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Abstract

Obstructive sleep apnoea syndrome (OSAS) is defined as the
intermittent reduction or cessation of airflow due to partial

or complete obstruction of the upper airway during sleep.
Paediatric OSAS has specific contributing factors, presenting
symptoms and management strategies in various age

groups. Untreated OSAS can lead to detrimental effects on
neurocognitive development and cardiovascular and metabolic
functions of a growing child. In the past decade, practice
guidelines have been developed to guide the evaluation

and management of OSAS. This article provides a narrative
review on the current diagnostic and treatment options for
paediatric OSAS. Alternative diagnostic tools other than the
standard polysomnography are discussed. Adenotonsillectomy
is considered the first-line therapy yet it is not suitable for
treatment of all OSAS cases. Nocturnal non-invasive positive
airway pressure ventilation is effective and could be the
priority treatment for patients with complex comorbidities,
residual OSAS post-adenotonsillectomy or obesity. However,

Introduction

Obstructive sleep apnoea syndrome (OSAS) is the severe end
of obstructive sleep-disordered breathing (SDB) spectrum,
which is defined as a syndrome of upper airway dysfunction
during sleep, characterized by snoring and/or increased
respiratory effort secondary to increased upper airway
resistance and pharyngeal collapsibility.! Obstruction of the
airway occurs when airflow is partially reduced (hypopnoea)
or almost completely ceased (apnoea) and is associated with
abnormal gaseous exchange or arousals from sleep. Primary
snoring and upper airway resistance syndrome, identified as
respiratory effort-related arousals (RERA) in polysomnography
(PSG) without gaseous exchange abnormalities, are considered
milder forms of obstructive SDB.? The condition affects all
ages, from infants to the elderly, with a higher prevalence

and more severe cases in the geriatric population.3= In 1975,
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intolerance and non-adherence are major challenges of
positive airway pressure therapy especially in young children.
There is increasing evidence for watchful waiting and other
gentler alternative treatment options in mild OSAS. The role
of anti-inflammatory drugs as the primary or adjunctive
treatment is discussed. Other treatment options, including
weight reduction, orthodontic procedures and myofunctional
therapy, are indicated for selected patients. Nevertheless, the
successful management of paediatric OSAS often requires a
multidisciplinary team approach.

Keywords: adenotonsillectomy, anti-inflammatory drugs,
children, obstructive sleep apnoea, obstructive sleep-
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Guilleminault et al. reported the first case series of eight
children aged 5-14 years with OSAS diagnosed by nocturnal
polygraphic monitoring similar to adults.® With more research,
it has since been recognized that children have specific
features, with the consequence that the diagnostic criteria for
adults are not applicable to children.” In the second edition
of International Classification of Sleep Disorders (ICSD-2),
published by the American Academy of Sleep Medicine
(AASM) in collaboration with other international sleep
societies in 2005, paediatric OSAS was listed as one of the
sleep-related breathing disorders (SRBDs) distinguished from
that of adults.® In 2012, the American Academy of Pediatrics
published the first set of formal guidelines for the diagnostic
criteria and management of childhood OSAS.° The European
Respiratory Society released two sets of guidelines with
algorithms and more specific recommendations to guide

the evaluation and management of obstructive SDB for
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children aged 2-18 years old and for infants under 2 years

old in 2016 and 2017, respectively."? Recently, members of
the International Pediatric Otolaryngology Group formulated
an expert-based consensus of recommendations for the
diagnosis and management of paediatric OSAS focusing

on the surgical perspective.'® Despite the availability of
guidelines, a personalized diagnostic and treatment plan has
to be devised according to patient factors and the availability
of resources. This article provides a narrative updated review
on the diagnostic tools and treatment options of paediatric
OSAS. This review will mainly focus on the management of
children aged 2-18 years as the risk factors and management
approaches for young infants are diverse and differ from those
for older children.?

Methods

A search of literature limited to English language was
performed using the PubMed, Google Scholar and Cochrane
Library databases in November 2020 with keywords
“obstructive sleep apnoea” or “obstructive sleep disordered
breathing” and “diagnosis”, “treatment” or “management” and
“children” or “adolescent”. The search strategy included clinical
trials, observational studies, meta-analyses, guidelines, reviews

and cross-references of the relevant articles.

Specific features of paediatric OSAS

The prevalence of OSAS in children was reported to be

1-5%,° with a peak at pre-school age corresponding to the
time of adenotonsillar hypertrophy and a later peak during
adolescence when obesity becomes more prevalent. Unlike in
adults, there is a lack of male predominance. The pathogenesis
of OSAS is multifactorial, with three core groups of contributing
factors: (1) abnormal craniofacial anatomy; (2) increased tissue
deposition/infiltration; and (3) increased airway collapsibility.
The risk factors, clinical presentation, PSG findings, options

and indications for treatment in children with OSAS differ from
those in adults." Prematurity, craniofacial syndromes and
neuromuscular diseases are the main factors in infants and
young children, whereas adenotonsillar hypertrophy is a major
factor at pre-school age and obesity becomes a major risk in
older children and adolescents. The cardinal feature of daytime
sleepiness in adults is uncommon in children. On the contrary,
children present with hyperactivity, restless sleep and learning
difficulties. Children are known to present with relatively fewer
symptoms and hence require increased vigilance by physicians
to achieve earlier diagnosis of the problem. In PSG, continuous
snoring with hypopnoea is more commonly observed in
children while alternating snoring with obstructive apnoeas
are typical for adults.'?'3 Surgical and non-surgical treatment
options for paediatric OSAS differ from those of adults, with
adenotonsillectomy (AT) being the most common procedure
performed and special attention being required for anaesthesia
management in paediatric patients.!10.1415

Diagnosis
Definition of OSAS

In the latest edition of the ICSD (ICSD-3), the following two
criteria have to be fulfilled for a diagnosis of paediatric OSAS

(<18 years of age): (1) a clinical criterion: signs and symptoms

with at least one feature of snoring, laboured or obstructed
breathing, daytime consequences of sleepiness, hyperactivity,
behavioural or learning problems and (2) a PSG criterion: more
than one obstructive event (obstructive apnoea, mixed apnoea
or obstructive hypopnoea) per hour of sleep, i.e. obstructive
Apnoea-Hypopnoea Index (AHI) of >1 event per hour of total
sleep time or obstructive hypoventilation defined as hypercapnia
(PaCO, =50 mmHg) in 225% of total sleep time associated with
snoring, flattening of inspiratory pressure flow or paradoxical
thoracoabdominal motion.'®'” The Respiratory Disturbance Index
(RDI) includes RERA events in addition to obstructive apnoeas
and hypopnoeas. The scoring of RERA is optional in children and
cut-off values of RDI of more than 1.5, 2 or 3 had been used by
some experts for a diagnosis of paediatric OSAS.'81?

Despite the considerable amount of literature available, there
is no consensus on the cut-off AHI or RDI values that are most
representative of different severity of OSAS for the paediatric
age group. Most guidelines define severity as mild for an
obstructive AHI value of 1 to <5 events per hour, moderate
for an AHI value of 5 to <10 events per hour, and severe for an
AHl value of 10 or more events per hour."1%20 For indication
of treatment, most experts agree that moderate-to-severe
OSAS (AHI =5 per hour) requires treatment and those with an
AHl value of <1 per hour do not require intervention, yet the
best practice for those with mild OSAS is still not known." In
fact, the severity of symptoms and impact on patients, rather
than the PSG numerical figures, are more important for clinical
judgement and treatment decisions.

Polysomnography

The ICSD-3 requires a PSG criterion for the diagnosis of
paediatric OSAS. Since 1968, the Rechtschaffen and Kales
criteria have been adopted for the scoring of sleep staging

and associated events in PSG. Marcus et al. published the
normal values of PSG parameters for children and adolescents
in 1992.2" In 2007, the AASM issued the first edition of the PSG
scoring manual for adults and children to provide standards on
rules, terminology and technical specifications.?? A separate
chapter on scoring criteria for term infants less than 2 months
was included in the updated version (version 2.2) in 2015.23 For
adolescents aged 13-18 years, either paediatric or adult scoring
criteria can be used. The recent updated version (version 2.6)
was released in 2020."°

The AASM has provided standard practice parameters on
respiratory indications for PSG in children, stating that PSG is
indicated whenever clinical assessment suggests OSAS, before
OSAS treatment with AT or nocturnal positive airway pressure
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(PAP), or if there are residual symptoms post-AT.2* Consensus
statements from the International Pediatric Otolaryngology
Group represented by otolaryngologists recommend that
full-night video PSG or in-hospital attended polygraphy are
performed before AT in children <2 years old, in those with
craniofacial abnormalities (including Down’s syndrome) and in
obese children, while it is not mandatory for otherwise healthy
children.°

Technician-attended, in-laboratory full PSG classified as

type 1 sleep study remains the reference standard for the
diagnosis of OSAS in children.?* Other abbreviated sleep
studies are classified as type 2 unattended or home PSG,

type 3 limited channel or cardiorespiratory sleep studies, and
type 4 with one to two parameters usually including pulse
oximetry (PO) monitoring.> The home sleep apnoea test
more commonly performed in adults may not be adequate
for children, especially for those with comorbidities who are at
risk of nocturnal hypoventilation in whom CO, monitoring is
required.?%?” While increasingly popular, commercially available
sleep trackers and actigraphy have poor correlations with PSG
parameters and are unreliable for the diagnosis of OSAS.?8

Performing PSG in children is technically demanding and costly
and there could be practical difficulties due to limited facilities
and trained personnel, leading to a long waiting time. The
American Academy of Pediatrics and European Respiratory
Society guidelines state that alternative diagnostic tests can be
considered if PSG is not available.

