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Abstract Polysomnography is currently considered as
the gold standard for the diagnosis of obstructive sleep
apnea syndrome (OSAS). But high expense and the back-
log of the sleep centers have resulted in a search for an
alternative method of diagnosis. The aim of this study is to
assess the efficacy and reliability of Watch PAT as an alter-
nate option in OSAS diagnosis. The patients have worn a
Watch PAT® 200 device in the sleep laboratory during a
standard polysomnography. The correlation in REM and
Non-REM AHI scores, sleep periods and the mean O, satu-
ration percentage between Watch PAT and PSG sleep stud-
ies were assessed. There was a statistically significant very
strong correlation between PSG and Watch PAT AHI scores
(Spearman’s tho = 0.802 p < 0.001). The mean recording
time with PSG and Watch PAT was 463.06 £+ 37.08 and
469.33 £+ 72.81 min, respectively, and there was no statisti-
cally significant difference (p = 0.068). However, there was
a statistically significant difference between two methods
regarding the average sleep time and REM sleep period. No
statistically significant difference was revealed in the mean
O, saturation percentage (p < 0.001). Watch PAT is an effi-
cient device and is considered to be an adjunctive diagnos-
tic method for PSG in diagnosis of OSAS.
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Introduction

Obstructive sleep apnea syndrome (OSAS) which is diag-
nosed with polysomnography (PSG) is increasing the
incidence of cardiovascular and neurocognitive diseases
susceptibility in the population as result of the repetitive
apnea, hypopnea and arousal episodes occurring dur-
ing sleep. The prevalence is not known exactly due to the
lack of sufficient polysomnographic studies, however,
it is estimated to be between 1 and 5 %. The incidence
is similar with the diseases such as diabetes mellitus and
asthma bronchioles. Underlying mechanism in OSAS is
considered to be the upper airway collapse emerging dur-
ing sleep. Although the risk factors for the emergence
and severity of the disease are being known in general,
the pathophysiology of this obstruction is still not clearly
explained [1, 2].

OSAS diagnosis is made with recording respiratory
events during sleep and/or with clinical findings. Gold
standard diagnostic method for OSAS is in-laboratory PSG
[2, 3]. However, the disadvantages of overnight PSG, such
as high cost, backlog of the sleep centers, and the need of
qualified personnel, resulted in a number of attempts to
develop a new method which could be applied more eas-
ily with a better patient compliance, hereby allowing the
screening of a greater number of population [4].

Watch PAT 200® (Itamar Medical Ltd., Caesarea, Israel)
is one of the devices which has been developed for this pur-
pose. It is a portable instrument capable of measuring four
channels which is classified in the 3rd category according
to the American Sleep Disorders Association (ASDA) cri-
teria for diagnostic methods. Apnea/hypopneas happening
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during sleep are recorded by observing the peripheral arte-
rial tone (PAT) and oxygen saturation.

PAT is a physiological signal that reflects the vascular
changes caused by the alterations in the autonomic nervous
system. It can be followed by measuring the arterial pul-
satile volume changes at the fingertip. The respiratory dif-
ficulties such as apnea and hypopneas are accompanied by
an increase in heart rate, blood pressure, and sympathetic
activation. This sympathetic activity increment causes
peripheral vasoconstriction [5]. Vasoconstriction in arteries
of the finger tip which is reflecting the sympathetic activity
is measured as an attenuation in the PAT signal amplitude.
The reason for fingertip preference is the presence of rich
arteriovenous anastomoses and high blood flow exchange
rate (1-100 ccm/100 g/s) in this region [6].

In this study, we aimed to evaluate the efficacy and reli-
ability of Watch PAT device in OSAS diagnosis.

