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Abstract
Background—Polysomnography (PSG) is
currently the “gold standard” for the
diagnosis of the sleep apnoea hypopnoea
syndrome (SAHS). Nocturnal oximetry
(NO) has been used with contradictory
results. A prospective study was performed to determine the accuracy of NO
as a diagnostic tool and to evaluate the
reduction in the number of PSGs if the
diagnosis of SAHS had been established
by this method.
Methods—Two hundred and seventy five
patients with a clinical suspicion of SAHS
were admitted to undergo, in the same
night, full PSG and NO. Desaturation was
defined as a fall in the haemoglobin
saturation level (SaO2) to lower than 4%
from the baseline level and an oxygen
desaturation index per hour (ODI) was
obtained in each patient with three cut oV
points: >5 (ODI-5), >10 (ODI-10), and
>15 (ODI-15).
Results—SAHS was diagnosed in 216
patients (194 men). After withdrawing
patients with abnormal lung function
(forced expiratory volume in one second
(FEV1) lower than 80% predicted), sensitivity (SE), specificity (SP), positive and
negative predictive values (PPV and NPV)
of NO were: ODI-5 (80%, 89%, 97%, 48%);
ODI-10 (71%, 93%, 97%, 42%); ODI-15
(63%, 96%, 99%, 38%). The accuracy for
each ODI was 0.81, 0.75, and 0.70, respectively. If NO had been considered as a
diagnostic tool and PSG had been performed only in patients with a negative
NO (false negative and true negative) and
those with a positive NO and abnormal
pulmonary function tests, 135/275 (ODI5), 156/275 (ODI-10), and 170/275 (ODI15) PSGs would have been performed, a
reduction of 140, 119, and 105, respectively.
Conclusion—Nocturnal oximetry in patients with suspected SAHS and normal
spirometric values permits the institution
of therapeutic measures in most patients.
(Thorax 1999;54:968–971)
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Sleep apnoea hypopnoea syndrome (SAHS) is
a major health problem due to its prevalence
rates in middle aged people of 2–4%.1 Signifi-

cant morbidity2 and mortality3 have been
reported in patients with SAHS. Full
polysomnography (PSG) is currently the gold
standard test in the diagnosis of SAHS.
However, strategies to confirm or refute a diagnosis of SAHS diVer from one country to
another. While some state that PSG should be
performed in all patients with a clinical
suspicion of SAHS,4 5 others recommend less
expensive and time consuming tests such as
nocturnal oximetry (NO).6
NO has been evaluated in patients with
SAHS because it analyses arterial oxygen
desaturation, one of the consequences of
SAHS. However, contradictory results have
been obtained in diVerent studies7–10 and
controversy exists about its use as a case selection tool in SAHS. In Spain and most
European countries with universal health
coverage a large number of patients requiring
assistance in sleep disorders clinics must be
properly diagnosed and managed with limited
resources.11 We have designed a prospective
study to analyse the accuracy of NO as a diagnostic tool in patients suspected of having
SAHS and to evaluate the number of PSGs
that could have been saved if the diagnosis of
SAHS had been established by this method.
Methods
PATIENTS

Over a two year period 275 consecutive
patients were prospectively studied in our sleep
respiratory disorders unit which is located in a
400 bed university hospital. Our institution
takes referrals for sleep disorders from a population of 1 200 000 in Alicante (Spain). Patients were referred to our unit by pulmonary
physicians (60%), neurologists (20%), general
practitioners (20%), and others (10%).
PROTOCOL

All patients with a clinical suspicion of
SAHS—that is, one or more of (a) daytime
sleepiness, (b) loud snoring, and (c) reported
interrupted nocturnal breathing—were seen in
our sleep outpatient clinic and then, without
any exclusion criteria, they were included in a
protocol with a physical examination, blood
tests, chest radiography, arterial blood gas tensions, pulmonary function tests, electrocardiography, and measurement of daytime sleepiness with the Epworth sleepiness scale.12
Oropharyngeal and craniofacial abnormalities
were classified by inspection as normal or
abnormal and those in the latter category were
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Table 1 Mean (SD) demographic data and comparisons
between groups
SAHS

p value

52
7
48 (14)
30 (5)
10 (5)
43 (4)

