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ABSTRACT This document summarises the conclusions of a European Respiratory Society Task Force
on the diagnosis and management of obstructive sleep disordered breathing (SDB) in childhood and refers
to children aged 2–18 years. Prospective cohort studies describing the natural history of SDB or
randomised, double-blind, placebo-controlled trials regarding its management are scarce. Selected evidence
(362 articles) can be consolidated into seven management steps. SDB is suspected when symptoms or
abnormalities related to upper airway obstruction are present (step 1). Central nervous or cardiovascular
system morbidity, growth failure or enuresis and predictors of SDB persistence in the long-term are
recognised (steps 2 and 3), and SDB severity is determined objectively preferably using polysomnography
(step 4). Children with an apnoea–hypopnoea index (AHI) >5 episodes·h−1, those with an AHI of
1–5 episodes·h−1 and the presence of morbidity or factors predicting SDB persistence, and children with
complex conditions (e.g. Down syndrome and Prader–Willi syndrome) all appear to benefit from
treatment (step 5). Treatment interventions are usually implemented in a stepwise fashion addressing all
abnormalities that predispose to SDB (step 6) with re-evaluation after each intervention to detect residual
disease and to determine the need for additional treatment (step 7).
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Introduction
Obstructive sleep disordered breathing (SDB) is not a distinct disease, but rather a syndrome of upper airway
dysfunction during sleep characterised by snoring and/or increased respiratory effort secondary to increased
upper airway resistance and pharyngeal collapsibility [1, 2]. Obstructive SDB includes a spectrum of clinical
entities with variable severity of intermittent upper airway obstruction (table 1) [3, 4]. The term “obstructive
SDB” is used when symptoms of intermittent upper airway obstruction during sleep are present but the
severity of airway obstruction has not been defined by objective measures such as polysomnography.

In a meta-analysis of published studies, the prevalence of habitual snoring was 7.45% (95% CI 5.75–9.61)
[5]. The prevalence of obstructive sleep apnoea syndrome (OSAS) ranged from 0.1 to 13%, but most
studies demonstrated a frequency between 1 and 4% [5]. Apnoea–hypopnoea index (AHI) is the most
commonly reported polysomnographic parameter describing SDB severity in the literature.

Unique characteristics of this ERS statement
The unique characteristics of the current document compared with previously published guidelines [3, 6–12]
(see the online supplementary material) are as follows. 1) It refers to the entire severity spectrum of
obstructive SDB from primary snoring to OSAS in children aged 2–18 years old. 2) It discusses conditions
other than adenotonsillar hypertrophy and obesity which can predispose to obstructive SDB, including
craniofacial abnormalities and neuromuscular disorders. 3) It takes into account the available diagnostic
facilities and accepted treatment policies in different European countries, and describes alternative diagnostic
modalities that can be used in settings where polysomnography is not available. 4) It describes a step-by-step
diagnostic and treatment approach.

Methods
The European Respiratory Society (ERS) Scientific Committee approved the development of a document on
the diagnosis and management of obstructive sleep disordered breathing in childhood by a task force
(TF-2012-09) in April 2012. Experts from several European countries and from countries outside Europe
who were active within the ERS participated in the task force. All members signed forms disclosing conflicts
of interest annually. The document contains a series of questions, formed by consensus of all task force
members during two face-to-face meetings, with answers summarising the relevant literature. All answers
have been incorporated into a stepwise management algorithm for children aged 2–18 years (fig. 1).

A systematic search of the literature was completed by the two chairs of the task force to answer the formulated
questions. The MEDLINE, Scopus, Ovid, PsycINFO, EBSCO and CINAHL databases were searched for the
period between January 1970 and December 2012. An additional search was performed covering January 2013
until December 2014 in order to identify recently published articles prior to preparation of the final document.
Key words were: “adenoidectomy”; “adenoidal hypertrophy”; “adenotonsillar hypertrophy”; “polysomnography”;
“sleep apnoea”; “sleep-disordered breathing”; “sleep-related breathing disorders”; “snoring”; “tonsillar
hypertrophy”; “tonsillectomy”; “continuous positive airway pressure”; and “non-invasive positive pressure
ventilation”. The search was limited to articles in the English language and to humans aged 0–18 years. Articles
on apnoea of prematurity were excluded. The methodological quality of the articles was graded as class I–IV
according to the American Academy of Neurology Clinical Practice Guideline Process Manual [13]. The task
force methodology for the preparation of this document is detailed in the online supplementary material.

Results of the literature search
The initial search provided 15149 titles. After excluding articles on apnoea of prematurity, OSAS in adults
or non-humans, and articles not related to SDB as well as abstracts, letters and case reports, 3333 titles
remained. Titles relevant to the topics of this document were selected: 58 on definition of obstructive SDB;
375 on risk factors; 277 on pathophysiology; 207 on symptoms; 356 on diagnosis; 510 on morbidity; 70 on
natural history; and 464 on treatment. The additional literature search provided 140 references. Finally,
362 references were used to prepare the current document.

Stepwise approach to the diagnosis and management of SDB
Selected literature organised as a stepwise approach to the diagnosis and management of obstructive SDB is
presented in figure 1. A brief summary of the available evidence follows each question and extensive
description of the evidence along with additional references is presented in the online supplementary
material.

Support statement: Preparation of this manuscript was supported financially by the European Respiratory Society (ERS
Task Force 2012-09). Funding information for this article has been deposited with FundRef.
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Step 1: recognition of the child at risk for obstructive SDB
1.1 Which symptoms reported by parents are directly related to intermittent upper airway
obstruction?

Summary
Frequent loud snoring, witnessed apnoeas, restless sleep and mouth breathing are associated with the
presence of obstructive SDB.

Literature review
The relationship between snoring or other symptoms and OSAS has been described in at least two
population-based, cross-sectional studies (class IV) [14, 15]. The most common definitions of
habitual snoring are: “snoring present often/frequently” or “>3–4 nights per week” [5].

1.2 Which findings on physical examination are associated with obstructive SDB?
Summary
a) Clinical assessment of tonsillar size (Brodsky score) is a weak predictor of presence or severity
of obstructive SDB. Neither Friedman palate position nor the Mallampati score predict SDB
severity.

b) Allergic rhinitis may be associated with SDB and nasal septum deviation with habitual snoring. Nasal
turbinate hypertrophy increases the risk of mild OSAS.

c) Obesity is an independent risk factor for obstructive SDB.

d) Retrusive chin, steep mandibular plane, vertical direction of craniofacial growth and a tendency
towards class II malocclusion in non-syndromic children may contribute to obstructive SDB.

e) Midface deficiency (Apert syndrome, Crouzon syndrome, Pfeiffer syndrome, and unrepaired or repaired
cleft palate) and marked mandibular hypoplasia (Pierre Robin sequence, Treacher Collins syndrome,
Nager syndrome, Stickler syndrome and juvenile idiopathic arthritis) are associated with increased risk of
obstructive SDB.

f ) Neuromuscular disorders (cerebral palsy, Duchenne muscular dystrophy and myotonic muscular
dystrophy) and uncontrolled epilepsy are related to a high risk for OSAS and nocturnal
hypoventilation.

g) Complex abnormalities (achondroplasia, Chiari malformation, Down syndrome, Ehlers–Danlos
syndrome, mucopolysaccharidoses and Prader–Willi syndrome) have been related to OSAS and alveolar
hypoventilation.

