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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 surveyof
paediatricians by the British Paediatric Respiratory Society disclosed a chaotic_a
unplanned structure of services for sleep disorders in children, often unfund
frequently perceived as inadequate for local needs [3].

This report presents evidence-based recommendations for the diagnosi nagement

of disorders of sleep physiology and respiratory control in childre d theorganisation
of such services nationally in the UK. While it recognises the % of behavioural

i
sleep disorders, the report does not discuss this area in details; es already exist
for the diagnosis and management of Obstructive Sleep % pnea Syndrome in
adults [4]. Children are sufficiently different to justify a sepdrate approach; they have
more varied conditions presenting with sleep disordgred\reathing, with very different
natural histories; they have far more protean and e ptoms; and they present
different challenges in both diagnosis and tre n@
There are four main presentations which le
disturbance of sleep physiology or respir

A symptoms suggesting airway or breéashing problems during sleep;

A apparent life threatening even infancy;

A diurnal symptoms suggesti isturped sleep, including excessive daytime sleepiness;
A abnormal episodic behaviou Ing sleep in older children.

nsideration of an underlying
control. These are:

In addition, a number o ions are known to be at high risk of such disorders even
without suggestive s

The organisation ofithe slinical section of the report will therefore be according to these
four presentin e f sleep and breathing impairment.

The report aims t&aid parents, primary and secondary care physicians and surgeons to
recognis syfiptoms of sleep disorders, to prioritise referral requests, to identify

ire screening for abnormalities, and to understand which investigations
modalities are available and appropriate. It also aims to aid clinicians and
ice managers involved in providing and commissioning services for affected
chil 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



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
prognosis, diagnosis and economic analysis.
Recommendations were derived from discussion among working party mg
refined after further agreement with expert reviewers.
As with the SIGN guidelines, this report is not intended to serve as a s a’0f medical
care. Standards of medical care are determined on the basis of al icaheata available
for an individual case and are subject to change as scientific k edge and technology
advance and patterns of care evolve. The ultimate judgemegr rding a particular
r, follo

clinical procedure or treatment plan must be made by the wing discussion of
the options with the patient and parents or guardians, if\light of'the diagnostic and
treatment choices available. However, it is sugges ignificant departures from the
recommendations contained in this report, or an@ ideline derived from it should

the patientds notes

be fully document ex
Levels of evidence used, and grades of re{%(e dations are detailed in Appendix 1, and

grades of recommendations are summ below to aid the reader.

The membership of the worki
specialist areas in paediatrics:
Commmunity. Represe
Association of Respir
Dystrophy

e invited from the British Sleep Society, and the

erapists and Technologists, and from the Muscular

mpai gn and t heAfiddishofitbes Sy ndr o me
in Appendix 3.

number summaries relating to the different clinical sections.

membership is gi
In additi;%&« report there are summaries of key points for clinicians and a

A



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 tagfe \t
population, and consistent; or
Extrapolated evidence from studies rated as 1** or 1* C\
et
C A body of evidence including studies rated as 2" directly a target population,
and consistent; or

ica
A )
* y

Extrapolated evidence from studies rated as 2™

D Evidence level 3 or 4; or § ;

Y

Extrapolated evidence from studies rat

GOOD PRACTICE POINTS

a Recommended best practice bise%ﬂcal experience of working party

&
3
&



ADHD
AHI
ALTE
BIPAP
CCHS
CPAP
CSF
ECG
MSLT
NIV
NREM
OSA
P.CO;
P« CO,
PetCOZ
PIRCM
PLMD
PRS
PSG
PTT
PWS
REM
RLS
SOREM
SRBD
Sp02
UARS

g

N

Table 1. Abbreviations used

Attention Deficit/Hyperactivity Syndrome
Apnoea/Hypopnoea Index

Apparent life threatening event

Bilevel positive airway pressure

Congenital Central Hypoventilation Syndrome
Continuous positive airway pressure
Cerebrospinal Fluid

Electrocardiograph

Multiple Sleep Latency Test

Non-invasive ventilation

Non-Rapid Eye Movement

Obstructive Sleep Apnea (includes obstructive hypopnea)
Arterial Carbon Dioxide tension
Transcutaneous Carbon Dioxide tension
End-tidal 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

Sleep-Related Breathing Disorder

Oxygen saturation measured by pulse oximetry
Upper airway resistance syndrome




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 infRapid
Eye Movement (REM) Sleep. By the age of 1 year this has fallen to 12-15 ho [
idated

around 30% being REM. From about 3-4 months of age sleep is gradually ¢
into more continuous periods, mostly during the night time hours .The n r@ep
ale%nﬁg stages
er changes

also changes over this age period, with the appearance of differentiati
1-2 and 3-4 non-REM sleep by about 4 months [6]. With increasin
occur, with further shortening and consolidation of the night tim
reduction of daytime sleep duration such that by the age of 3
children take a regular daily day-time nap, whilst by 5 years'of a is has fallen to less
than 10%. The distribution of sleep states during day and 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 nig The function of the different
stages of sleep is unclear, but REM sleep (the p i t state during fetal and early
post-natal life) may be a basic activation prg me fJor the central nervous system that
increases the functional competence of n ircuits, and complex patterns before the
infant is called upon to use them. The maturatign of Quiet Sleep (non-REM sleep)
coincides with the formation of thalam ical and intracortical patterns of innervation
and periods of heightened synaptdgenesis, and synaptic remodelling. Several studies
have shown that information a d during wakefulness is further processed during

both REM and Quiet sleepw
During mid to late chi ther changes in the organisation and duration of sleep

continue, withar total sleep time from an average of around 11 hours at 5
years to 8 hour ears [9].

Within sleep.thesduration of the REM/non-REM cycles also changes, from around 50
minutes_ in‘garlyyinfancy to 60 minutes at 6 months and to the adult period of 90 minutes
duri chifdhood to early adolescence [10].

Durtag 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].



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 1 particularly genioglossus - is reduced or absent in REM
sleep, and may result in airway obstruction particularly in the supine position during

are at particular risk of such obstruction. Other changes which occur during R
include a reduction and instability of functional residual capacity and incrgas
variability of respiratory rate, heart rate and oxygen saturation [15-17]¢

1.4 Behavioural sleep problems
The prevalence of behavioural sleep problems, including bedtifpe nce and sleep

phase disturbances, is high. Moderate or severe sleep problems ported in 17% of 1
year old children [18], and some form of sleep problem i nt in 20% of 5 year olds
and 6% of 11 year olds [19]. There is a perceived lack'af services for such problems
(BPRS survey, 2002). There can be considerable ic difficulty between primary
behavioural sleep disorders and those arising fr isordered breathing, and it is
important that any centre which offers asses e latter should have some facilities
to deal with behavioural sleep disorders eithier omsite or by onward referral. However,
the management of behavioural problems i ide the scope of this report, and will not

be considered further here. e
1. Any centrewhich offers sses§;nent of SRBD showstablishsome a
resourceto deal with iguiral sleep disorders either on site or by

onward referral. £ |

1.5 Gen era\%bof sleep impairment
I

A randomised trial showed that higher cognitive function is impaired after
experimental sleepyestriction in 10-14 year old children in the absence of sleep disordered
i (fevel 1). Multiple sleep latency tests (MSLTs) were abnormal after sleep
low sleep onset latency (8.5 mins) and increased REM episodes [20]
In naire survey of sleep habits in US adolescents, associations were found
b% orter self-reported total sleep times and poor school performance, negative
mood$y difficulty controlling emotions and behaviour problems [21]. A survey of 450
students aged 11 7 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" centile), 18% were found to have
objective evidence of sleep disordered breathing [23]. Furthermore a much higher




incidence of snorin% at 2-6 years of age was found in children with poor academic
performance at 7-8" 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 associati

between snoring/SRBD on cognition, achievement, attentiveness and grade pointsaverages
with an amplified effect in children born prematurely. In two case-control i
n

with snoring or minor obstructive sleep apnoea, but insignificant gas ex
abnormalities had worse scores for attention, memory and intelligence t
controls [28, 29] ; these impairments were correlated with measur

[28]. (Level2++). A community survey of 4-5 year old childre e poorer parental
ratings for attentiveness and behaviour in children with documientéd sleep disordered
[29].%

hed

breathing [30]. Arousals and sleep fragmentation were prédictors of neurocognitive
impairment in children with OSA in a case-control st evel 2++)
Deleterious effects on development of snoring wit have also been described in

infants [31].
A recent well-conducted systematic review o ture on behaviour, neurocognition
claded

and quality of life in children with SRBD hat fithere is compelling evidence
that sleep-disordered breathing in children is\assocCiated with behavioural and
neurocognitive problems and leads to ed ‘quality-of-life. In addition to
improvements in sleep, adenotonsiflectofmyis associated with improvements in
behaviour, neurocognition an ity-of-life in these children. However, the lack of
uniform criteria for the diagnosis ep-disordered breathing in children and variation
in methods used to asses me of surgical therapy limit our current knowledge
and should be addres tife research. The high prevalence of sleep-disordered
breathing in children s ake this research a public health priority.o [32]

