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ABSTRACT: Long-Term Oxygen Therapy in COPD:
evidences and open questions of current indications.
A. Corrado, T. Renda, S. Bertini.
Long term oxygen therapy (LTOT) has been shown to
improve the survival rate in Chronic Obstructive Pulmonary Disease (COPD) patients with severe resting hypoxemia by NOTT and MRC studies, published more
than 25 years ago. The improved survival was found in patients who received oxygen for more than 15 hours/day.
The effectiveness of LTOT has been documented only in
stable COPD patients with severe chronic hypoxemia at
rest (PaO2<55 mmHg (7.3 kPa) or PaO2 ranging from 56
to 59 mmHg (7.4-7.8 kPa) in presence of signs of Cor Pulmonale, hematocrit >55%. In fact no evidence supports
the use of LTOT in COPD patients with moderate hypoxemia (55<PaO2<65 mmHg), and in those with decreased
oxygen saturation (SO2<90%) during exercise or sleep.

Furthermore, it is generally accepted without evidence
that LTOT in clinical practice is warranted in other forms
of chronic respiratory failure not due to COPD when arterial blood gas criteria match those established for COPD
patients. The prescription of oxygen in these circumstances, as for unstable patients, increases the number of
patients receiving supplemental oxygen and the related
costs. Comorbidities are likely to affect both prognosis and
health outcomes in COPD patients, but at the moment we
do not know if LTOT in these patients with complex
chronic diseases and mild-moderate hypoxemia could be
of any use. For these reasons a critical revision of the actual guide lines indications for LTOT in order to optimise
effectiveness and costs, and future research in the areas
that have not previously been addressed by NOTT and
MRC studies, are mandatory.
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Introduction
Oxygen as a therapeutic agent was introduced
in clinical practice about 70 years ago. It has been
reported [1] that in the USA close to 800,000 patients receive long-term oxygen therapy (LTOT) at
a cost of approximately $1.8 billion annually and
that [2] worldwide, several hundred of thousands
of patients receive LTOT, following the recommendation of international documents [3-5].
It has been estimated that in Italy about 5060,000 of patients receive LTOT with a global
burden for the national health system (Servizio
Sanitario Nazionale, SSN) amounting to about
Euro 250,000,000/year. The large numbers of patients receiving supplemental oxygen as treatment
and the high costs incurred in providing oxygen
therapy is a crucial problem for the National
Health Systems worldwide which obliges the scientific community to carry out a critical revision
of the actual indications for LTOT as well as the
effects of LTOT on survival and other outcomes.
The evidence supporting this increased use of
oxygen therapy and its actual indications are
based on two landmark, prospective and ran-