TABLE 1 Definitions of obstructive sleep disordered breathing and its clinical entities

Definition

Obstructive sleep disordered
breathing (SDB)

A syndrome of upper airway dysfunction during sleep
characterised by snoring and/or increased respiratory
effort that result from increased upper airway resistance
and pharyngeal collapsibility

Obstructive SDB clinical entities
Primary snoring Habitual snoring (>3 nights per week) without apnoeas,

hypopnoeas, frequent arousals from sleep or gas
exchange abnormalities

Upper airway resistance syndrome Snoring, increased work of breathing, frequent arousals,
but no recognisable obstructive events or gas exchange
abnormalities

Obstructive hypoventilation Snoring and abnormally elevated end-expiratory carbon
dioxide partial pressure in the absence of recognisable
obstructive events

Obstructive sleep apnoea syndrome Recurrent events of partial or complete upper airway
obstruction (hypopnoeas, obstructive or mixed apnoeas)
with disruption of normal oxygenation, ventilation
and sleep pattern
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STEP 1: Child at risk for SDB if (one or more):
1.1 Symptoms of upper airway obstruction  (snoring, apnoea,  

        restless sleep, oral breathing) 

1.2  Findings on exam (tonsillar hypertrophy, obesity, midface   

 deficiency, mandibular hypoplasia, neuromuscular disorders,

 Down syndrome, Prader–Willi syndrome)

1.3  Objective findings related to SDB (lateral neck  radiography,   

 flexible nasopharyngoscopy, cephalometry, upper airway MRI 

        or CT)

1.4 Prematurity or family history of SDB

STEP 3: Recognition of factors predicting long-term persistence of SBD:
3.1
a)  Obesity and increasing BMI percentile

b)  Male sex

c)  Obstructive AHI >5 episodes·h–1

d)  African-American ethnicity

e)  Untreated tonsillar hypertrophy, narrow mandible

STEP 4: Objective diagnosis and assessment of SDB severity:
4.1 PSG or polygraphy if child at risk for SDB (see steps 1 and 2)

4.2  OSAS-definition 1: SBD symptoms in combination with 

        obstructive AHI ≥2 episodes·h–1 or obstructive apnoea index  

        ≥1 episode·h–1; OSAS-definition 2: SDB symptoms and AHI 

 ≥1 episode·h–1(including central events)

4.3  If AHI >5 episodes·h–1 SDB unlikely to resolve spontaneously 

        and child at risk for morbidity

4.4  If PSG or polygraphy not available: ambulatory PSG or    

        polygraphy, nocturnal oximetry, Paediatric Sleep 

        Questionnaire or Sleep Clinical Record

STEP 2: Recognition of morbidity and conditions coexisting with SDB:
2.1 Morbidity
Cardiovascular system
  a) Elevated blood pressure

  b) Pulmonary hypertension and cor pulmonale

Central nervous system
  a) Excessive daytime sleepiness

  b) Inattention/hyperactivity

  c) Cognitive deficits/academic difficulties

  d) Behavioural problems

Enuresis and somatic growth delay or growth failure
Decreased quality of life
2.2 Conditions coexisting with SDB (probably common pathogenesis)
  a) History of recurrent otitis media or tympanostomy tube placement

  b) Recurrent wheezing or asthma

  c) Metabolic syndrome

  d) Oral-motor dysfunction

STEP 5: Indications for treatment of SDB:
5.1
a) AHI >5 episodes·h–1 irrespective of the presence of morbidity

b) Treatment may be beneficial if AHI 1–5 episodes·h–1 especially in the presence of: morbidity from the cardiovascular system (see 2.1); morbidity from

 the central nervous system (see 2.1); enuresis; somatic growth delay or growth failure; decreased quality of life; risk factors for SDB persistence  

 (see 3)

c)  If at risk for SDB and PSG or polygraphy not available, treatment is considered when positive oximetry or SDB questionnaires (see 4.4) or morbidity  

 present

5.2 Unclear whether should treat primary snoring (evaluation annually)

5.3 OSAS treatment is a priority in the presence of: major craniofacial abnormalities; neuromuscular disorders; achondroplasia; Chiari malformation; 

   Down syndrome; mucopolysaccharidoses; Prader–Willi syndrome

STEP 6: Stepwise treatment approach to SDB#:
6.1 A stepwise treatment approach (from 6.2 to 6.9) is usually implemented until complete resolution of SDB

6.2 Weight loss if the child is overweight or obese

6.3 Nasal corticosteroids and/or montelukast p.o.
6.4 Adenotonsillectomy

6.5 Unclear whether adenoidectomy or tonsillectomy alone are adequate

6.6 Rapid maxillary expansion or orthodontic appliances

6.7 CPAP or NPPV (for nocturnal hypoventilation)

6.8 Craniofacial surgery

6.9 Tracheostomy 

STEP 7: Recognition and management of persistent SDB:
7.1 

a)  Outcomes monitored after intervention (6 weeks-12 months): symptoms, PSG, quality of life, cardiovascular or central nervous system

 morbidity, enuresis, growth rate

b)  If PSG not available: polygraphy, oximetry/capnography

c)  PSG ≥6 weeks after adenotonsillectomy (persistent SDB symptoms or at risk of persistent OSAS preoperatively); after 12 weeks of

 montelukast/nasal steroid

d)  PSG after 12 months of rapid maxillary expansion (earlier if symptoms persist) and after 6 months with an oral appliance

e)  PSG for titration of CPAP, NPPV and then annually; PSG as predictor of successful decannulation with tracheostomy

f)  Airway re-evaluation by nasopharyngoscopy, drug-induced sleep endoscopy, MRI

FIGURE 1 A stepwise approach to the diagnosis and management of obstructive sleep disordered breathing (SDB) in 2–18 year-old children. MRI:
magnetic resonance imaging; CT: computed tomography; BMI: body mass index; AHI: apnoea–hypopnoea index; PSG: polysomnography; OSAS:
obstructive sleep apnoea syndrome; CPAP: continuous positive airway pressure; NPPV: noninvasive positive pressure ventilation. #: for details on
indications, efficacy, adverse effects or complications of different treatment interventions see the main text.
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Literature review
a) In children with snoring, the adenoid and tonsils are large early in life and remain enlarged during late
childhood and adolescence (class IV) [16]. The association between tonsillar size evaluated subjectively
and OSAS severity as determined by polysomnography is weak at best. High-quality studies suggest no
association (meta-analysis) (class I) [17, 18]. Grading systems for pharyngeal anatomy, such as the
Friedman palate position or the Mallampati score, are not related to AHI in children with symptoms of
SDB (class I and IV) [19].

b) Evidence for the association between allergic rhinitis and OSAS comes from studies of low
methodological quality [20]. Nasal septum deviation increases the risk for habitual snoring (class IV) and
nasal turbinate hypertrophy is associated with mild OSAS (class I) [21, 22].

c) Class II–IV studies suggest that obesity is a risk factor for OSAS [23, 24], but the evidence is conflicting
[25–27].

d) One meta-analysis identified craniofacial characteristics consistent with OSAS [28], whereas a second
meta-analysis suggested that the differences between children with SDB and controls are of marginal
clinical significance [29].

e) All relevant publications are of class III or IV [30–32]. Not all studies concluded that repair of cleft
palate increases the risk of OSAS [32–34].

f ) Most studies are class III or IV and do not clearly describe risk factors for OSAS in children with
neuromuscular disorders [35–37]. Absence of diurnal or nocturnal symptoms does not exclude OSAS [38].
An inspiratory vital capacity of <60% may predict OSAS and <40% may predict OSAS with nocturnal
hypoventilation [39]. In children with Duchenne muscular dystrophy, age <10 years is associated with
obstructive SDB and adolescence is associated with the presence of sleep hypoventilation (class IV) [38].
Among children with epilepsy and symptoms of SDB, those with uncontrolled epilepsy more frequently
have OSAS than primary snoring (class IV) [40]. Children with OSAS have increased frequency of
interictal epileptiform discharges (class IV) [41].

g) Class III or IV studies have demonstrated a high prevalence of OSAS and central apnoeas in children with
achondroplasia (midface hypoplasia and brainstem compression) [42–44]. Chiari malformation is accompanied
by obstructive and central apnoeas and hypoventilation with risk factors being the degree of brainstem crowding
at the foramen magnum and the length of herniation (class III–IV) [45–48]. Children with Down syndrome are
predisposed to OSAS and hypoventilation due to midfacial and mandibular hypoplasia, shortened palate,
relative macroglossia, narrow lumen of the nasopharynx and pharyngeal hypotonia, although parents may not
report SDB symptoms (Class III–IV) [49–51]. Age <8 years, male sex and tonsillar hypertrophy are risk factors
for OSAS in children with Down syndrome [51, 52]. Ehlers–Danlos syndrome has been associated with SDB
(class IV) [53]. Mucopolysaccharidoses represent a group of rare lysosomal storage diseases and the reported
high prevalence of OSAS has been attributed to the narrowed upper airway lumen (class IV) [54–56]. The
majority of children with Prader–Willi syndrome have OSAS, mostly of mild severity (quantitative review) [57].
The severity of OSAS increases with younger age and higher body mass index (BMI) z-score [57]. Children
younger than 2 years more frequently have central apnoeas than older children [58].

