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Savings obtained using an oxygen
economizer device: a cost-minimization
analysis
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ABSTRACT: Savings obtained using an oxygen economizer de-
vice: a cost-minimization analysis. M. Nert, L. Fedi, A. Spanevelio,
G, Mazucchelli, M. Grandi, M. Ambrosetti, 8. Conti, G.B. Migliori.

As liquid oxygen represents a relevant burden on health-
care systems, different methods have been developed to
reduce oxygen consumption, including economizers.

The aims of the study were: 1) to evaluate the efficacy of
an economizer device (Companion 5 Oxygen Saver) in a sig-
nificant sample of patients, and 2} to perform cost-mini-
mization analysis of the possible savings to be obtained using
the device. The study was designed as an open, prospective
clinical frial in which equivalence in haemoglobin saturation
with and withont the economizer device was demonstrated,
preliminary to cost-minimization analysis in patients affected
by restrictive and obstructive lung disease. Patients were to
use their usual G, flow, provided it was able to guarantee a
satoration of 290% and an arterial oxygen tension (Pa,0,) of
28.0 kPa (60 mmHg) during rest, sleep and exercise with and
without the economizer (mean value and different saturation
ranges compared by means of parametric or nonparametric
tests where appropriafe). The average unit cost was calculat-
ed with and without the economizer, based on the average unit
O, consumption, and cost-minimization analysis was performed.

In 29 patients enrolled, the mean (+sp} O, flow in L-mint
was 1.5+0.6 during sleep, 1.4+0.6 during rest and 2.3£1.1
during exercise. The mean oxygen saturation during sleep
was 91.2+19.5% without and 97.2+3.9% with the economizer
device (p=0.09), the mean saturation during rest was 88.8+
22.7% withont and 92.1+14.9% with the economizer device
{p=0.42), and the mean saturation during exercise was 84.7+
19.3% without and 91.8+15.9% with the economizer device
(p=0.04). The total daily O, consumption was significantly
lower uvsing the economizer device (2,384+950.3 versus
93.0+482.9 L, p<0.001). '

The potential savings, estimated per patient per year,
were 530,114:+184,233 L, corresponding to US$2,492+866.
During the first year the total unit savings would be US$
1,802,

The savings, consistently relevant alongside the whole
range of variation explored by sensitivity analysis both dur-
ing the first and the following years, justify considering the |
adoption of similar economizers on a larger scale, although |
further studies should be performed fo evaluate whether or !
not liquid exygen really represents the most costi-effective :
method of treating hypoxaemic patients. :
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Liguid oxygen represents a relevant burden on
healthcare systems [1], particularly in countries
where concentrators are not widely used, such as
Italy. The standard nasal prong steady-flow O,
delivery method is very wasteful of O, since the
patient exhales during two-thirds of the cycle and
only 30-40% of the inspired gas participates in
ventilatory gas exchange [1]. Different methods
have been developed to reduce O, consumption,
including economizers [2]. They are designed to
deliver O, during the early inspiration phase only
{2]. The etficacy of the devices have been demon-
-strated in"several studies performed-in hypoxaemic
patients with restrictive (interstitial lung disease
(1LD)) and obstructive (chronic obstructive lung

disease (COLD)) lung disease [2-4]. Cost-mini-
mization analysis is a complete economic analy-
sis in which the consequences of two or more
alternatives are examined alongside costs, and are
shown to be equivalent [5]. Since the cost-mini-
mization analysis can be carried out without ambi-
guity if it is based on existing medical evidence
of effectiveness, and the published studies are based

on small sample sizes, the aims of this study were: .
1) to evaluate the efficacy of the economizer device
(Companion 5 Oxygen Saver; Puritan-Bennet, Over-
land Park, KS, USA) in a significant sample of pa-

ents, and 2) to perform economic (cost-minimization)

analysis of the possible savings to be obtained using .
the device. o
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Patients and methods

Study design

The study was designed as an open, prospective
clinical trial in which equivalence in haemoglobin
suturation with and without the economizer device
wus demonstrated preliminary to cost~-minimization
analysis. The study was performed in patients admit-
ted to the Dept of Preumology, Fondazione S. Maugert,
Tradute (Italy) between June [, 1995 and November
30, 1996. The study wus approved by the Ethics
Committee of the Fondazione Maugeri and each
patient signed an appropriate consent form,

Patients

A significant sample of consecutive patients affect-
ed by COLD and ILD, in stable condition (no modi-
fications of O, flow and infective exacerbations in
the previous 2 months) was enrolled.

