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TECHNICAL NOTE

Value of pulse oximetry In screening for long-term
oxygen therapy requirement
C.M. Roberts, J.R. Bugler, R. Melchor, M.R. Hetzel, S.G. Spire
Value of pulse oximetry in screening for long-term oxygen therapy requirement. C.M.
Roberts, J.R. Bugler, R. Melcltor, M.R. Hetzel, S.G. Spiro. aRS Journals Ltd 1993.
ABSTRACT: Pulse oximetry, combined with spirometry, was evaluated as a method
of selecting chronic obstructive pulmonary disease (COPD) out-patients requiring
definitive arterial blood gas analysis for long-term oxygen therapy (LTO'I} assess·
ment. A relatively blgb screening arterial oxygen saturation by pulse oximetry
(Sao ) level was set, In order to maximize sensitivity.
113 COPD out-patients att.endlng the hospital clinic over a 6 month period
wet-e screened. Sixty bad a forced expiratory volume In one second d.S I and 26
bad an Sao1 s92 %. These 26 underwent arterial blood gas analysis. Nine had an
arterial oxygen tension <7.3 kPa all with an arterial carbon dioxide tension (Paco1)
>6 kPa. A further eight had a Pao <8 kPa. This produced a sensitivity or 100%
and speclftclty or 69% for oximetry fn the detectl.on of Pao1 <7.3 kPa detenn.lned by
direct arterial puncture and 100% and 86% respectively for detecting a Pao1 <8
kPa.
Although the poor speclflclty of oximetry In the crucial Pao1 range makes it
unsuitable, when used alone, for prescription of LTOT, it may prove valuable in
selecting patients who require furt.her definitive arterial blood gas analysis.
Eur Respir J., 1993, 6, 559-562.

Ail

Two major studies have demonstrated the benefits of
long-term oxygen therapy (LTOT) in the treatment of
chronic respiratory disease characterized by severe hy·
poxaemia [1, 2). It has been variously estimated that at
least 13,000, and possibly 50,000, members of the population of the United Kingdom, over 45 yrs of age, qualify
for long-term oxygen therapy [3, 4). However, only
7,287 people of all age groups were receiving LTOT
during September 1991 (5]. This suggests a significant
under-prescription of LTOT in the UK. The current UK
Department of Health (DH) guidelines for LTOT prescription include forced expiratory volume in one second
(FEV1) <1.5 I, forced vital capacity (FVC) <2 I, arterial
oxygen tension (Pao~ <7.3 kPa and arterial carbon dioxide tension (Paco2) >6 kPa. These measurements must
be taken on two separate occasions, with at least a 3
week interval, whilst the patient is in a stable clinical state
and receiving adequate bronchodilator therapy [6]. It is
possible that some of these patients are unrecognized
clinically, and a simple screening tool may aid the clinician in selecting patients who require formal assessment.
We examined the value of combining cutaneous pulse
oximetry with spirometry as a quick, non-invasive,
method of screening respiratory out-patients, who may
have previously undetected severe hypoxaemia, for selection for definitive arterial blood gas analysis.
In this study we first detel1lllned the level of saturation at which 100% sensitivity in the detection of severe
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hypoxaemia could be achieved with our oximeter. That
is, to include all subjects within the DH criteria of
a Pao2 <7.3 kPa. Secondly, in the main study we used
the combination of oximetry and FEV1 <1.5 l (DH cri·
terion), to screen all patients attending a general respiratory out-patient clinic for qualification for LTOT.
Subjects and methods

