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1. Introduction

1.1 Justification and remit.

Despite the relatively high prevalence of sleep problemvareness is poor amongst
paediatricians surveyed in the US. Only 50% of questions relating to sleep disordered
breathing were answered correctly and 44% of paediatricians routigglyadabout

sleep problems in adolescefi$. It is unlikely that awareness in UK paediatricians is

any differenf in a 1998 survey the median total time spent on undergraduate teaching on
sleep and sleep disorders in UK medical schools was 5 mi2jte& recent surv
paediatricians by the British Paediatric Respiratory Society disclosed ﬁf

unplanned structure of services for sleep disorders in children, often
frequently perceived as inadequate for local n¢8Jds

This report presents evidenbased recommendations for the dia ' d management
of disorders of sleep physiology and respiratory control in chitdsen, and the organisation
of such services nationallg the UK. While it recognises th 'h%ance of behavioural
sleep disorders, the report does not discuss this area i % nes already exist
Qg a/Hypopnea Syndrome in
a rate approach; they have
red breathing, with very different
symptoms; and they present

for the diagnosis and management of Obstructive Slgep
adults[4]. Children are sufficiently different to justj
more varied conditions presenting with sleep di
natural histories; they havar more protean anesg
different challenges in both diagnosis and t .
There are foumainpresentations which Outhe consideration of an underlying
disturbance of sleep physiology or re torycontrol. These

A symptoms suggesting airway orY%t ng problems during sleep;

A apparent lifehreatening ev in\nfancy;
A diurnal symptoms suggesting digturbed sleep, including excessive daytime sleepiness;
Ing sleep in older chiten.

A abnormal episodidehavio

In addition, a number Mons are known to be at high risk of such disorders even
without suggestive %ﬂ&

Theorganisatiom%sh cal section of the report will therefore be according to these
four presenti t of sleep dmdathing impairment.

The report ainn%aid parents, primary and secondary care physicians and surgeons to
recognis€ the €ymptonas sleep disordergo prioritise referral requests, to identify

grou require screening for abnormalities, and to statet which investigations

t modalities are availabtel appropriate. It also aims to alahiciansand

ice managers involved in providing and commissioning services for affected
in prioritising such commissioning, andoirganising pathways of care.

1.2 Overall methodology
For each symptormgroup 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 preventivaneasures in the poptian or in high risk groups?
b. How the condition should be identified?
c. How the condition should be managed



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 Medé (1%0-2006)and the Cochrane databagere 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 relenginal and
reviewarticles was &b used.Articles were considered relevant if they provided any
evidence bearing on the questions above, relating to children.

Statements are evidenbased as far as possible, and have been graded using the SIGN
scale[4] for therapy, aetiology, prevention and harm, gvelSackett systefb,

prognosis, diagnosis and economic analysis.
Recommendations wederived frondiscussioramongworking party n then

refined afterfurther agreement witexpert reviewers.
As with the SIGN guidelines, this report is not intended to serve ndard of medical
care. Standards of medical care are detexdhon the basis of inical data available

for an individual case and are subject to change as scientifi edge and technology
advance and patterns of care evolve. The ultimate jud npregarding a particular
clinical procedure or treatment plarust be made by tm%t , following discussion of
the options with the patient and parents or guardians, in light of the diagnostic and

treatment choices available. However, sugge significant departures from the
recommendationsontainedn this report, or guideline derived from it should

be fully documentea@the patientdés notes

Levels of evidence used, and gradesg%(o mendations are detailed in Appendix 1, and
ed below to aid the reader.

grades of recommeations are sum?‘
The membership of the wor %p included clinicians from a number of related
specialist areas in paedi ri& piratory, Neurology, Intensive Care, General and
Commmunity. Repres % were invifem the British Sleep Society, and the

Association of Respi erapists and Technologists, and from the Muscular
Dystrophy mpai gn and t heAfdlbstoftbes Sy ndr o me
i ppendix 3.

number ummaries relating to the different clinical sections.

membership is i
In additioQo tpetulreport there are summaries of key points for clinicians and a



GRADES OF RECOMMENDATION

A At least one metanalysis, systematic review or RCT rated dsahd directly
applicable taarget population or
a body of evidence rated aScbnsisting mainly of RCTs and directly applicable to
target population, and consistent.
B A body of evidence including studies rated &sdirectly applicable to targ \t
population, and consisterar,
Extrapolated evidence from studies rated dod 1" a\
et
C A body of evidence including studies rated asliectly icahle to target populatiof
and consistenpr A )
Y
Extrapolated evidence from studies rated &s 2
D Evidence level 3 or 4r $
Y
Extrapolated evidence from studies 1
GOOD PRACTICE POINTS
a

R

Recommended best practici b@:linical experience of working party

x
QY
QO

&



ADHD
AHI
ALTE
BIPAP
CCHS
CPAP
CSF
ECG
MSLT
NIV
NREM
OSA
P.LCO,
PCO;
PeCO;
PIRCM
PLMD
PRS
PSG
PTT
PWS
REM
RLS
SOREM
SRBD
Sp0o2
UARS

g

N

Table 1. Abbreviations used

Attention Deficit/Hyperactivity Syndrome
Apnoea/Hypopnoea Index

Apparent life threatening event

Bilevel positive airway pressure

Congenital Central Hygventilation Syndrome
Continuous positive airway pressure
Cerebrospinal Fluid

Electrocardiograph

Multiple Sleep Latency Test

Nonr-invasive ventilation

Non-Rapid Eye Movement

Obstructive Sleep Apnea (includes obstructive hygapn
Arterial Carbon Dioxide tension
Transcutaneous Carbon Dioxide tension
Endtidal Carbon Dioxide tension
Paradoxical Inward RibCage Movement
Periodic Leg Movement Disorder

Pierre Robin sequence

Polysomnography

Pulse Transit Time

Prader Willi Syndrome

Rapid Eye Movement

Restless Legs Syndrome

Sleep onset with REM

SleepRelated Breathing Disorder

Oxygen saturation measured by pulse oximetry
Upper airway resistance syndrome




1.3 Sleep physiology and developmental changes in childhood

Any attempt to underand 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-1®& haurs per day asleep, around 60% of which4s in Rapid
Eye Movement (REM) Sleep. By the age of 1 year this has fallen15 h»

around 30% being REM. From abou#t3nonths of age sleep is gradually Ce idated

into more continuous periods, mostlyring the night time hours .The f sleep

also changes over this age period, with the appearance of differ % petween stages
1-2 and 34 norREM sleep by about 4 mont[]. With increasi ther changes
occur, with further shortening and consolidation of the nig pd, and

reduction of daytime sleep duration such that by the age<f 3 y@ars around 45% of
children take a regular daily dayne nap, whilst by 5 years o this has fallen to less
than 10%. The distribution of sleep states during da nighst@ep periods also
changes with age: at 2 years of age children spend, a higher proportion of time in stage 4
nonREM sleep during the day than during the The function of the different
stages of slee unclear, but REM sleep (thg prédogninant state during fetal and early
postnatal life) may be a basic activation gkamme for the central nervous system that
increases the functional competence S, circuits, and complex patterns before the
infantis called upon to use them. The maturation of Quiet SleepRiEM sleep)

coincides with the formation of thal rtical and intracortical patterns of innervation
and periods of heightened synaptogepesis, and synaptic remodelling. Several studies
have siown that information ired during wakefulness is further processed during
both REM and Quiet slegj, 8].

