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Abstract
Obstructive sleep apnea in children is due to adeno-tonsillar hypertrophy, in the majority of cases
– a common condition in children that can be cured by the ENT surgeon by a relatively safe
surgery. The final diagnosis of Obstructive sleep apnea is possible with polysomnography. This
test is difficult to be performed in small children due to the contact sensors that are displaced
during the agitated sleep of a child with sleep apnea. We propose a quasi noncontact sensor to be
used to record the respiratory movements of children during sleep. The preliminary tests show
that the method might be applicable in the clinical settings.
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years, when the lymphoid tissue hyperplasia
in the pharynx reach a critical size.
Untreated OSA in children can lead
to significant morbidity [10-14]. There is
some evidence indicating that alteration of
sleep architecture by repeated episodes of
hypoxia followed by awakening may affect
the child′s behavior leading to aggression,
hyperactivity, decreased alertness, anxiety
and impaired neurocognitive functions
[15,16].
One of the most controversial issues
is regarding the existence of snoring
unaccompanied by significant changes in gas
concentrations in the blood. Recent studies
describing the presence of neurological and
behavioral deficits in children indicate that

Introduction
In 1836 Charles Dickens in The
Pickwick Paper made the first description of
obstructive apnea during sleep to a character
named Joe.
In 1889 Hill notes that snoring and
restless sleep during the night are causes of
retardation in the child′s neuropsychological
development[1], but had to pass 100 years
before the publication of a study on
obstructive sleep apnea (OSA)[2].
It is now recognized that OSA is one
of the most common respiratory disorders. If
the prevalence of this condition was initially
estimated at 1-3% of normal children[3-7],
more recent studies indicate a prevalence of
5-6% [8,9] with a peak at ages of 2 to 8
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primitive snoring is not as harmless as much

as was initially thought [17].

Material and Method
The gold standard for OSA diagnosis
is polisomnography.
Performing polisomnography in
children might be extremely challenging
because of the contact sensors that are
thrown away during the agitated sleep of a
child.
To overcome this drawback together
with a team from the Institute of Technical
Physics we imagined a quasi noncontact
sensor to register the respiratory movement
of children during sleep.
The first product was a mattress with
a quasi noncontact sensor in the form of a

wire. The sensor was tested on a group of
healthy people and the results were
published[33].
The problems regarding this sensor
were related to the fact that children are
moving a lot during the sleep and can lose
the contact with a sensor that is fixed in the
mattress. The solution was to improve the
recording conditions using more than a
sensor. We added three more sensors.
The new mattress with the four quasi
noncontact sensors was tested on ten
volunteer healthy subjects.

Results
We have obtained 10 graphics from
which 2 were compromised during the

recording process. The eight remaining
charts (fig. 1) were analysed.
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Patient 3

Patient 4
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Fig. 1 Normal respiratory movements recorded with the mattress with four wires sensor

One from the registered line was
identical with the one obtained after using
just one sensor placed in the fifth intercostal

space (fig.2) and so the charts could be
interpreted using the same parameters[33].

Fig. 2 Normal respiratory movements recorded with the mattress with one wire sensor
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Discutions
During sleep the upper airway
(UAW) resistance increases [18] with the
narrowing of the air tract caused by the
decrease in tone of pharyngeal dilators [19].
The pressure in UAW during inspiration
becomes negative under normal conditions.
The negative pressure that appears
during inhale in the UAW is
counterbalanced by the activity of the dilator
muscles of the pharynx [20], given that, due
to pharyngeal lymphoid tissue hyperplasia (a
condition that is very common in children)
the resistence in the UAW is raised so that
the UAW can collapse [21].
Pharyngeal lymphoid tissue grows in
size faster than the bones in children of 3 to
5 years of age leading to a consequent
narrowing of the respiratory tract [22]. MRI
imaging studies have shown that children
with OSA have pharyngeal lymphoid tissue
larger than children without OSA [23].
Also it was demonstrated that there is
a linear relationship between the tonsil′s size
and the severity of the OSA [23]. Many
children have tonsillar hypertrophy but
relatively few have OSA in the same time.
The pathophysiology of OSA in children
results from the complex interplay between
the physiological factors (ie. neuromuscular
control) and anatomical factors (structure of
UAW and size of the tonsils and of
adenoids). There are no known reasons for
overgrowth of the tonsils in some children
leading to the occurrence of respiratory
disorders during sleep. On the other hand, in
the child there were not yet been established
normal respiratory parameters in sleep and
also there was not yet achieved a correlation

between the apnea-hypopnea index and the
emergence of pathological events. In adults
even mild OSA is associated with daytime
sleepiness[24] and with an increased
cardiovascular risk [25].
It is possible that due to immature
nervous system, the impact of sleep disorder
breathing in children is even more important.
Most cases of OSA in children are
effectively treated by adenotonsillectomy
leading to restoration of normal breathing,
improving growth, sleep and behavior [26].
The risk of respiratory complications
after adenotonsillectomy in the pediatric
population is 1% [27,28]. In children in
whom the SaO2 drops below 80% the risk of
complications may increase to 50% [29].
Using masks with continuous
positive pressure in children is required in
those that had not the expected results after
adenotonsillectomy or in those in which the
OSA is due to other causes [30].
Depending on each case may be
recommended other treatment methods like
nasal steroids in children with allergic
rhinitis [31], craniofacial surgery in children
with craniofacial malformations [32].
After adenotonsillectomy, children
with OSA show a significant overall
improvement in quality of life parameters.
Given the fact that the diagnosis of
OSA is difficult in children, identification of
the criteria for the diagnosis of obstructive
sleep apnea in children is important.
Furthermore, the exploration
polysomnography is available for children
only in some medical centers.
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Conclusions
Considering that the child is moving
all the time during sleep, the new mattress
with the four wires quasi noncontact sensors
will cover all the area on which the child
will lay down during sleep.By analizing the
recording of monitoring through more
sensors, the breathing pattern will be more

accurate and the data interpretation more
reliable in terms of prediction.The mattress
opens new diagnostic possibilities in the
childrens sleep pathology and might be a
very usefull tool in the early prediction of
respiratory failure.

Author contribution: All authors made equal contribution to the paper, to that of first
authors.
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