Materials and methods
Study design

This study was simultaneously performed on the subjects
whom required PSG test with the preliminary diagnosis
of OSAS. The Watch PAT 200® device has been provided
by Gazi University within scientific research project. The
study has taken place in Atatiirk Thoracic Diseases and
Thoracic Surgery Training and Research Hospital Sleep
Disorders Center between November 2009 and May 2010.
The subjects whom were being suspected of having
obstructive sleep apnea were enrolled in the study. Exclu-
sion criteria from the study were experiencing non-sinus
cardiac arrhythmia in the last 3 years, having peripheral
vasculopathy, neuropathy, severe lymphatic disease or fin-
ger deformities, usage of o adrenergic receptor blocker
or being addicted to alcohol or to any drug. Primarily the
patients have completed a standard questionnaire form
(Epworth sleepiness scale) targeting OSAS diagnosis, sub-
sequently they have undergone a through physical exami-
nation and their body mass indexes were calculated.
Written informed consent was obtained from the indi-
viduals who have agreed to participate in the study and they
were given an appointment for the sleep laboratory on dif-
ferent days. They were warned not to take alcohol, not to
use any sedative drugs and to be awake in the afternoon of
the test day. In the sleep laboratory, they have worn a Watch
PAT® 200 device during a standard polysomnography. All
the patients have been observed overnight. At the end of the
test, two instruments were simultaneously closed and the
results were recorded. The study was terminated after 30
patients have been completed. Polysomnographic records
were interpreted according to the relevant experts whom
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were not informed about the outcome of Watch PAT. In 2007
American Academy of Sleep Medicine (AASM) guideline
has been accepted as a criterion for the diagnosis of OSAS.
The individuals with an AHI score >15 and those with an
AHI score between 5 and 15 with the accompanying symp-
toms (daytime sleepiness, etc.) were diagnosed as OSAS.

Polysomnography

A standard PSG was performed with 44-channel compumed-
ics E series® device. The recorded polysomnographic data
included four-channel electroencephalography (EEG-C4Al,
C3A2, 02A1, 01A2), electrooculography (EOG), electrocar-
diography (EKG), chin and leg electromyography (EMG),
thoracoabdominal movements, body position, oronasal air
flow and oxygen saturation (sO,) with pulse oximetry. Poly-
somnographic data were evaluated and scored by the phy-
sicians in charge of the institution. Apnea and hypopnea
index (AHI) was calculated by dividing the total number of
apnea and hypopnea events by the total sleep time. Sleep
was staged according to the standard criteria. An apnea was
defined as complete cessation for at least 10 s and hypopnea
is scored if airflow was reduced by 50 % or a lesser extent in
association with a desaturation of at least 3 % or an arousal.

Watch PAT 200
In the sleep laboratory, all the patients have worn a Watch

PAT 200® device during a standard polysomnography. As
shown in Fig. 1, it consists of five parts: PAT probe, snoring

Fig. 1 Watch PAT 200®
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sensor, pulse oximetry sensor, actigraphy (embedded in
the tool) and body position sensor. PAT signal, oximetry,
oxygen saturation measured by finger-mounted probe and
the data coming from motion sensor (actigraphy) in the
device are all continuously recorded digitally on the SD
card which is located in the device. Oximetry probe was
applied on the finger tip with a special disposable band
to transmit blood oxygen saturation to the recorder device
through a pulse oximetry module. Snoring sensor was fixed
on the trachea with the help of a special double-sided tape
to measure snoring intensity in dB unit. Body position sen-
sor was placed on the patient’s chest region by means of
a special double-sided tape to perceive body position in
five different configurations (standing, supine, right, left,
sitting). After sleep test, all these data were automatically
transferred to the computer and these data were analyzed
and reported with zzzPAT® software.

Outcome measures

The data derived from PSG were; recording time duration,
sleep and awake time duration, sleep efficiency, REM/Non-
REM (stage 1, 2, 3) stages of sleep, awake sO, and mini-
mum sO, levels, AHI, positional AHI and REM/Non-REM
AHI values and the mean heart rate. Recording time dura-
tion, sleep and awake time duration, awake, minimum and
mean sO, levels, AHI, positional AHI and REM/Non-REM
AHI values, RDI and ODI values were automatically calcu-
lated with Watch PAT.