1.3 Which techniques can be used for the objective evaluation of abnormalities predisposing to
obstructive SDB?
Summary
a) Increased adenotonsillar tissue size as demonstrated by lateral neck radiography (adenoid/
nasopharyngeal ratio or tonsillar/pharyngeal ratio >0.5) has good sensitivity but poor specificity for OSAS,
which can be improved with the assimilation of clinical factors (mouth breathing and enuresis).

b) Flexible nasοpharyngoscopy under local anaesthesia sometimes replaces lateral radiography to avoid
radiation exposure.

c) Cephalometry, magnetic resonance imaging (MRI) or computed tomography (CT) of the upper airway,
functional respiratory imaging, and acoustic pharyngometry are useful for the evaluation of pharyngeal
airway size in selected cases.

Literature review
a) Low quality studies (class III–IV) suggest that increased adenotonsillar tissue size as detected by lateral
neck radiography overdiagnoses OSAS in children [59–61].

b) Flexible nasopharyngoscopy has been used in otherwise healthy children with SDB and in young
children with Pierre Robin sequence (class IV) [26, 62].
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c) Cephalometry is a standardised lateral radiographic view of the head incorporating skeletal and
soft-tissue structures (systematic review and meta-analysis) [29]. MRI of the upper airway has been applied
in studies of children with OSAS and adenotonsillar hypertrophy and/or obesity (class III–IV) [16, 63–65].
CT scanning has been applied in complex patients (e.g. those with mandibular hypoplasia and
mucopolysaccharidoses), but its disadvantage is radiation exposure (class IV) [66, 67]. There is limited
evidence for the clinical value of functional respiratory imaging (a CT scan with three-dimensional
reconstruction of the pharynx and computational fluid dynamics modelling of inspiratory flow) and
acoustic pharyngometry (class IV) [68–70].

1.4. Which conditions from past medical and family history are significant predictors of
obstructive SDB?
Summary
a) History of prematurity.

b) Parental history of OSAS or adenotonsillectomy in childhood as well as sibling history of OSAS or
adenotonsillar hypertrophy.

Literature review
a) One class I and several class III and IV studies support the association between a history of prematurity
and obstructive SDB [71–73].

b) Low-quality evidence (class III–IV) indicates an increased risk of OSAS and adenotonsillar hypertrophy
in children with a family history of OSAS or enlarged pharyngeal lymphoid tissue [74–77].

Step 2: recognition of morbidity and conditions frequently coexisting with SDB
2.1. Which abnormalities have increased prevalence in children and adolescents with obstructive
SDB and reflect associated morbidity?
Summary
Morbidity from the cardiovascular system
a) Elevated blood pressure (∼3.5 mmHg elevation in wake and sleep systolic and diastolic blood pressure),
rarely exceeding the 95th percentile value, has been demonstrated in children with AHI >5 episodes·h−1.
When blood pressure exceeds the 95th percentile value in the context of snoring, the possibility of OSAS
needs to be ruled out.

b) Children with severe OSAS are at risk of pulmonary hypertension and cor pulmonale especially in the
presence of complex disorders (e.g. Down syndrome, Duchenne muscular dystrophy and
mucopolysaccharidoses).

Morbidity from the central nervous system
a) Children with obstructive SDB and especially those who are obese tend to have excessive daytime
sleepiness.

b) Obstructive SDB irrespective of its severity is associated with increased frequency of inattention/
hyperactivity symptoms.

c) Children with obstructive SDB may have increased prevalence of cognitive deficits and academic
difficulties (general intelligence, verbal intelligence, executive function, learning, memory, visuospatial
skills, language, phonological skills, concept formation, analytical thinking and mathematical abilities).

d) Children with SDB have increased frequency of behavioural disorders (conduct problems, emotional
lability, anxiety and depressive symptoms).

Enuresis and somatic growth delay or growth failure
a) Prevalence of nocturnal enuresis is positively correlated with severity of obstructive SDB.

b) Children with obstructive SDB are at risk of reduced somatic growth rate or even growth failure (weight
or height below the fifth percentiles for age and sex).

Decreased quality of life
SDB has been associated with caregiver concerns regarding sleep disturbance, general health status,
daytime functioning, behavioural problems and academic performance.
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Literature review
Morbidity from the cardiovascular system
a) A meta-analysis did not demonstrate an association between OSAS and blood pressure [78]. Four
subsequent cross-sectional studies (class IV) identified a significant association [79–82], but one case–
control study did not confirm this finding [83]. In a published consensus statement on childhood
hypertension, polysomnography for the exclusion of OSAS in children presenting with hypertension and
snoring is recommended [84]. Average nocturnal heart rate increases with increasing AHI (3 beats per
minute higher for an AHI of 10 episodes·h−1 as compared with 2 episodes·h−1) (class I) [85].

b) Low-quality evidence supports this association (class IV) [55, 86–89]. Effects of OSAS on left ventricle
structure and function are subtle and without clinical importance in otherwise healthy children.

Morbidity from the central nervous system
a) The association between excessive daytime sleepiness and OSAS is supported mainly by studies of low
methodological quality (class IV) [90–93]. Few studies have employed multiple sleep latency tests (class I
and III) [94–96].

b) Three meta-analyses have addressed the association between attention deficit/hyperactivity symptoms and
SDB, and the most recent of them has demonstrated significant results [97–99]. Published data from the
Tucson Children’s Assessment of Sleep Apnoea Study (TuCASA study) (a prospective, population-based
cohort) indicate a significant relationship between SDB and hyperactivity/inattention (class I) [100].

c) Studies of low methodological quality (class III or IV) reveal that children with SDB have an increased
prevalence of cognitive impairment and academic difficulties, which does not correlate with
polysomnography indices [101, 102]. In a large population-based cohort study, children with mild SDB
showed no significant impairment in intelligence, verbal and nonverbal reasoning ability, attention,
executive functioning, memory, processing speed and visual-motor skill compared with children without
SDB (class I) [103].

d) Results of the TuCASA study reveal a significant association of SDB with behavioural problems (aggression,
lower social competency, poorer communication and/or diminished adaptive skills) (class I) [100]. This
association has also been found in studies of low methodological quality (class III or IV) [104, 105].

Enuresis and somatic growth delay or growth failure
a) Three class IV studies support an association between frequency of nocturnal enuresis and SDB severity
[106–108]. Resolution or decreased frequency of enuresis after treatment of SDB is indicative of an
aetiological relationship between the two conditions as suggested by a systematic review [109].

b) In six out of 20 studies included in a systematic review and meta-analysis, growth failure was reported
in a proportion of participants with SDB [110]. After adenotonsillectomy, a significant increase in weight
and height z-scores was noted [110].

Decreased quality of life
In a meta-analysis of 10 studies, children with OSAS had poorer scores in the Child Health Questionnaire
than healthy children and similar scores to those of patients with juvenile rheumatoid arthritis [111].
Starting early in life, children with OSAS have increased utilisation of healthcare services, mostly related to
respiratory morbidity and thus increased societal costs (class III) [112]. Both generic and disease-specific
health-related quality of life measures improve after adenotonsillectomy (class I) [113].

2.2. Which conditions frequently coexist with obstructive SDB (possibly common pathogenetic
mechanisms) and may potentially improve with treatment of SDB?
Summary
a) Obstructive SDB is associated with recurrent otitis media and history of tympanostomy tube placement.

b) Recurrent wheezing or asthma frequently coexists with obstructive SDB and low quality evidence
indicates that adenotonsillectomy may improve asthma outcomes.

c) Metabolic syndrome frequently coincides with SDB and weight loss may improve both conditions.

d) Oral-motor dysfunction (difficulties with chewing, swallowing and articulation) may coexist with
adenotonsillar hypertrophy and obstructive SDB, and may improve following adenotonsillectomy.

Literature review
a) In a large population-based study, habitual snoring was a risk factor for recurrent otitis media and the
need for tympanostomy tube placement (class IV) [114].
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b) In a systematic review, increased prevalence of snoring or elevated AHI has been demonstrated in
children with history of wheezing or physician-diagnosed asthma [115]. In a class III report, SDB was a
predictor of asthma severity, and in two retrospective cohort studies, adenotonsillectomy was accompanied
by improved asthma outcomes (class II and IV) [116–118].

c) A few cross-sectional studies (class IV) (population-based or hospital-referred subjects) showed an
increased prevalence of the metabolic syndrome among children with OSAS or associations between
polysomnography indices and components of the metabolic syndrome [119, 120].

d) Adenotonsillar hypertrophy can be accompanied by dysfunction in chewing, swallowing and speech,
which may improve after adenotonsillectomy (class IV) [121–124].