Preliminary study
The comparison of sensitivity of the oximeter arterial
oxygen saturation (Sao,) (Minolta Pulsox-7; AVL Medical, Schaffhausen, Switzerland) with Pao1, measured by
arterial blood gas analyser (Radiometer ABL-300; Copenhagen, Denmark), was made in 57 patients who
were either attending hospital for physiological testing
which required arterial blood gas estimation, or who were
in-patients with a clinical indication for arterial sampling.
Before arterial sampling took place, the oximeter probe
was sited on a suitable finger, and a saturation reading
allowed to reach steady-state for at least one minute. An
arterial blood sample was then drawn, whilst the oximeter
remained in place. The oximetry reading at the time that
the arterial blood sample was drawn was recorded, and
compared with the Pao measured by the analyser. The
results are shown in rlgure 1. The highest saturation
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recorded for a Pao2 <7.3 kPa was 90%. To allow an
adequate margin for error, a level of Sao2 of s92% was
determined to be the screening point adopted in the main
study. This produced a 100% sensitivity in the detection of severe hypoxaemia (<7.3 kPa), with a specificity
of 71% in the subjects of the preliminary study.

25

ined for recorded clinical evidence of cor pulmonale, e.g
peripheral oedema, raised venous pressure. Written consent was sought from each patient who required a blood
gas sample.
Permission to carry out this study was granted by the
Ethics Committee of the University College and Middlesex School of Medicine.
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Fig. 1. - Comparison of arterial oxygen tension (Pao;J measured
from direct arterial puncture with arterial oxygen saturation by pulse
oximetry in 57 patients of preliminary study. Sao2: arterial oxygen
saturation by pulse oximetry.

Main study
All follow-up patients in a stable clinical state, who
attended the general respiratory out-patients at University
College Hospital between 5th May and 4th December
1990, were considered for the study. Those patients with
a clinical diagnosis of chronic obstructive pulmonary
disease (COPD), defined as ex- or current smokers, with
airflow obstruction (FEV <70% predicted and FEV /
forced vital capacity (FVC) ratio <70% predicted), having less than 10% reversibility documented within the last
6 months, underwent spirometry (Vitalograph R model).
The best FEV1 and FVC were recorded independently
from 3 maximum and technically satisfactory blows. If
the FEV1 was less than 1.5 l, 400 f.l8 of salbutamol was
administered, under supervision, either via metered dose
inhaler, if the subject used one as part of his regular
medication, or via a volumatic spacer device. Spirometry
was repeated after 15 min. If the FEV1 remained below
1.5 I the subject had Sao2 measured, as in the preliminary study. Subjects with a Sao2 s92% underwent arterial blood gas analysis.
Each subjeet who required blood gas analysis had the
following information recorded; age, sex, clinical diagnosis, current drug treatment, use of home oxygen as either concentrator or cylinders with average daily use,
smoking history, most recently recorded haemoglobin with
packed cell volume, and activity score. The activity score
was graded 1-4, according to the American Thoracic
Society classification [7] : Grade 1, normal; Grade 2,
normal ability to perform most jobs; Grade 3, diminished
physical ability to perform most jobs; Grade 4, severely
impaired ability to meet the physical demands of many
jobs, including travel to work. In addition, the case notes
of patients who had an arterial Pao2 <8 kPa were exam-

