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Oxygen therapy can be life-saving for patients with chronic obstructive
pulmonary disease (COPD) and is the backbone of any acute COPD
treatment strategy. Although largely considered to be a benign drug,
many publications have highlighted the need to accurately adjust oxygen
delivery to avoid both hypoxemia and the problem of hyperoxia-induced
hypercapnia. Recent clinical data have shown that the deleterious effects
of excess oxygen treatment can not only alter carbon dioxide levels (which
has been known for more than 60 years) but can also lead to an increase
in mortality. Nevertheless, despite the extensive literature, the risks associ-
ated with hyperoxia are often overlooked and published clinical recom-
mendations are largely ignored. This failure in knowledge translation has
become increasingly important not only because of the desire to reduce
medical error, but in a society with limited health care resources, the
economic burden of COPD is such that it cannot afford to make prevent-
able medical mistakes. Recently, novel devices have been developed to
automatically adjust oxygen flow rates to maintain stable oxygen satura-
tions. These closed-loop oxygen delivery systems have the potential to
reduce medical error, improve morbidity and mortality, and reduce health
care costs. Preliminary data in this field are promising and will require a
significant amount of research in the coming years to determine the pre-
cise indications for these systems. The importance of appropriate oxygen
dosing and the current literature regarding novel oxygen delivery systems
are reviewed.
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Ajustement des débits d’oxygene chez les patients atteints
de maladie pulmonaire obstructive chronique. Un rdle
pour les systémes automatisés d’oxygénothérapie ?

Loxygénothérapie diminue la mortalité chez les patients atteints de mala-
die pulmonaire obstructive chronique et il est un des traitements clé au
cours des exacerbations aigues. Bien que largement considéré comme étant
un traitement inoffensif, de nombreuses publications ont souligné la néces-
sité d’ajuster avec précision l'apport d’oxygéne pour éviter a la fois
I'hypoxémie et le probleme de 'hypercapnie induite par ’hyperoxie. Des
données cliniques récentes ont montré que l'exces d’oxygeéne peut aug-
menter les niveaux de dioxyde de carbone (ce qui est connu depuis plus de

60 ans), mais peut aussi conduire a une augmentation de la mortalité.
Pourtant, en dépit de I’abondante littérature, les risques associés a
I'hyperoxie sont souvent négligés et les recommandations cliniques pub-
liées sont largement ignorées. Cet échec dans le transfert des connaissances
est devenu de plus en plus problématique, non seulement en raison de la
volonté de réduire les erreurs médicales, mais également au plan
économique. Dans un systéme de santé sous pression, le fardeau économique
de la maladie pulmonaire obstructive chronique est tel que nous ne pou-
vons nous permettre de faire des erreurs médicales évitables. Récemment,
de nouveaux dispositifs ont été mis au point pour ajuster automatiquement
les débits d’oxygene pour maintenir la saturation en oxygene stable. Ces
systemes automatisés de I'ajustement de I'oxygene ont le potentiel de rédu-
ire les erreurs médicales, d’améliorer la morbidité, la mortalité et pourrait
réduire les cotts de la santé. Les données préliminaires dans ce domaine
sont prometteuses mais nécessiteront de nouvelles recherches afin de
déterminer les indications précises pour ces systémes. Nous passerons en
revue I'importance du dosage d’oxygene appropriée ainsi que la littérature
émergente entourant les nouveaux systémes d’administration d’oxygene.

Deleterious effects of hyperoxia in patients with chronic obstruct-
ive pulmonary disease (COPD) are often overlooked despite
abundant literature regarding the subject (1). Recently, novel closed-
loop oxygen delivery systems have been developed with the potential
to optimize oxygen titration and reduce complications associated with
oxygen therapy (2).

METHODOLOGY

A literature search and review for the most significant articles
regarding hyperoxia-induced hypercapnia were conducted (3-8). Past
and present evidence are discussed, including a recent randomized
controlled trial demonstrating the impact of hyperoxia in patients
with acute respiratory failure on mortality in the prehospital setting
(9). Preliminary data regarding new devices that automatically titrate
oxygen flow to maintain constant oxygen saturation (2,10-12) are also
reviewed.

