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1. Introduction 

1.1 Justification and remit. 

Despite the relatively high prevalence of sleep problems, awareness is poor amongst 

paediatricians surveyed in the US.  Only 50% of questions relating to sleep disordered 

breathing were answered correctly and 44% of paediatricians routinely inquired about 

sleep problems in adolescents [1].  It is unlikely that awareness in UK paediatricians is 

any different; in a 1998 survey the median total time spent on undergraduate teaching on 

sleep and sleep disorders in UK medical schools was 5 minutes [2].  A recent survey of 

paediatricians by the British Paediatric Respiratory Society disclosed a chaotic and 

unplanned structure of services for sleep disorders in children, often unfunded and 

frequently perceived as inadequate for local needs [3]. 

This report presents evidence-based recommendations for the diagnosis and management 

of disorders of sleep physiology and respiratory control in children, and the organisation 

of such services nationally in the UK.  While it recognises the importance of behavioural 

sleep disorders, the report does not discuss this area in details.  Guidelines already exist 

for the diagnosis and management of Obstructive Sleep Apnea/Hypopnea Syndrome in 

adults [4].  Children are sufficiently different to justify a separate approach; they have 

more varied conditions presenting with sleep disordered breathing, with very different 

natural histories; they have far more protean and elusive symptoms; and they present 

different challenges in both diagnosis and treatment. 

There are four main presentations which lead to the consideration of an underlying 

disturbance of sleep physiology or respiratory control.  These are:  

Á symptoms suggesting airway or breathing problems during sleep;  

Á apparent life threatening events in infancy; 

Á diurnal symptoms suggesting disturbed sleep, including excessive daytime sleepiness; 

Á abnormal episodic  behaviours during sleep in older children.   

In addition, a number of conditions are known to be at high risk of such disorders even 

without suggestive symptoms.  

The organisation of the clinical section of the report will therefore be according to these 

four presenting patterns of sleep and breathing impairment. 

The report aims to aid parents, primary and secondary care physicians and surgeons to 

recognise the symptoms of sleep disorders, to prioritise referral requests, to identify 

groups who require screening for abnormalities, and to understand which investigations 

and treatment modalities are available and appropriate.  It also aims to aid clinicians and 

health service managers involved in providing and commissioning services for affected 

children in prioritising such commissioning, and in organising pathways of care.   

 

1.2  Overall methodology 
For each symptom group a series of questions were asked: 

1. What conditions are likely to present in this way? 

2. For each conditions, what evidence exists for: 

a. Effective preventive measures in the population or in high risk groups? 

b. How the condition should be identified? 

c. How the condition should be managed  
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3. Are there any existing standards for any of the above 

4. What key clinical information should be used to assess performance. 

 

Literature searches of Medline (1950-2006) and the Cochrane database were performed 

as stated for each topic.  CINAHL was used in some topics, but the additional yield was 

negligible.  Hand searching of existing personal references and of relevant original and 

review articles was also used.  Articles were considered relevant if they provided any 

evidence bearing on the questions above, relating to children.   

Statements are evidence-based as far as possible, and have been graded using the SIGN 

scale [4] for therapy, aetiology, prevention and harm, and the Sackett system [5] for 

prognosis, diagnosis and economic analysis. 

Recommendations were derived from discussion among working party members and then 

refined after further agreement with expert reviewers.   

As with the SIGN guidelines, this report is not intended to serve as a standard of medical 

care.  Standards of medical care are determined on the basis of all clinical data available 

for an individual case and are subject to change as scientific knowledge and technology 

advance and patterns of care evolve.  The ultimate judgement regarding a particular 

clinical procedure or treatment plan must be made by the doctor, following discussion of 

the options with the patient and parents or guardians, in light of the diagnostic and 

treatment choices available.  However, it is suggested that significant departures from the 

recommendations contained in this report, or any local guideline derived from it should 

be fully documented in the patientôs notes at the time the relevant decision is taken. 

 

Levels of evidence used, and grades of recommendations are detailed in Appendix 1, and 

grades of recommendations are summarised below to aid the reader. 

 

The membership of the working party included clinicians from a number of related 

specialist areas in paediatrics: Respiratory, Neurology, Intensive Care, General and 

Commmunity.  Representatives were invited from the British Sleep Society, and the 

Association of Respiratory Therapists and Technologists, and from the Muscular 

Dystrophy Campaign and the Downôs Syndrome Association.   A full list of the 

membership is given in Appendix 3. 

 

In addition to the full report there are summaries of key points for clinicians and a 

number of lay summaries relating to the different clinical sections. 
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GRADES OF RECOMMENDATION  

 

A

  

At least one meta-analysis, systematic review or RCT rated as 1
++

 and directly 

applicable to target population ; or 

a body of evidence rated as 1
+
 consisting mainly of RCTs and directly applicable to 

target population, and consistent. 

B A body of evidence including studies rated as 2
++

 directly applicable to target 

population, and consistent; or 

Extrapolated evidence from studies rated as 1
++

 or 1
+
 

C A body of evidence including studies rated as 2
+
 directly applicable to target population, 

and consistent; or 

Extrapolated evidence from studies rated as  2
++

 

D 

  

Evidence level 3 or 4; or 

Extrapolated evidence from studies rated 2
+
 

 

GOOD PRACTICE POINTS 
ã Recommended best practice based on clinical experience of working party 
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Table 1. Abbreviations used 

 

ADHD Attention Deficit/Hyperactivity Syndrome 

AHI  Apnoea/Hypopnoea Index 

ALTE Apparent life threatening event 

BIPAP Bilevel positive airway pressure 

CCHS Congenital Central Hypoventilation Syndrome 

CPAP Continuous positive airway pressure 

CSF Cerebrospinal Fluid 

ECG Electrocardiograph 

MSLT Multiple Sleep Latency Test 

NIV Non-invasive ventilation 

NREM Non-Rapid Eye Movement 

OSA Obstructive Sleep Apnea (includes obstructive hypopnea) 

PaCO2 Arterial Carbon Dioxide tension 

PtcCO2 Transcutaneous Carbon Dioxide tension 

PetCO2 End-tidal Carbon Dioxide tension 

PIRCM Paradoxical Inward RibCage Movement 

PLMD Periodic Leg Movement Disorder 

PRS Pierre Robin sequence 

PSG Polysomnography 

PTT Pulse Transit Time 

PWS Prader Willi Syndrome 

REM Rapid Eye Movement 

RLS Restless Legs Syndrome 

SOREM Sleep onset with REM 

SRBD Sleep-Related Breathing Disorder 

SpO2 Oxygen saturation measured by pulse oximetry 

UARS Upper airway resistance syndrome 
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1.3 Sleep physiology and developmental changes in childhood 

Any attempt to understand or interpret findings from recordings of breathing during sleep 

in any child depends on a detailed knowledge of the normal patterns of physiological 

development  during sleep and wakefulness for children of that age. 
 

The newborn infant spends 16-18 hours per day asleep, around 60% of which is in Rapid 

Eye Movement (REM) Sleep.  By the age of 1 year this has fallen to 12-15 hours, with 

around 30% being REM. From about 3-4 months of age sleep is gradually consolidated 

into more continuous periods, mostly during the night time hours .The nature of sleep 

also changes over this age period, with the appearance of differentiation between stages 

1-2 and 3-4 non-REM sleep by about 4 months [6].  With increasing age further changes 

occur, with further shortening and consolidation of the night time sleep period, and 

reduction of daytime sleep duration such that by the age of 3 years around 45% of 

children take a regular daily day-time nap, whilst by 5 years of age this has fallen to less 

than 10%. The distribution of sleep states during day and night time sleep periods also 

changes with age: at 2 years of age children spend a higher proportion of time in stage 4 

non-REM sleep during the day than during the night [7-9].  The function of the different 

stages of sleep is unclear, but REM sleep (the predominant state during fetal and early 

post-natal life) may be a basic activation programme for the central nervous system that 

increases the functional competence of neurons, circuits, and complex patterns before the 

infant is called upon to use them. The maturation of Quiet Sleep (non-REM sleep) 

coincides with the formation of thalamocortical and intracortical patterns of innervation 

and periods of heightened synaptogenesis, and synaptic remodelling.  Several studies 

have shown that information acquired during wakefulness is further processed during 

both REM and Quiet sleep [7, 8]. 