During mid to late urther changes in the organisation and duration of sleep
continue, with a redustiowin total sleep time from an average of around 11 hours at 5

years to 8 hogq 6 yedss.

Within sl the duration of the REMnREM cycles also changes, from around 50
I@arly infancy to 60 minutes at 6 months and to the adult period of 90 minutes
Ildhood to early adolescefit@].

D%s eep there are marked differences in physiology between different states, and
between sleep and walkj. During REM sleep, metabolic rate is higher than during non
REM sleep, and in humans (unlike most pyimate mammals) there is active
thermoregulatory activity, with a vigorous metabolic response to cold §irgs$n

contrast, during noREM sleep, the metabolic response to cold stress is less marked, but
the ventilatory respnses to mild hypoxia or hypercarbia are more marked than in REM
sleep. From the age of88months infants exhibit a fall in body temperature during the
early part of the night, followed by a slow rise thereatfter; the falls in temperature are
oscillatory,being more marked in neREM slee12, 13]



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 abdoningi® 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 comeaoniy s
children up to the age of 3 yedisl]. At all ages muscle tone in the nles of the

pharynx and upper airwdyparticularly genioglossus is reduced or absent in REM
sleep, and may result in airway obstruction particularly in the supine positi urlng
REM sleep. Infants with relative macroglossia and micrognathia (e.gn R

are at particular risk of such obstruction. Other changes which occur gu R M sleep
include a reduction and instability of functional residual capacity a ‘s d
variability of respiratory rate, heart rate and oxygen saturﬁliﬁml?

1.4 Behavioural sleep problems

The prevalence of behavioural sleep problenduding be
phase disturbanceis, high. Moderate or severe sleep are reported in 17% of 1
year dd children[18], and some form of sleep proble resent in 20% of 5 year olds
and 6% of 11 year old49]. There is a perceived lack services for such problems

(BPRS survey, 2002). There can be consider nostic difficulty between primary
behavioural sleep disorders and those arisi % leep disordered breathing, and it is
important that any centre which offers a eifiteolfatter should have some facilities

to deal with behavioural sleep disorder§,eitfer on site or by onward referral. However,
the management of behavioural problemSyis outside the scope of this report, and will not
be considered further here. e %\

istance and sleep

1. Any centrewhich offers §ssessgnent of SRBD showstablishsome a
resourceto deal with iguiral sleep disorders either on site or by
onward referral. £

1.5 Gen era\ﬁﬁ«:ibof sleep impairment

A randomise d tlisshowed thathigher cognitive function is impaired after
experimental sl restriction 119-14 year old childreim the absence of sleep disordered

i vél 1). Multiple sleep latency tests (MSLTs) were abnormal after sleep
ith low sleep onset latency (8.5 mins) awdeased REM episodf20]
In ionnaire survey of sleep habits in US adolescents, associations were found
%n horter selfeported total sleep times and poor school performance, negative
moods, difficulty controlling emotions and behaviour probld@k]. A survey of 450
students agedl1i 15 showed associations betweadaytime sleepiness (measured on a
guestionnaire scale) and low school achievement, absenteeism, low school enjoyment,
low total sleep time and frequent illnd22].. While these associations between impaired
daytime functioning and sleep restriction have not been shown to be causadrehey
consistent witithe experimental findings of sleep deprivatioited above.
Sleep disordered breathing is also associated with daytime dysfunictiohildren
whose academic performance was poor (lowe8c@tile) 18% were found to have
objectve evidence ofleep disordered breathifig3]. Furthermore a much higher




incidence of snoring at-@ years of age was found in children with poor academic
performance at-8" grade compad with children with high academic performance raising
the concept of long term harm resulting from airway obstruction in earlier childddpd

In a community based study of 1144 children, poor academic performance was
significantly associated with snoring. Thevasa dose response relationship between the
frequency of snorm and performanci5]. Some aspects of performance were
independent of hypoxiguggesting that poor sleep quality was a more likely mediator
the depth of the saturation nadir waedictiveof poor mathematics performance, with a
doseresponse effe¢26]. Similar data have been obtained from commubége
surveys of 835 childrej27] and 1014 adolescen&6] showing negative assogiati
between snoring/SRBD on cognition, achievement, attentiveness and grade
with an amplified effect in children born prematurely. In two easerol t
with snoring or minor obstructive sleep apg but insignificant gas

abnormalitieshad worsescores for attention, memory and intellige ched
controls[28, 29]; these imp@ments were correlated with meav%o' eep disturbance
b

oint averages
ildren

[28]. (Level2++). A community survey of-% year old childr ved poorer parental
ratings for attentiveness and behaviour in children with doc ed sleep disordered
breathing[30]. Arousals and sleep fragmentation we%oli ors of neurocognitive
impairment in children with OSA in @asecontrol study[29]. (Level 2++)

Deletrious effects on development of snoring v OSA halse been described in

infants[31].
A recentwell-conductedsystematic review erature on behaviour, neurocognition
O

andquality of life in children with SRB ed thihereis compelling evidece
that sleepdisordered breathing in chil ssociated witbehaviourabnd
neurocognitive problems and leads d ity-of-life. In addition to
improvements in sleep, adeno@ ctomy is assocwithdmprovements in

lity

behaviour neurocogition an -life in thesechildren. However, the lack of
uniform criteria for the di r?g? sle€jsorderedreathing in children and variation
in methods used to asses$ithe)outcome of sutbmapy limit our current knowledge
and should baddre ure research. Tigh prevalence of sleegisordered
breathing in childgen‘sh make this researphlaic health priorityo [32]

Conclusion

Inadequate sleepyduration or quality leads toampairment in attention, memory,
behavio school performance.

N
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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 eachtimondi

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 cardiandate/thm; and the
assessment of the sleep stages in which any disturbances occur. When t egree of
sleep disruption is being assessed, or in children with other sleep sympt itmay be
necessary to assess sleep architecture, arousals, periodoviegnemts a % sence
of epileptic activity. In addition, studies of children on fiovasive ve en will need
the facility to measure ventilator pressure waveforms.