Conclusion

Inadequ@sl?gduration or quality leads tampairment 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 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

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

necessary to assess sleep architecture, arousals, periodic leg movements and(the'f nce
of epileptic activity. In addition, studies of children on non-invasive ventifatieg 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 Q

2.1.1 Arterial Oxygenatior(gn
Measurement of oxygenation is the sin% hod of assessing ventilation during sleep.
en

It has the advantage of a robust, nga~in measurement device but is insensitive to
minor degrees of hypoventilati chi with normal lungs. The mainstay of
assessment of oxygenation is p i

etry, which is well-tolerated, and non-invasive.
The sensor is incorporatedfhto a cuff that fits around a finger or toe or clips to an ear
lobe. Arterial oxygen @ roga’a pulse oximeter (S,0,) have been shown to correlate
well with measuremefis d@ erial blood gases down to S,0; of 70%, provided there is a
good arterial puls% m at the probe site and the signal is free of movement artefact
[33, 34]. Ther S icant time delay between changes in ventilation and changes in

Sp02, due partly to,the electronic processing of the signal to minimise artefact, and partly
to the ciretulatiof time from the lungs to the probe site. Oximetry is also affected by

fi [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
Sp02 levels at night have been published for infants [37-39] and school age children [39,
40]. These studies show that baseline S,O, 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.

moveprent ct and by poor tissue perfusion.
\&%ﬂ of the pulse waveform improves the differentiation of genuine desaturations
rtefact
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In children outside infancy a normal oximetry recording should have:
a) A median S,0; level?2 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 cliros who are a
skilled in interpretation of the results, and systems should allow
graphical inspection of recordings, with adequate facilities for artefac
rejection. A

Transcutaneous oximetry has been used as an alternative method of assessin
oxygenation. However, the inaccuracy of the absolute values, a response.i

even slower than a pulse oximeter, and the need to resite the heated probe e -4 hours
makes it much less useful in practice, and it cannot be recommende Indicator of
oxygenation in sleep studies.

2.1.2 Measurement of carbon dioxide @

The assessment of arterial CO, tension is an importan
quantitation of hypoventilation. This can be done_i using end-tidal carbon
dioxide or transcutaneous CO, measurements. % Ivasive estimate of alveolar PCO;
levels may be made from the PCO, value m the nose or mouth during the last
fifth of expiration. This is termed the en al 2 (PetCO2). This is a reasonable
approximation of arterial PCO, (P,CQOg) in subjects with healthy lungs and unobstructed
breathing [46]. Obtaining PCO, meas t is technically difficult, as it requires
precise positioning of the probe at the aifway opening and maintained vigilance

throughout the sleep study to tisfactory signal. The quality of the signal can be
determined from its shape;% idal plateau generally indicates a reliable signal. The

[

el

junct to the detection and

signal needs to be inter caution in subjects with lung disease or high
respiratory rates, as % s will underestimate P,CO,. in the latter case the error
should be evident from'theshape of the PCO, trace. End-tidal CO, recordings have the
advantage that % rovide an indicator of airflow on a breath-by-breath basis.

An alternative invasive measure of PCO, is that of transcutaneous recording
(PCO,): iS instance, a heated PCO, electrode is affixed to the skin surface on the
chest I domen. The electrode makes direct recordings of the levels of CO2
di %ugh the skin from the subcutaneous blood vessels. Heating of the site aims
t(%a local blood flow to make capillary blood gas levels similar to arterial. In
adultsy’the accuracy of P CO, in reflecting P,CO, 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
P«CO,.measurements lie in their inability to detect rapid or transient changes in PCOy;
their main strength is in their ability to follow a long term trend. Furthermore, in older

children raw PCO, measurements may not reflect true P,CO, levels, although the
difference tends to remain constant, allowing the monitoring of trends in PCO, levels

12




[48]. Because prolonged partial airway obstruction and obstructive hypoventilation
forms an important component of obstructive sleep apnoea syndrome in children, PetCO,
and/or PtcCO, 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 a
measurement of Ceis essential, and the use of boémd-tidal and
transcutaneos modalities reduces theumber ofepochswith :E
unobtainable data and is therefore recommended.

The main disadvantage of PCO, measurements is the necessity of attaching, the probe to
the facial region which may be poorly tolerated. It is possible to pick %4& tructive
events when the PCO; signal is lost either because the probe is dis % the patient
adopts mouth breathing. This can be avoided by not relying on P e, but to look
for corroborative information from other channels (e.g. increa oxical movements
of rib cage and abdomen, or decreased SyO- or PiO5). Q

2.2 Evaluation of respiratory dist@ ce

2.2.1 Respiratory airflow

Several techniques are available T an adult sthgmary statement concluded that there were
insufficient data to allow recommenda arding standardisation of instrumentation.
[51]).

Quantitative measures. éu'u\otachograph can be attached to nasal prongs,
oronasal mask or tracheostamy t This gives quantitative assessments of flows,
volumes and timings, a gkbﬁimportant in a research setting, or in assessing central
hypoventilation. Ho a clinical perspective the technique is little used as it is
technically difficu e to the patient and may be poorly tolerated. Also in infants

and children, i t , the added dead space of the equipment may have an influence
on breathing p% [52, 53].

Qualitative nreaSures. Oronasal or nasal thermistors, or nasal CO2 catheters are
the mast, coomoanly used techniques to detect respiratory airflow. The main disadvantage
of th ds is that they require connection to the facial area, which disturbs many

c nand may be poorly tolerated. In addition the measurements are not quantitative,
and mistors 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 effors
invasive technique which is not popular among children or parents. When detémgi
efforts were made to pass oesophageal catheters they were only feasible ptable in

73% of school age children [62]. In addition, the presence of an oeso eal,cdtheter
may cause sleep disruption and result in a sub-optimal study [63]. sive

techniques are usually adequate for clinical purposes, and shoul bpth thoracic and

rived from respiratory
inductance plethysmography (RIP). This non-invasive te e uses a pair of inductance
bands placed around the rib cage and abdominal compastments to detect respiratory
excursions allowing volumes and flows to be deriv This method may allow

vell as central respiratory events.

Calibration is necessary to set the gain factorsifo horacic and abdominal components
. The technique has been

to make the sum equivalent to tidal volu 4-8
demonstrated to work well in detecting obstrigtive and partially obstructive events in

0
children and adults [67, 68], and for m ing tidal volume in infants [69]. However the
calibration is influenced by body ﬁosnio [70] and may be invalid in a subject who sleeps

in a number of different positi :
RIP alone is not as sensitivg as thegmistor or capnography in the detection of apnoea in
N}e ected by a combination of RIP and nasal pressure

infants [72]. Hypopnoe
transducers [54].
Qualitative measurements ®f chest and abdominal movements may be made with strain
gauge bands pl und the chest and abdominal compartments. These are not
calibrated and Qx:refore not capable of giving measurements of tidal volume or
minute veptilatign. JHowever they are able to show distinct patterns associated with
central a, pbstructive apnoea and increased work of breathing.
Tra cicimpedance is frequently used to record respiratory efforts in apnoea

r hospital or home use. However, this technique is not capable of detecting
obstfycted 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 secbine a
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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 hate=been
recorded. The methodology for this is well described by Rechtschaffen and
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 dete e electrode
placement [75]. When EEG is limited to one derivation, the reco n ivation is C4/Al or
C3/A2 [74]. The addition of O1/A2 or O2/Al is often used to %ﬂ cting alpha activity

associated with the sleep-wake transition [76].

2.4.2 Electrooculogram (EOG) E:
Eye movements are detected by placing sur des near the outer canthus of each
eye. The EOG electrodes should be offsetiom herizontal, one slightly above and one

slightly below the horizontal plane to (ﬁtect horizontal and vertical eye movements

[74, 76]. C)

2.4.3 Electromyogram(E

2 surface electrodes arg% ither on the mentalis or submentalis to detect muscle
activity.

2.5 Othe I\&urements
25.1 %sition

n body position may be of significance, particularly in patients with upper
obStruction where the severity of obstruction may be affected by body position.
ast 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 s infangs. To assess

the extent of the problem and to look for associations between r. s and changes
in cardio-respiratory patterns, it is necessary to have a contin d of oesophageal
pH during the sleep study. Oesophageal pH can be measuged indwelling pH
sensitive catheter passed via the nose and placed in the low:
occurrence of spontaneous reflux episodes should be noted. It should be noted that
normative data for reflux indices are based on Zo-i cordings, while sleep studies

are generally of shorter duration.. Disadvantage Itaneous pH recordings are that
the presence of an oesophageal pH probe al eep pattern and respiratory events in
infants [63] and in addition, the temporal elatien between reflux events and

respiratory events may be poor. The latter poist may be improved by the introduction of
systems to detect non-acid reflux @)

2.5.4 Video and sou r%ding

Good quality video rec an important component of a clinical sleep study, and
can be made using”% low-light cameras and appropriate microphones. Video

and sound recordirigs can provide useful information on sleep behaviour, snoring, sleep
disturbance, br n terns. 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
microph e suprasternal area, or by a bedside microphone.