domised clinical trials published more than 25
years ago [6, 7]. These studies showed that stable
COPD patients, recruited according to pre-established inclusion criteria, live longer when they receive domiciliary LTOT for more than 15
hours/day. The stability of underlying chronic disease before commencing LTOT is crucial. In fact
many COPD patients are prescribed oxygen therapy because they are hypoxemic at discharge from
hospital after exacerbation of an underlying respiratory disease, despite an absence of data to support short-term or longer term benefits of oxygen
therapy [8]. After acute exacerbations of COPD
approximately 30-38% [9, 10] of patients improved PaO2 values merely by optimising medical
management to the extent that they no longer fulfilled the selection criteria for LTOT. It has been
reported, that reassessment of the indication for
LTOT after some months of clinical stability reduced significantly the number of patients who
would be eligible for LTOT soon after an episode
of exacerbation [11]. In order to optimise oxygen
use is advisable that patients should be reassessed,
both at 3 months and at approximately one year
after commencing oxygen therapy [11].
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The effectiveness of LTOT in improving survival has been documented only in COPD patients
with severe chronic hypoxemia (PaO2 less than 55
mmHg (7.3 kPa) or PaO2 ranging from 56 to 59
mmHg (7.4-7.8 kPa) in presence of signs of cor
pulmonale, hematocrit >55%). The recommendations for LTOT have been subsequently extended,
albeit without solid evidence, to COPD patients
with PaO2>60 mmHg at rest with decreased oxygen saturation during exercise or sleep [4, 8, 12].
Furthermore, it is generally accepted without
evidence that LTOT in clinical practice is warranted in other forms of chronic respiratory failure
such as pulmonary fibrosis, kyphoscoliosis, cystic
fibrosis when arterial blood gas criteria are similar
to those established for COPD patients. This aspect may contribute, albeit marginally, to the increasing use and cost of oxygen.
In light of all these considerations and given the
increasing cost of therapy for COPD [13, 14] it is
clear that a reassessment of evidence supporting the
extensive prescription of LTOT is needed, particularly for COPD patients with co-morbidities, mildmoderate hypoxemia, exercise and sleep desaturation. Therefore, the aim of this review is to address
the open questions regarding LTOT prescription
and possible future clinical research in this field.
Hypoxemia: Physiologic Consequences
Hypoxemia induces several physiologic responses in order to maintain adequate oxygen delivery to the tissue but prolonged compensatory
mechanism may have detrimental long-term effects [7, 6, 15-17]. If untreated, hypoxemia often
progress to tissue hypoxia, which may result in adverse effects on vital organ function and in structural and permanent damage. Hypoxemia (PaO2
below 55 mmHg) increases ventilatory drive in order to increase PaO2 values with a reduction of arterial levels of PaCO2. The negative consequence
of this mechanism is an increase in difficulty
breathing. Hypoxemia induces peripheral vascular
beds dilatation with consequent increase in heart
rate and cardiac output in order to improve oxygen
delivery; the regional pulmonary vasoconstriction
due to alveolar hypoxia tries to improve the ventilation perfusion matching. High levels of erythropoietin due to persistent hypoxemia with consequent erythrocytosis from one hand increases oxygen carrying capacity and in the other hand the
hematologic viscosity. All these mechanisms can
cause detrimental long-term effects such as pulmonary hypertension, right ventricular failure and
polycythemia [1, 17].
Oxygen Treatment
Supplemental oxygen can reverse hypoxaemia
and prevents tissue damages due to acute and
chronic hypoxia. Oxygen therapy represents an essential part of treatment in the care of COPD patients with chronic respiratory failure.
The long term administration of oxygen improves life expectancy in these patients [6, 7],

functional and clinical outcomes such as pulmonary haemodinamics, cognitive function [6].
The mechanism by which oxygen use improves
survival is not yet completely understood.
Several studies have attempted to find potential prognostic factors in patients receiving longterm oxygen therapy. These factors included age
[18, 19], the severity of airway obstruction [20],
the presence of pulmonary hypertension [15, 21],
hypercapnia [7, 18, 19, 22].
In general, it has been reported that variables
reflecting the severity of COPD, such as reduction
of PaO2 or increased PaCO2 values, lower FEV1
and elevated mean pulmonary artery pressure correlate inversely with survival [18-24]. LTOT has
also been shown to have a number of important
physiological benefits, but data including healthrelated quality of life or reduction in disease exacerbations is very scarce.
Effects of Long Term Oxygen Therapy
on Mortality
Severe hypoxemia
Early uncontrolled studies have shown a reduction in mortality in patients with COPD, cor pulmonale, and severe hypoxemia with the use of continuous oxygen therapy for some months [25, 26].
The data showing the effects of LTOT on survival and physiologic function in patients with severe COPD derived from two landmark controlled
studies [6, 7]. In the MRC trial survival was
favourably influenced by oxygen use for at least
15 hours/day. At three years, mortality was 45.2%
in the oxygen treated group and 66.7% in controls
and appeared to be highest in the subgroup of patients who had highest PaCO2 and red cell mass at
baseline. In the NOTT COT study patients with
COPD were randomly allocated to receive either
continuous (mean 17.7 hours/day) versus nocturnal oxygen therapy. Mortality for the nocturnal
oxygen therapy group was significantly higher
than that for the continuous oxygen therapy group
(20.6% at 12 months and 40.8% at 24 months vs
11.9% and 22.45 respectively). In table 1 the main
characteristics and outcomes of the two studies are
reported.
These studies are not fully comparable. Patients in the MRC study were more severe regarding resting hypercapnia and pulmonary hypertension. Furthermore, many patients in the MRC
study continued to smoke even after enrolment into the trial, but no data has been reported in either
study to ascertain whether smoking status or cessation affects the outcomes. Finally, the MRC
study found no statistically significant impact of
oxygen therapy including the sleeping hours versus no oxygen treatment on physiologic variables,
whereas the NOTT study found a statistically significant decrease in pulmonary vascular resistance
and hematocrit associated with continuous oxygen
therapy. Despite the differences reported, these
two prospective and controlled studies established
that continuous oxygen therapy for more than 15
35
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Table 1 - Comparison of MRC and NOTT-COT Trials
Study