Step 3: recognition of factors predicting long-term persistence of obstructive SDB
3.1. Is there evidence from short-term controlled studies or long-term prospective studies
regarding predictors of spontaneous resolution or long-term persistence of untreated
obstructive SDB?
Summary
Risk factors for persistence of untreated SDB are as follows.

a) Obesity and increasing BMI percentile

b) Male sex

c) Severity of OSAS (obstructive AHI >5 episodes·h−1) (step 4)

d) African-American ethnicity

e) Persistent tonsillar hypertrophy and a narrow mandible

Literature review
a–d) Risk factors for persistence of untreated OSAS were identified in three prospective, cohort studies
(class I) [125–127].

e) Persistent, untreated tonsillar hypertrophy and a narrow mandible predict persistent SDB (class III)
[128, 129].

Step 4: objective diagnosis and assessment of obstructive SDB severity
4.1. What are the indications for in-laboratory polysomnography and polygraphy (airflow
monitoring, chest and abdominal wall movements, and pulse oximetry) in the context of
obstructive SDB?
Summary
a) Polysomnography or polygraphy is indicated in children with symptoms of obstructive SDB and prior
to adenotonsillectomy especially in the presence of: obesity; craniofacial deformities; neuromuscular
disorders; complex abnormalities (e.g. Chiari malformation, Down syndrome and Prader–Willi syndrome);
or when the need for treatment is unclear.

b) Polysomnography or polygraphy has been recommended post-adenotonsillectomy in patients with:
persistent symptoms of OSAS despite surgery; moderate-to-severe OSAS preoperatively; and obesity,
craniofacial deformities, neuromuscular disorders or complex abnormalities (e.g. Chiari malformation,
Down syndrome and Prader–Willi syndrome).

c) Polysomnography or polygraphy is indicated prior to and after rapid maxillary expansion or application
of orthodontic appliances, continuous positive airway pressure (CPAP) and noninvasive positive pressure
ventilation (NPPV) for treating OSAS.

Literature review
a–c) The literature on indications for polysomnography has been summarised by a Task Force of the
American Academy of Sleep Medicine (AASM) [11, 12]. In the American Academy of Pediatrics Clinical
Practice Guideline on childhood OSAS, objective testing is recommended for the diagnosis of OSAS and
overnight, attended, in-laboratory polysomnography is considered the gold standard test [7]. Nocturnal
video recording, nocturnal oximetry, daytime nap polysomnography, or ambulatory polysomnography are
proposed as alternative diagnostic modalities if nocturnal, in-laboratory polysomnography is not available.
An American Academy of Otolaryngology – Head and Neck Surgery Clinical Practice Guideline limited the
indications for polysomnography prior to tonsillectomy to children at risk for OSAS due to obesity, Down
syndrome, craniofacial abnormalities, neuromuscular disorders, sickle cell disease or mucopolysaccharidoses
[130]. In addition, polysomnography is recommended in children without comorbidities but for whom the
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need for treatment is uncertain or there is discordance between the reported severity of SDB and the size of
the tonsils. The ERS Task Force members agree that polysomnography is the gold standard test for the
diagnosis of OSAS and assessment of its severity. Polysomnography may not always be fiscally or practically
feasible, in which case one or more of the alternative objective diagnostic methods described in section 4.4
(i.e. nocturnal oximetry or validated questionnaires) should be used instead. Previously untreated, otherwise
healthy, non-obese children at risk for obstructive SDB due to adenotonsillar hypertrophy may be of low
priority for polysomnography.

4.2. What are the cut-off values of cardiorespiratory parameters in polysomnography or
polygraphy for the diagnosis of OSAS?
Summary
a) Rules for the scoring of sleep and respiratory events in polysomnography or polygraphy recordings are
provided in the AASM manual [9]. The AHI (the number of mixed, obstructive and central apnoeas and
hypopnoeas per hour of total sleep time) is the most commonly used polysomnography parameter for the
description of SDB severity.

b) Central apnoeas are included in the AHI as stated in the AASM scoring rules. It is helpful to report the
central apnoea index and obstructive AHI (i.e. AHI without incorporating central apnoeas). An elevated central
apnoea index (>1 episode·h−1) in children with obstructive SDB may decrease post-adenotonsillectomy.

c) The upper centiles of the frequency of respiratory events (apnoeas, hypopnoeas and desaturation events)
in asymptomatic children and the lower centiles in children with SDB overlap. Therefore,
polysomnography parameters are interpreted taking into consideration the presence of symptoms and
SDB-related morbidity, and the expected response to treatment interventions.

d) In children without SDB symptoms or morbidity, or abnormalities predisposing to SDB, the 90th
percentile for the AHI (AASM 2007 scoring rules) is 3.2 episodes·h−1 for the second year of life, up to
2.5 episodes·h−1 for the ages >2 and ⩽6 years, and up to 2.1 episodes·h−1 for the ages >6 and <18 years.

e) OSAS definition 1: if OSAS is defined as an obstructive AHI ⩾2 episodes·h−1 or an obstructive apnoea
index (obstructive apnoeas per total sleep time) ⩾1 episode·h−1 in the presence of SDB symptoms,
adenotonsillar hypertrophy with or without obesity and no other abnormalities, it is likely that the AHI
will become normal after adenotonsillectomy. This likelihood is lower with mild OSAS (obstructive AHI of
2–5 episodes·h−1) than with moderate-to-severe OSAS (obstructive AHI >5 episodes·h−1).

f ) OSAS definition 2 (used in most published studies): when OSAS is defined as SDB symptoms in
combination with an AHI ⩾1 episode·h−1, there is improvement in symptoms of inattention and
hyperactivity following adenotonsillectomy. Children with moderate-to-severe OSAS (AHI >5 episodes·h−1)
have significant elevations in average wake systolic, and wake and sleep diastolic blood pressure compared
with controls (AHI ⩽1 episode·h−1).

g) In children without craniofacial or neuromuscular disorders, AHI >1 episode·h−1 on polygraphy
predicts AHI >1 episode·h−1 on polysomnography with moderate sensitivity (88%) and specificity (71%).

h) It is difficult to distinguish primary snoring from upper airway resistance syndrome without using an
oesophageal catheter. Differentiation of the two entities is of unknown clinical importance. Primary
snoring (AHI <1 episode·h−1 and no associated gas exchange abnormalities or frequent arousals) might be
accompanied by elevated blood pressure or increased risk of morbidity from the central nervous system.
The effects of treatment interventions are unclear.

Literature review
a, b) According to the 2012 update of the AASM manual either paediatric or adult scoring rules may be
used for adolescents between 13 and <18 years of age [10]. Application of the paediatric scoring rules
results in a higher value for the AHI and, potentially, in more adolescents being diagnosed with OSAS
[131, 132]. Inclusion of central apnoeas in the AHI is recommended in the 2007 AASM manual and its
2012 update [9, 10]. Central apnoeas in children are associated with fluctuations in heart rate and blood
pressure, and movement-induced central apnoeas (after movement or sigh) are more common in children
with OSAS (class IV) [133]. There is one class IV study demonstrating reduction in the central apnoea
index in children with OSAS post-adenotonsillectomy [134].

c, d) In a class III multicentre study, median, 10th and 90th percentile values of polysomnography
parameters for 1–18 year-old healthy, non-obese children without symptoms of SDB were reported. Values
presented in statement 4.2, point d above have been adjusted to the AASM scoring rules [135]. Reference
values have also been provided in older studies prior to publication of the AASM scoring rules [136–144].
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e) The Childhood Adenotonsillectomy Trial (CHAT) indicated that children who fulfilled the criteria for
OSAS definition 1 had a higher frequency of a normal polysomnography following adenotonsillectomy
than untreated controls (class I) [126]. Normalisation of polysomnography parameters following
adenotonsillectomy is more frequent in children with obstructive AHI >4.7 episodes·h−1

(moderate-to-severe OSAS) than in children with lower AHI (mild OSAS) (class I) [126].

f ) OSAS definition 2 is supported by a recent meta-analysis demonstrating that adenotonsillectomy for an
AHI ⩾1 episode·h−1 is accompanied by modest improvement in symptoms of inattention and
hyperactivity [145]. Children with AHI >5 episodes·h−1 have increased risk of elevated blood pressure
compared with healthy controls (class III) [81]. There are no high-quality studies supporting the validity
of OSAS definitions 1 and 2 in children with abnormalities other than adenotonsillar hypertrophy or
obesity (e.g. craniofacial abnormalities or neuromuscular disorders).

g) A cut-off AHI >1 episode·h−1 for the diagnosis of OSAS by polygraphy is based on the meta-analysis of
two studies [146].

h) Very limited evidence supports the relationship between primary snoring and elevated blood pressure
(class IV) [147]. A review article has summarised evidence on cognitive and behavioural deficits in children
with primary snoring [148]. No evidence for the beneficial effects of treatment interventions for primary
snoring is available.

