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a b s t r a c t

Objectives: The main purpose of this study was to determine the efficacy of Watch-PAT in Pediatric Sleep
Disordered Breathing (PSDB) diagnosis in children with symptoms suggestive of PSDB, in which the
nocturnal pulse oximetry was negative according to the Brouilette criteria.
Methods: We enrolled 28 patients aged between 5 and 12 years (mean age: 7.75 ± 1.69), who underwent
the registration with Watch-PAT, that utilizes the Peripheral Arterial Tone (PAT), AHI, RDI, body position,
snoring, pulse oximetry and actigraphy.
Results: Recording Watch-PAT was indicative of PSDB in 10/28 (35.7%) patients; when it was placed the
threshold of AHI > 1 the number of positive patients for PSDB increased to 17/28 (60.7%). Exists a positive
correlation between pat-RDI (rho ¼ 0.798, p ¼ 0.005) and the snoring > 40% of the time (rho ¼ 0.656,
p < 0.001) were correlated with the pat-AHI values.
Conclusion: The recording Watch-PAT appears to permit the defection of a certain number of SDB that
might escape to the clinical evaluation and pulse oximetry only.

© 2017 Elsevier B.V. All rights reserved.
1. Background

Pediatric Sleep-Disordered Breathing (PSDB) comprises a large
spectrum of disorders ranging in severity from primary snoring to
more severe forms such as Obstructive Sleep Apnea [1].

It is well known for more a century as the children sleep
breathing disorders, are associated with the cognitive development
[2e4], significant poor growth, cardiopulmonary complications,
and problems with learning and behavior include hyperactivity,
reduced attention and somatic complaints [5], and, in general, with
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good health of the young patients [6e8]. Neuropsychologists con-
sequences that associated with nightly snoring or breathing prob-
lems which not to be confused in common definitions of OSAHS
(Obstructive Sleep Apnea Hypopnea Syndrome) they suggest that
even recently sensational forms of primary or benign snoring can
assume clinical relevance [9,10].

The PSDB may result in sleep fragmentation, difficulty in
breathing, alveolar hypoventilation and intermittent hypoxemia
that can lead to an excessive production of free radicals with an
accumulation of oxidative stress, as occurs in adult with sleep
disorders breathing or obstructive sleep apnea/hypopnea [11] or
neuro-degenerative diseases [12].

Currently, there are no uncontroversial data on the real preva-
lence of the PSDB and, in addition, the wider use of symptoms of
snoring in the pediatric population, makes more difficult to
distinguish the various degrees of sleep disordered breathing, that
can range from the simple snoring to the severe OSAHS, with
alternative techniques to polysomnography only [13,14].

Home testing devices have been introduced in the last few years
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for SDB diagnosis, with the purpose of finding a newer and cheaper
device more simple to manage than Full Polysomnography,
remaining anyway better than pulse oximetry (level IV). In many
clinical environments the nocturnal oximetry [15,16] is used as the
primary or alternate test for the diagnosis of PDSB both for cheaper
cost and for widely available test or, at least, for screening of po-
tential seriousness [17e19].

American Academy of Sleep Medicine guide lines state that
“home testing devices must register haemoglobin oxygen satura-
tion, air flux and respiratory effort” [20]. The American College of
Physicians stated in their article that “type III monitors have the
ability to predict apnea-hypopnea index scores suggestive of OSA”
[21]; also “type III devices have better diagnostic accuracy than type
IV devices. The possibility that pulse oximetry leads to an under-
estimation of the problem led the authors to compare the results of
home nocturnal pulse oximetry (Nonin 8500 M) with those ob-
tained by using the Watchpat (Itamar Medical Ltd). The charac-
teristic of this device is that the identification of breathing
disorders (apnea and hypopnea) is performed by determining the
PAT (Peripheral Arterial tonometry signals), as an expression of
activation sympathetic resulting apneic event, no conventional
measurements of both the flow plane and respiratory effort as the
thoracic/abdominal movements and assesses the SDB (Sleep
Disordered Breathing) correlating the recordings of pulse oximetry,
the snoring sensors and positionwith the variations of the PAT. The
apparatus of validity, over the years, has been clearly ascertained by
various studies [22e25] as regards adults but not for children, the
object of our study.
Fig. 1. Study
2. Materials and methods

