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Assessment and follow up of patients prescribed
long term oxygen treatment

L J Restrick, E A Paul, GM Braid, P Cullinan, J Moore-Gillon, J A Wedzicha,

Abstract
Background-Prescription and use of
long term oxygen treatment were audited
in a large group of patients after more
than five years of use ofthe guidelines for
its prescription.
Methods-Patients with a concentrator
were interviewed at home with a struc-
tured questionnaire in three family
health service authorities in East
London. Stable oxygen saturation (Sao,)
breathing air and oxygen, forced expira-
tory volume in one second (FEV,) and
current and previous dated concentrator
meter readings were recorded. A firther
questionnaire was sent to each patient's
general practitioner. Hospital case notes
of patients who did not meet the criteria
for long term oxygen treatment at
reassessment were reviewed.
Results-A total of 176 patients were
studied; 84% had chronic obstructive
lung disease and 190/o admitted to contin-
ued smoking; 140 patients had seen a res-
piratory physician but results of
respiratory assessment were available to
their general practioner in fewer than 54
cases. FEV, was <1 5 1 in 158 patients but
in 67 Sao, was less than 91% breathing
air, mainly in patients with chronic
obstructive lung disease who had been
inadequately assessed. Daily oxygen was
prescribed for a median of 15 (range
4-24) hours and measured daily use was
15 (0-24) hours; 74% of patients used
more than 12 hours. Only 35 patients had
problems with oxygen treatment, but 29
had an undercorrected Sao, of less than
92% when using their concentrator.
Conclusions-Guidelines for prescription
of long term oxygen treatment are
largely foliowed and most patients com-
plied with treatment. Increased com-
munication about respiratory state is
required between hospital doctors and
general practitioners. Patients need
regular reassessments to ensure that
hypoxaemia is corrected and that oxygen
is appropriately prescribed.

(Thorax 1993;48:708-713)

In December 1985, after the publication of a

Medical Research Council study and the

Nocturnal Oxygen Therapy Trial'2 showing
that long term oxygen treatment improved
survival in patients with hypoxic chronic
obstructive lung disease, the Department of
Health produced guidelines for the prescrip-
tion of oxygen concentrators by general prac-
titioners. The indications for prescribing long
term oxygen are described in the Appendix.
Current guidelines recommend that all
patients should be assessed when their condi-
tion is stable by a respiratory physician with
verification of results after three weeks, before
long term oxygen treatment is recom-
mended.3'The guidelines also include recom-
mendations for follow up, including a
statement on the requirement for "regular
monitoring in the home by appropriately
trained nurses or lung function technicians to
ensure that treatment is achieving optimum
results." There is, however, currently no pro-
vision for formal organisation of this domicil-
iary follow up.

Earlier surveys in England of small num-
bers of patients (ranging from 61 to 82) have
each described a different aspect of concen-
trator prescription and use." Initial prescrip-
tion of oxygen did not always adhere to the
guidelines and was often inappropriate, par-
ticularly when the prescription was initiated
by a general practitioner without previous
specialist respiratory assessment.45 In both
the United Kingdom6 and Europe7 long term
oxygen treatment has had problems, either
because of inappropriate instructions or
because of poor compliance. As the guide-
lines for prescribing long term oxygen have
now been in use for more than five years it is
useful to audit the current situation.
We assessed both prescription and use of

long term oxygen in a large group of patients.
The most important issues addressed were
adherence to the guidelines for prescription,
communication between respiratory physi-
cians and general practitioners, and the provi-
sion of follow up, which have not previously
been studied; patient compliance and prob-
lems with the use of long term oxygen; and
the characteristics of patients who, at domi-
ciliary reassessment, did not-meet the criteria
for oxygen treatment.

