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Foreword

The provision of oxygen cylinders and oxygen concentrators costs the NHS approximately
£30 million annually. Although criteria for the use of long-term oxygen in chronic
obstructive pulmonary disease are well established, a number of studies have revealed
variability in prescribing habits, poor adherence to present guidelines and lack of any
organised follow-up and monitoring arrangements.

As several specialties have an interest in domiciliary oxygen therapy, the Department of
Health requested that the Royal College of Physicians lead a multidisciplinary working
party to devise new guidance for the use of domiciliary oxygen, not only for adult patients
with chronic respiratory disease but also to cover indications for use in paediatrics,
cardiology and palliative medicine. The terms of reference emphasise the importance of
providing clinical guidance and precluded making any specific recommendations about
alterations in service provision. However, improvements in the availability of ambulatory
oxygen will have financial implications.The identification of funding to enable appropriate
ambulatory equipment to be included in the drug tariff will need to be addressed by the
Department of Health, as also will the current conflict between the need for home oxygen
in England and Wales to be prescribed by general practitioners whilst the assessments are
undertaken by hospital physicians.

The production of this report has followed the standard criteria for developing national
guidelines, emphasising the need for evidence-based recommendations. The lack of good
quality evidence in many areas has highlighted the need for further research. With this
report as a guide, it will be easier to assess and develop domiciliary oxygen services to meet
the needs of those who depend on them.

June 1999 K G M M ALBERTI
President, Royal College of Physicians
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BPD Bronchopulmonary dysplasia

COPD Chronic obstructive pulmonary
disease

CPAP Continuous positive airway pressure

DOR Domiciliary Oxygen Record

FEV1 Forced expiratory volume in 1 second

FHSA Family Health Services Authority

FiO2 Inspired oxygen concentration

FVC Forced vital capacity

LTOT Long-term oxygen therapy

MRC Medical Research Council

NOTT Nocturnal Oxygen Therapy Trial

PaCO2 Arterial carbon dioxide tension

PaO2 Arterial oxygen tension

PAP Pulmonary artery pressure

RCT Randomised controlled trial

REM Rapid eye movement

SaO2 Arterial oxygen saturation

Definitions

Ambulatory oxygen equipment

Any oxygen equipment that can be carried by most patients ‘on their person’ during activities of daily living
(usually under 4.5 kg (10 lb))

Ambulatory oxygen therapy

Provision of oxygen therapy during exercise and activities of daily living

Long-term oxygen therapy

Provision of oxygen therapy at home on a continuous and long-term basis, ideally for at least 15 hours daily,
including time spent asleep

Nocturnal oxygen therapy

Provision of continuous oxygen therapy at night 

Portable oxygen equipment

Equipment that can be transported by patients and/or their carers

Short-burst oxygen therapy (Intermittent oxygen therapy)

Intermittent use of oxygen for relief of breathlessness, before exercise or for recovery after exercise

Stationary oxygen equipment

Any oxygen-producing device that cannot be easily moved or carried by the patient

Abbreviations



Background

1.1 The practice of prescribing oxygen therapy and its use in the home environment has
developed over the past 50 years. Initial observations and small uncontrolled trials showed
survival benefits of oxygen therapy and led to the establishment of two landmark trials of
the effects of long-term oxygen therapy (LTOT).These major randomised controlled trials
published in the early 1980s – the British Medical Research Council (MRC) Working Party1

and the American Nocturnal Oxygen Therapy Trial (NOTT) Group2 – both showed that
domiciliary LTOT, provided for at least 15 hours a day, improved survival in patients with
hypercapnic chronic obstructive pulmonary disease (COPD); Fig. 1 (p. 10).This led to the
introduction of the domiciliary oxygen concentrator service in 1985, thus facilitating
prescription of LTOT. Since that time the number of patients treated with oxygen
concentrators, not only for COPD but for other respiratory and cardiac conditions, has
increased to an estimated 18,000 oxygen concentrator prescriptions throughout the UK in
1999 (personal communication).

1.2 A number of studies have reviewed the prescription of oxygen concentrators and
have shown variability in prescribing habits, poor adherence to present guidelines and lack
of any organised follow-up and monitoring arrangements.3–7 Furthermore, many patients
with chronic hypoxaemia who might potentially be suitable for LTOT are not being
identified.8

1.3 In England and Wales, the annual cost of the domiciliary oxygen service is steadily
rising. Although it was originally envisaged that the availability of oxygen concentrators
would lead to a fall in the need for oxygen cylinders, in 1995 £10.4 m was spent on the
provision of oxygen concentrators and a further £18.9 m was spent providing oxygen
cylinders (Prescription Pricing Authority). A review of home cylinder prescription showed
that most oxygen cylinders were used only occasionally for short periods, mostly in
patients with COPD.9 Cylinders are mostly prescribed for providing symptomatic relief of
breathlessness. Small cylinders for ambulatory use are variably prescribed, with no agreed
guidelines, despite widespread use in other countries.

1.4 Against this background, the Department of Health requested the Royal College of
Physicians to lead a multidisciplinary group to devise new guidance for the use of
domiciliary oxygen, not only for adult patients with chronic respiratory disease but also to
cover indications for use in paediatrics, cardiology and palliative medicine.

Introduction1
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Terms of reference and scope of the report

1.5 The working party for Domiciliary Oxygen Therapy Services convened by the Royal
College of Physicians at the request of the Department of Health had the following terms
of reference:

1 To review the current arrangement for the provision of domiciliary oxygen

2 To provide guidelines for whom, and in what circumstances, domiciliary oxygen should be
prescribed

1.6 The scope of this report therefore is to cover the indications for prescribing
domiciliary oxygen therapy in all groups of patients who might potentially benefit from
such treatment; this includes patients with chronic hypoxaemia, those with only transient
episodes of hypoxaemia (eg during exercise or sleep), and those with or without chronic
hypoxaemia, who have traditionally used oxygen in order to obtain purely symptomatic
benefit. While previous reports and guidelines have concentrated mainly on COPD and
children, this report covers also indications for other groups of patients, advice on
assessment and prescription and, for the first time, recommendations for follow-up and
long-term monitoring.

1.7 The role of ambulatory and short-burst oxygen will be reviewed, together with the
available technology for the provision and organisation of these services. Special needs for
oxygen prescription outside the home will be considered, such as the use of oxygen for
travel and in schools.The views of users of the oxygen service have also been incorporated
into this report. Since future resource decisions must be based on evidence of clinical
effectiveness, this report is intended not only to provide clinical guidance for the current
prescribing of oxygen but also to act as a source of information for the future development
of domiciliary oxygen services. Consideration of the costs and financial implications of the
recommendations were specifically excluded from the terms of reference.

Approach

1.8 As with all clinical guidelines, the prime purpose of this report is to improve the
effectiveness and efficiency of clinical care through the identification of good clinical
practices and desired clinical outcomes. The working party has followed the standard
criteria for developing national guidelines.

1.9 Members of the working party were chosen carefully to include representatives of
all key disciplines involved in the care of patients requiring domiciliary oxygen, together
with a representative of the patient group most involved with domiciliary oxygen therapy.
Members, together with their affiliations and nominating organisations, are listed on pages
iii–iv.

1.10 Although this report covers only domiciliary oxygen services for England and Wales,
the working party took advice from experience in Scotland, where similar criteria for
provision of oxygen are in use. However, an important difference in service provision is
that LTOT in Scotland can only be prescribed by a respiratory physician.

Membership
of the working

party
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1.11 The preparation of this report has been funded by the Department of Health. All
members of the working party were asked to declare any potential interests that might
influence their contributions; there were no conflicts of interest.

1.12 Members of the working party were asked to prepare background papers on their
particular field of expertise. In addition, a systematic literature review using an explicit
search strategy and using electronic and manual methods was conducted to review all the
relevant evidence.The electronic database was provided by the Cochrane Airways Group at
St George’s Hospital Medical School. This database, compiled from various sources,
contains references on randomised controlled trials and other trials involving diseases of
the airways. A search was performed in December 1996, under the following terms:
oxygen, home, domiciliary, portable, ambulatory, short-burst, pulmonary hypertension,
heart failure, oxygen services, cystic fibrosis, terminal, palliative. Manual searches involved
the respiratory journals where there are the largest numbers of publications involving
oxygen therapy. The following journals were hand searched from 1986 to 1997: Thorax;
Respiratory Medicine; American Journal of Respiratory and Critical Care Medicine; Chest; European Respiratory
Journal;Archives of Disease in Childhood; Pediatric Pulmonology.

1.13 Levels of evidence were assessed and recommendations graded, using the
classification devised by the US Agency for Health Care Policy and Research. The levels of
evidence are as follows:

Ia from meta-analysis of randomised controlled trials (RCT)

Ib from at least one RCT

IIa from at least one well-designed controlled study without randomisation

IIb from at least one other type of well-designed quasi-experimental study

III from well-designed non-experimental descriptive studies, eg comparative studies, correlation
studies, case control studies

IV from expert committee reports or opinions and/or clinical experience of authorities

1.14 The quality of the recommendations has been reviewed according to the above levels
and placed in the following grading categories:

A levels Ia and Ib

B levels IIa, IIb and III

C level IV

1.15 A number of members of the working party were charged with preparing the
background papers and an initial draft was prepared by the Secretary to the working party,
incorporating the results of the literature searches. Initial drafts were discussed and
modified and the final report was subjected to independent peer review. It was decided not
to pilot the recommendations before publication.

1.16 The recommendations in this report, especially those Grade C recommendations
with only level IV evidence, will need to be reviewed within 5 years of publication.

Review

Assessing the
evidence

Identifying the
evidence

Funding
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recommendations



Target groups for the report

This report contains information that will be of use to the following target groups.

1.17 The clinical guidelines contained within this report will enable the Department of
Health to provide guidance on service issues on matters relating to domiciliary oxygen
therapy.The report will also facilitate economic evaluation of the various aspects of oxygen
therapy services, including the cost-effectiveness of sources of home oxygen.

1.18 The report has been prepared for the guidance of all the groups involved in the
assessment and care of patients with respiratory and cardiac disease, who may be
candidates for domiciliary oxygen therapy. In particular, it is targeted at general
practitioners and hospital physicians, including respiratory physicians, paediatricians,
general physicians, geriatricians, palliative care physicians and cardiologists. Other health
care professional groups, both in hospital and in the community, including nurses,
physiotherapists, occupational therapists and pharmacists, will also find much helpful
guidance in the report.

1.19 Health authority commissioners and primary care groups will require information
provided in this report on the extent of services required for assessment, prescription and
follow-up of patients on home oxygen therapy.

1.20 Users of oxygen services will find useful information, especially the guidance on
organisation of home oxygen services and travel with oxygen.

Patients

Health care
purchasers

Health care
providers

Department of
Health
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The recommendations for the indications for domiciliary oxygen therapy are graded
according to evidence in categories A, B or C. Category A relates to evidence from
randomised controlled trials. For B and C the evidence for prescription is derived from
non-randomised studies, reports and clinical practice.

