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Abstract

Lightweight ambulatory oxygen devices are provided on the assumptions
that they enhance compliance and increase activity, but data to support
these assumptions are lacking. We studied 22 patients with severe chronic
obstructive pulmonary disease receiving long-term oxygen therapy (14 men,
average age = 66.9 y, FEV, = 33.6%pred, Pa0, at rest = 51.7 torr) who were
using E-cylinders as their portable oxygen. Subjects were recruited at 5 sites
and studied over a 2-week baseline period and for 6 months after randomizing
them to either continuing to use 22-1b E-cylinders towed on a cart or to carrying
3.6-Ib aluminum cylinders. Utilizing novel electronic devices, ambulatory and
stationary oxygen use was monitored continuously over the 2 weeks prior to and
the 6 months following randomization. Subjects wore tri-axial accelerometers
to monitor physical activity during waking hours for 2-3 weeks prior to, and at
3 and 6 months after, randomization. Seventeen subjects completed the study.
At baseline, subjects used 17.2 hours of stationary and 2.5 hours of ambulatory
oxygen daily. At 6 months, ambulatory oxygen use was 1.4 = 1.0 hrs in those
randomized to E-cylinders and 1.9 = 2.4 hrs in those using lightweight oxygen
(P = NS). Activity monitoring revealed low activity levels prior to randomization
and no significant increase over time in either group. In this group of severe
chronic obstructive pulmonary disease patients, providing lightweight ambulatory
oxygen did not increase either oxygen use or activity. Future efforts might focus on
strategies to encourage oxygen use and enhance activity in this patient group. This
trial is registered at ClinicalTrials.gov (NCT003257540).

Introduction

Long-term oxygen therapy (LTOT) is considered standard of care for hypox-
emic chronic obstructive pulmonary disease (COPD) patients because it
decreases mortality (1, 2). In addition to stationary devices, LTOT includes
portable devices that provide oxygen outside of the home. Portable devices
range from E-cylinders towed on a wheeled cart, weighing approximately
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22 1b, to more expensive, lightweight systems that can be
carried on the body, weighing less than 5 Ib. The ratio-
nale for lightweight systems is the assumption that they
improve compliance and facilitate ambulation. However,
no studies have carefully validated this assumption.

We conducted a randomized controlled trial in which
we recruited LTOT patients who were utilizing E-cylin-
ders as their ambulatory supply. After characterization,
patients were randomly assigned to continue E-cylinders
or to receive a lightweight oxygen supply. Subjects were
then monitored for 6 months. We hypothesized that,
compared with using E-cylinders, lightweight oxygen
devices would increase daily oxygen use and activity
level.

Methods

Subjects

Subjects were recruited from 5 sites of the COPD Clinical
Research Network; each site’s institutional review board
approved the study. Subjects gave written consent for
participation. Eligible subjects were men or women >40
years of age who had not had a COPD exacerbation within
the prior 4 weeks. Participants had to be receiving LTOT
for 26 months during which either no ambulatory supply
was provided or the ambulatory source was an E-cylinder.
To proceed to randomization, patients also had to have
forced expiratory volume in one second (FEV,) <60% pre-
dicted (3), FEV, divided by forced vital capacity <65% and
resting room air arterial oxygen partial pressure (PaO,)
measured by blood gas analysis of <60 torr.

Subjects with uncontrolled angina or heart failure,
orthopedic, neurologic or cognitive impairments that
would limit ambulation, who participated in pulmonary
rehabilitation within the previous 3 months, or who
were current smokers were excluded. Subjects were also
excluded if unable to maintain oxygen saturation 292%
while receiving 4 L/min of continuous nasal cannula
oxygen flow at rest or when oxygen conserver setting
was 6 during exercise.

Oxygen use assessment

Ambulatory Oxygen. We utilized a conserving regula-
tor capable of recording oxygen use from compressed
gas tanks for 42 days (PD1000M, Devilbiss, Somerset,
PA). Conserver triggers (indicating a breath) per minute
and minutes/hour in which >1 breath occurred were
recorded. After a period of use, data were downloaded
to a computer.

Stationary Oxygen. A device, designated the “Breath
Tracker” (fabricated by Reference LLC, Elkader, IA), uti-
lized a piezoelectric sensor to record pressure fluctuation
accompanying breathing. This device was mounted on
the stationary concentrator and connected to one lumen
of a double lumen 50-foot oxygen cannula commonly
employed for home oxygen use. Circuitry processed
respiratory pressure fluctuations and recorded breaths/
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minute for every minute. Memory and batterylife allowed
42 days of recording. After retrieval, data were down-
loaded to a computer.

