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Provision of long term oxygen therapy

Domiciliary oxygen therapy has for many years been
available in the United Kingdom through the family
practitioner services. Hitherto the approved method
of providing this has been by means of 1360 litre
cylinders with regulating valves capable of deliver-
ing flows of 2 or 4 1 of oxygen per minute. The
marked geographical variation in the utilisation of
these cylinders, which is unrelated to area death
rates for respiratory diseases and hence to the pre-
sumed prevalence of those conditions for which
supplementary oxygen might be most needed, led
Williams to question the rationale for home oxygen
therapy:' In most cases it is provided for occasional
or short term use? when the patient perceives a need
for it, usually at times of acute breathlessness. Only
in a minority has the aim been to offset the harmful
consequences of chronic hypoxia, including pulmo-
nary hypertension and polycythaemia, and so to pro-
long life. For this purpose, according to the best
available evidence, controlled oxygen supplements
are required by the patient for a total of between 12
and 24 hours daily>~® It is with such long term
oxygen therapy (LTOT) that we are concerned here.

Providing oxygen cylinders in patients’ homes on
the scale needed for LTOT is both inconvenient and
expensive, and there can be little doubt that in the
past this has often inhibited physicians from recom-
mending such treatment. At present the most cost
effective way to provide LTOT for a patient whose
home has a suitable electrical supply is with an
oxygen concentrator. This was shown in an
economic appraisal of domiciliary LTOT® and has
been confirmed in a report prepared for the
Department of Health and Social Security (DHSS)
by the North Western Regional Health Authority
(NWRHA) in Manchester after a trial introduction
of concentrators in that region.'

It is now 17 years since Cooper’s description of a
molecular sieve oxygen concentrator suitable for
clinical use.!" Within one year Cotes and his col-
leagues had tested a prototype in hospital'? and by
1973 Stark and Bishop had shown that a concen-
trator could be used successfully in the patient's
home."* With those early, cumbersome machines
there were considerable problems with reliability
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and they were very noisy in use. This has all
changed: currently available concentrators, several
of which are evaluated in two papers in this issue,'* '
are more compact and more easily transported; they
fit better into the home environment, create a noise
level which is acceptable if not ideal, require rela-
tively little maintenance and are capable of generat-
ing an adequate flow of greater than 90% oxygen for
long periods of time. At the beginning of December
this year the DHSS will make oxygen concentrators
generally available on prescription for use in the
home. Whereas the trial LTOT service which was
conducted by the NWRHA was hospital based, the
equipment being installed only on the recommenda-
tion of a respiratory physician, in the scheme which
is about to be introduced in England and Wales con-
centrators will be supplied through the family prac-
titioner services. It is sincerely to be hoped that they
will be prescribed on a rational basis after careful
selection of patients for whom LTOT is appropriate.

Arrangements for prescription

It is understood that the system for arranging the
delivery and installation of a concentrator will work
as follows. The general practitioner will make a pre-
scription for the provision of an oxygen concentrator
together with any other necessary equipment, and
will indicate the duration of treatment in hours per
day on form FP 10 and hand this to the patient. At
the same time an explanation will be given of the
arrangements which will then be put in hand. The
patient will retain form FP 10 until visited by a rep-
resentative of the concentrator supplier and then
hand the form to the representative. Meanwhile the
family doctor will notify the regional supplier by
telephone of the name and whereabouts of the
patient for whom the prescription has been written.
The supplier will confirm in writing with the prac-
titioner, the patient and the Family Practitioners’
Committee (FPC) that the order has been received
and will then proceed with the installation.
Suppliers of concentrators are to be selected by
open competitive tender and one supplier only will
be contracted to provide this service in any given
region. For this purpose England and Wales have
been divided into nine regional groups of FPCs
(which do not share the same boundaries as Reg-
ional Health Authorities). FPCs will keep a record
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for each patient for whom a concentrator is provided
(including a note of the prescribed regimen of
usage) and will receive invoices from the supplier for
the costs connected with the installation, rental,
maintenance, running and ultimate removal of the
concentrator. At the time of writing, the arrange-
ments for the supply of concentrators in Scotland
are unclear.

Clinical guidelines for the prescription of LTOT
are being prepared by the DHSS for inclusion in the
Drug Tariff. The guidelines, in their draft form, have
already been reported by Williams and Nicholl'¢ and
they are reproduced here verbatim:

Draft DHSS Guidelines for Prescription of Long term
Oxygen Therapy

Absolute indication Such patients will have chronic obs-
tructive airways disease, hypoxaemia, and oedema (or pre-
viously witnessed oedema). Suitable patients would have a
forced expiratory volume of less than 1.5 1, a forced vital
capacity of less than 2 1, an arterial oxygen tension less than
7.3 kPa (55 mm Hg), and some elevation of arterial carbon
dioxide tension greater than 6.0 kPa or 45 mm Hg.