Indications for long-term oxygen therapy

1 For patients with COPD, LTOT can be prescribed, after appropriate assessment, when
the PaO2 is less than 7.3 kPa (55 mmHg) when breathing air during a period of clinical
stability.The level of PaCO2 (which may be normal or elevated) does not influence the need
for LTOT prescription in COPD. Clinical stability is defined as the absence of exacerbation of
COPD and of peripheral oedema for the previous 4 weeks. (A)

2 LTOT can be prescribed in COPD patients when the clinically stable PaO2 is between
7.3 and 8 kPa, together with the presence of one of the following: secondary
polycythaemia or nocturnal hypoxaemia (defined as SaO2 below 90% for at least 30% of
the night), peripheral oedema or evidence of pulmonary hypertension. (B)

3 It is not recommended that LTOT be prescribed in COPD patients with a PaO2 value
above 8 kPa. (A)

4 LTOT can be prescribed in patients with interstitial lung disease when the PaO2 is
less than 8 kPa. (B)

5 LTOT should be considered in patients with neuromuscular or skeletal disorders,
either in combination with ventilatory support or alone. Assessment for LTOT in this
situation requires referral to a physician with a specialist interest in these disorders. (C)

6 LTOT should be considered in patients with obstructive sleep apnoea who remain
hypoxic during sleep despite nasal CPAP (continuous positive airway pressure) therapy.
Assessment for LTOT in this situation requires specialist assessment. (C)

7 LTOT can be prescribed in patients with cystic fibrosis either when the PaO2 is less
than 7.3 kPa or when it is between 7.3 and 8 kPa in the presence of nocturnal hypoxaemia,
secondary polycythaemia, pulmonary hypertension or peripheral oedema. (A)

8 In view of deteriorating pulmonary hypertension once hypoxia develops, LTOT can
be prescribed in patients with pulmonary hypertension, without parenchymal lung
involvement, when the PaO2 is less 8 kPa. (B)

9 Domiciliary oxygen therapy can be prescribed for palliation of dyspnoea in
pulmonary malignancy and other causes of disabling dyspnoea due to terminal disease. (B)

Recommendations2
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10 Patients with heart failure can be prescribed LTOT if they have daytime hypoxaemia,
with a PaO2 on air of less than 7.3 kPa or nocturnal hypoxaemia (with SaO2 below 90%
for at least 30% of the night). (B)

Assessment for long-term oxygen therapy

11 A confident clinical diagnosis of the disorder is required, associated with chronic
hypoxaemia.

12 There must have been optimum medical management of the particular condition
and clinical stability prior to assessment.

13 To qualify for LTOT prescription, arterial blood gas tensions should be measured on
two occasions not less than 3 weeks apart to ensure clinical stability.

Indications for ambulatory oxygen therapy

14 Ambulatory oxygen therapy can be prescribed in patients on LTOT who are mobile
and need to or can leave the home on a regular basis.The type of portable device provided
will depend on the patient’s mobility. (B)

15 Patients without chronic hypoxaemia and LTOT should be considered for
ambulatory oxygen therapy if they show evidence of exercise oxygen desaturation,
improvement in exercise capacity and/or dyspnoea with ambulatory oxygen therapy, and
the motivation to use the ambulatory oxygen outside the house. The presence of exercise
desaturation itself is not an indication for LTOT. (B)

16 Ambulatory oxygen therapy is not recommended in COPD patients with PaO2 on air
greater than 7.3 kPa and no exercise desaturation. (B)

17 Ambulatory oxygen therapy can be prescribed in patients with interstitial lung
disease who show exercise desaturation. (B)

18 Ambulatory oxygen therapy can be prescribed in patients with cystic fibrosis who
have chronic hypoxaemia requiring LTOT and when ambulation is required. Ambulatory
oxygen therapy may also be prescribed to this group if they show evidence of exercise
desaturation, without chronic hypoxaemia (PaO2 <7.3 kPa). (B)

19 Ambulatory oxygen therapy should be considered in patients with chest wall and
neuromuscular disorders who have exercise desaturation and are limited by dyspnoea. (B)

20 Ambulatory oxygen therapy is not recommended in heart failure. (B)

21 Patients who are continuing to smoke cigarettes should not be prescribed
ambulatory oxygen as the benefits are debatable in this situation and risks from burns are
considerable. (B)



Assessment for ambulatory oxygen therapy

22 Ambulatory oxygen therapy should be prescribed only after the appropriate
assessment has been performed by the hospital specialist.

23 The purpose of the assessment is to assess the extent of desaturation and
improvement in exercise capacity with supplemental oxygen; to evaluate the oxygen flow
rate that is required for correction of exercise desaturation, aiming to keep the SaO2 above
90%; to determine the type of ambulatory oxygen equipment that is required.

24 Appropriate equipment for the provision of ambulatory oxygen should be made
available on the drug tariff. The nature of the equipment prescribed will depend on the
hours of ambulatory oxygen use required by the patient. Patients with considerable outside
use will require portable liquid-oxygen systems or lightweight cylinders with oxygen-
conserving devices, while patients with occasional use outside the home will need small
portable cylinders only. Nasal cannulae in addition to masks should be made available on
the drug tariff. An economic evaluation of available oxygen delivery systems will be
required to ensure that the most cost-effective systems are provided for ambulatory oxygen
therapy.

Indications for short-burst oxygen therapy

25 Despite extensive prescription of short-burst therapy, there is no adequate evidence
available for firm recommendations; further research is required.

26 Short-burst oxygen should be considered for episodic breathlessness not relieved by
other treatments in patients with severe COPD, interstitial lung disease, heart failure, and
those in palliative care. (B)

27 Short-burst oxygen can only be prescribed if an improvement in breathlessness
and/or exercise tolerance can be documented. (C)

Organisation of home oxygen services

28 Prescription for all types of domiciliary oxygen therapy should be made on a
standardised ‘Domiciliary Record Form’, which will also be used for recording assessment
of these patients. Completion of this form by the hospital specialist, with measurement of
blood gases and/or exercise tests for ambulatory oxygen assessment, will be a prerequisite
for domiciliary oxygen prescription. The introduction of such a form will require a pilot
study.

29 Prescription of long-term oxygen therapy should be avoided on hospital discharge
when patients are recovering from an exacerbation. Patients should be reviewed a month
later to assess blood gases, when clinically stable. (B)

30 Following a decision to provide domiciliary oxygen therapy, it is recommended that
the patient receives education and written information about the principles of oxygen
therapy and the reason for oxygen prescription.

2 Recommendations 7



31 Formal arrangements are required for the follow-up of patients using domiciliary
oxygen therapy to ensure that LTOT adequately corrects hypoxaemia, that there is good
compliance with oxygen therapy, to detect clinical deterioration and to ensure continuing
requirement for domiciliary oxygen. Adequate resources will have to be identified for a
follow-up programme. (C)

32 It is recommended that all patients on domiciliary oxygen therapy have arterial
blood gases checked at least yearly. Patients should be referred for re-assessment to the
hospital specialist when there is clinical deterioration, or undercorrection of the SaO2 with
LTOT, or there are symptoms of worsening hypercapnia, eg morning headache. (C)

Indications for oxygen therapy in infants and children

33 Infants and children may require domiciliary oxygen for a limited time period, as
conditions causing hypoxaemia in childhood often have a favourable prognosis. (C)

34 It is recommended that specific equipment for domiciliary use be provided to allow
very low oxygen flows to be delivered, particularly to infants. (C)

35 There is an important need for the provision of ambulatory oxygen therapy for
children and young people; equipment must be appropriately designed for children.

Domiciliary oxygen therapy services8



93 Indications and assessments for oxygen therapy

LONG-TERM OXYGEN THERAPY

3.1 Oxygen therapy is prescribed to improve oxygen delivery to vital organs. It is used
to correct chronic hypoxaemia, reduce transient oxygen desaturation and exercise
hypoxaemia, and reduce breathlessness.

3.2 Long-term oxygen therapy (LTOT) refers to daily treatment at home with
supplemental oxygen for chronic hypoxaemia (PaO2 below 7.3 kPa) and sufficient to raise
the waking oxygen tension above 8 kPa. Once started, this therapy is likely to be lifelong.
LTOT is usually given for at least 15 hours per day including at night in view of the
presence of worsening arterial hypoxaemia during sleep.

Physiological rationale and background to indications

3.3 Chronic hypoxaemia, with or without hypercapnia, can occur in several respiratory
and cardiac disorders, including chronic obstructive pulmonary disease (COPD), chronic
severe asthma, interstitial lung disease such as fibrosing alveolitis and asbestosis, cystic
fibrosis and pulmonary hypertension. Chronic hypoxaemia leads to an increase in
pulmonary arterial pressure, secondary polycythaemia and neuropsychological changes.

3.4 Owing to the effects of increasing hypoventilation during sleep, patients who have
daytime hypoxaemia may develop further arterial oxygen desaturation at night, which can
contribute to the observed rise in pulmonary artery pressure.10 These episodes of
nocturnal desaturation and peaks of pulmonary hypertension can be prevented with
nocturnal oxygen therapy.11 Some patients may be normoxaemic by day but develop
reduced oxygen tensions during sleep owing to repetitive upper airway obstruction such
as occurs in obstructive sleep apnoea or due to the effects of inspiratory muscle weakness,
as occurs in kyphoscoliosis, poliomyelitis or muscular dystrophy.

3.5 Chronic obstructive pulmonary disease is the most frequent indication for the
prescription of LTOT, and also the most studied and the most validated.Table 1 summarises
the known benefits of LTOT, derived mainly from studies in patients with chronic
pulmonary disease.

Chronic
obstructive
pulmonary

disease

Chronic
hypoxaemia

Indications and assessments 
for oxygen therapy3

❚ Improved survival

❚ Prevention of deterioration of pulmonary
haemodynamics

❚ Reduction of secondary polycythaemia

❚ Neuropsychological benefit

❚ Improved sleep quality

❚ Increase in renal blood flow

❚ Reduction in cardiac arrhythmias

Table 1. Benefits of long-term oxygen therapy
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3.6 Although two randomised controlled trials showed survival benefit of LTOT in
patients with COPD, when used for at least 15 h daily,1,2 the precise mechanism of the
improvement in survival with oxygen therapy is unknown (Fig. 1). Prognosis in COPD
depends on FEV1 (forced expiratory volume in 1 second), body mass index, arterial blood
gas tensions and pulmonary artery pressure.12

3.7 Generally, effects of LTOT on pulmonary artery pressure (PAP) have been small, and
PAP may be of prognostic significance as a reflection of the severity of the disease. In the
NOTT trial, survival after 8 years was related to the decrease in mean PAP during the first
6 months of treatment.13 In the MRC trial, LTOT prevented a rise in PAP of 3 mmHg, seen
in the control group, though a fall in PAP was not found.1

3.8 In patients with COPD, airflow obstruction continues to deteriorate despite LTOT,
and the level of the FEV1 is the strongest predictor of survival in these patients.14,15 A
recent European study found that the majority of patients on LTOT died eventually as a
result of respiratory failure.16

3.9 The UK MRC trial of LTOT showed benefits of oxygen therapy only in patients who
were hypercapnic and who had had a previous documented episode of oedema indicating
cor pulmonale.1 Data from the NOTT trial also showed that the benefits of LTOT were
present in relatively normocapnic patients.2 It is thus a reasonable assumption that
improvements in survival are likely in the presence of chronic hypoxaemia, irrespective of
chronic hypercapnia or previous episodes of oedema. This assumption is reflected in the
advice of all current international guidelines on the prescription of LTOT.

3.10 In COPD patients considered for LTOT, the FEV1 should normally be less than 1.5
litres, or less than 40% of predicted normal values. The presence of arterial hypoxaemia
with a higher FEV1 level suggests that there may be another cause for the hypoxaemia, eg
sleep apnoea, and further investigation will be required. Patients should be prescribed

Fig. 1. Long-term
oxygen therapy trials
(MRC and NOTT):
survival with LTOT. For
the MRC trial, data are
shown only for male
patients.The NOTT
patients received LTOT
for up to 24 h daily
(actual use 19.4 h) or
for 12 h.The MRC
patients received LTOT
for 15 h daily and the
male control group
received no oxygen.
Survival was best in
the NOTT 24 h LTOT
group and in the MRC
15 h LTOT group.1,2

Reproduced by kind
permission of 
Dr C Cooper



LTOT for at least 15 h per day, although survival improves when LTOT is used for more
than 20 h per day.Thus the hours of LTOT use should not be restricted, especially in severe
COPD.There is no benefit in the use of LTOT in COPD patients with a PaO2 above 8 kPa.17

3.11 A further benefit of LTOT may be the improvement of renal blood flow, reducing
activation of the renin angiotensin system and thus salt and water retention.18 The effects
of supplemental oxygen on tissue delivery are complex, though mixed venous partial
pressures of oxygen are increased, thus improving oxygen delivery.19

3.12 Patients with chronic hypoxaemia may develop secondary polycythaemia, though
the rise in haematocrit is not consistent and may be reflected by the variable erythropoietin
levels found in these patients.20 Supplemental oxygen therapy reduces secondary
polycythaemia, as seen by a fall in haematocrit and red cell mass.1 Cigarette smoking
predisposes to secondary polycythaemia, so the effect of LTOT may be offset by raised
carboxyhaemoglobin levels from continued cigarette smoking.21

3.13 Nocturnal hypoxaemia may be defined as nocturnal arterial oxygen desaturation
below 90% for 30% or more of the night.22 In COPD, nocturnal hypoxaemia is caused by
physiological nocturnal hypoventilation, and the degree of nocturnal hypoxaemia is
closely related to daytime arterial hypoxaemia.23,24 One randomised controlled trial of
nocturnal oxygen therapy in patients with a PaO2 above 8 kPa (60 mmHg) and nocturnal
hypoxia showed no benefit on survival. Although there were small improvements in
pulmonary artery pressure, these are of unknown significance.25

3.14 Patients with COPD have impaired sleep quality with frequent arousals.26 LTOT
corrects nocturnal SaO2, decreases sleep latency and improves sleep quality.27,28 Isolated
nocturnal oxygen desaturation in stable COPD with a PaO2 greater than 8 kPa is not
currently an indication for LTOT; further studies are required of the effects of LTOT on
survival in this situation.