MRC 1981
(Ref. 7)

NOTT 1980
(Ref. 6)

Age (years)

42-69

>35

Patients, n°

87

203

Study design

Randomised, Prospective, controlled

Randomised Prospective, controlled, not blinded

No O2 vs > 15 Hrs/day
including the sleeping hours

nocturnal O2 vs continuous O2

0.58-0.76 L

29% predicted

24

20-23

PaO2, mmHg

49-51

51

PaCO2, mmHg

55-60

43

PAPm, mmHg

32-35

30

Hours of O2/die

0 vs 15

12±2.5 vs 17.7±4.8

Smoking status

25-52%

Not reported

Mortality, FEV1, FVC, PaO2 and PaCO2

Mortality, Quality of life
Cardiovascular parameters:
RAP, PAP, PWP, CI, SVI, PVR, RVSI

Protocol
FEV1
Female, %

Outcomes

CI: cardiac index; FEV1: Forced Expiratory Volume in One Second; FVC: Forced vital capacity; PaO2: arterial partial
pressure of oxygen; PaCO2: arterial partial pressure of carbon dioxide; PAP: pulmonary artery pressure; PVR: pulmonary
vascular resistance; PWP: pulmonary wedge pressure; RAP: right atrial pressure; SVI: Stroke volume index; RVSI: right
ventricular stroke index.

hours improved survival in severely hypoxemic
COPD patients with elevated hematocrit, pulmonary artery pressure, and carbon dioxide retention and that continuous administration of oxygen
is better than nocturnal alone. However, the causal
relationship of these results is not yet well understood.
Mild-Moderate Hypoxemia
The role of oxygen in COPD patients who do
not fulfil the criteria for continuous therapy is controversial. Gorecka et al [27] evaluated 135 patients with moderate hypoxemia (PaO2, 56-65
mmHg at rest) and advanced airflow obstruction
who were randomly allocated to receive no oxygen
therapy or LTOT. The cumulative survival rates for
the group at large were 88% at 1 year, 77% at 2
years, and 66% at 3 years. The authors found no
significant difference in the survival rates between
the two patient groups (treated with LTOT versus
control therapy). Patients who were younger, with
better lung function and higher body mass index
showed better survival.
The results of this study could be related to the
daily average use of oxygen for 13.5 hours in the
study group. This duration may be inadequate, because in COPD patients on long term oxygen therapy it has been reported an increase in pulmonary
36

