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Abstract

Objectives: To assess the clinical value of pulseoximetry in the diagnosis of sleep apnea when satisfactory agreement with polysomno-
graphy is obtained.

Methods: This was a prospective clinical study, set in the Department of Otorhinolaryngology, Ullevaal University Hospital, Oslo,
Norway. One hundred consecutive patients were investigated for sleep related breathing disorders. The main outcome measurements were:
measurement success rate, oxygen desaturation thresholds, sensitivity and specificity at apnea—hypopnea-index (AHI) thresholds of 5 and 15.

Results: Pulseoximetry was successfully performed in 93%. When different oxygen desaturation thresholds were calculated, optimal
agreement with polysomnography was found at a 3% oxygen desaturation level. The sensitivity and specificity of diagnosing moderate/
severe sleep apnea (AHI above 15) were 0.86 and 0.88, respectively. The corresponding figures for milder sleep apnea (AHI above 5) were
0.91 and 0.67. Good agreement was found between the AHI and the oxygen desaturation index (ODI) at the 3% level, with a mean AHI-ODI
difference of 2.6 (SD, 7.3), a Pearson correlation of 0.95 and a weighted kappa of 0.86. The best agreement was found for AHI values below
15, where the estimated AHI-ODI difference was only —0.4 (SD, 3.3).

Conclusions: Pulseoximetry is a simple, non-invasive procedure, which is easy to perform and well suited for outpatient registration.
When adjusted to polysomnography with high sensitivity of hypopnea registrations, an ODI at the 3% level is optimal to diagnose sleep
apnea. In patients with moderate/severe sleep apnea with AHI values above 15, it is sufficient to establish the diagnosis and subsequent
treatment. A negative pulseoximetry does not rule out sleep disorders; the patients should complete a full examination. © 2002 Elsevier

Science B.V. All rights reserved.
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1. Introduction

Due to the fact that obstructive sleep apnea is claimed to
be an important cause of premature death and disability,
there is increasing pressure to provide sleep services for
the treatment of these patients [1-6]. Although the golden
standard diagnostic test is multichannel polysomnography,
which enables the detection of obstructive apneas, hypop-
neas and arousals, the method is expensive and time-
consuming.

Efforts have been made to identify screening tools for
sleep apnea. Pulseoximetry is fast, easy to perform, and
well suited for outpatient registration. Due to the reported
sensitivity and specificity variation of the method [7-12],
however, its ability to replace polysomnography has been
questioned [13,14]. To our knowledge, clinical reports have
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not used optimized pulseoximetry oxygen desaturation
thresholds to compare polysomnography in the diagnosis
of sleep apnea syndrome [7,15]; we therefore questioned
the clinical significance of these thresholds.

High sensitivity polysomnography with esophagus pres-
sure measurements is routinely applied at the Sleep Related
Breathing Disorders Unit of Ullevaal University Hospital,
allowing pulseoximetry desaturations to be validated
against high sensitivity polysomnography. To assess the
clinical value of pulseoximetry when satisfactory agreement
with polysomnography was obtained, optimal pulseoxime-
try oxygen desaturation levels were estimated and subse-
quently studied to determine whether pulseoximetry is
sufficient to establish a diagnosis in patients with moder-
ate/severe sleep apnea with apnea—hypopnea-index (AHI)
values above 15 at oxygen desaturation thresholds of 3
and 4%.
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2. Materials and methods
2.1. Study population

A prospective clinical study was performed in 100 conse-
cutive patients undergoing polysomnography for diagnosis
of sleep related breathing disorders (SRBD). The source
population included all patients referred to Ullevaal Univer-
sity Hospital for polysomnography in the period from
December 1998 to August 1999. All patients who had poly-
somnography and pulseoximetry performed were included
in the study. Patients with incomplete oximetry recordings
due to probe disconnection were excluded from further
analyses. Since both pulseoximetry and polysomnography
are part of the investigative procedures for diagnosing sleep
disorders at the Sleep Related Breathing Disorders Unit of
Ullevaal University Hospital, informed consent was not
obtained. In contrast to the normal procedure, the senior
executive officer assigned a priori every third patient on
the referral list to both polysomnography and pulseoxime-