4.3. What is the value of assessing obstructive SDB severity objectively?
Summary
a) Severity of obstructive SDB is positively associated with risk of morbidity and more specifically elevated
blood pressure and enuresis but not presence of sleepiness, behavioural and cognitive abnormalities.

b) Moderate-to-severe OSAS is less likely to resolve without treatment when compared with mild OSAS.

c) Frequency of respiratory complications in the immediate post-adenotonsillectomy period has been
reported to increase with increasing severity of OSAS as measured by polysomnography parameters.
However, the frequency of post-operative respiratory complications in school-aged children without
comorbidities is low irrespective of the OSAS severity.

d) Likelihood of residual OSAS after adenotonsillectomy increases in parallel with preoperative disease severity.

Literature review
a) Children with AHI >5 episodes·h−1 have an increased risk of elevated blood pressure compared with
healthy controls (class III) [81]. Primary nocturnal enuresis among children with snoring referred for
polysomnography is a significant predictor of OSAS severity (class IV) [106]. However, neither the AHI
nor sophisticated measures of sleep fragmentation, such as respiratory cycle-related electroencephalogram
(EEG) changes, are associated with behavioural problems, cognitive deficits or sleepiness, and they do not
explain the improvement in neurobehavioral outcomes following adenotonsillectomy (meta-analysis, class
III and IV) [92, 145, 149, 150].

b) In the CHAT study, participants with moderate-to-severe disease (AHI >4.7 episodes·h−1) assigned to
watchful waiting were less likely to improve spontaneously compared with those with mild disease (class I) [126].

c) In class II–IV studies, severity of OSAS was a significant predictor of respiratory complications
(reintubation, unplanned intensive care unit (ICU) admission or interventions to prevent airway
compromise such as bag-mask ventilation, CPAP, nasopharyngeal or oropharyngeal airway placement)
post-adenotonsillectomy [151–153]. AHI >26 episodes·h−1 and more than three drops in oxygen saturation
of haemoglobin below 90% were significant predictors of post-operative respiratory complications (class
IV) [152, 154]. In the CHAT study, the frequency of respiratory complications in school-aged children
without comorbidities were low (1.4%) and was not predicted by OSAS severity (class I) [155].

d) In the CHAT study, moderate-to-severe OSAS at baseline was a significant risk factor for OSAS
persistence post-adenotonsillectomy (class III) [126]. However, a multicentre retrospective study provided
less convincing evidence for the importance of OSAS severity as a predictor of disease persistence
post-operatively (class IV) [156].

4.4. What are the alternative tools for the diagnosis of obstructive SDB if polysomnography or
polygraphy are not available?
Summary
None of the alternative methods can substitute for polysomnography but they may be used in low resource
settings.
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a) Ambulatory polysomnography or most often polygraphy (an unattended sleep study at home) is feasible
and has been used as alternative to in-laboratory polysomnography.

b) Nocturnal pulse oximetry (continuous recording with trend analysis and an averaging time of 3 s or
less): an abnormal oximetry (three or more clusters of desaturation events ⩾4% and at least three
desaturations to <90%, known as the McGill criteria) is used for the diagnosis and treatment of the most
severe OSAS cases but the rate of false negative or inconclusive results is high; children with Down
syndrome have high prevalence of OSAS as reflected by abnormal oximetry; in 2–18 year-old healthy
children without symptoms of SDB, the 90th percentile of the oxygen desaturation (⩾3%) index does not
exceed 1.2 episodes·h−1; and an oxygen desaturation (⩾4%) of haemoglobin index >2 episodes·h−1 in
children with adenotonsillar hypertrophy and snoring predicts an AHI of >1 episode·h−1 with variable
sensitivity and specificity.

c) The pulse transit time arousal index may be useful for the detection of respiratory events.

d) The Brouillette score and OSA-18 score (quality of life) have poor sensitivity and specificity for the
prediction of polysomnography results.

e) The Paediatric Sleep Questionnaire is a useful tool for the prediction of obstructive AHI >5 episodes·h−1,
OSAS-related neurobehavioural morbidity and its improvement after adenotonsillectomy.

f ) A score ⩾6.5 in the Sleep Clinical Record among children with snoring has high sensitivity and low
specificity in diagnosing OSAS (AHI >1 episode·h−1).

Literature review
a) In two class IV studies using full polysomnography at home, the rate of technically acceptable
recordings was over 95% [157, 158]. Nasal pressure and thermistor signals had the most artefacts.
Polygraphy with limited montage (airflow, respiratory effort, oximetry and electrocardiography) has also
been used (class II and IV) [73, 159]. The sensitivity of ambulatory polysomnography or polygraphy for
the diagnosis of OSAS was ∼90% (class II) [73, 160].

b) In children with adenotonsillar hypertrophy and/or obesity, an abnormal oximetry according to the
McGill criteria corresponds to OSAS of at least moderate severity but a negative result does not exclude
OSAS with certainty (class III) [152]. An abnormal oximetry in children with Down syndrome with
clinical suspicion of obstructive SDB is frequent but it may reflect not only OSAS but also an elevated
central apnoea index (⩾2 episodes·h−1) (class IV) [161]. A child with negative/inconclusive oximetry
undergoing adenotonsillectomy for SDB has a low risk of post-operative respiratory complications (class
III) [152, 162]. Normative values for oxygen desaturation index (⩾3% drop) in healthy children have been
provided in a class III study [135]. Oxygen desaturation (⩾4%) of haemoglobin index >2 episodes·h−1 in
children with snoring may be a predictor of AHI >1 episode·h−1 in polysomnography (class III) [163].

c) Pulse transit time is the interval between the R wave of the electrocardiogram and the arrival of the
photoplethysmographic pulse at the finger. Published evidence supporting its use is limited (class III–IV)
[164, 165].

d) Low sensitivity and specificity for diagnosing OSAS by the OSAS score were found in a meta-analysis
[166]. A class III study has demonstrated low sensitivity and specificity of OSA-18 score of >60 for
predicting AHI >1 episode·h−1 [167].

e) The Paediatric Sleep Questionnaire is a useful instrument since it may predict OSAS-related
neurobehavioural morbidity and its improvement after adenotonsillectomy better than the AHI, but its
sensitivity and specificity for diagnosing OSAS are 78% and 72%, respectively (class I and II) [168].

f ) A total score ⩾6.5 on the Sleep Clinical Record is considered positive for OSAS with a sensitivity of
96.05% and a specificity of 67% for an AHI >1 episode·h−1 (class IV) [169].

Step 5: indications for treatment of obstructive SDB
5.1. In which cases and why is obstructive SDB usually treated?
Summary
a) An AHI >5 episodes·h−1 has been used as an indication for treatment irrespective of the presence of
morbidity but lower cut-off values have also been applied (obstructive AHI ⩾2 episodes·h−1 and/or
obstructive apnoea index >1 episode·h−1).

b) If AHI is 1–5 episodes·h−1, treatment has been shown to be beneficial especially in the presence of:
morbidity from the cardiovascular system; morbidity from the central nervous system; enuresis; somatic
growth delay or growth failure; decreased quality of life; or risk factors for persistence of SDB. The effect
of treatment on excessive daytime sleepiness, hyperactivity/inattention, academic difficulties and cognitive
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deficits is modest at best and it is predicted by the severity of symptoms prior to treatment and not by the
pretreatment AHI. The frequency of enuresis decreases and weight and height percentiles increase even in
obese children.

c) In the context of clinical suspicion of obstructive SDB and if polysomnography is not available,
treatment is considered when an alternative diagnostic method indicates OSAS or in the presence of
SDB-associated morbidity.

