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Childhood obstructive sleep apnoea:
an update
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Objective. To review literature on epidemiology, complications, diagnosis, and
treatment of childhood obstructive sleep apnoea.
Data source. Literature search of MEDLINE up to July 2004 using the follow-
ing key words: ‘obstructive sleep apnoea syndrome’, ‘children’, ‘epidemiology’,
‘complications’, ‘treatment’, and ‘polysomnography’.
Study selection. Literature and data related to the aspects of childhood obstructive
sleep apnoea.
Data extraction. Relevant information and data were reviewed by the authors.
Data synthesis. There is a paucity of normal data on childhood obstructive
sleep apnoea. Varying definitions and diagnostic criteria have been used in dif-
ferent studies, making direct comparison difficult. However, a small-scale local
study found that the prevalence and clinical features of this condition were simi-
lar to data published overseas. Increasing evidence suggests that childhood ob-
structive sleep apnoea is associated with cardiovascular morbidity and
neurocognitive dysfunction. Overnight polysomnography has remained the gold
standard for diagnosing obstructive sleep apnoea but the diagnostic criteria has
not been standardised nor correlated with the long-term outcome. Surgical inter-
vention has remained the treatment of choice, although alternative therapies are
being evaluated.
Conclusion. Consensus on the various important aspects of childhood obstructive
sleep apnoea is still limited, especially the definition, diagnosis, and long-term
sequelae of this condition. Further advances can only be made with international
collaborative research, using evidence-based definitions, standardised techniques,
and polysomnographic criteria.
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Introduction

Obstructive sleep apnoea (OSA) has been increasingly recognised in children.
Although the knowledge and understanding of paediatric OSA has expanded
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exponentially over the past few years, diagnostic and
mechanistic questions still remain. Most authors would
concur that polysomnography (PSG) is the gold standard
for the diagnosis of OSA and the treatment of choice is
adenotonsillectomy, which has a high curative rate and
relatively low morbidity. Recent evidence indicates that
childhood OSA cannot be easily classified into simple
clinical entities. Associated symptoms of OSA may vary
and are frequently difficult to detect. The diagnosis of OSA
in children is far from straightforward—for example,
using PSG is a grossly simplified method to separate snor-
ing children into specific categories. Close postoperative
monitoring of all children with OSA cannot be over-
emphasised. The focus has been to prevent the postopera-
tive airway and respiratory complications in this group of
children. This article focuses on the new developments,
controversies of this important condition, and results of
local research.

Definition of obstructive sleep apnoea

Currently, no standard definition for childhood OSA is
widely accepted. Knowing that childhood sleep disordered
breathing (SDB) is a continuum with OSA on the severe
end of this continuum, it seems reasonable to consider
classic OSA, obstructive hypoventilation, and snoring
with daytime symptoms as manifestations of the same
underlying pathophysioloy, under the heading ‘childhood
obstructive SDB’.

Childhood OSA is a disorder of breathing during sleep
characterised by prolonged increased upper airway
resistance, partial upper airway obstruction, or complete
obstruction that disrupts pulmonary ventilation and
oxygenation. Night-time manifestations reducing the
quality of sleep include combinations of snoring, increased
respiratory effort, episodic hypoxaemia, carbon dioxide
retention, choking during sleep, restlessness, sleeping with
the neck hyper-extended, and frequent awakening. Daytime
symptoms include excessive sleepiness, tiredness, fatigue,
poor attention span, hyperactivity, poor school performance,
aggressiveness, failure to thrive, and other subtle behavioural
disturbances.1

The diagnosis of upper airway resistance syndrome
(UARS) in children is, however, controversial.2 In the Clini-
cal Practice Guideline for Diagnosis and Management of
Childhood Obstructive Sleep Apnea (2002) published by the
American Academy of Pediatrics, it did not explicitly
acknowledge the existence of UARS nor did it differentiate
this condition from primary snoring.3 In view of this
controversy and lack of standard guidelines, this current
review will not differentiate UARS from primary snoring and
we will concentrate on OSA as our main topic of discussion.

Epidemiology

Snoring is the hallmark symptom of childhood OSA and its

prevalence has been found to be greater than 15% among
school children in recently published local studies.4,5 Little
is known about how snoring progresses in children as
they grow up. Ali et al6 looked at the natural progression of
snoring in a cohort of children aged from 4 to 7 years and
found that the overall prevalence of snoring had not changed
(12.1% in 1989-90 versus 11.4% in 1992). More than half
of the cohort aged between 4 and 5 years had habitual
snoring, but no longer did so by 7 years old. Reports have
shown that the majority of children with primary snoring
do not progress to OSA.7,8 The prevalence of snoring in
adolescents and adults is higher than that reported for
preadolescent children, suggesting that snoring increases
with age.

