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ABSTRACT: Whether long-term oxygen therapy (LTOT) improves quality of life in
chronic hypoxaemia has been questioned. LTOT with an oxygen concentrator (C/C)
and gas cylinders for ambulation is considered cumbersome compared to mobile liq-
uid oxygen equipment (L). The hypothesis for this study was that LTOT with liquid
oxygen treatment (L) improves patients' health-related quality of life, but that it is
also more expensive compared to concentrator (C/C) treatment.

A prospective, randomized multicentre trial comparing C/C with L for LTOT was
conducted during a six-month period. Fifty-one patients (29 on L and 22 on C/C) with
chronic hypoxaemia, regularly active outside the home, participated in the study ini-
tially. Costs for oxygen were obtained from the pharmacies. Patient diaries and tele-
phone contacts with members of the healthcare sector were used to estimate costs.
Health-related quality of life was measured by the Sickness Impact Profile (SIP) and
the EuroQol, instruments at the start and after 6 months.

The average total cost per patient for group C/C for the six-month period was
US$1,310, and for group L it was US$4,950. Health-related quality of life measured
by the SIP instrument showed significant differences in favour of group L in the cate-
gories/dimensions of physical function, body care, ambulation, social interaction and
total SIP score.

In conclusion, liquid-oxygen treatment was more expensive compared to concen-
trator treatment. However, treatment effects showed that liquid oxygen had a better
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impact on quality of life.
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New medical technology is creating increased possibil-
ities for advanced home care in many areas previously
requiring inhospital care. Advanced home care is one al-
ternative that might constitute a strategy for increasing ef-
ficiency in the healthcare sector and for solving some of
the problems faced today. There are no studies to date prov-
ing that this is always the case, although many are in
progress [1, 2]. In a recent Canadian study [3], it was con-
cluded that the quality of existing research is somewhat
questionable, and that the cost-effectiveness of home care
must be considered on a case-by-case basis for each type
of intervention.

For patients with chronic hypoxaemia and chronic ob-
structive pulmonary disease (COPD), long-term oxygen
treatment (LTOT) increases survival rates if oxygen is
used for at least 15 h-day-! [4, 5]. However, the impact on
patients' quality of life (QoL) is a matter of debate [6, 7].
Results from the National Swedish Oxygen Register show
that sufficient patient compliance is not always attained
[8]. Thirty per cent of the patients who are prescribed oxy-
gen for a minimum of 15 h-day-! actually use it for shorter
periods of time [8]. This lack of compliance, which has
also been observed by other investigators, can be expected
to result in lower survival rates than would otherwise be
possible, and in unnecessary morbidity requiring hospital
care [5, 9].

for research and studies in health econom-
ics and social pharmacy.

Two main regimens are available for oxygen admin-
istration to patients with hypoxaemia. In Sweden, the stan-
dard therapy is concentrator treatment (C/C), although
liquid oxygen (L) has been introduced in recent years. The
most frequent complaint patients make about concentrator
treatment is that it makes them feel tied down [10]. Liquid
oxygen, however, is four times as concentrated as gas in a
high-pressure cylinder. The containers are relatively small
and light, but still contain enough oxygen to last for a long-
er period of time. Patients can easily refill the portable
container from a stationary container whenever necessary.
Long-term liquid oxygen treatment is considered to be
more expensive than concentrator treatment.

The aim of this study was to compare the two main reg-
imens for oxygen administration in LTOT in the home for
patients with COPD. The hypothesis of this study was that
LTOT with L has a better impact on QoL, but that it is also
more expensive compared to LTOT with C/C treatment.

Material and methods

Study design

The study was a prospective, randomized multicentre
trial comparing concentrator treatment with small oxygen
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cylinders for ambulation (C/C) to liquid oxygen treatment
(L). A cost—utility analysis was used that involved com-
paring the costs of a healthcare programme with the utili-
ties gained or lost. The healthcare utilities were reflected
by the EuroQol instrument and the Sickness Impact Pro-
file (SIP) (see "Quality of life" section below for further
details). Patients were randomized to C/C or L for a six-
month period. Some patients in both groups also received
occasional complementary treatment with compressed gas.
The study was reviewed and approved by the research eth-
ics committee.

Patient data

The data collection started in 1993/1994. The study was
planned as an ancillary study to The Swedish Oxygen
Register, in which 85% of all patients in Sweden receiving
LTOT for chronic hypoxaemia were followed [11].