Alternative diagnostic tools

Snoring is the most common presenting symptom of OSAS and
most experts agreed that habitual snoring, defined as snoring
>3 nights, warrants further evaluation.’ Alternative diagnostic
tools, including sleep questionnaires, clinical scoring tools

and overnight PO, have been used to identify at-risk children
for earlier evaluation and intervention if standard PSG is not
easily accessible, albeit with different predictive values when
compared with a full PSG.272°-31

Sleep questionnaires

In a systematic review on 15 scoring systems based on sleep
questionnaires developed for snoring, none performed

well enough to be considered accurate diagnostic tests

for paediatric OSAS.3° The widely used Paediatric Sleep
Questionnaire (PSQ)-SRBD scale for children 2-18 years old has
a sensitivity of 71-84% for studies included in a meta-analysis
but a specificity as low as 13%.3%32 The Obstructive Sleep
Apnea 18-item Quality of Life Questionnaire (OSA-18) is
available for children aged 6 months to 12 years as a measure
on impact of quality of life and has variable sensitivity and
specificity in different studies for the diagnosis of paediatric
OSAS.3033 Despite the limitations of sleep questionnaires

in diagnosis, PSQ-SRBD and OSA-18 are recommended by
consensus statements as part of the clinical evaluation and
could be useful for the monitoring of outcomes.!'° Validated

questionnaires developed in different languages are being
used as diagnostic and epidemiological screening tools for
children at risk of OSAS.34-36

Clinical charts/physical examination

The Sleep Clinical Record/Score (SCS) is a more comprehensive
assessment tool that includes scores on physical examination
other than subjective symptoms and clinical history of
cognitive and behavioural problems. Anthropometric
parameters specific for OSAS are assessed such as facial
phenotypes, tonsillar size, tongue position, dental malocclusion
and obesity. SCS has been evaluated as a tool for the diagnosis
of OSAS in symptomatic school-aged and pre-school children
with a sensitivity of 96.5% and 74%, respectively.3”38 Among
all the items in SCS, the presence of oral breathing, nasal
obstruction, septum nose deviation, tonsillar hypertrophy

at grade 3 or 4, Friedman palate position IlI-IV, and a narrow
palate was found to be significantly higher in the OSAS group
as compared with the primary snoring group.3” In practice,

the assessment and documentation of these clinical features
are needed whether or not the scores are computed for the
prediction of diagnosis or for monitoring.

Overnight PO

Continuous monitoring with PO is available at low cost

and can be performed without the need of hospitalization.
Brouillette et al.3° first proposed the McGill oximetry scoring
system (1-4) based on the number of desaturation clusters
and of desaturations below thresholds of 90%, 85% and 80%.
It is now widely adapted as a tool for the prediction of OSAS
and of urgency for surgery in children with adenotonsillar
hypertrophy.394% The Australasian Sleep Association has laid
down technical and report standards for overnight oximetry
in the evaluation of OSAS in children. McGill scores of 2-4
are interpreted as positive while a score of 1 is inconclusive
and OSAS cannot be excluded.*' Kaditis et al. analysed

25 published studies with extra parameters of baseline SpO,
and oxygen desaturation index, with the aim of providing
more specific interpretation for different age groups when PSG
is not available.*? In a meta-analysis of three sleep screening
tools, namely PSQ-SRBD score, OSA-18 score and PO, PO
yielded superior specificity in detecting mild, moderate and
severe paediatric OSAS (86%, 75% and 83%, respectively).
PO combined with sleep questionnaires or SCS may help to
identify severe patients for early intervention and prioritize
patients for evaluation in resource-limited settings.3'43

Evaluation of the upper airway

On diagnosis of OSAS in otherwise healthy children with
enlarged tonsils, further investigation is usually not necessary.
Radiological imaging of upper airway and flexible naso-
endoscopy (FNE) performed during wake and sleep are being
used to assess the site and degree of airway obstruction.44-46
The adenoidal-nasopharyngeal ratio or tonsillar—pharyngeal
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ratio derived from lateral neck radiography and craniofacial/
upper airway parameters measured by cephalometry were
shown to have inconsistent correlations with SDB.#44547
There is no current consensus on the role of awake FNE with
or without the use of Muller’s manoeuvre (forced inspiration
against closed oral and nasal airway) in children with OSAS.48
A literature review suggested that FNE could be the choice
for the initial evaluation of children with upper airway
obstruction and suspected adenoid hypertrophy.*° FNE is well
tolerated by most children and it has the advantage of direct
visualization of adenoids without the risk of radiation as in
radio-imaging.*® Static CT or MRI to delineate the anatomy of
the upper airway are only indicated for complex cases with
craniofacial abnormalities like mandibular hypoplasia and
mucopolysaccharidoses.!

In patients with complex conditions at risk of multilevel
obstruction, severe OSAS without enlarged adenoids or

tonsils, persistent OSAS after AT, dynamic visualization of
upper airway during sleep by drug-induced sleep endoscopy
(DISE) and cine MRI of the upper airway can help to identify

the target level for surgical correction and avoid unsuccessful
surgery.!046:50-52 There is increasing use of DISE for the
evaluation of paediatric OSAS and it is generally considered a
safe procedure. However, there is no consensus on the sedation
protocol (dexmedetomidine, ketamine and propofol are the
more common drug choices) and at least six different scoring
systems have been used to report paediatric DISE findings

to indicate the level and severity of obstruction.>° DISE is an
invasive procedure that requires skilful providers, while facilities
for cine MRI are limited.'® There is lack of data on the sensitivity
and specificity of these tools and future research is needed to
define the roles of these technologies.

Treatment options

OSAS in children is a heterogenous dynamic condition

with diverse treatment options. Treatment strategies differ
according to the underlying aetiology, severity, comorbidities
and patient beliefs. However, the art of choosing the best
option precisely for the patient at the right time is extremely
challenging. Here, the ‘classical’ treatment options of AT and
PAP for paediatric OSAS are discussed and various alterative
surgical and non-surgical therapeutic choices are reviewed.

AT and other surgical options

AT has been considered as the first-line treatment for otherwise
normal children aged >2 years old with enlarged adenoids

or tonsils who suffer from OSAS.10 It is a safe procedure,

with 93% of patients without perioperative complications

and a success rate of 75% quoted for otherwise healthy
non-obese children.'>3 However, AT produces resolution of
SDB in only about one-third of obese children and careful
assessment for risks and benefits is needed in children

with craniofacial abnormalities, syndromal or neurological

conditions with multilevel obstruction, and those with higher
risks of complications.'®>* Tonsillar bleeding, upper airway
obstruction, dehydration, nausea, vomiting and pain are
known complications following AT. Intracapsular tonsillectomy
or tonsillotomy with partial resection of tonsils instead of the
classical complete tonsillectomy is becoming more commonly
used for the treatment of children with SDB.>> Some studies
showed that tonsillotomy resulted in a faster recovery and
slightly lower risk of postoperative complications of bleeding
and pain. However, more robust data from high-quality and
long-term studies are needed to confirm its effectiveness

and the risk of recurrence.> Children with risk factors for
postoperative complications include young age less than

3 years, severe OSAS with an AHI score of >20 events per

hour, cardiac complications, obesity, pre-existing structural
comorbidities, or concurrent respiratory infections and should
be subjected to at least a period of overnight in-patient
observation postoperatively."'° Adiposity and elevated leptin in
obesity may also affect the metabolism of analgesic drugs such
as morphine during postoperative care.>®

Marcus et al.”” reported the results of the Childhood
Adenotonsillectomy Trial (CHAT), the first large-scale,
randomized controlled trial (RCT) of AT against watchful
waiting for 453 children aged 5-9 years with mild-to-moderate
OSAS. At 7 months, the AT group had better outcomes

than the non-surgical group in terms of normalization of

PSG parameters (79% versus 46%), higher symptoms and
behavioural scores but there was no difference in attention and
neurocognitive performance.”” The finding of almost half of
the patients having a normalized AHI in the watchful waiting
group at 7 months implied that a substantial proportion of
patients can have natural improvement without intervention.
Furthermore, there remained 20% of patients with abnormal
PSG after AT. In two meta-analyses, AT was found to have better
outcomes in PSG parameters and quality of life than watchful
waiting, but long-term outcomes are lacking and there are still
uncertainties on the best treatment options for specific age
groups and severity of SDB.>85° There are ongoing research
studies on more long-term outcomes of AT compared to
watchful waiting, including the Pediatric Adenotonsillectomy
Trial for Snoring for 3-12.9 years with mild obstructive SDB

and the Pre-school OSA Tonsillectomy Adenoidectomy (POSTA
study) focusing on neurocognitive outcomes of children aged
3-5 years.606!

Residual OSAS after AT is common and PAP is usually effective
as a second-line therapy. In case of intolerance to PAP, careful
evaluation of the upper airway with imaging or DISE will help
to identify sites of obstruction for further surgical intervention.
Lingual tonsillectomy, supraglottoplasty, tongue base
suspension or reduction, expansion sphincter pharyngoplasty,
tongue-lip adhesion, and bariatric surgery for obesity are
some of the surgical options for management of OSAS in
children.'%6263 Major surgical interventions like mandibular
distraction osteogenesis or plastic surgery for mid-face
hypoplasia require multidisciplinary involvement. If OSAS is

Leung TNH, Cheng JWCH, Chan AKC. Drugs in Context 2021; 10: 2020-12-5. DOI: 10.7573/dic.2020-12-5 40f 14

ISSN: 1740-4398


https://doi.org/10.7573/dic.2020-12-5
http://drugsincontext.com

REVIEW - Paediatrics: how to manage obstructive sleep apnoea syndrome

drugsincontext.com

severe and refractory, tracheostomy may be the only option to
bypass the upper airway obstruction.

PAP therapy

Continuous PAP (CPAP) is considered as a second-line

therapy indicated for residual OSAS post-AT or as a bridging
therapy before surgery is available. It may also be one of

the primary options for those who prefer not to undergo
surgery, those with minimally enlarged lymph adenoid tissues
not indicated for AT or those having comorbid conditions

like obesity and craniofacial syndromes with multilevel
obstruction.!2264 Bilevel PAP may be needed in patients with
coexisting hypoventilation and neuromuscular weakness.
The effectiveness of PAP therapy for adult OSAS has been

well established but there are only limited small-scale studies
available for children. There is evidence of improvement in
PSG parameters and neurobehavioural outcomes in children
receiving PAP for treatment of OSAS.%5%% In a study of obese
adolescents with OSAS, 83% of PAP users had improved
attention and academic performance compared with 86%

of non-adherents who showed deterioration over time.®’
However, the lack of appropriate equipment, difficulty in
habituation and non-adherence are some of the practical
problems.6468 A systematic review of 20 studies by Watach

et al. found an average PAP adherence to be a mere 56.9%
and average PAP usage 4-5.2 hours per night in children

and adolescents with OSAS.%® Female sex, younger age and
developmental delay were identified as significant predictors
for a higher chance of adherence to PAP therapy.587% In
qualitative studies, the home and family structure, style of
communication, social reactions and attitudes, adolescent
perception of PAP benefits, and design of the machine and
interfaces were some of the influential factors.°¢”! Compliance
can be improved by well-conducted PAP programmes

with behavioural intervention, education, close follow-up,
identification of barriers, and management of complications
or discomforts of PAP.”273 In-laboratory manual titration for an
optimal CPAP pressure being the standard for PAP therapy in
children is costly and labour intensive. There is more evidence
to show that auto-PAP is safe and effective for titration and
treatment, especially for initiation of CPAP therapy in older
children 6474

In children who are intolerant to PAP therapy, there are reports
of case series to suggest humidified high-flow nasal cannula
therapy may be an alternative; however, well-designed
randomized studies are needed to delineate its effectiveness
and role.”>~77 The use of supplementary oxygen can improve
SpO, but at the same time increase the duration of apnoea-
hypopnoea events.”® In infants who are not candidates for PAP
or surgery, low-flow oxygen supplementation could improve
oxygenation and reduce obstructive AHI without an increase
in CO,.”? With limited available data, oxygen supplementation
shall only be considered as an interim palliative treatment and
subjected to careful titration to avoid hypercapnia.