try.
2.2. Measurements

2.2.1. Polysomnography

The polysomnography (Alice3, Healthdyne International)
included a four-channel electroencephalogram (EEG), a
two-channel electrooculogram (EOG) and a chin electro-
myogram (EMG) for sleep staging. Oxygen saturation
(Sa0,) was measured with a Criticare 504 oximeter and a
finger probe. The pulseoximeter averaging time was set to
3 s. Thoracic and abdominal movements were measured by
strain gauge thoracic and abdominal belts. A chest sensor
for tracking body position was used, as well as an electro-
cardiogram (ECG). The oro-nasal airflow was measured by
an external thermistor and by internal thermistors in an
esophageal catheter located in the pharynx. The catheter
also measured the pressure in the pharynx and in the esopha-
gus [16—-18]. An apnea/hypopnea was scored according to
the following criteria: a decrease (>50%) in amplitude from
the baseline of pharyngeal air flow measured by internal
thermistors, or a clear decrease (<50%) in amplitude
followed by either an oxygen desaturation (=3%) or an
arousal, each event lasting 10 s or longer [19]. The diagnosis
of SRBD was confirmed when the number of apneas and
hypopneas/h of sleep (AHI) was =5.

2.2.2. Pulseoximetry

We used an additional pulseoximeter (NONIN model
8500) which samples the SaO, every 4 s. Stored data trans-
ferred to the computer program Profox version NONIN 06/
97 (Profox Associates, Inc., CA) included the oximetry
tracing from the first to the last sleep page according to
analysis performed with the Alice program. The Profox
program calculated the number of SaO, reductions =2, 3,
4 and 5%, a desaturation event beginning with a saturation

decrease of the appropriate percentage or more within a 2
min interval and terminating when the saturation rose by the
appropriate percentage above the lowest saturation recorded
during that event. Events lasting for 3 min or more were not
counted, nor were events containing more than 8 s of deleted
or zero data. SRBD diagnosis was established when the
number of oxygen desaturations/h (oxygen desaturation
index (ODI)) was =5.

2.3. Outcome measurements

AHI and ODI were the outcomes of interest. Patients
were divided into groups according to the severity of the
syndrome: mild (AHI 5 = 15), moderate (15 =30) and
severe (AHI >30) [19]. In order to study the ability of
pulseoximetry to differentiate between mild and moderate/
severe disease, AHI and ODI were dichotomized with a
limit of more than 15 obstructive events/h to define moder-
ate/severe. Sociodemographic factors included body mass
index (BMI), age and gender. ODI was divided into the
same groups as AHI. The distribution is presented in
Table 1.

2.4. Statistical analysis

The sensitivity and specificity for the different thresholds
for SaO,-desaturations were calculated. Paired, two-tailed ¢-
tests were used for intraindividual comparisons of AHI-
ODI differences.

Measurement of the agreement between pulseoximetry
and polysomnography was performed according to a

Table 1
Characteristics of the study population by severity of the sleep apnea
syndrome®”

Severity of sleep apnea Cohort (N =93)

Non-severe sleep Moderate/severe
apnea: AHI = 15 sleep apnea: AHI
(n=49) >15 (n=44)
Gender
Female 15 5 20
Male 34 39 73
Age
=45 32 22 54
45-54 10 9 19
=54 7 13 20
ODI
=5 19 0 19
5-15 24 6 30
15-30 6 15 21
=30 0 23 23
BMI®
=25 21 9 30
25-30 16 18 34
=30 7 15 22
*N=093.

b -
Seven missing.
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Table 2
Sensitivity and specificity of pulseoximetry estimated at various oxygen
desaturation levels by definition of sleep apnea® and moderate/severe disea-

b
se

Pulseoximetry oxygen
desaturation reduction

Polysomnography cut off level: AHI = 5

Sensitivity Specificity
2% 1.00 0.00
3% 0.91 0.67
4% 0.73 1.00
5% 0.57 1.00

Polysomnography cut off level: AHI = 15

Sensitivity Specificity
2% 1.00 0.27
3% 0.86 0.88
4% 0.64 1.00
5% 0.52 1.00
* AHI = 5.
 AHI = 15.

method described by Bland and Altman [20]. The weighted
kappa statistics were calculated.

3. Results

Of the 100 patients, 93 had satisfactory overnight
pulseoximetry and polysomnography recordings. Seven
patients had incomplete recordings due to technical errors,
all due to pulseoximetry probe disconnection. These
patients did not differ from the rest of the population in
the severity of illness. The study population consisted of
21% (n=20) women and 79% (n = 73) men, and the
mean age was 44 years (range, 27-76). The mean AHI
was 23 (range, 0-78) and the mean BMI was 28 (range,
21-56). The characteristics of the study population by
severity of the disease are given in Table 1.