Search strategy:

Medline(1966:Dec 2006)earch of polysomnograplisub ethods
/instrumentation /standards), limitedfoa | | O-&8lyeat

Specific searches on individual metbltogjies

Secondary search of references in relevant article
2.1 Adequacy of Ventilation @ é

2.1.1 Arterial Oxygenatior(%
Measurement of oxygenatias the sigaplest¥method of assessing ventilation during sleep.
It has the advantage of a robusti measurement device but is insensitive to
minor degrees of hypoventilati@n in children with normal lungee mainstay of
assessment of oxygerat is & Imetry, which is wetblerated, and nemvasive.
The sensor is incorporaté@d intQ & soft cuff that fits around a finger or toe or clips to an ear

lobe. Arterial oxygen a pulse oximetgyd$§ have been shown to correlate

well with measurenten @. arterial blood gases down@ &f 70%, provided there is a
good arterial pulse, wave’form at the probe site and the signal is free of movemeunt artef

[33, 34] The a Signhificant time delay between changes in ventilatidrchanges in
S,02, due partl the electronic processing of the signal to minimise artefact, and partly
to the cir€ulation time from the lungs to the probe site. Oximetry is also affected by

mov nt fact and by poor tissue perfusion.
Vi %ﬁ of the pulse waveform improves the differentiation of genuine desaturations
f@t acl35]

Widely used criteria of abnormality in nocturnal oximetry recordings are falls of >4%
below baselin@nd desaturations below 90%; abnornasters 0#4% desatirations have
been defined as 5 or more in a 30 minute pd2éd 36] Normative values fobaseline

S,0; levels at night have been published infants[37-39] and schoohge childrer39,

40]. These studies show that baselin®Sdoes not increase with age after the first week
of life, although desaturations and periodic breathing may be more frequent in early
infancy. It shoulde noted thatlifferent oximetersaveraging timeand storage
algorithms may give different resuli4l-45], and there are no data confirming the level
of abnormality which will predict a clinical benefit from imzention.
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In children outside infancy a normal oximetry recording should have:
a) A median GO, leveP 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 clirdnos who are a
skilled in interpretation of the results, and systems should allow
graphical inspection of recordings, with adequate facilities for artefac

rejection. A
g\i :g
e which is

Obedeveuys3
s a sole indicator of

Transcutaneous oximetry has been used as an alternative method of &
oxygenation.However, the inaccuracy of the absolute values, a respoW
even slower than a pulse oximeter, and the need to resite the h%

makes it much less useful in practice, and it cannot be recomme
oxygenation in sleep studies. %

2.1.2 Measurement of carbon dioxide @

The assessment of arterial £@nsion is an important adjunct to the detection and

guantitation of hypoventilation. This can be d irectly usingtieiadicarbon

dioxide or transcaneous C@measurement Ivasive estimate of alveolar PO
levels may be made from the P&@lue at the nose or mouth during the last
fifth of expiration. This is termed the al (PeCOy,). Thisis areasonable

approximatiorof arterial PCQ (P,CQy) in sulgjects with healthy lungs and unobstructed
breathing46]. Obtaining RCO, mea nt is technically difficult, as it requires

precise positioning of the prob¢ at thg airway opening and maadtaigilance

throughout the sleep study a satisfactory signal. The quality of the signal can be
determined from its shapg€; an &ihl plateau generally indicates a reliable signal. The
signal needs to be int p%}vith caution in subjectslwitg disease or high

respiratory rates, %I vels will underestimate,€0,. in the latter case the error
should be evident fro shape of the R@@re. Eneidal CO, recordings have the
advantage th e o provide an indicator dibairon a breatfby-breath basis.

An alternative invasive measure of PGQOs that of transcutaneous recording
(PCO): instance, a heated PL€ectrode is affixed to the skin surface on the
ches Il bdomen The electrode makes directcoedings of the levels of CO2

di %ough the skin from the saltaneous blood vessels. Heating of the site aims
t&e e local blood flow to make capillary blood gas levels similar to artérial.
adults;the accuracy oP..CO, in reflecting P,CO, is only moderate, with limits of
agreement having a 15 mm Hg (2 kPa) r@ge 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 retentiogd9]. The limitations of
P.CO,.measurements lie in their inability to detect rapid or transieahges in PC&)

their main strength is in their ability tolfow a long term trendFurthermore, in older

children raw RCO, measurements may not reflect trugC®, levels, although the
difference tends to remain constaaitpwing the monitoring of treas in PCQ levels

12



[48]. Because prolonged partial airway obstruction and obstridtiypoventilation
forms an important component of obstructive sleep apnoea syndrome in children; PetCO
and/or PtcC®@ measurements are considered essential for paediatric sleep apnoea
syndrome assessments; the use of both modalities in the same sulgszases the
number ofperiodsin which CO2 data are availalj¢8, 50]

3. For any investigation of SRBD other than screening studies a a
measurement of C&is essential, and the use of boémd-tidal and
transcutaneos modalities reduces theaumber ofepochswith
unobtainable data and is therefore recommended. A
The main disadvantage o§@€0, measurements is the necessity of t@%e probe to
the facial region which may be poorly tolerated. It is possible to yg structive

events when the 0, signal is lost either because the probe is ed or the patient
adopts mouth breathing. This candwidedby not relying on e, but to look
for corroborative information from other channels (éngrease radoxical movements

of rib cage and abdomen, or decreasgd 8r R:.O5). Q

2.2 Evaluation of respiratory dist@ ce

2.2.1 Respiratory airflow
Several techniques are availablan adult mary statement concluded that there were

regarding standardisation of instrumentation.

insufficient data to allow recommen
[51]). o
Quantitative measures. eumnotachograph can be attached to nasal prongs,

oronasal mask or trache@stomytube. This gives quantitative assessments of flows,
volumes and timings, wbe important in a research setting, or in assessing central
hypoventilation. Ho ‘% a clinical perspective the technique is little used as it is
technically difficudt, Ive to the patient and may be poorly tolerated. Also in infants
and children, i icular, the added dead space of the equipment may have an influence
Q;rn$52, 53]

measures. Oronasal or nasal thermistors, or nasal CO2 catheters are
the m only used techniques to detect respiratdiomaimhe main disadvantage

d may be poorly tolerated. In addition the measurements are not quantitative,
an rmistors may not reliably detect periodeygfopnoea (partial obstruction with
decreased tidal volum§4]. The sensitivity of thermistoris dependent on makg4].
Pressure transducers attached to nasal cannulagdwamlybeen shown to be useful in
identifying airflow interruption, and may be more sensitive to hypopnoea than
thermistors although they are also more pronaligplacementand the best results are
gained from a combination of sens{tg-58]

Respiratory inductangalethysmography 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 obstr{s8p60}]

However, the technique is limited as it can only detect complete obstruction (apnoea) and
cannot detect partial obstruction (hypopnoea). Sound recordingsisinfgrmation on

the volume and quality of snoring, but snoring history does not quantitate the ventilatory
disturbance in childref61]. It is nevertheless useful to have an indication of snoring to
correlae temporally with episodes of respiratory disturbance or arousals.

