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Study Objectives: In children, the effect of the common phenotype of obstructive sleep apnea (OSA) on sleep architecture is not adequately documented.
The aim of this study was to evaluate sleep architecture in a pediatric population with the common phenotype of OSA.

Methods: The prospective cross-sectional study included 116 children in the age range of 3 to 8 years with suspected OSA and 51 healthy children. All
children underwent standard overnight in-laboratory video polysomnography. Patients with obstructive apnea-hypopnea index 2 1, adenotonsillar hypertrophy,
along face, narrow palate or minor malocclusions, and no obesity were defined as a common phenotype. Polysomnographic parameters of sleep architecture
and sleep clinical record were statistically analyzed according to OSA and its severity.

Results: In total, 94 pediatric patients (59.60% male) received the diagnosis of the common phenotype of OSA (mean age of 5.25 + 1.39 years). A lower
percentage of stage N3 sleep (27.70 £ 3.76% versus 31.02 + 4.23%; P < .05), a greater percentage of stage N1 sleep (8.40 + 3.98% versus 2.68 + 3.02%,

P <.01), reduced deep sleep efficiency (46.01 + 4.98% versus 50.25 + 3.72%; P < .05) and longer sleep latency (18.40 + 8.48 minutes versus 9.90 £ 11.55
minutes, P <.01) were found in children with the common phenotype of OSA compared with healthy controls. No significant differences were found in total
sleep time, sleep efficiency, and percentage of stage R sleep and stage N2 sleep between groups and in sleep stage distribution and cyclization.
Conclusions: These findings suggest that the most common phenotype of pediatric OSA has a negative effect on the structure of sleep, but other clinical

studies are needed to confirm this result.
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BRIEF SUMMARY

common phenotype of OSA.

clinical studies are needed to confirm this result.

Current Knowledge/Study Rationale: In children, the effect of the common phenotype of obstructive sleep apnea (OSA) on sleep architecture is not
actually adequately documented. The aim of this prospective cross-sectional study was to evaluate sleep architecture in a pediatric population with the

Study Impact: Our findings suggest that the most common phenotype of pediatric OSA has a negative effect on the structure of sleep, but other

INTRODUCTION

Obstructive sleep apnea (OSA) in children is sleep-disordered
breathing characterized by a combination of repeated episodes
of prolonged partial upper airway obstruction (obstructive
hypopnea) and/or intermittent complete obstruction (obstruc-
tive apnea) that disturb normal sleep patterns and normal ven-
tilation during sleep; this results in the disruption of normal
gas exchange (intermittent hypoxia and hypercapnia).'? The
common phenotype of a child with OSA is characterized by
adenotonsillar hypertrophy, a long face, narrow palate, or mi-
nor malocclusions. The congenital type of OSA in children is
represented by a phenotype starting from infancy and mostly
related to the Pierre Robin sequence, with retrognathia and
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micrognathia. The adult phenotype of pediatric OSA is char-
acterized by obesity, a short neck, and midface hypoplasia.
Each phenotype may be associated with several degrees of ad-
enoid and tonsillar enlargement, which mostly occurs in the
common type.’

It is evident that adults with OSA have altered sleep archi-
tecture that will not allow adequate recovery of the whole or-
ganism, regardless of the duration of sleep.*® However, there
is currently no available evidence of this in children, because
only a small number of studies have assessed the effect of OSA
on sleep architecture in children with the common phenotype.
The results of previous studies are also inconsistent.*’ "' The
aim of this study was to evaluate sleep architecture in pediatric
subjects with the common phenotype of OSA.
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METHODS

Study Population
This is a prospective cross-sectional study. In total, 116 chil-
dren in the age range of 3 to 8 years with a history of snor-
ing and clinical features of OSA were referred to our Pediatric
Sleep Centre, at the Faculty of Medicine and Psychology,
“La Sapienza” University, Sant’Andrea Hospital, Rome from
September 2015 to April 2016. A control group of children
(n = 51) similar in age and predominantly male and with no
history or parental concerns of snoring was recruited from the
community. Patients with acute or chronic cardiorespiratory,
neuromuscular, or neurologic diseases, congenital craniofacial
abnormalities, chromosomal syndromes, or those with a his-
tory of previous treatment for OSA were excluded. All subjects
underwent standard overnight in-laboratory video polysom-
nography (PSG). Depending on PSG result and the standard
diagnostic algorithm patients with insomnia, hypersomnia,
parasomnia, or periodic limb movements in sleep were also
excluded. We consecutively enrolled 94 patients with the com-
mon phenotype of OSA that was defined as adenotonsillar hy-
pertrophy and obstructive apnea-hypopnea index (OAHI) > 1
events/h of total sleep time (TST) according to standard PSG,
with the presence of a long face, narrow palate, or minor mal-
occlusions. In the control group the absence of OSA was also
confirmed by PSG, with children having an OAIH < 1 event/h
of TST and no observation of snoring.