OXYGEN THERAPY IN COPD:
A FAILURE IN KNOWLEDGE TRANSFER
Risks associated with both hypoxemia and hyperoxia have been well
described and, consequently, accurate adjustment of oxygen flow rates
in COPD patients is of particular importance. However, to date, due to

limited advancements in technology as well as slow knowledge trans-
fer, this goal remains elusive. The risks of hyperoxia, especially induced
hypercapnia, although known since 1949 (6), are often overlooked;
Beasley et al (1), however, have recently sounded the alarm bell. The
first recommendations to adjust oxygen supply were published in 1967
by Campbell (4). Several medical societies have issued similar recom-
mendations (5,7); however, these recommendations are often not fol-
lowed (13,14). Reasons are likely multifactorial and are due, at least in
part, to an underappreciation of the problem, especially in emergent
situations and during prehospital transport. The recent demonstration
in a large randomized controlled trial of excess mortality due to over-
oxygenation during prehospital transport (9) has revived the discus-
sion regarding the potential harm of oxygen therapy (1).

CLINICAL IMPACT OF EXCESSIVE OXYGENATION
DURING EXACERBATIONS OF COPD
Oxygen therapy is the most frequently administered emergency treat-
ment in hospital and during prehospital care (7). The adverse effects
of hyperoxia are well known in patients with COPD and are particu-
larly marked during exacerbations (3,8) (Figure 1). Plant et al (8)
assessed the frequency and impact of respiratory acidosis in 983 COPD
patients admitted to the emergency department. Respiratory acidosis
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Figure 1) Impact of 30 min of oxygen at 5 L/min on the average values of
partial pressure of carbon dioxide (PaCO,) in 12 patients with chronic
obstructive pulmonary disease (COPD) studied at steady state (solid
squares) and during exacerbation (open circles). Hypercapnia induced by
hyperoxia was significantly higher during acute exacerbations. Adapted from
reference 3
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Figure 2) Annual hospitalizations and readmissions for major chronic diseases
according to data from the Canadian Institute for Health Information (16).
COPD Chronic obstructive pulmonary disease

on arrival was present in 20% of patients and was strongly correlated
with the partial pressure of arterial oxygen, and significantly increased
the risk of hospital death (6.9% versus 12.1% in patients without versus
with respiratory acidosis). More recently, in a large randomized con-
trolled study, Austin et al (9) demonstrated that excess oxygen treat-
ment increases mortality in COPD patients. In that study, 405 patients
with an exacerbation of confirmed or presumed COPD were treated in
ambulances with either high-flow oxygen (8 L/min to 10 L/min) or with
oxygen flows adjusted to target an oxygen saturation (SpO,) of between
88% and 92%. The mortality rate was significantly reduced in patients
with confirmed COPD treated with adjusted oxygen flows (9% in the
high-flow arm versus 2% in the adjusted-flow arm; P=0.04) (9). Given
the effects of hyperoxia on morbidity and mortality in COPD patients
(8,9), failure to comply with the recommendations to accurately adjust
oxygen flow in patients with COPD could result in avoidable medical
complications and significant added costs for the health care system.

ECONOMIC BURDEN OF ACUTE
EXACERBATIONS OF COPD
Changing clinical practice in response to research data, known as
knowledge translation, is difficult in many areas of medicine, resulting
in excess morbidity and mortality and significant additional financial
cost (15). This additional cost is difficult to quantify but is related to
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2 ( 8) Figure 3) Typical variations at rest, of oxygenation (oxygen saturation

[SpO,] tracing in black) and oxygen flow (in gray) in a chronic obstructive
pulmonary disease patient hospitalized for an exacerbation. Oxygen is deliv-
ered with constant flow (upper panel) and with a closed-loop system set to
maintain an SpO, at 91% (lower panel). SpO, data are provided every
second and are not filtered

the incidence of noncompliance with current guidelines and propor-
tional to the prevalence of the disease. Recent statistical data regarding
hospitalizations in Canada from the Canadian Institute for Health
Information show that COPD is now associated with the highest rate
of hospitalization among the major chronic diseases in Canada (16)
(Figure 2). The total cost of COPD exacerbations is expected to
exceed $1 billion dollars annually by 2015 (17). Considering the eco-
nomic burden of COPD, the strict control of oxygen flow rates should
not be considered a minor problem. Thus, treatments that can be eas-
ily modified to limit morbidity and mortality have the potential for
significant cost savings.