2.1. Study design, setting and participant recruitment

Study design illustrated in Fig. 1. 63 children (40 M; 23 F) be-
tween the age of 5 and 13 (mean: 8.81 ± 2.34) were enlisted with
suspect sleep breathing disorder. A questionnaire concerning sub-
jective symptoms of SDB and clinical history by Brouillette et al.
[26] was administered to the parents of each child to categorize
these patients. On the basis of questionnaire results, children can-
didates were divided by the OSA score [26]: negatives (score <1),
doubtful (score between �1 e 3.5), PSDB highly suggestive
(score > 3.5); 13 of them didn't satisfy suspect SDB criteria
(score < �1) and were excluded from the study; 50 remaining
children were enlisted and undergo pulse oximetry according to
the Brouilette criteria with 3 clusters of desaturation � 4% and 3
desaturation of SpO2 [16]. 22 of them were found to be positive to
pulse oximetry, the other 28 were found to be negative despite
suspects derivated from questionnaire answers. This last 28 chil-
dren (19 M; 9 F) with an age between 5 and 12 years (mean:
7.75 ± 1.69), were subject to sleep study with Watch-PAT device to
exclude false negatives. Finally, the ENT physical examination of the
nose and oropharynx it reveals the presence of:

� oral breathing;
� nasal obstruction;
� septum nose deviation;
design.
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� tonsillar hypertrophy, was graded according to a standardised
scale ranging from 0 to 4 and we considered grades 3 and 4 as
positive;

� pathologic palate position, was graded according to Friedman
classes, with classes 3 and 4 being considered as positive;

� adenoid hypertrophy.
2.2. Apnea-hypopnea index

Apnea-Hypopnea Index (AHI) is adopted to evaluate nocturnal
apnea/hypopnea for hour of sleep and SDB seriousness. There
isn't an international common statement about exact normality/
abnormality values since there was studies that put abnormality
cut off with an AHI >5 because they had previously observed that
the threshold <5 was not associated with elevated blood pres-
sure while AHI �5 was [27], or because they have noticed that
this cut off can be associated with sleepiness and learning diffi-
culties [28]; other studies [29,30] on the other hand indicates
AHI > 1 like anomalous, using AHI between 1 and 5 like “value of
symptomatic threshold” when associated with desaturative
events < 3% [31].

In our study, diagnosis of PSDB was confirmed with an AHI >1
event/h according to American Academy of Sleep Medicine (AASM)
[32]. Moreover, children with AHI <1/h were diagnosed as simple
snorers, children with AHI >1 (1 � AHI < 5/h) were classified as
having mild SDB, children with 5 � AHI < 10/h were classified as
havingmoderate SDB andwith AHI� 10/h were classified as having
severe SDB [29].

2.3. Exclusion criteria

Patients who previously underwent to tonsillectomy and/or
adenoidectomy were excluded. In addition, patients with a history
of epilepsy [33], neuromuscular or cardiorespiratory diseases,
major craniofacial abnormalities or associated chromosomal syn-
dromes were excluded because in these patients is recommended
to perform polysomnographic exam in order to draw attention to
EEG activity.

2.4. Nocturnal pulse oximetry

Nocturnal pulse oximetry (Nonin 8500 M) is a sensor for
detection of oxygen saturation of arterial hemoglobin (SpO2) and
pulse rate. It is a non-invasive method that passes red and infrared
light through perfused tissue and detects the fluctuating signals
caused by arterial pulses. Desaturation is classified by a decrease in
oxygen saturation of �3% compared to baseline and a cluster of
desaturations is defined by � 5 desaturation over a period of
10e30 min. Pulse oximetry is defined this way [16]:

� positive: �3 clusters of desaturation are present, and at least
three saturations < 90% are present;

� negative: no desaturation clusters and no desaturations < 90%
are present;

� inconclusive: all other cases.
2.5. Watch-PAT study

Watch PAT (Itamar Medical Ltd) is a portable monitoring device
and consists of five parts: pulse oximetry sensor, snoring sensor,
PAT probe, actigraphy (incorporated in the tool) and body position
sensor oximetry, PAT signal, oxygen saturation measured by finger-
mounted probe and the data coming from actigraphy (motion
sensor) in the device are all recorded digitally on the SD card which
is located in the device. Oximetry probe transmit blood oxygen
saturation to the recorder device through a pulse oximetry module.
Body position sensor was placed on the patient's chest region by
means of a special double-sided tape adapted to detect the position
of the body in five different configurations (supine, right, left,
sitting, standing).