 

During mid to late childhood further changes in the organisation and duration of sleep 

continue, with a reduction in total sleep time from an average of around 11 hours at 5 

years to 8 hours at 16 years [9].   

 

Within sleep the duration of the REM/non-REM cycles also changes, from around 50 

minutes in early infancy to 60 minutes at 6 months and to the adult period of 90 minutes 

during late childhood to early adolescence [10]. 

 

During sleep there are marked differences in physiology between different states, and 

between sleep and waking. During REM sleep, metabolic rate is higher than during non-

REM sleep, and in humans (unlike most non-primate mammals) there is active 

thermoregulatory activity, with a vigorous metabolic response to cold stress [11]. In 

contrast, during non-REM sleep, the metabolic response to cold stress is less marked, but 

the ventilatory responses to mild hypoxia or hypercarbia are more marked than in REM 

sleep.  From the age of 3-4 months infants exhibit a fall in body temperature during the 

early part of the night, followed by a slow rise thereafter; the falls in temperature are 

oscillatory, being more marked in non-REM sleep [12, 13]. 
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During REM sleep there is inhibition of muscle tone, particularly in postural muscles, 

with a resulting lack of activity in the intercostals muscles and the abdominal oblique and 

transverses muscles.  In young infants this results in the appearance of intercostals 

recession during REM sleep as a normal phenomenon, even in the absence of airway 

obstruction or increased upper airway resistance. Such a pattern is commonly seen in 

children up to the age of 3 years [14].  At all ages muscle tone in the muscles of the 

pharynx and upper airway ï particularly genioglossus -  is reduced or absent in REM 

sleep, and may result in airway obstruction particularly in the supine position during 

REM sleep.  Infants with relative macroglossia and micrognathia (e.g. Robin anomalad) 

are at particular risk of such obstruction.  Other changes which occur during REM sleep 

include a reduction and instability of functional residual capacity and increased 

variability of respiratory rate, heart rate and oxygen saturation [15-17].   

1.4 Behavioural sleep problems 

The prevalence of behavioural sleep problems, including bedtime resistance and sleep 

phase disturbances, is high.  Moderate or severe sleep problems are reported in 17% of 1 

year old children [18], and some form of sleep problem is present in 20% of 5 year olds 

and 6% of 11 year olds [19].  There is a perceived lack of services for such problems 

(BPRS survey, 2002).  There can be considerable diagnostic difficulty between primary 

behavioural sleep disorders and those arising from sleep disordered breathing, and it is 

important that any centre which offers assessment of the latter should have some facilities 

to deal with behavioural sleep disorders either on site or by onward referral.  However, 

the management of behavioural problems is outside the scope of this report, and will not 

be considered further here. 

1. Any centre which offers assessment of SRBD should establish some 

resource to deal with behavioural sleep disorders either on site or by 

onward referral. 

ã 

 

1.5  General effects of sleep impairment 

A randomised controlled trial showed that higher cognitive function is impaired after 

experimental sleep restriction in 10-14 year old children in the absence of sleep disordered 

breathing [20] (level 1-).  Multiple sleep latency tests (MSLTs) were abnormal after sleep 

deprivation, with low sleep onset latency (8.5 mins) and increased REM episodes [20] 

In a questionnaire survey of sleep habits in US adolescents, associations were found 

between shorter self-reported total sleep times and poor school performance, negative 

moods, difficulty controlling emotions and behaviour problems [21]. A survey of 450 

students aged 11 ï 15 showed associations between daytime sleepiness (measured on a 

questionnaire scale) and low school achievement, absenteeism, low school enjoyment, 

low total sleep time and frequent illness [22].. While these associations between impaired 

daytime functioning and sleep restriction have not been shown to be causal, they are 

consistent with the experimental findings of sleep deprivation cited above.   

Sleep disordered breathing is also associated with daytime dysfunction.  In children 

whose academic performance was poor (lowest 10
th
 centile), 18% were found to have 

objective evidence of sleep disordered breathing [23].  Furthermore a much higher 
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incidence of snoring at 2-6 years of age was found in children with poor academic 

performance at 7-8
th
 grade compared with children with high academic performance raising 

the concept of long term harm resulting from airway obstruction in earlier childhood [24].  

In a community based study of 1144 children, poor academic performance was 

significantly associated with snoring.  There was a dose response relationship between the 

frequency of snoring and performance [25].  Some aspects of performance were 

independent of hypoxia, suggesting that poor sleep quality was a more likely mediator, but 

the depth of the saturation nadir was predictive of poor mathematics performance, with a 

dose-response effect [26].   Similar data have been obtained from community-based 

surveys of 835 children [27] and 1014 adolescents [26] showing negative associations 

between snoring/SRBD on cognition, achievement, attentiveness and grade point averages 

with an amplified effect in children born prematurely.  In two case-control studies children 

with snoring or minor obstructive sleep apnoea, but insignificant gas exchange 

abnormalities had worse scores for attention, memory and intelligence than matched 

controls [28, 29] ; these impairments were correlated with measures of sleep disturbance 

[28]. (Level 2++).  A community survey of 4-5 year old children observed poorer parental 

ratings for attentiveness and behaviour in children with documented sleep disordered 

breathing [30].  Arousals and sleep fragmentation were predictors of neurocognitive 

impairment in children with OSA in a case-control study [29]. (Level 2++) 

Deleterious effects on development of snoring without OSA have also been described in 

infants [31]. 

A recent well-conducted systematic review of the literature on behaviour, neurocognition 

and quality of life in children with SRBD concluded that ñthere is compelling evidence 

that sleep-disordered breathing in children is associated with behavioural and 

neurocognitive problems and leads to reduced quality-of-life. In addition to 

improvements in sleep, adenotonsillectomy is associated with improvements in 

behaviour, neurocognition and quality-of-life in these children. However, the lack of 

uniform criteria for the diagnosis of sleep-disordered breathing in children and variation 

in methods used to assess the outcome of surgical therapy limit our current knowledge 

and should be addressed by future research. The high prevalence of sleep-disordered 

breathing in children should make this research a public health priority.ò [32] 

 

Conclusion 

Inadequate sleep duration or quality leads to impairment in attention, memory, 

behaviour, and school performance.  
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2. Methodology of assessment. 
This section will confine itself to the methodological issues regarding different methods 

of assessment of sleep and breathing.  More detailed discussion of utility of different 

methods in diagnosing specific conditions will be dealt with under each condition. 

The purposes of sleep studies for cardiorespiratory disturbances include the assessment of 

adequacy of ventilation; the identification of different types of respiratory disturbances 

(e.g. central vs obstructive apnoea); the assessment of cardiac rate and rhythm; and the 

assessment of the sleep stages in which any disturbances occur.  When the degree of 

sleep disruption is being assessed, or in children with other sleep symptoms it may be 

necessary to assess sleep architecture, arousals, periodic leg movements and the presence 

of epileptic activity. In addition, studies of children on non-invasive ventilation will need 

the facility to measure ventilator pressure waveforms. 

 

Search strategy: 

Medline (1966-Dec 2006) search of polysomnography (subheadings: /methods  

/instrumentation /standards), limited to ñall child 0-18 yearsò. 

Specific searches on individual methodologies 

Secondary search of references in relevant articles. 

2.1 Adequacy of Ventilation 

2.1.1 Arterial Oxygenation  

Measurement of oxygenation is the simplest method of assessing ventilation during sleep.  

It has the advantage of a robust, non-invasive measurement device but is insensitive to 

minor degrees of hypoventilation in children with normal lungs.  The mainstay of 

assessment of oxygenation is pulse oximetry, which is well-tolerated, and non-invasive.  