Activity assessment

We utilized a small (5 x 5 x 1.5cm), lightweight (42.6gm)
tri-axial accelerometer (RT3, Stayhealthy, Monrovia,
CA) worn on a waist belt and capable of activity record-
ing up to 21 days. This device calculates physical activity,
expressed in vector magnitude units (VMU), each min-
ute. Resulting data were downloaded to a computer.

Data analysis

Activity and oxygen utilization data were uploaded to a
central website and downloaded for analysis (LA BioMed,
Torrance, CA) via secure transmissions. Programs in
Excel (Microsoft, Redmond, WA) merged stationary and
ambulatory oxygen data. We calculated minutes/hour of
stationary and ambulatory oxygen 24 hours/day during
baseline and for each post-randomization month. Aver-
age oxygen use over the course of a day was calculated
from average minutes of oxygen use for each of the day’s
24 hours. The activity monitor analysis routines were
previously described (4) and determined, for each hour
of the day, the fraction of time the activity monitor was
worn and, for times the monitor was worn, average VMU/
minute.

Oxygen supply

The lightweight supply was an aluminum cylinder with
carbon fiber and epoxy overwrap (MO06D, Luxfer, Riv-
erside, CA). When filled to 2400 psi, tank, valve and
regulator weighed 3.6 Ib and, when used with a con-
server flow setting of 2, provided ~6 hours of oxygen. A
carrying bag (OxyComfort, Kalispell, MT) was provided
allowing the unit to be worn in a shoulder sling.

Study protocol

Before randomization, the clinical coordinator con-
ducted an education session focused on increasing LTOT
understanding and encouraging ambulation. Subjects
were instructed to use supplemental oxygen 24 hours/
day.

Baseline testing included radial artery puncture
for blood gas analysis after 10 minutes of rest while
breathing air. Resting oxygen prescription was set after
10 minutes of rest by titrating continuous flow oxygen
to yield pulse oximeter saturation (SpO,) >92%. Oxygen
conserver setting was adjusted to yield SpO, >92% while
subjects walked on a treadmill at zero grade and com-
fortable speed (usually 1 mph). Spirometry (5) followed
two puffs of albuterol. Total lung capacity (TLC) (by
body plethysmography (6)) and single-breath carbon
monoxide diffusing capacity (D, CO) (7) were assessed.
Incremental exercise testing was performed on a cycle
ergometer; subjects respired a 30% oxygen mixture.

Baseline activity and oxygen use were recorded for
two weeks during which subjects utilized E-cylinders as

Copyright © 2012 Informa Healthcare USA, Inc



their ambulatory supply. Patients were then randomized
(stratified by enrollment site) to either continued E-cyl-
inder use or lightweight device use. After randomiza-
tion, oxygen use was assessed essentially continuously in
1-month epochs, with home visits to collect and replace
oxygen recording devices. Activity was monitored for
3 weeks before the 3- and 6-month in-center visits.

Statistical analysis

Desired sample size was 100 patients based on the fol-
lowing assumptions: those receiving lightweight oxygen
would increase daily oxygen use by 3 hours, yet oxygen
use in those using E-cylinders would not change, SD of
daily oxygen use would be 4 hours/day (literature values
range from 3-5.2 hours/day (8-11)), 2-sided alpha =
0.05 and power = 0.9.

Intent to treat analysis was employed; for subjects
who dropped out, the last post-randomization observa-
tion was carried forward. Repeated measures two-way
analysis of variance determined whether oxygen use or
activity level varied with group assignment or changed
from baseline level. The Holm-Sidak test facilitated isola-
tion of significant differences. Pearson product-moment
correlations examined oxygen use and activity level pre-

Oxygen Use and Activity with Ambulatory Oxygen in COPD 5

dictors. P<0.05 was the significance criterion. Data are
presented as mean * SD unless otherwise specified.