2. retation

An‘eyidence-based manual for scoring sleep in adults and children has been issued
recentty 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 [9

snoring is not a good predictor of OSA[92, 93]. However, temporal associatio tween
snoring and arousals or respiratory events may be helpful in assessing the t
study.

2.6.2 Respiratory events D
Adult criteria for identification of obstructive events should not be.useg for children, as
they may fail to identify clinically significant obstruction
Obstructive apnoea is the absence of oronasal airflow in sence of continued
respiratory effort. The significance of the apnoea duration depends on the background
respiratory frequency, and a duration of 2 respirato times is a useful measure
which corrects for this [94]. However, the maj ildren with significant gas
exchange abnormalities during sleep do not w ted complete obstructive events,

but show a pattern of obstructive hypoventilation, with cyclical decreases in Sa02,
hypercarbia, and paradoxical respiratory effors [95, 96].

Obstructive hypopnoea is a >50% redu airflow in the presence of continued
respiratory effort. Paradoxical regpiration (thoracic-abdominal asynchrony) and gas
exchange abnormalities are o n as additional features. If evidence of significant
hypercarbia is present then jt is better described as obstructive hypoventilation

If hypopnoea or hypove 'w present with a concomitant decrease in respiratory

effort, then it is non- (for more details of criteria see [94, 97]).
Any respiratory event ted with a significant fall in SaO2 or heart rate should be

considered abn Regference values for duration and frequency of respiratory events
at different age;%available [86, 97-99].
V4

2.6. eep’staging and arousals

alSynay be assessed by EEG changes or by other physiological indicators.
Phy: gical 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

categorised as respiratory, technician-induced or spontaneous [81].
Although most modern polysomnography systems offer automated event de
remains poorly validated at present, particularly for paediatric use.

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

5. Visual review of the complete recording should be under
competenbbserver before a rapt is issued.

2.7 General Methodology of studies

et
Three general types of study may be needed:
Screening studiesused to screen for major abnormalities igh risk population, or as

a preliminary assessment of children with obstructive Sjxnptoms.
Secad-line studies used to assess children where fagnosis is in doubt or where
treatment decisions cannot be made on the basi ing studies.

Third line studies used to assess children ledge of sleep neurophysiology
and architecture is important to decision-& diagnosis.

2.7.1 Timing and duration. XV
While daytime nap studies are e convenient than overnight studies, they have a

number of disadvantages: the iourally abnormal in most children over 4 years
old, they may not include adgquatéyperiods of REM and non-REM sleep, and ignore
circadian variability in i0 . In two series comparing nap study with PSG, using
chloral hydrate sedati@n 12], nap studies were found to have a high specificity, but
low negative predi%a es (17-49%). Severe adverse events have been reported after
the use of chlo in children with OSA [113], and nap studies using sedation
cannot be recommignded. An alternative method of inducing naps is by sleep deprivation,
but this cafl exadgefate SRBD in infants [114].

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

A Afirst night eff e c,twbereldlysesp diffees@uning theefisstc r i b e d
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+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 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 t hardiaebpiratorg siudiesor BSGhas | sl eep.
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 technict e
I

parent is responsible for sensor placement. It is not therefore possible to maKe a\genera
recommendation about the usefulness of home studies, although they are fjore

desirable if demonstrated to be of adequate diagnostic accuracy.
Unattended, or partially attended studies in hospital are more com

elsewhere in the world, perhaps due to limited resources. There ies
documenting the difference in diagnostic accuracy of attende with unattended
studies in a hospital setting. The presence of video recording\is to make the

interpretation of unattended studies more robust.
It should go without saying that a sleep study can onl performed in a quiet

environment, where a child is likely to have reason esentative sleep. This
requires a separate cubicle in a quiet area. Studi be done on an open ward.
Because both the equipment, the surroundin interpretation of findings are

different in children, and because of the ible\geed for resuscitation in these patients,
it is strongly recommended that all in-patientsleep studies on children are undertaken by
staff with adequate training and experi 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 y recommended that a paediatrician with

expertise in paediatric sleep(medi oversees the laboratory operations related to
children and is involved amtheyinterpretation of results [14].
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
enviroa%\(t whergyaediatric resuscitation facilities and skills are
regdily aaflable.

10.4f 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 made by the American Thoracic Society [14].

Table 2 Recommendations for minimumstandards of equipment available.
| | Minimum | Ideal

19



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

@%Q
&

>

\Q
o
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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 from snop %tructive sleep
apnoea/hypopnoea syndrome. Primary snoring is defined as %& noring without
obstructive apnoea, frequent arousals, or gas exchange abnormaliti 2] The prevalence
of reported snoring most or every night in 4-5 year old n is 12% [123], and

remains at a similar level at 7 years, although only half t ildren snore at both ages
[124]. Similar prevalence levels were found in 8-10 yeanold German children [25, 125]. In

a large interview-based survey of adolescents aad arents in the USA, 6% were
reported to have habitual snoring [126]. Usingia vagi

of definitions, not all based on
formal polysomnography, the prevalence pstructive sleep apnoea in the general
population is between 0.7% and 2.9% [ 127%429]. The prevalence in morbidly obese
children is considerably higher at 13%{130]. [palso appears more common in lower socio-
economic groups [131]. %ﬁ

Diagnosis is often delayed, with up to- 31% of patients waiting more than 4 years
respectively until treatment Waﬁﬁ d and 40% self referring despite their primary care
physician being aware of théir sy ms [132].

Although the majority h with OSA have no underlying condition, there are a
number of condition@ h'SRBD is common and consequent morbidity more likely
(Table 3).

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 co-
incident heart disease.

Neuromuscular Disease | 1:3,000 42% Difficult to detect clinically.
Reduced life expectancy,
reversible by treatment.

Craniofacial 1:7,000 Depends  on

abnormalities 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, gaspg
witnessed apnoeas, restlessness and laboured breathing. These may be asg0Cia
unusual sleep postures such as an extended neck position. Early mornj dadache and
excessive sweating may be features of CO, retention. The loudnes g does not

predict the severity of obstruction. Unusually, carers may witne . Enuresis is
more common in children with OSA on polysomnography [1%

Daytime Features
The frequent arousal as a consequence of OSA result ilNfragmentation of sleep especially
ion. It is important to

in REM and this will present with features of sleep i

emphasise that these can be very non specific a % with many feature seen in
normal children. Tiredness and irritability opfawa ng may be reported but excessive
daytime tiredness persisting through the i ual. Children may have behavioural
problems, poor concentration and poor_academic performance. Failure to thrive may
result from OSA [134, 135] (Level 3) ical signs suggesting upper airway
compromise include nasal obstrugtion, mguth breathing, adenoidal facies and nasal

speech. Examination of the t ay/reveal enlarged tonsils, although these are
common in normal childrepg En d tonsils do not predict adenoidal enlargement

[136]. While adenoid o r8ize has been shown to correlate with OSA in some
studies [127, 136-139 have not found this association [140, 141]. There may be
other craniofacial featuresthat may compromise airway calibre such as retrognathia, high
arched palate, mit hypoplasia, nasal polyps, deviated nasal septum or choanal
stenosi¥s. Harrisonds sul ci may result from p
obesity is associated with OSA in cross-sectional studies [136, 142, 143]; another study
be equally common in children with snoring and OSA, but more than
valent than in the general population [144].

I dreg with predisposing conditions (see Table 3) the presence of SRBD may be
clinieally 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 pulmnonale
and pulmonary oedema [149-153] (Level 3) changes in cerebral blood flow
[154], diastolic hypertension [154-156] (Level 2++), and changes i
mass/dimension [157-159] (Level 2+), all reversible after relief of the ob
levels of brain natriuretic peptide presumably due to ventricular str

observed [160].
There appear to be substantial effects of OSA on behaviour eve oserwith very mild
airway obstruction [28, 123, 161-163] with improvement wi engtonsillectomy [162,
164-167] (level 2+) In contrast to adults, daytime sleepines§ iS§pot)a common symptom
except in severe cases and those with obesity [168]. 4%

The potential effect on neurodevelopment are ofAparticular concern, although the
mechanism and causality have not been clearly ished (see Section 1.4 for further
details.)
There is some evidence for an inflammatory, rin OSA. Case-control studies have

found raised plasma levels of C-reaCtiven protein [169, 170] and interferon-
1.%c
i

g[171], increased sputum neutrophils [1 ased inflammatory mediators in exhaled
breath condensate [173] and difference ry protein expression [174] in children with
OSA. Increased expression of glucocorticoid [175] and leukotriene [176] receptors in
adenotonsillar tissue of childr ith QSA have also been described. However, another
ithout OSA found no difference in C-reactive protein

study of 141 children withcand
levels between groups [1Z4].
Two case-control studi ed in Israel by the same group have compared health care

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

226% increase i th gare utilisation in the year before diagnosis and a 215% increase
from birth to diagposis [178, 179] (Level 2+).