2.2.2 Respiratory Movement / Effort
Oesophageal pressure is the optimal technique for detection of respirato

effort, but is an

73% of school age childrdf2]. In addition, the presence of an o ag€al catheter
may cause sleep disruption and result in agqutbmal study[63].
techniques are usuallglequate for clinical purposesndshoul
abdominal effort, to allow detection of thoraabdominal a
A semiquantitative measure of airflow and tidal volum

inductance plethysmography (RIP). This fiomasive t igueses a pair of inductance

excursions allowing volumes and flows to be défif@éh. This method maallow

as central respiratory events.
Calibration is necessary to set the gain f
to make the sum equivalent to tidal v é-86). The technique has been

demonstreed to work well in detecting ob tive and partially obstructive events in
children and adultfs7, 68] and fi ing tidal volume in infap@]. However the
calibration is influenced by body poski$r0] and may be invalid in a subjeeho sleeps

in a number of different posi

RIP alone is not as sensitive aS\thermistor or capnography in the detection of apnoea in
infants[72]. Hypopno l%\ detected by a combination of RIP and nasal pressure
transducer§s4].

Qualitative measyre of chest and abdominal movements may be made with strain
gauge bands round the chedtamdominal compartments. These are not
calibrated an(%therefore not capable of giving measurements of tidal volume or

minute veftilatior”However they are able to show distinct patterns associated with
centra €3, obstructive apnoea and increasekl of breathing.
Tra aclc impedance is frequently used to record respiratory efforts in apnoea

0 r hospital or home use. However, this technique is not capable of detecting
obstiucted breathing8] and hence is not recommended for sleep laboratory recordings.

2.3 Assessment of cardiac rate and rhythm.

Cardiac rate can be deetl 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 raterhythm to enable cardiac arrhythmias
and changes resulting from respiratory disturbances to be assessed.

4. Asingle lead ECG is recommended as a minimum for secbnel i |
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studies. |

2.4 Assessment of sleep state.

In infants below the age ofB2 months, sleep staging is generally behavioural, and can
be done by visual meanisut more accuracy can be achieved usifigymation on

muscle tone omovementstability of RR interval respiratory channels and EEG
patternsas adjunctive informatiofy3]. No data are available on irk@bserver reliability
of behawural sleep staging.

In older children it ismportantto have a more detailed neurophysgdtal asse ent of

sleep stagen particular to enserthat periods of REM and slewave sleep en
recorded The methodologfor this is well described bigechtschaffen a ].

The following parameters are required for sleep staging in this age4qr

2.4.1 Electroencephalogram (EEG) %

The International @0 system of electrode placement is us ace electrode
placemen{75]. When EEG is limited to one derivation, th d derivation is C4/Al or

er
C3/A2[74]. The addition of O1/A2 or O2/A1 is often used to assist in detealpig activity
associated with the sleapake transitior]76].

2.4.2 Electrooculogram (EOG)

Eye movements are detected by placin @electrodes near the outer canthus of each
om
e

eye. The EOG electrodes should be rizontal, one slightly above and one
slightly below the horizontal plane teet both horizontal and vertical eye movements
[74, 76]

activity.

2.4.3 Electromyogra (Ebs\
2 surface electrodes@her on the mentalis or submentalis to detect muscle

sition
on body position may be of significance, particularly in patients with upper
obstruction where the severity of obstructiaay be affected by body position.
In comtrast to adults, children have been found to maintain airway patency better in
suping[77]. Abrupt changes in body position ynalso be useful in identifying arousals
and sleep disturbancé&ositionmay 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 whlttv 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.

2.5 Othe: I\&urements
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2.5.2 Limb movements

Gross body movemémand limb movements may be assessed from direct observation, a
video record or from recordings of a peripheral EMG recording (see below), or from
accelerometer capsulattached to the wrist or ank#etigraphy) These may be of use in
detecting the extd 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 assessingmiss body

2.5.4 Video and sou

movements and arousals during sldesg EMG can be used to detect PLMS, But
actigraphy is not an adequate substitute in chil{if8h
2.5.3 Oesophageal pH x:
Gastreoesophageal reflumay present an important problem i e Ihfants. To assess
the extent of the problem and to look for associations bet %ﬁ events and changes
in cardiorespiratory patterns, it is necessary to have a ' record of oesophageal
pH during the keep study. Oesophageal pH can be [ [ i
sensitive catheter passed via the nose and placed
occurrence of gintaneous reflux episodes should be
normative data for reflux indices are based oi2280t™recordings, while sleep studies
are generally of shorter duratiorDisadvant imultaneous pH recordings are that
the presece of an oesophageal pH pro : e sleep pattern and respiratory events in
infants[63] and in addition, the tempor. tion between reflux events and
respiratory events may be poorhe latter pgint may be improved bhetintroduction of
systems to detect neacid reflux@?ﬁ

' r%ding
Good quality video re ingg@’e an important component of a clinical sleep study, and
can be made usin @; lowlight cameras and appropriate microphones. Video
and sound recordings provide useful information on sleep behaviour, snoring, sleep
disturbance, hing’ paths. Video can be used to distinguish sleep from wake and can
be analys ct movement arougdls Snoring can be recorded directly by a
i inthe suprasternal area, or by a bedside phicne.

2. retation

An‘gvidencebased 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 polysomnogfaaj.

2.6.1 Breathing and heart rate.

Normal values for heart raf83, 84] respiratory rat§83, 8588], and oximetry{37, 39,

40] are availabldor different ages The movements of rib cage and abdominal
compartments are usually in phase. During inspiration, both compuastegand, 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 movemefBaradoxicalthward Rib Cage Movement, PIRCM)
are seen in premature neonates, in term neonates with abnormal respiratory mechanics,
and in infants diing REM sleepPIRCM during REM sleep decreases with aged it is
uncommon in nofREM sleep in childreover 3 year$89]. PIRCM may be a response to
an increased respiratory lof#D], or due to diaphragmatic or intercostal muscle
impairment.In the absence aither explanations it suggestivef partial or total upper
airway obstruction during sleep.

Parental reports of habitual snoring correlate well with objective recorf@

snoring is not a good predictor of OB, 93] However, €mporal assocjati between
snoring and arousals or respiratory events may be helpful in assesgi ernight
study.

2.6.2 Respiratory events D
Adult criteria for identification of obstructive events should ngt Be used for children, as
they may fail tadentify clinically significant obstructio
Obstructiveapnoeds the absence of oronasal airflo presence of continued
respiratory effort. The significance of tapnoealuration depends on the background
respiratory frequency, and a duratiorafespirat e times is a useful measure
which corrects for thif94]. However, the maj hildren with significant gas
exchange abnormalities during sleep do % repeated complete obstructive events,
but show a pattern of obstructive hyp jon, withlicgt decreases in Sa02,
hypercarbia, and paradoxical respiratory
Obstructivehypopnoeas a >50% re of airflow in the presence of continued
respiratory effort. Paradoxicedgpiratop (thoracieabdominal asynchrongnd gas
exchange abnormalities ar sgen as additional feattissdence of significant
hypercarbia is present then it IS\better described as obstructive hypoventilation

USI o)

ve (

If hypopnoear hypov iS prese with a concomitant decrease in respiratory
effort, then it is no for more details of criteria 484, 97).
Any respiratory eyen ciated with a significant fall in SaO2 or heart rate should be

considered ab . JReference values for duration and frequency of respiratory events
at different ag]%e availaljgs, 9799].
V4

2.6. eep’staging and arousals

alssnay be assessed by EEG charyesy aher physiological indicators.
Physiglogical indicators include movemgnt, 81]or indices of autonomic arousal such
as pulse transit time (PTT)00] or peripherahrterial tonometry101]. The different
indicators of arousal are correlated with eachteatin children with OSA20-25% of
either movement or EEG arousals occur without the other being pf&é2htin contrast
to Mograsg481], whofound nearly all obstructive events in 14/15 children with OSA to
be terminated bi£EG arousaldyicNamarag103, 104]Jfoundthis in onlya minority of
obstructive events in infants and childrdgsing detailed respiratory assessment
including oesophageal manomeiny34 children Katz[100] has observed about 50% of
obstructive events were associated with an EEG arcausadithat 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 usedurrogate indicator dRBD, 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 ttgut forward by the American Sleep Disorders Association

[105, 106] Normative data foEEGarousalg106] and sleep architectuf@07-109]in

children are availableA simplified modification of infant EEG arousals has been found

to give excellent interater agreement after trainifyl0]. Arousals should be

categorised as respiratory, technieinduced or spontaneoi1].

