal College of Physician guidelines go
some way to articulating the issues, however their
criteria are based on acute response [6]. The results of
this study would challenge this. Formal assessment of
short-term HRQL response should be mandatory. It
is to be hoped that with the advent of further studies,
more comprehensive evidence-based guidelines may
be developed for the provision of ambulatory oxygen.
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