3.15 Cardiac arrhythmias have been reported during nocturnal hypoxia, though they are
usually not severe unless the SaO2 falls below 80%.29 These arrhythmias may be improved
with LTOT.30 Sudden deaths at night are more common in patients with chronic
respiratory failure and may be due to arrhythmias associated with nocturnal hypoxia.31

3.16 Relationships have been found between the degree of chronic hypoxaemia and
neuropsychological changes32,33 and mood disturbances.34 The cause of this impairment
is likely to be multifactorial, though direct effects of neuronal hypoxia on neurotransmitter
function are possible. However, with LTOT only minor improvements in
neuropsychological function have been achieved.33 Health-related quality of life is
impaired in patients with COPD and hypoxaemia.35 In moderate and severe hypoxaemia,
the quality-of-life score is related to the degree of hypoxaemia, when measured using a
disease-specific questionnaire.34 Administration of LTOT has shown no beneficial effects
on quality of life; further prospective studies are required addressing this point.36

3.17 Chronic hypoxaemia occurs in patients with severe interstitial lung disease and is
caused by diffusion abnormalities, shunting and ventilation perfusion inequalities. There
are no randomised controlled trials reporting the effects of LTOT in these disorders. Studies
have reported that survival rates in patients with interstitial lung fibrosis are worse than in

Interstitial lung
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patients with COPD, with mortality highest among patients with an FEV1 below 2.1
litres.37–39 As a number of these patients are suitable for lung transplantation, LTOT may
be used here on a temporary basis, until the transplant is available. In view of the absence
of controlled studies specifically evaluating the effect of LTOT in interstitial lung disease, it
is reasonable to prescribe LTOT when the PaO2 is below 8 kPa.

3.18 Patients with chest wall disease (kyphoscoliosis, thoracoplasty) and neuromuscular
disorders develop nocturnal hypoventilation which causes nocturnal hypoxia and leads to
chronic respiratory failure. Hypercapnia and morning headache are common in this
group, and can be exacerbated with the use of supplemental oxygen therapy. Thus non-
invasive ventilatory support is the treatment of choice in these patients, though LTOT may
be required additionally in the first few months of therapy.The requirement for LTOT must
be reviewed after 3 months of treatment and withdrawn if unnecessary. Patients with these
conditions should be referred to a specialist respiratory physician with an interest in
ventilatory support.

3.19 Patients with obstructive sleep apnoea develop nocturnal hypoxia, which is related
to upper airway obstruction. The conventional treatment for significant sleep apnoea is
nasal CPAP (continuous positive airway pressure), which will correct the nocturnal
hypoxia in most cases. LTOT administered on its own to patients with sleep apnoea can
prolong the length of apnoeas and thus worsen symptoms. However, some patients with
severe sleep apnoea, or those who have coexisting sleep apnoea and COPD (overlap
syndrome), develop severe chronic hypoxaemia and may require supplemental oxygen at
night with CPAP for a few months initially.

3.20 As with patients with COPD, children and adults with cystic fibrosis may develop
arterial hypoxaemia with increasing severity of their disease. They also show nocturnal
hypoxaemia, which has been related to the daytime oxygen saturation and the degree of
airflow obstruction.40 Daytime and nocturnal hypoxaemia can be corrected with
supplemental oxygen in this group.

3.21 One randomised double-blind trial in patients with cystic fibrosis showed no effect
on survival, though school and work attendance had improved.41 However, the actual
hours of oxygen use were considerably lower in these patients than in patients in the NOTT
and MRC studies.1,2

3.22 Thus use of LTOT in patients with cystic fibrosis is recommended to improve tissue
oxygenation and prevent complications associated with hypoxaemia, rather than to
produce any survival benefits. LTOT will also be used in these patients prior to lung
transplantation.

3.23 Pulmonary hypertension may occur in a number of pulmonary vascular disorders,
without primary lung pathological abnormality. This may be caused by a pulmonary
vascular disorder such as thromboembolism, polyarteritis nodosa or systemic sclerosis
which predispose to hypoxaemia. Primary pulmonary hypertension may also lead to
arterial hypoxaemia with worsening disease severity. Pulmonary hypertension and
hypoxaemia can also occur with cardiac shunting.
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3.24 As numbers of patients in these categories are small, there is no evidence of the
effectiveness of LTOT in randomised controlled trials in patients with pulmonary
hypertension, with the exception of COPD patients, as discussed in paragraphs 3.5–3.16
above. A haemodynamic study suggested that hypoxic pulmonary vasoconstriction was
reduced with oxygen therapy to a greater extent in systemic sclerosis than in primary
pulmonary hypertension.42 Thus the response to LTOT may depend on the nature of the
underlying disease, making a prediction of benefit difficult.

3.25 The use of LTOT in patients with pulmonary hypertension, other than in COPD, is
therefore to improve tissue oxygenation and prevent complications associated with
hypoxaemia, such as worsening pulmonary hypertension. LTOT will often be administered
to these patients while awaiting transplantation.

3.26 Patients with pulmonary malignancy or who are terminally ill with other
conditions, eg heart failure, may develop severe disabling dyspnoea, with or without
arterial hypoxaemia. In patients who are hypoxaemic, supplemental oxygen therapy will
relieve the dyspnoea so these patients will need domiciliary LTOT for up to 24 h per day
for symptomatic relief.43 However, there are no studies of longer-term or continuous
administration of LTOT in patients with disabling breathlessness, and most studies have
only investigated relatively short-term oxygen administration.43,44

3.27 Patients with severe congestive cardiac failure may develop arterial hypoxaemia,
caused by ventilation perfusion inequalities and disturbances of nocturnal ventilation and
respiratory drive. Some normoxic patients may develop nocturnal hypoxaemia that can
predispose to cardiac arrhythmias.45 There are few controlled trials of oxygen therapy in
severe heart failure. One study showed a reduction in arousals and Cheyne-Stokes
respiration when nocturnal hypoxaemia was corrected in patients with heart failure.46

Randomised controlled trials are required of LTOT in heart failure, with outcome measures
including sleep quality and quality of life.

Indications for long-term oxygen therapy

3.28 In patients with COPD, LTOT can be prescribed, after appropriate assessment, when
the PaO2 is less than 7.3 kPa (55 mmHg) when breathing air during a period of clinical
stability.The level of PaCO2 (which may be normal or elevated) does not influence the need
for LTOT prescription in COPD. Clinical stability is defined as the absence of exacerbation
of COPD and of peripheral oedema for at least 4 weeks.

3.29 LTOT can be prescribed in COPD patients when the clinically stable PaO2 is between
7.3 and 8 kPa, together with the presence of one of the following: secondary
polycythaemia or nocturnal hypoxaemia (defined as SaO2 below 90% for at least 30% of
the night), peripheral oedema or evidence of pulmonary hypertension.

3.30 LTOT should not be prescribed in COPD patients with a PaO2 value above 8 kPa.47,17

3.31 LTOT can be prescribed in patients with interstitial lung disease, when the PaO2 is
less than 8 kPa.
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A. Chronic hypoxaemia

Chronic obstructive pulmonary disease

Severe chronic asthma

Interstitial lung disease

Cystic fibrosis

Pulmonary vascular disease

Primary pulmonary hypertension.

Pulmonary malignancy

Chronic heart failure

B. Nocturnal hypoventilation*

Chronic obstructive pulmonary disease

Neuromuscular and skeletal disorders

Obesity

* Use of oxygen therapy in these conditions
may be with the addition of ventilatory support

C. Palliative use

Table 2. Indication for long-term oxygen therapy in adults.

3.32 Some patients with interstitial fibrosis and with a PaO2 above 8 kPa suffer from
disabling dyspnoea which is improved with supplemental oxygen therapy. These patients
will require supplemental oxygen therapy for symptomatic relief.

3.33 LTOT should be considered in patients with neuromuscular or skeletal disorders,
either in combination with ventilatory support or alone. Prescribing of LTOT in this
situation requires specialist assessment.

3.34 LTOT should be considered in patients with obstructive sleep apnoea who remain
hypoxic during sleep despite nasal CPAP therapy. Prescribing of LTOT in this situation
requires specialist assessment.

3.35 LTOT can be prescribed in patients with cystic fibrosis either when the PaO2 is less
than 7.3 kPa or when it is between 7.3 and 8 kPa in the presence of nocturnal hypoxaemia,
secondary polycythaemia, pulmonary hypertension or peripheral oedema.

3.36 In view of the deterioration in pulmonary hypertension with hypoxia, LTOT can be
prescribed in patients with pulmonary hypertension, without parenchymal lung
involvement, when the PaO2 is less than 8 kPa.

3.37 Long-term oxygen therapy can be prescribed for palliation of dyspnoea in
pulmonary malignancy and other causes of disabling dyspnoea due to terminal disease.

3.38 Patients with heart failure can be prescribed LTOT if they have daytime hypoxaemia
with a PaO2 on air of less than 7.3 kPa or nocturnal hypoxaemia (with SaO2 below 90%
for at least 30% of the night).
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Assessment for long-term oxygen therapy

3.39 Appropriate assessment for long-term oxygen therapy requires consideration of
three factors:

❚ A confident clinical diagnosis of the disorder associated with chronic hypoxaemia.

❚ There must have been optimum medical management of the particular condition, and clinical
stability prior to assessment.

❚ Arterial blood gas tensions must be measured.

3.40 Studies have shown that approximately one-third of patients initially thought
eligible for LTOT spontaneously improve their PaO2 to above 8 kPa when breathing air and
observed for 4 weeks or more.22 Patients should not be assessed for LTOT during an acute
exacerbation of their disease. As hypoxaemia can persist after exacerbation, patients should
not be assessed for LTOT any sooner than 4 weeks after exacerbation. Assessment for LTOT
too early after an exacerbation explains the observation that a number of patients currently
on LTOT do not fit the clinical criteria for prescription.6

3.41 Arterial PaO2 should be below 7.3 kPa measured on two occasions not less than 3
weeks apart to ensure clinical stability. The patient will require referral to hospital for
measurement of arterial blood gases and assessment for LTOT prescription. Blood gases
from either a radial or a femoral artery or from ear lobe capillary blood can be used for
assessments.48 Blood gases must be measured rather than SaO2 with a pulse oximeter, as
assessment of hypercapnia and its response to oxygen therapy is required for safe
prescription of LTOT. Oximetry has also poor specificity in the crucial PaO2 range for LTOT
prescription, and thus is unsuitable when used alone for assessment.49 However, it may
prove valuable in selecting patients who require further blood gas analysis and in
excluding patients who are not hypoxaemic (eg SaO2 greater than 92%).