The local ethics committee approved the study protocol and
the parents of all the children provided informed consent.

Study Design

After obtaining a detailed personal and family history, all
subjects included in the study underwent a complete physi-
cal examination, sleep clinical record (SCR), and PSG. Body
weight and height were used to calculate body mass index to
exclude children with obesity defined as a body mass index
over the 97th percentile according to national references. The
SCR is a simple PSG test-validated screening tool for OSA that
combines the patient’s history with findings from a physical
examination. The SCR comprises 6 parts. In the first 3 parts,
the presence of upper airway obstruction, dental malocclusion,
a narrow palate or pathological position of the mandible is ex-
plored. In the fourth part, the presence of a facial phenotype is
noted. The fifth part describes the patient’s clinical symptoms
as summarized by the Brouillette OSA score. The last part in-
corporates symptoms of attention-deficit/hyperactivity disor-
der rating scale completed by the parents. The sleep clinical
score (SCS) was defined as positive when the cumulative score
from all items was greater than or equal to 6.5.2

Overnight PSG and Sleep Stage Scoring

All children were evaluated in our Pediatric Sleep Centre by
means of full-night video PSG after an adaptation night in
the hospital. Children were studied in a quiet, darkened room
in the company of one of their parents. Adaptation night in
the hospital was performed in the sleep laboratory without
any leads placed. All the recordings were started at the pa-
tients’ usual bedtime and were continued until spontaneous
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awakening occurred. Standard overnight PSG recordings
were obtained by means of a Grass Heritage polygraph (Na-
tus Neurology Incorporation, Middleton, Wisconsin, United
States). A digital time-synchronized video recording was also
performed. The variables recorded included an electroenceph-
alogram (EEG) with at least 8 channels (F4A1, F3A2, C4Al,
C3A2, 0O2A1, O1A2, T6A1, and T5A2), an electro-oculogram
(electrodes placed 1 cm above the right outer cantus and 1
cm below the left outer cantus and referred to the mastoid
electrode), a submental electromyogram (EMG) (1 electrode
placed in the midline 1 cm above the inferior edge of the man-
dible and 2 electrodes placed 1 cm below the inferior edge
of the mandible and 1 cm to the right and left of the midline
of the chin), a leg electromyogram (surface electrodes were
placed longitudinally and symmetrically around the middle
of the anterior tibialis muscle so that they were 2 cm apart)
and an electrocardiogram (1 derivation). Sleep was subdivided
into 30-second epochs, and sleep stages were scored accord-
ing to the standard criteria of the American Academy of Sleep
Medicine (AASM)."” Chest and abdominal movements were
measured by strain gauges. Oronasal airflow was recorded
with a thermocouple and nasal pressure monitor when the
child tolerated a nasal cannula. Arterial oxygen saturation
was monitored with a pulse oximeter. End-tidal carbon diox-
ide was not standardly performed. Central, obstructive, mixed
apnea events and respiratory event-related arousals were
counted according to the criteria established by the AASM."
OAHI was calculated as the average number of obstructive
apneas and hypopneas per hour of sleep and the diagnosis of
OSA was confirmed by OAHI > 1 events/h of TST. Patients
with the common phenotype of OSA were categorized into
three groups according to severity (mild OSA, OAHI 1 to 5
events/h; moderate OSA, OAHI > 5 to 10 events/h; severe
OSA, OAHI > 10 events/h). All children in the control group
had OAHI < 1 event/h, with no other types of apneas, or any
obesity, adenotonsillar hypertrophy, or malocclusion. Arousal
was defined as a sudden change in EEG frequency consist-
ing of alpha and theta activity or waveforms with a frequency
greater than 16 Hz (but not sleep spindles) and a duration of
3 to 15 seconds. Normal sleep was recorded for at least 10
seconds before and after the event. Arousals associated with
respiratory events were classified as respiratory arousals,
arousals associated with limb movements were classified as
movement arousals, and arousals of unknown origin were de-
fined as spontancous. Arousals from stage R sleep required
a concurrent increase in submental EMG for a minimum of
1 second. The arousal index is the number of events that are
scored as a wake reaction (arousals) per 1 hour of TST. The
sleep efficiency was defined as the ratio of the TST compared
to the total amount of time spent in bed and the deep sleep ef-
ficiency as the ratio of the total amount of deep sleep (stage N3
sleep and stage R sleep) compared to the TST.