Respiratory Disturbance Index (RDI) was defined as the sum of
all respiratory events (apneas, hypopneas and respiratory event
related arousals) per hour of sleep time and the Apnea/Hypopnea
Index (AHI) was defined as the total number of apnea and hypo-
pnea events per hour throughout the total sleep time. These res-
piratory events were identified by digital vasoconstriction
mediated by a-adrenergic receptors. Results showed an attenuated
PAT signal. Then Watch-PAT proprietary software algorithm
analyzed the PAT signal amplitude along with the heart rate and
SpO2 to estimate both the AHI and the RDI. Desaturation Event was
defined as a decrease of SpO2 � 3%; mean andminimum SpO2 were
determined as well as the percentage of total sleep time [34].

2.6. Intensity of snoring

Snoring sensor was fixed on the neck with the help of a special
double-sided tape to measure snoring intensity in dB unit. The
snoring intensity was measured by a microphone connected to the
Watch-PAT device, which calculated and showed the mean in-
tensity of snoring and the percentages of sleep time out of total
sleep time during which snoring was louder than 40, 50, or 60 dB.

2.7. Statistical analysis

Continuous variables are expressed as mean ± Standard Devia-
tion (SD), and categorical variables are expressed as the numbers of
individuals and percentages. Statistical analysis was performed
using the Chi-squared test for categorical variables and t-test for
continuous variables. The frequency distribution it was obtained by
the calculation of the variability through the study of the variance
(p) and Standard Error (SE). Spearman's correlation test was used to
test the correlations between degrees of AHI >1, RDI >5 and snore
time >40%. A probability level of p < 0.05 was considered statisti-
cally significant.

3. Results

Based on questionnaire results, we obtained “OSA score” that is
definedwith the formula: OSA score¼ 1.42Dþ 1.41Aþ 0.71S�3.83;
where S is snoring; D is difficulty breathing during sleep and A is
apnea observed during sleep (Table 1). OSA score indicates that
20.7% of participants were negative on suspect SDB (<-1); 27%
resulted doubtful (�1 to 3.5) and the last 52.3% resulted positive
(<3.5). The 50 doubtful and positive subjects underwent nocturnal
pulse oximetry that showed 56% candidates were negatives and
44% positives.

Clinical traits of 28 (56%) children that resulted pulse oximetry -
negative are shown in Table 2 and the ENT anthropometric pa-
rameters have been associated with questionnaire results (Table 3).
All ENT parameters resulted not statistically significant except for
nasal obstruction (OR: 0.06) and adenoid hypertrophy (OR: 0.07).
Inserting as cutting value, pRDI value to 5, theWatch-PAT recording
was indicative of SDB in 10/28 (35.7%) patients; the number of
patients positive for various SDB able increases to 17 if we use as a
threshold AHI > 1 as suggested to AASM. In 15/28 cases was this
medium/loud snoring for at least 40% of sleep time. Of the 15
children with AHI >1, nine did not prove significant adenotonsillar
hypertrophy. In addition we have noted a substantial stastistical



Table 1
Values assigned to snoring and difficulty breathing during sleep were: never: 0;
occasionally: 1; frequently: 2; always: 3. Values assigned to A apnea observed during
sleep were: no: 0; yes: 1.

Questionnaire items and OSA score

Responses N� %

Snoring
Never 0/63 (0%)
Occasionally (1e2 night/week) 10/63 (15.8%)
Frequently (3e4 night/week) 8/63 (12.7%)
Always (5e7 night/week) 45/63 (71.5%)
Difficulty breathing
Never 8/63 (12.7%)
Occasionally (1e2 night/week) 10/63 (15.8%)
Frequently (3e4 night/week) 7/63 (11.1%)
Always (5e7 night/week) 38/63 (60.4%)
Apnea observed during sleep
Yes 39/63 (62%)
No 24/63 (38%)
OSA score
< �1 13/63
�1 to 3.5 17/63
>3.5 33/63

Table 2
Presence of symptoms and signs of Pediatric SDB. Y/t: yes/total patients.