Anti-inflammatory medications

Anti-inflammatory medications, mainly intranasal
corticosteroids (INS) and oral montelukast (OM), have been used
for primary and adjunctive treatment of paediatric OSAS. The
rationale for use has been based on evidence of inflammation
and the coexistence of rhinitis and asthma in OSAS.

Evidence of inflammation

It has been postulated that the repeated opening and closure
of the upper airway in OSAS leads to mechanical stress and
intermittent hypoxaemia, which activate and propagate

the local and systemic inflammatory processes. Epigenetic
alterations of the immune system with a decrease in regulatory
T cells and obesity as a proinflammatory state are additional
predisposing factors for chronic inflammation.®° The presence
of nasal and oropharyngeal inflammation is evident by

the detection of elevated inflammatory mediators such as
leukotrienes and prostaglandins in exhaled breathe condensate
and increased neutrophils in the sputum of children with
OSAS.8182 The elevation of serum C-reactive protein was one
of the first inflammatory markers, suggesting chronic low-
grade inflammation.8384 Levels of proinflammatory cytokines,
including TNFaq, IL-6, IL-8, ICAM, VCAM and selectins, were
found to be significantly higher in OSAS patients.8>-87 Elevated
inflammatory biomarkers are found to be associated with
cardiovascular and neurocognitive risks in adult and children.
Furthermore, an improvement in inflammatory markers is
observed with the treatment of OSAS.8388 |n the past decade,
research findings also accumulated to show that certain
specific biomarkers may help to predict treatment outcomes
and the associated end-organ morbidities.®’ High-sensitivity
C-reactive protein and IL-23 may serve as blood markers for the
persistence of SDB after AT.2%

Impact of rhinitis and asthma

Allergic and non-allergic rhinitis commonly coexist in children
with obstructive SDB but are not found to be associated with
severity.”2?3 The nose is the port of entry that contributes more
than 50% of the total airway resistance. Although obstruction
of the nose alone is not the cause of OSAS, it adds negative
pressure to the pharynx, leading to further collapse. The small
narrow nasopharyngeal passage and the high prevalence of
adenoid hypertrophy in addition to rhinitis predispose a child
to SDB.?*9% The relationship of asthma and obstructive SDB

is bidirectional. The risk of development of SDB is two times
higher in asthmatic children compared with non-asthmatics
and children with obstructive SDB are more likely to develop
asthma.®697 AT for SDB also appears to improve asthma control
but it is uncertain if the control of asthma can improve SDB.%®

Intranasal corticosteroids

INS are topical anti-inflammatory agents aimed at decreasing
local inflammation of the upper airway and improving airway
patency through a reduction in the size of adenoids in children
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with adenoidal hypertrophy and as a treatment of coexisting
rhinitis in obstructive SDB.”? INS such as budesonide, fluticasone
and mometasone are commonly used for the treatment of
paediatric SDB but there are only a few high-quality controlled
studies available. Brouillette et al.'® conducted an RCT with
the application of nasal fluticasone propionate for 6 weeks in
children aged 1-10 years with various severity of OSAS and
adenotonsillar hypertrophy. The results demonstrated that
the AHI score reduced from 10.7+£2.6 to 5.8+2.2 events per
hour in the fluticasone group but increased from 10.9£2.3

to 13.1+3.6 events per hour in the placebo group (p=0.04)

with no change in adenotonsillar size.'%° Another RCT done

by Chan et al.’®" recruited children aged 6-18 years with mild
OSAS and compared intranasal mometasone furoate against
placebo for 16 weeks. There was an improvement in PSG
parameters, with the mean obstructive AHI score decreasing
from 2.7+0.2 to 1.7+0.3 events per hour in the intervention
group but increasing from 2.5+0.2 to 2.9+0.6 events per hour
in the placebo group (p=0.039). There was a small reduction in
oxygen desaturation index in the intervention group without
changes in size of adenoids or tonsils and the results seemed
to be more significant for the subgroup with allergic rhinitis.!’
The 2020 updated Cochrane review included the above two
placebo-controlled studies with a total of 75 patients for
meta-analysis.'%? The primary outcome of difference in AHI
score (-3.18 events per hour; 95% Cl -8.70 to 2.35) favoured
the intervention but the result was not significant. The authors
concluded that there was insufficient evidence to confirm the
efficacy of INS alone as a treatment for OSAS in children. There
were no significant adverse effects reported from both studies
but long-term side effects of INS were not available.'?? Liu et
al.’ conducted another meta-analysis to include adult and
paediatric studies. Other than outcomes in PSG parameters,
the four analysed studies (including three paediatric studies)
demonstrated an improvement of subjective quality of

life outcomes, including Epworth Sleepiness Score, OSAS
symptoms score, nasal symptoms and daytime alertness.'%?
Hitherto, there is still a lack of data on long-term neurocognitive
and cardiovascular outcomes.

For patients being put on CPAP as a treatment of OSAS,
rhinorrhoea and nasal obstruction are common complaints
leading to non-adherence. A systematic review showed that a
4-week adjuvant therapeutic course of INS might have benefits
resulting in a longer average duration of use of CPAP per night
but results were not significant.’® A more recent study showing
additional INS treatment decreased the frequency of nasal
symptoms among patients with OSAS initiating CPAP therapy
and increased compliance to CPAP after 90 days of treatment.'®
No similar studies were found in paediatric patients.

Leukotriene receptor antagonists

OM is a leukotriene receptor antagonist (LTRA) widely used
for allergic diseases, including asthma and allergic rhinitis,
which commonly coexist with paediatric OSAS.?® The 2020
updated Cochrane review on the effects of anti-inflammatory

medications for the treatment of paediatric OSAS included
two RCTs with a total of 103 children aged 1-18 years and
compared OM against placebo from 6 weeks to 4 months.
The results showed that OM had a short-term effect of a
significant reduction of AHI by 3.41 events per hour (95%

Cl -5.36 to -1.45). However, it was uncertain if the small
difference in PSG parameters demonstrated was clinically
relevant and whether the effects could be sustained after the
treatment period.'? Another meta-analysis was conducted
by Liming et al. to study the effects of OM with or without

INS for 6-16 weeks on children aged 2-5 years with mild-to-
moderate OSAS.'% Five studies including 166 children on OM
alone showed that 55% had improvement with a reduction of
mean AHI by 2.7 events per hour (95% Cl -5.6 to —0.3) pre-
treatment and post-treatment. Besides, the lowest SpO, was
significantly higher post-treatment.'% Similar to studies on
INS, it was unsure if the improvement in PSG parameters could
be translated to benefits in clinical symptoms, sleep quality,
daytime performance or long-term outcomes. Furthermore,
parents and patients have to be warned about the side-effects
of OM. In early 2020, the US FDA further strengthened the
‘black-box’ warnings on OM concerning serious mood and
behavioural changes.’?’

Combination of INS plus LTRAs

In the meta-analysis by Liming et al., studies on OM plus INS

in 502 patients found a 70% improvement in mean AHI by 4.2
events per hour (95% Cl -6.3 to —0.2).!%¢ A retrospective review
of 752 children aged 2-14 years with mild OSAS being treated
with 12 weeks of combined INS and OM as initial treatment
appeared to provide an effective alternative to AT, particularly in
younger and non-obese children.'°® Another prospective cohort
study of 35 children aged 3-6 years with mild OSAS treated
with combined intranasal fluticasone and OM for 4 months was
conducted. Results indicated significant improvement in quality
of life measures with the OSA-18 score.! The combination of
INS and OM for a period of 12 weeks could improve symptoms
or normalize PSG parameters in children with residual SDB

after AT.1° A comparative study of INS, OM or INS plus OM

for 12 weeks was conducted and results suggested that the
combination treatment might be more effective than either INS
or OM alone."

In practice, expert consensus and clinical guidelines suggest
the consideration of a trial of INS and OM for a period

1-6 months in children with mild-to-moderate OSAS and
adenotonsillar hypertrophy, especially if parents refuse
surgery."1920 Patients shall be followed-up regularly to monitor
clinical response and side-effects and resort to surgical or

PAP therapy if drug treatment fails. There could be benefits

in residual OSAS after AT and as an adjunctive therapy for
patients on CPAP therapy. Yet, the definitive role, indications
and duration of INS and OM in the treatment of paediatric
OSAS remain unclear. There are insufficient long-term data on
end-organ outcomes and the sustainability of treatment effects
as well as uncertainties about its effectiveness in children with
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other comorbidities. Larger scale and extended studies on the
efficacy and safety of INS and OM and on predictive factors are
needed to guide clinicians to select the precise treatment for
patients who will benefit most.

Systemic corticosteroids

Al-Ghamdi et al. reported that a 5-day course of systemic
oral prednisolone of ~1 mg/kg per day was ineffective in
treating OSAS caused by adenotonsillar hypertrophy.''? In
a recent study including 12 children with severe OSAS and
adenotonsillar hypertrophy receiving a short 5-day course
of oral betamethasone (0.1 mg/kg) in addition to intranasal
betamethasone, a significant reduction in sleep clinical
record scores and minimal SpO, was observed at 3 weeks
post-treatment. The author commented that this could

be considered as an interim treatment before surgery.'’
However, this small-scale study reporting only short-term
results cannot support the routine clinical use of systemic
corticosteroids.

Antibiotics

Antibiotics have been used for the treatment of recurrent
tonsillitis but there is limited evidence to support the use

for adenotonsillar hypertrophy or paediatric SDB. Two RCTs
using oral azithromycin for 30 days to 6 weeks in children with
adenotonsillar hypertrophy were compared with placebo or
intranasal fluticasone, suggesting only temporary improvement
in clinical symptoms related to obstructive events. The risk

of prolonged courses of antibiotics causing drug resistance
outweighs the marginal benefits of such practices.”"*"

Other medications

Adjunctive pharmacotherapy has been suggested to improve
wakefulness in adult patients with excessive daytime sleepiness
associated with OSAS. Modafinil and armodafinil are central
nervous system stimulants and solriamfetol is a dopamine/
norepinephrine reuptake inhibitor. However, these are not
approved for paediatric use."'®-"8 Other medications, like
selective serotonergic uptake inhibitors, methylxanthines

or protriptyline, are not recommended for the treatment of
OSAS."

A clinical trial with dimethyl fumarate, an immunomodulatory
agent for multiple sclerosis, reported promising results in the
reduction of severity of OSAS in adults.""® The combination
of a norepinephrine reuptake inhibitor (atomoxetine) and

an antimuscarinic (oxybutynin) administered orally to adults
before bedtime demonstrated improvement in genioglossus
muscle activity and upper airway patency, resulting in reduced
OSAS severity.?° No paediatric data are available for these
novel treatments.