Literature review
a) Nonrandomised, uncontrolled studies which included children who underwent surgical resection of
adenoids and/or tonsils with a mean preoperative AHI of 6.4–69.3 episodes·h−1 were reviewed in two
meta-analyses [170, 171]. After adenotonsillectomy, AHI decreased. In the CHAT study, a subgroup of
children with mild OSAS (i.e. obstructive AHI ⩾2 episodes·h−1 or obstructive apnoea index >1 episode·h−1

but obstructive AHI ⩽4.7 episodes·h−1) underwent adenotonsillectomy irrespective of the presence of
morbidity (class I) [126]. However, due to the high frequency of spontaneous resolution of mild OSAS
(65%) over a follow-up period of 6 months, the number of children with mild disease needed to treat to
prevent persistence of OSAS in one child was five. In contrast, the number of children with
moderate-to-severe OSAS needed to treat to prevent persistence of disease in one was three. Thus,
adenotonsillectomy is more efficacious regarding improvement in polysomnography parameters when
offered to patients with an AHI >5 episodes·h−1.

b) In a retrospective, cohort study, 445 children with mild OSAS were treated with an intranasal
corticosteroid and oral montelukast for at least 12 weeks and had follow-up polysomnography (class IV)
[172]. OSAS resolved (obstructive AHI <1 episode·h−1) in 62% of treated children, a rate similar to the
spontaneous resolution rate of mild OSAS in the CHAT study. The health benefits of lowering an AHI of
1–5 episodes·h−1 to <1 episode·h−1 are unclear, unless there is OSAS-associated morbidity or risk factors
for OSAS persistence in the long-term.

The effects of adenotonsillectomy on cardiovascular parameters in children with OSAS have been
evaluated in studies of low methodological quality (class III or IV), which have been summarised in two
systematic reviews and in one systematic review/meta-analysis, and have also been evaluated in the CHAT
study (class I) [85, 173–175]. A decrease in pulmonary artery pressure and improvement in
echocardiographic parameters of cardiac structure and function were reported. The effects on blood
pressure were not consistent in all studies but overall reduced levels were recorded after OSAS resolution.
In the CHAT study, for each 5 episodes·h−1 improvement in the AHI and 5 mmHg reduction in the
peak end-tidal carbon dioxide there was a reduction in heart rate of 1 and 1.5 beats per min, respectively
(class I) [85].

In one class II study a reduction in sleepiness following adenotonsillectomy for mild-to-moderate OSAS
was found [176]. Adenotonsillectomy was associated with moderately decreased attention-deficit and
hyperactivity disorder symptoms at 2–13 months post-operatively including cases of mild OSAS
(meta-analysis) [145]. In the CHAT study, changes in the attention and executive function objective scores
from baseline to follow-up did not differ between the early-adenotonsillectomy and the watchful-waiting
study groups (class I) [126]. However, there was a significant improvement in executive functioning,
attention, behaviour and excessive daytime sleepiness as rated by parents, which was predicted by the
preoperative severity of symptoms but not by the AHI (class I) [113, 177]. Similarly, two systematic
reviews of mostly class III and IV studies concluded that adenotonsillectomy is followed by improvements
in behavioural problems and neurocognitive skills irrespective of SDB severity [178, 179].

A systematic review highlighted the beneficial effect of adenotonsillectomy as a treatment for OSAS on the
prevalence of enuresis even in children with mild disease [109].

In a systematic review and meta-analysis, pooled data from 10 studies of children with SDB and
adenotonsillar hypertrophy are consistent with significant increases in weight and height z-scores
post-operatively [110]. The increase in BMI z-score is positively associated with the AHI prior to
adenotonsillectomy (class I) [180]. Obese children with adenotonsillar hypertrophy and OSAS are at risk
of accelerated weight gain after adenotonsillectomy and OSAS recurrence (class I and III) [180, 181].

Two meta-analyses have reviewed evidence of low methodological quality demonstrating improvement in
parameters of quality of life after adenotonsillectomy [111, 178]. In the CHAT study, improvement in
quality of life and symptom severity measures following adenotonsillectomy correlated weakly with
changes in polysomnography parameters and was not influenced significantly by the baseline OSAS
severity (class I) [113]. Rapid maxillary expansion was accompanied by an improvement in quality of life
in children at high risk of OSAS (class IV) [182].
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Treatment has been shown to be beneficial to children at risk of persistent OSAS (male sex, obese, with
persistent tonsillar hypertrophy) (class I and III) [126, 127, 183].

c) A positive respiratory polygraphy or nocturnal oximetry in the context of clinical symptoms indicative
of obstructive SDB has been used as an indication for adenotonsillectomy (class III or IV) [136, 162, 184].
Results of the CHAT study indicate that improvements in morbidity from the central nervous system,
quality of life and symptoms of SDB occur post-adenotonsillectomy regardless of the severity of
abnormalities in preoperative polysomnography (class I) [113, 177].

5.2. Is the treatment of primary snoring beneficial?
Summary
It is unclear whether or not children with primary snoring benefit from treatment interventions.

Literature review
Although there is evidence that primary snoring is accompanied by elevated nocturnal diastolic blood
pressure, cognitive deficits and behavioural abnormalities, there are no studies addressing the efficacy of
treatment interventions [147, 148].

5.3. Are there conditions predisposing to upper airway obstruction which make treatment of
obstructive SDB a priority?
Summary
a) Major craniofacial abnormalities

b) Neuromuscular disorders

c) Achondroplasia

d) Chiari malformation

e) Down syndrome

f) Mucopolysaccharidoses

g) Prader–Willi syndrome

Literature review
a) Patients with syndromic craniosynostosis and OSAS are at risk for pulmonary hypertension and they
may benefit from interventions including adenotonsillectomy (class IV) [185, 186].

b) Children with Duchenne muscular dystrophy and nocturnal hypoxaemia not receiving treatment for
SDB are at risk of pulmonary hypertension (class IV) [89]. Patients with cerebral palsy and OSAS have
improvements in symptoms and quality of life when CPAP, adenotonsillectomy or other surgical
interventions are implemented to relieve upper airway obstruction compared with untreated children (class
IV) [187–189].

c) Class III or IV studies have demonstrated high prevalence of OSAS, central apnoeas or central
hypoventilation, and pulmonary hypertension in children with achondroplasia and improvement after
adenotonsillectomy, weight loss, CPAP, NPPV or surgical dorsal decompression of the craniovertebral
junction [42–44, 190, 191].

d) Posterior fossa decompression may improve central and obstructive respiratory events, but NPPV is
frequently necessary [46, 192].

e) Children with Down syndrome and OSAS are at risk of arterial pulmonary hypertension (class IV) [87,
88]. They are less likely to respond to adenotonsillectomy compared with children with OSAS but without
Down syndrome and may require oxygen administration, CPAP or NPPV (class III or IV) [193, 194].
Other interventions include maxillary or midface advancement, tonsillar pillar plication, anterior tongue
reduction, tongue–hyoid advancement, uvulopalatopharyngoplasty, laryngotracheoplasty and tracheostomy
(class IV) [87, 88].

f ) Children with mucopolysaccharidoses have high prevalence of OSAS which may be complicated by
pulmonary hypertension. Adenotonsillectomy and enzyme replacement therapy may decrease OSAS
severity [54, 55].

g) The majority of children with Prader–Willi syndrome have OSAS, mainly of mild severity and without
reported symptoms [57]. Response to adenotonsillectomy is less favourable compared with children with
OSAS but without Prader–Willi syndrome [57]. Nocturnal hypoxaemia is common even if OSAS is not
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present [195]. Growth hormone has been used to increase lean tissue mass and growth velocity, but severe
OSAS may develop within 6 weeks after initiation of treatment [196, 197].

5.4. Are children at risk for obstructive SDB but with negative polysomnography usually
re-evaluated?
Summary
Children with primary snoring may need re-evaluation annually since those who are overweight/obese may
develop OSAS.

Literature review
Some children with primary snoring may develop OSAS in the long-term (class I and IV) [125, 198].

Step 6: stepwise treatment approach for obstructive SDB
6.1. Is there evidence that treatment interventions for obstructive SDB in childhood should follow
a stepwise approach?
Summary
Treatment interventions are applied in a stepwise fashion until complete resolution of SDB. Depending on
the severity and underlying conditions predisposing to upper airway obstruction during sleep different
treatment modalities are often combined.

Literature review
The appropriate sequence of treatment interventions for children with SDB has not been studied
extensively. In a small prospective, cohort study, children with OSAS, enlarged tonsils and narrow
maxillary complex were treated with either adenotonsillectomy followed by rapid maxillary expansion or
vice versa (class II). Both procedures were necessary to achieve an AHI <1 episode·h−1 [199].

6.2. What are the indications and efficacy of weight loss in children with obstructive SDB?
Summary
Massive weight loss (>0.5 decrease in BMI z-score) is an effective treatment intervention for OSAS in
obese adolescents but there is no evidence regarding the efficacy of weight loss in overweight or obese
children.