Local data on the incidence of OSA are still limited in
availability. In our previous local study involving obese
children and randomly selected normal weight controls,
the prevalence of OSA among the control group was
between 2.3% and 4.5%.4 The study, however, only re-
cruited 44 normal children and may not be a true represen-
tation of the population of Hong Kong. Overseas studies
have reported the estimates to be between 1% and 3%,9-11

and in one series the prevalence rate was even 10.3%
based on the diagnostic cut-off of the apnoea-hypopnoea
index of more than 5 episodes per hour.11 It is important to
note that all these studies had methodological flaws because
the conventional PSG used adult rather than paediatric
polysomnographic diagnostic criteria, or a high-risk
sample from the population was selected. A well-designed
population-based cohort study with an adequate sample
size is urgently required to determine the prevalence of
OSA in our locality.

The most common cause for childhood OSA is
adenotonsillar hypertrophy and the highest incidence is be-
tween the ages of 4 and 8 years. Obesity is another impor-
tant factor for OSA because obese children are 10 times
more likely to suffer from this condition than normal weight
controls.4 Other co-morbidities that could increase the risk
for OSA are allergic rhinitis, neuromuscular disease, cranio-
facial anomalies, Down syndrome, and premature birth.3,12

Clinical features of obstructive sleep apnoea

Snoring is the most common night-time symptom of paedi-
atric OSA. Children may exhibit continuous snoring inter-
rupted by apnoeic pauses followed by arousals. The snoring
sounds from OSA subjects are high-pitched and may be
harsher than the classic ‘nasal’ snoring and some parents
may not realise that their child is snoring because of noisy
breathing during sleep. Besides, parents may not sleep in
the same room with their child and may be unaware of the
child’s sleep breathing pattern. Hence, simple screening
questions, for example, “Does your child snore?” may yield
a false negative answer.

In children, OSA tends to occur mainly in rapid eye
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movement (REM) sleep13; hence, snoring or pauses may
be absent for long periods during the night. Rapid eye
movement sleep accounts for around 25% of one’s total
sleep. Because OSA in children is most prominent during
REM sleep, no apnoeas or features of OSA may be seen
during the other 75% of one’s sleep. Interestingly, surgical
intervention considerably reduced the number of obstructive
episodes in only the non-REM sleep. Other non-anatomical
factors may be important in contributing towards
obstructive apnoeas related to REM sleep. It is common
for children with OSA to exhibit a pattern of partial upper
airway obstruction with few or even no complete obstruc-
tive episodes.14

Children with OSA may have increased respiratory
effort, which is manifested clinically as a paradoxical in-
ward rib cage motion, and some parents may describe this
as ‘struggling’ to breathe during sleep. It is important to
note that paradoxical inward rib cage motion on its own is
normal in children during REM sleep until the age of 3 years.
Cyanosis is, however, rarely observed, even in severe cases
of childhood OSA. In addition to the other symptoms
mentioned, enuresis during night-time sleep has been fre-
quently linked with childhood OSA, but subsequent studies
including our own cohort study have not confirmed this
association.15,16

A major difference between children and adults suffer-
ing from OSA is the relative rarity of daytime somnolence
in the former. Previous studies using multiple sleep latency
tests confirmed that most children with OSA do not have
excessive daytime sleepiness (EDS).4,17 Studies from the
early 1980s showed that children with OSA may exhibit
other daytime behaviour including social withdrawal,
hyperactivity, aggressiveness, tiredness, and fatigue.3

Daytime mouth breathing is a common finding in children
with adenotonsillar hypertrophy and also in OSA.3,15

Morning headache, as a symptom of childhood OSA, has
also been reported by several authors, although one of the
few controlled studies of childhood OSA did not confirm
this association.3 Accumulating evidence suggests that
children with primary snoring suffer from similar daytime
behaviour and cognitive dysfunction to that of SDB.18 Also,
children with classic OSA have been reported to have a clear
association of SDB with poor school performance and other
manifestations of impaired daytime cognitive function.18