Weight reduction

The prevalence of OSAS in obese children and adolescents
is estimated to be 60%. Adiposity, lymphoid hypertrophy

in the upper airway and proinflammatory state are some

of the predisposing factors.'?' Residual OSAS post-AT in

obese children is high, ranging from 33% to 77%.'%2 CPAP
demonstrates improvement in PSG parameters but it is difficult
to sustain long-term adherence. The few available studies
support the notion that weight loss is beneficial, particularly
for morbidly obese adolescents and children. Surgical weight
loss appeared to be more effective in the reduction of BMI and
resulted in a lower prevalence of persistent OSAS of 10-18%,
which was lower than that observed with behavioural weight
loss of 33-38%.'%?

Dental treatment

Chronic upper airway obstruction and mouth-breathing

in children with OSAS lead to forward head postures,
craniofacial abnormalities (e.g. maxilla-mandibular
retrusion, increased anterior facial heights) and abnormal
dental morphological features (e.g. maxillary/mandibular
crowding, high arch and narrow palate).'?>124 Dentists

may play a role in the early detection of OSAS in children
and dental/orthodontic treatment options have emerged
in the past decade for children with OSAS who exhibit
orofacial abnormalities.'?® These include rapid maxillary
expansion (RME), mandibular advancement appliance or
maxillo-mandibular surgeries.'?> RME can help to increase
nasopharyngeal and oropharyngeal space for children with
upper jaw restriction. In a systemic review of 17 studies
reporting outcomes for 314 children, there was a 70%
reduction in AHI values and 25% achieved a resolution of
OSAS within 3 years after RME.'?° In a recent meta-analysis
with three RCTs including a total of 66 patients receiving

a mandibular advancement appliance surgery, there was
significant improvement in PSG parameters and symptoms
compared with placebo for all severity of OSAS. Subgroup
analysis suggested that it was more effective if treated before
the end of puberty for a duration of 6 months or longer.'?’
Daily usage for longer periods could advance the mandible
faster and is particularly suitable for children with class Il
malocclusion (retrognathia), while prolonged wearing in
class | (normal) dental occlusion may result in unfavourable
dental and facial changes. A combination of AT and dental
interventions might be more effective in patients than
performed separately.'?® Mandibular distraction osteogenesis
is one of the maxillo-mandibular surgeries performed for
children with congenital craniofacial abnormalities such as
Pierre Robin sequence or Treacher Collins syndrome.’?3 These
interventions should be co-ordinated by a multidisciplinary
team, preluded by and followed-up with sleep studies.

Oral myofunctional therapy

In the past two decades, there has been increasing research
and clinical application of oral myofunctional therapy (OMT) in
the treatment of OSAS. OMT involves the re-education of facial
and oral muscles to achieve appropriate daytime and night-
time positioning, strong sucking, mastication, and swallowing
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and to re-establish nasal breathing.'?® Active OMT requires
repetitive orofacial exercises several times a day, and recently,
intra-oral devices have become available for passive OMT,
which may improve compliance.'*® In a meta-analysis of nine
studies including 196 children with SDB, active and passive
OMT use for 1 week to 50 months resulted in a reduction of
AHI of -1.54 events per hour (95% Cl -2.24 to -0.85) in 43% of
patients.’3% The use of OMT may also prevent the recurrence of
OSAS after AT and orthodontic treatment.'?*

Choosing the best treatment plan for an
individual patient

In a network meta-analysis, the effectiveness of various
interventions for paediatric OSAS were compared. Fourteen
comparative studies involving 1064 otherwise healthy children
with adenotonsillar hypertrophy were included. The study
concluded that a surgical approach with AT was still the most

effective intervention compared with no treatment in terms of
improvement in AHL.'*' However, residual and recurrent OSAS
after AT is common and can be attributed to multiple factors.
Despite the availability of algorithms and consensus guidelines,
further research is needed on the classification of severity, the
evaluation of long-term outcomes of the various treatment
options, and on the investigation of objective predictors,

e.g. inflammatory biomarkers, so to aid in choosing the most
effective option for a given individual .”’

Conclusions

OSAS in children is a heterogenous condition with multiple
contributing factors. The decision of treatment has to be
individualized and a combination of therapeutic options

is often required. A multidisciplinary team management
approach involving a paediatric pulmonologist, an
otolaryngologist and orthodontist is often needed.

Key practice points

Diagnosis and assessment
be used as alternative screening tools.

optimal treatment.

Treatment options

a multidisciplinary team.

e Polysomnography is the reference standard for the diagnosis of paediatric obstructive sleep apnoea syndrome (OSAS). In
resource-limited settings, overnight pulse oximetry, validated sleep questionnaires and clinical examination charts can

¢ Adenotonsillar hypertrophy is the most common contributing factor. Assessment for comorbid conditions, including
craniofacial abnormalities, obesity, neuromuscular diseases and allergic airway diseases, is needed to guide the choice of

e Drug-induced sleep endoscopy and cine MRI of the airway are advanced tools that may help to identify the site(s) of
airway obstruction in children with complex comorbidities or residual OSAS post-adenotonsillectomy.

¢ The management plan must be personalized and often requires more than one treatment modality with involvement of

¢ In non-obese, otherwise healthy children with adenotonsillar hypertrophy, management depends on severity:
° Adenotonsillectomy is the first-line treatment option for moderate-to-severe OSAS.
° A period of watchful waiting with follow-up is a reasonable option for mild OSAS.

Intranasal corticosteroids and oral montelukast, used alone or in combination for a few weeks to 6 months, can be
considered as an empirical treatment for mild OSAS or as an adjuvant therapy for those with allergic rhinitis, asthma and
nasal symptoms associated with positive airway pressure therapy.

Positive airway pressure therapy is an effective option for selected patients. The provision of appropriate equipment and
support with a well-coordinated programme for initiation, education and follow-up are essential to ensure adherence.
Weight reduction programmes are particularly important for morbidly obese children and adolescents.

Dental treatment and myofunctional therapy are additional therapeutic options for patients with primary or secondary
craniofacial abnormalities.

Follow-up

Residual and recurrent OSAS after adenotonsillectomy is common. Follow-up is needed for long-term neurocognitive
and cardiovascular adverse outcomes.

Future

Research studies on inflammatory markers may provide non-invasive tools in the future for screening, diagnosis, precise
management and monitoring.

Leung TNH, Cheng JWCH, Chan AKC. Drugs in Context 2021; 10: 2020-12-5. DOI: 10.7573/dic.2020-12-5 8of 14

ISSN: 1740-4398


https://doi.org/10.7573/dic.2020-12-5
http://drugsincontext.com

REVIEW - Paediatrics: how to manage obstructive sleep apnoea syndrome drugsincontext.com

Contributions: The principal author Dr Theresa NH Leung and co-author Dr James WCH Cheng have both contributed to literature search,
drafting and revising the manuscript. Co-author Professor Anthony KC Chan has contributed to the conception and critical review of the
manuscript. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take
responsibility for the integrity of the work as a whole and have given their approval for this version to be published.

Disclosure and potential conflicts of interest: The authors declare that they have no conflicts of interest relevant to this manuscript.
The International Committee of Medical Journal Editors (ICMJE) Potential Conflicts of Interests form for the authors is available for download at:
https://www.drugsincontext.com/wp-content/uploads/2021/02/dic.2020-12-5-COl.pdf

Acknowledgements: None.
Funding declaration: There was no funding associated with the preparation of this article.

Copyright: Copyright © 2021 Leung TNH, Cheng JWCH, Chan AKC. Published by Drugs in Context under Creative Commons License Deed CC BY
NC ND 4.0 which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in the manner specified below.
No commercial use without permission.

Correct attribution: Copyright © 2021 Leung TNH, Cheng JWCH, Chan AKC. https://doi.org/10.7573/dic.2020-12-5. Published by Drugs in
Context under Creative Commons License Deed CC BY NC ND 4.0.

Article URL: https://www.drugsincontext.com/paediatrics:-how-to-manage-obstructive-sleep-apnoea-syndrome

Correspondence: Theresa Ngan Ho Leung, Department of Paediatrics and Adolescent Medicine, University of Hong Kong, Hong Kong SAR,
China. Email: leungnht@hku.hk

Provenance: Invited; externally peer reviewed.

Submitted: 14 December 2020; Accepted: 19 February 2021; Publication date: 26 March 2021.

Drugs in Context is published by BioExcel Publishing Ltd. Registered office: Plaza Building, Lee High Road, London, England, SE13 5PT.
BioExcel Publishing Limited is registered in England Number 10038393. VAT GB 252 7720 07.

For all manuscript and submissions enquiries, contact the Editorial office editorial@drugsincontext.com

For all permissions, rights and reprints, contact David Hughes david.hughes@bioexcelpublishing.com

References

1. Kaditis AG, Alonso Alvarez ML, Boudewyns A, et al. Obstructive sleep disordered breathing in 2- to 18-year-old children:
diagnosis and management. Eur Respir J. 2016;47(1):69-94. https://doi.org/10.1183/13993003.00385-2015

2. Kaditis AG, Alonso Alvarez ML, Boudewyns A, et al. ERS statement on obstructive sleep disordered breathing in 1- to
23-month-old children. Eur Respir J. 2017;50:1700985. https://doi.org/10.1183/13993003.00985-2017

3.  KatzES, Mitchell RB, D'’Ambrosio CM. Obstructive sleep apnea in infants. Am J Respir Crit Care Med. 2012;185(8):805-816.
https://doi.org/10.1164/rccm.201108-1455C]

4.  lannella G, Maniaci A, Magliulo G, et al. Current challenges in the diagnosis and treatment of obstructive sleep apnea syndrome
in the elderly. Pol Arch Intern Med. 2020;130(7-8):649—-654. https://doi.org/10.20452/pamw.15283

5. Morley JE, Sanford A, Bourey R. Sleep apnea: a geriatric syndrome. JAm Med Dir Assoc. 2017;18(11):899-904.
https://doi.org/10.1016/j.jamda.2017.08.020
Guilleminault C, Eldridge FL, Simmons FB, Dement WC. Sleep apnea in eight children. Pediatrics. 1976;58(1):23-30.

7. Carroll JL, Loughlin GM. Diagnostic criteria for obstructive sleep apnea syndrome in children. Pediatr Pulmonol. 1992;14(2):71-74.
https://doi.org/10.1002/ppul.1950140202

8.  American Academy of Sleep Medicine. The International Classification of Sleep Disorders Coding and Diagnostic Manual, Second
Edition (ICSD-2). Westchester, IL: American Academy of Sleep Medicine; 2005.