vascular resistance when oxygen was stopped for
as little for 3 hours [28].
Perhaps in a sub group of mild-moderate hypoxemic COPD patients with other conditions
such as pulmonary hypertension, low body mass
index, poor exercise capability, frequent exacerbations, or comorbid cardiac disease, LTOT should
be advantageous in term of survival but no evidence has yet been reported [29].
Effects of Long Term Oxygen Therapy
on Functional and Clinical Outcomes
Pulmonary Hemodynamics
Pulmonary hypertension (PH), a common
complication of severe COPD and chronic hypoxemia, is associated with increased mortality [21,
30, 31], exacerbation rate and length of hospital
stay, independent of the degree of airflow limitation [32]. LTOT is a proven therapy for chronic hypoxemic COPD with pulmonary hypertension [6,
7, 15].
However, it has been suspected, but not clearly demonstrated, that the increased life expectancy
was due to the improvement of pulmonary haemodynamics. It is estimated that ≥20% of patients
with advanced COPD have pulmonary hypertension which occurs as mild to moderate but it may
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be severe and could be observed without severe
airflow limitation [33, 34]. The latter which occurs
in less than 5% of COPD patients [35] has been defined, in a recent study, as “out of proportion of
pulmonary hypertension” [33]. These patients frequently exhibit a distinctive clinical pattern which
shares similarities with other pulmonary vasculopathies, such as idiopathic pulmonary hypertension [33]. This suggests that other factors such as
inflammation, remodelling of pulmonary vessels,
in addition to alveolar hypoxia, contribute to the
development of different patterns of PH in COPD.
Currently there are no studies which emphasise the
effectiveness of LTOT in “out of proportion PH”
COPD patients.
Vasodilators with different mechanism of action have been employed to treat PH due to vasoconstriction, these drugs were tested mainly in idiopathic PH. A recent controlled trial has reported
that a 3 months period of treatment with a combination of pulsed inhalation of nitric oxide (NO)
and oxygen leads to sustained improvement in pulmonary haemodinamics in severe COPD patients
with secondary pulmonary hypertension compared
with oxygen treatment alone [36]. The addition of
oxygen to NO further prevents hypoxaemia, but it
remains to be determined whether pulsed NO/oxygen treatment will lead to an improvement of survival in these patients.
Further studies are required to determine the
causal relationship of long-term oxygen administration on pulmonary hemodynamics and mortality in COPD patients.
Hematocrit
Haemoglobin levels in COPD patients reflect
the balance between the stimulation and the depression of erythropoiesis induced by hypoxia and
chronic inflammation respectively. Recent studies
[37-40] have shown in severe COPD patients an
high prevalence of normochromic normocytic
anaemia type characteristic for diseases of chronic
inflammation [37]. The low levels of haemoglobin
appears to be due to resistance to the effects of erythropoietin, the concentration of which is elevated
in these patients [41]. In the NOTT study patients
with a high pulmonary vasculature resistance
(PVR) and hematocrit showed highest mortality.
After six months of treatment a significant reduction in PVR and hematocrit was seen but the longterm effects in terms of mortality is not known [6].
A recent retrospective [42] observational study
evaluated the distribution and prognostic value of
hematocrit in 2,524 patients with severe COPD
who were receiving LTOT. Also keeping in mind
the limitations of this study, it must be highlighted
that lower hematocrit values at commencement of
LTOT were associated with poor survival. Is not
clear from the data reported whether comorbidities
could have played a role on the haemoglobin level
and consecutively on the prognosis. Celli et al [43]
reported that among 207 patients studied for developing the BODE index, hematocrit was significantly lower in the COPD patients who died. How-