V4
Conclusi
OSA% reversible failure to thrive, and is associated with systemic hypertension,
i e

i ventricular mass, and changes in cerebral blood flow. Life threatening
c%%ica ions 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.

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

3.1.5 Assessment of OSA

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

[180]. Another questionnaire was found to have 85% sensitivity aq

distinguishing normal children from those with proven SRBD; i Q
St0

OSA in children with symptoms is less clear [181]. Cli 3 0

n predicting
IS very sensitive at
g from OSA [36, 61,
to gauge severity of OSA

inical4
detecting OSA but not specific enough to differentiate primary s
92, 144, 182-185]. Similarly clinical history can not be reli

[183, 186, 187]. (Sackett ével D) . :

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 assessmengtools have used polysomnography (PSG)
as the Agold s a%&ard(‘). However, it
of morbidity amenable to interveriion. number of studies have explored alternatives to
PSG. Simple saturation monitow identified 90 out of 210 children with OSA with
3 children being incorrectlyddentified as having OSA [36]. (Sacketlievel1b). Video with
microphone as a sole in evaluated by an experienced observer is a sensitive
screening tool for ho [ 88] but is not specific enough to differentiate primary
snoring from OSA«SatkeM evellb). Audiotaping has not shown consistent enough
results to be us iical practice [92, 93]. Nap studies are insensitive but if positive
give a high rat%diction for OSA [111, 112]. Whilst PSG can accurately diagnose
OSA it is got,cleér Wwhich parameters of the PSG are important in determining symptoms
eguelae.

bbreviated PSG using respiratory inductance plethysmography, saturation,

sensitivity of 92% and specificity of 100% compared to PSG, [189]. (Sackett &vel 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 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 interpretation of overnight oximetry in the context o with
suspected SRBD is included in Appendix 2. @

N correlate
others [140,
ific enough to

Adenoid or tonsillar size measured by a variety of techniques has bee
with a number of aspects of OSA in some studies [127, 136-139]
141]. No technique has been shown to be sufficiently sensiti
reliably discriminate between primary snoring and OSA. ii
assessment of the upper airway has identified a number of diffgre
and normal children these are not sensitive or specific en
[191-193].

Endoscopic assessment and cine NMR imaging h described in the diagnosis of
OSA but are not practical for routine use [194-1

Although a recent small study has sugges proteomic patterns as a potential
diagnostic or screening tool for OSA, this zﬁ»peculative at present [197]

ake treatment decisions

D
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 omised 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 ad ith the
majority of effects being due to obesity. One study has found a fall in sm@l

after resolution of OSA [215] (level 2).
Adenoidectomy alone is often insufficient [201, 216]]. Adeno-mon ctomy may

work in mild cases [201] but is associated with a higher failure rat el3).
The well described craniofacial abnormalities seen in OSA maygot b&permanent, with one

group describing resolution after successful treatment b)@ ngillectomy[217] (level
2+)
A

20.Children with proven OSAsecondary @otonsillar hypertropt C

should be referred for adenotonsillecl@

Where obesity is a factor in the causatio (ﬁ% there may be an urgent necessity to
improve the breathing at night. Interventions at the obesity should also be considered
for longer term management, althou re”is little evidence to support any specific
interventions for childhood obesity [218]\ (level 1++) Allergic processes may be involved
in adenoidal hypertrophy [21 OSA [220] and nasal steroids have been shown to
reduce apnoea frequency eNeek treatment period; they may have a role in the
milder patient group [2 w 1+) Oral steroids appear ineffective [222]. (level 3)
Benefits have also be 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

found, to ‘resolve symptoms in about 50% of children [224] (level %) 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.

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

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 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 helpimlthe D
management of OSA icraniofacial syndromes especially in those whe
tracheostomy is the only alternative.

specifically identifying abnormal soft palate anatomy or in conjunction with T+ e it
is not possible to separate the contribution of each form of surgery [230, 231] @ sent it

Uvulopalatopharyngoplasty (UPPP) has only been reported to be successful in casgeports
can not be recommended.
c

24. UvulopalatopharyngoplastyUPPP) cannot be recomme eh@ ren o
with OSA

V'

Supplemental oxygen reduces the severity of desaturation i There is conflicting
results on its effect on apnoea frequency, arousals and sl lity. Ina small number of
children it was associated with hypercapnia [232,@3]. (level 2++) It is therefore

reasonable to use this as a temporary measure provi rcapnia is excluded

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 continuous positive airway pressure (CPAP) has been shown to be effective in
correcting the physiological di c¢l in several case series of children with OSA [234-
236] (Level 3) including those With neurodisability [236] and infants [237] (Level 2).
Compliance with treat Wprove challenging [238, 239]. CPAP also improves
behaviour and alertn ncentration [240] (Level 3) Between 55% and 83% of
families tolerate nasal in the longer term [234, 236, 237]. Bi-level nasal positive

airway pressur P)has also been used effectively in children with OSA [241]; there
are no comparative data of CPAP and BIPAP.

AN

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 symptoms [151, 242]. (Level 3 The
mortality from tracheostomy in children under one year of age is around 5% [243].

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 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. i

disorders and evidence of right ventricular strain are present [246, 248-250]. freye
has been argued that since the severity of disease is difficult to assess on qcli %

rounds,
who have
e-operative

and the risks of surgery are related to the saturation nadir, all
adenotonsillectomy planned for OSA on clinical grounds should
oximetry recording to assess the need for a High Dependency Unit .

Table 4 lists the factors which should prompt referral to a cenife withypaediatric 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 (BMI Standard Deviqtiow >2.5)

Children wit wn 0 s efedsy or dveravemld ,(BMInStamdard heart
Deviation Score >2) shoulq% ted carefully preoperatively before a decision is made
stigge

about the optimal settin :
A
29. Children with ctedSA 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 towards surgery has been recommended,
particularly in younger children [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 studies have attempted to study SRBD in unselected patients

Downdés syndr ome; one srevalahog resdlts[28 gdonhave eval
the 197 children reported, SRBD occurs in 58% (95% Confidence Int -65%) of
chil dren wit h [2DAe25]add betwsey amedthrird eetfifths of

childrenwithDown6s Syndr ome have u[e54 5vjon bel ow
Onlyone study of 17 childre l ed to find an
syndrome [256]. Chi | dr en wi t h afa wreases yisls of puldhanasyme

hypertension, particularly if they have any associated hear rmality [258, 259] (Level

2++); in one study of patents with Downods s
(48%) had pulmonary hypertension [260] (Level of upper airway obstruction

improves pulmonary artery pressure [261, 262]. In children with cognitive

impairment, adverse effects of SRBD may aNecagnised.

Assessment anchierventions.
There are no controlled tri a |l s f tervention i nSRBDwnds syr
A number of before-and -after studigs own improvement from intervention
varying from adenotonsillectomy‘o uv:i alatopharyngoplasty, tongue reduction, tongue

hyoid advancement, and midfaCi xillary advancement [225, 260, 263-266] (Level

3). CPAP has generally bw 0 be effective where tolerated. In a minority of the

patients reported in the r| her interventions were ineffective and tracheostomy
was performed. al study of 19 patients with repeated polysomnography
[

demonstrated significa provements in both AHI and desaturations after CPAP with
or without tonsjiegt but no improvement in patients who refused therapy or had
positional ther%ly. Four of the fifteen patients with OSA, and none of the four
ulfonary hypertension [257].

gestion that untreated obstruction with hypoxaemia carries a risk of

pul ertension, and that upper airway obstruction is generally treatable by some
i , it is difficult to justify not treating obstruction with hypoxaemia when

pres 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.

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

without,
Based
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but should only be implemented if it can be demonstrated not to increase nocturnal CO;
[232, 233].

Conclusions

Children with Downds syndrome ar e nmid
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.LAl'l children wit h D offeredssreesingoyd \ O
SRBD, using at least oximetryguggested screening ages are
oncein infancy then annually until age &b years.

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 ' ximetry,
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 Downos rome

Note. There is no evidence about how lop@§screeping should continue in these children.
We have arbitrarily taken 3-5 years as nclu the period of highest risk of OSA. If
screening tests are negative up to this agedtwould seem reasonable not to undertake
further tests subsequently unless tﬁere 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/).
(muscul%ﬁs $IR neuromuscular disease®R muscular atrophies, spinadR

S

muscular phiesAND (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 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
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of pulmonary hypertension [268]. (Level 2) Evidence from intervention studies (see
below) strongly suggests that life expectancy is reduced by SRBD; in one study of
Duchenne Muscular Dystrophy the mean survival of five patients with diurnal
hypercapnia associated with SRBD was less than 10 months [269].