Fifty-one patients from six different departments of
pulmonary medicine in Sweden were randomized to the
two alternative treatments. The inclusion criteria were chron-
ic hypoxaemia caused by pulmonary disease (the cut-off
point for hypoxemia was 7.0-7.5 kPa or, in the presence
of signs of cor pulmonale or haematocrit above 50%,
around 7.5 kPa), eligibility for treatment with liquid oxy-
gen, the ability to use mobile equipment outside the home,
and a need or desire to spend time outside the home on a
weekly basis. Patients who already received oxygen treat-
ment at home could also be included in the trial. Exclu-
sion criteria were being unable to leave the home or being
unable to use mobile oxygen equipment. The recommend-
ed oxygen flow rate was continuous oxygen flow for a
minimum of 16 h, preferably 24 h, achieving an arterial
oxygen tension (Pa,0,) when breathing oxygen of >8 kPa.

The data concerning consumption of liquid oxygen and,
for a few patients, small amounts of gas oxygen, were col-
lected from invoices sent by the gas company to the local
pharmacies ordering the delivery of oxygen to the patients.
The total cost of liquid oxygen consists of several compo-
nents: the cost of the oxygen itself, the cost of delivery
(when these data were collected, the gas company had dif-
ferent tariffs depending on the distance travelled to deliver
the oxygen), and rental of the stationary container. Depre-
ciation costs for the portable container were estimated.
The costs of various complementary equipment like nasal
catheters and assistive devices were not included in the
data collection.

During the six-month period, the patients were asked to
keep a "diary" in which they registered their contacts (vis-
its or telephone consultations) with physicians, nurses,
physical therapists, almoners, medical technicians (MT),
as well as their use of transportation services. The diary
notes regarding the patients' visits and/or telephone con-
tacts with physicians, nurses, physical therapists, almon-
ers, and their use of transportation services, were used to
estimate costs during the trial.

The MT at each hospital kept records of the time spent
on device services for each patient during the study period
and, if possible, also made an estimate of the attributable
costs. Data concerning the patient's contacts with MTs were
excluded from the diary and the more reliable information
received directly from the MTs, described above, was

used instead. The estimation of the cost of the use of
resources registered in the patient diaries was made retro-
spectively, using information collected from each depart-
ment involved in the study. A median cost was calculated
for each category.

Cost items were summarized using the following ex-
pression. All costs are expressed in 1996 prices. Value ad-
ded tax was not included.

Total cost = (number of O, tanks X cost) + (number of
freights X cost) + (number of days with rent for the station-
ary container, L X cost) + (number of services X cost) + de-
preciation portable unit/depreciation concentrator + cost
estimated by the diary + ((MT time+travel time) X cost).

For the C/C patients, the concentrators received mainte-
nance service by the MT twice a year on average, or after
about 3,000 h. One service was estimated to cost between
US$234-260. The hospitals buy the concentrators at a
cost regulated by the procurement company of the Swed-
ish principals of health and medical care [12]. The average
cost of a concentrator was calculated at US$3,510. This
entails a depreciation cost of US$351 for the six-month
period using the traditional method of historic cost depre-
ciation [13], i.e. by dividing the amount that was actually
paid by the hospital for the concentrator by the years of its
life, which has been estimated in this case to be 5 yrs.

A similar estimation was made for the cost of the porta-
ble container for group L. This means that there was a
depreciation cost of US$130 for the six-month period (the
amount actually paid was US$1,300, with an estimated 5
yr lifetime).

The same cost was used for both visits and telephone
consultations. The transportation service cost was estim-
ated using information from the local taxi company respon-
sible.

Quality of life

The quality of life analysis was based on 47 patients (27
L and 20 C/C) for whom satisfactory data were collected.
The SIP and the EuroQol instruments were used at the
start of the trial and after 6 months in order to measure
patient outcome. The SIP [14] contains several dimen-
sions of importance to health-related QoL that can be
weighted together into one single score. The higher the
score, the worse the QoL. The instrument is generic, and
might therefore be insensitive to specific changes in a
patient's QoL.

The EuroQol [15] is an instrument developed for meas-
uring health-related utility scores used in cost—utility an-
alyses. The categories/dimensions of mobility, self-care,
usual activity, pain, discomfort, anxiety/depression and bet-
ter/worse are graded on three levels. The three levels
reflect increasing degrees of difficulty, i.e. level 1 = no
problem, level 2 = some or moderate problems, and level
3 = unable or extreme problems. The scores for the six
categories/dimensions should therefore be interpreted as
the lower the score, the better the QoL. The score for the
scale should be interpreted as the higher the score, the bet-
ter the QoL.
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Table 1. — Demographic and clinical data at the start of
the trial (meanzsp, n=51)