Statistical Analysis

The variables were statistically analyzed by SYSTAT version
11 (Systat Software Inc., San Jose, California, United States).
Data from both the control and case groups were first tested for
normality and equal variance by the Shapiro-Wilk test; all data
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Table 1—Anthropometric parameters in children with the common phenotype of OSA and the control group.

OSA (n = 94)
59.60% (n = 56)
40.40% (n = 38)

Sex, male (%)
Sex, female (%)

Age (years) 525+1.39
Body mass index (kg/m?) 16.83 £ 1.42
Neck circumference (cm) 26.00 £ 1.81
Sleep clinical score (points) 9.0+226

OSA = obstructive sleep apnea.

Control Group (n = 51) P
54.90% (n = 28) 468
45.10% (n = 23) .385

532+ 1.31 692
18.81+2.20 578
28.00 + 1.76 459

52+1.70 <.001

were normally distributed and recorded as mean + standard de-
viation. Descriptive statistical methods were used to describe
demographic and anthropometric parameters of patients and
controls and the chi-square test and unpaired Student ¢ test
were used to establish differences between variables. Differ-
ences between the means of selected parameters measured dur-
ing PSG recording and characterized sleep architecture were
assessed using the independent nonpaired Student ¢ test. A
two-way analysis of variance was used to compare differences
in arousal type (respiratory, movement and spontaneous arous-
als) in common phenotype of OSA. The Pearson correlation
coefficient was used to correlate the association of severity of
OSA in case group to parameters of sleep architecture and also
arousal types. A value of P < .05 was considered statistically
significant. Correlation coefficients r = 0—0.19 were considered
as weak, 0.20-0.39 as mild, 0.40-0.59 as moderate, 0.60—0.79
as moderately strong, and 0.80—1.0 as a strong correlation.

RESULTS

Study Group

We consecutively enrolled 94 pediatric patients with the com-
mon phenotype of OSA, with a mean age of 5.25 + 1.39 years,
56 male (59.60%) and 51 healthy children with a mean age
5.32 + 1.31 years, 28 male (54.90%). The differences between
the case group (children with common phenotype of OSA) and
the control group of healthy children were not statistically sig-
nificant in terms of age, sex, body mass index, and neck cir-
cumference. OAHI (6.20 + 4.86 versus 0.21 + 0.13; P < .001)
and SCS (9.00 £ 2.26 versus 5.20 = 1.70; P <.001) were signifi-
cantly higher in the case group compared to healthy children.
Average saturation during sleep was not significantly differ-
ent between the two groups (97.00 + 1.02 versus 96.00 = 0.05;
P = .246). The clinical characteristics of this prospective co-
hort are reported in Table 1.

Polysomnographic Parameters of Sleep Architecture

Sleep cyclization and the distribution of sleep stages were
maintained in both study groups. Stage N3 sleep was sig-
nificantly shorter in the case group than in the control group
(2770 £ 3.76% versus 31.02 + 4.23%; P < .05), whereas
stage N1 sleep was significantly longer (8.40 + 3.98% versus
2.68 + 3.02%; P < .01). Significantly reduced deep sleep effi-
ciency (46.01 £4.98% versus 50.25 + 3.72%; P <.05) and longer
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sleep latency (18.40 = 8.48 minutes versus 9.90 = 11.55 minutes;
P < .01) were found in children with the common phenotype
of OSA compared with healthy controls. Sleep period time
(SPT) (489.50 + 32.06 minutes versus 461.00 + 39.62 minutes;
P = .116), TST (462.58 + 40.38 minutes versus 438.58 + 45.46
minutes; P =.387), wake during sleep (5.50 £ 5.50 minutes ver-
sus 4.87 + 5.39 minutes; P =.269), stage R sleep (18.30 +4.54%
versus 19.23 + 3.16%; P = .747), percentage of stage N2 sleep
(40.10 + 6.69% versus 42.20 £ 6.60%; P = .685) and sleep ef-
ficiency (94.50 + 5.50% versus 95.53 + 5.48%; P = .301) were
not significantly different between the case and control groups.
Table 2 shows the comparison of sleep architecture according
to PSG between the two groups.

