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Obstructive sleep-disordered breathing (SDB) is a spectrum of different clinical conditions distinguished by upper-
airway dysfunction during sleep with snoring and/or increased respiratory effort due to increased upper airway
resistance and pharyngeal collapsibility. Diagnostic methods for SDB in children involve a combination of clinical
assessment, medical history evaluation, questionnaires, and objective measurements. Polysomnography (PSG) is
the diagnostic gold standard. It records activity of brain and tibial and submental muscles, heart rhythm, eye
movements, oximetry, oronasal airflow, abdominal and chest movements, body position. Despite its accuracy, it is

a time-consuming and expensive tool.
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| 1. Introduction

Obstructive sleep-disordered breathing (SDB) is a spectrum of different clinical conditions distinguished by upper-
airway dysfunction during sleep with snoring and/or increased respiratory effort due to increased upper airway
resistance and pharyngeal collapsibility 1. Obstructive SDB, ranging from primary snoring to obstructive sleep
apnoea syndrome (OSAS), has variable severity of intermittent upper airway obstruction that leads to both sleep
fragmentation and changes in gas exchange with night-time symptoms, daytime symptoms, and long-term
deleterious health effects [ZEBI4l For this reason, it has been assumed that early recognition of SDB and its timely
resolution through adequate treatment are necessary to reverse or prevent consequences such as impaired
cognitive development, behavioural problems, poor academic performance, increased risk of cardiovascular

complications, reduced quality of life, and increased health care use [ZI=I4],

SDB occurs in all paediatric ages, from newborn to adolescent, and the prevalence varies depending on the
targeted populations studied and the methodology and diagnostic criteria used: the paediatric general prevalence
of OSAS is estimated at about 1-5%, with the most predominate age occurring at 2—8 years, while the prevalence
of primary snoring is reported to be approximately 7.5%, although it has been reported to be as high as 30% in
some published studies RIBI7IE]
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Some clinical conditions such as Down’s Syndrome (35% to 70%) &, Prader—Willi syndrome (93%) 19, cerebral
palsy (18%) (£ mitochondrial diseases (11%) 22! obesity (up to 60%) have a higher prevalence 131,

Despite the high prevalence and the need for early recognition of SDB to stem the large spectrum of adverse
consequences, the availability and the accessibility of diagnostic services remain a limitation. The American
Academy of Sleep Medicine recommends, as part of a routine physical exam, inquiring whether the child or
adolescent snores and/or presents signs or symptoms of SDB 141, In case of an affirmative answer, the clinicians
should refer patients to a physician with expertise in paediatric sleep or to a paediatric sleep laboratory to perform
a sleep study. Furthermore, high-risk children (i.e., children with tonsillar and adenoid hypertrophy, craniofacial

anomalies, genetic syndrome 15]) or children with comorbidities should be referred to a sleep physician regularly.

Overnight polysomnography (oPSG) is the “gold standard” for the diagnosis of SDB, but it is an expensive and
time-consuming tool and can be challenging to undertake in young children. Alternative diagnostic methods should

be considered if oPSG is not available A,

| 2. Polysomnography

Overnight polysomnography (oPSG) is considered the current gold standard method for diagnosis of childhood
SDB 14l The o0PSG monitors continuously and simultaneously sleep stages and breathing functions allowing one
to correlate the sleep architecture information and cortical arousal events with respiratory events. It is performed
using the standard recordings of following physiologic functions: brain activity by frontal, central and occipital
electroencephalography (EEG) channels, eye movements by bilateral electrooculography (EOG), muscle (tibial
and submental) activity by electromyography (EMG), heart rhythm by 2-lead electrocardiography (ECG), peripheral
pulse oximetry, oronasal airflow measurement using thermal sensor thermistor and nasal pressure transducer,
abdominal and chest wall movements by respiratory inductance plethysmography, and body position by automated
detection methods or observation. EEG, EOG, and EMG are required for accurate sleep staging. Video recording
is often used to assist in sleep staging [28. EEG and EMG allow one to record the arousals from sleep associated
with SDB in childhood 1,