Three hundred and thirty one consecutive follow-up
patients, who attended respiratory out-patients during the
6 months period, were identified. One hundred and
thirteen had a clinical diagnosis of COPD. The other
patients were not entered into the study, and included 161
patients with asthma, 18 with interstitial lung disease, and
9 with lung cancer, the remainder having a variety of
other respiratory conditions. Sixty four of the 113 patients with COPD had a FEV1 below 1.5 l, with four of
these improving above this value following the administration of bronchodilator.
A total of 60 patients with COPD satisfied the DH
spirometric FEY1 criterion, and were therefore entered
into the main study. Their mean:so age was 66:t10 yrs,
range 44--89 yrs, FEV1 0.85:t0.26 l and FVC 2.00:t0.69 I.
Oxygen saturation was measured in all of these patients
and was recorded as less than or equal to 92% in 32.
These 32 patients were asked to undergo arterial blood
gas analysis, with 26 giving consent. Data from the 6
patients refusing arterial sampling are not considered
further.
The 26 patients consisted of 9 females and 17 males,
age 65:tll yrs, range 34-83 yrs. Their spirometric values were: FEV 0.66:t0.18 l and FVC 1.50:t0.60 I. The
results of arteriJ blood gas analysis, together with oxygen
saturation determined by oximeter, and activity scale, are
given in table 1. Seventeen of the 26 (65%) had a Pao2
<8 kPa and 9 of these had a Pao2 <7.3 kPa; 3 of these
9 patients were already receiving LTOT. One further
patient used oxygen cylinders on an intermittent basis.
Two other patien~, recently diagnosed hypoxaemic during acute infective exacerbations, were prescribed LTOT
when in a stable-state during the time course of the study.
One of the 3 patients who was already receiving LTOT
at the time of screening died during the study period.
One patient identified as requiring LTOT refused treatment because of the likely effect on his current lifestyle.
Fourteen patients, including all of those with a Pao2 <7.3
kPa, had a Paco2 >6 kPa.
None of the patients who underwent arterial blood
gas analysis admitted to being current smokers. Six
of the patients with a Pao2 <7.3 kPa had clinical signs of
cor pulmonale previously recorded in their case notes;
one of these having biventricular failure from ischaemic
heart disease. None of the patients had an abnormally
high packed cell volume. All patients were receiving
appropriate bronchodilator therapy when screened.
The sensitivities and specificities of using various cut
off points of Sao2, ranging from s92-85%, to detect a
Pao2 of <7.3 kPa and <8.0 kPa are given in table 2.
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Table 1. - Twenty six patients with an Sao2 s 92%, ranked according to saturation
level: Details of Sao2 , arterial blood gas tensions, activity score, and spirometry
Pt
no.

Sao2

Pao2
kPa

Paco2
kPa

HC03
m mol

Activity
1-4

FEY1
I

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

92
92
92
92

8.37
10.60
7.60
7.69
8.87
7.81
8.60
8.48
7.34
7.56
7.11
10.70
7.41
8.45
7.51
7.03
6.37
8.26
7.70
6.62
8.92
5.73
6.23
6.12
6.54
6.22

5.49
5.11
4.98
4.80
6.20
4.68
6.29
5.20
6.41
5.94
6.24
5.31
6.66
5.21
4.92
7.91
6.76
6.29
4.63
7.14
4.27
7.15
8.25
6.53
7.07
6.75

25.9
26.9
27.4
32.6
28.9
24.9
34.4
25.3
29.3
23.2
25.6
23.8
35.3
26.4
23.9
30.7
33.3
33.7
27.1
34.2
24.0
36.9
37.3
30.1
29.0
28.7

2
1
1
2
2
4
2
1
4
4
4
1
4
4
3
1
3
1
4
2
4
2
3
3
3
4

1.20
1.25
0.65
0.59
0.77
0.59
0.58
0.82
0.48
1.10
0.55
1.34
0.60
0.58
0.52
0.55
0.85
0.62
0.70
1.15
0.70
0.88
0.46
0.65
0.35
0.85

%

92

92
92
92
91
91
91
91
90
90
90
90
90
90
90
89
89
86
85
85
85
83

FVC
I

1.94
1.66
2.53
0.80
1.43
0.80
2.62
2.15
1.55
1.70
1.64
2.11
1.12
1.63
1.25
2.01
1.04
1.98
0.94
2.60
1.50
1.37
0.64
1.15
1.25
1.70

Sao1: arterial oxygen saturation by pulse oximetry; Pao2: arterial oxygen tension; Paco2: arterial carbon dioxide tension; FEY1: forced expiratory volume in one second; FVC: forced vital
capacity.

Table 2. - Sensitivity and specificity of various levels
of Sao2 in the detection of hypoxaemia below 8.0 kPa
and below 7.3 kPa
Sao2
%

Sensitivity

Specificity

%

<8 kPa <7.3 kPa
s92
<91
<90
<86

100
71
35
24

%
<8 kPa <7.3 kPa

100
89
67
44

86
93
98
100

69
89
98
100

Sao2 : arterial oxygen saturation by pulse oximetry.