Statistical analysis

The statistical analysis was performed using SPSS version
15.0 (Chicago, Illinois) statistical software package. The
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descriptive statistics were presented as mean =+ standard
deviation (SD) and median (min, max). Continuous vari-
ables were tested by Kolmogorov—Smirnov test, histograms
and P—P test for normality. The parameters were compared
by Wilcoxon Signed Rank test. Spearman’s Correlation
test was used to test the correlations between these vari-
ables. Bland-Altman diagrams were also used to illustrate
the difference between two methods; PSG and Watch PAT.
In all the tests p < 0.05 was considered to be statistically
significant.

Results

Five women (16.7 %) and 25 men (83.3 %), a total of 30
subjects were included in the study with the ages rang-
ing between 28 and 70 (mean 49.2 £ 9.6). The mean BMI
was 29.6 & 4.4 kg/m®. According to PSG, the AHI scores
revealed were, respectively, <5 in two individuals (6.6 %),
between 5 and 15 in three patients (10 %) and >15 in the
remaining 25 patients (83.3 %). The mean sleep efficiency
of the patients was 94.6 % (min: 52 % max: 99.9 %). All
the patients except the one with AHI score <5 were diag-
nosed with OSAS with the symptoms accompanying. How-
ever, one of the cases with an AHI score <5 was reported
to be >5 according to Watch PAT [positive predictive value
(PPV): 0.96]. Primarily overnight AHI score which is pre-
ferred in the classification and diagnosis of OSAS was
compared between two diagnostic methods. There was a
statistically significant very strong correlation between
PSG and Watch PAT AHI scores (Spearman’s rho = 0.802
p < 0.001) The agreement between two methods was also
illustrated with Bland—Altman spot in Fig. 2. The AHI dif-
ference for only one subject (3.3 %) exceeded the limits of
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Fig. 2 AHI data collected concurrently with PSG and Watch PAT. a Scatter plot of PSG AHI vs. Watch PAT AHI. b Bland—Altman plot of PSG

AHI vs. Watch PAT AHI. SD standard deviation
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Table 1 AHI, REM AHI and

AHI REM AHI Non-REM AHI
Non-REM AHI scores revealed
with PSG and Watch PAT PSG
Mean + SD 33.5+24.6 314+£248 33.9+25.6
Median (min—-max) 28.3 (1.8-92.9) 27.4 (0-85.7) 26.5 (1.1-93.9)
Watch PAT
Mean + SD 35.5+26.8 344 £20.9 323+27.1
Median (min—-max) 26.9 (2.9-87.2) 30.3 (5.3-87.2) 25.7 (1.5-88.1)
p value (Wilcoxon Signed Rank Test) 0.428 0.075 0.436

Table 2 Comparison of sleep
periods (recording time, sleep

Recording time

Sleep duration REM sleep duration

duration, REM sleep duration) PSG
Mean + SD 463.1 +37.1 437.3 +54.6 162+ 6.1
Watch PAT
Mean + SD 469.3 +72.8 400.9 + 76.5 214 £8.3
p value (Wilcoxon Signed 0.068 0.016 0.004

Rank Test)

agreement as shown in Fig. 2b (meaning Watch PAT AHI
was greater than the PSG AHI by more than 1.96 SD from
the mean). The mean AHI scores detected by PSG and
Watch PAT were 33.5 £ 24.6 and 35.5 +£ 26.8, respectively.
The difference between two methods based on this variable
was observed not to be statistically significant (p = 0.428)
as shown in Table 1.

The REM and Non-REM period AHI scores were also
compared between PSG and Watch PAT. A high agree-
ment was found between REM (Spearman’s tho = 0.741
p < 0.001) and Non-REM AHI scores (Spearman’s
rho = 0.607 p < 0.001). The difference between two meth-
ods based on these two variables was observed not to be
statistically significant (p = 0.075 and 0.436, respectively)
as shown in Table 1.