Results

Of 59 subjects screened, only 39% proceeded to ran-
domization (Figure 1). Importantly, of 50 subjects pro-
ceeding to blood gas testing, 38% demonstrated resting
room air PaO, >60 torr. Average PaO, of non-qualifiers
was 68.5 torr; 5 subjects had PaO, >70 torr. Table 1
compares characteristics of 19 subjects excluded for
high PaO, with 22 randomized subjects. Randomized
subjects had lower PaO,, but were otherwise similar.
Interestingly, both subject groups had (by self-report)
been receiving LTOT averaging over 3 years and used
oxygen >20 hours/day. Most reported starting LTOT
during an exacerbation; 41% did not recall being reas-
sessed.

After 9 months of recruitment, only 22 patients had
been randomized (target was 100), largely because most
LTOT patients in our University-affiliated centers were
already utilizing lightweight devices and/or were not suf-
ficiently hypoxemic at rest. Accordingly, the Data Safety
and Monitoring Board stopped further recruitment but

59 PATIENTS
ASSESSED FOR ELIGIBILITY

4 with FEV, > 60% predicted

4 withdrew consent
1 with untreated sleep apnea

50 had arterial
blood gas

—— | 5 withdrew consent

=1 19 with PaOy > 60 torr

3 with ambulatory requirement > 6 L/min

1 with abnormal ECG on exercise testing

11 assigned E-cylinder‘

2 with exacerbations
at month 2

1 died of congestive heart failure
at month 3

1 became bedridden and
withdrew consent
at month 3

7 subjects completed
the 6 month study

Figure 1. Enrollment and outcomes.

www.copdjournal.com

‘ 11 assigned lightweight cylinder

1 with sudden death
at month 2

10 subjects completed
the 6 month study
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Table 1. Subject characteristics and self-reported oxygen use

Randomized
Screen Failure Subjects Subjects with
for Pa0, >60 torr Pa0, < 60 torr
Subject characteristics
Number 19 (11 men) 22 (14 men)
Age (years) 67.5+95 66.9 + 9.2
Cigarette pack-years 60.9+41.4 53.3 +26.0
FEV, (% pred) 36.3+12.7 31.3+10.0
FVC (%pred) 66.4 + 14.7 56.4 + 13.8
Pa0, (torr) 68.5+6.8 51.7 +6.4*
PaCo, (torr) 423 +4.7 46.5+7.3
pHa 7.43 =£0.03 7.42 +=0.03
Patient Report of Oxygen Use
Months on 0, 40.7 + 26.6 35.1£27.7
Started for exacerbation? Yes: 12 Yes: 13
No: 4 No: 9
Ever reassessed? Yes: 11 Yes: 11
No: 6 No: 11
Self-reported hours/day use for
sleep 7.3+20 7.7+25
rest 8.7+52 11.9+5.0
exertion 49+3.7 40x22

Values are means + SD. FEV,: forced expiratory volume in 1 second, FVC: forced vital
capacity, Pa0, and PaC0,: partial pressures of oxygen and carbon dioxide in the arterial
blood, pHa: negative logarithm of hydrogen ion concentration in the arterial blood. Except
for Pa0,, there are no significant differences between groups. *Significantly lower than in
screen failure subjects, p < 0.001.

allowed randomized patients to complete their partici-
pation. Of 22 subjects randomized, 7 E-cylinder and 10
lightweight cylinder subjects completed the 6-month
study (Table 2).
Oxygen Use. For those randomized, oxygen prescrip-
tion was 1.9 + 1.0 L/min at rest and a conserver setting
of 3.8+1.5 during exercise. Illustrative plots in individual
subjects of previously unobserved variability in oxygen
use pattern over the course of the day are presented in
Figure 2. Figure 3 plots average daily oxygen utilization
time course in 22 subjects during the 2-week baseline
period. On average, oxygen utilization was excellent dur-
ing nighttime hours (~50 minutes/hour) and declined
mildly during the day. E-cylinder oxygen use peaked at
1 PM at 12 minutes/hour (20% of the time). On average,
subjects used oxygen 19.7 hours/day; 17.2 hours was sta-
tionary and 2.5 hours was ambulatory.

Figure 4 shows oxygen use prior to, and over the
6 months following, randomization. Table 3 compares
average oxygen use during baseline and post-random-
ization periods. Ambulatory oxygen use was higher at
baseline in the lightweight than in the E-cylinder group
(p =0.04). In the lightweight group, ambulatory oxygen
use was higher at baseline than in any subsequent month
(p <0.001). Oxygen use in the 2 groups was similar post-
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randomization; no significant differences were observed
between groups or over time with respect to station-
ary, ambulatory or total oxygen use. Examination of
individual records revealed that, following randomiza-
tion, several subjects randomized to lightweight oxygen
decreased ambulatory and increased stationary oxygen
use (see Discussion).