3.42 Blood gases must be measured with the patient breathing air for at least 30 minutes
after last receiving any supplemental oxygen, as gas mixing in the lungs of patients with
COPD may be delayed. Care must be taken to avoid measuring blood gases after
administration of bronchodilators as this can lead to an over- or under-estimate of the
severity of hypoxaemia.

3.43 Arterial blood gases measurements must be taken with the patient breathing
supplemental oxygen for at least 30 minutes to assess the change in the PaO2 and PaCO2.
It is usual to start with a supplemental oxygen flow rate of 2 l/min, or from a 24%
controlled oxygen face mask, and to aim for a PaO2 value of at least 8 kPa. If oxygenation
is insufficient, the oxygen flow rate should be increased gradually. Some patients may
require higher oxygen flow rates to correct hypoxaemia (greater than 4 l/min) and thus
will require two or more oxygen concentrators at home.There is no evidence of benefit in
increasing the oxygen flow rate routinely at night.

3.44 Significant further increases in PaCO2 are unusual in stable hypercapnic COPD, and
in other conditions without hypercapnia, when the oxygen flow rate is below 3 l/min or
given through a 28% controlled oxygen mask. In conditions where chronic hypercapnia is
a feature, such as kyphoscoliosis or neuromuscular disease, there may be further rises in
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PaCO2 with oxygen therapy so these patients may be more suitable for non-invasive
ventilatory support.

3.45 There is a close relationship between the extent of daytime and nocturnal
hypoxaemia.23 Patients with COPD, chest wall and neuromuscular disease are at most risk
of nocturnal hypoventilation. In patients with COPD, there may be some elevation in
overnight PaCO2, but this usually has no adverse effect.28 Thus the routine monitoring of
overnight SaO2 and PaCO2 is not required. However, this may be required in the following
circumstances:

❚ Patients with COPD may report a history of morning headache, which could be due to overnight
hypercapnia.

❚ When there is doubt about the adequacy of overnight correction of SaO2, eg with the presence of
persistent oedema or secondary polycythaemia.

❚ Patients with chest wall and neuromuscular conditions require measurement of overnight SaO2 and
PaCO2 if they are to have LTOT prescribed.They will also require overnight assessment if they
intend to use LTOT in combination with non-invasive ventilatory support.

❚ Nocturnal SaO2 should be measured if there is a suspicion of sleep apnoea, and this will be
combined with appropriate assessment of the severity of apnoea.

3.46 Overnight SaO2 may be measured with a pulse oximeter, either in hospital or at
home. Measurement of overnight PaCO2 is usually performed continuously with
transcutaneous CO2 measurements in hospital. Measurement of arterial blood gas tensions
when the patient has woken in the morning can also provide some indication of the
tendency to carbon dioxide retention.

3.47 Patients with borderline blood gases for LTOT prescription should be reassessed in
3 months with repeat arterial blood gases, as a number of them will require LTOT
subsequently.

3.48 There are considerable dangers in the use of LTOT while a patient is continuing to
smoke, even though oxygen concentrators are low flow devices compared with the higher
flow oxygen cylinders. Patients who smoke while taking LTOT may develop severe facial
burns.50 Beneficial effects of LTOT, such as secondary polycythaemia, may be counteracted
by the effect of smoking.21 Patients are unreliable in their admission of cigarette smoking
so objective measurement of expired or blood carbon monoxide levels should be obtained
where there is a problem. Smoking cessation techniques should be optimised prior to any
LTOT assessment and prescription.

In view of absence of definite evidence, it would seem inappropriate to prescribe LTOT
to patients unwilling to stop smoking.

Patients who
smoke
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AMBULATORY OXYGEN THERAPY

Physiological rationale and background to indications 

3.49 Patients with arterial hypoxaemia or those with borderline hypoxamia may show a
further fall in arterial oxygen saturation on exercise.51,52 COPD patients frequently have
arterial oxygen desaturation on exercise, considered significant when the SaO2 on exercise
falls by at least 4% of its baseline value to reach a reading below 90%. In a study of exercise
desaturation in patients with COPD, the average fall in SaO2 during a 6-minute walking test
was approximately 10%.53

3.50 A number of studies have demonstrated improvement in exercise tolerance in
patients with COPD and exercise hypoxaemia and also interstitial lung disease, with
reduction in dyspnoea when patients breathe supplementary oxygen on exercise.53–57

However, the improvement in breathlessness was not related to the increase in exercise
tolerance, and placebo effects of the ambulatory oxygen were observed during studies. It
was also recognised that patients had variable responses to oxygen on exercise and that the
benefit achieved was not related to spirometric measures or the initial exercise capacity. A
relationship has been observed between the fall in SaO2 on a baseline walk and
improvement in exercise capacity.53,58 However, all these were short-term studies and
there are no randomised controlled trials of prolonged effects of ambulatory oxygen
therapy in COPD or interstitial lung disease.

3.51 Compliance with domiciliary ambulatory oxygen has been found to be poor, with
most patients using it only occasionally to go out of the house or into their gardens.53,59

Thus patient selection is important and appropriate education should be provided with
prescriptions. A recent study in patients with mild hypoxaemia and minimal desaturation
revealed no benefit on exercise capacity and quality of life when patients were studied after
a 6-week period.60 A small number of patients may show no exercise desaturation but will
have improvement in exercise capacity and/or dyspnoea with ambulatory oxygen.
However, no controlled studies have assessed benefits of oxygen in this situation; further
studies are required.

3.52 Ambulatory oxygen therapy allows patients a greater daily use of LTOT, especially if
they need to leave the house. In the NOTT trial, patients who received oxygen for up to 
24 h/day survived longer than the other groups receiving oxygen for few hours daily2

(Fig. 1). This group were provided with ambulatory oxygen in addition to LTOT, thus
allowing for the longer daily use of oxygen, especially if the patient has the capacity to go
outside the home. However, a study of patients on LTOT in East London found that 50% of
these patients were housebound and rarely left the house unaided.6

3.53 Patients with cystic fibrosis develop exercise desaturation; studies have shown that
supplemental oxygen therapy may improve exercise capacity in these patients.61,62

Ambulatory oxygen therapy is important for patients with cystic fibrosis and chronic
hypoxaemia, so that they can maintain activity. For some of these patients ambulatory
oxygen is only required on a temporary basis, prior to transplantation.

3.54 Patients with chest wall disease such as kyphoscoliosis also show a fall in SaO2 on
exercise.63 Ambulatory oxygen therapy corrected desaturation and breathlessness scores,
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and recovery times were significantly improved. However, walking distance showed no
change in this patient group, perhaps as a result of limitation from the restrictive chest wall
disease. These patients may have coincident chronic airflow obstruction, especially those
with sequelae of tuberculosis, eg thoracoplasty.

3.55 Patients with chronic heart failure also show falls in SaO2 on exercise. Provision of
ambulatory oxygen therapy corrected the exercise SaO2, though there was no
improvement in exercise capacity or breathlessness.64

3.56 Chronic hypoxaemia causes reduction in physical activity, deconditioning of muscles of
locomotion with poor fitness, and thus a downward spiral to more disability. Some of
these patients become housebound and will be unable to use the portable oxygen for
significant mobility outside the home. LTOT patients who are mobile and leave the house
should ideally attend a pulmonary rehabilitation programme with physical training before
equipment for ambulation is prescribed. Physical training as part of pulmonary
rehabilitation programmes improves exercise capacity and quality of life in patients with
COPD.65 Thus these patients may obtain more benefit from ambulatory oxygen if they have
attended an exercise programme. There is no current evidence that providing ambulatory
oxygen therapy for patients who are housebound will increase mobility outside the home,
so use of ambulatory oxygen in this group will be small and intermittent.

Indications for ambulatory oxygen therapy

3.57 Ambulatory oxygen therapy is indicated in patients on LTOT who are mobile and
need to or can leave the home on a regular basis.The type of portable device provided will
depend on the patient’s mobility. Patients with considerable usage will require a liquid-
oxygen system or a small lightweight cylinder with an oxygen-conserving device attached.

3.58 Ambulatory oxygen therapy may also be indicated in patients with severe
hypoxaemia on LTOT for up to 24 hours who are mainly housebound.These patients will
need ambulatory oxygen in order to leave the house, visit relatives etc. However, patients
in this group may require only occasional ambulatory oxygen use and this will have
implications for the type of device that is recommended. As outside usage is relatively
small, portable lightweight cylinders will be appropriate in this group.

3.59 Patients without chronic hypoxaemia and LTOT should be considered for
ambulatory oxygen therapy if they show evidence of exercise oxygen desaturation,
improvement in exercise capacity with ambulatory oxygen therapy, and the motivation to
use the ambulatory oxygen outside the house. The presence of exercise desaturation itself
is not an indication for LTOT.

3.60 Patients taking part in pulmonary rehabilitation programmes may show exercise
desaturation during the exercise sessions. If they are on LTOT then they should exercise
with supplemental oxygen, which will increase their exercise capacity, and ambulatory
oxygen should be provided. Patients with exercise desaturation, but without resting
daytime hypoxaemia, should have their training sessions with supplemental oxygen
therapy, and should be assessed for long-term ambulatory oxygen therapy as below. In
cases of marked exercise desaturation limiting exercise capacity, physical training
programmes require modification to reduce the degree of exercise hypoxaemia.
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3.61 Ambulatory oxygen therapy is not recommended in COPD patients with PaO2 on air
greater than 7.3 kPa and no exercise desaturation.

3.62 Ambulatory oxygen therapy can be prescribed in patients with interstitial lung
disease who show exercise desaturation.

3.63 Exercise hypoxaemia in patients with interstitial lung disease may be more dramatic
and predictable than in patients with COPD for equivalent resting PaO2 levels. Higher flow
rates of oxygen will frequently be required to correct the desaturation on exercise.58

3.64 Ambulatory oxygen therapy can be prescribed in patients with cystic fibrosis who
have chronic hypoxaemia requiring LTOT and when ambulation is required. Ambulatory
oxygen therapy may also be prescribed in this group if they show evidence of exercise
desaturation without chronic hypoxaemia.

3.65 Patients with cystic fibrosis may require a considerable amount of ambulatory
oxygen, especially if they are in employment, or require higher flow rates for correction
of exercise desaturation.

3.66 Ambulatory oxygen therapy should be considered in patients with chest wall and
neuromuscular disorders who have exercise desaturation and who are limited by
dyspnoea.

3.67 Ambulatory oxygen therapy is not recommended in chronic heart failure.

3.68 Patients who are continuing to smoke cigarettes should not be prescribed
ambulatory oxygen, as the benefits are debatable in this situation and risks from burns
are considerable.

Assessment for ambulatory oxygen therapy

3.69 Ambulatory oxygen therapy should be prescribed only after the appropriate
assessment has been performed, usually by the hospital specialist

3.70 All patients with chronic hypoxaemia on LTOT, if they are capable of being mobile
outside the home, and who have conditions that will achieve benefit from supplemental
oxygen on exercise, should be formally assessed for ambulatory oxygen therapy before
prescription. When assessing for ambulatory oxygen prescription, the oxygen flow rate
should be adjusted so that the SaO2 is maintained above 90% during exercise.

3.71 The purpose of the assessment is:

❚ to assess the extent of desaturation and improvement in exercise capacity with supplemental
oxygen;

❚ to evaluate the oxygen flow rate required for correction of exercise desaturation, aiming to keep
the SaO2 above 90%;

❚ to determine the appropriate type of ambulatory oxygen equipment.
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3.72 Assessments for ambulatory oxygen therapy depend on the short-term response to
supplemental oxygen therapy when the patient is performing an exercise test such as a 6-
minute walking test66 or a shuttle walking test.67 However, the relevance of these short-
term tests to the longer-term benefits of ambulatory oxygen on activities of daily living is
unknown.

3.73 Walking-test assessments will have to be performed by appropriately trained health-
care professionals. In view of learning effects with walking tests, practice walks are
essential before the test walks are performed. The walks should be performed on both air
and supplemental oxygen in random order. The walking test on oxygen may require
repeating if higher oxygen flow rates are required.The following measurements should be
obtained:

❚ Measurement of walking distance

❚ SaO2 with a pulse oximeter at rest and peak exercise (ideally continuous exercise SaO2 monitoring
should be performed with a portable oximeter)

❚ Dyspnoea score, eg visual analogue scores in response to the question ‘How breathless do you
feel?’ before and at the end of exercise.