Although most modern polysomnography systems offer automated e tection, this
remains poorly validated at present, particularly for paediatric use.
5. Visual review of the complete recording should be undertck_e\ a
competenbbserver before a rapt is issued.
et

2.7 General Methodology of studies %

Three general types of study may be needed:

Screening studiesused to screen for major abnormali a high risk population, or as

a preliminary assessment of children with obstructive symptoms.
Secad-line studies used to assess children whe diagnosis is in doubt or where
treatment decisions cannot be made on the % screening studies.

Third line studies used to assess childr gre knowledge of sleep neurophysiology
and architecture ignportant to decisi ingNor diagnosis.

2.7.1 Timing and duration

While daytime nap studies are@eri?onvenient than overnight studies, they have a

number of disadvantages: t ehaviourally abnormal in most children over 4 years
old, they maynot include-adeq periods of REM and-Ri&M sleep, and ignore

circadian variability i S yln two series comparing nap study with PSG, using
chloral hydrate se % 12] nap studies were found to have a high specifitity

low negaive pred% ues (£49%). Severe adverse events have been reported after
the use of ch h te ahildren with OSA[113], and nap studies using sedation

cannot be recommended. An alternative method of inducing naps is by sleep deprivation,
but this egdnexéggeraBRBDin infants[114].

of the whole nights the recommendednvestication to asess a
disordered breathingA minimum of 6 hours sleep is desirable.

A Afirst night eff ec,twherebyssleep Hifters durityéhefost i b e d
night in a sleep laboratory compared to subsequights[115]. Two studies assessing

this in children102, 116]have shown thaBRBD parameters are no different between

the first and second nights, but difaces in sleep architecture were foumdre marked

in one study102] than the otherLevel 2+4).

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

8. Abnormalities in sleep architecture require a second night study for C
reliable diagnosis.
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2.7.3 Measurement conditions and reporting of results

For screeningincluding variables such as oximetry, capnography, actigraphy and video

or audio, unattended home recordings are relatively simple and likely to be more
representative of t hardiordpiratod stidiesoBSGrhasl s | eep.
beenadvocatedy some centregd17-119), but others have reported less suc¢g26]. A

detailed systematic review of the utility and performance of home and hospital diagnostic
studies for sleep apnoea inudtd has been conductgt?1], but there are few published

data for childrenFactors which may affect the success and diagnostic accuracy of home
monitoring include the geific system used, the specifics of the home envir
the cooperation of the pareniisis also likely to depend on whether the tectiyei

parent is responsible for sensor placeménis not therefore possible to fhake
recommendtion about the usefulness of home studies, although t early more
[

desirable if demonstrated to be of adequate diagnostic accuracy;:
Unattended, or partially attended studies in hospital are mor
elsewhere in the world, penpgdue to limited resources. T studies
documenting the difference in diagnostic accuracy of at mpared with unattended
studies in a hospital setting. The presence of video recqr s likely to make the
interpretation of unattended slias more robust.

It should go without saying that a sleep study cag §Iy be performed in a quiet

n the U.K. than

environment, where a child is likely to have re representative sleep. This
requires a separate cubicle in a quiet area. cannot be dorepen arard.

Because both the equipment, the surrouyriai d the interpretation of findings are
different in children, and because of t ossible need for resuscitation in these patients,
it is strongly recommended that altpatient\sleep studies on khien are undertaken by

staff with adequate training and exp e in paediatrics, and in an environment where
paediatric resuscitation facilities an ills are readily available. If children are studied in
a primarily adult laboratory,i\is\stronglgecommended that a paediatrician with

expertise in paediatric slgep megicine oversees the laboratory operations related to
children and is involveenin the interpretation of res[it.
A

9. All in-patignt skee)studies on children should be undertaken by staf a
with a ining and experience in paediatrics and in an
enviro%%{t whergyaediatric resuscitation facilities and skills are
#aflable.
cMldren are studied in a primarily adult laboratory, a paediatrician a
pertise in paediatric sleep medicine should oversee the
Q ratory operations related to children arbe involved in the
interpretation of results.
11. Sleep studies should only be done in a suitable, quiet environment a
where normal sleep is possible.

Detailed suggestions for parameters which should be reported in a paediatric sleep study
have been ade by the American Thoracic Soci¢iy].

Table 2 Recommendations for minimumstandards of equipment available.
| | Minimum | Ideal
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Screenindfirst line)
studies:

Oximetry(adequate stage
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 02
measurement

Video and sound

Arousal detection

Sleep staging
Body position

Third line studies

Above plus:
EEG/EOG/EMG
Assessment of PLMS
oesophageal pH

@%Q
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3. Airway and breathing problems during sleep

3.1 Obstructive sleep apnoea (OSA) and hypoventilation

Search Strategy

Medline 1%0--Dec 2006 and Cochrane Database of Systematic Reviews
(Sleep apnogeaor (obstructive sleep apnoea) or (sleep disordered breathing) or (snoring)

or ( adenotonsillectomy) or (upper airwaysistance), limitedté a | | 0-t8h/@aisd
Secondary search of references in relevant articles.

3.1.1 Prevalence of OSA \Q

There is a continuum of upper airway obstruction ranging fro oring to obstructive sleep
aproea/hypopoea syndrome. Primary snogi is defined %d snoring without
obstructiveapnoeafrequent arousals, or gas exchange The prevalence

of reportedsnoring most or every nighin 4-5 year ol enis 12%7/[123], and
remains at a similar level at 7 years, although only he chiklere at both ages
[124]. Similar prevalence levels were found #18 yeax old German childn[25, 125] In

a largeinterview-basedsurvey of adolescentgnd parentin the USA, 6% were
reported to have habitual snorifitR6]. Ui of definitions not all based on
Sbs

C
formal polysomnographythe prevalenc ructive sleep apnoea in the general
population is between 0.7% and Z.QQ 29]. The prevalence in morbidly obese
childrenis considerably higher at 1 0]. yalso appears more common in lower secio
economic groupgL31]. 3%
Diagnosis is oftendelayed, "h UQ 31% of patients waiting more than 4 years
respectively until treatment igated and 40% self referring despite their primary care

physician being aware oftheir ptofh32].
Although the majorit children with OSA have no underlying condition, there are a
number of conditio %icSRBD is common and consequemorbidity more likely
(Table 3. G

Table 3 Conditiogs at high risk of Sleep Disordered Breathing

Conditiw Prevalence| Prevalence of| Other comments

P SRBD

D 0 sy n|1:1,000 70-100% High risk of  pulmonary
hypertension, especially if €
incident heart diseas

Neuromuscular Diseas 1:3,000 42% Difficult to detect clinically.
Reduced life expectanc
reversible by treatment.