194
22
53 (10)
32 (5)
14 (5)
43 (4)

NS
NS
<0.01
<0.01
<0.001
NS

referred for more detailed examination. Patients were then admitted to our unit to
undergo a nocturnal full PSG and oximetry.
OXIMETRY

A pulse oximeter (N-200; Nellcor Inc, Hayward, California, USA) was attached to the
subject’s finger using a flexible probe. The
instrument detects 10 data points per minute,
each point representing the lowest saturation in
a six second interval. A desaturation event was
considered when the haemoglobin saturation
level (SaO2) fell below 4% from baseline saturation. Baseline saturation was considered as the
mean saturation in the previous minute. Falls
in oxygen saturation to >4% in the interval
90–100% of saturation were also considered as
desaturations. Oximetry values were periodically checked using arterial blood gas samples.
The signals were digitalised and recorded using
the package software, and were manually
reviewed by two observers blinded to the polysomnographic data. The total number of
Table 2 Sensitivity (SE), specificity (SP), positive predictive value (PPV) and negative
predictive value (NPV) and 95% confidence interval (CI) of nocturnal oximetry for each
cut oV point in 216 patients with SAHS (194 men, 22 women)

ODI >5
ODI >10
ODI >15

SE % (CI)

SP % (CI)

PPV % (CI)

NPV % (CI)

82 (77 to 87)
71 (65 to 77)
62 (56 to 69)

76 (63 to 86)
90 (79 to 96)
93 (83 to 98)

93 (88 to 96)
96 (92 to 99)
97 (92 to 99)

54 (43 to 65)
46 (37 to 56)
40 (32 to 49)

Table 3 Comparison between false negative (FN) and true positive (TP) patients when
cut oV points in the oxygen desaturation index (ODI) of >5, >10, and >15 were
considered to analyse the nocturnal oximetry

ODI >5
Age (years)
Duration of symptoms (months)
BMI (kg/m2)
Epworth sleepiness scale
Neck circumference (cm)
Cephalometric abnormalities
AHI (n)
Baseline SaO2 (kPa)
Minimal SaO2 (kPa)
ODI >10
Age (years)
Duration of symptoms (months)
BMI (kg/m2)
Epworth sleepiness scale
Neck circumference (cm)
Cephalometric abnormalities
AHI (n)
Baseline SaO2 (kPa)
Minimal SaO2 (kPa)
ODI >15
Age (years)
Duration of symptoms (months)
BMI (kg/m2)
Epworth sleepiness scale
Neck circumference (cm)
Cephalometric abnormalities
AHI (n)
Baseline SaO2 (kPa)
Minimal SaO2 (kPa)

FN

TP

p value

51 (10)
53 (52)
29 (4)
12 (4)
41 (4)
6/37
22 (7)
12.5 (0.3)
11.6 (0.7)

53 (10)
72 (72)
33 (5)
14 (5)
44 (4)
56/175
46 (20)
12.1 (0.4)
9.4 (1.6)

NS
0.053
<0.001
<0.01
<0.01
0.08
<0.001
<0.001
<0.001

53 (10)
52 (52)
29 (4)
12 (5)
42 (3)
11/61
24 (11)
12.4 (0.4)
11.2 (0.9)

53 (10)
74 (74)
33 (6)
15 (5)
44 (4)
52/152
49 (19)
12.1 (0.4)
9.6 (1.6)

NS
<0.01
<0.001
<0.001
<0.01
<0.05
<0.001
<0.01
<0.001

52 (10)
49 (49)
30 (4)
12 (5)
42 (3)
15/80
26 (12)
12.4 (0.4)
11 (0.9)

53 (10)
65 (65)
33 (5)
15 (5)
44 (4)
47/133
51 (18)
12.1 (0.4)
9.3 (1.6)

NS
<0.05
<0.001
<0.001
<0.001
<0.05
<0.001
<0.01
<0.001

BMI = body mass index; AHI = apnoea hypopnoea index; SaO2 = oxygen saturation.