3.1. ODI sensitivity and specificity

The sensitivity and specificity of pulseoximetry with
different thresholds of ODI were calculated (Table 2). The
sensitivity declined and the specificity increased by the
proportion of oxygen reduction required to record a signifi-
cant desaturation increase. At a threshold of 2% for record-
ing a desaturation, all of the patients with sleep apnea
hypopnea syndrome (SAHS) were recognized with
pulseoximetry, but the false positive rate was high. At a
4% oxygen desaturation threshold, no patients were incor-
rectly diagnosed with SAHS, but the corresponding rate of
false negatives was high. Optimal agreement with polysom-
nography was found at the 3% oxygen desaturation level,
with the sensitivity and specificity for diagnosing sleep
apnea (AHI above 5) being 0.91 and 0.67, respectively
(Table 2). Acceptable sensitivities and specificities were

only obtained at 3 and 4% desaturation levels, and further
analysis makes use of only these two desaturation levels.

3.2. ODI and AHI agreement at 3 and 4% desaturation
values

When ODI was plotted against AHI (Fig. 1), high agree-
ment was found for lower ODI and AHI values. Higher
values revealed a tendency for higher AHI values than
ODI values, particularly at the 4% oxygen desaturation
level. The estimated Pearson correlation coefficients were
0.95 and 0.94 for 3 and 4% desaturation levels, respectively.

The difference between AHI and ODI plotted in Fig. 2
shows increasing AHI-ODI as the AHI and ODI values
increase. Except for patients with AHI-ODI levels below
15 at the 3% desaturation level, there was a tendency for
pulseoximetry to underestimate the severity of the disease
(Table 3). The estimated mean AHI-ODI differences were
2.6 (SD, 7.3) and 8.7 (SD, 8.8) at 3 and 4% oxygen desa-
turation levels, respectively. Intrapair AHI-ODI differences
by mild and moderate/severe disease are shown in Table 3.

3.3. Significance of ODI in the diagnosis of moderate/severe
apnea

The sensitivity and specificity of diagnosing moderate/
severe sleep apnea, defined as an AHI above 15, were
0.86 and 0.88 at the 3% oxygen desaturation level. Corre-
sponding values at 4% desaturation were 0.64 and 1.0,
respectively (Table 2).

To study the ability of pulseoximetry to differentiate
between mild and more severe disease, the patients were
divided into four groups by ODI and AHI values (Table
4). At the 3% oxygen desaturation level, the majority of
the patients fitted identical ODI and AHI groups. Pulseoxi-
metry correctly diagnosed most of the patients with moder-
ate/severe sleep apnea, while 6% with moderate sleep apnea
were mistakenly diagnosed as mild (Table 4). At the 4%
desaturation threshold, most of the patients with moderate/
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Fig. 1. ODI with a threshold limit of: (V), 3%; and ((J), 4%, and plotted
against AHI by polysomnography with the line of equality.
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Fig. 2. Difference against mean for ODI (3 and 4%) from pulseoximetry and AHI measured with polysomnography (PSG). The middle line is the mean
difference between the two methods. The upper and lower lines are the mean * 2 SD. The mean differences were 2.6 and 8.7, and the standard deviations were

7.3 and 8.8 for ODI 3% and ODI 4%, respectively.

severe disease are correctly diagnosed, but 14% of the
patients with moderate/severe disease were mistakenly
diagnosed as mild. The estimated agreement between the
two methods was very good (k = 0.86) and good (k = 0.78)
at levels of 3 and 4% oxygen desaturation, respectively
(Table 4).

4. Discussion

In order to reduce long-term sequelae and the costs of
treatment of severe sleep apnea, efforts have been made to
identify screening tools. Although it has been claimed that,
due to the prevalence of false positives, pulseoximetry does
not reduce the investigative costs of the disease [15], our
study showed that, when adjusted to highly sensitive poly-
somnography, this method may be an easy and valid imple-
ment for the diagnosis of severe sleep apnea and for the
selection of patients for continuous positive airway pressure
treatment.

Due to the fact that there has been some disagreement
about the optimal oxygen desaturation limit recommended
to score hypopneas, the present study compared the AHI
derived from polysomnography with the automatic ODI
score with different thresholds for reduction in oxygen