Discussion
The under prescription of LTOT in the UK suggests
that patients eligible for this therapy are either not presenting to Lhe medical services or are not being identified as such by their clinicians. A simple method of
screening for severe hypoxaemia might allow the detection of patients previously unsuspected as qualifying for
LTOT. The American Medicare criteria for prescription
of LTOT now include an oxygen saturation (Sao~.
measured by cutaneous pulse oximeter, of <86%, as an
alternative to blood gas analysis [8]. A recent study [9],

however, has shown that by using Lhis criterion for assessing severely hypoxaemic patients, more than 80% of
those qualifying for LTOT using Pao1 measurements will
have an Sao2 >85%. A second study also found oximetry too insensitive using this criterion [10] when screening unselected out-patients.
As a result of using this level of saturation to select
patients for LTOT few subjects will receive treatment
unnecessarily, but a high proportion of those requiring
LTOT will be missed. We hypothesized that by using a
higher oxygen saturation limit, at the top of the steep
phase of the oxygen dissociation curve, cutaneous pulse
oximetry, combined with spirometry, could be used as a
more sensitive method of screening for WlSUSpected severe
hypoxaemia and LTOT requirement, without reducing
specificity to an unacceptable level.
In this study, 100% sensitivity was achieved by increasing the level of saturation at which arterial blood
gases were performed to s92%. Unfortunately, this resulted in a marked reduction in specificity (table 2). In
particular, the relationship between the Pao and the Sao1
1
was poor in the saturation range 85-90% vable
1), confirming the fi.ndings of previous studies [11, 12). Thus,
oximetry is of reduced value within this crucial area for
differentiating between those qualifying and not qualifying for LTOT, and cannot be used alone to determine
which subjects require this treatment.
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If all subjects with a Pao2 <8 kPa are considered,
however, the value of oximetry as a screening test prior
to blood gas analysis is enhanced, with sensitivity maintained at 100%, whilst the specificity reaches an acceptable 86% (table 2). CUrrently, those with a Pao2 between
7.3-8.0 kPa do not fulfil the DH guidelines for LTOT,
but are a group in which regular monitoring of decline
in arterial oxygenation may allow early intervention with
LTOT. On this basis, screening respiratory patients attending clinic is of value, with only 9 patients having
undergone unnecessary blood gas sampling to detect the
17 severely hypoxaemic subjects.
Pulse oximetry was more acceptable than arterial blood
gas analysis to the patients screened (no refusals compared with 6 refusals for arterial blood gas sampling).
The performance of pulse oximetry, which is quick and
easy, does not require medically qualified personnel.
Spirometric values are incorporated into the criteria for
prescription of LTOT to more clearly define the subgroup
of COPD patients investigated. The values set, however,
also have poor specificity. Expressing the spirometric
values as percentage of mean predicted is still unhelpful,
with a wide range of values recorded for those patients
with an Sao2 s92%. Two patients in this study, who met
the blood gas requirements for LTOT, demonstrated FVC
above the 2 I allowed for in the DH guidelines. It may
be that using the ratio between FEV1 and FVC may improve the specificity of spirometry, although subjects with
very severe airflow obstruction can develop a more restrictive spirometric pattern. In addition, the FEV/FVC
ratio has also been shown not to correlate with prognosis in COPD, whilst Sao2 does [13], implying that the two
measurements are unlikely to have a close correlation.
The spirometric criteria used by the DH for LTOT approximate to those used in the Nocturnal Oxygen Therapy Trial (NOTT) [1] and Medical Research Council
(MRC) [2] studies, and the justification for absolute adherence to these values is not apparent. Indeed, the relationship between spirometry and arterial oxygenation is
by no meaps straightforward, with some subjects with
normal spirometry demonstrating at least mild hypoxaemia [14], and with more severe hypoxaemia in others
having only a moderate relationship to spirometry (15].
Further studies are required to more precisely delineate

the relationship of these two indices of respiratory sufficiency. Until then, some flexibility is required in adherence to the current DH criteria.
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