Treatment group
L (n=29) C/C (n=22) p-value

Demographic data

Age yrs 63+9 63+8 >0.8

Males n (%) 13 (48) 10(45) >0.8
Causes of hypoxaemia

COPD n (%) 24 (90) 21 (95)

Sequelae of tuberculosisn (%) 2 (7) 1(5 0.75

Ventricle septal defect n (%) 1(3) >0.8
Arterial blood tensions

Pa,0, (air) kPa 7.1£1.0 6.8+1.2 0.50

Pa,Co, (air) kPa 6.1£1.0 5.9+1.2 0.49

Pa,0, (0xygen) kPa 8.6x1.4 9.1x1.1 0.13

Pa,Co, (oxygen) kPa 6.8+1.7 6.3x1.2 0.27
Spirometry values

FEV1 L 1.0£0.7 0.7+0.4 0.13

FVC L 2.1£0.9 1.7£1.0 0.20
Oxygen therapy

Duration months 20+27 17+25 0.70

Flow rate L-min-! 1.7+0.7 1.8+1.1 0.49

Prescribed h-day! 20;4 19+4 032

L: liquid oxygen; C/C: oxygen concentrator; COPD: chronic
obstructive pulmonary disease; Pa,0,: arterial oxygen tension;
Pa,cO,: arterial carbon dioxide tension; FEV1: forced expiratory
volume in one second; FVC: forced vital capacity.

Statistical analysis

The statistic analysis was performed using SPSS 6.1 for
Windows (SPSS, Chicago, IL, USA). Throughout the an-
alysis t-tests were used to compare the two treatment
groups. A one-sided p-value (<0.05) was considered sig-
nificant.

Results

In group L, one patient discontinued treatment with lig-
uid oxygen after 48 days for personal reasons. Two pa-
tients, one in each group, died during the study period, one
after 17 days of treatment (C/C) and one after 4 months of
treatment (L).

At the start of the trial, the following data were collect-
ed: age, sex, arterial blood gas tensions on air and oxygen,
spirometry values, causes of hypoxaemia, oxygen treat-
ment including flow rate, hours per day, duration of LTOT
prior to trial, and need for assistance with oxygen equip-
ment.

There were no significant differences between the groups
in terms of age, sex, cause of hypoxaemia, arterial blood
gas tensions, oxygen therapy or spirometry values at the
start of the trial (all p>0.10) (table 1). Thirty-two patients
had chronic hypoxaemia caused by COPD, with a Pa,0,
<7.4 kPa.

Chronic hypoxaemia was caused by COPD in all but
four patients, three of whom had sequelae from pulmo-
nary tuberculosis and one of whom had a ventricular sep-
tal defect.

Costs

Calculation of the costs was based on 48 patients (27 L
and 21 C/C) for whom satisfactory data were collected,
although the diary was correctly filled out by only 45
patients (24 L and 21 C/C). The costs include direct mon-
etary costs of different services as well as costs for equip-
ment and oxygen. The aim was to estimate, if possible, the
short-term marginal costs. All costs are expressed in US$,
1996 prices. The diaries showed only slight differences in
the healthcare profiles and the estimated costs of the two
groups. Forty per cent of the patients in group L used MT
services during the trial for an average of 190 min, and
91% of those in group C/C used MT services for an aver-
age of 202 min (tables 2 and 3).

Some patients in both groups used compressed gas as a
complementary treatment. The cost of compressed gas was
on average US$130 for these patients during the six-
month period. This cost is included in the total cost for
oxygen in table 4.

The mean total cost per patient per six-month period in
group C/C was US$1,310, and for group L, it was US
$4,950. The patients receiving treatment with liquid oxy-
gen consumed on average 23 (+14) containers (30 L each)
during the six-month period.

Quality of life

The SIP and the EuroQol instrument were correctly com-
pleted by 45 patients, but had to be discarded for four
patients due to inadequate answers.

Health-related QoL as measured by the SIP Instrument
is shown in table 4. Each dimension is presented sepa-
rately, as well as the total SIP scores for the two respective
groups.