ever, the prognostic value of low haemoglobin levels in severe COPD patients and the effects of oxygen therapy on the production of erythropoietin remain to be evaluated by prospective studies.
FEV1 (forced expiratory volume in 1 second)
In a long term uncontrolled study of COPD patients in LTOT, Cooper [20] et al found that survival was clearly associated with the degree of
bronchial obstruction but not with pulmonary
artery pressure or total pulmonary vascular resistance. The benefit of LTOT was more pronounced
in the subgroup of patients with FEV1 higher than
30% of predicted but the difference in survival disappeared abruptly at then years of treatment. At
the moment there is few data to support the presumption that LTOT may influence the decline of
FEV1 [44, 45] and that FEV1 may be used to
screen patient candidates for LTOT [5, 46, 47].
Considering the frequent comorbidities associated
with COPD patients and the emerging role of
FEV1 as an independent predictor of all-causes
mortality [48] and as a strong risk factor for cardiovascular disease, stroke [49, 50], the effects of
LTOT on COPD-specific end-point such as FEV1
appears meaningless.
Neurophysiological performance
It is well known that chronic hypoxemia may
cause impaired judgment and progressive loss of
cognitive performance in COPD patients [1, 51,
52]. In chronic hypoxemic COPD patients LTOT
after six months of treatment was found to improve general alertness, motor speed, and hand
grip but not emotional status or the quality of life
[53]. Another study reported a slight positive influence of neuropshychological function, cerebral
blood flow velocity and autonomic function in
COPD patients after 3 months of LTOT [54]. The
sparse data on this topic warrants the use of oxygen for trying to improve COPD patient’s mental
function.
Quality of life
Health-related quality of life (HRQL), using
disease-specific health measures, is an important
clinical outcome for patients with severe COPD.
HRQL represents a crucial end-point for symptomatic severe COPD patients, given that in these
patients an improved HRQL may represent a better outcome than the possibility of living slightly
longer. Even if quality of life (QoL) is impaired in
COPD patients with hypoxemia, the effect of
LTOT on HRQL remains unclear. QoL was not addressed in the MRC trial whereas in the NOTT trial it was measured by the Sickness Impact Profile
(SIP), a questionnaire which measures the general
health status. An improvement in QoL after 6
months of treatment both in patients receiving continuous oxygen and in those receiving only nocturnal oxygen as a whole was reported [6]. This result
must be interpreted with caution giving that the
37
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analysis was not specific for the continuous oxygen group alone, did not include an untreated control group and furthermore the questionnaire used
is not specific for patients with respiratory diseases
[55, 56]. There are very few longitudinal studies
which have examined the effect of LTOT on QoL
and this is mainly due, for ethical reasons, to the
difficulty in incorporating into the study a placebo
control group. It has been reported that the potential restriction of mobility imposed by the modality of oxygen delivery may be an important factor
in modifying QoL. Okubadejo detected no significant changes in the QoL of patients with severe
COPD receiving oxygen therapy through oxygen
concentrators for 6 months [55]. Conversely, Andersson et al [57] showed improved HRQL in patients receiving liquid oxygen treatment and deterioration in those using concentrators in conjunction with small oxygen portable cylinders for mobility.
An important question is whether improvement in QoL can be related to the severity and
chronicity of hypoxemia in COPD patients. Shortterm use of ambulatory oxygen has been reported
to be associated with significant improvements in
HRQL in COPD patients who do not fulfil criteria
for LTOT but demonstrate significant exertional
desaturation [58]. However the correction of oxygen desaturation was not predictive of acute response nor of a longer term improvement in
HRQL in COPD patients. LTOT in patients with
severe COPD fulfilling standard criteria was found
associated with early improvements in HRQL with
sustained or further response at 6 months [59].
Even though this outcome at the moment is not
strongly supported by data, it is very important to
stress that in a disease with very limited therapeutic options, the evaluation of HRQL is of paramount importance given that it is appreciated before any other clinical outcome.
Effects of Oxygen Therapy on Sleep
Non-apneic nocturnal oxyhaemoglobin desaturation (NOD) usually associated with REM sleep
has been proposed as mechanism for pulmonary
hypertension and cor pulmonale in COPD patients
[60]. Higher mean PAP values were found in
COPD patients with daytime PaO2 ranged from 60
to 70 mmHg and nocturnal oxygen desaturation,
defined as oxygen saturation below 90% for >30%
of the sleep time [61]. Nocturnal oxygen treatment
did not show statistically significant impact on survival in COPD patients without severe daytime hypoxaemia with non apneic NOD [62, 63]. Furthermore nocturnal oxygen was not found to modify
the evolution of pulmonary haemodinamics in
these patients [62].
Two important problems in COPD patients
with chronic respiratory failure are the sleep quality with HRQL [64, 65] and the arbitrary increasing of oxygen flow during the night in order to prevent oxygen desaturation during sleep. LTOT improves HRQL [59] but the impact of LTOT on
sleep quality remains controversial [66]. Poor
38