Craniofacial 1:7,000 Depends  or

abnormalities severity; 100%

in severe case|
Achondroplasia 1:.25,000 | 48%
Mucopolysaccharidosg 1:40,000 | >90% Difficult to detect clinically.
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PraderWilli syndrome | 1:52,000 | 2575% Hypoxaemia common.
Abnormal central ventilatory
responses cexist.

3.1.2 Presenting features of OSA

Night time Features

Symptoms and signat night which may suggeSBA include snoring, gagpsNs S,
witnessed apnoeas, restlessness and laboured breathing. These ssociated with

unusual sleep postures such as an extended neck position. Ea INng headache and
excessive sweating may be features of @@enton. The loudn ing does not
predict the severity of obstructiotJnusually, carers may wit odwuresis is

more common in children with OS@én polysomnographjt 38].

Daytime Features Q

The frequent arousal as a consequend@3A resultin fragmentation of sleep especially

in REM and this will present with features of sl rivation. It is important to
emphasise that these can be vewg specific ap with many feature seen in
normal children. Tiredness and irritabili kening may be reported but excessive
daytime tiredness persisting through is unusual. Children mapdfzangoural
problems, poor concentrati@md poqr a ic performanceFailure to thrive may

result fromOSA[134, 135](Level f) ical signs suggesting upper airway

compromise include nasabstruttion, pouth breathing, adenoidal facies and nasal
speech.Examination of the y reveal enlarged tonsils, although these are
common in normal childrgnEnlagged tonsils do not predict adenoidal enlargement
[136]. While adenoid illar size hagén shown to correlate with OSA in some
studieg127, 13613 ve not found this associatifi®0, 141] There may be

other craniofaci may compromise airway calibre such as retrognathia, high
arched palate smidface’ hypoplasia, nasal polyps, deviated nasal septum or choanal

stenosi Harrisonds sul ci may result from p
obesity isgssogtatéd witloSAin crosssectional studiegl36, 142, 143]another study

found y $o be equalommonin children with snoring and OSA, but more than

twic eValent than in the general populdtid@id].

c ly impossible to detect and progression insidieaseeningnay bethe only way
of detectingSRBD. Similarly in young infants where behavioural sleep and daytime
problems are commaaiinical diagnosis may be difficuiind objective evaluation is
more often indicated.

In% withpredisposing conditionsee Table Bthe presence SRBD may be
lin

3.1.3 Consequences of OSA
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Serious morbidity was desioed in early reports of OSA including failure to thrive, cor
pulmonaleand mental retardatiof®6] (Level 3) Failure to thrive in infancyas been
confirmed by other reporf{&35] andwas found in 5% of infant under 18 monthgho had
undergone adenotonsillectomy OSA, 87% of whom had significant increase in weight
velocity after surger{134]. Reversible Bort stature has also been descriidetb]. Whilst
most children with OSA are not frankly failing to thriveeveral furtherstudes of
confrmed OSA have shown substantial improvement in weight gain after
adenotonlectomy[146-148] (Level 3)

A wide variety of cardiovascular effects have beercidesd ranging from cor pulmoral
and pulmonary oedemd49-153] (Level 3) changes in erebral blood flo
[154], diastolic hypertension[154-156] (Level 2++), and changes ntricular
mass/dimensiofiLl57-159] (Level 2+), all reversible after relief of the @3

levels of brain natriuretic peptide presumably due to ventriculé&
ho

ave also been
observed160].

There appear to baubstantial effects ddSA onbehavioureve with very mild
airway obstructior28, 123, 161163] with improvement wij onsillectony62,
164-167] (level 2+) In contrast to adulisdaytime sleeping&s Ot a common symptom
except in severe cases and those with obH$8]. QI

The potential effect on neurodevelopment are{of particular concathough the
mechanism and causality lEwot been clearlyl%'kshed (see Sectidnfor further
details.)

There is some evidence for an inflamm ess in.OSasecontrol studies &ve
found raised plasma levels of GCr (a:% rotein [169, 170] and interferon
g[171], increasedsputum neutrophil ], Wcreasednflammatory mediators in exhaled
breath condensaf&73] and differenceSsarinary protein expressida74] in children with
OSA Increasedexpression ofglucoc@rticoid[175] and leukotriend176] receptorsin
adenotonsillar tissue of childgen, with O$R@ve also been describetHowever, another
study of 141 children with aneh without OSA found no difference {re&tive protein
levels between group$ZL].

Two casecontrol stu cted in Israel by the same group have compared health care
utilisation inchildgen SAprior to diagnosis with matched controls. They found a
226% increase alth care igation in the year before diagnosis and a 215% increase
from birth to d%a

78, 179](Level 2+).

mﬁ eft ventricular massand changes in cerebral blood flowife threatening
comglications in children include cor pulmonale or pulmonary oedema.

OSA s associated with impaired academic performance in children, even in the absence of
nocturnal hypoxia.OSA is also associated with increased health care utilisation.

V4
Conclusi
OSA%:( Se reversible failure to thrive, and is assatwith systemic hypertension,

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 suggescrdaning 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 therds insufficient evidence to recommend intervention (0]
childrenif primary snoringis the sole symptom

3.1.5 Assessment of OSA

childrenfrom agroupwith severe OSAbut PSGwasrequired for t ediary group
[180]. Another questionnaire was found to have 85% sensiti 7% specificity in
distinguishing normal children from those with prov@RBD; i ess in predicting
OSA in children with symptoms is less clgaBl1]. Clinicaddhi IS very sensitive at
detecting OSA but not specific enough to differentiat p m
92, 144, 182185]. Similarly clinical history can not be
[183, 186, 187] (Sackett ével D)