Methods
All patients recorded as having a concentrator
on 1 January 1991 in the three family health
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service authorities of City and East London,
Waltham Forest and Redbridge, and Barking
and Havering were studied. All patients were

visited at home between 1 February 1991 and
1 May 1991. Their respiratory function was

measured and they were interviewed using a

structured questionnaire. Stable oxygen satu-
ration (Sao,) after 20 minutes breathing room
air and after 20 minutes breathing oxygen

delivered by the concentrator, at the setting
used by the patient, were recorded with pulse
oximeters (Pulsox-7, Pulsox-8, Minolta; De
Vilbiss Health Care UK, Heston, Middlesex).
Forced expiratory volume in one second
(FEVI) was measured with the Morgan dry
spirometer or Micro spirometer (Micro
Medical, Chatham, Kent) and the best of
three measurements recorded.
The interviewer used a questionnaire to

gain information on the initial prescription of
oxygen; the instructions given about using the
concentrator; outpatient follow up; current
symptoms, particularly breathlessness, level
of activity, and mobility including whether
house bound and whether limited by breath-
lessness or other symptoms; social situation
including whether living alone with or with-
out ground floor access; smoking state; use of
the concentrator and availability of portable
oxygen; and problems with the treatment.
To obtain a measure of the daily number

of hours of oxygen treatment, the current and
previous dated meter readings were used to
calculate total meter use. Actual daily hours
of use were calculated, with the number of
nights the patients had been away from home
since the last meter reading and the hours in
each day when the machine was switched on

but not in use being taken into account.
A further questionnaire was sent to the

general practitioner of each patient in the
study seeking details of the patient's diagno-
sis, prescription, and respiratory assessment
(if any) for oxygen treatment. Hospital case

notes of patients whose Sao, was above 91%
while breathing air8 at the home visit were

traced. Information on their initial assessment
and prescription of oxygen and details of any
follow up were retrieved.
Though age is not mentioned in the guide-

lines for the prescription of oxygen,3 doubts
have been expressed about the benefits of
prescribing oxygen to elderly people.
Symptoms, compliance, and problems with
the treatment were therefore compared, as

indicators of the potential benefit of oxygen,

between patients under 75 and those of 75
and older. Results were also analysed for dif-
ferences in prescription and compliance
between the three family health service
authorities.

STATISTICAL ANALYSIS
Data analysis and descriptive statistics were

performed with the statistical package for the
social sciences (SPSS). Hours of oxygen con-

centrator use, oxygen flow rate and duration
of installation are expressed as medians and
ranges. Arterial oxygen tension (Pao,), arter-
ial carbon dioxide tension (Paco,), FEVL,

forced vital capacity (FVC), and Sao, are
expressed as means and standard deviations.
A Student's paired t test was used to compare
Sao, on and off the concentrator; x2 tests, two
sample t tests, and Mann-Whitney tests were
used as appropriate to compare differences in
compliance between those under 75 and
those 75 and older, and differences in pre-
scription and use between the family health
service authorities.

Results
There were 191 patients with an oxygen con-
centrator in the three family health service
authorities studied; 141 in City and East
London, 27 in Waltham Forest and
Redbridge, and 23 in Barking and Havering.
The three family health service authorities
have a total population of 1 150 000, giving
an overall age adjusted rate of prescription of
16 per 100 000 population. Overall, 180
patients out of 191 were available for assess-
ment. Of the remaining 11 patients, eight
died before home assessment was performed,
one patient received a lung transplant, one
patient had moved out of the area, and in one
case the concentrator had been removed for
underuse. Home assessments were performed
in 176 patients (98%). The four patients who
did not have home assessments included two
who worked regularly, one who had a pro-
longed spell in hospital during the period of
study, and one who refused. A total of 173
(96%) replies were received from the postal
questionnaire to general practitioners.

PATIENT CHARACTERISTICS
Table 1 lists the characteristics of the patients
studied. A previous episode of cor pulmonale
was described for 38% (56/148) of the
patients with chronic obstructive lung dis-
ease. Most of the patients studied had symp-
toms of breathlessness; 78% (137) said that
they were breathless walking around at home
and 24% (42/172) were observed to be

Table 1 Characteristics ofpatients (n = 176). Values
are numbers (percentages) ofpatients unless stated
otherwise

Characteistic

Sex ratio (M:F)
Median age (range) (years)
Median duration of concentrator

installation (range) (months)
Concentrator use (years):

>1
>2
>3

Smokers
Diagnosis:

Chronic obstructive lung disease
Pulmonary fibrosis
Bronchiectasis
Nocturnal hypoventilation/apnoea
Heart disease
Lymphoma
Lymphangiomyomatosis
Not available

Attended outpatient clinics

92:84
67 (28-87)
19 (1-64)

113 (64)
66 (38)
34 (19)
34 (19)

148* (84)
9 (5)
5 (3)
6 (3)
2 (1)
1 (1)
1 (1)
4 (2)

162 (92)

*Nine also had restrictive lung disease and two carcinoma
of the lung.