Patients were 1o use their usual O, flow, provid-
ed it was able to guarantee a saturation of 290% and
an arterial oxygen tension (Pa0,) of 28.0 kPa (60
numHg)} during rest, sleep and exercise. Saturation
with and without the economizer was measured vig
oximetry during rest, sleep and exercise. The foi-
lowing exclusion criteria were applied: respiratory
insufficiency requiring ventilatory support; saturation
<90% and/or Pa0, of 28.0 kPa (60 mmHg) at enrol-
ment; severe hean discase and/or general conditions
contraindicating the execution of a walking test [6,
71. The protocol is summarized in table 1.

Equipment

Arterial blood was sampled vig radial artery punc-
ture; pH, Pa0,and arterial carbon dioxide tension
(PaCO,, were measured using a blood gas analyser
(ABL 330; Radiometer, Copenhagesn, Denmark), oxy-
haemoglobin saturation was measured and recorded

- by means of an Oximeter Alpa, Nonin 8800 (Nonin

|
!
l

(WS ]

Medical, Inc., Plymouth, MN, USA). O, flow to the

Table 1. — Tests performed on patients enrolled in the
cost-minimization analysis

Day
1* Clinical evalnation, blood gases analysis (at rest),
spirametry, electrocardiography
2+ Walking test, evaluation of O, flow adequacy dur-
ing exercise
3 Evaluation of O, samrauon (at rest and dunng sleep)

~ with or without the econemizer device -
6-min standardized treadmiil test with or without
the economizer device
4 Evaluaticn of long-term pxygen thcmpy (LTOT)
side-effects (with or without econmmzer dcvu.e)
by means of & questibnnaire
Al examinations repeatec[ wnhout or with lhe econa- :
o mizer:device, :
5 Evaiuauun of LTOT side- cffccts (with or w1th0ut
- economizer devlce) by means of a questionsiaire

[ *: admission; ,+:‘.enmlment,ﬂnd,mndomlzauqn.. i

putient wus measured by means of a laminar fow
element in the cannula for both contintous and demand
flow [3]. O, utilization was determined by monitor-
ing the O, supply cylinder pressure readings upstream
from the gas regulators and using an appropriate
multiplier to determine the 0O, volume delivered dur-
ing rest, sleep and exercise {3]. The economizer device
(Compamon 5 Oxygen Saver} utilizes a standard nasal
cannula for O, administration, delivering a pulse of
O, in response to 4 negative pressure, within the can-
nuly, of -0.04 cmH,0. Total O, delivery-min'! was
determined by the prescribed oxygen flow rate. The
volume of each O, pulse was continuously adjusi-
ed by the device in response to the sensed trend 1n
respiratory frequencies such that the total O, deliv-
ered to the patient each minute remalned constant
[3]. Three safety mechanisms are incorporated, pro-
tecting the patient in case of low or high respiratory
frequencies (<8 or >50 breaths-min’!, respectively,
with provision of additional O,) or failure of power
or the sensing device (delivering continuous O, flow)

(3.

Evaluation of side effects

The presence of side-effects due to O, therapy
was evaluated by means of a questionnaire the momn-
ing following the administration of oxygen with or
without the device (table ).

Statistical analysis

The choice to start oximetry with or without the
economizer was based on a randomization list [8]
derived from a table of randomized numbers [9].
The sample size protecting from a type H error with
85% power is 35 (estimated difference of clinicat
relevance 3%, estimated sp 0.03; standardized dif-
ference 1; significance level 0.03) {10}. Data were
recorded in a database and analysed using Statgraphics
Statistical Package (version 6.0; Manugistics, Rockville,
MD, USA). Evaluation of effectiveness was per-
formed by comparing saturation results obtained with
and without the economizer during sleep, rest and
exercise (mean value and different saturation ranges)
by means of parametric or nonparametric tests where
appropriate.