The comparison of sleep periods was shown in
Table 2. The mean recording time with PSG and Watch
PAT® was 463.1 + 37.1 (min: 372.1 max: 539.0) and
469.3 £+ 72.8 min (min: 226.0 max: 595.0), respec-
tively, and there was no statistically significant difference
(p = 0.068) with high agreement (Spearman’s rho = 0.553
p = 0.002). However, the average sleep time in PSG and
Watch PAT was 437.3 (278.5-507.5; SD: 54.6) and 400.9
(216.0-559.0; SD: 76.5) minutes, respectively, and there
was a statistically significant difference between two meth-
ods (p = 0.016) with statistically low agreement (Spear-
man’s tho = 0.246 p = 0.19). There was a low agreement
between PSG and Watch PAT regarding the REM sleep
period, too (Spearman’s rtho = 0.249 p = 0.184). However,
the mean percentage of REM sleep duration compared to
the total sleep duration was 15.9 % (0.7-25.7 SD: 6.1) in
PSG whereas it was 21.3 % (4.2-36 SD: 8.5) in Watch
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PAT®, and there was not a statistically significant differ-
ence based on REM sleep duration percentage (p < 0.001).
The mean O, saturation percentage in PSG and Watch
PAT® was 93.1 and 92.6 %, respectively, and statistically
significant difference was not found out (p < 0.001).

Discussion

The main purpose of this study was to determine the diag-
nostic efficacy of Watch PAT in OSAS diagnosis. It is one
of the portable devices proposed as an adjunct or alternative
method to gold standard method PSG. Therefore, the study
has concurrently done in the patients sent to sleep labora-
tory for PSG test with the preliminary diagnosis of OSAS.
There was a high agreement between PSG and Watch PAT®
based on AHI scores and we did not observe significant dif-
ference between these two ways of assessment (p < 0.001)
(Table 1) as consistent with the previous studies.

Bar et al. [7] compared Watch PAT with PSG in 102 (78
male, 24 female) patients with OSAS diagnosis. One group
has undergone a concurrent polysomnography and Watch
PAT study in the sleep laboratory and the other group has
been tested only with Watch PAT device attached at home.
According to RDI results, the patients were classified to be
between the scores of 0-10, 11-30, 31-50, and >50. At the
end of this study high correlation was observed between
PSG RDI and Watch PAT® RDI scores. Furthermore, high
correlation coefficients were observed between Watch PAT
scores obtained in the sleep laboratory and at home. In their
opinion inability of the device to distinguish central apnea
from obstructive apnea was supposed to be a ignorable
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disadvantage because of the low incidence of central apnea
and the similar treatment options in both pathologies. Ayas
et al. [8] have shown a high correlation between PSG and
Watch PAT by comparing the AHI values obtained with
these two methods. Also in this study of 30 cases the BMI
31.0+7.6 kg/mz) and age (48 £ 14.8) averages were sim-
ilar to our subjects.

The mainstay of Watch PAT device is measuring PAT
signal at the fingers. Grote et al. [6] have shown high cor-
relation of PAT probe with the vasoconstriction of the
arteries located in the fingers after giving a sympatho-
mimetics. O’Donnell et al. [10] showed parallel decrease
in PAT signals along with the increasing airway obstruc-
tion in the patients and named this situation as the dose—
response answer in their study. So, PAT signal seems to
be a reliable data to predict the presence of apnea and
hypopneas.

Oxygen desaturation is suggested to be one of the
most important parameters associated with complications
in OSAS. For this reason, the patients were followed up
for oxygen saturation during night with both polysom-
nography and Watch PAT device in the study. The aver-
age sO, percentage was 93.1 % with PSG where as it
was 92.6 % with Watch PAT, and the difference observed
between these two values was not statistically signifi-
cant (p < 0.001). This finding supports the reliability of
Watch PAT® in oxygen saturation monitorization. Pitson
and Stradling [11] have shown the decreased peripheric
oxygen saturation and the simultaneous activation of the
sympathetic system during this apnea—hypopnea periods.
Schnall et al. [12] observed high correlation between the
total number of apnea—hypopneas revealed by polysom-
nography and with the changes detected by PAT that is
emerging due to the increased sympathetic nervous system
activity.