Table 3

saturation. In contrast to former studies, a desaturation
level of 3% was highly sensitive in the diagnosis of severe
disease, and superior to all recordings at the 4% level. We
routinely use a catheter with internal flow and pressure
measurements during polysomnography with high reliabil-
ity in diagnosing hypopneas [17,18]. Since the physiological
definition of hypopneas is not standardized and the hypop-
nea recording techniques vary substantially [21], the sensi-
tivity of the polysomnography used will influence the
sensitivity and specificity of the pulseoximetry estimated.
Although our study showed good agreement between AHI
and ODI, particularly at low levels, we found that pulseoxi-
metry is most useful for diagnosing moderate/severe disease
with a clinical AHI threshold of 15. Other clinical studies
have targeted severe disease [7,15], probably because such
patients are candidates for continuous positive airway pres-
sure treatment. The titration of optimal positive airway pres-
sure is itself diagnostic for severe disease, and thus extensive
examination prior to treatment is unnecessary when thorough
otolaryngological examination precedes pulseoximetry. For
milder cases, however, treatment choices vary with degree of
apneic events, and pulseoximetry cannot replace polysomno-
graphy. Furthermore, primary lung disease has to be ruled out
in these patients [7]. Negative pulseoximetry screening and
clinical investigation will routinely be followed by polysom-

The mean difference between AHI and ODI at 3 and 4% pulseoximetry desaturation levels by severe and non-severe disease

Number of pairs Mean intrapair AHI-ODI difference SD P (two-tailed)
3% pulseoximetry desaturation level
AHI =15 49 -04 33 0.369
AHI > 15 44 6.0 8.9 0.000
4% pulseoximetry desaturation level
AHI =15 49 3.6 2.8 0.000
AHI > 15 44 14.5 9.7 0.000
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Table 4
Distribution of pulseoximetry oxygen desaturations and polysomnography apnea—hypopneas grouped by severity of disease at 3 and 4% oxygen desaturation
levels
3% oxygen desaturation fall 4% oxygen desaturation fall
Oxygen desaturations/h (ODI 3%) Oxygen desaturations/h (ODI 4%)
=5 5=15 15=130 =30 =5 5=15 15=130 =30
(normal) (mild) (moderate) (severe) (normal) (mild) (moderate) (severe)
AHI
=5 (normal) 12 6 0 0 18 0 0 0
5 =15 (mild) 7 18 6 0 19 12 0 0
15 = 30 (moderate) 0 6 11 2 1 14 4 0
=30 (severe) 0 0 4 21 0 1 12 12
Total 19 30 21 23 38 27 16 12

Weighted kappa (95% CI) 0.86 (0.81-0.91)

0.78 (0.71-0.84)

nography, and sleep disorders (e.g. upper airway resistance
syndrome) will not be overlooked.

Earlier studies, although finding the method satisfactory
for identifying the most severe cases, have concluded that
pulseoximetry is inadequate as a screening tool due to the
large number of false negatives [14,22] and disagreement of
manual desaturation scores [14]. This problem can be
avoided by using an automatic score for desaturations.
Pulseoximetry has been proposed as a tool for ruling out
the sleep apnea—hypopnea syndrome [10], but this is contra-
dictory to our results.

Although the costs of introducing pulseoximetry as a
screening device have not been estimated, there is a need
for screening devices that can successfully reduce the
Norwegian health care system’s long referral lists for the
diagnosis and treatment of sleep disorders. If pulseoximetry
could identify severely ill patients needing automatic
continuous airway pressure titration, the efficacy of sleep
disorder diagnosis in our department would be significantly
increased. Our study indicates that pulseoximetry is an inex-
pensive screening tool, highly sensitive and specific in diag-
nosing severe sleep apnea. The procedure is easy to perform
and well suited for outpatient recording when optimal agree-
ment to polysomnography is obtained.

5. Validity of results

The accuracy of pulseoximeters measuring transient
oxygen saturation (SaO,) changes may be affected by the
pulseoximeter time response [23]. The averaging time may
vary according to the type of oximeter. Since the averaging
time determines the dynamic response of the pulseoximeter,
high averaging values cause considerable underestimation
of oxygen desaturation [23]. Sleep study response time
recommendations are less than 10 s [24]. Dynamic pulseoxi-
meter responses also vary with the type of probe [25,26],
and both parameters must be considered when deciding
which pulseoximeter to use.

In contrast to earlier reports [11], we found that
pulseoximetry tended to underestimate the number of
apnea—hypopnea events, except for AHI values below 15.
Several limitations associated with pulseoximetry may
account for this. A higher AHI value is recorded by
increasing hypopnea sensitivity with simultaneous flow
and pressure recordings. The method only records obstruc-
tive events with simultaneous oxygen desaturations, and its
ability to record sleep time is limited. Total pulseoximetry
time is recorded, but there is no instrument to register
whether the patient has been awake or sleeping and the
ODI is likely to be underestimated. The prospective
study design and intraindividual comparisons of pulseoxi-
metry and polysomnography results rule out selection bias
as an influence on the study results, but since the range of
apnea—hypopnea episodes is above those in the general
population, they are limited in application to patients
suspected of having sleep disorders.
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