709
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thx.48.7.708 on 1 July 1993. D
ow

nloaded from
 

http://thorax.bmj.com/


Restrick, Paul, Braid, Cullinan, Moore-Gillon, Wedzicha

breathless on talking. However, 55% (97) of
patients said that they were able to go out
(other than for medical visits to their general
practitioner or to hospital), including 47%
(65/137) who said that they were breathless
walking around at home. Only 9% (16) of
patients had reasons other than breathless-
ness which limited mobility. In all, 22% (39)
of patients lived alone and 68% (115/168)
had ground floor access to their homes. Of
the patients who did not otherwise go out,
87% (69/79) still attended outpatient clinics.

INITIAL ASSESSMENT FOR PRESCRIPTION
In all, 140 patients had been seen by a respi-
ratory physician who recommended the pre-
scription of long term oxygen; eight
prescriptions were recommended by other
hospital physicians and 19 were initiated by
the general practitioner. For 13 patients the
initiator of the prescription was not known. A
total of 132 patients were known by their
general practitioner to have had a formal res-
piratory assessment, but the results of Pao2
measurements were available to the general
practitioner in only 54 cases (mean (SD)
Pao2 65 (1 4) kPa); the results of Pacow were
available in only 42 cases (6-9 (1A4) kPa).
The general practitioner knew of the FEV,
and FVC measured at assessment in even
fewer cases, 33 and 32 respectively, with the
mean FEV, being 0-8 (04) 1 and FVC 1-7
(0 7) 1.

ASSESSMENT AT STUDY INTERVIEW
Spirometry
FEV, was below 1-5 1 in 158 patients, with a
mean of 0-52 (0.32) 1 and mean FVC was
1-30 (0 63) 1.

Figure (A) Daily hours
ofprescribed use ofoxygen
(n = 156). (B) Daily
hours of actual use of
oxygen (n = 175).

100 -

90 -

80 -

70 -

60 -

50 -

40 -

30 -

20 -

10 -

O I

100 -

90 -

80 -

70 -

60 -

50 -

40 -

30 -

20 -

10 -

0-

A

0 2 4 6 8 10 12 14 16 18 20 22 24

Daily hours of prescribed use
B

0 2 4 6 8 10 12 14 16 18 20 22 24

Daily hours of actual use

Oximetry
In the 173 patients in whom it was possible to
measure Sao, after 20 minutes of breathing
air (three felt too unwell without oxygen) the
mean (SD) Sao2 was 88&9% (5 8%). One
hundred and six (61%) patients had an Sao2
of 91% or below when breathing air at
reassessment and were considered to fulfil the
guidelines for long term oxygen at follow up.
The mean Sao2 after 20 minutes of breathing
oxygen delivered by the concentrator mea-
sured in 170 patients was 94A4% (3A4%).
Sao, was significantly increased by using the
concentrator compared with breathing air
(p < 0 005; 95% confidence interval of differ-
ence 5-1% to 6-3%). However, 29 patients
had an undercorrected Sao2 of less than 92%
when using their concentrator to deliver oxy-
gen even though 28 of these patients were
under supervision as outpatients.