POLYSOMNOGRAPHY

Patients underwent standard overnight
polysomnography (Somnostar á 4100; Sensor
Medics, California, USA) which included continuous recordings of electroencephalography
(EEG), electro-oculography (EOG), and chin
electromyography (EMG) for sleep staging
according to the criteria of RechtshaVen and
Kales.13 Nasal and oral thermistors were used
to measure airflow and uncalibrated inductance plethysmography was used to measure rib
cage and abdominal motion. The electrocardiogram (ECG) and SaO2 were also continuously monitored. Apnoea was defined as a cessation of flow of more than 10 seconds
duration. Hypopnoea was defined as a 50%
reduction in the flow signal or thoracoabdominal movement compared with the baseline
value of immediately preceding breaths lasting
more than 10 seconds accompanied by a fall of
>4% in saturation or a microarousal. A
desaturation was therefore not a requisite
criterion if a microarousal was present with
reduction in airflow. SAHS was defined as an
apnoea plus hypopnoea index (AHI) of 15 or
more.14 All signals were computer analysed
with manual editing.
DATA ANALYSIS

Data from NO and PSG were stored in a database for statistical analysis (Rsigma, Horus,
Madrid, Spain) and were independently analysed using NO as the test and PSG as the gold
standard for the correct classification of SAHS
patients. The number of true positive (TP),
false positive (FP), false negative (FN), and
true negative (TN) oximetric results were then
determined. Sensitivity (TP/TP+FN), specificity (TN/TN+FP), positive predictive values
(TP/TP+FP), and negative predictive values
(TN/TN+FN) and confidence intervals (CI)
were calculated for each ODI. The accuracy
(TP+TN/FP+FN+TN+TP) of NO was also
obtained for each cut oV point and then recalculated for each ODI after the withdrawal of
patients with abnormal pulmonary function
(FEV1 lower than 80% predicted15). Numerical
data were expressed as mean values and standard deviation (SD). Numerical variables between groups were compared using the Student’s t test for unpaired data and the
Mann-Whitney test for variables not normally
distributed. Qualitative data were compared
using the ÷ and Fisher exact tests. A p value of
<0.05 was considered significant.
Results
A total of 275 patients were recruited to the
study and 216 were diagnosed with SAHS. The
mean (SD) AHI was 42 (20), range 15–101.
No diVerences in sex were observed between
the SAHS and non-SAHS groups. Patients
with SAHS were older (p<0.01), more obese
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Men (n)
Women (n)
Age (years)
Body mass index (kg/m2)
Epworth sleepiness scale
Neck circumference (cm)

Non-SAHS

desaturations was divided by the hours in bed
and an oxygen desaturation index per hour
(ODI) was obtained for each patient with three
cut oV points: >5 (ODI-5), >10 (ODI-10),
and >15 (ODI-15).
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Table 4 Sensitivity (SE), specificity (SP), positive predictive value (PPV) and negative
predictive value (NPV) and 95% confidence interval (CI) of nocturnal oximetry for each
cut oV point in 216 patients with SAHS after the withdrawal of patients with abnormal
spirometric values
SP % (CI)

PPV % (CI)

NPV % (CI)

80 (71 to 86)
71 (62 to 79)
63 (54 to 72)

89 (69 to 97)
93 (74 to 99)
96 (78 to 100)

97 (91 to 99)
97 (91 to 99)
99 (92 to 100)

48 (34 to 63)
42 (29 to 55)
38 (27 to 51)