sleep quality is probably multifactorial and its assessment is not simple because these patients are
often advanced in age and have many co-morbidities which may influence the quality of sleep.
It has been reported [66] that most COPD patients on LTOT did not exhibit overnight desaturation despite not increasing their usual LTOT prescription overnight. These results challenge the
current recommendations of routinely increasing
the oxygen flow by 1 l/min during sleep to prevent
overnight desaturation in all patients established
on LTOT [6, 8, 12, 67]. In summary, there are no
clear benefits in treating patients with isolated nocturnal hypoxemia [62, 63, 68], furthermore an
overnight increase in O2 flow rate (originally recommended in NOTT) appears to be not appropriate [66] and it is necessary to reconsider this recommendation [69, 70]. Larger prospective studies
are required to clarify whether overnight oxygen
lead to improved patient outcomes.
Effects of Intermittent Oxygen Therapy
on Exercise Induced Desaturation
The role of intermittent oxygen during exercise in COPD patients who do not fulfil the conventional criteria for LTOT is arguable. Continuous oxygen therapy in this population has been
shown to improve outcomes relating to endurance
capacity but not to impact survival [27, 71-73].
Exercise desaturation has been shown previously to correlate with severity of pulmonary vascular disease in COPD patients with no or mild
resting hypoxemia [74]. This characteristic was associated with less survival in COPD patients [75].
There is no evidence that the use of intermittent
oxygen in exercise-induced desaturation should
have a positive impact on pulmonary hypertension
and survival, but it may improve quality of life
[58] even if the data on benefits in HRQL is controversial [55, 64, 76]. Recently, the National Emphysema Treatment Trial (NETT) research group
performed a retrospective analysis on the normoxemic patients in the medical arm of NETT trial
[77]. They found that 21.4% of the 1215 NETT
participants reported oxygen use outside of current
guidelines despite having been recently enrolled in
supervised pulmonary rehabilitation. Among this
group of patients, who experienced desaturation
during exercise had similar mortality even if they
were using continuous, intermittent or no oxygen
at all. These findings highlight the challenge of
monitoring oxygen prescription and use.
A recent meta-analysis emphasises [78] that on
the basis of actual evidence there are no consistent
benefits for the use of oxygen-supplemented exercise training.
Long Term Oxygen Therapy and Comorbidities
Comorbidities are remarkably likely to affect
both prognosis and health outcomes in COPD patients [50, 79, 80]. Clinical practice guidelines do
not provide adequate guidance for patients in
LTOT with complex chronic diseases. Although it
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is well known that the presence of cardiovascular
co-morbidity increases the mortality risk for
COPD patients [24], neither co-morbidity in general [81] nor cardiac co-morbidity in particular
[82] was taken into account in any of the studies
on LTOT in COPD. At the moment it is not known
if continuous oxygen therapy reduces cardiovascular and/or metabolic mortality in hypoxemic
COPD patients.
A recent retrospective study demonstrated that
BMI<25 kg2.m2 and the presence of comorbidities
are predictors of all-cause and respiratory mortality in a cohort of COPD patients treated with LTOT
[24]. It is important to clarify the true impact of
LTOT on all-cause mortality in complex COPD
patients.
Furthermore, it is becoming increasingly evident that combined and complex tools, such as
health-status measurements (e.g. St George’s Respiratory Questionnaire) [83, 84] and the BODE index [43], predict mortality better than FEV1 alone
because they can reflect the complexity of underlying mechanisms related to different chronic disease associated with COPD.
As comorbidities, such as cardiovascular diseases, are often underdiagnosed and undertreated,
it is important to search for their co-existence in
hypoxemic COPD patients. In fact, due to a deficient diagnosis of comorbidities, the medical therapy cannot be optimised. As a consequence,
chronic hypoxemia, which may be successfully
treated with appropriate medications, becomes the
objective of a questionable LTOT prescription.
The underlying mechanisms of chronic hypoxemia in COPD and CHF are different [85]. The
value of PO2 in the arterial blood is regulated by
intra-pulmonary and extra-pulmonary factors [85].
The former include: ventilation-perfusion mismatching, true shunt, and alveolar-capillary diffusion limitation. The latter consist of FiO2, minute
ventilation, cardiac output and mixed venous PO2,
as a result of peripheral oxygen uptake. In COPD,
ventilation-perfusion mismatching without true
shunt, i.e. an intrapulmonary factor, is the major
mechanism of hypoxemia whereas in chronic heart
failure (CHF), the reduced cardiac output and the
low mixed venous PO2, ie extrapulmonary factors,
are the major determinants of hypoxemia. Administration of oxygen-enriched air increases alveolar
PO2 and hence PaO2 when hypoxemia is caused by
ventilation-perfusion mismatching. In fact, higher
oxygen concentration reaches all the ventilating
units. By contrast, the effect of oxygen administration is negligible when extrapulmonary factors,
such as, for example, low cardiac output and low
mixed PvO2, are the major causes of hypoxemia.
In the patients with both COPD and CHF both the
intra-pulmonary and the extra-pulmonary factors
cause hypoxemia and both must be adequately
treated [85]. The final value of PaO2 and the efficacy of oxygen administration depend upon their
balance. Therefore, it is crucial, in these patients:
first to recognise adequately the presence of the
two conditions; second to provide the best possible
medical treatment for both; and third to assess the