PRESCRIPTION AND USE
The figure (A) shows the histogram for hours
of daily use of oxygen prescribed by the gen-
eral practitioner. The median number of
hours prescribed was 15 (range 4-24 hours),
and 83% (130/156) of patients were pre-
scribed treatment for 15 hours or more in
accordance with the guidelines. Twenty seven
percent (47) of patients acknowledged that
for a median period of two hours (range
0-5-23 hours) they did not wear the cannulae
or a mask when the concentrator was
switched on (non-use). When this non-use
was accounted for the median stated daily use
by patients was 16 (0-24) hours. The figure
(B) shows the histogram for hours of daily
measured use calculated from meter readings,
with nights away from home and non-use
taken into account. The median measured
use was 15(0-24) hours, with 74% (130/175)
of patients having a daily measured use of
more than 12 hours. Seventeen (10%) of
patients said that they had difficulty achieving
the number of hours prescribed each day and
for 33% (58/175) of patients the measured
use was at least two hours less than the num-
ber of hours the patients said that the concen-
trator was switched on. There were no
significant differences in adherence to the
prescription guidelines or compliance with
treatment between the three family health
service authorities.
The median flow rate recorded for 125

patients was 2 I/min (1-8 1/min). Overall, 158
patients used nasal cannulae, 18 a mask, and
five both cannulae and a mask. Only 27
patients had a humidifier fitted. Forty
patients had a portable oxygen cylinder, of
whom 22 said they were able to go out, and
two patients had transtracheal oxygen catheters.

Overall, 98% (164/167) of patients said
that they found oxygen treatment helpful,
thirty five patients described problems related
either to the concentrator (noise was identi-
fied as a problem by 27 patients and sleep
disturbance by one patient) or to the method
of delivery (five patients complained of
restricted movement, four of nasal discom-
fort, two of ear discomfort, and two of social
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embarrassment). The patients with problems
were no less compliant with taking treatment
and had adequately corrected oxygen satura-
tions with oxygen, the mean Sao2 using the
concentrator being 94-7% (2'9%).

Thirty four patients were aged 75 and over;
76% (26) of these were breathless walking
round at home and 47% (16) were able to go
out. The median hours of daily use (14
(1-24)) was significantly less in those of 75
and older than in those under 75 (16 (0-24))
(p = 0 005), but the proportion with prob-
lems with the treatment was not significantly
different between the two age groups (21%
(7/34) in those of 75 and over and 20%
(28/142) in the younger patients).

REVIEW OF INITIAL PRESCRIPTION IN PATIENTS
WiTH sao2 ABOVE 91% WHEN BREATHING AIR
AT STUDY INTERVIEW
At follow up 67 patients had an Sao, above
91% when breathing air. These patients were
studied in further detail to evaluate whether
they fulfilled the criteria for long term oxygen
treatment at the time of initial prescription.
Information was available on 58 (87%) of
these patients, from case notes for 55
patients, and from the general practitioner
questionnaire for the three patients who were
under the care of their family doctor alone.
Table 2 shows the characteristics ofthese patients.

All 13 of the patients with nocturnal
hypoventilation had been fully assessed for
long term oxygen, including by overnight
sleep studies. Only one of each of the two
patients with bronchiectasis and heart failure
had been formally assessed and met the crite-
ria for its prescription. Of the 41 patients with
chronic obstructive lung disease, 30 were pre-
scribed oxygen on the instructions of a respi-
ratory physician. However, in seven of these
patients assessment was performed during an
exacerbation when the patient's condition
was not stable, and two patients were not
assessed formally. The mean Pao2 at the time
of prescription in the 23 of the 30 in whom it
was available was 7-6 (1-4) kPa and 11
patients had a Pao2 above 7-3 kPa. Twenty
nine of the 30 patients in whom oxygen treat-
ment was initiated by a respiratory physician

Table 2 Characteristics ofpatients with Sao2 >91%
breathing air at study interview (n = 58). Values are
numbers (percentages) ofpatients unless stated otherwise

Sex ratio (M:F)
Median age (range) (years)
Prescription by respiratory physician

Respiratory assessment performed
Prescription by general practitioners

Respiratory assessment performed
Diagnosis:

Chronic obstructive lung disease
Nocturnal hypoventilation*

Chronic obstructive lung disease
Chest wall/neuromuscular disease
Obstructive sleep apnoea
Bronchiectasis

Bronchiectasis
Heart failure

35:23
68 (28-87)
45 (78)
37
13 (22)
0

41 (71)
13 (23)
5
4
2
2
2 (3)
2 (3)

*Includes patients previously classified by their general
practitioner by the cause of nocturnal hypoventilation.