Assessment and interventions.

There are a large number of before-and-after studies of non-invasive ventilation (NIV) in
neuromuscular disease, particularly Duchenne Muscular Dystrophy. The results of
nocturnal NIV as treatment for nocturnal or diurnal respiratory failure in a total of.246
children and young adults with neuromuscular disease have been reported, wit
up ranging from 6 to 67 months [269-284]. There is almost universal improyem
oxygenation and ventilation during sleep (Level 2++) and survival appea ably

of surviving to age 25 with Duchenne Muscular Dystrophy ar
53% by non-invasive ventilation [285] . (Level 24). A meta“analysig of a heterogenous
group of patients including those with neuromuscular disc&%s oncluded that NIV

improves oxygenation, CO2 levels and survival at one4eear [286], but few of the subjects

in the four included studies were paediatric neuro disease patients.
One randomised study of NIV in Duchenne Mu strophy has been done, but this
intervened early (FVC between 20-50%). A minority of patients reported

patients with daytime hypercarbia were exclogded.” There was no evidence of benefit, with

symptoms which might have indicated S& ep studies were not performed, and
a possibly increased mortality in the in ntion group [287].

absence of SRBD

35.Non-invasive ventila@tl'ndicated routinely in DMD in the B

Theophylline does n ve”SRBD in neuromuscular disease [288].

Oxygen treatment of s poxaemia in Duchenne Muscular Dystrophy has been
shown to impro rafions, but increases the amount of apnoea and hypopnoea during
REM sleep. O@or term studies of this intervention have been undertaken [289].

NIV shm%??,art of a package of respiratory care in neuromuscular disease, which is
aim reventing and effectively treating atelectasis and episodes of lower respiratory
i jom, optimising nutrition, and effective management of scoliosis. There is no
e&e of any intervention delaying the onset of SRBD.

Symptoms of SRBD may be very subtle in neuromuscular disease. In Duchenne
Muscular Dystrophy significant SRBD with nocturnal desaturations was present in 9/14
patients without obvious sleep-related symptoms [290]. Even a structured symptom
questionnaire has failed to identify patients with advanced neuromuscular disease who
have SRBD [291].

A Vital Capacity below 30% predicted has been found to be a predictor of the need for
NIV in Duchenne Muscular Dystrophy in one study, with a disability score adding to the
predictive model [292]. Another study suggested that the best predictor of death or
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institution of NIV in Duchenne Muscular Dystrophy was a Vital Capacity below 1 litre
[293]. It is suggested that monitoring for SRBD should be initiated at a slightly higher

level of lung function than that known to predict a need for NIV, to ensure that cases are

not diagnosed too late.

Domiciliary oxygen saturation recordings during sleep will detect hypoxaemia at night as

well as, or even better than, polysomnography [294] (Sackettievel 25. While they do

not identify all patients with SRBD, they probably identify the clinical important

problems. In the event of a positive study it is sensible to study the pathophysiology of
the sleep hypoxaemia in more detail in order to tailor intervention appropriately ang in

case of a poor response to initial treatment. However, there is no evidence to s
refute this.

r

with neuromuscular diseasif there are symptoms of S
impairment of diaphragmatic function, or a vital capa:
predicted. In conditions such as myopathies, whege of early

36. Overnight oximetry recordings should be carried out on a%
Iyl 50%

even in the absete of any of these indicators.

an

SRBD is particularly high, regular recordingss&) gjcarried out
d

37.1f feasible, CQ recordingsshould be perfor in conjunction with
oximetryin children with neuromuscular4# s they may add

an

useful information.
38.The optimum frequency obximetr digs in high risk children

with neuromuscular diseases underta t least annual recordings
should be done, with more freq el recordings in higher risk situatiol

an

39. Limited polysomnograph se e study)should be performed in
neuromuscularpatients With a normal oximetnhut in the presence of
sevee abnormalities ept should not be delayed if
polysomnography ‘c% ily available.

an

There is so much evi
ventilation in neurgmuscu

port the efficacy and tolerability of non-invasive
disease with nocturnal hypoventilation that it would no
longer be ethic diict a randomised trial. Positive pressure ventilation is more
effective than @e pressure ventilation in these conditions [295].

The use 0 heostomy ventilation when non-invasive ventilation is ineffective is a
difficult ethi€al decision, complicated by varying prognoses in different conditions.
Quak life”in tracheostomy ventilated patients with neuromuscular disease is

p vewl by the patients as satisfactory [296], but it does cause increasing stress for
care@ivers and patients [297] and requires adequate carer support. It is not a widely
available option in the UK.

Conclusions
The overall prevalence of SRBD in neuromuscular disease is high, and in progressive

conditions it is likely to occur at some stage in most patients. SRBD in neuromuscular
disease is associated with increased pulmonary artery pressure. There is good evidence

(level 2++) that NIV improves nocturnal and diurnal oxygen saturation and pCO- in
neuromuscular disease patients who have SRBD, and evidence (level 2+) that NIV
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improves survival in these patients, particularly if hypercarbia is present, and that it is
generally well tolerated. SRBD and respiratory failure are difficult to detect clinically,
and screening in patients at high risk is recommended.

40.1f SRBD sufficient to cause hypoxamia at nightis demonstrated in an a
otherwise stable child witimeuromuscular diseasehen nocturnal NIV
should be instituted.

41.1f SRBD is associated withhocturnal hypercapniain a child with C
neuromuscular diseasthen nocturnal NIV should be instituted.

42. A child with neuromuscular diseasen NIV should have repeate \ a
studies with oximetry and CO2 recordings to ensure optima&

settings. A

3.2.3 Anatomical abnormalities %3

Search strategy

Medline1950Dec 2006
((Obstructive Sleep Apngar (ObstructiveSleep Apnea pnea syndrgjnEND
((Mucopolysaccharidosjsor (Pierre Robin syndr g%& (Stickler syndrom)eor

(Craniofacial syndromgor (Treacher Collins s (Nager syndromeor
(Saethre Chotzen syndrojro (Achondropla

Secondary searchf references in releva

Background
Airway patency is determined by the fi jze of the bony airway, the varying activity of
airway dilator muscles, which can(be affgcted by sleep stage, and by the presence of soft
tissues.

It has recently been establi

OSA there is a smaller rai
the bony airway is redl
more severe narrowing.

3.2.3.1Craniof%l syndromes

OSA has Jeep déscfibed in virtually all recognised craniofacial syndromes and also in

i itk apparently unique craniofacial anomalies. In a series of children with
th underlying craniofacial abnormalities had more severe respiratory
indices [191]. Those disorders with poorly formed jaw (Treacher Collins
syn e, PRS) and those with midfacial and palatal involvement (Crouzon, Apert,
Saethre-Chotzen, Nager, Pfeiffer and Stickler syndromes) are most likely to have OSA.
Isolated craniosynostosis without facial involvement is not associated with OSA [299].
There are also reports of tracheal stenosis secondary to the cartilaginous anomaly often
found in craniofacial syndromes [300]. This may complicate the OSA.

Children with craniofacial syndromes are unusual in that they often present with OSA in
infancy. However, the airway obstruction may worsen with growth, particularly in
midfacial hypoplasia.

RI scanning that in otherwise normal children with
y, mainly due to adenotonsillar volume [298]. When
ilar degree of adenotonsillar hypertrophy will cause
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Cor pulmonale and sudden death have been described in Pierre Robin sequence (PRS)
[301-303].

In the absence of gas exchange abnormalities, intervention should be based on the
presence of clinical symptoms suggestive of OSA.

Treatment

Older papers only discuss tracheostomy, which was deemed necessary in 19% of 251
subjects in a US study from the early 1990s [304]. Another US study of 109 children with
various craniofacial disorders described 60% as requiring airway management

interventions with 17% requiring tracheostomy [305]. Recent case series describe
successful use of CPAP or BIPAP [306, 307] with improvements in OSA and c%

measures (level 3.

Nasopharyngeal tube placement has been described as successful manage :@ infants
with PRS with significant obstruction and hypoxia [308]. A recent serigs-foupd-tHat
nasopharyngeal tube avoided the need for surgery and achieved ade u%/ enation
and growth in 22 consecutive patients [309] (level 3)

Major corrective surgery to the midface can improve matters : ildren with
craniofacial problems, distraction osteotomy of the mandible\improved OSA without
tracheostomy [310] (level 3 and facilitated successful d lation of tracheostomy

t study

especially in PRS [311] (level 3) Denny reported a pi f 15 children with PRS
(some with associated syndromes) with persisting per airway obstruction
despite trials of CPAP, tongue-lip adhesion and fiaSepharyngeal airway. Distraction
osteotomy of the mandible was attempted in n, and all had good
outcomes[312]. (level 3) Another descriptige ¢ eries of mandibular distraction

osteotomy in infants with micrognathia and ostructive apnoea refractory to other therapy
reported improved airway with av;iﬂawt cheostomy in 14/17 (82%) [313].

micrognathia shouyid valuated f@RBDwith a minimum
assessment of gxi referably with a measure of.Chis should
be performe %I If they have any clinical signs of airway

obstruction, a in the first 4 weeks of life in any event.