9. Marcus CL, Brooks LJ, Draper KA, et al. Diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics.
2012;130(3):576-584. https://doi.org/10.1542/peds.2012-1671

10. Benedek P, Balakrishnan K, Cunningham MJ, et al. International Pediatric Otolaryngology group (IPOG) consensus on the
diagnosis and management of pediatric obstructive sleep apnea (OSA). Int J Pediatr Otorhinolaryngol. 2020;138:110276.
https://doi.org/10.1016/j.ijporl.2020.110276

11.  Li Z, Celestin J, Lockey RF. Pediatric sleep apnea syndrome: an update. J Allergy Clin Inmunol Pract. 2016;4(5):852-861.
https://doi.org/10.1016/j.jaip.2016.02.022

12.  Choi JH, Kim EJ, Choi J, et al. Obstructive sleep apnea syndrome: a child is not just a small adult. Ann Otol Rhinol Laryngol.
2010;119(10):656-661. https://doi.org/10.1177/000348941011901002

Leung TNH, Cheng JWCH, Chan AKC. Drugs in Context 2021; 10: 2020-12-5. DOI: 10.7573/dic.2020-12-5 90of 14
ISSN: 1740-4398


https://doi.org/10.7573/dic.2020-12-5
http://drugsincontext.com
https://www.drugsincontext.com/wp-content/uploads/2021/02/dic.2020-12-5-COI.pdf
https://doi.org/10.7573/dic.2020-12-5
https://www.drugsincontext.com/paediatrics:-how-to-manage-obstructive-sleep-apnoea-syndrome
mailto:leungnht@hku.hk
mailto:editorial@drugsincontext.com
mailto:david.hughes@bioexcelpublishing.com
https://doi.org/10.1183/13993003.00385-2015
https://doi.org/10.1183/13993003.00985-2017
https://doi.org/10.1164/rccm.201108-1455CI
https://doi.org/10.20452/pamw.15283
https://doi.org/10.1016/j.jamda.2017.08.020
https://doi.org/10.1002/ppul.1950140202
https://doi.org/10.1542/peds.2012-1671
https://doi.org/10.1016/j.ijporl.2020.110276
https://doi.org/10.1016/j.jaip.2016.02.022
https://doi.org/10.1177/000348941011901002

REVIEW - Paediatrics: how to manage obstructive sleep apnoea syndrome drugsincontext.com

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

20.

30.

3.

32.

33.

34,

35.

36.

37.

Alsubie HS, BaHammam AS. Obstructive sleep apnoea: children are not little adults. Paediatr Respir Rev. 2017;21:72-79.
https://doi.org/10.1016/j.prrv.2016.02.003

Nardone HC, McKee-Cole KM, Friedman NR. Current pediatric tertiary care admission practices following adenotonsillectomy.
JAMA Otolaryngol Head Neck Surg. 2016;142(5):452-456. https://doi.org/10.1001/jamaoto.2016.0051

Roberts C, Al Sayegh R, Ellison PR, Sedeek K, Carr MM. How pediatric anesthesiologists manage children with OSA undergoing
tonsillectomy. Ann Otol Rhinol Laryngol. 2020;129(1):55-62. https://doi.org/10.1177/0003489419874371

American Academy of Sleep Medicine. International Classification of Sleep Disorders. 3rd ed. Darien, IL: American Academy of
Sleep Medicine; 2014.

Sateia MJ. International classification of sleep disorders-third edition: highlights and modifications. Chest. 2014;146(5):1387-1394.
https://doi.org/10.1378/chest.14-0970

Paruthi S. Evaluation of suspected obstructive sleep apnea in children. UpToDate, Pediatrics 2020; https://www.uptodate.com/
contents/evaluation-of-suspected-obstructive-sleep-apnea-in-children. Accessed February 1, 2021.

Berry RB, Brooks R, Gamaldo CE, et al. The AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology and
Technical Specifications Version 2.6. Darien, IL: American Academy of Sleep Medicine; 2020.

Ng D, Huang Y-S, Teoh O-H, et al. The Asian Paediatric Pulmonology Society (APPS) position statement on childhood
obstructive sleep apnea syndrome. Pediatr Respirol Crit Care Med. 2017;1(2):26-38. https://doi.org/10.4103/prcm.prcm_13_17
Marcus CL, Omlin KJ, Basinki DJ, et al. Normal polysomnographic values for children and adolescents. Am Rev Respir Dis.
1992;146(5 Pt 1):1235-12309. https://doi.org/10.1164/ajrccm/146.5_Pt_1.1235

Iber C, Sonia A-l, Chesson A, Quan S; for the American Academy of Sleep Medicine. The AASM Manual for the Scoring of

Sleep and Associated Events: Rules, Terminology and Technical Specifications, 1st ed. Westchester, IL: American Academy of

Sleep Medicine; 2007.

Berry RB, Gamaldo CE, Harding SM, et al. AASM scoring manual version 2.2 updates: new chapters for scoring infant sleep
staging and home sleep apnea testing. J Clin Sleep Med. 2015;11(11):1253-1254. https://doi.org/10.5664/jcsm.5176

Aurora RN, Zak RS, Karippot A, et al. Practice parameters for the respiratory indications for polysomnography in children. Sleep.
2011;34(3):379-388.

Pamula Y, Nixon GM, Edwards E, et al. Australasian Sleep Association clinical practice guidelines for performing sleep

studies in children. Sleep Med. 2017;36(Suppl. 1):523-S42. https://doi.org/10.1016/j.sleep.2017.03.020

Kirk V, Baughn J, D'Andrea L, et al. American Academy of Sleep Medicine position paper for the use of a home

sleep apnea test for the diagnosis of OSA in children. J Clin Sleep Med. 2017;13(10):1199-1203.
https://doi.org/doi:10.5664/jcsm.6772

Joosten KF, Larramona H, Miano S, et al. How do we recognize the child with OSAS? Pediatr Pulmonol. 2017;52(2):260-271.
https://doi.org/10.1002/ppul.23639

Gruwez A, Bruyneel AV, Bruyneel M. The validity of two commercially-available sleep trackers and actigraphy for

assessment of sleep parameters in obstructive sleep apnea patients. PLoS One. 2019;14(1):e02105609.
https://doi.org/10.1371/journal.pone.0210569

Burghard M, Brozek-Madry E, Krzeski A. Sleep disordered breathing in children - diagnostic questionnaires, comparative
analysis. Int J Pediatr Otorhinolaryngol. 2019;120:108-111. https://doi.org/10.1016/j.ijporl.2019.02.008

Patel AP, Meghiji S, Phillips JS. Accuracy of clinical scoring tools for the diagnosis of pediatric obstructive sleep apnea.
Laryngoscope. 2020;130(4):1034-1043. https://doi.org/10.1002/lary.28146

Wu CR, Tu YK, Chuang LP, et al. Diagnostic meta-analysis of the Pediatric Sleep Questionnaire, OSA-18, and pulse

oximetry in detecting pediatric obstructive sleep apnea syndrome. Sleep Med Rev. 2020;54:101355.
https://doi.org/10.1016/j.smrv.2020.101355

Chervin RD, Hedger K, Dillon JE, Pituch KJ. Pediatric sleep questionnaire (PSQ): validity and reliability of scales for sleep-
disordered breathing, snoring, sleepiness, and behavioral problems. Sleep Med. 2000;1(1):21-32.
https://doi.org/10.1016/5s1389-9457(99)00009-x

Franco RA, Jr., Rosenfeld RM, Rao M. First place--resident clinical science award 1999. Quality of life for children with obstructive
sleep apnea. Otolaryngol Head Neck Surg. 2000;123(1 Pt 1):9-16. https://doi.org/10.1067/mhn.2000.105254

Paduano S, Paduano FP, Aiello D, et al. OSAS in developing age: screening of a southern Italy population. Eur J Paediatr Dent.
2019;20(4):302-305. https://doi.org/10.23804/ejpd.2019.20.04.08

Spruyt K, Gozal D. Pediatric sleep questionnaires as diagnostic or epidemiological tools: a review of currently available
instruments. Sleep Med Rev. 2011;15(1):19-32. https://doi.org/10.1016/j.smrv.2010.07.005

Li AM, Cheung A, Chan D, et al. Validation of a questionnaire instrument for prediction of obstructive sleep apnea in Hong Kong
Chinese children. Pediatr Pulmonol. 2006;41(12):1153-1160. https://doi.org/10.1002/ppul.20505

Villa MP, Paolino MC, Castaldo R, et al. Sleep clinical record: an aid to rapid and accurate diagnosis of paediatric sleep disordered
breathing. Eur Respir J. 2013;41(6):1355-1361. https://doi.org/10.1183/09031936.00215411

Leung TNH, Cheng JWCH, Chan AKC. Drugs in Context 2021; 10: 2020-12-5. DOI: 10.7573/dic.2020-12-5 10 of 14
ISSN: 1740-4398


https://doi.org/10.7573/dic.2020-12-5
http://drugsincontext.com
https://doi.org/10.1016/j.prrv.2016.02.003
https://doi.org/10.1001/jamaoto.2016.0051
https://doi.org/10.1177/0003489419874371
https://doi.org/10.1378/chest.14-0970
https://www.uptodate.com/contents/evaluation-of-suspected-obstructive-sleep-apnea-in-children
https://www.uptodate.com/contents/evaluation-of-suspected-obstructive-sleep-apnea-in-children
https://doi.org/10.4103/prcm.prcm_13_17
https://doi.org/10.1164/ajrccm/146.5_Pt_1.1235
https://doi.org/10.5664/jcsm.5176
https://doi.org/10.1016/j.sleep.2017.03.020
https://doi.org/doi:10.5664/jcsm.6772
https://doi.org/10.1002/ppul.23639
https://doi.org/10.1371/journal.pone.0210569
https://doi.org/10.1016/j.ijporl.2019.02.008
https://doi.org/10.1002/lary.28146
https://doi.org/10.1016/j.smrv.2020.101355
https://doi.org/10.1016/s1389-9457(99)00009-x
https://doi.org/10.1067/mhn.2000.105254
https://doi.org/10.23804/ejpd.2019.20.04.08
https://doi.org/10.1016/j.smrv.2010.07.005
https://doi.org/10.1002/ppul.20505
https://doi.org/10.1183/09031936.00215411

REVIEW - Paediatrics: how to manage obstructive sleep apnoea syndrome drugsincontext.com

38.