effect of optimal therapy properly before the prescription of LTOT. Any different procedures can
lead to incorrect LTOT prescription with unnecessary discomfort for the patients and waste of socioeconomic resources.
Actual guidelines provide adequate guidance
for ‘‘pure’’ chronic obstructive pulmonary disease
patients (i.e. those without any associated comorbidities) that probably explore therapeutic effects
in a non-representative group of chronic obstructive pulmonary disease patients.
Current guidelines criteria for LTOT prescription
The LTOT indications, based from previous
studies [6, 7], were established in a very selected and
limited number of patients that are unlikely to represent the heterogeneity of the COPD population. A
recent systemic Cochrane review on long-term oxygen therapy in COPD patients highlighted several
problems with the patient selection and study design.
The relatively small numbers and young age of patients, the lack of co-morbidities in most of these
studies cast doubts concerning the applicability of
the survival outcomes found in these studies to the
current clinical situations [72]. Furthermore lack of
exacerbations and hospitalisation data is also a limiting factor in interpreting the results of the studies
included in this meta-analysis [72].
The actual current guidelines (table 2) are in
agreement in recommending oxygen therapy for
COPD patients with severe hypoxemia (PaO2<55
mmHg, <7.3 kPa), whereas some discrepancies are
found in patients with moderate hypoxemia
(55<PaO2<60 mmHg, 7.4< PaO2<8 kPa) regarding the criteria which must be associated to PaO2
values [3-5, 8, 12].
The NICE guidelines report nocturnal desaturation greater than 30% of sleep time [5], whereas
the AIPO guidelines report ischemic heart failure
as adjunctive criterion for the prescription of
LTOT [12]. The GOLD and the NICE guidelines
do not recommend LTOT in COPD patients with
PaO2≥60 mmHg (table 2), whereas ATS-ERS,
Thoracic Society of Australia and New Zealand
and AIPO guidelines do it [3-5, 8, 12].
These different indications induce different behaviours in the clinical practice according to the
guidelines followed by doctors. For the social
community the removal of inappropriate LTOT
prescription leads to the saving of significant resources which can be better employed. In Italy,
where the cost of treatment due to LTOT is estimated to approximately Euro 250,000,000/year,
the AIPO OTLT guidelines are currently and extensively used. In these guidelines is recommended, without evidence, oxygen prescription when
PaO2 values range from 56 to 59 in presence of
chronic ischemic heart failure. This indication and
that concerning the prescription of oxygen to patients with normoxia at rest and sleep or exerciserelated desaturation may be responsible of increased costs in prescribing LTOT on the basis of
unproven indication. On the other hand we do not
know if the lack of correction of exercise-related
39
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Table 2. - Comparison of guidelines for Long Term Oxygen Therapy in COPD
ATS-ERS

GOLD

NCCC-NICE

Thoracic Society of
Australia and New Zeland

AIPO

ERJ 2004 (Ref. 4)

AJRCCM 2007 (Ref. 3)