These tests should be made in a stable phase of the
condition when all reversible factors have been fully
treated, eg infection, reversible airways disease, cardiac
disease. In order to document stability, the spirometric
measurements and the arterial blood gases should be re-
peated at not less than three weeks later. There should be a
variation of no more than = 20% in the spirometric meas-
urements and a variation of no more than = 5 mm Hg or
0.6 kPa in the arterial tension. If the tests have improved
by more than these limits then a further three weeks inter-
val should elapse and the tests should be repeated.

Other patients with chronic obstructive airways disease
The second group will contain patients with chronic ob-
structive airways disease having the same spirometric
characteristics and the same levels of arterial oxygen ten-
sion as those described above, but no hypercapnia or
oedema.

Many such patients were studied in American trials of
long term domiciliary oxygen therapy and benefit was
clearly shown but such patients were excluded from the
British studies. However, many of these patients, including
refractory asthmatics and sufferers from cystic fibrosis,
might be expected to benefit from long term oxygen
therapy. On present evidence, long term oxygen therapy
should not be denied but the same criteria of stability to
ensure that they are truly chronically hypoxaemic should
be applied.

Palliative use of oxygen This group includes patients with
other respiratory conditions associated with severe arterial
hypoxaemia but without hypercapnia, for which oxygen
therapy may have a useful palliative effect, without neces-
sarily affecting survival.

Examples would be severe hypoxaemia associated with
the terminal phases of fibrosing alveolitis, industrial lung
fibroses, and collagen disorders and lung infiltrations with
sarcoid or malignancy.

Other conditions Palliation of chronic respiratory failure
associated with kyphoscoliosis, obesity, hypoventilation
and the end stages of irreversible peripheral neuropathies
and muscle disorders is less certain. However, some of
these conditions are associated with such severe distur-
bances of ventilatory drive that the abolition of hypox-
aemia by increased inspired oxygen may be dangerous. If
oxygen therapy is considered in such patients the initial
assessment would have to be more detailed than that
already described for patients with chronic obstructive air-
ways disease.

Assessment of suitability for long term oxygen
therapy

If these guidelines are followed closely a formidable
number of patients will warrant an evaluation of
their suitability for treatment. This process requires
the expertise of respiratory physicians and is time
consuming. Will the available resources be able to
cope with the demand? An attempt by Williams and
Nicholl'® to estimate how many subjects in the
community, aged over 45 years, with hypoxaemic
chronic obstructive bronchitis might qualify for the
prescription of a concentrator suggests that in
Sheffield, where the study was based, this could be
around 600, thus providing a figure for England and
Wales of 60 000. Even if one takes only the lower
confidence limits from that study as a guide, the
number of subjects who would be “eligible” for a
concentrator are about 130 for Sheffield and 13 000
for England and Wales as a whole. In selecting
patients with chronic airflow obstruction for LTOT
the Nocturnal Oxygen Therapy Trial (NOTT)
Group observed that 45% of those initially
identified as candidates improved during the 4 week
period of assessment and were then no longer so
hypoxaemic as to warrant treatment.!” Limited per-
sonal experience of trying to select patients for
LTOT is also in accordance with an ‘‘acceptance
ratio” in the region of 50% (although the reasons
for rejection may differ). It remains unknown how
many patients general practitioners and other col-
leagues will refer to respiratory physicians for con-
sideration of LTOT and what the *“ acceptance ratio”
will be for the numbers of patients finally recom-
mended for treatment as a percentage of those
referred. Only guesswork is possible at this stage but
it seems quite likely that three or four patients will
need to be assessed for every concentrator finally
installed in a home. If Williams and Nicholl are cor-
rect in their estimation,'¢ and if to the sufferers from
chronic obstructive lung disease who may be “‘elig-
ible”” for a concentrator are added those with other
diseases, the implications are obvious: the assess-
ment of the large numbers of potential candidates
for LTOT will constitute a large additional work-



load. It may be the view of the DHSS that most of
those in need of a concentrator are already receiving
LTOT from oxygen cylinders and that it will be a
simple matter to transfer these patients to concen-
trators, with a consequent financial saving, and that
the introduction of LTOT will have little impact on
the hospital services. On the contrary, it seems likely
that even if there is not an immediate flood of
requests to assess patients for their suitability for
LTOT there will be a rapid growth in these. So far,
however, no recommendations appear to have been
made to Regional Health Authorities to make pro-
vision for this labour intensive assessment process,
which is an essential component of the proposed
LTOT service.