The arousal index was almost three times higher in the
control group than in the case group, but the difference was
not significant. As we expected, significantly more respira-
tory (1.24 £ 0.10 versus 0.02 = 0.01; P < .01) and movement
(1.18 £ 0.93 versus 0.11 £ 0.05; P < .01) arousals were men-
tioned in children with the common phenotype of OSA; how-
ever, a significantly lower number of spontaneous arousals
was reported in the case group compared to healthy children
(3.50 + 1.45 versus 15.28 + 7.43; P <.05). Although no signifi-
cant changes in stage R sleep duration were observed between
groups, significantly more respiratory arousals were recorded
in the case group during stage R sleep (4.88 £ 0.35 in stage R
sleep versus 0.36 + 0.04 in non-stage R sleep; P <.001). The
case group was divided into three groups according to the
severity of OSA: 39 (41.49%) with mild OSA, 17 (18.08%)
with moderate OSA, and 38 (40.43%) with severe OSA. There
were no observed significant differences between the groups
of pediatric patients according to the severity of OSA in the
basic parameters of the structure and architecture of sleep.
Table 3 shows the comparison of sleep architecture in chil-
dren with the common phenotype of OSA according to the
severity of OSA. A weak but nonsignificant correlation were
found between OAHI and stage N3 sleep (r = 0.12; P = .346)
and also stage N1 sleep (r=0.18; P =.298). No correlation was
established between OAHI and sleep latency, SPT, TST, wake
during sleep, stage R sleep, stage N2 sleep, sleep efficiency,
deep sleep efficiency, and arousal index in the common phe-
notype of OSA. There were moderate positive correlations
between OAHI and respiratory arousals (r = 0.56; P < .01)
and also between respiratory arousals during stage R sleep
(r=0.51; P <.01) in the case group; these correlations were
statistically significant.
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Table 2—Polysomnographic parameters of sleep architecture in children with the common phenotype of OSA and the control

group.

OSA (n=94)
Total sleep time (minutes) 462.58 +40.38
Sleep period time (minutes) 489.50 + 32.06
Wake after sleep onset (%) 5.50 £5.50
Sleep latency (minutes) 18.40 + 8.48
Arousal index 5.92 +3.52
Arousal index — spontaneous 3.50+1.45
Arousal index — respiratory 1.24 £0.10
Arousal index — movement 1.18 £0.93
Stage N1 sleep (%) 8.40+3.98
Stage N2 sleep (%) 40.10 £6.69
Stage N3 sleep (%) 27.70 £ 3.76
Stage R sleep (%) 18.30 + 4.54
Sleep efficiency (%) 94.50 +5.50
Deep sleep efficiency (%) 46.01 +4.98

Control Group (n = 51) P
438.55 + 45.46 .387
461.00 £ 39.62 116

487 +5.39 269
9.90 £ 11.55 <.01
1541 +8.82 196
15.28 £7.43 <.05
0.02 £0.01 <.01
0.11+0.05 <.01
2.68 £3.02 <.01
42.20 + 6.60 685
31.02+4.23 <.05
19.23+3.16 147
95.53 +5.48 .301
50.25+3.72 <.05

OSA = obstructive sleep apnea, stage N1 sleep = stage 1 non-rapid eye movement sleep, stage N2 sleep = stage 2 non-rapid eye movement sleep, stage
N3 sleep = stage 3 non-rapid eye movement sleep, stage R sleep = rapid eye movement sleep.

Table 3—Polysomnographic parameters of sleep architecture in children with the common phenotype of OSA according to the

severity of OSA.
Mild OSA (n = 39)
Age (years) 5.59 +1.53
Body mass index (kg/m?) 16.59 £ 1,24
OAHI (events/h) 2.67 +1.11
Total sleep time (minutes) 471.96 + 37.01
Sleep period time (minutes) 492.07 £69.23
Wake time after sleep onset (%) 5.77+4.12
Sleep latency (minutes) 19.19+7.21
Arousal index 440 £3.21
Stage N1 sleep (%) 8.88 +4.04
Stage N2 sleep (%) 40.50 + 5.69
Stage N3 sleep (%) 2714 +3.30
Stage R sleep (%) 19.30+4.18
Sleep efficiency (%) 9547 +3.44
Deep sleep efficiency (%) 4762 +4.64