Table 2. — Average consumption and cost estimate of healthcare services per patient for visits/phone contacts during a

six-month period per 1996 prices (US$)

Time min Cost estimate US$

L L C/IC p-value

Physician visits 75+83 177£226 52+57 122+156 0.061
Phone 4+9 3+6 6x11 0.324
Nurse visits 159+175 187+168 46+51 55+49 0.580
Phone 35+46 22+32 10+13 7+9 0.290
Physiotherapist visits 77217 58+150 23+64 17+44 0.735
Phone 4+12 1+4 0.24+1 0.273
Almoner visits 11+40 3+12 1+3 0.369
Phone 4x15 1+4 0.53+2 0.497
Transport service 356+625 203+481 193+339 110+261 0.361
Medical technician 190+120 202+117 110£70 118+68 0.777

L: liquid oxygen treatment group (n=24); C/C: oxygen concentrator treatment group (n=21).
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Table 3. — Total treatment cost distributed over the two
subgroups at 1996 prices (US$); meanzsp during a six-
month period

Type of cost L (n=27) C/C (n=21)
Oxygen 2200+1360 260+500
Rent, freight and depreciation 3340+2650 500+280
Consumption of healthcare services  390+370 340350
Medical technician 110+70 120£70
Total cost* 4950+2340  1310+650

L: liquid oxygen treatment group; C/C: oxygen concentrator
treatment group. *: owing to missing values, the total cost for
the different subgroups is not equal to the mean total cost.

Group L attained improvement in 13 out of 15 catego-
ries/dimensions. A slight deterioration can be noted only
in the categories of eating and home management. Group
C/C attained improvement in only four categories/dimen-
sions. None of these changes was significant, however.

The final column in table 4 shows the results of a com-
parison of the changes (before - after) in health in the two
groups. Significant differences between the two groups
were found in four categories/dimensions and in total SIP
scores. Group L showed an improvement in these catego-
ries/dimensions, whereas group C/C became worse.

A subanalysis, regarding QoL measured by the SIP
instrument, for COPD patients with a Pa,0, on air of <7.4
kPa was performed (n=15 for group L and n=10 for group
C/C). A comparison of the changes (before - after) in health
of the groups showed significant changes in five catego-
ries/dimensions (body care, ambulation, psychosocial func-
tion, sleep and total SIP score). Group L showed an
improvement in all but one of these categories/dimensions,
whereas group C/C became worse. In the sleep category,
both groups became worse, and group L worsened more
than group C/C.

Health-related QoL, was measured by the EuroQol in-
strument, is shown in table 5. The scores are shown as
average/mean numbers. The score of the scale should be
interpreted as the higher the score, the better the QoL.
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In this study, the improvements observed in the SIP
were not as obvious in the EuroQol. Group L showed some
improvement in all categories/dimensions, and group C/C
showed an improvement only in the categories/dimensions
of usual activity and better/worse. However, the results of
comparing the changes (before - after) in health between
the two groups show no significant differences.

Discussion

This study showed that liquid oxygen treatment was
more expensive than concentrator treatment, but had a bet-
ter impact on QoL. The patients included in this trial were
all eligible for both treatment alternatives. If the C/C
group had instead received liquid oxygen, the cost would
have increased almost four-fold. The main part of this cost
would consist of an increased oxygen supply. However,
the QoL for these patients would have improved slightly
instead of deteriorating. Whether this is justifiable or not
constitutes a policy issue.

The cost estimates of the study are based on careful cal-
culations. However, some opportunity cost assumptions
had to be made. Firstly, many scale factors are present
in the process, which makes it difficult 1) to separate cer-
tain patient specific costs, and 2) to judge whether or not
the size of the hospital affects the costs. An example of the
first is that some technicians go to the patient's home and
service the concentrator there, or exchange the concentra-
tor for an already-serviced machine. Some MTs service
the equipment every 6 months, and, for some patients in
the study, the service was carried out just before or just
after the trial period. Therefore, a six-month trial period is
likely to be too short in order to attain a true estimation of
the use of MT services.

In this study, the improvements observed in the SIP were
not seen in the EuroQol. It is impossible to say whether
this is an effect of the EuroQol being a poor instrument for
measuring the kind of changes in QoL important to these
patient groups, or whether the treatment in both groups is

Table 4. — Health-related quality of life measured by the Sickness Impact Profile (SIP) instrument before and after the trial

L (n=25) C/IC (n=20) yC/C-yI
Category/dimension Before After y Before After y p-value
Physical function* 11.46 9.93 1.53 8.27 11.31 -3.04 0.043
Mobility 12.25 11.77 0.48 9.49 11.16 -1.67 0.308
Body care 7.55 442 3.13 4.26 6.96 -2.70 0.011
Ambulation 20.62 18.09 2.53 16.74 22.67 -5.93 0.017
Psychosocial function* 5.41 4.98 0.43 4.39 6.04 -1.65 0.082
Emotional behaviour 7.59 5.83 1.76 4.96 6.33 -1.37 0.135
Social interaction 7.96 6.09 1.87 7.18 10.58 -3.40 0.023
Alertness 5.51 5.12 0.39 0.54 3.62 -3.08 0.064
Communication 222 1.79 0.43 2.46 2.46 - 0.333
Independent categories* - - - - -
Work 49.93 44.05 5.88 37.55 32.94 4.61 0.416
Sleep 15.26 10.32 4.94 15.18 14.42 0.76 0.150
Eating 1.07 1.95 -0.88 1.16 2.70 -1.54 0.276
Home management 25.90 26.52 -0.62 28.28 24.93 3.35 0.230
Recreation 28.07 19.34 8.73 29.22 28.33 0.89 0.065
10.22 8.64 1.58 -1.80