The sensor is incorporated into a soft cuff that fits around a finger or toe or clips to an ear 

lobe. Arterial oxygen levels from a pulse oximeter (SpO2) have been shown to correlate 

well with measurements of arterial blood gases down to SpO2 of 70%, provided there is a 

good arterial pulse wave form at the probe site and the signal is free of movement artefact 

[33, 34].  There is a significant time delay between changes in ventilation and changes in 

SpO2, due partly to the electronic processing of the signal to minimise artefact, and partly 

to the circulation time from the lungs to the probe site.  Oximetry is also affected by 

movement artefact and by poor tissue perfusion. 

Visualisation of the pulse waveform improves the differentiation of genuine desaturations 

from artefact [35]  

Widely used criteria of abnormality in nocturnal oximetry recordings are falls of >4% 

below baseline and desaturations below 90%; abnormal clusters of 4% desaturations have 

been defined as 5 or more in a 30 minute period [25, 36]. Normative values for baseline 

SpO2 levels at night have been published for infants [37-39] and school age children [39, 

40].  These studies show that baseline SpO2 does not increase with age after the first week 

of life, although desaturations and periodic breathing may be more frequent in early 

infancy.  It should be noted that different oximeters, averaging times and storage 

algorithms may give different results [41-45], and there are no data confirming the level 

of abnormality which will predict a clinical benefit from intervention.   
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In children outside infancy a normal oximetry recording should have: 

a) A median SpO2 level² 95%. 

b) No more than 4 desaturation of 4% or greater per hour. 

c) No abnormal clusters of desaturation. 

 

2. Oximetry recordings should only be performed by clinicians who are 

skilled in interpretation of the results, and systems should allow 

graphical inspection of recordings, with adequate facilities for artefact 

rejection. 

ã 

 

Transcutaneous oximetry has been used as an alternative method of assessing 

oxygenation.  However, the inaccuracy of the absolute values, a response time which is 

even slower than a pulse oximeter, and the need to resite the heated probe every 3-4 hours 

makes it much less useful in practice, and it cannot be recommended as a sole indicator of 

oxygenation in sleep studies. 

 

2.1.2 Measurement of carbon dioxide 

The assessment of arterial CO2 tension is an important adjunct to the detection and 

quantitation of hypoventilation.  This can be done indirectly using end-tidal carbon 

dioxide or transcutaneous CO2 measurements.  A non-invasive estimate of alveolar PCO2  

levels may be made from the PCO2 value measures at the nose or mouth during the last 

fifth of expiration. This is termed the end-tidal PCO2 (PetCO2). This is a reasonable 

approximation of arterial PCO2 (PaCO2) in subjects with healthy lungs and unobstructed 

breathing [46]. Obtaining PetCO2 measurement is technically difficult, as it requires 

precise positioning of the probe at the airway opening and maintained vigilance 

throughout the sleep study to ensure a satisfactory signal. The quality of the signal can be 

determined from its shape; an end-tidal plateau generally indicates a reliable signal. The 

signal needs to be interpreted with caution in subjects with lung disease or high 

respiratory rates, as end-tidal levels will underestimate PaCO2; in the latter case the error 

should be evident from the shape of the PCO2 trace.  End-tidal CO2 recordings have the 

advantage that they also provide an indicator of airflow on a breath-by-breath basis. 

An alternative non-invasive measure of PCO2 is that of transcutaneous recording 

(PtcCO2). In this instance, a heated PCO2 electrode is affixed to the skin surface on the 

chest wall or abdomen. The electrode makes direct recordings of the levels of CO2 

diffusing through the skin from the subcutaneous blood vessels. Heating of the site aims 

to increase local blood flow to make capillary blood gas levels similar to arterial.  In 

adults, the accuracy of PtcCO2 in reflecting PaCO2 is only moderate, with limits of 

agreement having a 15 mm Hg (2 kPa) range[47]  Transcutaneous monitoring has been 

shown to be valuable in infants and young children, but will not give an accurate measure 

of paCO2 unless calibrated against an arterial blood gas measurement for each individual 

[48]. Accuracy is decreased by CO2 retention [49]. The limitations of 

PtcCO2.measurements lie in their inability to detect rapid or transient changes in PCO2; 

their main strength is in their ability to follow a long term trend. Furthermore, in older 

children raw PtcCO2 measurements may not reflect true PaCO2 levels, although the 

difference tends to remain constant, allowing the monitoring of trends in PCO2 levels 
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[48].  Because prolonged partial airway obstruction and obstructive hypoventilation 

forms an important component of obstructive sleep apnoea syndrome in children, PetCO2 

and/or PtcCO2 measurements are considered essential for paediatric sleep apnoea 

syndrome assessments; the use of both modalities in the same subjects increases the 

number of periods in which CO2 data are available [48, 50]. 

 

3. For any investigation of SRBD other than screening studies a 

measurement of CO2 is essential, and the use of both end-tidal and 

transcutaneous modalities reduces the number of epochs with 

unobtainable data and is therefore recommended. 

ã 

The main disadvantage of PetCO2 measurements is the necessity of attaching the probe to 

the facial region which may be poorly tolerated. It is possible to pick up false obstructive 

events when the PetCO2 signal is lost either because the probe is displaced or the patient 

adopts mouth breathing. This can be avoided by not relying on PetCO2 alone, but to look 

for corroborative information from other channels (e.g. increased paradoxical movements 

of rib cage and abdomen, or decreased SpO2 or PtcO2). 

  

 

2.2 Evaluation of respiratory disturbance 

2.2.1 Respiratory airflow 

Several techniques are available ï an adult summary statement concluded that there were 

insufficient data to allow recommendations regarding standardisation of instrumentation. 

[51]). 

Quantitative measures.  A pneumotachograph can be attached to nasal prongs, 

oronasal mask or tracheostomy tube. This gives quantitative assessments of flows, 

volumes and timings, and may be important in a research setting, or in assessing central 

hypoventilation. However, from a clinical perspective the technique is little used as it is 

technically difficult, disruptive to the patient and may be poorly tolerated. Also in infants 

and children, in particular, the added dead space of the equipment may have an influence 

on breathing patterns [52, 53]. 

Qualitative measures.  Oronasal or nasal thermistors, or nasal CO2 catheters are 

the most commonly used techniques to detect respiratory airflow. The main disadvantage 

of these methods is that they require connection to the facial area, which disturbs many 

children and may be poorly tolerated. In addition the measurements are not quantitative, 

and thermistors may not reliably detect periods of hypopnoea (partial obstruction with 

decreased tidal volume) [54].  The sensitivity of thermistors is dependent on make [54]. 

Pressure transducers attached to nasal cannulae have recently been shown to be useful in 

identifying airflow interruption, and may be more sensitive to hypopnoea than 

thermistors, although they are also more prone to displacement, and the best results are 

gained from a combination of sensors [54-58] 

Respiratory inductance plethysmography has been used as an indirect method to quantify 

airflow (see below). 
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Sounds recorded by a laryngeal microphone can be used to detect snoring and the 

presence or absence of airflow in patients with upper airway obstruction [59, 60]. 

However, the technique is limited as it can only detect complete obstruction (apnoea) and 

cannot detect partial obstruction (hypopnoea). Sound recordings also give information on 

the volume and quality of snoring, but snoring history does not quantitate the ventilatory 

disturbance in children [61].  It is nevertheless useful to have an indication of snoring to 

correlate temporally with episodes of respiratory disturbance or arousals. 

2.2.2 Respiratory Movement / Effort 

Oesophageal pressure is the optimal technique for detection of respiratory effort, but is an 

invasive technique which is not popular among children or parents.  When determined 

efforts were made to pass oesophageal catheters they were only feasible and acceptable in 

73% of school age children [62].  In addition, the presence of an oesophageal catheter 

may cause sleep disruption and result in a sub-optimal study [63].  Non-invasive 

techniques are usually adequate for clinical purposes, and should assess both thoracic and 

abdominal effort, to allow detection of thoraco-abdominal asynchrony. 

A semi-quantitative measure of airflow and tidal volume can be derived from respiratory 

inductance plethysmography (RIP). This non-invasive technique uses a pair of inductance 

bands placed around the rib cage and abdominal compartments to detect respiratory 

excursions allowing volumes and flows to be derived [64].  This method may allow 

detection of obstructive apnoeas and hypopnoeas as well as central respiratory events. 