Moderate OSA (n = 17) Severe OSA (n = 38) P

6.36 £2.07 498 +1.95 190
1714 £1.94 17.09 £ 2.27 470
6.61+1.16 24.06 + 13.09 <.001
458.21 + 35.09 459.70 + 35.25 278
475.81 + 40.37 493.32 + 37.94 548
471+3.59 570+ 4.88 718
18.23 £10.76 18.26 + 6.24 .896
6.99 +3.57 6.26 £ 3.88 669
7.40 £ 3.63 9.29+4.18 J17
42.69 + 8.61 39.32 £ 6.59 537
27.63+4.13 28.85+£3.14 504
17.11+£5.07 17.33+4.32 247
93.86 + 7.06 93.82 + 5.60 719
47.62 + 4.64 47.45 + 4 67 278

OAHI = obstructive apnea-hypopnea index, OSA = obstructive sleep apnea, stage N1 sleep = stage 1 non-rapid eye movement sleep, stage N2 sleep = stage
2 non-rapid eye movement sleep, stage N3 sleep = stage 3 non-rapid eye movement sleep, stage R sleep = rapid eye movement sleep.

DISCUSSION

OSA has become widely recognized as a frequent and relatively
common disorder with potentially serious clinical implications
in childhood with a prevalence from 1% to 5% in the pediat-
ric population.”>® Recently, it has been reported that delayed
diagnosis of this syndrome can lead to neurobehavioral conse-
quences and even serious cardiorespiratory morbidity and meta-
bolic complications, as well as an increase in insulin resistance,
high blood pressure, and the development of OSA in adulthood.
The peak incidence of OSA in childhood occurs between the
ages of 3 and 6 years due to obstruction of the nasal and oro-
pharyngeal airway by adenotonsillar hypertrophy, resulting in
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increased airway resistance. Adenotonsillar hypertrophy associ-
ated with a long face, narrow palate, or minor malocclusions is
characteristic of the common phenotype of pediatric OSA."*!3
Altered sleep architecture that will not provide adequate re-
covery of the organism, regardless of sleep duration, is well
documented in adult patients with OSA. Adults show a dis-
ruption of sleep cyclization, higher representation of stage N1
sleep and fewer deep sleep stages, which are often lacking.
Arousals that occur after respiratory events do not allow pa-
tients to get good quality, uninterrupted sleep. Adult patients
suffer from excessive daytime sleepiness and fatigue.* %171
There is currently no available evidence of altered sleep ar-
chitecture in children, because only a small number of studies
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have assessed the effect of OSA on sleep architecture in chil-
dren with the common phenotype. Goh and co-workers re-
ported that children with OSA had normal sleep architecture,
but the limitation of the study was a small number of patients.*
Scholle and co-authors found a normal sleep macrostructure
and increased arousal index in children with OSA compared
to controls.” The duration of sleep stages, TST, SPT, and sleep
latency in children with OSA were maintained in the study by
Walter et al., but reduced sleep efficiency and a significantly
lower proportion of SPT in stage R sleep were documented.®
Similarly, Tauman and co-workers found that children with
OSA had a significantly increased percentage of slow wave
sleep and decreased stage R sleep compared with control chil-
dren.’ In contrast, recently published work by Sun et al. showed
that school-aged patients with OSA had a significant reduction
in stage N3 sleep and prolonged stage N1 sleep compared to
controls.”” Zhu and co-workers' showed that primary snoring
did not exert significant adverse influences on normal sleep ar-
chitecture in prepubertal school-aged children. Nevertheless,
pubertal adolescents with primary snoring had increased stage
N1 sleep and wake time after sleep onset."

Our study is the first to report on changes to selected pa-
rameters of sleep architecture in the common phenotype of
pediatric OSA. Sleep cyclization and the distribution of sleep
stages were maintained in the common phenotype in children
with OSA in the current study. Moreover, SPT, TST, wake dur-
ing sleep, stage R sleep, stage N2 sleep, and sleep efficiency
showed no significant differences between the case and control
groups in our work. Similar to results from Sun et al., we also
report significantly shorter stage N3 sleep in children with the
common phenotype of OSA than in the control group, whereas
stage N1 sleep was significantly longer. OSA in children is
typically predominantly reported as a stage R sleep phenom-
enon.™" Although we did not observe significant changes in
stage R sleep duration in both groups, significantly more re-
spiratory arousals were recorded during stage R sleep. Our
findings support the hypothesis that the common phenotype
of pediatric OSA is predominantly a stage R sleep phenom-
enon. According to Goh and colleagues, OSA worsens over
the course of the night, independent of the changing amount of
stage R sleep. Classic symptoms during the daytime in children
with the common phenotype of OSA usually present as behav-
ioral disturbances, from subtle impairments in learning, atten-
tion, and behavior to prominent neurobehavioral deficits that
may mimic attention-deficit/hyperactivity disorder or learning
disabilities."* We hypothesize that, rather than changes in the
duration of stage R sleep, altered stage R sleep due to respira-
tory arousals may explain the possible further consequences of
neurocognitive damage in most young children with the com-
mon phenotype of OSA.