Literature review
Limited data from retrospective cohort studies generated from residential treatment centres or reports on
bariatric surgery support this recommendation (class IV) [200–202]. The effects of weight loss on an
outpatient basis have not been studied. There are no studies for the efficacy of weight loss as a treatment
intervention for OSAS in young obese children.

6.3. What are the indications, efficacy and potential complications of nasal corticosteroids or
montelukast in children with obstructive SDB?
Summary
a) Nasal corticosteroids and/or montelukast administered for 6–12 weeks have been shown to decrease the
severity of mild-to-moderate OSAS with a less favourable response in children who are obese or older than
6 years.

b) There are no data regarding improvement of SDB-related morbidity after treatment with nasal
corticosteroids or montelukast.

c) Use of nasal corticosteroids has been considered from the age of 2 years. Montelukast is well-tolerated.

Literature review
a–c) The efficacy of montelukast or nasal corticosteroids in mild or mild-to-moderate OSAS has been
explored by three class I studies [203–205] and one class IV study [206]. The favourable effects of a
12-week combination of intranasal corticosteroid with oral montelukast for mild OSAS have been
evaluated (class IV), but the frequency of OSAS resolution did not differ from that of untreated children
in the CHAT study [126, 172]. Beneficial effects of intranasal corticosteroid and montelukast may be due
to reduction of the adenoidal size (meta-analysis, class I and IV) [206–208]. The long-term efficacy and
side-effects of these medications have not been studied and this is a limiting factor in their use for many
healthcare providers. Further research is necessary regarding the long-term efficacy and safety of
montelukast and intranasal corticosteroids [209, 210].
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6.4. What are the indications, efficacy and potential complications of adenotonsillectomy in
children with obstructive SDB?
Summary
a) Adenotonsillectomy is indicated in children with OSAS and adenotonsillar hypertrophy, and most
improvement in polysomnography abnormalities occurs in those with an AHI >5 episodes·h−1. In
otherwise healthy, non-obese children, the success rate of adenotonsillectomy (AHI <1 episode·h−1) is
∼75%. OSAS may recur after the initial post-operative improvement.

b) Risk factors for OSAS persistence post-adenotonsillectomy include: severe OSAS, obesity, history of
asthma, inferior turbinate hypertrophy, nasal septum deviation, Mallampati score 3 or 4, retro-position of
the mandible, syndromic craniosynostosis (midface hypoplasia), Down syndrome, achondroplasia, cerebral
palsy and Prader–Willi syndrome.

c) Adenotonsillectomy is accompanied by improvements in quality of life, symptoms of SDB and
SDB-associated morbidity (i.e. growth delay, frequency of enuresis, pulmonary hypertension, cor
pulmonale, increased heart rate and morbidity from the central nervous system).

d) Dehydration, nausea and vomiting are minor complications, and local bleeding and upper airway
obstruction are major complications. Risk factors for post-operative upper airway compromise include:
AHI >26 episodes·h−1, oximetry recording with three or more clusters of desaturation (⩽4%) events and at
least three desaturations to <90%, age <3 years, obesity or low weight, and neuromuscular, craniofacial or
genetic disorders. Children with one or more risk factors are usually hospitalised for close monitoring for
at least one night after adenotonsillectomy.

e) Some evidence suggests that the combination of an intranasal corticosteroid and oral montelukast for
12 weeks for persistent OSAS after adenotonsillectomy may be efficacious.

Literature review
a) Supporting evidence includes two meta-analyses [170, 171], one retrospective multicentre study (class IV)
[156] and one randomised controlled multicentre trial (class I) [126]. Most improvement in AHI occurs
among children with an AHI >5 episodes·h−1 (class I and III) [126, 211]. A class IV prospective, cohort
study has provided evidence for potential OSAS recurrence within 3 years after adenotonsillectomy [212].

b) AHI >4.7 episodes·h−1 and obesity are significant risk factors for residual OSAS post-adenotonsillectomy
(class I and IV, and meta-analysis) [126, 156, 213]. Efficacy of adenotonsillectomy is modest in children
with SDB and craniofacial abnormalities and/or neuromuscular disorders (class IV) [44, 185, 188, 193, 194,
214–216].

c) Quality of life improves post-adenotonsillectomy (class I and III, meta-analysis and systematic review)
[111, 113, 126, 178, 211, 217, 218]. Evidence for the increase in growth rate and resolution of enuresis has
been presented in two systematic reviews and in the CHAT study (class I) [109, 110, 180]. Right ventricular
function improves, and pulmonary artery pressure and mean heart rate decrease post-operatively (class I
and IV) [85, 86, 219, 220]. In the CHAT study, changes in the attention and executive function objective
scores from baseline to follow-up did not differ between the early-adenotonsillectomy and the
watchful-waiting groups but there were significant gains in executive functioning, attention, behaviour and
daytime sleepiness as rated by parents (class I) [126, 177]. Both the CHAT study and older low quality
evidence have demonstrated that the favourable changes in sleepiness, behavioural problems,
attention-deficit, hyperactivity symptoms, neurocognitive skills, quality of life scores and symptoms of SDB
following adenotonsillectomy are not related to the preoperative severity of obstructive SDB (systematic
reviews and class I–II) [113, 176–179, 221]. In contrast, the increase in BMI z-score is positively related to
the preoperative AHI (class I) [180].

d) Subgroups of children with OSAS are at increased risk of respiratory complications following
adenotonsillectomy (6.4% to 27%) and the risk factors have been described in class II–IV studies [151,
152, 154, 222, 223]. However, school-aged children without comorbidities in the CHAT study had a very
low frequency of respiratory complications post-adenotonsillectomy (1.4%), which was not predicted by
the severity of OSAS (class I) [155]. The frequency of local bleeding has been reported to be 3% or less,
while the rate of post-operative nausea and vomiting is very low with the use of prophylactic anti-emetic
medications such as dexamethasone (clinical practice guideline and class I study) [155, 224].

e) One retrospective cohort study evaluated the efficacy of an intranasal corticosteroid combined with oral
montelukast for persistent OSAS post-operatively (class IV) [225]. Myofunctional re-education by nasal
and oropharyngeal exercises has been implemented following adenotonsillectomy to treat residual OSAS
or to prevent its recurrence but the published evidence involves only two studies of low methodological
quality (class III and IV) [226, 227]. Orofacial muscular training is used to: prevent tongue and orofacial
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muscles hypotonia; encourage their appropriate position during wakefulness and sleep; re-establish nasal
breathing; and eliminate mouth-breathing and pharyngeal airway obstruction [228].

6.5. Is adenotonsillectomy more efficacious than adenoidectomy or tonsillectomy alone in terms
of decreasing severity of obstructive SDB?
Summary
There are no available, well-designed studies comparing the efficacy of isolated adenoidectomy or
tonsillectomy to adenotonsillectomy in children with OSAS.

Literature review
The risk of future tonsillectomy following adenoidectomy decreases with age, and increases with tonsillar
size at the time of adenoidectomy (class III) [229]. Surgical reduction of tonsillar volume (partial
tonsillectomy or tonsilloplasty) has been used instead of complete tonsillectomy to reduce intraoperative
and post-operative complications (class III and meta-analysis) [230, 231].

6.6. What are the indications, efficacy and potential complications of rapid maxillary expansion
and orthodontic appliances?
Summary
a) Rapid maxillary expansion has been applied in children with OSAS and maxillary constriction.

b) Custom-made oral appliances have been used in cases of OSAS with retrognathia or malocclusion, and
the related complications are minor (excessive salivation).

Literature review
a, b) Rapid maxillary expansion is associated with a decrease in AHI and improvement in quality of life
(class IV) [182, 232]. A Cochrane review including only one study concluded that oral appliances are an
auxiliary treatment in children with OSAS and non-syndromic craniofacial abnormalities [233].

6.7. What are the indications, efficacy and potential complications of CPAP or NPPV in children
with obstructive SDB?
Summary
a) Usual indications for CPAP are: residual OSAS after adenotonsillectomy (AHI >5 episodes·h−1) and
OSAS related to obesity, craniofacial abnormalities or neuromuscular disorders. If nocturnal
hypoventilation occurs (e.g. end-tidal carbon dioxide tension (PCO2) >50 mmHg for >25% of total sleep
time or peak end-tidal PCO2 ⩾55 mmHg) NPPV is preferred.

b) Positive airway pressure ventilation is accompanied by improvements in gas exchange, attention deficits,
sleepiness, behaviour and quality of life.

c) Complications of CPAP and NPPV include: nasal congestion, rhinorrhoea, epistaxis, facial skin
erythema related to the mask and midface retrusion.

d) Adherence to CPAP or NPPV should be monitored using the device software. Management of
complications and behavioural modification may improve patient adherence.