Activity Level: Figure 5 presents daily activity time
course in the two groups before and three and six
months after randomization. The lower panel shows
that during daytime hours monitors were worn ~80% of
the time; in each subject, each assessment period aver-
aged ~165 hours of recording time. Activity was highest
mid-day and decreased in the evening. Activity profiles
and wearing times were similar in the 2 groups and
remained essentially unchanged during the intervention
period. Table 4 provides an overall summary; calculation
of average mid-day activity (defined as 10AM-4PM)
demonstrates that neither intervention engendered sig-
nificant activity level alteration.

We sought subject characteristics predictive of
activity and oxygen use. At baseline, neither ambu-
latory nor stationary oxygen use correlated significantly
with%predicted FEV,, D, CO, TLC, PaO, or incre-
mental exercise peak work rate. At baseline, mid-
day activity did not correlate with %predicted FEV ,
D,CO, PaO, or incremental exercise peak work rate.
Those with higher %predicted TLC had higher mid-
day activity (r = 0.62, p = 0.0002). Higher stationary
oxygen use correlated inversely with mid-day activity
(r=-0.49, p=0.02).

Discussion

Our central findings were that, in hypoxemic patients
with severe COPD, use of ambulatory oxygen delivered
by E-cylinders averaged only 2.5 hours/day, activity level
was very low, and that no increase in oxygen utilization
or activity was observed when lightweight ambulatory
oxygen was provided.

Oxygen Compliance: Previously described methods for
measuring oxygen compliance have discernable flaws:

o DPatient estimate via questionnaire or interview (1,
11-15) often overestimates oxygen usage (15). The
present study confirms this: patient estimate of
ambulatory oxygen use overestimated true use by
63% (Tables 1 and 3).

o Utilizing stationary concentrator meter readings
ignores the fact that patients often leave concentrators
switched on when not wearing their nasal cannula.
Also, nasal cannulae often become dislodged at
night (16).

o Estimation of ambulatory oxygen use from number
of compressed gas tanks emptied requires knowl-
edge of oxygen pressure at the beginning and end of
use and oxygen flow setting (which the patient may
change at will).

Copyright © 2012 Informa Healthcare USA, Inc



Oxygen Use and Activity with Ambulatory Oxygen in COPD
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Figure 2. Compliance with long-term oxygen therapy in 3 illustrative COPD patients. The abscissa divides each day into one hour bins (starting at midnight (MN)); the
ordinate presents the average (+ 1SE) minutes of use per hour for ambulatory, stationary and total oxygen use. Panel A averages 28 days of data in the second month after
randomization to the lightweight oxygen group. There is good nighttime compliance with stationary oxygen, but much less use during the day. Ambulatory oxygen is used
during the day on average about one-fifth of the time. Panel B averages 13 days of oxygen use during the baseline period in a subject later randomized to the E-cylinder
group. This is a very compliant patient, who averages near 60 minutes/hour around the clock; ambulatory oxygen use peaks at about 20 minutes/hour at mid-day. Panel C
averages a 21-day period in the second month after randomization to E-cylinder oxygen. This subject used stationary oxygen for 35-40 minutes/hour during waking hours

but used little oxygen at night. Ambulatory oxygen use was rare.

o Conserver devices makes accurate determination
of oxygen therapy duration based on oxygen vol-
ume consumed impossible; when oxygen pulses
are delivered with each breath, oxygen consumed is
highly dependent on respiratory frequency.

The instrumentation we used allowed, for the first
time, a comprehensive picture of oxygen use patterns.

www.copdjournal.com

A key development was analysis routines allowing time
alignment of stationary and ambulatory oxygen use,
facilitating overall oxygen use characterization.

To our knowledge, no study assessing oxygen ther-
apy compliance has been reported in a United States
population since the 1980 NOTT study publication (1).
Dunne (17) summarized overseas studies noting that
only 26-55% of patients use LTOT for the hours/day
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Figure 2. Compliance with long-term oxygen therapy over a 2-week period at
baseline in 22 COPD patients. The abscissa divides each day into 1-hour bins
(starting at midnight (MN)); the ordinate presents the average (+ 1SE) minutes of
use per hour for ambulatory, stationary and total oxygen use.

prescribed. Although some evidence suggests that pro-
viding ambulatory oxygen is associated with increased
oxygen use duration (11, 14, 17), a substantial fraction
of patients do not use ambulatory supplies outside their
home. Further, a Canadian study estimated that patients
provided ambulatory oxygen (in addition to a stationary
source) used it only ~15 min/day (14).