Calibration is necessary to set the gain factors for the thoracic and abdominal components 

to make the sum equivalent to tidal volume [64-66]. The technique has been 

demonstrated to work well in detecting obstructive and partially obstructive events in 

children and adults [67, 68], and for measuring tidal volume in infants [69]. However the 

calibration is influenced by body position [70] and may be invalid in a subject who sleeps 

in a number of different positions [71].  

RIP alone is not as sensitive as thermistor or capnography in the detection of apnoea in 

infants [72].  Hypopnoea is best detected by a combination of RIP and nasal pressure 

transducers [54]. 

Qualitative measurements of chest and abdominal movements may be made with strain 

gauge bands placed round the chest and abdominal compartments. These are not 

calibrated and are therefore not capable of giving measurements of tidal volume or 

minute ventilation. However they are able to show distinct patterns associated with 

central apnoea, obstructive apnoea and increased work of breathing. 

Transthoracic impedance is frequently used to record respiratory efforts in apnoea 

monitors for hospital or home use. However, this technique is not capable of detecting 

obstructed breathing [68] and hence is not recommended for sleep laboratory recordings. 

 

2.3 Assessment of cardiac rate and rhythm. 

Cardiac rate can be derived from a pulse oximeter.  However, it is subject to movement 

artefact and will not give information on cardiac rhythm.  A simple single lead ECG 

should therefore be used to monitor cardiac rate and rhythm to enable cardiac arrhythmias 

and changes resulting from respiratory disturbances to be assessed. 

4. A single lead ECG is recommended as a minimum for second-line ã 
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studies. 

2.4 Assessment of sleep state. 

In infants below the age of 6-12 months, sleep staging is generally behavioural, and can 

be done by visual means, but more accuracy can be achieved using information on 

muscle tone or movement, stability of R-R interval, respiratory channels and EEG 

patterns as adjunctive information [73].  No data are available on inter-observer reliability 

of behavioural sleep staging. 

In older children it is important to have a more detailed neurophysiological assessment of 

sleep stage, in particular to ensure that periods of REM and slow-wave sleep have been 

recorded.  The methodology for this is well described by Rechtschaffen and Kales[74].  

The following parameters are required for sleep staging in this age group: 

2.4.1 Electroencephalogram (EEG) 

The International 10-20 system of electrode placement is used to determine surface electrode 

placement [75].  When EEG is limited to one derivation, the recommended derivation is C4/A1 or 

C3/A2 [74].  The addition of O1/A2 or O2/A1 is often used to assist in detecting alpha activity 

associated with the sleep-wake transition [76]. 

  

2.4.2 Electrooculogram (EOG) 

Eye movements are detected by placing surface electrodes near the outer canthus of each 

eye.  The EOG electrodes should be offset from horizontal, one slightly above and one 

slightly below the horizontal plane to detect both horizontal and vertical eye movements 

[74, 76].    

 

2.4.3 Electromyogram (EMG) 

2 surface electrodes are placed either on the mentalis or submentalis to detect muscle 

activity. 

 

2.5 Other Measurements 

2.5.1 Body Position 

Information on body position may be of significance, particularly in patients with upper 

airway obstruction where the severity of obstruction may be affected by body position.  

In contrast to adults, children have been found to maintain airway patency better in 

supine [77]. Abrupt changes in body position may also be useful in identifying arousals 

and sleep disturbance.  Position may be determined from direct observation, video 

records or from a position sensor attached to the subject. The sensor normally comprises 

a small capsule attached to the chest wall which electronically senses the patients position 

(upright, supine, prone, left or right sided). The advantage of the sensor is that it gives a 

continuous record and shows precisely the time of any positional changes. 
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2.5.2 Limb movements 

Gross body movements and limb movements may be assessed from direct observation, a 

video record or from recordings of a peripheral EMG recording (see below), or from 

accelerometer capsules attached to the wrist or ankle(actigraphy). These may be of use in 

detecting the extent of sleep disturbance, or arousal frequency, and are necessary for 

assessment of sleep state in infants. 

Monitoring the EMG from a leg muscle (conventionally Tibialis anterior) is a useful 

measure of peripheral skeletal muscle tone and allows assessments of gross body 

movements and arousals during sleep. Leg EMG can be used to detect PLMS, but 

actigraphy is not an adequate substitute in children [78].  

 

2.5.3 Oesophageal pH 

Gastro-oesophageal reflux may present an important problem in some infants. To assess 

the extent of the problem and to look for associations between reflux events and changes 

in cardio-respiratory patterns, it is necessary to have a continuous record of oesophageal 

pH during the sleep study. Oesophageal pH can be measured with an indwelling pH 

sensitive catheter passed via the nose and placed in the lower oesophagus [79]. The 

occurrence of spontaneous reflux episodes should be noted. It should be noted that 

normative data for reflux indices are based on 20-24 hour recordings, while sleep studies 

are generally of shorter duration..  Disadvantages of simultaneous pH recordings are that 

the presence of an oesophageal pH probe alters the sleep pattern and respiratory events in 

infants [63] and in addition, the temporal correlation between reflux events and 

respiratory events may be poor.  The latter point may be improved by the introduction of 

systems to detect non-acid reflux [80]. 

 

2.5.4 Video and sound recording 

Good quality video recordings are an important component of a clinical sleep study, and 

can be made using infra-red or low-light cameras and appropriate microphones. Video 

and sound recordings can provide useful information on sleep behaviour, snoring, sleep 

disturbance, breathing patterns. Video can be used to distinguish sleep from wake and can 

be analysed to detect movement arousals [81].  Snoring can be recorded directly by a 

microphone in the suprasternal area, or by a bedside microphone.   

2.6  Interpretation 

An evidence-based manual for scoring sleep in adults and children has been issued 

recently by the American Academy of Sleep Medicine, and should be referred to for the 

technical aspects of scoring a polysomnogram [82]. 

2.6.1  Breathing and heart rate. 

Normal values for heart rate [83, 84], respiratory rate [83, 85-88], and oximetry [37, 39, 

40] are available for different ages.  The movements of rib cage and abdominal 

compartments are usually in phase. During inspiration, both compartments expand, whilst 

during expiration they both move inwards. Rib cage contribution, as a percentage of tidal 
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volume, increases over the first year of life to reach the level seen in adolescents and 

adults [52]. 

Paradoxical respiratory movements (Paradoxical Inward Rib Cage Movement, PIRCM) 

are seen in premature neonates, in term neonates with abnormal respiratory mechanics, 

and in infants during REM sleep. PIRCM during REM sleep decreases with age, and it is 

uncommon in non-REM sleep in children over 3 years [89]. PIRCM may be a response to 

an increased respiratory load [90], or due to diaphragmatic or intercostal muscle 

impairment. In the absence of other explanations it is suggestive of partial or total upper 

airway obstruction during sleep. 

Parental reports of habitual snoring correlate well with objective recordings [91], but 

snoring is not a good predictor of OSA[92, 93].  However, temporal associations between 

snoring and arousals or respiratory events may be helpful in assessing the overnight 

study. 

2.6.2  Respiratory events 

Adult criteria for identification of obstructive events should not be used for children, as 

they may fail to identify clinically significant obstruction   

Obstructive apnoea is the absence of oronasal airflow in the presence of continued 

respiratory effort.  The significance of the apnoea duration depends on the background 

respiratory frequency, and a duration of 2 respiratory cycle times is a useful measure 

which corrects for this [94].  However, the majority of children with significant gas 

exchange abnormalities during sleep do not have repeated complete obstructive events, 

but show a pattern of obstructive hypoventilation, with cyclical decreases in SaO2, 

hypercarbia, and paradoxical respiratory efforts [95, 96].   

Obstructive hypopnoea is a >50% reduction of airflow in the presence of continued 

respiratory effort.  Paradoxical respiration (thoracic-abdominal asynchrony) and gas 

exchange abnormalities are often seen as additional features.  If evidence of significant 

hypercarbia is present then it is better described as obstructive hypoventilation  

If hypopnoea or hypoventilation is present with a concomitant decrease in respiratory 

effort, then it is non-obstructive (for more details of criteria see [94, 97]). 