Indications for long term oxygen therapy

Deciding whether and when to recommend that a
patient should embark on LTOT is not simply a mat-
ter of establishing that the patient fulfils certain
pathophysiological criteria, crucially important
though these are. Consideration should be given to
the quality of the patient’s life, and this involves
making value judgements which are both difficult
and imprecise. LTOT confers its own burden on the
patient and the family, and requires willingness and
a lasting commitment if it is to be maintained. The
patient's age, the presence of other significant
pathology, the social history, the attitude and capa-
bility of the spouse, or other closely involved rela-
tive, may all influence a decision to treat. Close col-
laboration between the family practitioner and the
respiratory physician is clearly most desirable in
reaching the decision.

Difficulty in deciding when to initiate LTOT is
created by the uncertainty as to where patients are
placed on their own, unique * natural history curve.”
Some do appear to be remarkably tolerant of
chronic hypoxia. To introduce LTOT too early
would be unacceptable but if it is to be instituted it
must not be delayed until it is too late to be of
benefit. The choice of oedema formation as a
marker of cor pulmonale and an indicator of the
need for LTOT has the great merit of being recog-
nisable clinically and being a clearly defined stage in
the evolution of the disease. Unfortunately it is a
late feature and has long been linked with a poor
prognosis. In the Medical Research Council (MRC)
trial of LTOT® the cumulative five year mortality
was 67% in those allocated to the control group,
who did not receive LTOT but whose treatment we
may assume was otherwise the best available. There
was also an indication from the same trial that the
most severely afflicted male patients were doomed
soon to die whether they received LTOT or not; it
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was suggested that their (inevitable) deaths could
have accounted for the paradox that improved sur-
vival did not become evident in the treated group of
male patients until 500 days had elapsed. It would
obviously be helpful if those with the worst outlook
could be identified before LTOT is recommended.
Attempts were made by the MRC Working Party to
establish criteria which would permit such a predic-
tion but the best of these, the sum of the patient's
arterial carbon dioxide tension (mm Hg) and the red
cell mass (ml/’kg), proved to be a poor discriminator.
The finding by Ashutosh and colleagues'® that the
prognosis could be predicted according to the mag-
nitude of response in the patient’s pulmonary arter-
ial pressure after only 24 hours’ oxygen therapy
requires confirmation. At present it does not appear
possible to make this prediction simply and reliably
in individual patients.

It is clearly very important that the appraisal of a
patient's need and suitability for LTOT should be
made when the clinical condition is stable, as
recommended in the DHSS draft guidelines, and not
during or shortly after an exacerbation of the dis-
ease. Patients are often first referred to hospital in
the course of such an exacerbation, when typically
they are oedematous and their blood gas tensions
are worse than usual. Throughout the period of
assessment the patients should continue to receive
whatever medication is appropriate and at the
optimum dosage to minimise their airflow obstruc-
tion and any fluid retention. During this time arterial
hypoxaemia would be confirmed and then shown to
be persistent after a suitable interval; three weeks
(the recommended minimum) or a month is conve-
nient. The arterial carbon dioxide tension and pH
are also recorded as well as the results of pulmonary
function tests. A chest radiograph, an electrocar-
diogram and measurement of the haematocrit would
normally be required for a full assessment. Few
would disagree with Petty that measurement of the
pulmonary arterial pressure is not required in decid-
ing whether to treat or not."” Neither are studies
during sleep necessary, although it has been sug-
gested that hypoxaemia at this time may be of par-
ticular relevance to the development of pulmonary
hypertension.?°?' What is essential is to confirm,
firstly, that oxygen therapy raises the patient’s arter-
ial oxygen tension above 60 mm Hg (8 kPa) and,
secondly, that it does not aggravate carbon dioxide
retention.

Adequate oxygenation is achieved in the majority
of subjects with a flow of 1-3 litres of oxygen per
minute,'” delivered by nasal cannulae. Several differ-
ent designs of lightweight cannulae are now avail-
able which are well tolerated when worn for many
hours at a time. Occasionally a patient finds the
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prongs of the cannulae too uncomfortable in the
anterior nares and a controlled oxygen face mask
must be worn instead.