30.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

Villa MP, Shafiek H, Evangelisti M, et al. Sleep clinical record: what differences in school and preschool children? ERJ Open Res.
2016;2:00049-2015. https://doi.org/10.1183/23120541.00049-2015

Brouillette RT, Morielli A, Leimanis A, Waters KA, Luciano R, Ducharme FM. Nocturnal pulse oximetry as an abbreviated testing
modality for pediatric obstructive sleep apnea. Pediatrics. 2000;105(2):405-412. https://doi.org/10.1542/peds.105.2.405

Nixon GM, Kermack AS, Davis GM, Manoukian JJ, Brown KA, Brouillette RT. Planning adenotonsillectomy in

children with obstructive sleep apnea: the role of overnight oximetry. Pediatrics. 2004;113(1 Pt 1):e19-e25.
https://doi.org/10.1542/peds.113.1.e19

Twiss J, Chawla J, Davey MJ, et al. Australasian Sleep Association: overnight oximetry for evaluating paediatric obstructive
sleep apnoea: technical specifications and interpretation guidelines; 2019. https://sleep.org.au/common/Uploaded%?20files/
Public%?20Files/Professional%20resources/Sleep%20Documents/ASA%20Paed%200ximetry%20Technical%20Guideline%20
Approved%20Mar%202019.pdf. Accessed November 30, 2020.

Kaditis A, Kheirandish-Gozal L, Gozal D. Pediatric OSAS: oximetry can provide answers when polysomnography is not available.
Sleep Med Rev. 2016;27:96-105. https://doi.org/10.1016/j.smrv.2015.05.008

Villa MP, Pietropaoli N, Supino MC, et al. Diagnosis of pediatric obstructive sleep apnea syndrome in settings with limited
resources. JAMA Otolaryngol Head Neck Surg. 2015;141(11):990-996. https://doi.org/10.1001/jamaoto.2015.2354

Katyal V, Pamula Y, Martin AJ, Daynes CN, Kennedy JD, Sampson WJ. Craniofacial and upper airway morphology in pediatric
sleep-disordered breathing: systematic review and meta-analysis. Am J Orthod Dentofacial Orthop. 2013;143(1):20-30.e23.
https://doi.org/10.1016/j.ajod0.2012.08.021

Kitamura T, Miyazaki S, Kobayashi R, et al. Obstructive sleep apnea in preschool-aged Japanese children - efficiency of screening
using lateral neck radiography. Acta Otolaryngol. 2016;136(6):606-612. https://doi.org/10.3109/00016489.2016.1144144
Kirkham E, Ma CC, Filipek N, et al. Polysomnography outcomes of sleep endoscopy-directed intervention in surgically

naive children at risk for persistent obstructive sleep apnea. Sleep Breath. 2020;24(3):1143-1150.
https://doi.org/10.1007/511325-019-02006-y

Li AM, Wong E, Kew J, Hui S, Fok TF. Use of tonsil size in the evaluation of obstructive sleep apnoea. Arch Dis Child.
2002;87(2):156-159. https://doi.org/10.1136/adc.87.2.156

Soares MC, Sallum AC, Goncalves MT, Haddad FL, Gregorio LC. Use of Muller’s maneuver in the evaluation of patients with sleep
apnea--literature review. Braz J Otorhinolaryngol. 2009;75(3):463-466.

Baldassari CM, Choi S. Assessing adenoid hypertrophy in children: X-ray or nasal endoscopy? Laryngoscope.
2014;124(7):1509-1510. https://doi.org/10.1002/lary.24366

Wilcox LJ, Bergeron M, Reghunathan S, Ishman SL. An updated review of pediatric drug-induced sleep endoscopy.
Laryngoscope Investig Otolaryngol. 2017;2(6):423-431. https://doi.org/10.1002/li02.118

Durr ML, Meyer AK, Kezirian EJ, Rosbe KW. Drug-induced sleep endoscopy in persistent pediatric sleep-disordered breathing
after adenotonsillectomy. Arch Otolaryngol Head Neck Surg. 2012;138(7):638-643. https://doi.org/10.1001/archoto.2012.1067
Love H, Slaven JE, Mitchell RM, Bandyopadhyay A. Outcomes of OSA in surgically naive young children with and without DISE
identified laryngomalacia. Int J Pediatr Otorhinolaryngol. 2020;138:110351. https://doi.org/10.1016/j.ijporl.2020.110351

Spencer DJ, Jones JE. Complications of adenotonsillectomy in patients younger than 3 years. Arch Otolaryngol Head Neck Surg.
2012;138(4):335-339. https://doi.org/10.1001/archoto.2012.1

Lee CH, Hsu WC, Chang WH, Lin MT, Kang KT. Polysomnographic findings after adenotonsillectomy for obstructive sleep
apnoea in obese and non-obese children: a systematic review and meta-analysis. Clin Otolaryngol. 2016;41(5):498-510.
https://doi.org/10.1111/coa.12549

Blackshaw H, Springford LR, Zhang LY, Wang B, Venekamp RP, Schilder AG. Tonsillectomy versus tonsillotomy for

obstructive sleep-disordered breathing in children. Cochrane Database Syst Rev. 2020;4:CD011365.
https://doi.org/10.1002/14651858.CD011365.pub2

Dalesio NM, Lee CKK, Hendrix CW, et al. Effects of obstructive sleep apnea and obesity on morphine pharmacokinetics in
children. Anesth Analg. 2020;131(3):876-884. https://doi.org/10.1213/ANE.0000000000004509

Marcus CL, Moore RH, Rosen CL, et al. A randomized trial of adenotonsillectomy for childhood sleep apnea. N Engl J Med.
2013;368(25):2366-2376. https://doi.org/10.1056/NEJMo0a1215881

Venekamp RP, Hearne BJ, Chandrasekharan D, Blackshaw H, Lim J, Schilder AG. Tonsillectomy or adenotonsillectomy

versus non-surgical management for obstructive sleep-disordered breathing in children. Cochrane Database Syst Rev.
2015(10):CD011165. https://doi.org/10.1002/14651858.CD011165.pub2

Chinnadurai S, Jordan AK, Sathe NA, Fonnesbeck C, McPheeters ML, Francis DO. Tonsillectomy for obstructive sleep-disordered
breathing: a meta-analysis. Pediatrics. 2017;139(2):e20163491. https://doi.org/10.1542/peds.2016-3491

Wang R, Bakker JP, Chervin RD, et al. Pediatric Adenotonsillectomy Trial for Snoring (PATS): protocol for a randomised
controlled trial to evaluate the effect of adenotonsillectomy in treating mild obstructive sleep-disordered breathing. BMJ Open.
2020;10(3):e033889. https://doi.org/10.1136/bmjopen-2019-033889

Leung TNH, Cheng JWCH, Chan AKC. Drugs in Context 2021; 10: 2020-12-5. DOI: 10.7573/dic.2020-12-5 11 0of 14
ISSN: 1740-4398


https://doi.org/10.7573/dic.2020-12-5
http://drugsincontext.com
https://doi.org/10.1183/23120541.00049-2015
https://doi.org/10.1542/peds.105.2.405
https://doi.org/10.1542/peds.113.1.e19
https://sleep.org.au/common/Uploaded%20files/Public%20Files/Professional%20resources/Sleep%20Documents/ASA%20Paed%20Oximetry%20Technical%20Guideline%20Approved%20Mar%202019.pdf
https://sleep.org.au/common/Uploaded%20files/Public%20Files/Professional%20resources/Sleep%20Documents/ASA%20Paed%20Oximetry%20Technical%20Guideline%20Approved%20Mar%202019.pdf
https://sleep.org.au/common/Uploaded%20files/Public%20Files/Professional%20resources/Sleep%20Documents/ASA%20Paed%20Oximetry%20Technical%20Guideline%20Approved%20Mar%202019.pdf
https://doi.org/10.1016/j.smrv.2015.05.008
https://doi.org/10.1001/jamaoto.2015.2354
https://doi.org/10.1016/j.ajodo.2012.08.021
https://doi.org/10.3109/00016489.2016.1144144
https://doi.org/10.1007/s11325-019-02006-y
https://doi.org/10.1136/adc.87.2.156
https://doi.org/10.1002/lary.24366
https://doi.org/10.1002/lio2.118
https://doi.org/10.1001/archoto.2012.1067
https://doi.org/10.1016/j.ijporl.2020.110351
https://doi.org/10.1001/archoto.2012.1
https://doi.org/10.1111/coa.12549
https://doi.org/10.1002/14651858.CD011365.pub2
https://doi.org/10.1213/ANE.0000000000004509
https://doi.org/10.1056/NEJMoa1215881
https://doi.org/10.1002/14651858.CD011165.pub2
https://doi.org/10.1542/peds.2016-3491
https://doi.org/10.1136/bmjopen-2019-033889

REVIEW - Paediatrics: how to manage obstructive sleep apnoea syndrome drugsincontext.com

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Waters KA, Chawla J, Harris MA, et al. Rationale for and design of the “POSTA” study: evaluation of neurocognitive outcomes
after immediate adenotonsillectomy compared to watchful waiting in preschool children. BMC Pediatr. 2017;17(1):47.
https://doi.org/10.1186/512887-016-0758-8

Wootten CT, Shott SR. Evolving therapies to treat retroglossal and base-of-tongue obstruction in pediatric obstructive sleep
apnea. Arch Otolaryngol Head Neck Surg. 2010;136(10):983-987. https://doi.org/10.1001/archoto.2010.178

Chan DK, Truong MT, Koltai PJ. Supraglottoplasty for occult laryngomalacia to improve obstructive sleep apnea syndrome. Arch
Otolaryngol Head Neck Surg. 2012;138(1):50-54. https://doi.org/10.1001/archoto.2011.233

Parmar A, Baker A, Narang I. Positive airway pressure in pediatric obstructive sleep apnea. Paediatr Respir Rev. 2019;31:43-51.
https://doi.org/10.1016/.prrv.2019.04.006

Marcus CL, Rosen G, Ward SL, et al. Adherence to and effectiveness of positive airway pressure therapy in children with
obstructive sleep apnea. Pediatrics. 2006;117(3):e442-451. https://doi.org/10.1542/peds.2005-1634

Marcus CL, Radcliffe J, Konstantinopoulou S, et al. Effects of positive airway pressure therapy on neurobehavioral

outcomes in children with obstructive sleep apnea. Am J Respir Crit Care Med. 2012;185(9):998-1003.
https://doi.org/10.1164/rccm.201112-21670C

Beebe DW, Byars KC. Adolescents with obstructive sleep apnea adhere poorly to positive airway pressure (PAP), but PAP users
show improved attention and school performance. PLoS One. 2011;6(3):e16924. https://doi.org/10.1371/journal.pone.0016924
Watach AJ, Xanthopoulos MS, Afolabi-Brown O, et al. Positive airway pressure adherence in pediatric obstructive sleep apnea: a
systematic scoping review. Sleep Med Rev. 2020;51:101273. https://doi.org/10.1016/j.smrv.2020.101273

Drager LF, Malhotra A, Yan Y, et al. Adherence with positive airway pressure therapy for obstructive sleep apnea in developing
versus developed countries: a big data study. J Clin Sleep Med. 2020. https://doi.org/10.5664/jcsm.9008

Bhattacharjee R, Benjafield AV, Armitstead J, et al. Adherence in children using positive airway pressure therapy: a big-data
analysis. Lancet Digital Health 2020. 2020;2:e94-101. https://doi.org/https://doi.org/10.1016/52589-7500(19)30214-6

Blinder H, Momoli F, Bokhaut J, et al. Predictors of adherence to positive airway pressure therapy in children: a systematic
review and meta-analysis. Sleep Med. 2020;69:19-33. https://doi.org/10.1016/j.sleep.2019.12.015

Koontz KL, Slifer KJ, Cataldo MD, Marcus CL. Improving pediatric compliance with positive airway pressure therapy: the impact
of behavioral intervention. Sleep. 2003;26(8):1010-1015.