Sequelae of obstructive sleep apnoea

Neurocognitive abnormalities
Despite the apparent relative absence of EDS in childhood
OSA,19 OSA and even snoring seem to be associated
with considerable behavioural and learning difficulties,
poor attention span, hyperactivity, and a below-average in-
telligent quotient.20-26 The underlying mechanism causing
the neurocognitive dysfunction is unclear, but it can be
reversed following treatment.23-26 Gozal et al27 established
that exposure to intermittent hypoxia during sleep cycle

of adult rats is associated with extensive spatial learning
deficits and increased neuronal apoptosis within the
susceptible brain regions, such as the hippocampus and
cortex. In a subsequent study by the same group, the up-
regulation and activation of cyclooxygenase-2 was suggested
to account for the hypoxia-induced spatial deficits as seen
in the rats.28 Additional investigation will be needed to
determine whether the same mechanism applies to humans.
Furthermore, there is current evidence to suggest that
micro-arousals or subcortical arousals could also play a
part in neurocognitive dysfunction seen in childhood
OSA.29 Patients did not seem to be fully awaken during these
arousals, based on the detection by other electronic means
(electrocardiographic variation). Some suggested that micro-
arousals could alter sleep architecture and thus causing
daytime symptoms and neurocognitive dysfunction.

Growth failure
Marcus et al30 evaluated 14 prepubertal children (mean,
4 years) who had OSA documented by overnight PSG.
Energy intake, sleeping energy expenditure, and anthro-
pomorphic measurements were taken before and after
adenotonsillectomy. The mean sleeping energy expendi-
ture decreased with a mean weight Z score increasing
postoperatively without any change in energy intake. Our
previous case-control resting energy expenditure study
found a trend towards higher energy consumption in the
OSA group, but we could not establish a correlation be-
tween severity of OSA and the energy expenditure.31 Bar
et al32 evaluated changes in growth of the child and
also measured the insulin-like growth factor I before and
18 months after an adenotonsillectomy. There was a statis-
tically significant increase in the weight and the growth
factor I levels at 18 months. The pathogenesis associated
with the failure to thrive among children with OSA is likely
to be an interplay between various mechanisms. Luckily
this complication is being seen less because people are
becoming more aware of this condition and seek early
medical intervention.

Cardiovascular abnormalities
In adults, the presence of OSA is directly associated with
an increased risk of systemic hypertension.33 Cyclical
hypoxia during sleep with alterations in the renin-angiotensin
axis and enhanced sympatho-adrenal release is proposed as
the underlying mechanism for the hypertension.34 However,
very few studies have addressed this issue in children.
Tal et al35 used radionuclide ventriculography to evaluate
ventricular function in 27 children referred for oropharyngeal
obstruction who had symptoms suggestive of OSA. They
found decreased right ventricular ejection fraction in 37%
of these children and abnormal wall motion in 67%. Eleven
patients who had adenotonsillectomy showed improvement
after a repeat evaluation. Left ventricular hypertrophy and
abnormal geometry have also been documented in both
children and adolescents with OSA.36

Systemic blood pressure was evaluated in a study of
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children referred for PSG.37 Higher diastolic pressures
(adjusted for body mass index and age) were found in
children with OSA compared with those who had primary
snoring. In a recent study using 24-hour ambulatory blood
pressure monitoring, abnormal blood pressure variability,
higher night-to-day systolic pressure, and a smaller noctur-
nal dip in mean blood pressure were documented. The
authors also found a notable association between the
abnormal blood pressure and the frequency of obstructive
apnoeas, oxygen desaturation, and arousal.38 Primary
snoring has also been reported to be associated with
cardiovascular morbidity. A local study showed abnormal
arterial distensibility and blood pressure in children diag-
nosed as having primary snoring.39

Mortality
Adults with OSA have been reported to be at an increased
risk of premature death, compared with the general
population, mainly from respiratory and cardiovascular
complications. Hypertension, obesity, an age of between
30 and 50 years, and a severe degree of OSA all increase
the risk of early death in these patients.40 The mortality
rate of childhood OSA is unknown, but the deaths thought
to be secondary to OSA occurred during the time when this
condition was relatively unrecognised and were attributed
to perioperative cardiorespiratory failure in children with
associated craniofacial and neurological disorders.41 A
definitive causative relationship between sudden infant
death and OSA has not been established. However, an
association between SDB and apparent life-threatening
events has been suggested.42

Diagnosis

Obstructive sleep apnoea is unlikely in the absence of
habitual snoring, but the symptoms on their own, however,
will yield a poor diagnosis.43 Results of a physical examina-
tion are often normal and there may be non-specific
findings related to adenotonsillar hypertrophy (eg mouth
breathing and adenoidal facies) and evidence of OSA
complications may be present (eg systemic hypertension).
However, the size of tonsils and the adenoids on direct
inspection are not related to the presence or severity of
OSA.44