It is well known that during exacerbations of
respiratory failure some patients are intolerant of
even modest increments in inspired oxygen concen-
tration and those with chronic stable hypercapnia
may have a significant rise in arterial carbon dioxide
tension within the hour when they are breathing
high concentrations of oxygen.? In patients selected
for LTOT it must be shown that this does not occur
overnight with the prescribed low flow supplement
of oxygen and this needs to be done under supervi-
sion in hospital.

Education of the patient

The education of those selected for LTOT, and of a
relative if necessary, requires particular attention. In
addition to training the patient to use a concentrator
of the same type that is to be installed at home, it is
important to ensure that the objectives of treatment
and the need for compliance are understood. Other
aspects of patient education deserving attention
might include the correct use of bronchodilators and
the problem of smoking. Every effort should be
made to persuade smokers to stop this habit before
instituting LTOT; indeed, should they not be
obliged to do so?

The siting of the concentrator in the patient's
home should be discussed as well as the placement
of oxygen outlets in the bedroom and living room.
The most suitable location for the concentrator will
be finalised by agreement between the installer and
the patient; it should be a well ventilated, clean and
dry location away from open fires or paraffin or gas
heaters. The oxygen pipeline from the concentrator,
for which heavy walled PVC tubing is quite satisfac-
tory, can be routed relatively inconspicuously to the
chosen outlet points; again the installer will attend
to the final details of this. Arrangements for trouble
shooting in the event of a fault developing with the
concentrator also require explanation. Some
patients who are totally or heavily dependent on
their oxygen supply need a standby oxygen cylinder
with attachments at home for emergency use in the
event of a power failure or a concentrator fault
which cannot be rectified promptly. Because of the
pressure on hospital inpatient time and on busy clin-
ics, educating patients is often an insufficiently
fulfilled aspect of patient care. Who should be
responsible here? While I do not wish to diminish
the educational role of the physician, a good case
can be made for an experienced and suitably trained
nurse, or perhaps a physiotherapist or physiological
measurement technician, to be dedicated to this

important enterprise. The time which would be
required for this task might not be long at first but it
would surely increase as the number of concen-
trators in use grows. A service of this kind would be
of more general value in the chest clinic and its
provision could be linked with other duties. A
suitably qualified ‘“‘educator” could also play an
active part in assessing patients who have been
identified as candidates for LTOT, in determining
the oxygen flow rate suitable for those selected for
treatment, and in their future follow up, preferably
at home as well as in the outpatient clinic.

Compliance

A patient’s compliance with the advice and treat-
ment recommendations given in hospital may well
be enhanced by domiciliary follow up visits. In the
NOTT trial* very good, compliance was recorded
with respect to the number of hours the patients
used their oxygen supply, and a feature of that study
was the frequency with which patients were visited
at home by a nurse practitioner. It is likely that the
NWRHA introductory trial of concentrators'®
reflects more realistically what will happen with
LTOT in routine practice in Britain. In that study 76
patients used their machines on average 14.3 hours
daily, almost all having been instructed to do so for
15 hours or more. A similar observation was made
by Evans, Waterhouse and Howard in a group of 14
patients.*® Moreover, in the NWRHA trial the fre-
quency distribution of the number of hours per day
that patients used their concentrators was negatively
skewed; indeed six of the 76 patients were using
their machines for less than six hours a day. Thus it
appears that, if the necessary minimum daily dura-
tion of oxygen therapy for improved survival to
accrue is in fact 15 hours,® and the findings of the
NWRHA study are representative of patient com-
pliance in this country, then over half of the reci-
pients will be having insufficient treatment. This is
not to say that patients receiving oxygen for less
than 15 hours a day derive no benefit from the
treatment: their gain may be in the short term and
symptomatic rather than in life expectancy. What is
to be done when compliance is grossly inadequate?
Should the patients constantly be exhorted ““to do
better’? Should treatment be abandoned, and
would this be ethically sound? If the prospect of a
failure in compliance could be predicted there would
be no financial justification for installing a concen-
trator in the patient's home; a cylinder supply would
be appropriate for the occasional user consuming
oxygen at a rate of two litres per minute for no more
than three or four hours daily. If poor compliance is
anticipated it would seem reasonable to start treat-



ment using cylinders and to switch to a concentrator
later only if this is justified.

The availability of oxygen concentrators will per-
mit those who retain lingering doubts about the
benefits of LTOT to observe the treatment in prac-
tice. A combination of careful and sensitive assess-
ment on the one hand and well informed and re-
peated guidance on the other could ensure that the
machines are deployed and used appropriately
throughout the country so that abuse of long term
oxygen therapy, which is currently causing concern
in the United States,* can be avoided.

T B STRETTON
Manchester Royal Infirmary
Manchester M13 9WL
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