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ABSTRACT

BACKGROUNDR AND PURPOSE. The purpose of this thesis was

to compare the physiclogic and perceptual impact of
walking with two supplemental oxygen systems (the
gaseous "E" cylinder = CGOS and the ligquid oxygen pack
= LOS) transported by three methods (by two-wheeled
cart, = LOS-2WC; by an assistant = AC; or suspended
from the shoulder = LOSSH). SUBJECTS. Ten male
patients with severe chronic obstructive pulmonary
disease (COPD) were studied. METHODS. A pilot group
of four patients preceded the main group (six patients)
to examine the reproducibility of the outcome
measurements (heart rate = HR; arterial oxygen
saturation = SaO,; and breathlessness = modified Borg
scores) during the walking tests. They performed four
corridor walking tests (CWTs) twice: one with the LOS
pulled on a two-WC, one with the LO& carried from the
shoulder, one with the LOS carried by an assistant, and
one pulling the CGOS on a two-WC. Patients also walked
on the treadmill (TM) while carrying the LOS or without
the pack on two occasions while HR, oxygen uptake (002)
carbon dioxide production (VCOz), and breathlessness
were recorded. The main study group followed the same

protocol as that of the pilot group with the exception



that there was no repeat testing. RESULTS. The
reproducibility of the pilot patients' variables of
interest was inconsistent. Overall mean HR, calculated
002, and breathlessness scores were significantly lower
during the CWTS with the AC method of oxygen transport
versus (vs.) the CGOS and LOSSH methods, but not
significantly different for the other methods of oxygen
transport. During TM exercise while carrying the
oxXxygen apparatus, there was a 9.7% increase in 902 and
11.7% increase in VCO, compared to "unloaded" walking.
From the questionnaire, eight out of ten patients
ranked the LOSSH mode of oxygen transport as the most
energy demanding during walking followed by the CGOS.

DISCUSSTON AND CONCLUSIONS. The results of this thesis

indicate that, in elderly males with severe COPD, there
is no significant difference in the physiologic or
perceptual stress of walking when pulling the CGOS vs.
pulling the LOS, or when carry g the LOS on the
shoulder vs. pulling the LOS oun a cart. Also, there is
a significant metabolic burden associated with carrying
the LOS from the shoulder compared to that of walking

on a treadmill without a load.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
progressive illness that leaves patients severely
disabled and breathless. Long-term oxygen (0,) therapy
(LTOT) has been shown to significantly increase
survival (1,2) and to improve neuropsychological
functioning (2) in hypoxemic patients with COPD.
Further, supplemental oxygen has been reported to
substantially reduce dyspnea (3,4) and to increase
exercise endurance (3,5,6) in some patients with COPD.
To achieve these benefits, oxygen therapy should be
administered at least 15 hours per day (7).

Possible mechanisms for enhanced phyvsical
performance and reduced breathlessness with
supplemental oxygen include (a) greater delivery of
oxygen to the tissues (8), (b) decreased ventilatory
muscle fatigue (9), (c) reduced oxygen cost to the
respiratory muscles (10), (d) reduction in ventilation
(11,12), and (e) decreased ventilatory drive (12,13).

Many of the studies omn the benefit of supplemental
oxygen were conducted while patients exercised on a
treadmill (14-16) or on a bicycle ergometer (6,17)
while breathing supplemental oxygen but not having to

actually carry the oxygen apparatus. There is



conflicting evidence in the literature on whether the
additional weight of carrying a portable oxygen system
(either liquid or gaseous) detracts from the gains made
in exercise tolerance by breathing supplemental oxygen
(18,19).

Also, studies have revealed that although patients
perceive supplemental oxygen as being beneficial to
exercise tolerance, 40% (20) to 5C% {21) of thesse
patients were not using a portable supplemental oxygen
system on a regular basis outside the home even though
oxygen was prescribed 24 hours per day. The major
factors that accounted for the pocor compliance tc
portable oxygen therapy were the weight of the
squipment, the negative feelings associated with the
aesthetics of the devices (especially the nasal
cannulae), and the short duration of the oxygen supply
from the gaseous cylinder.

Unfortunately, patients with severe lung disease
are least able to manage the added burden of
transporting an oxygen delivery system when walking
because of poor exercise tolerance. Possible
mechanisms for exercise intolerance are multifactorial

and may include moderate to severe impairment of lung



mechanics (22), poor gas exchange, and respiratory
muscle fatigue (23). Exercise limitation may alsc be
due to right ventricular dysfunction (24),
malnutrition, and deconditioning (25).

Patients adapt to this severe disability by
employing countermeasures that help conserve energy and
reduce dyspnea. Some examples are the pacing of
activities (26), pursed-lip breathing (23, 26), and the
use of assistive devices such as wheeled carts to
transport the portable oxygen system (18, 27).