Total SIP score

within one category, e.g. the category

10.28

y: shows the change in quality of life, i.e. before minus after, with positive values indicating an improvement in quality of life.
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Table 5. — Health-related quality of life measured by the EuroQol instrument (mean) before and after the trial

L (n=25) C/C (n=20) yC/C-yL
Category/dimension Before After y Before After y p-value
Mobility 1.35 1.31 0.04 1.21 1.21 - 0.394
Self-care 1.00 1.00 - 1.00 1.00 - 0.110
Usual activity 1.78 1.74 0.04 1.71 1.50 0.21 0.298
Pain/discomfort 1.79 1.70 0.09 1.87 2.00 -0.13 0.069
Anxiety/depression 1.31 1.19 0.12 1.35 1.41 -0.06 0.061
Better/worse 2.15 1.81 0.34 222 2.00 0.22 0.185
Scale 50.76 53.40 -2.64 53.53 53.29 0.24 0.217

L: liquid oxygen treatment group; C/C: oxygen concentrator treatment group. y: change in quality of life, i.e. before - after.

in fact very similar regarding quality of life. A recent study
[14] compares outcome measures for patients with COPD
in an outpatient setting. The results suggest that the Euro-
Qol is less appropriate for use in this patient group, al-
though the EuroQol rating scale was responsive to health
changes. In this study, the SIP scores indicate that liquid
oxygen appears to have a better impact on QoL compared
to the concentrator and small cylinders for ambulation in
mobile patients with LTOT.

The finding that LTOT with a concentrator did not im-
prove QoL is in complete accordance with the results of
Okusapeio et al. [7], who found no improvement after 6
months of concentrator treatment in 23 COPD patients
with a Pa,0, on air of <7.3 kPa, or <8.0 kPa when evidence
of cor pulmonale was present. These patients (15 females,
eight males) had a similar degree of hypoxaemia and a
mean forced expiratory volume in one second (FEV1) of
0.75 L. The mean FEV1 value for our COPD patients was
0.91 L, a higher value that might be explained in part by
the higher proportion of males in our trial. The higher
FEV1 value and better SIP values in our patients in this
study could also be explained by the fact that only patients
who were regularly active outside the home were selected.
It would have been pointless to investigate the effect of a
more expensive treatment in patients who could not bene-
fit from its advantages.

A significant difference in change in QoL between the
treatment groups was found. For mobile patients, regu-
larly active outside the home, it is therefore thought that L
is a better treatment alternative than C/C. This significant
difference was found in patients with COPD and a Pa,0, of
<7.4 kPa, a patient group with unquestionable survival
benefit from LTOT [4, 5, 16]. This was not found in
patients with less severe hypoxaemia, some of whom had
other reasons for receiving LTOT.

Improvement in QoL during LTOT could be explained
by better neuropsychiatric functioning [17, 18] or some
other effect of oxygen on an organ in a hypoxaemic
patient [19, 20]. In some patients, oxygen during exercise
improves dyspnoea and/or exercise performance, import-
ant improvements for patients with severe dyspnoea on
exertion [21]. Lightweight, attractive mobile oxygen equip-
ment used outside the home could improve QoL both by
being used during exertion and by being used during every-
day activities.

The number of patients with COPD is increasing in
many countries. In the USA, for example, it is now one of
the main causes of death. The proportion of males and
females starting LTOT in Sweden was approximately eq-
ual in 1995. Since then, smoking and the incidence of lung

cancer have decreased in males, whereas both have in-
creased in females. An increase in the number of females
with chronic hypoxaemia in Sweden can therefore be ex-
pected.

In conclusion, liquid-oxygen treatment is more expen-
sive than concentrator treatment. However, treatment effects
show that liquid oxygen has a better impact on the patients
quality of life. A transfer from concentrator treatment to
liquid oxygen would increase the costs of financing bod-
ies but would also lead to a higher goal fulfilment in the
healthcare sector.

Acknowledgements: The authors thank A. Nordlund at
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