Regarding respiratory events, to identify apnoea/hypopnoea during sleep study in children, the use of an oronasal
thermal airflow sensor and/or nasal pressure transducer to monitor airflow is recommended. When these signals
are not functioning or not reliable, one of the following alternative apnoea/hypopnoea sensors are suggested:
respiratory inductance plethysmography sum (RIPsum), respiratory inductance plethysmography flow (RIPflow),
and dual respiratory inductance plethysmography (RIP) belt signals 28, For monitoring respiratory effort, the Task
Force of the American Academy of Sleep Medicine upholds the oesophageal manometry or the calibrated or
uncalibrated dual thoracoabdominal RIP belts [28. Oesophageal pressure measurement is widely considered the
very accurate tool for diagnosing the upper airway resistance syndrome (UARS), an SDB characterised by
arousals (observed during oPSG) without oxygen desaturations, apnoeas, or hypopneas but with the increase in
respiratory effort. The abnormal decrements in oesophageal pressure (Pes) measured which oesophageal

manometry reflects intrathoracic pressure and increased inspiratory effort (19,
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The pulse oximetry with a maximum acceptable signal averaging time of <3 s at a heart rate of 80 beats per
minutes should be used for detection of oxygen saturation. One of the parameters analysed in oPSG is the Apnoea
Hypopnea Index (AHI). It is commonly used to classify OSAS severity: mild OSAS is defined by an AHI score
ranging from 1 to 5, moderate OSAS falls within the AHI range of 5 to 10, and finally, severe OSAS is characterized
by an AHI score greater than 10 1,

The oPSG should be carried out by a sleep laboratory with experience in children’s healthcare. Children should be
housed in a friendly environment with a parent sleeping next to them. The assessment of oPSG recording requires
trained paediatricians and expert technicians to ensure the high quality of recordings, and to assure that the PSG
performance, scoring, and interpretation are appropriate for the age and condition of the child 24, The oPSG is
highly costly in terms of human resources, time-consumption, and actual costs. It requires a high expertise
equipment with a high staff-to-patient ratio (one to one). A single monitoring can take 8 to 10 h to record and 3 to 4
h to analyse. The determination of the arterial partial pressure of carbon dioxide (PCO,) is necessary to the
diagnosis of alveolar hypoventilation. Given the difficulty of drawing an arterial sample during sleep, PCO,
recording can be performed by means of the end-tidal PCO, (PgrCO,) or transcutaneous PCO, (P1cCO,) 18
(Figure 1 and Figure 2). However, the monitoring of PCO, is not performed on a routine basis due to the lack of
simple, cheap, and reliable CO, monitors 29, Unlike for the adult population, paediatric PSG results should not be

corroborated over several nights; however, tests should be repeated if results are not conclusive (4],
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Figure 1. Overnight transcutaneous CO, (TcCO,) trend of a 7-year-old female affected by Rett Syndrome. (a) The
green trace is the measured TcCO, while the blue trace is the drift corrected TcCO,; they follow the same pattern

over the time. The monitoring shows a hypoventilation pattern (mean TcCO, 57.2 mmHg, time spent with TcCO, >
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50 mmHg 91%). The peaks in TcCO, correlated with (b) oxygen desaturation events and (c) the increase of the

heart rate. An improvement in the pattern is observed between 06:00 and 08:00 a.m., as the patient wakes up.
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Figure 2. Overnight End-Tidal CO, (PCO,) of a 12-year-old male with Duchenne muscular dystrophy. In the initial
phase, there is an oxygen saturation without evident desaturation with an P¢CO, between 40 and 45 between 20
and 22 breaths. After a few hours, the heart rate decreases and phasic oxygen desaturations appear with an
ETCO2 that significantly increases with peaks > 50 mmHg while the respiratory rate decreases; such findings are

characteristic of sleep apnoea and alveolar hypoventilation.
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