Deep sleep is important for various metabolic and endo-
crine processes, such as the secretion of growth hormone and
other anabolic processes, especially insulin-induced glucose
uptake in the peripheral organs. There is a well-documented
close association between adult OSA (with typically altered or
lacking deep sleep stages) and the development of type 2 dia-
betes mellitus.?® In our children with the common phenotype
of OSA, we also recorded a significant but mild reduction in
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deep sleep efficiency stage N3 sleep. We hypothesize that mild
alternations in deep sleep in children with OSA could lead
to various minimal subclinical metabolic changes that could
manifest as metabolic complications in adulthood in children
with untreated OSA. Zhu and colleagues® reported that stage
N3 sleep, sleep efficiency and TST are protective factors in
maintaining glucose and insulin homeostasis. However, stage
N1 sleep functions in the opposite direction.®?"2

There were no observed significant differences in the groups
of pediatric patients with the common phenotype according to
the severity of OSA in the basic parameters of the structure
and architecture of sleep in our work. However, Jalilolghadr et
al.? showed that obese children with metabolic syndrome had
increased wake after sleep onset, stage N1 sleep, and severe
OSA compared with obese children without metabolic syn-
drome. The results regarding sleep architecture are most likely
a direct result of OSA severity in obese children.”? We can as-
sume that the obesity in children with OSA similar to adults
can have negative effect on the structure and architecture of
sleep according to the severity of OSA.

As we expected, more respiratory and movement arousals
were observed in children with OSA. In addition, a signifi-
cantly lower number of spontaneous arousals was reported
in children with OSA compared to healthy children. That
children with OSA should have fewer spontaneous arousals
than healthy children may appear counterintuitive.® Tauman
and co-authors hypothesized that this occurred to preserve
sleep homeostasis via mechanisms that may compensate
for their increased respiratory arousals.” Also, Walter and
colleagues® confirmed that children with OSA have fewer
spontaneous arousals, predominantly during stage R sleep,
compared with a healthy control group of children. This
phenomenon likely reduces the cumulative effect of wak-
ing reactions during sleep in children with OSA and may
protect children from an additive effect on cardiovascular,
behavioral, and neurocognitive sequelae.® We can also agree
with the theory of the mechanism of sleep homeostasis in
children with OSA as reported in previous studies. In addi-
tion, we noticed a higher spontaneous arousal index in the
control group of children. Because sleep disorders had not
been diagnosed in the control group, we can now only hy-
pothesize that PSG electrodes or other factors (no conven-
tional home stereotypes of child) may be responsible for the
higher number of spontaneous arousals.

CONCLUSIONS

In summary, this study demonstrates that the sleep architec-
ture in the common phenotype of pediatric OSA is altered. We
suspected that it will have a negative effect on sleep, and even
mild alterations of deep sleep could predispose to minimal
subclinical metabolic changes that could manifest as metabolic
complications in adulthood in children with untreated OSA.
However, these results need further clinical studies to confirm
our hypothesis. Finally, the important clinical implications of
these findings highlight the importance of early identification
and accurate management of all children with OSA.
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ABBREVIATIONS

AASM, American Academy of Sleep Medicine

AHI, apnea-hypopnea index

EEG, electroencephalogram

EMG, electromyogram

OAHI, obstructive apnea-hypopnea index

OSA, obstructive sleep apnea

PSG, polysomnography

RERA, respiratory event-related arousal

SCR, sleep clinical record

SCS, sleep clinical score

SDB, sleep-disordered breathing

SPT, sleep period time

stage N1 sleep, stage 1 non-rapid eye movement sleep
stage N2 sleep, stage 2 non-rapid eye movement sleep
stage N3 sleep, stage 3 non-rapid eye movement sleep
stage R sleep, rapid eye movement sleep

TST, total sleep time
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