43. All children with syndg%s ipvolving midfacial hypoplasia or a
b
tr

be aware that infants with PRS may have worsenir a
airway truction between 4 and 8 weelsd ascertain whether
s@ous orsen at this age. If,.sepeat assessment should be carri

0 )

as¥€ssmermor SRBD in children with syndromes involving a
acial hypoplasia or micrognathighould occur at 36 monthly
intervals in the first year of life, and subsequently should be dictated
clinical symptoms and signs.
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46.In infants with PRS or other micrognathia syndromes and with a
significant airway obstruction or SRBD:

A nasopharyngeal tube is the first line of treatment.

If nasopharyngeal intubation is unsuccessful, nasal CPAP or BIPAP

should be tried.

Tracheostomy is necessary if other measures fail.

Mandibular advancement surgery ay have a role in refractory cases,

taking into account the degree of expected mandibular growth.

1 There is no evidence to support the practice of prone positioning

47.1In children with midfacial hypoplasia and airway obstruction or S a
a trial of nasal CPAP or BIPAP is indicated. Q

= =

= =

R

If this fails, then surgical options include tracheostomy or surg
L>€ ‘fo

= =

reconstruction. If the airway is significantly impaired then trbégag

remains the immediatéreatment of choice
1 The role of craniofacial surgery as an alternative to tr %my requir

further evaluation. A \
3.2.3.2Mucopolysaccharidoss
In a case series of 26 children with various mucgpelysaccharidoses, 24 were found to
have SRBD, and clinical history was not an a \@v ector [314] (Level 3) Inorder
of descending ris ¢ t hree hSclgibaedst ri sk sy
Hun ssndrobme. OSA i n H | r 6s syndrome has been s

reversed by nasal CPAP in a case repowt]315]>(Levd 3) There are no systematic studies
of the effects of identification or :t\:? 107 for SRBD in this group of patients.
ent,

In children with cognitive impair erse effects of SRBD may not be recognised.
However, the appropriateness ofN ntion must be considered in the context of the
other treatment being offeréd, and\the long-term prognosis in each case. The effect of

enzyme replacement t RBD in these conditions has not yet been established.
I

Conclusions: ’
Children with mucogo
syndromes are@ isk for SRBD.

charidoses, particularly Hurler, Hurler-Scheie and Hunter

48. 1 (en with Hurler, Hurler -Scheie and Hunter syndromes:

r ng forSRBD should be offeredafter discussion of the possible a
entions and benefits.

. Adenotonsillectomy should be considered if there is significant SRBI a
In significant SRBD where adenotonsillectomy unsuccessful or not D
feasible,nasal CPAP should be considered

3.2.3.3Achondroplasia

The predisposing factors for SRBD are a combination of airway obstruction from
midfacial hypoplasia and the risk of abnormal respiratory control secondary to brainstem
compression.

Waters studied 20 children and young adults and found all to have upper airway
obstruction with 75% having an apnoea index greater than 5/hr with obstructive, central
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and mixed apnoea [316]. In a much larger group of 88 children significant abnormalities
on PSG were found in 48% [317].

Pulmonary hypertension and cor pulmonale have been frequent complications in case
series selected for SRBD [318, 319]. (Level 3) The overall prevalence of these
conditions in achondroplasia is not known.

A good response to adenotonsillectomy has been demonstrated in many, but not all,
patients [318, 320]. (Level3). In patients with cervicomedullary compression and SRBD,
decompressive surgery may result in improvement [321]. Nasal CPAP was required in
13/17 children requiring treatment for SRBD, and was found to be effective [320
(Level 3)

Two children who required tracheostomy for achondroplasia with upper air

obstruction were able to be decannulated after midfacial distraction osteo :@2
(Level 3) Jx
Conclusions. b

Children with achondroplasia are at high risk of SRBD

Pulmonary hypertension and cor pulmonale are significant riSks Din
achondroplasia.

Interventions such as adenotonsillectomy and nasal CPAP are usually, but not always,
associated with clinical and polysomnographic im ts.

49.In children with achondroplasia:

achondroplasialdeally this shotldNgclude oximey and capnography.

a. Screening for SRBD should be{%' children with a

an

b. If initial screeningis normal, mum frequency of subsequent
screening is unclear, byt shoW{ld probably be evergBmonths in the

first 5 years of life. )

c. If significant SRBL is vered, then adenotonsillectomy should be a
offered. )

d. Atrial of CP be considered if symptoms or significant gas a

exchange gbrnerMlities persist after adenotonsillectomy.

We have arbitrafily taken 3-5 years as including the period of highest risk of OSA. If
screening%?e gative up to this age it would seem reasonable not to undertake

further tests@ubsequently unless there are suggestive symptoms.
3% er Willi Syndrome (PWS)
e

Note. There iﬁé’ ence about how long screening should continue in these children.

Seareh strategy:

Medline 198-Dec 2006

CINAHL 19822006

(Prader Willi Syndrome/) AND ((sleep apnea syndromes/) or (sleep apnea, central/) or
(sleep/) or (sleep disorders/) or (sleep apnea, obstructive/) or (respiration, artificial/) or
(positivepressure respiration/))

(Prader Willi Syndrome /mortality)

Secondary search of references in relevant articles.
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Sleep disturbance and sleep apnoea are included as minor diagnostic criteria of PWS in a
consensus document [323] . The prevalence of symptomatic sleep disturbance and
apnoeas was 37 % in a retrospective chart review of 90 children and adults with PWS
[324].

Excessive daytime sleepiness (EDS) is a common feature of PWS, often beginning in
early childhood [325]. EDS occurs despite increased quantity of nocturnal sleep in
patients with PWS [326]. Disturbed sleep architecture has been reported in PWS with
REM sleep occurring earlier in the night than in normal subjects (reduced REM latency).
REM sleep onsets (SOREMPS) has been found in 10/23 patients [327, 328] and 8/X0 had
abnormal sleep latency [328].

Abnormal ventilatory responses to hypercapnia and hypoxian PWS Q
Hypoxia and hyperoxic ventilatory responses are absent or reduced, a % endent
of the degree of obesity [329, 330]. Ventilatory response to CO2 in ’I'%
(chemoreceptor response) is also abnormal in that the PWS pati réase their
ventilation at a higher level of arterial CO2 than normal contr 2%331]. Some of this
chemoreceptor blunting may be due to obstructive sleep apnOea,singe a case report
describes an improvement (but not normalisation) in hyp iCc response after
tracheostomy and bi-level positive airway pressure duriqg sleep [332]. However
abnormal hypercapnic responses have been found ihpon-obese subjects [331].

SRBD in PWS Q

Snoring and breathing difficulty during s@mmonly reported by care givers [333,
[

334]. A number of polysomnographic st ve been done in PWS, all confirming the

very high prevalence of apnoea and hy ilation during sleep. Kaplan found only

mild obstructive events in 5 patients, altRough daytime hypoxaemia was common [335].

In contrast, Harris [336] foun uctjive SRBD in all 8 patients studied; in 3 patients a
improvement in SRBD occ r?%r weight loss, but daytime somnolence persisted.

Hertz demonstrated an a W etween BMI and SRBD in 43 children and adults

with PWS [337]. Ric d abnormal AHI in 12/14 subjects [338]. Manni 0s
assessment of 14 upnse WS subjects found only 4 to have abnormal amounts of
apnoea/hypopn ese were not severe [328]. A large prospective study of sleep

and breathing f%zre-pubertal children with PWS found that 49 had an abnormal AHI,

but this v%a}'w ue to central apnoea and hypopnoea. Only 8 children in this cohort

were obes obstructive apnoea was uncommon outside this subgroup[339].

a and children with PWS , unrelated to obvious apnoea [335, 340], but positively
correlated to obesity [336, 340]. Sleep related hypoventilation and increased central
apnoeas in adults and children with PWS have also been described [328, 331, 339]

h%rr Xygen desaturation, particularly in REM sleep, has been demonstrated in both
du

Thus, some abnormalities of breathing during sleep are common in PWS, being found in
25-100% of patients, but in many cases these are mild. Hypoxaemia is common, and
may be multifactorial in origin, due to obesity, OSA and abnormalities of respiratory
control.
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Conclusions
SRBD is common in patients with PWS.
Nocturnal hypoxaemia is common in PWS

Consequences 05RBDin PWS.

Some PWS patients have respiratory failure with day and night hypercapnia and hypoxia,
and PWS patients die prematurely of cardiorespiratory failure [335] The annual mortality
rate is estimated at 3%, with sudden death being a common cause [341]. (Level3).