Any respiratory event associated with a significant fall in SaO2 or heart rate should be 

considered abnormal.  Reference values for duration and frequency of respiratory events 

at different ages are available [86, 97-99].  

 

2.6.3 Sleep staging and arousals 

Arousals may be assessed by EEG changes or by other physiological indicators.  

Physiological indicators include movement [74, 81] or indices of autonomic arousal such 

as pulse transit time (PTT) [100] or peripheral arterial tonometry [101].  The different 

indicators of arousal are correlated with each other, but in children with OSA, 20-25% of 

either movement or EEG arousals occur without the other being present [102]. In contrast 

to Mograss [81], who found nearly all obstructive events in 14/15 children with OSA to 

be terminated by EEG arousals, McNamara [103, 104] found this in only a minority of 

obstructive events in infants and children.  Using detailed respiratory assessment 

including oesophageal manometry in 34 children, Katz [100] has observed about 50% of 

obstructive events were associated with an EEG arousal, and that PTT arousal was a more 
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sensitive and specific indicator of a respiratory obstructive event than EEG arousal.  This 

suggests that PTT may offer a useful surrogate indicator of SRBD, although the clinical 

importance of different types of arousal on morbidity in children has yet to be 

established. 

Determination of arousals from EEG is not simple.  The most robust algorithm for 

arousal identification is that put forward by the American Sleep Disorders Association 

[105, 106]. Normative data for EEG arousals [106] and sleep architecture [107-109] in 

children are available.  A simplified modification of infant EEG arousals has been found 

to give excellent inter-rater agreement after training [110].  Arousals should be 

categorised as respiratory, technician-induced or spontaneous [81].  

Although most modern polysomnography systems offer automated event detection, this 

remains poorly validated at present, particularly for paediatric use.   

5. Visual review of the complete recording should be undertaken by a 

competent observer before a report is issued. 

ã 

2.7 General Methodology of studies 

Three general types of study may be needed: 

Screening studies- used to screen for major abnormalities in a high risk population, or as 

a preliminary assessment of children with obstructive symptoms. 

Second-line studies- used to assess children where the diagnosis is in doubt or where 

treatment decisions cannot be made on the basis of screening studies. 

Third line studies- used to assess children where knowledge of sleep neurophysiology 

and architecture is important to decision-making or diagnosis. 

2.7.1 Timing and duration.   

While daytime nap studies are more convenient than overnight studies, they have a 

number of disadvantages: they are behaviourally abnormal in most children over 4 years 

old, they may not include adequate periods of REM and non-REM sleep, and ignore 

circadian variability in physiology.  In two series comparing nap study with PSG, using 

chloral hydrate sedation [111, 112], nap studies were found to have a high specificity, but 

low negative predictive values (17-49%).  Severe adverse events have been reported after 

the use of chloral hydrate in children with OSA [113], and nap studies using sedation 

cannot be recommended.  An alternative method of inducing naps is by sleep deprivation, 

but this can exaggerate SRBD in infants [114].   

6. A study of the whole night is the recommended investigation to assess 

sleep disordered breathing.  A minimum of 6 hours sleep is desirable. 

ã 

2.7.2 Number of studies 

A ñfirst night effectò has been described in adults, whereby sleep differs during the first 

night in a sleep laboratory compared to subsequent nights [115].  Two studies assessing 

this in children [102, 116] have shown that SRBD parameters are no different between 

the first and second nights, but differences in sleep architecture were found, more marked 

in one study [102] than the other (Level 2++). 

7. A single night study is generally sufficient to assess SRBD.   B 

8. Abnormalities in sleep architecture require a second night study for 

reliable diagnosis. 

C 
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2.7.3 Measurement conditions and reporting of results 

For screening, including variables such as oximetry, capnography, actigraphy and video 

or audio, unattended home recordings are relatively simple and likely to be more 

representative of the childôs normal sleep. Home cardiorespiratory studies or PSG has 

been advocated by some centres [117-119], but others have reported less success [120]. A 

detailed systematic review of the utility and performance of home and hospital diagnostic 

studies for sleep apnoea in adults has been conducted [121], but there are few published 

data for children. Factors which may affect the success and diagnostic accuracy of home 

monitoring include the specific system used, the specifics of the home environment and 

the cooperation of the parents; it is also likely to depend on whether the technician or the 

parent is responsible for sensor placement.  It is not therefore possible to make a general 

recommendation about the usefulness of home studies, although they are clearly more 

desirable if demonstrated to be of adequate diagnostic accuracy. 

Unattended, or partially attended studies in hospital are more common in the U.K. than 

elsewhere in the world, perhaps due to limited resources.  There are no studies 

documenting the difference in diagnostic accuracy of attended compared with unattended 

studies in a hospital setting.  The presence of video recording is likely to make the 

interpretation of unattended studies more robust. 

It should go without saying that a sleep study can only be performed in a quiet 

environment, where a child is likely to have reasonably representative sleep.  This 

requires a separate cubicle in a quiet area.  Studies cannot be done on an open ward. 

Because both the equipment, the surroundings and the interpretation of findings are 

different in children, and because of the possible need for resuscitation in these patients, 

it is strongly recommended that all in-patient sleep studies on children are undertaken by 

staff with adequate training and experience in paediatrics, and in an environment where 

paediatric resuscitation facilities and skills are readily available.  If children are studied in 

a primarily adult laboratory, it is strongly recommended that a paediatrician with 

expertise in paediatric sleep medicine oversees the laboratory operations related to 

children and is involved in the interpretation of results [14]. 

 

9. All in -patient sleep studies on children should be undertaken by staff 

with adequate training and experience in paediatrics and in an 

environment where paediatric resuscitation facilities and skills are 

readily available.   

ã 

10. If children are studied in a primarily adult laboratory, a paediatrician 

with expertise in paediatric sleep medicine should oversee the 

laboratory operations related to children and be involved in the 

interpretation of results. 

ã 

11. Sleep studies should only be done in a suitable, quiet environment 

where normal sleep is possible.   

ã 

 

Detailed suggestions for parameters which should be reported in a paediatric sleep study 

have been made by the American Thoracic Society [14].   

 

Table 2. Recommendations for minimum standards of equipment available. 

 Minimum Ideal 
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Screening (first line) 

studies: 

Oximetry (adequate storage 

and replay, with good 

artefact detection) 

CO2 measurement 

Video and sound 

Arousal detection 

Second line studies Above plus: 

Airflow  

Effort (thorax and abdomen) 

ECG 

Surrogate pCO2 

measurement 

Video and sound 

Arousal detection 

Sleep staging 

Body position 

 

Third line studies Above plus: 

EEG/EOG/EMG 

Assessment of PLMS 

oesophageal pH 
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3. Airway and breathing problems during sleep 

3.1 Obstructive sleep apnoea (OSA) and hypoventilation  

Search Strategy 

Medline 1950--Dec 2006, and Cochrane Database of Systematic Reviews 

(Sleep apnoea) or (obstructive sleep apnoea) or (sleep disordered breathing) or (snoring) 

or  ( adenotonsillectomy) or (upper airway resistance), limited to ñall child 0-18 yearsò  

Secondary search of references in relevant articles. 

3.1.1 Prevalence of OSA 

 

There is a continuum of upper airway obstruction ranging from snoring to obstructive sleep 

apnoea/hypopnoea syndrome.  Primary snoring is defined as reported snoring without 

obstructive apnoea, frequent arousals, or gas exchange abnormalities [122]  The prevalence 

of reported snoring most or every night in 4-5 year old UK children is 12% [123], and 

remains at a similar level at 7 years, although only half the children snore at both ages 

[124].  Similar prevalence levels were found in 8-10 year old German children [25, 125]. In 

a large interview-based survey of adolescents and their parents in the USA, 6% were 

reported to have habitual snoring [126].  Using a variety of definitions, not all based on 

formal polysomnography, the prevalence of obstructive sleep apnoea in the general 

population is between 0.7% and 2.9% [123, 127-129]. The prevalence in morbidly obese 

children is considerably higher at 13% [130]. It also appears more common in lower socio-

economic groups [131]. 