Literature review
a) Indications for CPAP and NPPV are described in class IV studies [234–239].

b) In two class III controlled trials, positive effects of CPAP and NPPV on neurobehavioural outcomes,
school performance and quality of life were demonstrated [236, 240].

c) Retrospective studies have reported adverse effects of positive airway pressure treatment in children with
OSAS (class IV) [238, 241].

d) Objective patient adherence has been evaluated in class I–IV studies and may vary from low to quite
high (>8 h per night for >70% of patients) regardless of the use of CPAP or NPPV [235, 237, 238, 242–
244]. Factors associated with better patient adherence include the degree of improvement in the AHI,
overall perception of benefits from treatment, family structure and maternal education (class IV) [237, 243,
245]. Behavioural intervention may increase patient adherence to CPAP or NPPV (class IV) [246].
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6.8. What are the indications, efficacy and potential complications of craniofacial surgery in
children with obstructive SDB?
Summary
a) Craniofacial surgery has been offered to children with syndromic craniofacial abnormalities to: expand
the dimensions of the upper airway; improve respiratory complaints, polysomnography parameters and
quality of life; and facilitate decannulation or avoid tracheostomy.

b) Complications are rare but severe (cerebrospinal fluid leak, wound site infection, hypertrophic scarring,
pseudoarthrosis, palatine perforation, apertognathia and nerve injury).

c) Hyoid tongue suspension and skeletal expansion procedures may be helpful in children with cerebral
palsy or Down syndrome, and craniofacial surgery might be attempted in non-syndromic midface
hypoplasia with OSAS.

Literature review
a, b) In a systematic review summarising studies of low methodological quality (class IV), 95.6% of
patients with micrognathia and OSAS had complete or partial resolution of upper airway obstruction after
mandibular distraction osteogenesis and 84.2% of children with tracheostomy were decannulated [247].
The success rate was lower in the presence of other abnormalities (e.g. laryngomalacia or subglottic
stenosis) or central sleep apnoea. In a second systematic review, low quality evidence on the application of
midface distraction osteogenesis for midface hypoplasia/retrusion was summarised [248]. The frequency of
post-operative decannulation in children with tracheostomy was 65.7% and there were improvements in
upper airway volume on imaging studies and in polysomnography indices.

c) Limited evidence suggests benefits with: tongue hyoid suspension and skeletal expansion procedures in
patients with cerebral palsy or Down syndrome and OSAS; maxillary and mandibular expansion by
distraction osteogenesis in children with non-syndromic craniofacial abnormalities who have OSAS (class
III–IV) [249–252].

6.9. What are the indications, efficacy and potential complications of tracheostomy in children
with obstructive SDB?
Summary
a) Tracheostomy has the highest efficacy in the treatment of obstructive SDB, when compared with other
surgical interventions; it is usually used only in severe OSAS when other nonsurgical or surgical
interventions have failed or are contraindicated.

b) When compared with other procedures tracheostomy is associated with worse quality of life and
psychosocial development and higher morbidity.

c) Complications may be early- (pneumomediastinum, pneumothorax, wound infection and bleeding) and
late-onset (granulation tissue formation, tracheocutaneous fistulae, laryngo-tracheal stenosis, and in rare
cases, tracheoinnominate artery fistula, adverse effects on facial growth and delayed language skills
acquisition). Respiratory infections are more common in children with tracheostomy. Cannula obstruction
by mucus and accidental decannulation may be life-threatening.

Literature review
a–c) Indications and complications of tracheostomy have been summarised in a literature review [253]. In
case series published after 1990, the mortality rate related to tracheostomy was 3% or less, while early
complications occurred in up to 5% of patients and late complications (especially granulation tissue
formation) in up to 40% of cases [253]. Inferior quality of life has been reported in children with Down
syndrome, Pierre Robin sequence or neuromuscular disease and OSAS who had tracheostomy compared
with those who had successful craniofacial surgery (class IV) [254].

Step 7: follow-up, recognition and management of persistent SDB
7.1. How soon after each treatment intervention is the child with obstructive SDB usually
re-evaluated and what outcomes are monitored?
Summary
a) Outcomes that are usually monitored at clinic visits 6 weeks to 12 months after each treatment
intervention include: symptoms, severity of SDB evaluated objectively, quality of life, morbidity from the
cardiovascular and central nervous system, enuresis, and growth rate.

b) Polysomnography is the preferred objective method to detect residual OSAS after a treatment
intervention. However, in settings where polysomnography is not available, alternative methods such as
polygraphy, oximetry and capnography are considered.
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c) Polysomnography or polygraphy is repeated for children at risk of persistent OSAS after
adenotonsillectomy, for those with persistent symptoms of SDB post-operatively or for patients with mild
OSAS who were treated with a nasal corticosteroid and/or montelukast. Most studies have suggested
repeating polysomnography or polygraphy at 6 weeks or longer after adenotonsillectomy or following a
12-week course with montelukast and a nasal corticosteroid.

d) Polysomnography has been repeated following 12 months of rapid maxillary expansion or earlier if SDB
symptoms persist and after 6-months treatment with an oral appliance.

e) Polysomnography or polygraphy are used to titrate CPAP or NPPV and are then repeated at least
annually (or earlier if there is a clinical indication). Polysomnography without and with occlusion of a
progressively downsized tracheostomy tube has been used to predict successful decannulation.

f ) When persistent SDB is demonstrated based on symptoms and/or polysomnography, nasopharyngoscopy,
drug-induced sleep endoscopy and MRI are sometimes utilised to identify additional upper airway
abnormalities (e.g. laryngomalacia or adenoid regrowth).

Literature review
a) Persistent or recurrent symptoms of upper airway obstruction or SDB-related morbidity (e.g. enuresis)
may be recognised during clinic visits at 6 weeks to 12 months after each treatment intervention (class II–
IV, meta-analyses) [109, 110, 176, 181, 211, 217, 221, 236, 255].

b) Polysomnography has been recommended as the gold standard tool for the evaluation of response to
treatment interventions by a task force of the AASM [11, 12].

c) At 6 weeks after adenotonsillectomy, AHI is significantly reduced, but at 1 year children may have
recurrent OSAS especially those who are obese and/or have a rapid increase in BMI post-operatively (class
II) [181]. Evidence regarding the performance of polysomnography after adenotonsillectomy is
summarised in the systematic review on respiratory indications of polysomnography prepared by a task
force of the AASM [11, 12]. A class IV study demonstrated improvement in AHI after completion of a
12-week regimen with montelukast and a nasal corticosteroid [172].

d) Class III or IV studies have used polysomnography for evaluating the efficacy of rapid maxillary
expansion or orthodontic appliances [232, 256–258].

e) There is limited evidence about the optimal respiratory monitoring for children who receive CPAP or
NPPV (class IV) [234, 239]. Titration of positive airway pressure is ideally performed by polysomnography
[234–236, 239, 259]. Supporting studies have been summarised in a practice parameters document and a
systematic review prepared by a task force of the AASM [11, 12]. There are two other AASM documents
on: titration of positive airway pressure in patients with OSAS and titration of NPPV in stable chronic
hypoventilation syndrome [260, 261]. In class IV studies, polysomnography has been proposed as a
predictor of successful decannulation [262].

f ) Adenoid regrowth has been demonstrated in 12.2% of non-obese children with OSAS at 1.5 years
post-adenotonsillectomy using nasopharyngoscopy (class IV) [255]. Drug-induced sleep endoscopy in
children with persistent SDB may demonstrate laryngomalacia, adenoidal tissue regrowth, tongue base
obstruction and pharyngeal collapse (class III and IV) [69, 263–265]. MRI of the upper airway may reveal
residual adenoid tissue in obese children with persistent OSAS following adenotonsillectomy (class IV)
[266]. Regrowth of adenoidal tissue, glossoptosis, hypopharyngeal collapse, soft palate collapse and
hypertrophic lingual tonsil are abnormalities that may be identified by cine MRI in children with Down
syndrome and persistent SDB after adenotonsillectomy (class IV) [267, 268].

Topics for future research are listed in the online supplementary material.
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