Treatment

Nocturnal non-invasive ventilation has shown to reverse day time ventilatory-failure in 4
adults with PWS, with good compliance and continued effects over >4 ye %

Thus, the respiratory failure is treatable, and identification should prol x

%ﬂ been
d [343].

evidence is based on a small number of convincing case studies. One
described where initiation of CPAP for OSA in a young child im

Although weight reduction might improve the SRBD, it is ndt a ete solution to the
problem, as abnormalities including hypoxia, central apn&&ml poventilation are
found in non-obese individuals.
There are no good studies evaluating whether clini toms can be used to identify
children at risk of respiratory failure. The high prévalénce of EDS and obesity in the
syndrome suggests that all children should begchgenell with oximetry on an annual basis.
omnography.

Children with abnormal oximetry should ‘
50. All children with PWS shoul eenedth oximetryand
capnographyon an ann as(s.  Children with abnormal oximetry
should have polysomigo§aphly

an

Weight reduction leads
[344]. (Level 2+) Ad
speci fic

W ent both in OSA [336] and nocturnal hypoventilation
illEctomy has been recommended [345] , but no data

PWS are published. CPAP i s effe
improve non-o ive REM-related desaturation and is poorly tolerated [346, 347].
Nocturnal non-1fyasive ventilation has shown to reverse day time ventilatory failure in 4

adults w@ ith good compliance and continued effects over >4 years [342].

(Level
Ther nead for more data on improvements in quality of life as a result of

m% S

Clomipramine has been used in one patient with OSA and daytime somnolence. There
was no effect on OSA, but the daytime somnolence improved [348]. (Level 3)
Medroxyprogesterone resulted in resolution of nocturnal hypoventilation in a 4 year old
obese child with PWS [349]. (Level 3)

Growth hormone has been used in PWS to improve growth and reduce obesity. There
have been concerns about the possibility of this increasing the risk of sudden death after a
case report of worsened sleep apnoea and death after growth hormone treatment [350].
Another child with PWS who died suddenly during growth hormone treatment was
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reported to have a normal polysomnogram and no pre-existing obesity [339]. A
prospective survey of 338 PWS children who received growth hormone recorded 5 deaths
in one year [351]. While there is no evidence of a causal link, these authors recommend
that sleep studies should be performed on PWS children prior to starting growth
hormone. In the context of these concerns, despite the lack of convincing evidence of
risk from growth hormone it would be prudent to assess and optimise breathing during
sleep in PWS patients prior to starting growth hormone treatment.

51.In PWS with respiratory failure a trial of NIV at night should be initiatéq D

52.In PWS with significant nocturnal hypoxaemia a trial of NIV at ni
should be initiated

53. Adequacy of breathing during sleep should be assessed for,
child with PWS prior to starting growth hormone treatmergA

S
&

O
o
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S
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3.3 Congenital Central Hypoventilation Syndrome.

Search strategy
Medline19506Jan 2007)

((Congenital central Hypevnt i | ati on Syndrome) OR (Ondineos
ventilation) OR (Autonomic nervous system)
Limited to Ahulmano, #Aall child O

Additional manual check of review articles
3.3.1 Prevalence. Q

Congenital central hypoventilation syndrome (CCHS), previously co Nnown as
AOndinebdés curseodo is a rare een 1 in 50,
which there is an abnormality of control of respiration in the abs identifiable

primary CNS, neuromuscular, lung or cardiac disease. Appr ely800 cases of

CCHS have been identified worldwide.

A Strategic Health Authority, with a population of 1 i“%\5 million, and 10-15,000 births
per year will have 37 4 children with CCHS. Int ny children with CCHS may

have died in early infancy, but increased aware % condition in recent years has

led to an increased number of children being-#iaggosed within a few days of birth [352-

355].

Because of the extreme rarity of this condition, virtually all published studies are based
Mion (i.e. Evidence levels 3 or 4).

upon case reports, case series and expe

Consequences and benefit fégiification.

wﬂation during sleep, especially non- REM sleep, but
s'may also hypoventilate while awake. Untreated children

T CCHS are likely to die within the first few weeks after
birth. If not re 1Sed in early infancy, children with the milder forms of CCHS may
present with C%, oedema and right heart failure with pulmonary hypertension, as a
consequepce.of gecirrent or chronic hypoxemia. Some children may present with

IQ th

Affected children show
some severely affect
with the more severe f

appare ife-threatening episodes or apnoeas necessitating resuscitation.. Untreated
mild te CCHS is compatible with survival for several months, and it is possible
f tlgydisease to go unnoticed. In the late onset variant that presents around 2 7 4

yea age there are commonly associated hypothalamic disorders, particularly
endocrine dysfunction. There are now several cases reported of presentation of CCHS in
adult life, commonly with symptoms dating to early childhood, though in others only
being recognised on the diagnosis of CCHS in a child of the affected adult [352-357].

3.3.2 Prevention.
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Although the great majority of children with CCHS will be the first affected person in the
family, recent studies have identified heterozygous de novo mutations of the PHOX2B
gene in more than 90% of children with CCHS [358-360], raising the possibility of
prenatal diagnosis. Genetic investigation and counselling should be offered to all newly
diagnosed families.

3.3.3 Identification and Diagnosis of CCHS

Diagnostic criteria.
The clinical and physiological diagnosis of CCHS has been considered to r@ e

following criteria [361, 362] (Level 4) X
. Persistent evidence of hypoventilation during sleep [PaCO; > % g (8 kPa)]
Onset of symptoms usually in the first year after birth
Absence of primary pulmonary or neuromuscular diseage

. No evidence of primary heart disease
However, the clinical presentation of CCHS is variabléhand may reflect the severity of the

underlying disorder. Children typically present in t orn period with duskiness or

cyanosis when falling asleep, but no associated increase,in respiratory effort. These
infants may not awaken during these episod entilation may be present during

B wN P

waking but is generally worse during slee r ation may be with apparent life
threatening events (ALTES), or presentation
above [356].

e delayed until adult life, as noted

autonomic n us system. These include neur
disease, abnormalities ofar autonomic functions (e.g. temperature control, pupil
size, heart rate variabj umours, including ganglioneuroma, neuroblastoma and

ganglioneuroblastgma 5, 358-360].

CCHS is associated with a nur%f other conditions affecting or derived from the
r
e

In the evaluatic'%‘hl dren with sleep hypoventilation, it is important to exclude

i omuscCular, cardiac or pulmonary disease or any identifiable brain stem
cpnditions that may cause sleep hypoventilation include congenital
myasthenia gravis, abnormalities of the airway or intrathoracic anatomy,
ysfunction, congenital cardiac disease, structural hindbrain or brainstem
ities, and metabolic disorders.

Assessment

The identification of characteristic abnormalities of the PHOX2B gene 1 either
polyalanine insertions, frameshift or miss-sense mutations [356, 358-360], in more than
90% of children with clinically diagnosed CCHS allows the rapid identification of the
diagnosis in the great majority of affected individuals. In the UK, investigation of the
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PHOX2B gene is available through the UK clinical genetics testing network.
(http://www.geneticstestingnetwork.org.uk ).

Definitive physiological evaluation of CCHS includes a detailed assessment of
spontaneous breathing during sleep and wakefulness in a reference sleep physiology
laboratory. Good quality polysomnography including an adequate period during both
REM and non-REM phases of sleep is essential. The measurements should include at a
minimum, tidal volume and flow (pneumotachograph), movement of the chest an
abdomen (respiratory inductance plethysmography), pulse oximetry, end-tidal

dioxide and ECG, together with EEG and Electro-oculogram (EOG) for sle
determination. This may be supplemented by invasive blood gas measur

preferably obtained from an indwelling arterial line, to objectively quafti oxemia
and hypercarbia. Careful observation of tidal volume and respiratopysgate ofjinfants
during endogenous hypercarbia during sleep and wakefulness cient to assess
central chemoreceptor function. Peripheral chemoreceptor sepSitivi hypoxia may be

eroxia from the
detailed assessment of

assessed by measurement of the ventilatory depression caused,b
administration of increased inhaled oxygen concentration.

chemoreceptor ventilatory responses to hypercarbia majxbe performed using a
rebreathing or steady state challenge with 5% carpgn e administered via a head

box. Functional MRI imaging has shown abnor CNS responses to both hypoxia
and hypercapnia in multiple CNS sites, inchfGinOathe/frontal cortex, cerebellar cortex and
basal ganglia as well as the midbrain, po d ventral and dorsal medulla.[361, 363-

367].
A %

with adequate faciliti perience for confirmation of the
diagnosis.