Diagnosis is often delayed, with up to 31% of patients waiting more than 4 years 

respectively until treatment was instigated and 40% self referring despite their primary care 

physician being aware of their symptoms [132]. 

Although the majority of children with OSA have no underlying condition, there are a 

number of conditions in which SRBD is common and consequent morbidity more likely 

(Table 3). 

 

Table 3. Conditions at high risk of Sleep Disordered Breathing 

Condition Prevalence Prevalence of 

SRBD 

Other comments 

Downôs syndrome 1:1,000 70-100% High risk of pulmonary 

hypertension, especially if co-

incident heart disease. 

Neuromuscular Disease 1:3,000 42% Difficult to detect clinically.  

Reduced life expectancy, 

reversible by treatment. 

Craniofacial 

abnormalities 

1:7,000 Depends on 

severity; 100% 

in severe cases 

 

Achondroplasia 1:25,000 48%  

Mucopolysaccharidoses 1:40,000 >90% Difficult to detect clinically. 
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Prader-Willi syndrome 1:52,000 25-75% Hypoxaemia common.  

Abnormal central ventilatory 

responses co-exist. 

 

 

3.1.2 Presenting features of OSA 

 

Night time Features 

 

Symptoms and signs at night which may suggest OSA include snoring, gasps, snorts, 

witnessed apnoeas, restlessness and laboured breathing.  These may be associated with 

unusual sleep postures such as an extended neck position.  Early morning headache and 

excessive sweating may be features of CO2 retention.  The loudness of snoring does not 

predict the severity of obstruction.  Unusually, carers may witness cyanosis.  Enuresis is 

more common in children with OSA on polysomnography [133].  

 

Daytime Features 

The frequent arousal as a consequence of OSA result in fragmentation of sleep especially 

in REM and this will present with features of sleep deprivation.  It is important to 

emphasise that these can be very non specific and overlap with many feature seen in 

normal children.  Tiredness and irritability on awakening may be reported but excessive 

daytime tiredness persisting through the day is unusual.  Children may have behavioural 

problems, poor concentration and poor academic performance.  Failure to thrive may 

result from OSA [134, 135] (Level 3).    Physical signs suggesting upper airway 

compromise include nasal obstruction, mouth breathing, adenoidal facies and nasal 

speech.  Examination of the throat may reveal enlarged tonsils, although these are 

common in normal children.  Enlarged tonsils do not predict adenoidal enlargement 

[136].  While adenoid or tonsillar size has been shown to correlate with OSA in some 

studies [127, 136-139], others have not found this association [140, 141]. There may be 

other craniofacial features that may compromise airway calibre such as retrognathia, high 

arched palate, midface hypoplasia, nasal polyps, deviated nasal septum or choanal 

stenosis. Harrisonôs sulci may result from persistent upper airway obstruction.  Marked 

obesity is associated with OSA in cross-sectional studies [136, 142, 143]; another study 

found obesity to be equally common in children with snoring and OSA, but more than 

twice as prevalent than in the general population [144]. 

In children with predisposing conditions (see Table 3) the presence of SRBD may be 

clinically impossible to detect and progression insidious; screening may be the only way 

of detecting SRBD.  Similarly in young infants where behavioural sleep and daytime 

problems are common clinical diagnosis may be difficult and objective evaluation is 

more often indicated. 

3.1.3 Consequences of OSA 
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Serious morbidity was described in early reports of OSA including failure to thrive, cor 

pulmonale and mental retardation [96] (Level 3).  Failure to thrive in infancy has been 

confirmed by other reports [135] and was found in 52% of infant under 18 months who had 

undergone adenotonsillectomy for OSA , 87% of whom had significant increase in weight 

velocity after surgery [134].  Reversible short stature has also been described [145].  Whilst 

most children with OSA are not frankly failing to thrive, several further studies of 

confirmed OSA have shown substantial improvement in weight gain after 

adenotonsillectomy [146-148] (Level 3).  

A wide variety of cardiovascular effects have been described ranging from cor pulmonale 

and pulmonary oedema [149-153] (Level 3), changes in cerebral blood flow (Level 2-) 

[154], diastolic hypertension [154-156] (Level 2++), and changes in ventricular 

mass/dimension [157-159] (Level 2+), all reversible after relief of the obstruction.  Raised 

levels of brain natriuretic peptide presumably due to ventricular strain have also been 

observed [160]. 

There appear to be substantial effects of OSA on behaviour even in those with very mild 

airway obstruction [28, 123, 161-163] with improvement with adenotonsillectomy [162, 

164-167] (level 2+). In contrast to adults, daytime sleepiness is not a common symptom 

except in severe cases and those with obesity [168].  

The potential effect on neurodevelopment are of particular concern, although the 

mechanism and causality have not been clearly established (see Section 1.4 for further 

details.) 

There is some evidence for an inflammatory process in OSA.  Case-control studies have 

found raised plasma levels of C-reactive protein [169, 170] and interferon-

g [171], increased sputum neutrophils [172], increased inflammatory mediators in exhaled 

breath condensate [173] and differences in urinary protein expression [174] in children with 

OSA.  Increased expression of glucocorticoid [175] and leukotriene [176] receptors in 

adenotonsillar tissue of children with OSA have also been described.  However, another 

study of 141 children with and without OSA found no difference in C-reactive protein 

levels between groups [177]. 

Two case-control studies conducted in Israel by the same group have compared health care 

utilisation in children with OSA prior to diagnosis with matched controls.  They found a 

226% increase in health care utilisation in the year before diagnosis and a 215% increase 

from birth to diagnosis [178, 179] (Level 2++). 

 

Conclusions 

OSA can cause reversible failure to thrive, and  is associated with systemic hypertension, 

increased left ventricular mass, and changes in cerebral blood flow. Life threatening 

complications in children include cor pulmonale or pulmonary oedema. 

OSA is associated with impaired academic performance in children, even in the absence of 

nocturnal hypoxia.  OSA is also associated with increased health care utilisation. 

 

3.1.4 Identification of OSA 
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Most children without underlying risk factors will be identified because of concern from a 

parent or health care professional. There are no data to suggest that screening for 

asymptomatic children with OSA is worthwhile.  While primary snoring may be associated 

with impaired cognitive and behavioural performance, there are insufficient data to 

recommend routine intervention in snoring children.   

12. At present there is insufficient evidence to recommend intervention in 

children if primary snoring is the sole symptom. 
Õ 
 

 

3.1.5 Assessment of OSA 

 

History and questionnaires.  A simple history scoring systems distinguished normal 

children from a group with severe OSA, but PSG was required for the intermediary group 

[180].  Another questionnaire was found to have 85% sensitivity and 87% specificity in 

distinguishing normal children from those with proven SRBD; its usefulness in predicting 

OSA in children with symptoms is less clear [181].  Clinical history is very sensitive at 

detecting OSA but not specific enough to differentiate primary snoring from OSA [36, 61, 

92, 144, 182-185].  Similarly clinical history can not be relied on to gauge severity of OSA 

[183, 186, 187].  (Sackett level 2b) 

 

13. Clinical history is a sensitive screen for OSA, but has low specificity and 

relates poorly to severity.  

B 

 

Most validation studies of different assessment tools have used polysomnography (PSG) 

as the ñgold standardò.  However, it is not clear that PSG is necessarily the best predictor 

of morbidity amenable to intervention.  A number of studies have explored alternatives to 

PSG.   Simple saturation monitoring only identified 90 out of 210 children with OSA with 

3 children being incorrectly identified as having OSA [36]. (Sackett level 1b).  Video with 

microphone as a sole investigation evaluated by an experienced observer is a sensitive 

screening tool for home usage [188] but is not specific enough to differentiate primary 

snoring from OSA. (Sackett level 1b).  Audiotaping has not shown consistent enough 

results to be used in clinical practice [92, 93]. Nap studies are insensitive but if positive 

give a high rate of prediction for OSA [111, 112].   Whilst PSG can accurately diagnose 

OSA it is not clear  which parameters of the PSG are important in determining symptoms 

or long term sequelae.   