History and questionnaires. A simple history scoring systeMSt% dnormal
n

on to gauge severity of OSA

13. Clinical history is a sensitive screen f@r O8Aybut has low specificity a B
relates poorly to severity. e

Most validation studies of different asses
as the Agold s
of morbidity amenable to inter
PSG. Simple saturation mol nly identified 90 out of 210 children with OSA with
3 children being incorre ifi
microphone as a sole
screening tool for

ent tools have used polysomnography (PSG)
rdo. However, it is not

ion evaluated by an experienced observer is a sensitive
8] but is not specific enough to differentiate primary
evellb). Audiotaping has not shown consistent enough
results to be inical pract[®@2, 93] Nap studies are insensitive but if positive
give a high ra&rediction for O9A11, 112] Whilst PSG can accurately diagnose

it i cléar” which parameters of the PSG are important in determining symptoms

sensitivity of 92% and spedifty of 100% compared to PS{@,89]. (Sackett ével 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 syndr¢o®RS) has bee 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 synm$oofSRBD but withaut clear OSA

findings on PSG190]. Further studies in this area are neetletlthe difficulty of routine
oesophageal manometry is a limiting factor.
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14. Second or third-line studies are required to gaugeorrectly the severity B
of OSA and reliably to discriminate OSA from primary snoring.
15. Secondline studies may be satisfactomg uncomplicated children ovel C
the age of 2 years.
16. Saturation monitoring is useful as a screen in otherwise heall B
children. If positive it is highly predictive of OSA. A negative result d
not exclude OSA. A
A flow chart to guide interpretatioof overnight oximetry in the contex ;gild with
suspected SRBD is included in Appendix 2. Q
Adenoid or tonsillar size measured by a variety of techniques h % own to correlate
with a number of aspects of OSA in some stuilesy, 136139] % other$140,
141] No technique has been shown to be sufficiently s r specific enough to

reliably discriminate between primary snoring and OS
assessment of the upper airway has identified a numbef\of @i
and normal children these are not sensitive or speci u
[191-193]

Endoscopic assessment and cine NMR imagi been described in the diagnosis of
OSA but are not practical for routine 1j$84-196

Although a recent small study has su erum proteomic patteanpodsntial
diagnostic or screening tool for OSA, this remains speculative at pf&Sént

hilst radiographic
ences between OSA groups
to make treatment decisions

N

17. Adenotonsillar size or other C&nlofacial abnormalities cannot be reli B
upon to predict the p e por absence of OSA.

18. Other screening tgsts ag,as yet not sensitive or specific enough to 1 a
treatment decisi

D may be difficult to identify in children with th a
s listed in Tabl&, and screening should beffered

3.1. nagement of OSA

No randomised trial of adetonsillectomy in OSA has been ddi®8]. Several studies
have assessed children before and after surgery landoterwhelming majority of
otherwise normal children with uncomplicated OSA, including those under 2 {E24s,
199]will improve both clinically and on PSG following adenotonsillectd82] (level 2

) [200, 201](level 3. Adenotonsillectomymproves OSAeven in morbid obesitj202,
203] (level 3, andin patients with cerebral pal$204] (level 3

Adenotonsillectomy results in improved growth in infafit84, 135]and older children
with OSA [147] (Level 2) [146, 148](level 3, and inproved behaviouand attentioreven
when including children with very mild degrees of upper airway obstru¢lié#4, 166,
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167, 205, 206](level 2+) One nonrandomised caseontrol study demonstrated an
improvement in academic germance following adenotonsillectoniry proven OSA23]
(level 2++); another cohort studfgiled to show any change in Griffith development score
though there weremore improvements in day and night behaviour in the
adenotonsillectomy grouj207] (level 2). Adenotonsillectomy or tracheostomy improve
the majority of cardiovascular complications including gpoimonale[149-151, 153](level

3) and changes in ventriarl mass/dimensiofl57-159] (level 2+) Quality of life
improves after adenotonsillectorfor OSA[206, 208211] (level 2+) Threestudies have
reported an improvement ianuresis after adenotonsillectomy for OSA, at«faster than
expected ratg@12-214] (level 3)

The metabolic consequences of OSA in children are not as clear i ults, with the
majority of effects being due to efity. One study has found a fall i ?@ holesterol
after resolution of OSA215] (level 2).

Adenoidectomy alone is often insufficief201, 216]. Adencmon ilectomy may
work in mild case$§201] but is associated with a higher failure el3).
The well described craniofacial abnormalities seen in OS be permanent, with one

group describing resolution after successful treatmfm denotonsiygz1ain(level

2+)
A

20.Children with proven OSAsecondary otonsillar hypertropt C
should be referred for adenotonsillec

improve the breathing at night. Interv o treat the obesity should also be considered
for longer term management, alth ere is little evidence to support any specific
interventions for childhood obeSik®18}, (level 1++) Allergic processes may bevolved

in adenoidal hypertroph{BlQina A[220] and nasal steroids have been shown to

Where obey is a factor in the causaton A there may be an urgent necessity to
entl
t

reduce apnoea frequency ov: 6 weekrreat period; they may have a role in the
milder patient groud2 vel”1+) Oral steroids appear ineffectiyj@22]. (level 3)
Benefits have also ibed with leukotriene antagonists with or without nasal steroid
[176, 223](level 2#)

21.Nasal Qgﬁnd/or leukotriene receptor antagonists may be consid B
in /Mildp ®ases of OSA or where abnormalities persist afte
otgnsillectomy

I [ selected group of children with malocawsiaal jaw positioning devices were
found to resolve symptoms in about 5@¥children[224] (level ) and may also be
applicable for handicapped childr¢225] (level 3) They are unlikely to be helpful in
children with adenotonsillar hypertrophy or in severe cranidfaciblems.

22.0ral jaw positioning devices should be considerddr OSA in D
malocclusion. Further data and experienae required before this car
be recommended for routine practice.
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Craniofacial surgery to advance the mandible or maxilla has beeassful in some case
series as judged by the avoidance of tracheo$g#t®y228] and quality of life was much
better when tracheostomy was avoif@2]. (level 3)

23.Mandibular and maxillary advancement surgery may be helpimlthe D
management of OSA icraniofacial syndromes especially in those whe
tracheostomy is the only alternative.

Uvulopalatopharyngoplasfy PPP)has only been reported to be successful incase reports

specifically identifying abnormal soft palate ayral or in conjunction with T. ere it
is not possible to separate the contribution of each form of sUZgHy231 sent it
can not be recommended.
c _
24. UvulopalatopharyngoplastyUPPP) cannot be recomme eh@ ren o
with OSA a

Supplemental oxygereducesthe severity ofdesaturatiori There is conflicting
results on its effect on apnoea frequency, arousals ep quality. In a small number of

children it was associated with hypercapif232,233] (level 2++) It is therefore

reasonableat use this as a temporary measure i hypeecepexcluded
25.0xygen may be used as a tem eafuré¢he management o B
OSA provided carbon dioxid vel§, _are shown not to rise dur
treatment.

Nasal continuosi positive airwdy pressure (BP) has been shown to be effective in
correcting the physiological disturbance in several case series of childhe®SA [234-
236] (Level 3) including ghose™with neurodisabilif)236] and infants[237] (Level 2).
Compliance with tre %&y prove challengj@88, 239] CPAP also improves
behaviourand alert % concentrati@40] (Level 3) Between55% and 83% of
families tolerake nasa n the longer ternj234, 236, 237] Bi-level nasal positive

airway pressu ) has also bespdieffectively in children with OS41]; there

26 IBIPAP is an effective treatmentfor the physiological D
ementof OSA and should be dered where adenotonsillectom

are Severe.