Simon SL, Duncan CL, Janicke DM, Wagner MH. Barriers to treatment of paediatric obstructive sleep apnoea: development

of the adherence barriers to continuous positive airway pressure (CPAP) questionnaire. Sleep Med. 2012;13(2):172-177.
https://doi.org/10.1016/j.sleep.2011.10.026

Mihai R, Vandeleur M, Pecoraro S, Davey MJ, Nixon GM. Autotitrating CPAP as a tool for CPAP initiation for children. J Clin Sleep
Med. 2017;13(5):713-719. https://doi.org/10.5664/jcsm.6590

McGinley B, Halbower A, Schwartz AR, Smith PL, Patil SP, Schneider H. Effect of a high-flow open nasal cannula system on
obstructive sleep apnea in children. Pediatrics. 2009;124(1):179-188. https://doi.org/10.1542/peds.2008-2824

Joseph L, Goldberg S, Shitrit M, Picard E. High-flow nasal cannula therapy for obstructive sleep apnea in children. J Clin Sleep
Med. 2015;11(9):1007-1010. https://doi.org/10.5664/jcsm.5014

Hawkins S, Huston S, Campbell K, Halbower A. High-flow, heated, humidified air via nasal cannula treats CPAP-intolerant
children with obstructive sleep apnea. J Clin Sleep Med. 2017;13(8):981-989. https://doi.org/10.5664/jcsm.6700

Mehta V, Vasu TS, Phillips B, Chung F. Obstructive sleep apnea and oxygen therapy: a systematic review of the literature and
meta-analysis. J Clin Sleep Med. 2013;9(3):271-279. https://doi.org/10.5664/jcsm.2500

Brockbank J, Astudillo CL, Che D, et al. Supplemental oxygen for treatment of infants with obstructive sleep apnea. J Clin Sleep
Med. 2019;15(8):1115-1123. https://doi.org/10.5664/jcsm.7802

Gozal D. Sleep, sleep disorders and inflammation in children. Sleep Med. 2009;10(Suppl. 1):512-516.
https://doi.org/10.1016/j.sleep.2009.07.003

Goldbart AD, Krishna J, Li RC, Serpero LD, Gozal D. Inflammatory mediators in exhaled breath condensate of children with
obstructive sleep apnea syndrome. Chest. 2006;130(1):143-148. https://doi.org/10.1378/chest.130.1.143

Li AM, Hung E, Tsang T, et al. Induced sputum inflammatory measures correlate with disease severity in children with
obstructive sleep apnoea. Thorax. 2007;62(1):75-79. https://doi.org/10.1136/thx.2006.060657

Kheirandish-Gozal L, Capdevila OS, Tauman R, Gozal D. Plasma C-reactive protein in nonobese children with obstructive sleep
apnea before and after adenotonsillectomy. J Clin Sleep Med. 2006;2(3):301-304.

Li AM, Chan MH, Yin J, et al. C-reactive protein in children with obstructive sleep apnea and the effects of treatment. Pediatr
Pulmonol. 2008;43(1):34-40. https://doi.org/10.1002/ppul.20732

Nadeem R, Molnar J, Madbouly EM, et al. Serum inflammatory markers in obstructive sleep apnea: a meta-analysis. J Clin Sleep
Med. 2013;9(10):1003-1012. https://doi.org/10.5664/jcsm.3070

Unnikrishnan D, Jun J, Polotsky V. Inflammation in sleep apnea: an update. Rev Endocr Metab Disord. 2015;16(1):25-34.
https://doi.org/10.1007/511154-014-9304-x

Leung TNH, Cheng JWCH, Chan AKC. Drugs in Context 2021; 10: 2020-12-5. DOI: 10.7573/dic.2020-12-5 120f 14
ISSN: 1740-4398


https://doi.org/10.7573/dic.2020-12-5
http://drugsincontext.com
https://doi.org/10.1186/s12887-016-0758-8
https://doi.org/10.1001/archoto.2010.178
https://doi.org/10.1001/archoto.2011.233
https://doi.org/10.1016/j.prrv.2019.04.006
https://doi.org/10.1542/peds.2005-1634
https://doi.org/10.1164/rccm.201112-2167OC
https://doi.org/10.1371/journal.pone.0016924
https://doi.org/10.1016/j.smrv.2020.101273
https://doi.org/10.5664/jcsm.9008
https://doi.org/https://doi.org/10.1016/S2589-7500(19)30214-6
https://doi.org/10.1016/j.sleep.2019.12.015
https://doi.org/10.1016/j.sleep.2011.10.026
https://doi.org/10.5664/jcsm.6590
https://doi.org/10.1542/peds.2008-2824
https://doi.org/10.5664/jcsm.5014
https://doi.org/10.5664/jcsm.6700
https://doi.org/10.5664/jcsm.2500
https://doi.org/10.5664/jcsm.7802
https://doi.org/10.1016/j.sleep.2009.07.003
https://doi.org/10.1378/chest.130.1.143
https://doi.org/10.1136/thx.2006.060657
https://doi.org/10.1002/ppul.20732
https://doi.org/10.5664/jcsm.3070
https://doi.org/10.1007/s11154-014-9304-x

REVIEW - Paediatrics: how to manage obstructive sleep apnoea syndrome drugsincontext.com

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

90.

100.

101.

102.

103.

104.

105.

106.

107.

108.

100.

110.

Li AM, Lam HS, Chan MH, et al. Inflammatory cytokines and childhood obstructive sleep apnoea. Ann Acad Med Singapore.
2008;37(8):649-654.

Ingram DG, Matthews CK. Effect of adenotonsillectomy on c-reactive protein levels in children with obstructive sleep apnea: a
meta-analysis. Sleep Med. 2013;14(2):172-176. https://doi.org/10.1016/j.sleep.2012.11.011

Kheirandish-Gozal L, Gozal D. Pediatric OSA syndrome morbidity biomarkers: the hunt is finally on! Chest. 2017;151(2):500-506.
https://doi.org/10.1016/j.chest.2016.09.026

Huang YS, Chin WC, Guilleminault C, Chu KC, Lin CH, Li HY. Inflammatory factors: nonobese pediatric obstructive sleep apnea
and adenotonsillectomy. J Clin Med. 2020;9(4). https://doi.org/10.3390/jcm9041028

Gozal D, Tan HL, Kheirandish-Gozal L. Treatment of obstructive sleep apnea in children: handling the unknown with precision.
J Clin Med. 2020;9(3). https://doi.org/10.3390/jcm9030888

CaoY,WuS, Zhang L, Yang Y, Cao S, Li Q. Association of allergic rhinitis with obstructive sleep apnea: a meta-analysis. Medicine
(Baltimore). 2018;97(51):e13783. https://doi.org/10.1097/MD.0000000000013783

Zheng M, Wang X, Ge S, et al. Allergic and non-allergic rhinitis are common in obstructive sleep apnea but not associated with
disease severity. J Clin Sleep Med. 2017;13(8):959-966. https://doi.org/10.5664/jcsm.6694

Meen EK, Chandra RK. The role of the nose in sleep-disordered breathing. Am J Rhinol Allergy. 2013;27(3):213-220.
https://doi.org/10.2500/ajra.2013.27.3876

Wilhelm CP, deShazo RD, Tamanna S, Ullah M, Skipworth LB. The nose, upper airway, and obstructive sleep apnea. Ann Allergy
Asthma Immunol. 2015;115(2):96-102. https://doi.org/10.1016/j.anai.2015.06.011

Brockmann PE, Bertrand P, Castro-Rodriguez JA. Influence of asthma on sleep disordered breathing in children: a systematic
review. Sleep Med Rev. 2014;18(5):393-397. https://doi.org/10.1016/j.smrv.2014.01.005

Sanchez T, Castro-Rodriguez JA, Brockmann PE. Sleep-disordered breathing in children with asthma: a systematic review on the
impact of treatment. J Asthma Allergy. 2016;9:83-91. https://doi.org/10.2147/JAA.S85624

Bhattacharjee R, Choi BH, Gozal D, Mokhlesi B. Association of adenotonsillectomy with asthma outcomes in children: a
longitudinal database analysis. PLoS Med. 2014;11(11):e1001753. https://doi.org/10.1371/journal.pmed.1001753

Zhang L, Mendoza-Sassi RA, Cesar JA, Chadha NK. Intranasal corticosteroids for nasal airway obstruction in

children with moderate to severe adenoidal hypertrophy. Cochrane Database Syst Rev. 2008;3:CD006286.
https://doi.org/10.1002/14651858.CD006286.pub2

Brouillette RT, Manoukian JJ, Ducharme FM, et al. Efficacy of fluticasone nasal spray for pediatric obstructive sleep apnea.

J Pediatr. 2001;138(6):838-844. https://doi.org/10.1067/mpd.2001.114474

Chan CC, Au CT, Lam HS, Lee DL, Wing YK, Li AM. Intranasal corticosteroids for mild childhood obstructive sleep

apnea--a randomized, placebo-controlled study. Sleep Med. 2015;16(3):358-363.

https://doi.org/10.1016/j.sleep.2014.10.015

Kuhle S, Hoffmann DU, Mitra S, Urschitz MS. Anti-inflammatory medications for obstructive sleep apnoea in children. Cochrane
Database Syst Rev. 2020;1:CD007074. https://doi.org/10.1002/14651858.CD007074.pub3

Liu HT, Lin YC, Kuan YC, et al. Intranasal corticosteroid therapy in the treatment of obstructive sleep apnea: a meta-analysis of
randomized controlled trials. Am J Rhinol Allergy. 2016;30(3):215-221. https://doi.org/10.2500/ajra.2016.30.4305

Charakorn N, Hirunwiwatkul P, Chirakalwasan N, Chaitusaney B, Prakassajjatham M. The effects of topical nasal steroids on
continuous positive airway pressure compliance in patients with obstructive sleep apnea: a systematic review and meta-
analysis. Sleep Breath. 2017;21(1):3-8. https://doi.org/10.1007/s11325-016-1375-3

Segsarnviriya C, Chumthong R, Mahakit P. Effects of intranasal steroids on continuous positive airway pressure compliance
among patients with obstructive sleep apnea. Sleep Breath. 2020. https://doi.org/10.1007/s11325-020-02236-5

Liming BJ, Ryan M, Mack D, Ahmad |, Camacho M. Montelukast and nasal corticosteroids to treat pediatric obstructive

sleep apnea: a systematic review and meta-analysis. Otolaryngol Head Neck Surg. 2019;160(4):594-602.
https://doi.org/10.1177/0194599818815683

Food and Drug Administration US. FDA requires stronger warning about risk of neuropsychiatric events associated with
asthma and allergy medication singulair and generic montelukast. March 4, 2020; https://www.fda.gov/news-events/press-
announcements/fda-requires-stronger-warning-about-risk-neuropsychiatric-events-associated-asthma-and-allergy.