(p<0.01), and had more daytime sleepiness
(p<0.001) (table 1).
When a diagnosis of SAHS was established
by PSG the results of NO at the diVerent cut
oV points were analysed. With ODI-5 192
patients had positive oximetry results (178 TP
and 14 FP), with ODI-10 there were 160
patients with a positive oximetry test (154 TP
and six FP), and with ODI-15 139 patients had
positive oximetry results (135 TP and four
FP). The accuracy for each ODI was 0.81,
0.75, and 0.69, respectively. The sensitivity
(SE), specificity (SP), positive predictive values
(PPV), and negative predictive values (PPV)
are shown for each cut oV point in table 2.
When the FN patients in each ODI group
were analysed they were found to have a lower
AHI, higher baseline and minimal saturation, a
shorter time with symptoms, less daytime
sleepiness, lower body mass index, and fewer
craniofacial abnormalities than TP patients,
but no diVerences were found in age or pulmonary function tests between these two groups of
patients (table 3).
Patients with abnormal oximetry (ODI-5)
and AHI of <15 (FP) had the following
diagnoses: chronic obstructive pulmonary disease (COPD) in eight, obesity hypoventilation
in three, ischaemic heart disease in two, and
one with myotonic dystrophia. These patients
had poorer lung function than TP patients
(forced vital capacity (FVC) 74 (18)% vs 87
(17)%, p<0.01; FEV1 60 (23)% vs 83 (22)%,
p<0.01; and FEV1/FVC 78 (23)% vs 91 (17)%,
p<0.01). The SE, SP, PPV and NPV of NO
after withdrawal of patients with abnormal
spirometric values are shown for each cut oV
point in table 4. The accuracy for each ODI
was 0.81, 0.75, and 0.70, respectively.
If we had considered NO as a diagnostic tool
in the patients with SAHS included in our
study and had performed PSG only in those
with a negative NO (FN and TN) or those with
a positive NO and abnormal pulmonary function tests, we would have performed 135/275
PSGs for a cut oV point of ODI-5, 156/275 for
ODI-10, and 170/275 for ODI-15, reducing
the number of PSGs by 140, 119, and 105,
respectively.
Discussion
This study shows that a quantitative analysis of
pulse oximetry can help in the diagnosis of
SAHS and this approach can reduce the
number of PSGs in countries with limited
resources. The sensitivity of NO at diVerent cut
oV points ranged between 82% (ODI-5) and
62% (ODI-15), whilst specificity varied between 76% (ODI-5) and 93% (ODI-15). The
accuracy for each ODI was 0.81, 0.75, and
0.69, respectively, which did not change (0.81,
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ODI >5
ODI >10
ODI >15

SE % (CI)