Although various researchers have studied the
portability of liquid and gaseous oxygen, there seems
to be a lack of consensus on the magnitude of the
burden that a portable oxygen system imposes on the
patient during walking.

Review of the Literature:

Legett and Flenley (18) studied the performance of
26 patients with chronic bronchitis and cor pulmonale
during 12-minute walking tests (12-MWT) that were
performed indcors. They were given liquid oxygen at a
rate of 2 litres per minute (L/Min.) or 4L/Min. or
compressed air in a single-blind fashion. During the

walking tests, the liquid oxygen canister (4.2 kg) was



either assistant-carried, patient-carried (suspended
from a shoulder), or pulled behind on a two-wheeled
cart. They found a clinically modest but statistically
significant improvement in distance walked
(approximately 8% or 50 m) when the oxygen apparatus
was carried by an assistant or transported on a two-
wheeled cart compared to that achieved while breathing
air. However, when the patients had to carry the load
suspended from their shoulders, the gain in exercise
tolerance provided by the supplemental oxygen was
eliminated.

By contrast, Woodcock and coworkers (19) arrived
at different conclusions than did Legett and Flenley
(18) while studying 10 patients with severe COPD.
Patients performed six-minute walking tests (6-MWT)
while breathing compressed air or gaseous oxygen
(4L/Min.) administered in a double-blind fashion. In
contrast to earlier studies (14, 15, 17, 18) (including
the one by Legett and Flenley), Woodcock and coileagues
measured changes in breathlessness (visual analogue
gscale (28)) as well as exercise tolerance. During the
walking tests the 2.5 kg gaseous cylinder was either

assistant-carried or patient-carried. It was found



that, compared to air breathing, supplemental oxygen
reduced breathlessness scores and, like the previous
study, (18) it slightly increased the distance walked
during the timed walking tests (approximately 14% or
36m). Patients walked an average of 320 m in six
minutes when an assistant carried the oxygen cylinder
and 306 m when the patient carried the load (a decrease
of only 4.5% in distance). This difference was not
statistically significant.

The conflicting results between these two studies
may have been caused by the types of patients selected,
the oxygen systems used, the duration of the walking
tests, or by some combination of these factors. The
earlier investigation by Legett and Flenley (18) chose
severely hypoxic patients with cor pulmonale (mean
partial pressure of oxygen in arterial blood (Pa02)= 52
mmHg), whereas Woodcock and colleagues (19) selected
less hypoxic patients (mean Pa02 = 72 mmHg). Both
studies chose different oxygen systems; Legett and
Flenley (18) had the patients walk with a 4.2 kg liquid
oxygen system (LOS) and for a longer period of time
(12~MWT), whereas in the more recent investigation by

Woodcock et al., patients carried a 2.5 kg gaseous



oxygen cylinder for half that time.

These differences in disease severity and study
design between the two investigations may account for
the lack of benefit shown by the patients in the Legett
and Flenley study (18) when they had to carry the
oxygen apparatus.

The potential of a portable oxygen system to
increase the metabolic demand on a patient while
carrying the apparatus was studied by Brambillia et al.
(29). They looked at a group of eight patients (all
with cor pulmonale, six with severe COPD and two with
kyphoscoliosis) while performing incremental treadmill
exercise breathing 30% oxygen with and without a 4.2 kg
liquid oxygen pack suspended from a shoulder. They
found a small, clinically insignificant 6% increase in
carbon dioxide production (VCOQ) when patients walked
while carrying the oxygen apparatus compared to when
patients walked without carrying the unit.

It was unclear from the methodology whether
Brambillia and coworkers (29) allowed the patients to
support themselves on the treadmill handrails during
the walking tests. This manoeuvre has been shown to

decrease the metabolic demand and to increase exercise
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tolerance in healthy subjects (30) and in patients with
cardiovascular disease (31). If handrail support was
allowed in this group of patients, then the carbon
dioxide production while carrying the oxygen pack may
have been underestimated.

Unfortunately, Brambillia and associates (29) did
not measure breathlessness during their investigation.
Since dyspnea is one of the primary limiting factors to
performing activities of daily living in patients with
COPD (26), its measurement would have been helpful to
assess the impact of load carriage on the perceived
amount of energy that is required to perform a task.

In suppcrt of the findings by Woodcock et al. (19)
and Brambillia and colleagues (29), Lock and coworkers
(5) looked at the impact of using a 3.5 kg liquid
oxygen pack compared to using a 2.5 kg gaseous oxygen
cylinder (both delivering oxygen at 2 L/Min.) during
assistant-carried and patient-carried modes of
transport on 15 patients (13 with severe COPD).