Cost-minimization analysis

The average unit cost was calculated with and
without the economizer, based on the average unit
oxygen consumption, and cost-minimization analy- -
sis was performed. The economic evaluation, based
on the mean data derived from the sample, allowed
calculation of the savings that can be achieved per
patient per year. The cost of the economizer device
(US$600) was discounted over the first year. To
estimate the societal perspective, the savings per
100,000 population were determined separately in
the Tradate district (43 patients on O, treatment out -
of 61,765 inhabitants) and in the whole Lombardy |
region (3,700 patients on O, treatment out of !

~8,856,074 inhabitants). The data-concerning the
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number of patients on oxygen therapy were deriv-
ed from the official register of the Lombard region,
1996. Sensitivity analysis was performed by vary-
ing the oxygen consumption and costs over an ap-
propriate range of values.

Results

Twenty nine patients (’75 COLD, 4 ILD) out of 35
enrolled completed the planned examinations (table
2). The mean+sp O, flow in L-min-! was 1.5+0.6 dur-
ing sleep, 1.4+0.6 during rest and 2.3x1.1 during
exercise.

Evaluation of effectiveness

The mean oxygen saturation during sleep was
01.2419.5% without and 97.2+3.9% with the econo-
mizer device (no difference, p=0.09). The mean sat-
uration during rest was 88.8£22.7% withoul and
32.1£14.9% with the economizer device (no differ-
ence, p=0.42). The mean saturation during exercise
was 84.7x£19.3% without and 91.8+15.9% with the
economizer device (no difference, p=0.04).

Evaluation of side-effects

Nobody referred to side-effects due to O, treat-
ment either with or without the economizer device.

Cost-minimization analysis

The total daily O, consumption was significant-
ly lower using the economizer device (2,384+950.3
versus 931.01482.9 L, p< 0.001). The total O, sav-
ings using the economizer were ~39% (table 3).

The potential savings, estimated per patient per
year, were 530,114x184,233 L, corresponding to
US5$2,492+866. During the first year the total unit
savings would be US$1,892.

The potential savings per 100,000 population in
the Tradate District would be US$132,408 during
the first year and US$174,408 in the following. When

calculated for the whole Lombardy region the sav- |

ings would be US$79,445 during the first year and
US%$104,645 in the following.

The total potential savings achievable with the gen-
eral adoption of the economizer would be US$80,000
during the first year (and US$100,000 in the follow-

ing) in the Tradate district and US$7 million during |

the first year (and US$9.2 million in the following)
in the Lombardy region.

DISCIJSSIDII

The aim of thls study was 1o evaluate the efﬁ—
cacy of the economizer device Companion 5 Oxygen
Saver in a significant sample of patients and to per-
form a cost-minimization analysis of the possible
savings achievable using the device.

The results of the study indicate that: 1) using
the economizer device, the saturation levels obtained
during sleep, rest and exercise are not significantly
different from those obtained with a continuous O,
flow in a sample of patients large enough to protect
from II type error; and 2) use of the device allowed
O, economies of approximately 39%, corresponding
to 18,400 L-yr!, with monetary savings of

US$2,491-patient-yr-! (US$1,891 during the first year). |

The potential savings per 100,000 population are

>US$100,000-yrt.

Other authors [11-16] have previously proved
the efficiency of demand oxygen systems during
seated rest and exercise. The results of the present |

study are similar to those of Bower et al. [3] who,

in a small sample (six) of hypoxaemic patients, found 4
savings ranging from 39% during sleep to 45% dur-

ing rest, using the same device.
The present study represents the first attempt to

estimate, according to the principles of cost-mini- ¢

mization analysis, the potential savings achievable

by comparing two equivalent methods (continuous

versus demand flow) of administering liquid oxy-

gen to a significant sample of hypoxaemic patients.

The savings, consistently relevant alongside the
whole range of variation explored by sensitivity
analysis during both the first and the following years,
justify consideration of the adoption of similar econo-
mizers on a larger scale, although further studies
should be performed to evaluate whether liquid O,

really represents the most cost-effective method of -

Table 3. - Total daily _t_)XYgen consu'f_nption with and without the economizer device during sleep, rest and exercise

Period -+ 'With ecopomizer

_ o .W'i.ttl:l_out economizer
“Sleep T 328241896 | 83303807
Rest -~ 3101x1563 796.0£321.7
- Exercise- ...293.4%186.4 7755043792 -
031.6482.9 -

Total

'2,3844950.9
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treating hypoxaemic patients. The conclusion is
strengthened by the absence of observed side-effects
during the use of the economizer.
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