Accessed November 30, 2020.

Kheirandish-Gozal L, Bhattacharjee R, Bandla HPR, Gozal D. Antiinflammatory therapy outcomes for mild OSA in children. Chest.
2014;146(1):88-95. https://doi.org/10.1378/chest.13-2288

Bluher AE, Brawley CC, Cunningham TD, Baldassari CM. Impact of montelukast and fluticasone on quality of life in mild pediatric
sleep apnea. Int J Pediatr Otorhinolaryngol. 2019;125:66-70. https://doi.org/10.1016/j.ijporl.2019.06.027

Kheirandish L, Goldbart AD, Gozal D. Intranasal steroids and oral leukotriene modifier therapy in residual sleep-disordered
breathing after tonsillectomy and adenoidectomy in children. Pediatrics. 2006;117(1):e61-66.
https://doi.org/10.1542/peds.2005-0795

Leung TNH, Cheng JWCH, Chan AKC. Drugs in Context 2021; 10: 2020-12-5. DOI: 10.7573/dic.2020-12-5 13 0f 14
ISSN: 1740-4398


https://doi.org/10.7573/dic.2020-12-5
http://drugsincontext.com
https://doi.org/10.1016/j.sleep.2012.11.011
https://doi.org/10.1016/j.chest.2016.09.026
https://doi.org/10.3390/jcm9041028
https://doi.org/10.3390/jcm9030888
https://doi.org/10.1097/MD.0000000000013783
https://doi.org/10.5664/jcsm.6694
https://doi.org/10.2500/ajra.2013.27.3876
https://doi.org/10.1016/j.anai.2015.06.011
https://doi.org/10.1016/j.smrv.2014.01.005
https://doi.org/10.2147/JAA.S85624
https://doi.org/10.1371/journal.pmed.1001753
https://doi.org/10.1002/14651858.CD006286.pub2
https://doi.org/10.1067/mpd.2001.114474
https://doi.org/10.1016/j.sleep.2014.10.015
https://doi.org/10.1002/14651858.CD007074.pub3
https://doi.org/10.2500/ajra.2016.30.4305
https://doi.org/10.1007/s11325-016-1375-3
https://doi.org/10.1007/s11325-020-02236-5
https://doi.org/10.1177/0194599818815683
https://www.fda.gov/news-events/press-announcements/fda-requires-stronger-warning-about-risk-neuropsychiatric-events-associated-asthma-and-allergy
https://www.fda.gov/news-events/press-announcements/fda-requires-stronger-warning-about-risk-neuropsychiatric-events-associated-asthma-and-allergy
https://doi.org/10.1378/chest.13-2288
https://doi.org/10.1016/j.ijporl.2019.06.027
https://doi.org/10.1542/peds.2005-0795

REVIEW - Paediatrics: how to manage obstructive sleep apnoea syndrome drugsincontext.com

111.

112.

113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

Yang DZ, Liang J, Zhang F, Yao HB, Shu Y. Clinical effect of montelukast sodium combined with inhaled corticosteroids in the
treatment of OSAS children. Medicine. 2017;96(19):e6628. https://doi.org/10.1097/MD.0000000000006628

Al-Ghamdi SA, Manoukian JJ, Morielli A, Oudjhane K, Ducharme FM, Brouillette RT. Do systemic corticosteroids effectively treat
obstructive sleep apnea secondary to adenotonsillar hypertrophy? Laryngoscope. 1997;107(10):1382-1387.
https://doi.org/10.1097/00005537-199710000-00017

Evangelisti M, Barreto M, Cecili M, Villa MP. The use of systemic corticosteroids in children with obstructive sleep apnea
syndrome. European Respiratory Journal 2019;54:PA911. https://doi.org/10.1183/13993003.congress-2019.PA911

Don DM, Goldstein NA, Crockett DM, Ward SD. Antimicrobial therapy for children with adenotonsillar hypertrophy and
obstructive sleep apnea: a prospective randomized trial comparing azithromycin vs placebo. Otolaryngol Head Neck Surg.
2005;133(4):562-568. https://doi.org/10.1016/j.0tohns.2005.05.012

Jazi SM, Barati B, Kheradmand A. Treatment of adenotonsillar hypertrophy: a prospective randomized trial comparing
azithromycin vs. fluticasone. J Res Med Sci. 2011;16(12):1590-1597.

Avellar AB, Carvalho LB, Prado GF, Prado LB. Pharmacotherapy for residual excessive sleepiness and cognition in CPAP-treated
patients with obstructive sleep apnea syndrome: a systematic review and meta-analysis. Sleep Med Rev. 2016;30:97-107.
https://doi.org/10.1016/j.smrv.2015.10.005

Morgenthaler Tl, Kapen S, Lee-Chiong T, et al. Practice parameters for the medical therapy of obstructive sleep apnea. Sleep.
2006;29(8):1031-1035.

Strollo PJ, Jr., Hedner J, Collop N, et al. Solriamfetol for the treatment of excessive sleepiness in OSA: a placebo-controlled
randomized withdrawal study. Chest. 2019;155(2):364-374. https://doi.org/10.1016/j.chest.2018.11.005

Braley TJ, Huber AK, Segal BM, et al. A randomized, subject and rater-blinded, placebo-controlled trial of dimethyl fumarate for
obstructive sleep apnea. Sleep. 2018;41(8). https://doi.org/10.1093/sleep/zsy109

Taranto-Montemurro L, Messineo L, Sands SA, et al. The combination of atomoxetine and oxybutynin greatly reduces
obstructive sleep apnea severity. A randomized, placebo-controlled, double-blind crossover trial. Am J Respir Crit Care Med.
2019;199(10):1267-1276. https://doi.org/10.1164/rccm.201808-14930C

Verhulst SL, Van Gaal L, De Backer W, Desager K. The prevalence, anatomical correlates and treatment of sleep-disordered
breathing in obese children and adolescents. Sleep Med Rev. 2008;12(5):339-346. https://doi.org/10.1016/j.smrv.2007.11.002
Andersen IG, Holm JC, Homoe P. Obstructive sleep apnea in obese children and adolescents, treatment methods and outcome
of treatment - a systematic review. Int J Pediatr Otorhinolaryngol. 2016;87:190-197. https://doi.org/10.1016/j.ijporl.2016.06.017
Ngiam J, Cistulli PA. Dental treatment for paediatric obstructive sleep apnea. Paediatr Respir Rev. 2015;16(3):174-181.
https://doi.org/10.1016/j.prrv.2014.11.002

Guilleminault C, Huang YS, Monteyrol PJ, Sato R, Quo S, Lin CH. Critical role of myofascial reeducation in pediatric sleep-
disordered breathing. Sleep Med. 2013;14(6):518-525. https://doi.org/10.1016/j.sleep.2013.01.013

Leibovitz S, Haviv Y, Sharav Y, Almoznino G, Aframian D, Zilberman U. Pediatric sleep-disordered breathing: role of the dentist.
Quintessence Int. 2017;48(8):639-645. https://doi.org/10.3290/j.qi.a38554

Camacho M, Chang ET, Song SA, et al. Rapid maxillary expansion for pediatric obstructive sleep apnea: a systematic review and
meta-analysis. Laryngoscope. 2017;127(7):1712-1719. https://doi.org/10.1002/lary.26352

Yanyan M, Min Y, Xuemei G. Mandibular advancement appliances for the treatment of obstructive sleep apnea in children: a
systematic review and meta-analysis. Sleep Med. 2019;60:145-151. https://doi.org/10.1016/j.sleep.2018.12.022

Templier L, Rossi C, Miguez M, et al. Combined surgical and orthodontic treatments in children with OSA: a systematic review.
J Clin Med. 2020;9:2387. https://doi.org/10.3390/jcm9082387

Lee SY, Guilleminault C, Chiu HY, Sullivan SS. Mouth breathing, “nasal disuse,” and pediatric sleep-disordered breathing. Sleep
Breath. 2015;19(4):1257-1264. https://doi.org/10.1007/5s11325-015-1154-6

Bandyopadhyay A, Kaneshiro K, Camacho M. Effect of myofunctional therapy on children with obstructive sleep apnea: a meta-
analysis. Sleep Med. 2020;75:210-217. https://doi.org/10.1016/j.sleep.2020.08.003

Lin SY, Su YX, Wu YC, Chang JZ, Tu YK. Management of paediatric obstructive sleep apnoea: a systematic review and network
meta-analysis. Int J Paediatr Dent. 2020;30(2):156-170. https://doi.org/10.1111/ipd.12593

Leung TNH, Cheng JWCH, Chan AKC. Drugs in Context 2021; 10: 2020-12-5. DOI: 10.7573/dic.2020-12-5 14 of 14
ISSN: 1740-4398


https://doi.org/10.7573/dic.2020-12-5
http://drugsincontext.com
https://doi.org/10.1097/MD.0000000000006628
https://doi.org/10.1097/00005537-199710000-00017
https://doi.org/10.1183/13993003.congress-2019.PA911
https://doi.org/10.1016/j.otohns.2005.05.012
https://doi.org/10.1016/j.smrv.2015.10.005
https://doi.org/10.1016/j.chest.2018.11.005
https://doi.org/10.1093/sleep/zsy109
https://doi.org/10.1164/rccm.201808-1493OC
https://doi.org/10.1016/j.smrv.2007.11.002
https://doi.org/10.1016/j.ijporl.2016.06.017
https://doi.org/10.1016/j.prrv.2014.11.002
https://doi.org/10.1016/j.sleep.2013.01.013
https://doi.org/10.3290/j.qi.a38554
https://doi.org/10.1002/lary.26352
https://doi.org/10.1016/j.sleep.2018.12.022
https://doi.org/10.3390/jcm9082387
https://doi.org/10.1007/s11325-015-1154-6
https://doi.org/10.1016/j.sleep.2020.08.003
https://doi.org/10.1111/ipd.12593