Symptoms and signs of the study patients

N� 28 patients Y/t % p ± SE

Overweight 12/28 42.85 0.482 ± 0.0932
Underweight 7/28 25 0.25 ± 0.0818
Tonsillar hypertrophy 7/28 25 0.25 ± 0.0818
Facies adenoidal 7/28 25 0.25 ± 0.0818
Micrognathia 2/28 7.14 0.125 ± 0.0625
Retrognathia 2/28 7.14 0.125 ± 0.0625
Arched palate 22/28 78.57 0.785 ± 0.0776
Growth retardation 9/28 32.14 0.321 ± 0.0882
Frequent snoring (�3 nights/wk) 22/28 78.5 0.785 ± 0.0776
Restless nocturnal sleep 16/28 57.1 0.571 ± 0.0935
Excessive bruxism 5/28 17.8 0.178.± 0.0722
Difficulty to wake up in the morning 20/28 71.4 0.714 ± 0.0853
Morning headache 11/28 39.3 0.393.± 0.0923
Poor appetite 15/28 53.5 0.535 ± 0.0942
Excessive daytime sleepiness 19/28 67.8 0.678 ± 0.0883
Aggressiveness 14/28 50 0.5 ± 0.0944
Emotional instability 4/28 14.2 0.142 ± 0.0659
Learning difficulties 17/28 60.7 0.607 ± 0.0923
Attention deficit and hyperactivity 15/28 53.5 0.535 ± 0.0942

Table 3
Correlation between ENT clinical/anthropometric parameters and questionnaire.
Doubtful questionnaire: score between �1 and 3.5; Positive questionnaire: score
>3.5. Data are presented as n (%) or mean ± SD. p-value calculated by t-test and Chi-
squared test.

ENT clinical and anthropometric parameters

Doubtful
questionnaire

Positive
questionnaire

p-value

Age years 7.23 ± 2.31 8.20 ± 2.21 0.267
Male 9 (32) 10 (36) 0.416
Female 4 (14) 5 (18) 0.423
Oral breathing 9 (32.1) 14 (50) 0.090
Nasal obstruction 1 (3.5) 10 (35.7) 0.003
Septum nose deviation 3 (10.7) 6 (21.4) 0.292
Tonsillar hypertrophy 7 (25) 10 (36) 0.387
Friedman palate position IIIeIV 5 (18) 8 (28.5) 0.367
Adenoid hypertrophy 1(3.5) 11 (39.2) 0.004

Table 4
Correlation between WatchPAT parameters and OSA score. TST e total sleep time;
AHI: Apnea/Hypopnea Index; pRDI: PAT Respiratory Disturbance Index; DI: Desa-
turation Index. The PAT valid sleep time is derived from the analysis of actigraphy
data. Data are presented as mean ± SD or n (%). P-value calculated by t-test and Chi-
squared test.

Correlation between WatchPAT parameters and OSA score

Variables AHI >1 (n�17) AHI < 1 (n�11) p-value

TST (h) 7.9 ± 0.82 7.7 ± 1.23 0.15
PAT valid sleep time (%) 89.3 ± 7.51 88.4 ± 5.41 0.09
AHI (n/h) 2.17 ± 2.00 0.50 ± 0.17 0.01
pRDI (n/h) 5.62 ± 3.12 1.33 ± 0.62 0.00
Mean saturation (%) 96.25 ± 1.56 97.28 ± 0.78 0.05
Minimum saturation (%) 90.79 ± 2.79 93.60 ± 1.98 0.06
DI (n/h) 4.5 ± 3.67 2.23 ± 1.32 0.03
OSA SCORE
Between �1 and 3.5 3 (10.7) 10 (35.7)
>3.5 14 (50) 1 (3.6)
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difference between AHI >1 and AHI <1 subjects in the AHI average
(p ¼ 0.01), pRDI average (p ¼ 0.00) and DI average (P ¼ 0.03).
Correlating Watch PAT nocturnal parameter with OSA score
showed that 60.7% of children were positive to SDB. This last group
was composed by 50% positive OSA score and 10.7% doubtful
(Table 4).

In addition, through association with the general characteristics
of the signs and symptoms of the patients, with Watch PAT
recording, it is revealed a positive correlation, in terms of frequency,
among the variables AHI >1 and snoring> 40% of the time, with
trouble waking in the morning, a poor appetite, excessive daytime
sleepiness, difficulty learning and arched palate (Table 5, Figs. 2 and
3). Lastly, the Spearman's correlation analysis showed that the p-
RDI (rho ¼ 0.798, p ¼ 0.005) and the snoring > 40% of the time
(rho ¼ 0.656, p < 0.001) were positively correlated with the p-AHI
values.