Testing with abbreviated PSG using respiratory inductance plethysmography, saturation, 

ECG and video was compared to full PSG in 21 children over 2 years of age, and detected 

AHI>3 or 5 with a sensitivity and specificity of 100% although AHI>1 was detected with a 

sensitivity of 92% and specificity of 100% compared to PSG, [189]. (Sackett level 2b)   

Care needs to be exercised in interpretation of PSG.  Adult criteria can not be used in 

children [95]. The condition of upper airway resistance syndrome (UARS) has been well 

described in adults, but there is only one systematic study of this condition in children, 

using oesophageal pressure measurement. This study suggested that UARS is a relatively 

common condition in children with suggestive symptoms of SRBD but without clear OSA 

findings on PSG [190].  Further studies in this area are needed, but the difficulty of routine 

oesophageal manometry is a limiting factor. 
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14. Second- or third-line studies are required to gauge correctly the severity 

of OSA and reliably to discriminate OSA from primary snoring. 

B 

15. Second-line studies may be satisfactory in uncomplicated children over 

the age of 2 years. 

C 

16. Saturation monitoring is useful as a screen in otherwise healthy 

children.  If positive it is highly predictive of OSA.  A negative result does 

not exclude OSA.  

B 

 

A flow chart to guide interpretation of overnight oximetry in the context of a child with 

suspected SRBD is included in Appendix 2. 

Adenoid or tonsillar size measured by a variety of techniques has been shown to correlate 

with a number of aspects of OSA in some studies [127, 136-139] but not in others [140, 

141].  No technique has been shown to be sufficiently sensitive or specific enough to 

reliably discriminate between primary snoring and OSA.   Similarly whilst radiographic 

assessment of the upper airway has identified a number of differences between OSA groups 

and normal children these are not sensitive or specific enough to make treatment decisions 

[191-193]. 

Endoscopic assessment and cine NMR imaging have been described in the diagnosis of 

OSA but are not practical for routine use [194-196]. 

Although a recent small study has suggested serum proteomic patterns as a potential 

diagnostic or screening tool for OSA, this remains speculative at present [197] 

 

  

17. Adenotonsillar size or other craniofacial abnormalities cannot be relied 

upon to predict the presence or absence of OSA. 

B 

18. Other screening tests are as yet not sensitive or specific enough to make 

treatment decisions.  

ã 

19. The symptoms of SRBD may be difficult to identify in children with the 

underlying conditions listed in Table 3, and screening should be offered 

in these children, even if apparently asymptomatic. 

ã 

 

  

3.1.6 Management of OSA 

 

No randomised trial of adenotonsillectomy in OSA has been done [198].  Several studies 

have assessed children before and after surgery and the overwhelming majority of 

otherwise normal children with uncomplicated OSA, including those under 2 years, [134, 

199] will improve both clinically and on PSG  following adenotonsillectomy [182] (level 2-

) [200, 201] (level 3). Adenotonsillectomy improves OSA even in morbid obesity [202, 

203] (level 3), and in patients with cerebral palsy [204] (level 3) 

Adenotonsillectomy results in improved growth in infants [134, 135] and older children 

with OSA  [147] (Level 2-) [146, 148] (level 3), and improved behaviour and attention even 

when including children with very mild degrees of upper airway obstruction [164, 166, 
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167, 205, 206] (level 2+).  One non-randomised case-control study demonstrated an 

improvement in academic performance following adenotonsillectomy in proven OSA [23] 

(level 2++); another cohort study failed to show any change in Griffith development score 

though there were more improvements in day and night behaviour in the 

adenotonsillectomy group [207] (level 2-).  Adenotonsillectomy or tracheostomy improve 

the majority of cardiovascular complications including cor pulmonale [149-151, 153] (level 

3) and changes in ventricular mass/dimension [157-159] (level 2+).  Quality of life   

improves after adenotonsillectomy for OSA [206, 208-211] (level 2+).  Three studies have 

reported an improvement in enuresis after adenotonsillectomy for OSA, at faster than 

expected rates [212-214] (level 3) 

The metabolic consequences of OSA in children are not as clear as in adults, with the 

majority of effects being due to obesity. One study has found a fall in serum cholesterol 

after resolution of OSA [215] (level 2-). 

Adenoidectomy alone is often insufficient [201, 216]]. Adeno-monotonsillectomy may 

work in mild cases [201] but is associated with a higher failure rate [216] (level 3).   

The well described craniofacial abnormalities seen in OSA may not be permanent, with one 

group describing resolution after successful treatment by adenotonsillectomy[217] (level 

2+) 

 

20. Children with proven OSA secondary to adenotonsillar hypertrophy 

should be referred for adenotonsillectomy. 

C 

 

Where obesity is a factor in the causation of OSA there may be an urgent necessity to 

improve the breathing at night. Interventions to treat the obesity should also be considered 

for longer term management, although there is little evidence to support any specific 

interventions for childhood obesity [218]. (level 1++)  Allergic processes may be involved 

in adenoidal hypertrophy [219] and OSA [220] and nasal steroids have been shown to 

reduce apnoea frequency over a 6 week treatment period; they may have a role in the 

milder patient group [221] (level 1+). Oral steroids appear ineffective [222]. (level 3) 

Benefits have also been described with leukotriene antagonists with or without nasal steroid 

[176, 223] (level 2+) 

 

21. Nasal steroids and/or leukotriene receptor antagonists may be considered 

in mild cases of OSA or where abnormalities persist after 

adenotonsillectomy  

B 

 

In a highly selected group of children with malocclusion, oral jaw positioning devices were 

found to resolve symptoms in about 50% of children [224] (level 1-) and may also be 

applicable for handicapped children [225] (level 3).  They are unlikely to be helpful in 

children with adenotonsillar hypertrophy or in severe craniofacial problems. 

 

22. Oral jaw positioning devices should be considered for OSA in 

malocclusion.  Further data and experience are required before this can 

be recommended for routine practice.   

D 
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Craniofacial surgery to advance the mandible or maxilla has been successful in some case 

series as judged by the avoidance of tracheostomy[226-228]  and quality of life was much 

better when tracheostomy was avoided [229]. (level 3)  

 

23. Mandibular and maxillary advancement surgery may be helpful in the 

management of OSA in craniofacial syndromes especially in those where 

tracheostomy is the only alternative.   

D 

 

Uvulopalatopharyngoplasty (UPPP) has only been reported to be successful in case reports 

specifically identifying abnormal soft palate anatomy or in conjunction with T+A where it 

is not possible to separate the contribution of each form of surgery [230, 231].  At present it 

can not be recommended. 

 

24. Uvulopalatopharyngoplasty (UPPP) cannot be recommended in children 

with OSA. 
Õ 

 

Supplemental oxygen reduces the severity of desaturation in OSA.  There is conflicting 

results on its effect on apnoea frequency, arousals and sleep quality.  In a small number of 

children it was associated with hypercapnia [232, 233]. (level 2++). It is therefore 

reasonable to use this as a temporary measure provided hypercapnia is excluded 

 

25. Oxygen may be used as a temporary measurefor the management of 

OSA provided carbon dioxide levels are shown not to rise during 

treatment.  

B 

 

Nasal continuous positive airway pressure (CPAP) has been shown to be effective in 

correcting the physiological disturbance in several case series of children with OSA [234-

236] (Level 3), including those with neurodisability [236] and infants [237] (Level 2-).  

Compliance with treatment may prove challenging [238, 239].   CPAP also improves 

behaviour and alertness and concentration [240] (Level 3).  Between 55% and 83% of 

families tolerate nasal CPAP in the longer term [234, 236, 237].  Bi-level nasal positive 

airway pressure (BIPAP) has also been used effectively in children with OSA [241]; there 

are no comparative data of CPAP and BIPAP. 

 

26. CPAP/BIPAP is an effective treatment for the physiological 

derangement of OSA and should be offered where adenotonsillectomy 

has failed or is contraindicated if symptoms or physiological disturbance 

are severe. 

D 

 

Tracheostomy has been used when other medical interventions are ineffective or 

impossible, and results in complete resolution of symptoms [151, 242]. (Level 3)  The 

mortality from tracheostomy in children under one year of age is around 5% [243].    