3.74 Ambulatory oxygen therapy should be prescribed when there is:

❚ a fall in SaO2 of at least 4% to reach a reading below 90% during a baseline walking test whilst
breathing air ; and 

❚ an improvement of at least 10% in walking distance and/or breathlessness score when walking with
supplemental oxygen compared with an air cylinder.

The prescribed supplemental oxygen therapy must be sufficient to abolish exercise
desaturation.

3.75 Patients with only moderate hypoxaemia (PaO2 >7.3 kPa) may show exercise
desaturation with a fall of SaO2 of at least 4% to reach a reading below 90%. Assessment
should be performed as above (para 3.74) and ambulatory oxygen should be prescribed
only if there is evidence of exercise desaturation and improvement in exercise capacity
and/or dyspnoea with supplemental oxygen therapy.

3.76 Formal assessment as above (see paragraph 3.73) is not practicable in this group and
their requirement for ambulatory oxygen will be intermittent and mainly in order to travel
outside the home to friends and relatives. Their requirement for ambulatory oxygen will
be variable, in view of the shorter usage of oxygen outside the home, and this will be
reflected in the type of oxygen device prescribed.
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SHORT-BURST OXYGEN THERAPY

3.77 Short-burst oxygen therapy has traditionally been used for:

❚ pre-oxygenation before exercise;

❚ breathlessness during recovery from exercise;

❚ control of breathlessness at rest.

Physiological rationale

3.78 Previous studies have shown variable results on the issue of short-burst oxygen
therapy. Some improvement has been found in exercise capacity and dyspnoea, when using
short-burst oxygen before exercise, though oxygen saturation was not measured.68

Patients report considerable symptomatic benefit and earlier recovery after exercise with
short-burst oxygen, though there is little evidence to support this finding and effects may
not be reproducible with time.69 One study showed that patients with chronic hypoxaemia
due to COPD or interstitial lung disease show reduction in dyspnoea after 10 minutes of
supplemental oxygen therapy, though normoxaemic patients were not studied.70 Some
patients reporting improvements with short-burst oxygen may show exercise desaturation,
though this has not been specifically studied in relation to short-burst intermittent oxygen
use.

3.79 Studies of oxygen cylinder prescription in the UK have shown that the majority of
cylinders are prescribed for short-burst purposes, but individual daily usage is generally
low.9

Indications for short-burst oxygen therapy

3.80 Despite extensive prescription of short-burst therapy, there is no adequate evidence
available for firm recommendations; further research is required.

3.81 Short-burst oxygen may be prescribed for episodic breathlessness not relieved by
other treatments in patients with severe COPD, interstitial lung disease, heart failure, and
in palliative care.

3.82 Patients often request oxygen cylinders for relief of breathlessness after they have
been admitted to hospital and felt benefit during their admission.

3.83 Patients with interstitial fibrosis may develop disabling dyspnoea and use the short-
burst therapy before exercise, during recovery from exercise or at rest. With progressive
disease, patients may require to increase their short-burst therapy; thus LTOT will be
indicated for palliative and symptomatic reasons.

3.84 There is no objective evidence that patients with heart failure, without chronic
hypoxaemia, benefit from short-burst oxygen therapy, though in some circumstances
patients may report relief of dyspnoea with supplemental oxygen therapy. Patients with
heart failure and chronic hypoxaemia should be assessed for long-term oxygen therapy.
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3.85 Patients with disabling dyspnoea due to terminal cancer or HIV-related disease may
obtain benefit from short-burst oxygen therapy. However, there is only evidence for benefit
of short-burst oxygen in reducing dyspnoea in hypoxaemic patients.43 Another study44

found that both short-burst oxygen and supplemental air reduce dyspnoea in patients with
cancer, though there was no significant difference between air and oxygen, suggesting that
non-specific stimulation of nasal receptors by the gas flow may explain the improvements
in dyspnoea.71 This study only included few patients with hypoxaemia (SaO2 <90%) and
thus any benefit of short-burst therapy in palliative care may be more important in the
presence of hypoxaemia.

Assessment for short-burst oxygen therapy

3.86 No specific methodology has been developed for assessment of short-burst therapy.
Other causes of breathlessness must be excluded, and patients should be assessed for LTOT
if appropriate.

3.87 Short-burst oxygen should only be recommended to patients not on LTOT or
ambulatory oxygen if an improvement in breathlessness and/or exercise tolerance can be
documented.

In the interim, individual discretion is required for prescription of short-burst oxygen
therapy.

Palliative care
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Long-term oxygen therapy

4.1 Oxygen concentrators, available on prescription in England and Wales since 1985,
are currently the most convenient and economical method of providing domiciliary long-
term oxygen therapy.

4.2 Oxygen concentrators (see left) are mains-powered, low-flow devices
that concentrate oxygen from the atmosphere. A compressor filters
atmospheric air and passes it under pressure through a cylindrical bed of
zeolite, which removes the nitrogen and thus ‘concentrates’ the oxygen.The
concentrator has two zeolite chambers, one of which is in use and the other
is recharging by releasing nitrogen back to the atmosphere. The device
cycles between the two chambers to maintain a steady flow of oxygen.
Concentrators are non-portable; oxygen is delivered usually through two
fixed points in the patient’s home. A humidifier can be used with the
concentrator, though this is not always recommended in view of possible
bacterial contamination.

4.3 The oxygen flow rate is adjustable between 0 and 5 l/minute.
However, the oxygen concentration falls with increasing flow rate and thus
the output of the concentrator becomes less accurate at higher flow
rates.72,73 Examples of oxygen concentrations produced at the various flow

rates are shown below:

Flow rate (l/min) Average O2 concentration O2 concentration range

1–3.5 95% 92–98%

4 90% 85–95%

5 80% 75–85%

If the patient requires a higher flow rate, then two concentrators
can be linked using Y connectors.

4.4 Young children may require lower flow rates than the
standard delivery from the oxygen concentrator. A low-flow
regulator (see right) can be obtained that produces flow rates
between 0 and 1 l/min. These regulators need to be used on
oxygen concentrators and cylinders and it is recommended
that they are available as part of the oxygen concentrator
contract or cylinder prescription.

Oxygen
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4.5 Most concentrators include an electronic oxygen-sensing device which monitors
various parameters related to the performance of the unit, such as flow rate achieved,
output oxygen concentrations, working temperature and cycle time.This allows the service
engineer to monitor any faults with the equipment. Overall mechanical reliability of the
concentrator is good.74

4.6 Patients on LTOT still in active employment (which will be generally of sedentary
type) may require oxygen concentrators to be installed in their work places for daytime
use. Ambulatory oxygen therapy will be required for these patients to travel to work, and
in some cases the ambulatory oxygen will be sufficient for supplemental oxygen during
their employment. Patients who regularly visit relatives or day centres will also require
continuation of LTOT away from home, and an oxygen concentrator may be more
economical than frequent cylinder provision.

4.7 LTOT can be provided through oxygen cylinders, though
a considerable number will be required for the necessary hours
of LTOT prescription. This will be inconvenient for the patient
and affect compliance. Oxygen cylinders, which contain
compressed oxygen, deliver gas through a regulator valve. The
flow rate can be variable or fixed depending on the specification
of the regulator. The drug tariff cylinder service currently
provides only for a dual flow-rate regulator (2 and 4 l/min) and
for size F (see right) or AF cylinders (capacity 1,360 litres).
Cylinders of different sizes are available (capacity range from
300 to 6,800 litres).

4.8 Liquid oxygen is provided in insulated tanks (see left) at a temperature of –240˚F,
with a vaporiser that converts the liquid oxygen into gaseous oxygen when the
system is used. Liquid oxygen can be used to provide LTOT, as liquid-oxygen
systems contain a much larger volume than gaseous systems. The liquid-oxygen
systems can usually provide up to 8 l/min supplemental oxygen and thus are
advantageous in situations where higher oxygen flow-rates are required.75

4.9 The major disadvantage of liquid oxygen is that the oxygen evaporates and
thus the cylinders have to be refilled, even if not used. Liquid oxygen for the
provision of LTOT may also be more expensive to provide than oxygen
concentrators in view of the costs of the deliveries, though no formal costings
comparing liquid oxygen and other modes of oxygen therapy delivery are currently
available. There may be difficulties in supply of liquid-oxygen systems in isolated
areas of the country where the distances between deliveries are greater.
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Ambulatory oxygen therapy

4.10 Most of the devices for the provision of ambulatory oxygen therapy are not available
on prescription and are currently purchased either by specialist hospital units or by the
patients themselves.

4.11 Ambulatory oxygen can be provided with small light-weight
refillable cylinders (capacity 230 litres, weight 2.3 kg) (see right) and
used at flow rates between 1 and 4 l/min. However, many patients
with COPD require flow rates of at least 4 l/min to correct exercise
hypoxaemia, so the cylinders will be suitable only for short-term use.
These cylinders usually have a dual integral regulator head (2 and 4
l/min). The small cylinder is filled from a size F or AF cylinder, and
an adaptor allows the portable cylinder to be connected to the
bullnose adaptor on the size F cylinder. Complete fill of the portable
cylinder will be achieved only if a full F-size cylinder is used. Thus
the small cylinder will often be inadequately filled, reducing the time
for which ambulatory oxygen is available for the patient.

4.12 More lightweight cylinders which can be filled at higher pressures are becoming
available and these will be more suitable for ambulatory oxygen provision.

4.13 In order to reduce oxygen flow rates and costs of oxygen provision, oxygen-
conserving devices have been introduced, though their worldwide availability is variable.
They can reduce the time of oxygen flow by targeting oxygen delivery to specific parts of
the respiratory cycle, and thus extend the duration of ambulatory oxygen therapy.

4.14 Although oxygen-conserving devices initially were of the reservoir type,76,77 these
have been now superseded by mechanical devices providing oxygen flow only during part
of inspiration. Devices are available that provide pulsed oxygen only during certain breaths,
though these may not be so efficient during exercise at higher respiratory rates78 compared
with devices that provide oxygen with each breath.79 The oxygen delivery from these
devices is variable and may depend on the patient’s respiratory rate and the mechanics of
the device.80,81 Thus individual assessment is required with such equipment to ensure
adequate correction of SaO2 on exercise.

4.15 Devices that are now available with very lightweight cylinders can last for a similar
period of time to liquid-oxygen cylinders.The use of oxygen-conserving devices is usually
in conjunction with ambulatory oxygen therapy.

4.16 Liquid oxygen for ambulatory use is available in North America and in some
countries in Europe, though it is considerably more costly to provide for the patient.
Liquid-oxygen portable systems can on average supply 8 hours of oxygen at 2 l/min,
though they may be used in conjunction with oxygen-conserving devices. These liquid
units must be filled from a larger reservoir that is delivered to the patient’s home.As liquid-
oxygen systems evaporate with time, the large home reservoir unit requires frequent filling
or replacement.
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Interfaces for oxygen delivery

4.17 The main types of interface for oxygen delivery are nasal cannulae and face masks.
Nasal cannulae are not available on the drug tariff, though they are provided with oxygen
concentrators. Nasal cannulae are used most often for LTOT provision from an oxygen
concentrator. Advantages of nasal cannulae are that they allow patients to eat and
communicate without difficulty and avoid rebreathing problems. However, they can
produce dermatitis and mucosal drying in sensitive individuals. With nasal cannulae, the
FiO2 is independent of whether the patient breathes through the nose or mouth.82,83

4.18 Face masks are less well tolerated for use with LTOT. These are of two types: fixed
performance masks (eg Venturi masks), which are generally more reliable, and variable performance
masks using lower flow rates, and providing less predictable oxygen concentrations.83 Some
rebreathing may occur owing to the dead space in the mask. Face masks may be useful if
patients develop complications from nasal cannulae; they are often provided routinely with
the nasal cannulae.