Thorax 2004 (Ref. 5)

MJA 2005 (Ref. 8)

Rass Pat App Resp 2004 (Ref. 12)

Severe

PaO2<55 mmHg or SpO2≤88%

PaO2≤55 mmHg or SpO2≤88%

PaO2<55 mmHg

PaO2≤55 mmHg

PaO2<55 mmHg

Moderate

PaO2 of 55 to 59 mmHg
or SpO2 of 89% and at least
one of the following criteria:
Cor pulmonale,
peripheral edema,
hematocrit >55%

PaO2 of 55 to 59 mmHg
or SpO2 of 89% and at least
one of the following criteria:
pulmonary hypertension,
peripheral edema,
hematocrit >55%

PaO2 of 55 to 59 mmHg
or SpO2 of 89% and at least
one of the following criteria:
pulmonary hypertension,
peripheral edema,
secondary polycythemia,
nocturnal desaturation
>30% of sleep time

PaO2 of 56 mmHg to 59
and there is evidence
of hypoxic organ damage
(right hearth failure,
pulmonary hypertension,
peripheral edema,
secondary polycythaemia)

PaO2 of 55 mmHg to 60
and at least one of the
following criteria:
hematocrit >55%,
signs of pulmonary
hypertension,
signs of hypoxia
(peripheral edema of right heart
failure, mental decline)
ischemic heart failure

None

* PaO2≥60 mmHg or SpO2>90% No raccomandation
with severe nocturnal
desaturation and lung-related
dyspnea responsive to oxygen

No raccomandation

* Nocturnal oxygen
may be indicate:
desaturation (SpO2≤88%)
>30% of sleep time or in
presence of hypoxia-related
sequelae

* Intermittent oxygen
may be indicate:
desaturation (SpO2<90%)
>30% of sleep time or in
presence of exercise-related
desaturation

HYPOXEMIA

* This recommendation has not previously been evidence based.

and nocturnal desaturation with intermittent oxygen administration may have long term prognostic
implication.
Conclusion
Increased life expectancy in the general population will lead into an increase in the numbers of
patients surviving beyond the age of 70 with
chronic diseases, like COPD. Therefore, reducing
the morbidity and mortality in patients with advanced lung disease will take on additional significance.
LTOT is one of the few interventions that improves survival in COPD and it is widely used also in other clinical conditions associated with hypoxemia without any prove of evidence. Progress
with LTOT may come from a more accurate definition of those groups of patients most likely to benefit, and a better definition of predictors of benefit
other than survival is important.
Current guidelines presume that everyone who
meets the inclusion criteria for the NOTT or MRC
trial [6, 7] will benefit of LTOT and everyone who
fails to meet these inclusion criteria will not benefit
[29, 86]. This assumption is based only on the level
of arterial oxygen values established by NOTT and
MRC investigators. The usefulness of other measures of disease severity for predicting who will and
will not benefit from LTOT has not been systematically addressed in clinical trails. Nevertheless, the
high overall cost of LTOT argues that it should be
prescribed only for patients in whom there is a reasonable expectation of clinical benefit.
The increasing evidence that active treatment
of comorbidities may reduce morbidity and mor40

tality in patients with COPD [87] suggests the urgent need for randomised clinical trials that hopefully will provide evidence for more comprehensive clinical guidelines for these patients. If comorbidity, in particular cardiovascular co-morbidity and CHF, are not appropriately considered, the
medical therapy may be insufficient [81, 82] and
the positive effect of LTOT overestimated for the
lack of adequate pharmacological treatment.
Clearly, a reassessment of the evidence supporting
the extensive prescription of LTOT is reasonable
and needed, particularly for old, fragile patients
with chronic co-morbidities. The current guidelines with their misleading messages should be the
starting point for future studies. Open fields that
future research should address include: optimal
timing and duration of oxygen therapy during rest,
exercise and sleep, ways of identifying COPD patients and relative comorbidities who are most
likely to benefit and ways of improving patient
compliance. All of these topics should provide
more appropriate guidance regarding LTOT prescription in clinical practice.
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