In this study, baseline overall oxygen utilization aver-
aged 19.7 hours/day, similar to the NOTT “continuous
oxygen” group (1). Ambulatory oxygen use was modest,
averaging 2.5 hours/day at baseline and 1.7 hours/day
following randomization. Of 22 subjects, 7 at baseline
and 10 post-randomization used ambulatory oxygen
<1 hour/day, use so limited that it is doubtful that appre-
ciable benefit was conferred.

Baseline ambulatory oxygen use was greater in sub-
jects later randomized to lightweight oxygen; after ran-
domization, ambulatory oxygen use fell to a level similar
to the E-cylinder group. Investigating this drop, we
identified 4 subjects with substantial ambulatory oxy-
gen use decrease. In 3 of 4 subjects, ambulatory oxygen
decrease was not in mid-day hours and not accompanied
by decreased activity level. We speculate that some sub-
jects used E-cylinders as a stationary source within their
home but did not use lightweight tanks in this way.
Activity Level: COPD patients with low activity levels
(assessed by questionnaire) have poor survival (18, 19).
Activity monitors provide more precise assessment.
Analyzing long-term tri-axial accelerometer recordings
as we described previously (4), demonstrated that sub-
jects wore monitors roughly two-thirds of the time dur-
ing mid-day hours, assuring good activity assessment.
We previously determined (4) that a healthy subject
walking at 1 mph on a treadmill engenders a 290 VMU/

Stationary Oxygen Use

Ambulatory Oxygen Use

—@— Lightweight Group
—O— E-cylinder Group

Oxygen Use (hours/day)

22 -
20 -
18 -
16 -
14 -

Total Oxygen Use

12 T T T
BL 1 2

T T T T

3 4 5 6

Time After Randomization (Months)

Figure 4. Compliance with oxygen therapy in 22 COPD patients. Hours per day of oxygen use at baseline (BL) (during which ambulatory oxygen was delivered by E- cylinder)
and over the 6 months post-randomization to ambulatory oxygen by either E-cylinder (n = 11) or lightweight cylinder (n = 11) are presented. Average (+ 1SE) oxygen use for
stationary, ambulatory and total oxygen use is plotted. *Significantly higher oxygen use than in E cylinder group at baseline (p = 0.04) and significantly higher oxygen use
than in lightweight oxygen group during the intervention period (p < 0.001).
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Table 2. Characteristics of randomized subjects

Lightweight Cylinder

E-Cylinder Group Group
Number 11 (8 men) 11 (6 men)
Age (years) 66.6 = 10.0 67.1 8.1
FEV, (% pred) 30177 37.1+13.0
FEV /FVC (%) 423+89 433 +11.1
D,CO (% pred) 358+11.4 37.2+17.1
TLC (% pred) 105.2 £ 24.5 110.1 £19.5
Pa0, (torr) 53.7 £6.0 495+ 6.5
PaCo, (torr) 475+7.2 454 +75
HCO,a (meq/L) 30.6+3.8 28.4+33
Peak Work Rate (Watts) 31.4+20.9 33.6 +13.6

Oxygen Use and Activity with Ambulatory Oxygen in COPD

Table 3. Average hours per day of oxygen use at baseline and during the

intervention period

Baseline Period

Intervention Period

E-Cylinder Group
Stationary Oxygen
Ambulatory Oxygen
Total Oxygen

Lightweight Cylinder Group
Stationary Oxygen
Ambulatory Oxygen
Total Oxygen

176 +4.2
1.5+13
19.0+4.0

16.9+5.4
3.4 +3.6
20339

18k =2 649
14+1.0
16.9+3.9

17.0+4.9
19+24*
18.9+438

Values are mean =SD. *Significantly higher baseline ambulatory oxygen use than in the
E-cylinder group (P = 0.04). **Significantly lower ambulatory oxygen use than in the

baseline period (P = 0.03).