4.19 The direct administration of oxygen to the trachea with transtracheal oxygen
therapy can reduce oxygen flow rates by up to 50% and thus improve mobility and
rehabilitation.84 There also has been a suggestion that transtracheal oxygen therapy can
reduced inspired minute ventilation.85 However, complications occur related to the
transtracheal catheter, especially where smaller series have been reported. These catheters
require considerable attention and nursing time once inserted, with regular replacement
and cleaning.They may be useful for patients who require very high oxygen flow rates on
exertion to correct exercise desaturation, so that the inspired oxygen flow rate can be
reduced.Transtracheal therapy should be restricted to a carefully selected patient group and
provided in specialist centres with expertise in catheter insertion and maintenance.86

4.20 The need for humidification of long-term oxygen therapy is largely obviated by the
fact that patients breathing with nasal cannulae or a face mask will warm and humidify gas
with their expired air. Humidification systems which consist of inspired gas bubbled
through a cold water reservoir do not provide effective means of humidification if
connected to nasal cannulae or face masks via small-bore tubing.This is because any aerosol
produced will condense out of the tubing and thus alter the concentration of oxygen
supplied to the patient. Although ‘bubble-through’ humidifiers are often used with nasal
cannulae, no subjective or objective benefits have been demonstrated.87 Further, there is
the potential problem of microbial infection being cultured in the water reservoir.
Humidification may be indicated in a small number of patients when there are specific
problems, such as nasal crusting, viscid sputum etc.

Safety considerations

4.21 Safety considerations are important for the provision of oxygen in the home; they
must be addressed in the design of home equipment and in installation (see opposite).
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Safety in the home

The following safety measures must be observed when oxygen equipment is provided in
the home.

❚ Oxygen concentrators must be checked regularly, usually 3-monthly, to ensure that they
deliver oxygen at greater than 85% purity. Studies of reliability of oxygen concentrators have
shown that a significant proportion deliver reduced oxygen concentrations, especially with
increased working duration of the machine, so regular checks are necessary.88,89

❚ The oxygen regulators must be accurate and filters in these units must be clean.The electrical
connections must be safe and in good working order.

❚ The concentrator must be installed in a convenient and safe place and away from any heating
equipment.

❚ The back-up cylinder must also be stored in an appropriate place, away from gas stoves or
fireplaces.

❚ All connection leads must be carefully positioned, to avoid accidents in patients with significant
impairment of mobility.

❚ Cylinders contain oxygen at high pressure and leakage must be prevented, which could
increase combustion of any adjacent objects.

❚ Safe storage is essential, as cylinders positioned near sources of heat may increase in pressure.

❚ Liquid oxygen is safer than cylinders in that it is stored at low pressure. Although liquid oxygen
evaporates with time, the oxygen leakage is not sufficient to alter ambient oxygen tensions and
increase the risk of fire. However, there is a risk of cold burns during filling of the system, as
the boiling point of oxygen is –279˚F.

❚ Any family members who are smokers must be warned about the dangers of smoking in the
presence of supplemental oxygen therapy. Facial burns have been reported in patients using
oxygen therapy, including low-flow oxygen from a concentrator.50

❚ Education must be provided for the patient and family/carers in safety aspects of the
equipment, both by the technician installing and the respiratory nurse when visiting at home.

❚ Instruction is required for the patient and carer in filling small cylinders from larger ones.

❚ Patients must not be encouraged to increase the inspired oxygen flow rates, except as
instructed, as this may lead to complications, especially precipitating hypercapnia.
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Prescription of domiciliary oxygen equipment

5.1 Previous studies reviewing domiciliary oxygen prescription in the UK have shown
that a significant number of patients (between 25% and 50% of oxygen concentrator
prescriptions) did not meet the criteria for LTOT prescription.3,4,6,7 Frequently these were
patients who had not been assessed in hospital with arterial blood gases, or else LTOT had
been prescribed shortly after a hospital admission with an exacerbation. However, there
has been a recent improvement in the appropriateness of prescription, reflecting increasing
awareness of the guidelines since they were introduced in 1985.6

5.2 Many of the patients in receipt of home oxygen therapy are both disabled and
handicapped, with up to 45% being housebound.6 When considering the organisation of
home oxygen services, it is important that these patients are given access to specialist
services for respiratory assessment, follow-up and community and multidisciplinary
services according to patient needs. Thus communication between hospital and primary
care has been noted to be still inadequate, with many general practitioners not being
informed of the results of the hospital blood gas assessments and the nature of the oxygen
prescription.6

5.3 To address these problems (paragraphs 5.1 and 5.2) we propose the introduction of
a new oxygen record and prescription form that will be used to collect information on
assessment and prescription of all forms of domiciliary oxygen therapy.This form could be
called a ‘Domiciliary Oxygen Record’ (DOR) form. It would consist of two separate parts: (i)
for LTOT and (ii) for ambulatory oxygen. This will emphasise the specific assessments
required for provision of these two types of domiciliary oxygen therapy. A record form for
prescription of short-burst therapy should also be available, though further research on the
indications for short-burst oxygen is required. In view of these new proposals for oxygen
prescription, the DOR form will require piloting before widespread introduction. A
suggested format for each of the DOR forms is shown in the Appendix.

5.4 Following assessment for oxygen therapy and fulfilment of criteria for oxygen
prescription, it is proposed that this DOR form will be completed by the hospital specialist,
the prescription issued and a copy of the form sent to the general practitioner. A copy of
the DOR form will be kept in hospital records and another copy sent to the local health
authority for registering and monitoring oxygen usage. This form will include details of
diagnosis for oxygen concentrator prescription, arterial blood gas measurement on two
occasions, suggested oxygen flow rate, and hours of minimum oxygen concentrator use
recommended. The nature of the oxygen administration device will also be noted (nasal
cannulae or masks), together with a humidifier and back-up cylinder, if appropriate.

5.5 Most DOR forms will be completed by the hospital specialist who is recommending
the provision of oxygen but, in cases where the prescription for oxygen therapy is
undertaken by the general practitioner, he/she should be responsible for completing the
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form after all the appropriate assessments have been undertaken and blood gas data
recorded. The requirements for full assessment and the wider application of oxygen
provision, including ambulatory use and other conditions where the indications are less
well defined, may justify a change in the issuing of prescriptions from primary care to
hospital specialists.

5.6 We support the current service standards for the provision of oxygen concentrators.
Once the oxygen prescription is issued, the oxygen supplier should be informed directly
that a prescription has been issued, and the oxygen concentrator should be installed within
five working days from notification. In the event of a flow rate above 4 l/min being
required to correct hypoxaemia, two (or rarely three) oxygen concentrators will have to
be installed into the patient’s home.

5.7 England and Wales is divided into a number of areas for the purpose of concentrator
delivery by three oxygen suppliers. The contracts for supply of oxygen concentrators are
negotiated by NHS Executive regional offices to cover a period of 5 years. The contract
makes provision for an initial installation fee, a monthly rental fee, a monthly service fee,
cost of back-up oxygen cylinders, and a contribution for the electricity used by the device.
These costs are passed direct to health authorities and are not met by general practice
budgets.

5.8 A survey of 219 patients on LTOT was performed by the working party, through the
British Lung Foundation ‘Breathe Easy’ patient support groups. Of the patients surveyed by
questionnaire, 54% felt that visits to family and friends were restricted with the home
oxygen and 44% were prevented from shopping; 73% of the group considered that
availability of a small lightweight portable cylinder would enable them to take more
exercise.

5.9 However, surveys of ambulatory oxygen usage both in the UK and in France have
shown that relatively few patients use oxygen regularly outside the home.53,59 In a British
study comparing gaseous and liquid ambulatory oxygen systems, patients used the liquid
systems more, though there was only a small increase documented in time spent outdoors
with such systems.90 This emphasises the importance of matching the delivery device to
the expected use of the portable system.

5.10 Equipment for ambulatory oxygen therapy should be prescribed only after
appropriate assessment has taken place. In most cases, ambulatory oxygen therapy will be
prescribed in addition to LTOT, though occasionally ambulatory oxygen will be prescribed
alone for patients with exercise desaturation. The daily usage of ambulatory oxygen will
vary, depending on an individual patient’s mobility, and this will dictate the type of
equipment required. Patients who require a greater use of ambulatory oxygen, eg more
than 2 or 3 hours outside the house, may need a portable liquid-oxygen system or a
portable cylinder with an attached oxygen-conserving device. Patients who need only
occasional ambulatory oxygen or under 2 hours daily will require a small portable cylinder
only.

5.11 The type of equipment required and the estimated daily usage will be indicated on
the DOR form. It is hoped that use of such a form will reduce inappropriate ambulatory
oxygen prescription and provide a framework for monitoring usage. Once prescribed,
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equipment should be supplied within five working days by the oxygen supplier or
pharmacist.The prescription will include the nature of the ambulatory oxygen equipment,
together with any associated equipment (eg conserving devices, nasal cannulae, masks
etc). A comfortable carrying device should also be supplied. A walking trolley may be
required to support the ambulatory equipment for some patients who are unable to carry
cylinders. The appropriate oxygen flow rate should be stated clearly on the prescription,
and the mode of use.When required, equipment should also be provided for refilling small
portable cylinders from larger cylinders.

5.12 A survey of patients with oxygen cylinders showed that 58% of patients used their
cylinders daily at home for short periods.9 The average oxygen use was three F-size (1,360
litres) cylinders monthly. In view of the relatively small amount of oxygen used, F-size
cylinders will be appropriate for short-burst prescription. In a study of oxygen cylinder
usage, few patients used the oxygen to pre-dose before exercise,9 despite some evidence
available that oxygen may be useful in this situation.68

5.13 If short-burst oxygen is required, oxygen cylinders should be prescribed also on a
DOR form designed for prescription of short-burst therapy, together with associated
equipment. An indication of the mode of short-burst oxygen used should be provided (eg
before or after exercise). When assessment is difficult, eg owing to disability, short-burst
therapy may be prescribed without assessment, but this should be recorded on the DOR
form so that monitoring is possible.

5.14 Prescription of long-term oxygen therapy should be avoided on hospital discharge,
when patients are recovering from an exacerbation. Patients should be reviewed a month
later when clinically stable, to assess blood gases. However, some patients may have marked
symptomatic hypoxaemia, and in these patients it is reasonable to provide a temporary
source of supplemental oxygen (eg an F-size cylinder) until formal assessment can be
undertaken. In the event of arterial blood gases improving and LTOT not being required,
then home oxygen cylinders should no longer be provided.

Education

5.15 Studies have shown that about 50% of patients on oxygen concentrators are
housebound, so appropriate advice and support for these patients is required.6,91 These
surveys of home oxygen use have also shown that the population receiving LTOT is older
than patients included in the original LTOT controlled trials.1,2 A study of all oxygen
prescription in three FHSAs in East London found that the median age of home oxygen
patients was 67 years.6 In this study compliance with LTOT use, as assessed by hours of
concentrator use, was significantly reduced in those over 75, compared with younger
users.

5.16 Following a decision to provide LTOT and/or ambulatory oxygen therapy, it is
recommended that the patient receives education and some written information about the
reason for oxygen prescription, and principles of oxygen therapy. This education can be
supplied by a variety of people, including specialist nurse, physiotherapist, technician or
doctors. It is important that a spouse/family member or carer attends the education
sessions with the patient and that the carer needs are adequately addressed within the
education programme.
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5.17 The following topics should be covered in the education programme (see also
relevant safety considerations, 4.21):

1. Condition requiring LTOT and/or ambulatory oxygen, and reason for prescription.

2. Explanation of requirements for taking LTOT for at least 15 hours daily, and principles of low-flow
oxygen therapy.

3. Discussion of principles of ambulatory oxygen therapy, in relation to individual needs; eg patients on
continuous 24-hour oxygen will require a portable source for travel, while patients with exercise
desaturation will need this for improving ambulation outside the home and improving exercise
capacity.