27. In children with severe OSA where all other options have failed 

tracheostomy may be required.  
Õ 

28. When a child with abnormal physiology has undergone treatment, a 

further study to ensure normalisation of the physiology is recommended; 

 

Õ 
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if abnormal gas exchange has been documented, this is mandatory. 

 

Risk of adenotonsillectomy 

 

OSA is a risk factor for cardiorespiratory morbidity after adenotonsillectomy [244].  

Although selected patients (including those with OSA) can safely be discharged as day 

cases [245], some risk factors indicate particularly high risk.  Post operative complications 

are higher in children under four years of age [244, 246, 247] and as high as 20% in 

children under 2 years [199, 248].  They are associated with severity of disease, especially 

if the saturation nadir is less than 80% or if other medical problems e.g. craniofacial 

disorders and evidence of right ventricular strain are present [246, 248-250]. (Level 2+).  It 

has been argued that since the severity of disease is difficult to assess on clinical grounds, 

and the risks of surgery are related to the saturation nadir, all children who have 

adenotonsillectomy planned for OSA on clinical grounds should have a pre-operative 

oximetry recording to assess the need for a High Dependency Unit bed [251].   

Table 4 lists the factors which should prompt referral to a centre with paediatric intensive 

care facilities for surgical management. 

 

Table 4.  Factors predicting need for PICU facilities in children with OSA 

Age < 2 years 

Severe heart or lung disease 

Neuromuscular disease 

Craniofacial abnormalities 

Severe neurodisability 

Severe obesity (BMI Standard Deviation Score >2.5) 

 

Children with Downôs syndrome, minor heart defects, or overweight (BMI Standard 

Deviation Score >2) should be evaluated carefully preoperatively before a decision is made 

about the optimal setting of surgery. 

 

29. Children with suspected OSA who have associated risk factors listed in 

Table 4 should only have adenotonsillar surgery in a centre with 

Paediatric Intensive Care facilities available.   

Õ 

30. Overnight pulse oximetry is a desirable method of assessing the operative 

risk in children without apparent co-morbidity who are being considered 

for adenotonsillectomy.  If performed, a nadir of <80% or baseline 

hypoxaemia should prompt referral to a centre with Paediatric Intensive 

Care facilities available.   

Õ 

 

The immunological consequences of removing the adenotonsillar lymphoid tissue in early 

life are uncertain; a conservative attitude towards surgery has been recommended, 

particularly in younger children [252].  
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3.2 High Risk Groups 

3.2.1 Downôs syndrome. 

Search strategy: 

Medline 1950-Dec 2006 

(Down syndrome/) and (sleep apnoea syndromes/ or sleep/ or sleep disorders/) 

(Down syndrome/) and( pulmonary hypertension/) 

Secondary search of references in relevant articles. 

 

Prevalence and consequences 

Five population studies have attempted to study SRBD in unselected patients with 

Downôs syndrome; one study did not have evaluable prevalence results[253] .Based on 

the 197 children reported, SRBD occurs in 58% (95% Confidence Intervals 51-65%) of 

children with Downôs syndrome [254-257] and between one-third and three-fifths of 

children with Downôs Syndrome have desaturation below 90% while asleep [254, 257].  

Only one study of 17 children failed to find an increase in SRBD in children with Downôs 

syndrome [256].  Children with Downôs syndrome are at increased risk of pulmonary 

hypertension, particularly if they have any associated heart abnormality [258, 259] (Level 

2++); in one study of 71 patents with Downôs syndrome and upper airway obstruction 34 

(48%) had pulmonary hypertension [260] (Level 3).   Relief of upper airway obstruction 

improves pulmonary artery pressure [261, 262].(Level 3).   In children with cognitive 

impairment, adverse effects of SRBD may not be recognised.   

Assessment and interventions. 

There are no controlled trials of intervention in Downôs syndrome complicated by SRBD.  

A number of before-and -after studies have shown improvement from intervention 

varying from adenotonsillectomy to uvulopalatopharyngoplasty, tongue reduction, tongue 

hyoid advancement, and midfacial or maxillary advancement [225, 260, 263-266] (Level 

3).  CPAP has generally been found to be effective where tolerated.  In a minority of the 

patients reported in these series, other interventions  were ineffective and tracheostomy 

was performed.  An observational study of 19 patients with repeated polysomnography 

demonstrated significant improvements in both AHI and desaturations after CPAP with 

or without tonsillectomy, but no improvement in patients who refused therapy or had 

positional therapy only.  Four of the fifteen patients with OSA, and none of the four 

without, had pulmonary hypertension [257].  

Based on the suggestion that untreated obstruction with hypoxaemia carries a risk of 

pulmonary hypertension, and that upper airway obstruction is generally treatable by some 

intervention, it is difficult to justify not treating obstruction with hypoxaemia when 

present.  Treatment should be at the lowest level possible: adenotonsillectomy would be a 

reasonable first option.  If there are significant craniofacial or tongue abnormalities then 

it may be appropriate to correct these.  If surgical intervention does not correct the 

situation adequately, then nasal CPAP should be instituted.  Reassessment of benefits of 

each intervention should be carefully documented with repeated physiological studies.  

Tracheostomy is a last resort in this situation, and the risks and benefits of treatment 

versus inaction should be discussed carefully with the parents. 

In children with Downôs syndrome who do not respond to adenotonsillectomy and will 

not tolerate CPAP, oxygen therapy may be helpful in preventing pulmonary hypertension, 
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but should only be implemented if it can be demonstrated not to increase nocturnal CO2 

[232, 233]. 

Conclusions 

Children with Downôs syndrome are at high risk of SRBD and nocturnal hypoxaemia, 

and the high incidence of congenital heart disease in these children makes the 

development of  pulmonary hypertension a significant risk.   

SRBD may be difficult to identify on symptoms in this group.   

Adenotonsillectomy may have a lower rate of success, but is still indicated.   

Other interventions including CPAP are effective but may be difficult to institute. 

 

31. All children with Downôs syndrome should be offered screening for 

SRBD, using at least oximetry; suggested screening ages are at least 

once in infancy then annually until age 3-5 years. 

Õ 

32. Children with Downôs symdrome with abnormalities on screening for 

SRBD, or where there is a clinical suspicion of a false negative 

screening test, should have polysomnography, including oximetry, 

airflow, effort and CO2 measurement.  Video should be included if 

possible. 

Õ 

33. If significant SRBD with hypoxia is present in children with Downôs 

syndrome, then appropriate treatment should be offered. 
Õ 

 

34. Further research is needed on the benefits and risks of screening for 

SRBD in Downôs syndrome. 
Õ 

Note.  There is no evidence about how long screening should continue in these children. 

We have arbitrarily taken 3-5 years as including the period of highest risk of OSA.  If 

screening tests are negative up to this age it would seem reasonable not to undertake 

further tests subsequently unless there are suggestive symptoms.  

3.2.2 Neuromuscular disease 

Search strategy 

Medline 1950-Dec 2006) 

CINAHL 1982-2006 

(muscular diseases/ OR neuromuscular diseases/ or muscular atrophies, spinal/ OR 

muscular dystrophies/) AND (sleep apnoea syndromes/ OR sleep/ OR sleep disorders/). 

(muscular diseases/ OR neuromuscular diseases/ OR muscular atrophies, spinal/ OR 

muscular dystrophies/) AND  (respiration, artificial/ or positive-pressure respiration/). 

Search of all OVID EBM databases for neuromuscular AND (sleep or ventilation) 

Secondary search of references in relevant articles. 

 

Mechanisms and prevalence. 

There are two major patterns of SRBD in neuromuscular disease: obstructive sleep 

apnoea due to loss of glossopharyngeal muscle tone and hypoventilation due to 

intercostal and abdominal weakness.  If the diaphragm is involved then the 

hypoventilation is particularly severe during REM sleep[267].  Bulbar palsy and scoliosis 

both increase the risk of respiratory failure and SRBD.   

Respiratory failure at night causes hypoxaemia and alveolar hypoventilation.  Children 

with neuromuscular disease and nocturnal desaturations are more likely to have evidence 