As part of the selection criteria for the study,
only patients showing at least a 10% improvement with
supplemental oxygen during the 6-MWT and/or

breathlessness score (visual analogue scale (28)) were



accepted.

Lock and colleagues (5) found that there was no
significant difference in the median patient walking
distance (255 m) regardless of the type of oxygen
system transported. Also, walking performance was not
significantly hindered by the weight of the oxygen
delivery systems since walking distance and
breathlessness scores (without reporting the dyspnea
data) were comparable whether patients carried the
oxygen themselves or had an assistant carry the load.

The patients in the Lock et al. study (5) were
proven "responders" to the beneficial effects of
supplemental oxygen (ie. enhanced exercise tolerance
and/or decreased dyspnea). A previous study by
Morrison and Stovall (8) on patients with severe COPD
showed that the increased exercise capacity
demonstrated by "responders" was accompanied by
significant improvements in peripheral oxygen delivery
(an increase in arterial oxygen content and cardiac
output). None of these factors improved in the non
responders. It did not appear that the patients in the
Legett and Flenley study (18) were prescreened for

enhanced exercise capacity with supplemental oxygen.



Since the beneficial response to portable oxygen is
highly variable in hypoxic patients with COPD (6, 23),
this may account for the lack of improvement (ie.
walking performance) in their study (18) when patients
had to carry the oxygen delivery system.

Also, the patients in the Legett and Flenley (18)
investigation had to perform a walking test of longer
duration than did patients in the Lock et al. study (5)
(12 minutes versus six minutes) and patients in the
Legett and Flenley investigation (18) had to carry a
heavier load than did the patients in the Lock et al.
study (5) (4.2 kg versus 3.5 kg). These factors may
have influenced the outcome.

In contrast to these studies, Westmiller and
Hoffman (27) studied the benefits of an assistive
device - the four-wheeled cart, compared to the
assistant-carried mode of oxygen transport during the
12-MWT by patients with severe COPD. Neither the
oxygen flow rate nor the type (and weight) of the
oxygen system were specified. However from the picture
which appeared in their manuscript, it appeared that a
4.3 kg liquid oxygen pack was used. They found that

patients walked significantly further with the
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assistive device compared to the assistant-carried
method (approximately 10% or 46 m). The imprcvement
seen with the use of the four-wheeled cart was even
greater when a subset of the sample of patients was
studied (ie. patients unable to walk greater than 305 m
during the 12-MWT). This group walked approximately
225 m (46% increase) further with the device than when
the oxygen apparatus was carried by an assistant.
Unfortunately Westmiller and colleagues (27) did not
measure dyspnea during the walking tests or the
distance with the patient-carried mode of oxygen
transport (i.e., oxygen pacl suspended from the
shoulder). This would have helped to quantify the
perceived impact of transporting a supplemental oxygen
apparatus by different methods.

It seems apparent from Westmiller and Hoffman's
investigation (27) that the more disabled the patients
with COPD are, the more likely they would benefit from
an assistive device such as a cart to transport the
oxygen system. This finding supports the results
reported by Legett and Flenley (18) who found that
walking distances during the 12-MWT were restored to

the level attained by the assistant-carried mode of
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oxygen transport when a two-wheeled cart was used.

With the exception of the Brambillia et al. study
(29), the other investigations that were reviewed
measured the benefit of supplemental oxygen by the
patients' performances during the timed walking tests
(distance walked and/or breathlessness score). Various
researchers have shown that there is a strong tendency
ror patients to improve their walking distance during
timed walking by 8% to 32% with repeated testing (32~
35). These authors have concluded that to attain
reliable walking test results over a short interval
(three to five days), patients should perform three to
five practice walks prior to their baseline test.
Clinically, whether patients could perform that many
tests without undue fatigue is unclear. With the
exceptiocn of the study by Westmiller and Hoffman (17),
the "learning effect" that occurs with successive
walking tests was not controlled in the other
investigations.

Verbal enccuragement that is given to patients by
the testers during timed walking tests ha ween shown
to significantly improve their performance (36). Of

the studies reviewed, it seems that the Westmiller and
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Hoffman study (27) wa= the only one to control for this
effect.

Two outcomes which are typically measured when
looking at the benefits of supplemental oxygen are the
distance walked during the timed walking test and the
level of breathlessness. However when walking velocity
is not controlled, the interpretation of the results
obtained while ambulating with two oxygen systems by
three transport methods is difficult since walking rate
may be influenced by the patients®' preconceived
notions. So, for example, if they dislike the CGOS "E"
cylinders, they may walk less distance with this
apparatus (compared to the LOS), they may report
greater breathlessness, but unexpectedly, they may have
a l