0.75, and 0.70) after withdrawal of patients
with abnormal spirometric values.
These results diVer from those of other
studies.7–10 Several possible reasons can be put
forward to explain these discrepancies. When
the population studied has a high prevalence of
SAHS the sensitivity and specificity of NO may
improve because the accuracy of NO lies in the
detection of apnoeas while hypopnoeas are
underdiagnosed. In this study 216 of 275
patients had a diagnosis of SAHS by PSG, a
prevalence of 78% which is higher than that in
any of the previous studies.7–10 Sleep units in
countries with universal health coverage have a
bias towards studying patients who are more
likely to have positive tests (patients with a high
clinical suspicion of SAHS). Moreover, because our unit has a specific profile in respiratory sleep disorders and 60% of referrals were
made by pulmonary physicians, this high
prevalence may be justified.
Another explanation for the disparity of the
results is the method of quantifying nocturnal
desaturation.9 Oximeters have diVerent time
responses and, depending on the settings, they
can underestimate the number of desaturations. Modifying the average time of the pulse
oximeter would account for up to 60% of
underestimated desaturations.16
Pépin et al used a mathematical index to
detect changes in SaO2 associated with sleep
apnoeas with a sensitivity of 75% and a specificity of 86%.17 In spite of a small number of
patients with diVerent disorders (SAHS,
COPD, and restrictive lung disease), their
results do not diVer significantly from ours
when using a point intermediate between
ODI-5 and ODI-10.
Williams et al7 used a visual analysis of
oximeter tracings without taking into account
desaturations of >4% when they occurred at
levels of saturation above 90%. They obtained
a sensitivity of 75% and a specificity of 100% in
a small number of patients.
Sériès et al18 used oximetry as a diagnostic
tool but the high numbers of false positives
negated its use as a case selection tool for
detecting SAHS in suspected patients. They
did not define desaturations with a fixed
numerical criterion, counting as abnormal
patients who had more than 10 transient
desaturations per hour followed by a rapid
return to the baseline level. Moreover, they did
not show pulmonary function data in patients
with normal polysomnography and more than
10 desaturations per hour.
Gyulay et al19 identified patients with SAHS
using clinical assessment and home oximetry.
More than 15 desaturations/hour of >4% gave
a sensitivity of 40% and a specificity of 98%.
They concluded that patients with positive oximetry should start on treatment with continuous positive airway pressure (CPAP). These
results with ODI-15 could be improved if the
settings of the oximeter had been put at six
seconds as in our study. On the other hand, the
population they studied had a low prevalence
of SAHS.
Epstein et al10 compared the cost of nocturnal oximetry as a case selection tool with the
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using this approach but if we had used NO as a
first diagnostic test we would have saved a significant number of PSGs.
Our results have been obtained using oximetry in the hospital setting. To our knowledge
diVerences between home and hospital oximetry have not been reported but, if any exist, the
probability of achieving a positive result with
oximetry would be likely to be even higher at
home, making this test more useful.
We conclude that starting treatment in
patients with NO results suggestive of SAHS
and normal spirometric values is a way of
decreasing the need for PSG and of helping to
manage these patients clinically. This would be
a means of prioritising diagnostic or therapeutic PSG. Meanwhile, it needs to be determined
whether eVective CPAP titration can be
conducted with NO, at least in some patients
with SAHS, to help reduce the number of
PSGs being performed for CPAP titration.
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cost of standard PSG for the detection of
SAHS. They concluded that the use of NO as
a diagnostic tool was limited because of the
high rate of false positive results. Their
diagnostic decision trees caused them to
conclude that the use of NO as a case selection
tool is not justified on the basis of cost
eVectiveness but they gave no explanation for
the high number of false positives.
In the present study patients with a false
positive NO had pulmonary function values
significantly lower than the true positive group.
Gries et al20 studied SaO2 during sleep in 350
subjects with negative PSG results (AHI <5).
Patients with known or suspected respiratory
disorders were excluded. They obtained values
of the lowest saturation during the night, the
saturation below which the patient spent 10%
of the time (Sat 10), and the median saturation
(Sat 50). This apparently healthy population
did not desaturate during sleep and only
subjects over 60 years of age had a significantly
lower Sat 50 and Sat 10. Their data are
consistent with our results and show that only
patients with a pulmonary disorder, mainly
COPD, have normal PSG results (AHI <15)
and abnormal nocturnal oximetry.
In our study NO misclassified patients (false
negatives) with less severe disease as evidenced
by a shorter time with symptoms, lower body
mass index, less sleepiness, smaller neck
circumference, lower AHI, and higher baseline
and minimal SaO2. Moreover, hypopnoeas were
considered on PSG in the absence of a fall in
SaO2 when a microarousal was detected. These
patients may also have had shorter apnoeas,
being less likely to be followed by a fall in SaO2.
Nevertheless, we would not miss these patients
if all patients with negative NO underwent full
PSG. Some of these patients, probably because
of their mild disease, may not receive specific
treatment such as nasal CPAP.
In our study the PPV of NO is very high
(93% for ODI-5 to 97% for ODI-15), allowing
us to initiate treatment in patients without respiratory disorders but with abnormal NO, as
recommended by the British Thoracic Society.6
Some of the criticism of the use of NO as a
diagnostic test rests on the concern that
patients may not be sleeping. However, patients without cardiopulmonary disorders do
not tend to desaturate.20 Moreover, it has been
reported that neurophysiological parameters
may play a less significant part than respiratory
events.21
One aim of this study was to determine the
number of PSGs that would be saved if we had
used NO as a diagnostic test, with full PSG
being used only in patients with a negative NO
and those with a positive NO and abnormal
pulmonary function. With this approach we
would have saved 140, 119, and 105 PSGs,
respectively, at the three diVerent cut oV points
(ODI-5, ODI-10, and ODI-15). Using higher
cut oV points (i.e. ODI >15) the PPV of NO
reaches almost 100%; however, the decrease in
sensitivity would have generated more full
PSGs. We did not analyse the cost savings
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