It is important to identify children with OSA early to
minimise the chance of developing further complications.
Early recognition and intervention has considerable health
care resources implication as well.45,46 The ‘gold standard’
for the diagnosis of OSA is overnight PSG but it has not
been properly standardised with regard to its performance
and interpretation, especially among the paediatric
population. Normative standards for PSG determination
have been chosen on the basis of the statistical distribution
of data,47-49 but validity of these standards as predictors of
the long-term outcome has not been established. The use of
different clinical and laboratory measurement procedures
and diagnostic criteria has made intergroup comparison

difficult, if not impossible. The recently published Clinical
Practice Guideline for Diagnosis and Management of
Childhood Obstructive Sleep Apnea Syndrome (2002)
by the American Academy of Pediatrics concluded that
PSG is very poorly validated and the normalised data
in children have not been shown to be reliable as pre-
dictors for the presence of complications. The use
of PSG becomes even more dubious because of its
heavy focus on breathing and minimal measures of sleep
quality.3

The most acceptable diagnostic cut-off for childhood
OSA as proposed by Marcus et al47 is an obstructive apnoea
index of greater than 1 episode per hour. This criterion,
however, does not take into account episodes of hypopnoea
that are relevant in children with OSA. The same group
recently proposed an apnoea-hypopnoea index of greater
than 1.5 episodes per hour as diagnostic for OSA.50

Incorrectly diagnosing OSA as primary snoring in adults
after a single night recording has been reported in some
studies.51-53 A disturbed sleep pattern caused by an artificial
sleep laboratory environment and continuous visual
surveillance is well described and is known as the ‘first
night effect’ (FNE), which may influence the reliability of
the results from a single night study.53-55 The FNE is
known to reduce the amount of REM sleep and with
childhood OSA being more severe during REM sleep, a
single night PSG may be expected to generate a high rate
of false negative results. Katz et al56 performed PSG on
30 snoring children (mean age, 4.1 years) and found that
the clinical diagnosis of either OSA or primary snoring
remained the same in all subjects tested. No statistically
significant differences in sleep or respiratory variables were
observed between the nights except for the percentage of
total sleep time in stage 2 sleep which was slightly higher
on the second night. The sleep assessments, however,
were not performed on consecutive nights and were done
7 to 27 days apart; hence, each of these nights in the labora-
tory could be considered as a first night. We recently
carried out a study looking at the occurrence of FNE and
feasibility of a single night study as the assessment of OSA
in children. The FNE was clearly demonstrated but the
PSG correctly identified 84.6% of OSA cases and all cases
missed by the first night study had only borderline PSG
abnormality. Hence, a single night sleep study is adequate
and more cost-effective in assessing childhood OSA.57

A variety of screening tests have also been proposed,
including pulse oximetry, abbreviated sleep study,
audiotaping, and radiography. These tests were compared
with PSG with its inherent problems as mentioned
above. Most tests were found to have an acceptable
positive predictive value but less than desirable specificity
and negative predictive value. A study that we conducted
on 242 children suspected of having OSA evaluated the
usefulness of a screening questionnaire in predicting
cases of PSG-confirmed OSA. Three questions were found
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Child suspected to have OSA

Suggestive of OSA

Referral to specialist for evaluation of
OSA

Overnight polysomnography
Other screening tests to be considered: oximetry, video recording, and nap study
Polysomnography should still be considered if the screening test was negative

Polysomnography confirms OSA
Depending on the underlying cause, treatment options should include adenotonsillectomy, non-
invasive ventilation, and other surgical treatments

Reassessment following intervention, may include repeat polysomnography

Arrange follow-up visit to clinic
No

Yes

Fig. Flowchart for the management of childhood obstructive sleep apnoea (OSA)

Findings associated with OSA:

History:
Habitual snoring
Nocturnal mouth breathing
Daytime somnolence
Other suggestive symptoms include observed apnoea, restless
sleep, sleeping in the prone position, excessive sweating, and
daytime neurobehavioural abnormalities

Physical examination:
Growth retardation
Nasal obstruction, tonsillar enlargement, hypertension, or signs
of cor pulmonale
Other predisposing factors for OSA include obesity, syndromic
diagnosis, and neuromuscular problems
Examination can be entirely normal
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to be highly relevant for predicting the presence of this
condition: nocturnal mouth breathing, snoring, and fatigue
in daytime (unpublished data).