were followed up in outpatient clinics where
spirometry was performed in 21 patients and
oximetry or measurement of arterial blood
gas concentrations in 16. Of the 11 patients
in whom treatment was initiated by their gen-
eral practitioner, nine were already being fol-
lowed up in respiratory outpatient clinics. In
five of them the mean Pao, recorded in the
notes was 9-8 (2.9) kPa. Therefore only 12
out of the 41 patients with chronic obstruc-
tive lung disease who had a follow up Sao2
above 91% when breathing air met the single
criterion of a Pao2 of less than 7-3 kPa at
assessment for prescribing long term oxygen
treatment.
The prescription of oxygen was appropri-

ate in only 27 out of 58 patients who had a
follow up Sao, above 91% when breathing air
(notes could not be traced for the remaining
nine patients out of a total of 67). Overall,
with the combination of screening oximetric
results and review of Pao, at the time of the
initial prescription of oxygen in those patients
who did not meet the screening requirements,
133 out of a total of 176 patients met simpli-
fied criteria for prescription of long term oxy-
gen treatment.

Discussion
The rate of prescription of 16 per 100 000
population in our study of patients prescribed
long term oxygen in East London is consis-
tent with the national rate in the United
Kingdom of 8000 concentrators per 50
million population.9 In our study the initial
prescription of oxygen was by a respiratory
physician in over 80% of patients, most of
whom had chronic obstructive lung disease.
In 75% of cases the general practitioner knew
that a respiratory assessment had been per-
formed, although the results were available to
them in under a third of cases. At reassess-
ment, 76% of patients either continued to be
hypoxaemic or had fulfilled the criteria for
being prescribed oxygen. The median dura-
tion of installation was 19 months and 83%
of patients were using oxygen for 15 hours or
more. A fifth of patients admitted to still
smoking. There were no significant differ-
ences in either prescription or use of oxygen
between the three family health service
authorities, and the larger number of concen-
trators prescribed in City and East London
probably reflects local referral patterns.
The proportion of patients in whom formal

respiratory assessments were performed com-
pares favourably with previous surveys. In
earlier studies fewer than 60% of prescrip-
tions for long term oxygen were on the rec-
ommendation of a respiratory physician and
only 43% to 63% of patients fulfilled the
Department of Health criteria." This
improvement probably reflects both local ini-
tiatives and increasingly widespread aware-
ness of the guidelines since their introduction
in 1985. Our results from East London com-
pare favourably with results from Sweden,
where 88% of patients were seen by a respira-
tory physician and 86% had arterial blood
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gases measured before oxygen was pre-
scribed.10 Although general practitioners are
responsible for the prescription of long term
oxygen in England and Wales, our results
show that they are often not informed of the
results of respiratory assessments for such
treatment. This situation could be improved
by the use of a standardised form as a method
of communication. Continued communica-
tion between respiratory physicians and gen-
eral practitioners is very important in
maintaining an efficient home oxygen service.

Arterial blood gas measurements are
required at the time of prescription of oxygen,
both to assess hypoxaemia accurately and to
assess hypercapnia, but oximetry has a valu-
able and increasing role in screening patients
for such treatment and detecting undercor-
rection of oxygen saturation by the concen-
trator.8 1' We also used it to identify patients
who were not hypoxaemic at follow up. A
fifth of the patients with an oxygen saturation
above 91% while breathing air at reassess-
ment had been prescribed oxygen for noctur-
nal hypoventilation, in which daytime oxygen
saturation could have been normal. Long
term overnight oxygen treatment in patients
with normal daytime Pao2 and sleep desatura-
tion corrects arterial oxygen saturation and
reduces pulmonary artery pressure, but no
evidence exists that mortality is reduced.'2
However, nocturnal oxygen treatment deliv-
ered by concentrator is widely used as a treat-
ment for nocturnal hypoventilation,"3 and
nocturnal hypoventilation documented in
sleep studies could be considered to be a fur-
ther indication for installing a concentrator in
the Department of Health guidelines.