4. Discussion

Of course polysomnography is the gold standard test for PSDB
diagnosis, especially level I polisomnography wich uses 16 or more
monitoring channels (electroencephalography channels, electro-
myography, electrocardiography, bilateral electrooculography,
nasal pressure, airflow, thermistore, oximetry, snoring sounds,
body position, esophageal pressure, end-tidal CO2 and chest-
abdominal movements) it is also the more comprehensive [35].
This test is conducted in a sleep laboratory or in a hospital, with an
omnipresent sleep technician to collect all the data in a complete
and efficient way but in different centers this type of poly-
somnography is lacking or creates long waiting queues [36], and it
has high managing costs. Furthermore children often do not
tolerate well the equipment involved in PSG [37]. For all this rea-
sons we are searching alternatives to full PSG.
Table 5
Frequent symptoms correlated with AHI and snore time. Subjects with AHI >1 and
Snore Time >40% correlated with the presence of the most frequent symptoms:
difficulty to wake up in the morning, poor appetite, excessive daytime sleepiness,
learning difficulties and arched palate.

Frequent symptoms correlated with AHI and snore time

AHI >1 SNORE TIME >40%

Difficulty to wake up in the morning 60.71% 53.57%
Poor appetite 50% 42.85%
Excessive daytime sleepiness 60.71% 53.57%
Learning difficulties 50% 46.42%
Arched palate 42.85% 35.71%



Fig. 2. Frequency distribution of the signs and symptoms in relationship to variables AHI > 1; RDI > 5; snoring > 40% of sleep time. FS: Frequent snoring (�3 nights/wk); RNS:
Restless nocturnal sleep; EB: Excessive bruxism; DWU: Difficulty to wake up in the morning; MH: Morning headache; PA: Poor appetite; EDS: Excessive daytime sleepiness; A:
Aggressiveness; EI: Emotional instability; LD: Learning difficulties; ADH: Attention deficit and hyperactivity.

Fig. 3. Frequency distribution of characteristics of the study patients in relationship to variables AHI > 1; RDI > 5; snoring > 40% of sleep time. OW: Overweight; UW:
Underweight; TH: Tonsillar hypertrophy; FA: Facies adenoidal; M: Micrognathia R: Retrognathia; AP: Arched palate; GR: Growth retardation.
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In literature, there have been many scientific evidence that
assessed the accuracy of the Watch-PAT for the diagnosis of SDB in
adult. Ayas et al. [38] evaluated the correlation between theWatch-
PAT scoring and the PSG bymanual scoring by automatic algorithm.
They found that there was a good agreement between PAT AHI and
AHI by PSG (r¼ 0.87, p < 0.001). Bar et al. [20] reported that the PAT
AHI was highly correlated with the PSG AHI across a wide range of
AHI levels (r ¼ 0.88, p < 0.0001). Pittman et al. [39] found an
excellent correlation between PSG AHI and PAT oxygen desatura-
tion index (ODI) (r ¼ 0.96, p < 0.0001). Grote et al. [40] have
observed after giving a sympathomimetics high correlation of PAT
probe with the vasoconstriction of the arteries. O'Donnell et al. [41]
showed parallel increasing airway obstruction along with the
decreasing in PAT signals in their patients. Therefore, PAT signal
appears to be a safe data to predict the presence of apnea and
hypopnea.

The main purpose of this study was to determine the efficacy of
Watch-PAT in Pediatric Sleep Disordered Breathing diagnosis. The
recording Watch-PAT appears to allow the defection of a certain
number of SDB that may escape the clinical evaluation and pulse
oximetry only. The advantages of this method are in the verifiable
practicality of the use to which follows a good patient compliance;
footprint and modes of use, are basically those of a simple pulse
oximetry. It is right to point out some negative aspects of the
apparatus in question: firstly there are not available probes Watch-
PAT pediatric, which, for dimensional reasons exclusively, does not
allow the use of polygraph in children younger than 5/6 years and
in any case with too small fingers. Moreover, one must consider
that the cost of the probes (single-use) makes it considerably more
expensive than the recording pulse oximetry.

5. Conclusions

The Watch-PAT is potentially an effective device and may be
considered as a safe/accessible screening method and an additional
diagnostic method. In addition it could be an alternative to pulse
oximetry in the PSDB suspicion. The limit in this study is not con-
fronting Watch PAT data obtained with polysomnography. Future
studies will help clarify if the Watch PAT is as an adjunct or an
alternative to gold standard method PSG in children.
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