Treatment

Medical treatment
Nasal corticosteroids have recently been examined as an
alternative to adenotonsillectomy in otherwise healthy
children with OSA. Brouillette et al58 in a prospective,
randomised, and double-blind study treated children with
mild-to-moderate OSA with a 6-week course of either nasal
corticosteroids or a placebo. The authors were able to
demonstrate a moderate improvement in cases treated
with nasal corticosteroids. The apnoea-hypopnoea index
decreased from 11 episodes to 6 episodes per hour. This
was associated with concomitant decreases of about 50% in
both the desaturation index and the movement arousal
index. In contrast, the placebo group did not show any
improvements. The report, however, was unable to show
notable changes in adenoidal size assessed by lateral neck
radiograph. Wheeler and van Someren59 found a notable
improvement in the symptom scores of 40% to 50% of
subjects treated with 4 months of nasal fluticasone
(200 µg/d), but formal assessment using overnight PSG was
not mentioned. Kiely et al60 were also able to demonstrate
beneficial effects in patients with OSA and rhinitis treated
with a 4-week course of intranasal fluticasone. Nasal
corticosteroids work by exerting a lympholytic action on
the inflammation and upper airway oedema. Demain and
Goetz61 demonstrated that nasal corticosteroids over a 24-
week treatment period reduced adenoidal size and improved
symptoms of nasal airway obstruction. Topical intranasal
steroids may become the alternative therapy for some
children with mild OSA.

Surgical treatment
There are many published papers, primarily case reports
and case series, supporting the efficacy of tonsillectomy
with or without adenoidectomy as treatment for OSA. One
of the problems associated with these published studies,
however, is the use of different end-points in the assess-
ment of the outcome.18 A few studies provided evidence
that adenotonsillectomy is superior to either adenoidec-
tomy or tonsillectomy alone.62,63 Summarising the results
from all published studies seems to find that adenotonsillec-
tomy is curative in around 85% of children, even if they
are obese. Some children, with persistent problems
after adenotonsillectomy, may benefit from further
uvulopalatopharyngoplasty, maxillary or mandibular
surgery, or tracheostomy. Alternative surgical procedures
for OSA in children were well reviewed in a recently
published paper.64 It is our practice to review patients
who have undergone adenotonsillectomy at 4 to 6 months
after the operation. If they remain symptomatic, a repeat
PSG will be offered and mechanical intervention will be
instituted if residual OSA is demonstrated. The following

group of patients have been identified to be at a higher
risk for a residual problem: those with initial severe
OSA, obesity, and a positive family history of OSA.3 In a
study by Contencin et al,65 8.5% of children who had
undergone adenotonsillectomy experienced residual or
recurrent symptoms of OSA 3 years postoperatively. In a
recently published local study,66 boys undergoing surgical
adenotonsillectomy at an early age (<5 years) were found
to be at a higher risk for residual OSA.

Mechanical treatment
In childhood OSA, nasal continuous positive airway
pressure (CPAP) or bilevel positive airway pressure (BiPAP)
have established themselves as the second-line treatment or
in cases where adenotonsillectomy is contra-indicated.67-69

Nasal CPAP to the lumen of the airway decreases airway
collapsibility. It is of utmost importance that the initial
approach to the family and children be performed cor-
rectly and successfully. Nasal CPAP therapy should be
titrated during PSG to determine effective pressures, and
children on CPAP therapy should be followed up regu-
larly to ensure compliance and the proper fitting of
equipments.

Bilevel positive airway pressure also allows setting of a
backup rate, and provides some ventilatory assistance. This
is especially important for patients with sleep-related
hypoventilation caused by muscle weakness, neurological
disease, or obesity. The evaluation of compliance and
tolerability of either CPAP or BiPAP in children is lacking.
A recently published randomised, double-blind clinical
trial comparing CPAP with BiPAP for the treatment of OSA
in adults did not find any notable differences in compliance
between the two groups.70 One potential complication
of long-term nasal mask CPAP or BiPAP is mid-face
hypoplasia,71 and children on these treatments should
be monitored carefully and regularly for abnormal
maxillomandibular growth.

A proposed scheme for the management of childhood
OSA is shown in the Fig. Despite the confusion and lack of
standardised data of childhood OSA, recent realisations
that the scope of the condition is wider, the symptomatol-
ogy is broader, and the diagnosis is not as straightforward
as previously thought are already important advancements.
A lot more work on clinical features, pathophysiology,
diagnosis, and treatment including the full range of symp-
toms caused by increased upper airway resistance is required.
Further research work should give a better insight of the
origins of adult morbidity resulting from childhood sleep-
related breathing problem and how it can be prevented. As
our knowledge on this condition increases, more questions
are going to be generated. Further advances in this
important field of paediatric medicine can only be made
with international collaborative research using evidence-
based definitions, standardised techniques, and diagnostic
criteria.
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