Except two individuals with AHI scores <5, all the
remaining patients included in the study have been diag-
nosed with OSAS according to both PSG and Watch PAT
data. Only one of these two individuals was falsely diag-
nosed with OSAS according to Watch PAT (PPV:0.96).
With this study group we cannot make any comment for
negative predictive value of Watch PAT in OSAS diagnosis.
Nevertheless, Watch PAT has been found to be a reliable,
portable device in the diagnosis of OSAS as compatible
with the findings of earlier studies [7, 8].

Male/female ratio was found to be fivefold in the study
group. However, OSAS is estimated to affect approxi-
mately 4 % of adult men and 2 % of adult women in the
population [13]. It may be attributed to the small number
(30) of the sample size. In addition, the atypical symptoms
such as insomnia, restless leg and depression that women
are suffering make them less likely to be referred for the
evaluation of sleep disordered breathing [14].

One of the objectives of the sleep studies is to identify
the sleep stages and to determine the relationship between
respiratory events and these stages. In our study, a strong
correlation revealed within PSG and Watch PAT based on
REM/Non-REM AHI scores (p < 0.001). According to this
finding Watch PAT may be used in the diagnosis of sleep
period associated OSAS such as REM-dependent OSAS
which is getting more attention and highlighted each pass-
ing day. Hedner and colleagues have shown good agree-
ment between PSG and Watch PAT in detecting REM sleep
periods previously [15].

However, sleep/awake times and the duration of REM
sleep periods of the patients were significantly different
between PSG and Watch PAT (p < 0.05) in our study. This
situation may conflict with the hypothesis above. Increased
sympathetic activity results in PAT signal attenuation
which in turn helps to identify REM sleep [16]. Longer
REM sleep durations recorded with Watch PAT thus may
be related to sympathetic activity increment occurring due
to different physiological alterations. The mean sleep effi-
ciency of the patients was 94.6. There was a patient with a
sleep efficiency of 52 % in whom the AHI scores obtained
with PSG and Watch PAT were 35.5 and 17.7, respectively.
Thus, it may be better to include the individuals with insuf-
ficient sleep durations in another study to examine whether
Watch PAT is capable of perception the different sleep
periods.

Ceylan and his colleagues [17] came up with a similar
finding in their study. They have shown that Non-REM 1
and 2 sleep stages were found to be compatible with PSG,
but compliance was not found in Non-REM stages 3 and
4. Watch PAT REM sleep periods were shown to be in low
agreement with PSG.

One of the most important points of this study is per-
forming the sleep test only in the sleep laboratory. This
may conflict with the main objective of the device, avail-
ability to perform the test at the individual’s home set-
ting. However, there are other researchers in the literature
already confirming the reliability of the assessment carried
out at home environment, therefore, we did not see a neces-
sity to evaluate this issue again [7]. Also, we aimed to over-
come a possible ‘first night effect’ difference between PSG
and Watch PAT by this way.

First night effect, one of the issues mentioned for the
sleep studies is considered as the changing in the quality
of the sleep due to the different test days as well as to the
personal analyzing the test. It is especially encountered
in the sleep laboratory PSG tests. Lewendowski and col-
leagues [18] compared the polysomnographic records of
118 patients in the course of diagnosis and 1 month later.
AHI levels varied slightly between the two groups, but the
difference was not significant. Many researchers agree that
this problem can be eliminated with portable devices [7, 9].
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Conclusion

Currently, the gold standard method for the diagnosis
of OSAS is the PSG performed in the sleep laboratories.
However, the limited number of sleep laboratories and PSG
has resulted in a search for an alternative method of diag-
nosis. Therefore, in our study, we have evaluated the effi-
cacy of Watch PAT 200® device which is considered to be
an alternative or adjunctive diagnostic method for PSG in
diagnosis of OSAS.

In the light of our findings, OSAS can be diagnosed
securely with Watch PAT device in the laboratory. How-
ever, the accuracy of Watch PAT in determining the sepa-
rate stages of sleep (REM and Non-REM) needs to be eval-
uated with further studies.
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