Information available on the 41 patients
with chronic obstructive lung disease taking
oxygen who had an oxygen saturation above
91% while breathing air at reassessment
showed that the criteria for prescribing oxy-
gen were met in only 12 cases. The effect of
stopping oxygen treatment in such patients,
who are hypoxaemic at the time of prescrip-
tion but improve with long term treatment
and are no longer hypoxaemic, is unknown.'4
The remaining 29 patients with chronic
obstructive lung disease who had an oxygen
saturation above 91% breathing air at follow
up either had not been formally assessed for
oxygen treatment or had a normal Pao, at the
time of prescription. Adequate assessment
before prescription continues to be the most
important way of ensuring appropriate use of
long term oxygen.
Most patients met the criteria for the pre-

scription of long term oxygen treatment. Only
4% of patients died within one to four
months of concentrator installation compared
with 13% of patients who died within the one
month of concentrator prescription in a pre-
vious study.4 Patients are appropriately
instructed on the use of long term oxygen and
the initial problems of underuse due to poor
communication with patients6 seem to have
been largely overcome. Patients were able to
give a reasonable account of the number of
hours of oxygen they used daily, and in this

study compliance and acceptability of the
treatment were both excellent. Studies on
whether long term oxygen treatment
improves quality of life are currently in
progress. Elderly patients, though less com-
pliant with respect to hours of usage com-
pared with younger patients, still used the
concentrator for a median period of 14 hours
a day and were no more likely to have prob-
lems with the treatment. Hence advanced age
should not be used as a contraindication to
the prescription of long term oxygen.
Most patients continue to attend hospital

outpatient clinics but, despite this, adequate
reassessments are still not being performed,
as shown by the undercorrection (Sao2 below
92% while using the concentrator) in 17% of
patients. These patients may not be gaining
maximum benefit from treatment and may
require only an increased flow rate of oxygen
from the concentrator (provided that they are
not hypercapnic while using oxygen).
Optimum follow up needs to be defined-for
example, patients might benefit from screen-
ing at home with oximetry shortly after instal-
lation of a concentrator and being seen at least
once in an outpatient clinic for reassessment.
The unit costs of oxygen delivered by a

concentrator have fallen relative to the use of
cylinders, and long term oxygen treatment for
16 hours a day currently costs £500 annually
compared with £6000 when oxygen is deliv-
ered by cylinders.'5 In the light of changes in
both costs and clinical practice of prescribing
long term oxygen treatment over seven years
the guidelines may need to be reviewed.
There remains far more underprescription of
concentrators than inappropriate prescrip-
tion.'6 This has implications for hypoxaemic
patients with chronic obstructive lung disease
who may be denied the possibility of benefit
from long term oxygen and also has financial
implications for the National Health Service.
Nearly one million oxygen cylinders were
supplied in England and Wales in 1989,"7 and
many patients are probably still using oxygen
cylinders. As oxygen taken for more than
eight hours a day is more cheaply provided by
oxygen concentrators, some of the costs of
making long term oxygen treatment more
widely available could be absorbed by ration-
alising the prescription of oxygen cylinders.

In conclusion, a high proportion of pre-
scriptions conformed with the guidelines for
prescription of long term oxygen. Most
patients complied with treatment. However,
increased communication is required between
hospital doctors and general practitioners.
Patients need regular reassessment to ensure
that hypoxaemia is optimally corrected and
that oxygen has been appropriately pre-
scribed. Reassessment should be a condition
for the continuation of treatment to maximise
benefit and minimise problems. This could
initially be achieved by domiciliary screening
by oximetry to select the patients who would
require arterial blood gas assessment and out-
patient review. A formal organised home res-
piratory care programme is required to ensure
that patients are treated optimally.
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Appendix
The absolute indications for prescription, based on
the entry criteria of the Medical Research Council
study and the Nocturnal Oxygen Therapy Trial,'2
include hyoxaemia with a Pao2 less than 7-3 kPa,
hypercapnia with a Paco2 greater than 6-0 kPa, FEV,
less than 1-5 litres, FVC less than 2 litres, and periph-
eral oedema. Relative indications include patients
below the same level of hypoxaemia and spirometric
characteristics but without hypercapnia and oedema.
There are also categories for palliative use in the ter-
minal phases of hypoxic lung disease and a category of
other conditions causing chronic respiratory failure,
such as severe kyphoscoliosis and respiratory muscle
weakness.
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