4. Explanation of the principles of the oxygen concentrator and/or ambulatory oxygen equipment.
Assessment of requirements for a back-up cylinder for the concentrator. Demonstration of refilling
and maintenance of portable equipment. Explanation of home servicing arrangements and
electricity reimbursement.

5. Discussion of the advantages of nasal cannulae for oxygen delivery. Some patients may require
masks. Assessment of requirement for humidifier.

6. Warning about the dangers of cigarette smoking in the presence of oxygen equipment.

7. Enquiry about the domestic situation with respect to installation of oxygen equipment or storage.

8. Contact telephone number for a nurse specialist or physiotherapist or technician should be
available if possible.The oxygen concentrator company will provide the patient with a contact
telephone number for emergency breakdowns and problems.

9. Advice on travel with oxygen therapy.

Further education, relating specifically to the oxygen equipment, will be provided by
technician at oxygen delivery and installation.

5.18 Awareness of guidelines and assessment for LTOT is relatively poor among health
professionals outside respiratory specialist teams, yet is important for rational and effective
prescription. This report also sets out new guidelines for assessment and provision of
ambulatory oxygen therapy in a number of circumstances; these must be communicated to staff
in general practice and hospital.

5.19 Following publication of this report, the subject of domiciliary oxygen therapy will
require priority in continuing medical education programmes, organised by the relevant
professional organisations and Colleges. Respiratory physicians should also organise local
teaching sessions for their staff and general practitioners on new aspects of oxygen therapy.
The new guidelines should also be incorporated into the curriculum for specialist
respiratory registrar training, into undergraduate courses and training for other
professional health care groups.
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Patient follow-up

5.20 Formal arrangements are required for the follow-up of patients using domiciliary
oxygen therapy:

❚ to ensure that LTOT adequately corrects hypoxaemia;

❚ to ensure that there is good compliance with LTOT and ambulatory oxygen therapy;

❚ to detect clinical deterioration; and 

❚ to ensure continuing requirement for domiciliary oxygen.

Adequate resources will have to be identified for a follow-up programme.

5.21 Although oxygen concentrators have been available since 1985, there is no formal
arrangement for monitoring the patients after prescription at home, or guidelines for
reassessment if required. Surveys have found that 17% of patients had their SaO2

undercorrected on LTOT at home.6 Currently, follow-up of patients on LTOT varies around
the country and depends on local initiatives.There is little evidence for the effectiveness of
follow-up of these patients; this subject should be a priority for further research and
development.

5.22 All patients should be reviewed by an appropriate specialist 3 months after initial
LTOT prescription, with arterial blood gas measurements on air and with supplemental
oxygen at the prescribed flow rate.This is necessary to ensure the continuing need for, and
adequacy of, LTOT.

5.23 It is recommended that all patients on LTOT have arterial blood gases checked at
least yearly. Patients should be referred for reassessment to the hospital specialist when
there is clinical deterioration, undercorrection of the SaO2 with LTOT, or symptoms of
worsening hypercapnia, eg morning headache.

5.24 All patients on LTOT should be visited at home within 4 weeks of LTOT prescription
by a respiratory nurse specialist, physiotherapist or technician (depending on local
arrangements), who are experienced in the provision of domiciliary oxygen therapy. The
aim of this visit is to provide further education and support for the patient and carer, and
to record the SaO2 with oximetry on air and on the prescribed oxygen flow rate. For
satisfactory correction of hypoxaemia, the SaO2 should be at 92% or above with oxygen
therapy. Results of the home oximetry should be sent to the hospital specialist and general
practitioner.

5.25 During this visit attention should be paid to the following:

❚ Concentrator location, nasal cannulae/masks and requirement for back-up cylinder.

❚ Check oxygen usage with patients and understanding of importance of adequate compliance.

❚ Reinforce that no smoking is essential.

❚ Assess use of ambulatory device if provided.

❚ Provide with contact telephone numbers for oxygen supplier and respiratory
nurse/physiotherapist/technician.
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5.26 All LTOT patients should be followed-up at 6-monthly intervals after the initial post-
prescription visit at home, for measurement of SaO2 on air and on LTOT, and a report of
the follow-up sent to the hospital and primary care.92

5.27 If SaO2 on oxygen remains below 92%, repeat blood gas assessment on differing
oxygen flows will be necessary to adjust the LTOT prescription. Although the oxygen flow
rate can be adjusted using oximetry at home, the risk of increased supplemental oxygen
causing worsening hypercapnia needs to be excluded (see 3.41). If SaO2 on air is 92% or
above, it should be repeated after 4 weeks; if it remains at 92% or above on air, then the
patient should be reviewed and the requirement for LTOT reassessed.

5.28 As currently occurs, the oxygen supplier will visit patients 3-monthly to read the
oxygen meters and service the concentrators. A mechanism of reimbursement for the cost
of the electricity used by the concentrator is required. Compliance with LTOT will be
checked by meter readings at the service visits and the results will be available to the
general practitioner and the relevant health authorities.

5.29 In cases of poor compliance with the prescribed long-term oxygen prescription, the
general practitioner should request a home visit by the local respiratory nurse,
physiotherapist or technician, to evaluate the situation and reason for poor compliance.

5.30 It may be required to remove the oxygen concentrator in the following
circumstances:

❚ Death of the patient

❚ No further requirement owing to improvement in PaO2.This will apply to patients where LTOT
may be prescribed for a limited time following an episode of respiratory failure, such as patients
with sleep apnoea on CPAP therapy, or for patients using home ventilatory support for chest wall
disease. Children recovering from bronchopulmonary dysplasia may also need to discontinue LTOT.

❚ LTOT patients may be found on follow-up to have arterial blood gas tensions above the
requirement for LTOT prescription. Following careful review by the respiratory physician, LTOT may
be withdrawn.There must be no other criteria for LTOT prescription in these patients, eg palliative
use. All patients where LTOT has been discontinued must have blood gases checked 3 months later
and yearly if appropriate.

5.31 Most patients on ambulatory oxygen therapy will be also using LTOT, and the use
and requirement for ambulatory equipment can be reviewed at the LTOT follow-up visits.
Review of ambulatory oxygen use and activity outside the house must also be made on
follow-up assessment, so that the appropriate device is provided.

5.32 Patients on ambulatory oxygen who are not on LTOT should have arterial blood
gases checked at least once per year, as oxygenation may deteriorate in this patient group.
In the event of symptomatic deterioration, then repeat assessment with exercise tests may
be required.

5.33 All patients on short-burst oxygen therapy should be seen at least once per year by
the general practitioner or hospital specialist to review the continuing need for the short-
burst oxygen. In the event of clinical deterioration, then repeat assessment of arterial blood
gases will have to be made.
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General considerations

6.1 Infants and children are more predisposed to the development of hypoxia due to
immaturity of respiratory muscles and ventilatory control with younger age. In addition to
correction of arterial hypoxaemia and prevention of pulmonary hypertension, the aim of
domiciliary oxygen therapy in children is to prevent developmental problems and growth
failure.The infant’s lungs have potential for growth and a reducing need for supplementary
oxygen therapy with age.Thus, in infants and children, oxygen requirements will vary and
must be appropriately prescribed.

6.2 Previously published recommendations for domiciliary oxygen therapy have mainly
concentrated on adult prescription. Only one previous report, from a Royal College of
Physicians Working Group (April 1992) has specifically addressed issues relating to oxygen
therapy in British children.This report highlighted the main differences between the needs
of children and adults:

1. The clinical conditions for which domiciliary oxygen may be indicated.

2. The generally optimistic prognosis for most babies and infants receiving such therapy and therefore
the limited duration of individual therapy.

3. The provision of specific equipment to allow very low oxygen flows to be delivered, particularly to
infants.

4. The almost universal need of ambulatory oxygen therapy for children and young people.

5. Specific aspects of assessment and supervision of children.

Indications for oxygen therapy in children

6.3 Bronchopulmonary dysplasia (BPD) is the main indication for long-term oxygen
therapy in children.This affects 10–25% of infants weighing <1,500 g and predominantly
infants who are born prematurely and are of very low birthweight. Most of these infants
have required prolonged positive pressure ventilation from birth and, after extubation,
they continue to require oxygen supplementation to maintain normoxaemia. Numbers of
infants and schoolchildren with BPD will increase as there is increasing survival of
extremely low birthweight premature infants.

6.4 Once the infant is clinically stable, oxygen therapy will be continued in the home,
in view of the inappropriateness of a hospital environment for a young child and the
family.The use of LTOT in BPD will improve growth and development93 and gradually the
oxygen requirements will reduce.

6.5 In cystic fibrosis most children have a normal oxygen saturation during the early
years but later, with progressive lung disease, chronic hypoxaemia develops. The rate of
deterioration is unpredictable, and more rapid in the presence of recurrent respiratory tract
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infections. In addition to LTOT, ambulatory oxygen should be provided to maintain activity
with exercise hypoxaemia.

6.6 In cyanotic congenital heart disease, oxygen has no effect in raising levels and is not
indicated. However, in conditions with left to right shunting, cyanosis may develop
secondary to elevated pulmonary vascular pressure (Eisenmenger complex). In the early
stages, the pulmonary hypertension may be responsive to oxygen and this can be helpful
in a pre-transplant situation or for palliative treatment. Use of oxygen in these cases should
be on the advice of a specialist. There are individual infants and children with congenital
heart defects, but without Eisenmenger’s syndrome, who are being considered for
corrective surgery. In these individuals, pulmonary artery pressure may be oxygen-
responsive and they may benefit from oxygen supplementation prior to corrective surgery
or in the early postoperative periods. These infants and children will require domiciliary
oxygen therapy for a relatively short period of time.

6.7 In children with severe thoracic deformity or neuromuscular disease causing
hypoventilation, oxygen therapy may be indicated. However, in such situations ventilatory
support is preferred, in view of hypercapnia that can develop with oxygen therapy, and
specialist advice will be required.

6.8 There are a number of children with developmental delay or motor disorder, who
are prone to episodes of aspiration.These generally can be treated at home but often result
in sub-optimal oxygenation during the recovery period. In these situations it is appropriate
to consider oxygen therapy at home; provision for these children will vary over time.
Monitoring of the child is required and community based paediatric nursing staff are
essential for assessment of oxygen requirements and adjustment of oxygen flow rates.

Table 3 shows diagnoses in children that may require treatment with domiciliary oxygen
therapy.

Other
conditions

associated with
hypoxaemia in

children

Infants

Bronchopulmonary dysplasia

Meconium aspiration syndrome

Congenital pneumonia

Post-congenital diaphragmatic hernia repair

Pulmonary hypoplasia

Congenital heart disease with pulmonary
hypertension

Children

Cystic fibrosis

Fibrosing alveolitis

Chest wall disease – scoliosis and neuromuscular
disease

Obliterative bronchiolitis

Progressive congenital lung diseases (eg
bronchiectasis, primary ciliary dyskinesia)

HIV-associated pneumonia

Table 3. Diagnoses in infants and children that may require treatment with domiciliary oxygen



Assessment for long-term oxygen therapy in children

6.9 Suitability for domiciliary oxygen therapy should be assessed by a specialist with
appropriate experience in the care of the relevant condition. The family must also be
assessed as competent to manage home oxygen therapy.

6.10 For infants there is only limited evidence to recommend a minimally acceptable
level of oxygenation but, in view of the importance of growth and development, higher
arterial oxygen levels are suggested, as hypoxia has been found to increase the risk of
bronchospasm in infants.94 The normal oxygen saturation is around 96% and the aim of
supplemental oxygen therapy should be to achieve SaO2 at above 92%.Thus any child with
SaO2 of 92% or below should be assessed for LTOT. Some children may show evidence of
nocturnal hypoxaemia only, without daytime hypoxaemia.

6.11 Monitoring of the effectiveness of the oxygen therapy should take place on a 24-
hour basis, with oximetry to assess the oxygen flow rates, prior to discharge home. Like
adults, infants and children also develop nocturnal hypoxaemia, which in older children
with cystic fibrosis and asthma is exacerbated during REM sleep.95,96The highest incidence
of hypoxia in infants with BPD may occur during feeding when interruption of respiratory
flows occurs.97,98 Thus the SaO2 levels should also be assessed during periods of activity
and feeding, when oxygen requirements will be increased.