FACILITATED KNOWLEDGE TRANSLATION VIA
AUTOMATED OXYGEN THERAPY

With regard to oxygen therapy, despite more than 50 years of research,
transfer of knowledge to clinical practice to adequately adjust oxygen
levels and minimize oxygen toxicity has been a failure (1). Current
practice requires manual adjustments of oxygen flow rates via ‘oxygen
flowmeters’. The first report describing the use of an oxygen flowmeter
was published in 1910 (18) and, since then, few innovations have
occurred in the field of oxygen therapy. However, technological
improvements have now allowed the use of more sophisticated devices
to titrate oxygen therapy. One possible modern solution to facilitate
knowledge transfer is to automate repetitive and relatively simple
medical tasks. The adjustment of oxygen via a closed-loop system is
promising. In such systems, the main parameter taken into account is
SpO,, which continuously feeds the algorithm. A proportional inte-
gral controller adjusts the oxygen flow within a range (that differs from
one device to another), with the aim of maintaining the SpO, within
a predefined target that can be set by the clinician. Three systems that
attempt to achieve this goal have recently been developed (2,10-12)
(Figures 3 and 4); however, only preliminary data are available.

In one study, the authors evaluated a closed-loop system (O2
Flow Regulator, Dima, Italy), adjusting oxygen during exercise in
COPD patients while receiving long-term oxygen therapy (10). The
mean (+ SD) SpO, was 95+2% with automated adjustment and
93+3% with manual adjustment (P=0.04). A reduction in the respira-
tory therapists’ workload was documented with automated adjustment
compared with manual adjustment (2.0+0.1 min versus 5.6+3.7 min;
P=0.005). In another study with a similar device (AccuO2, Optisat
Medical, USA) set to target a SpO, of 90%, the mean SpO, was sig-
nificantly different (90.7+1.9% versus 92.4+3.6% versus 92.2+4.4%)
compared with traditional systems of oxygen delivery (12). In
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addition, this system allowed for a reduction in oxygen consumption.
The FreeO, device (Oxynov, Canada) was validated in a preliminary
study involving healthy volunteers under conditions of moderate
hypoxemia (11) and in COPD patients during exercise.

These systems have the potential to decrease health care costs by
minimizing the risks of hyperoxia and associated complications caused
by the inadvertent administration of high-flow oxygen. In addition,
these systems allow for automated oxygen weaning and remote monitor-
ing, which may facilitate early hospital discharge following exacerba-
tions of COPD. Such strategies have the potential to substantially
decrease the related health care costs given that hospitalizations repre-
sent the main cost associated with severe exacerbations of COPD (17).

RECOMMENDATIONS FOR CLINICAL PRACTICE

AND FUTURE RESEARCH
Oxygen therapy can be life-saving; however, too much of a good
thing can be harmful. Given the accumulation of recent data, clin-
icians should titrate oxygen therapy to avoid both hypoxia and
hyperoxia. Modern oxygen delivery systems may help achieve accur-
ate oxygen delivery in the future. The potential benefits of auto-
mated oxygen titration may exist for both patients (better control of
oxygenation, better monitoring) and for the health care system
(reduced workload, improved monitoring with fewer adverse events,
better compliance with recommendations, reduced oxygen use and
early hospital discharge following exacerbations of COPD). However,
additional data are required to demonstrate the safety of these sys-
tems in different settings (prehospital transportation, emergency,
hospital and home care) and cost/benefits of such systems should be
adequately demonstrated.
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Figure 4) Typical variations during exercise, of oxygenation (oxygen sat-
uration [SpO,] tracing in black) and oxygen flow (in gray) in a chronic
obstructive pulmonary disease patient hospitalized for an exacerbation.
Oxygen is delivered with constant flow (upper panel) and with a closed-loop
system set to maintain an SpO, at 91% (lower panel) . SpO, data are pro-
vided every second and are not filtered. With constant oxygen flow, the
patient was required to stop exercising twice (arrows)
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