Values are means =SD. FEV.: forced expiratory volume in 1 second, FVC: forced vital
capacity, D,CO: diffusing capacity of the lungs for carbon monoxide, TLC: total lung
capacity, Pa0, and PaCO0,: partial pressures of oxygen and carbon dioxide in the arterial
blood, HCO,a: bicarbonate concentration in the arterial blood. Predicted values for
spirometry, D, CO and TLC are from published references (3). There are no significant
differences between groups.

min activity count, roughly 3 times higher than average
daytime activity level recorded for these COPD patients,
evidence of a sedentary lifestyle. Group assignment did

not significantly alter mid-day activity over the 6-month
observation period.

We can speculate as to why these patients did not
increase oxygen use or activity level when provided
with a more convenient ambulatory oxygen supply. A
recent report identified several reasons why patients
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Figure 5. Time course of activity level and time worn over the course of the day at baseline, 3 months and 6 months in subjects in the E-cylinder and lightweight cylinder
groups. The abscissa divides each day into one hour bins (starting at midnight (MN)). Left panels: subjects (n = 11) who used E-cylinders at baseline and lightweight cylinders
after randomization for their ambulatory source. Right panels: subjects (n = 11) who used E-cylinders for their ambulatory source both at baseline and after randomization.
Upper panels: activity levels (expressed as vector magnitude units (VMU)) assessed by tri-axial accelerometer. Lower panels: minutes the activity monitor was worn per hour

for each hour of the day. X represents nighttime hours when wearing times in the group averaged <10 minutes/hour.
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Table 4. Activity monitoring analysis at baseline and during the intervention period

Baseline 3 Month 6 Month

E-Cylinder Group

Days in recording period 13.2+25 19.7£25 20.0+24

Hours worn per day 10.5+ 3.0 9.7+49 10.2+4.4

Mid-day Activity (VMU/min) 93.6 + 53.4 81.4 +36.0 90.4 + 451
Lightweight Cylinder Group

Days in recording period 15.6 + 3.1 18.3+4.0 18.6 +2.5

Hours worn per day 11.7 £33 9.3+47 83+5.1

Mid-day Activity (VMU/min) 108.9 + 48.6 133.6 = 75.3 1242 +73.8

Values are mean + SD. VMU: vector magnitude units. No significant differences in mid-day activity level are seen between groups

or over time.

tend not to comply with ambulatory oxygen prescrip-
tions (20). Activity patterns involve ingrained habits;
the permissive act of providing lightweight oxygen may
not change behaviors. Perhaps coupling with a behavior
modification intervention, such as pulmonary rehabili-
tation (21), would be more successful.

An additional major finding is that 38% of subjects
screened had resting PaO, >60 torr. It is plausible that
this is a manifestation of over-prescription and/or fail-
ure to recertify LTOT patients. Two Canadian and one
French studies found that 30-40% of patients tested did
not meet resting prescription criteria (22-24). A small
retrospective United States study contended that 60% of
evaluated subjects could have oxygen discontinued (25).
In our study, we discerned no characteristics distinguish-
ing qualifying from non-qualifying subjects (Table 1).
Most subjects had been prescribed LTOT during hos-
pitalization for COPD exacerbation and many denied
subsequent re-evaluation. Strategies for re-assessing
oxygen eligibility have been described (26); our results
suggest these strategies are underutilized.

Our study has several limitations. First, it was under-
powered to test the primary endpoint of improving oxy-
gen utilization. Accordingly, inability to find significant
oxygen utilization difference between the two treatment
groups may result from a type 2 error. However, patients
randomized to lightweight oxygen decreased ambula-
tory oxygen use by 47% compared to when they used
E-cylinders (P = 0.03). Data from a larger cohort would
have to be remarkably different from what we observed
to alter our conclusion. Second, our patients had low
activity levels, had FEV, averaging 36% predicted and
had been receiving LTOT for >3 years. Our findings
may not extrapolate to a less severe COPD population
or when lightweight devices are provided with initial
oxygen prescription.

Our provocative findings that LTOT patients use
ambulatory oxygen only a few hours/day and perform
little physical activity suggest several speculations:
(a) inconvenience of using ambulatory oxygen may
exceed its ability to relieve dyspnea, (b) the additional
few hours of oxygen use obtainable with ambulatory

JOURNAL OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

devices may not improve LTOT survival benefits when
average stationary use is 16—17 hours/day, (c) ambula-
tory device weight may not be important with respect to
endpoints we studied, and (d) behavioral interventions,
such as pulmonary rehabilitation, designed to encour-
age increased ambulatory oxygen use and activity levels,
might be considered a necessary component of LTOT
prescription.
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