6.12 The following conditions must be met before an infant is discharged from hospital
with domiciliary oxygen therapy:

❚ The oxygen requirement must be stable with SaO2 >92% with oxygen therapy.

❚ Home conditions should be satisfactory for oxygen installation, and appropriate advice should be
given for no cigarette smoking in the home.

❚ Appropriate support is available for the child and parents, who have received education in the
principles of domiciliary oxygen therapy.

❚ Written information about oxygen therapy should be provided for the parents.

❚ Communication with the general practitioner and other services has taken place.

6.13 It will be desirable for domiciliary record forms to be used for paediatric oxygen
prescription. In the case of infants and children, most of the oxygen prescription will be
initiated by hospital specialists, with follow-up care in the community shared with general
practitioners.

6.14 For children of school age, adult criteria for oxygen prescription are acceptable,
though specific studies of limits of PaO2 for LTOT are lacking.

School-age
children

Infants
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Equipment for domiciliary oxygen therapy in children

6.15 Equipment requirements for domiciliary oxygen therapy in children are:

1. A low-flow meter must be available for the infant or very young child, and suitable for use on the
oxygen delivery device.

2. Appropriately sized nasal cannulae, face masks and extension tubings must be provided.

3. Ambulatory equipment must be available for children as part of the oxygen delivery systems, unless
the oxygen is required only at night.This must be lightweight, so that older children can handle it
themselves.The duration of ambulatory oxygen required will usually increase with age, though a
separate source of oxygen should be provided at school.

4. Where the oxygen requirement is continuous, a back-up cylinder is required.

5. Requirement for humidification in children, where the supplemental oxygen flow rate is above 
1 l/min.

6. Safety at home with oxygen equipment.

7. Monitoring of oxygen therapy on an individual basis; further studies are required on the value and
mode of monitoring children on oxygen therapy.

Follow-up of the child on domiciliary oxygen therapy

6.16 Arrangements for follow-up after hospital discharge should be coordinated by the
specialist service, who will liaise with the general practitioner, health visitor and
community paediatric services.While on oxygen therapy, all children should remain under
the supervision of the appropriately experienced paediatrician.

6.17 As oxygen requirements may change in children and become reduced with time,
the arterial oxygen saturation should be monitored regularly at home with a pulse
oximeter. For infants, monitoring should be performed continuously during sleep,
wakefulness and especially during feeding periods, to adjust the flow rate. Specialist
paediatric nurses or paediatric physiotherapists are required to monitor children in the
home and also to assess the appropriate time for oxygen therapy withdrawal.They should
provide support and advice on caring for infants and children at home on oxygen therapy,
while optimising their developmental opportunities.

6.18 There must be direct access for the child to be readmitted to hospital, in case of an
emergency or deterioration in clinical condition.

Short-burst oxygen therapy in children

6.19 Hypoxaemia due to acute asthma is the commonest situation requiring short-burst
oxygen therapy. For children with anaphylaxis, acute airway obstruction with
bronchospasm may cause acute hypoxaemia early in the acute reaction. Children who are
candidates for emergency oxygen in these situations require detailed assessment and
treatment plans. Parents have to be fully trained in the indications for, and risks of, oxygen
therapy.
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Oxygen therapy at school

6.20 There is a small but important demand for oxygen therapy in schools, depending
on the child’s diagnosis and rationale for its use.The incidence of oxygen therapy required
at school is approximately 1 in 50,000 children requiring continuous treatment and 1 in
50,000 children for intermittent and emergency use.

6.21 The requirement for oxygen therapy at school will involve the specialist paediatric
respiratory team and the educational health services.

6.22 At present there is no formal national or regional policy for the provision of oxygen
in schools, which in most cases is organised through community paediatric services. Some
implications for the provision of oxygen in schools include:

1. Oxygen delivery equipment must be lightweight, easy for the child to handle and adjust if required.

2. Safety devices must be provided for stabilising oxygen cylinders or other equipment, either when
static in the classroom or when moved.

3. Insurance cover is required for staff and premises, when oxygen is used at school and during
transport to and from school.This also applies to school trips.

4. There must be adequate technical back-up available for the equipment at school, and appropriate
training for staff in its use.

5. Provision must be made for ambulatory oxygen for travel to school, if required.

6. School staff must have a readily available contact point for them to approach in case of difficulties.
This may extend beyond core school time, particularly in the case of school trips of extracurricular
activities.

Provision of
oxygen in

schools
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Travel for patients on 
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39Travel for patients on domiciliary oxygen therapy

Road, rail and sea travel

7.1 The increasing availability and usage of domiciliary oxygen and the reliability and
efficiency of modern transport systems has led to an increasing need for the provision of
oxygen therapy whilst travelling and staying at holiday destinations in the UK. Patients can
obtain oxygen cylinders for temporary use from a local general practitioner. Oxygen
concentrators can be transported by car. Most coach and rail companies can accommodate
patients requiring oxygen cylinder therapy. Most shipping companies will allow travel with
oxygen concentrators or liquid oxygen. Passengers will need to inform the shipping
company before travel, so that the ship’s medical department can make the necessary
arrangements.

Air travel

7.2 Commercial airliners fly at altitudes up to 41,000 feet and at cruising altitudes the
cabin pressure is kept at a level equivalent to 5,000–8,000 feet above sea level.99

International aviation regulations stipulate that at a plane’s maximum cruising altitude the
cabin pressure should equate to approximately 8,000 feet,100 although this may be
exceeded if a plane has to climb for unexpected reasons. At this pressure the PaO2 of a
healthy passenger will drop to 8.7–9.1 kPa (65–68 mmHg).101,102 In a patient with
hypoxaemia at rest, the reduction in inspired oxygen tension at cruising altitudes will
cause a significant fall in oxygen saturation. At a cabin pressure of 5,000 feet (17.2%
oxygen), the PaO2 of a group of COPD patients fell to 6.8 kPa (51 mmHg) and at 7,000
feet the PaO2 fell to 6 kPa (44.7 mmHg).103 There was a small reduction in PaCO2 in all
patients.

7.3 Patients with severe COPD might be put further at risk in an aeroplane by high levels
of carboxyhaemoglobin as a result of smoking. They may also be prone to expansion of
non-functioning emphysematous bullae and abdominal gases as a result of the reduced
pressure, which could further compromise functioning lung. An additional hazard is the
drying of bronchial secretions as a result of reduced humidity within the cabin.

7.4 The supply of oxygen for medical use is from cylinders, though the delivery to the
patient may be by mask or nasal cannulae, or a choice depending upon the airline. On
some aeroplanes (Boeing 747, 777, Concorde) oxygen is available from cylinders, but may
also be tapped from the aircraft’s ‘ring main’ of oxygen.104

7.5 Numerous studies103,105–7 have attempted to examine blood gas measurements and
lung function data to predict who might need supplemental oxygen in flight. In practice,
airline medical departments consider dyspnoea on walking 50 yards105,106,108 as being the
determining factor as to whether a passenger needs an assessment to clarify whether
oxygen should be available as a standby or for continuous use. Medical oxygen accounts
for 10% of all British Airways medical clearance, with 90% of oxygen being provided 
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for intermittent or standby use only. Some airlines will supply oxygen only for continuous
use.

7.6 If physicians are concerned whether a patient should have supplemental oxygen,
then the pre-flight PaO2 on the ground is the best predictor of PaO2 at altitude and the
possible need for supplemental oxygen.103,106 If the pre-flight PaO2 is less than 9.3 kPa
(70 mmHg), provision for supplemental oxygen should be available, as at altitude PaO2

may drop to less than 6.7 kPa (50 mmHg).109

7.7 Provision of oxygen to prevent hypoxaemia during air travel should be considered
for a child who has chronic lung disease either requiring LTOT or recently weaned from
the use of LTOT. The SaO2 should ideally be monitored during the flight and oxygen
administered to maintain the SaO2 level in the child’s usual range.

7.8 All airlines need prior knowledge of a passenger who is going to require
supplementary oxygen. Any passenger who may need oxygen in flight is strongly advised
to book through a travel agent who will be able to provide the necessary advice and make
appropriate arrangements. Passengers will not be allowed to use their own oxygen
cylinders.

7.9 Any patient requiring oxygen during flight needs to complete a two-part MEDIF
form, to be returned to the airline at lease 48 hours before departure. Part of the form is
completed by the physician, who is also asked about the required oxygen flow rate in
flight. A choice of 2 litres or 4 litres is given, and the patient will use a standard Hudson
mask.

7.10 There are no universal guidelines for oxygen therapy, and thus airlines implement
their own rules. Some companies will limit the number of oxygen-dependent passengers
they will take, and may refuse any passenger who needs continuous oxygen therapy.There
is usually a charge for oxygen therapy, determined by the individual airline.

7.11 Within the UK, oxygen cylinders can be prescribed at the destination, and a
prescription from the traveller’s GP in the UK will need to be forwarded to a pharmacist
in the holiday destination. Oxygen is not available on the NHS in Jersey. Oxygen-dependent
patients and patients with severe COPD should always arrange additional insurance if
travelling outside the UK.

Useful contacts

Breathe Easy (British Lung Foundation) provide a list of institutions, travel companies and
charities who will help disabled and/or oxygen-dependent patients with their travel
arrangements.

The European Respiratory Society has recently set up Eurolung Assist which lists medical
units directly involved in pulmonary rehabilitation and oxygen therapy.

A number of travel companies offer professionally supervised travel opportunities for
people requiring 24-hour oxygen therapy (eg Wagons-Lits Travel, Association des
Insuffisiants Respiratoires).

Practical
considerations
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DOMICILIARY OXYGEN RECORD FORM: Long-term oxygen therapy assessment
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Date O2 (L/min) FEV1 FVC PaO2 PaCO2 SaO2

Initial assessment 
Air

2nd assessment 
Air

2nd assessment 
Oxygen

Additional information (eg for nocturnal hypoventilation patients, sleep study results)

Diagnosis

Chronic obstructive pulmonary disease ❑

Interstitial lung disease ❑

Neuromuscular/chest wall disease ❑

Heart failure ❑

Cystic fibrosis ❑

Pulmonary hypertension ❑

Palliative/disabling dyspnoea ❑

Other (specify)

Indications

A Chronic hypoxemia ❑

B Nocturnal hypoventilation ❑

C Palliative ❑

Oxygen delivery system Litres/min Hours/day 

Prescription for long-term oxygen therapy

Device Backup cylinder Humidification

mask ❑ yes ❑ yes ❑

cannulae ❑ no ❑ no ❑

Patient name Date of birth

Address 

Post code

GP 

Address

Post code

Telephone Fax

Consultant Hospital

Address 

Post code

Telephone Fax

Respiratory nurse/
contact Designation

Telephone Fax

Prescriber’s name Date

Signature Designation
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DOMICILIARY OXYGEN RECORD FORM: Ambulatory oxygen therapy assessment

Date SaO2 at rest Type of exercise SaO2 during exercise Recovery time

Assessment on air

Assessment on
oxygen ( ... l/min)

Date SaO2 at rest Type of exercise PaO2 PaCO2

Blood gas
Air

Diagnosis

Chronic obstructive pulmonary disease ❑

Interstitial lung disease ❑

Neuromuscular/chest wall disease ❑

Heart failure ❑

Cystic fibrosis ❑

Pulmonary hypertension ❑

Palliative/disabling dyspnoea ❑

Other (specify)

Oxygen delivery system Litres/min Hours/day 

Prescription for ambulatory oxygen therapy

Device Other additional devices (specify)

mask ❑

cannulae ❑

Patient name Date of birth

Address 

Post code

GP 

Address

Post code

Telephone Fax

Consultant Hospital

Address 

Post code

Telephone Fax

Respiratory nurse/
contact Designation

Telephone Fax

Prescriber’s name Date

Signature Designation

Daily estimated use (hours)
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