Q failed or is contraindicated if symptoms or physiological disturbat

Tracheostomy has been used when other medical interventions are ineffective or
impossible, and results in complete resolution of symptl51, 242] (Level 3 The
mortality from tracheostomy in children under one year of age is arourid4s}

27.In children with severeOSA where all other options have faile (0]
tracheostomy may be required.

28.When a child with abnormal physiology has undergone treatment
further study to ensure normalisation of the physiology is recommenc (0]
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if abnormal gas exchange haslen documented, this is mandatory.

Risk of adenotonsillectomy

OSA is a risk factor for cardiorespiratory morbidity after adenotonsillectfizaw].
Although selected agients(including those with OSAfan safelybe discharged as day
cased245], some risk factors indicate particularly high risRost operative complicatie

are higher in children under four years of 4844, 246, 247]and as high as 20% in
children under 2 yeafd99, 248] Theyare associated with severity of dise ecially

if the saturationnadir is less than 80% or if other medical problems niofacial
disorders and evidence of right ventricular strain are pr§aé6i 248250]. (reyeh2t). It
has been argued that since the severity of disisadifficult to assess I grounds,
and the risks of surgery are related to the saturation nadir, dren who have
adenotonsillectomy planned for OSA on clinical grounds s e -apeprative
oximetry recording to assess the need fdigh Dependency Ur%

Table 4lists the factors which should prompt referral to a¢cent ith paediatric intensive

care facilities for surgical management. %
Table 4 Factors predicting need for PICU facilitiesin children with OSA

Age < 2 years

Severe heart or lung disease

Neuromuscular disease

Craniofacial abnormalities \
Severe neurodisability

Severe obesity (BM$tandard De\ﬁam r2.5)

\

Children wit wn 0 s efesty, ord aveyweight (BMiiStaedard h e ar t
Deviaion Score >23houl% ated carefully preoperatively before a decision is made

about the optimal setting,ofsurgery.
A
29. Children with bctet@SA who have associated risk factors listed o

Table Id) only have adenotonsillar surgery in a centmwith
PaediatigIntensive Care facilities availahle

S

30.0 ight PUlse oximetrys a desirable method of assessiihg operative
| ildren without apparent canorbidity who are being considere:
enotonsillectomy If performed, a nadir of <®% or baseline

oxaemiashould prompt referral to a centre with Paediatric Intensi
Care facilities available.

The immunological consequences of removing the adenotonsillar lymphoid tissue in early
life are uncertain; a conservative attitude ta¥garsurgery has beerecommended
particularly in younger childrer[252)].
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3.2 High Risk Groups

321 Downds syndr ome.

Search strategy:

Medline 1956Dec 2006

(Down syndrom@ and (sleepapnoeasyndromesbr sleep/ or sleep disorders/)
(Downsyndrome/) and( pulmonary hypertension/)

Secondary search of references in relevant articles.

Prevalence and consequences ‘%
Five population studiebave attempted to stu8RBD in unselected patie [

Downds syndrome; one srevldnge rasul2E
the 197 children reported, SRBigcurs in58% (95% Confidence | §
chil dren wit h [2BD42%habdsetwegn orethird hs of
childrenwithDowd s Syndr ome have u[e54,257on bel ow
Onlyone study of 17 <childre l ed to find an

syndromg256]. Chi | dr en wi t h a2at asSegisk of pulhonaryne

hypertension, particularly if they have any associate t abnorfRalky259](Level

2++); in one study of patents with Downods s
(48%) had pulmonary hypertensif260] (Level ehef of upper airway obstruction

improves pulmonary artery pressyi2él, 262] ['$) In children with cognitive

impairment, adverse effects 8SRBD may 3 Jecognised.

Assessment anchierventions.

There are no controlleditra | s f tervention i nSRBDDwnds syr
A number of beforeand-after studies shown improvement from intervention

varying from adenotonsillectony to lopalatopharyngoplasty, tongue reduction, tongue
hyoid advancement, and mi axillary advancemefi225, 260, 262266] (Level

3). CPAP has generally deen faund to be effective where tolerated. In a minority of the
patients reported in t ries, other interventions were ineffand tracheostomy

was performed. A %ﬂ ional study of 19 patients with repeated polysomnography
demonstrated si@ provements in bAthl and desaturations after CPAP with

or without tongf , but no improvement in patients who egfitberapy or had

positional the%nly. Four of the fifteen patients with OSA, and none of the four
without, pdlmOnary hypertensif2b7].

Base suggestiorithat untreated obstruction with hypoxaemia carries a risk of
pertension, and that upper airway obstruction is generally treatable by some
jon, it is difficult to justify not treatingbstriction with hypoxaemiavhen

presept. 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. Hggtal 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 thisation, and the risks and benefits of treatment

versus inaction should be discussed carefully with the parents.

I n children with Downés syndrome who do not
not tolerate CPAP, oxygen therapy may be helpful in prévgpulmonary hypertension,

29



but should only be implemented if it can be demonstrated not to increase nocturnal CO

[232, 233]

Conclusions

Children with Down6és syndrome are md& high r
and the high incidence of congenital heart disease in these children niekes
development ofpulmonary hypertension a significant risk.

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

Adenotonsillectomy may have a lower rate of ®8s; but is still indicated.

Other interventions includinGPAP are effective but may be difficult to institie

oncein infancy then annually until age &b years.

31.LA1'l children with D offsreddssreesingord \ o
SRBD, using at least oximetryguggested screening ages are t
32.ChildrenwithDo wn 6 s s y mabnoormaliiesari s 0

SRBD, or where there is a clinical suspicion of a fals
screening test, should have polysomnography, in '

airflow, effort and CQ, measurement. Video sh cluded if
possible.
33.1f significant SRBD with hypoxia is presen chil dren (0]
syndrome then appropriate treatment s offered.
34.Further research is needed on the bg s\gnd risks of enirg for (o]
SRBD in Downdos 4A4YWdJdr ome
Note. There is no evidence about howdong'screening should continue in these children.
We have arbitrarily taken-8 years ag including the period of highest risk of OSA. If
screening tests are negative up to thBiagvould seem reasonable not to undertake

further tests subsequently unleSs thexe are suggestive symptoms.

3.2.2 Neuromusculardise

Search strategy
Medline 1956Dec
CINAHL 19822

(muscular dis euromuscular diseases/ or musculamgtnies, spinalOR
muscular dystroghiesAND (sleepapnoeasyndromesODR sleep/OR sleep disorders/).
(musculaf diseése IR neuromuscular disease®R muscular atrophies, spinaR

muscular dystrophiesAND (respiration, artificial/ or positivepressue respiration/)

Se OVID EBM databases for neuromuscAlidD (sleep or ventilation)
search of references in relevant articles.

Mechanisms and prevalence.

There are two major patterns ®RBD in neuromuscular disease: obstructive glee

apnoeaue 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 s[@&7]. Bulbar palsy and scoliosis

both increase the risk of respiratory failure &RIBD.

Respiratory failure at night causes hypoxaemiaaweblar hypoventilation. Children

with neuromuscular diseas@d nocturnal desaturations are more likely to have evidence
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