54. Children with suspectg CCHS should be referred to a speciaéistre a

3.34 Managem@ t

Ventllatory u;%; necessary in almost all children with CCHS. This may be

ring sleep only. In contrast to the generally poor prognosis of untreated
an 60% of patients receiving ventilatory support will survive to later
8]. Most such children with CCHS have an overall high quality of life,
y have persisting hypotonia with varying degree of neurocognitive deficits,
y have multiple autonomic deficits, particularly affecting heart rate variation,
blood pressure control, and thermal responses [364-366, 369-374]. Many children with
CCHS suffer from seizure disorders and some show evidence of poor growth and delayed
puberty. It is difficult to separate the effects of intrinsic CNS abnormalities from the
effects of intermittent hypoxemia in determining the neurodevelopmental outcome.
Pulmonary hypertension and cor pulmonale occur in some children with CCHS and may
be fatal; it is not yet clear whether these can be completely prevented by rigorous
ventilatory management, but in order to minimise the risk of cor pulmonale, current
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recommendations are to aim to maintain normal levels of both carbon dioxide and oxygen
during all periods on ventilatory support [352, 353, 361].

Conventional management of infants with CCHS has been to maintain ventilation via a
tracheostomy, but recent reports have shown the feasibility of non-invasive ventilatory
support from early infancy for selected infants [352, 353, 375, 376]. With adequate
education, support and resources provided to the family and the primary healthcare team
almost all children with CCHS can be safely and effectively cared for at home in the
longer term [368]. The practicalities of discharging a child on home ventilation in.the
UK have been dealt with elsewhere [377, 378].

Several ventilatory options are available for these children. With increasing ag
the infant becomes ambulatory, diaphragmatic pacing using phrenic n [

an option for children with CCHS who are ventilator dependent for 24%' A
who have no evidence of ventilator related lung disease [379-381 enteher

ve
electrodes may be bipolar (relatively easier insertion through % ut somewhat less
N6,

transthoracic insertion but more stable position and henc rehable). The aim is to
ensure adequate alveolar ventilation and oxygenation.Because of the more natural
breathing pattern, with negative inspiratory intrathoraeiespressure, pulmonary ventilation

perfusion matching is improved in some patientsby se of phrenic stimulators.
Adverse effects of phrenic nerve stimulators i crmanent phrenic nerve damage,
diaphragmatic fatigue, discomfort associa N (rgical implantation, accidental
displacements in ambulatory children and theéypotential need for repeated surgical
revisions. The quadripolar electrodes 0 reater duration of pacer support, diminished
risk of phrenic nerve damage and diaph atic fatigue and allow optimisation of the

pacing activity during exercis ite limitations, parents and children have
emphasised the improvemgj%jn2 oBility and quality of life after phrenic nerve

reliable because of possible displacement) or more recently 3 r (more difficult

stimulator insertion in C 379]. (Level 3).Despite the very high cost of phrenic nerve
stimulators and their i d maintenance, this option should be explored for all

children who requi
stimulators are
a ventilator at inimise the risk of phrenic nerve damage from continuous

electrical stimulation, though some patients have chosen to use nerve stimulators round
the cloc relonged periods [379].

C% 0 require ventilatory support only during sleep and who are able to cooperate
aywpe

m considered for non-invasive facemask ventilation with bi-level positive pressure
ventilation. Non-invasive ventilation is generally not recommended for children less than
6-7 years of age, partly because of the likely need for continuous ventilatory support with
intercurrent illness, and partly because of the risk of mid-facial growth abnormalities as a
consequence of a tightly placed face-mask. Some authors have reported successful use of
such techniques in early infancy [354, 355, 376]. If non-invasive ventilation is
successfully instituted tracheal decannulation may be performed.
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Negative pressure ventilation has been used successfully in one centre in the U.K [375].
However, this is cumbersome and may need significant equipment adjustment over the
time. In addition negative pressure ventilation may aggravate any coexisting upper
airway obstruction in these children.

Other general supportive measures are also important as many children with CCHS suffer
from feeding difficulties and severe gastro-oesophageal reflux necessitating nutritional
support, anti-reflux medications and in extreme cases anti-reflux surgery.

Well co-ordinated multidisciplinary care involving members of the primary, se
and tertiary healthcare teams, and regular review in a paediatric sleep physiojog
laboratory are central to the successful care of children with CCHS. The
required is well described in the American Thoracic Society guideline J&k

Unlike other children on home ventilation, children with CCHS S ventilatory
responses to hypoxemia or hypercarbia, and may hypoventilatg’moressgverely when
unwell, with increased right to left intrapulmonary shunting.ATh y show minimal or
absent increase in ventilation with exercise, and with infe&&wa develop relative
hypothermia rather than fever.

Continuous monitoring of blood oxygen saturatic mmended whenever children
with CCHS are on the ventilator, and Whene e unwell periodic checks of
k e

oxygen saturation are also required when Il as assessments of carbon
dioxide levels.
Because of their reduced perception o xia and hypercarbia, and the absence of any

appreciation of dyspnoea, togetherwith fdepressed ventilatory responses to exercise,
children with CCHS may exer selyes beyond physiological limits, and come to
al

harm. Children with CCHS shou lowed to participate in non contact sports with a
moderate level of activit )ﬁ? ent rest periods. Swimming may be hazardous for
these children 1 the | ic response may put them at risk. Underwater
swimming is particula rdous, but with very careful supervision gentle swimming
may be accepta ythmic activity with the opportunity to develop a learned increase
in ventilation Qﬁ of value. Dance is particularly helpful in developing appropriate
rhythmic@ge entilation with exercise [353, 355, 361, 382].

Chi %ﬁadolescents with CCHS are at particular risk of severe and potentially fatal
hypeventilation on ingestion of alcohol, or use of cannabis. Affected children and their

famili&s must be informed and warned of these potential dangers[353, 383].

55.1In children with CCHS:

a. Ventilatory support is almost always essential for survival. a

b. Tracheostomy is indicated for management in the first 6 years of life a

c. Diaphragmatic pacing should be considered in children requiring-24 D
hour ventilatory support.

d. Care should be supervised by a specialist centre with experience of a
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CCHS management

e. Oxygen saturation should be monitored continuously during sleep. a

f. During acute illnesses children with CCHS require checks of oxygen a
saturation and carbon dioxide levels when awake.

g. Carersand childrenshould be advised of the cautions requirddring a

exercise and the specific dangers of alcohol or cannabis use

R
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4. Unexplained events in infancy- ALTE

Search Strategy:

Medline 1958Dec2006

For general studies on ALTE:

(ALTE.mp OR life threatening event.nlip)ited to (humans and "all infargbirth to 23
months)")

For intersection with specific conditions:

(ALTE.mp OR life threatening event.mp OR Critical lliness/ OR Apn leep Apnea
Syndromes/ OR Cyanosis/ OR Monitoring, Physiologic/ OR Airwa tion/) limited
to (humans and "alinfant (birth to 23 months)")

intersecting with the specific condition search term

Conditions which present as possible respiratory control diso in tancy are often

described by the term fap ent | ife threate
document [384] definesan ALTEasfian epi s o that is frighteni
that is characterised by some combination of apnoea (céntral or occasionally obstructive),

colour change (usually cyanotic or pallid), marked in muscle tone, choking or

gagging.0 The prevalence of ALTE depends on{casexdefinition and whether

pective community-based study in

PO live births [385]. Inthe UK, there
, but in Sheffield in 1997 there were 76

are no published data on the prevalencg.of ALY
ALTEOGs out of ,?&2 births in one year (rate
were 30 ALTE®S owt of 6,500 | ivketheoi rt hs (r at

Cheshire area, ALTE was see 00 infants, after exclusion of preterm infants and
infants with congenital anomalie ir NA unpublished data).

4.1 Possj gditions presenting as ALTE.

The list rlying conditions which have been diagnosed after presentation with an

e ve (Table 5). It is not always clear if the condition was the cause of the

enital heart disease diagnoses include persistent ductus arteriosus and

septal defect which may have been coincidental findings, and prolonged QTc
syndrome has not been demonstrated to have a causal relationship in these infants.

4.1.1 Prevalence of ALTE.

The relative prevalence of each condition depends on the method of ascertainment, which
varies from consecutive admissions to an A&E department [386, 387] to infants referred
for evaluation at a tertiary sleep centre. A systematic review of diagnosed causes of
ALTE has described 728 different diagnoses [388] The range of investigations
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performed for ALTE is wide: 0-26, mean 15.5 in one study [389], with a low yield
contributing to diagnosis (5.9% of 3776 investigations, or 33.5% of positive tests)..
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Table 5. Causes to which ALTE has been ascribed

Respiratory
Infection - e.g. respiratory syncytial virus infection, pertussis, pneumonia [387]*
Upper airway obstruction - e.g. retrognathia, laryngomalacia [387, 390]
Lower airway obstruction or closure - e.g. tracheo-bronchomalacia [390]
Intrapulmonary shunting e.g. cyanotic breath holding [391]

Neurological
Epileptic - seizure induced [387, 390, 392]* @

Intracranial haemorrhage - vitamin K deficiency, child abuse [393¢3
Central hypoventilation - drugs [387, 395], congenital [396]*
Brain tumour [387]*

Infective
Septicaemia [392], urinary tract infection [386, 387] ‘Qastre-gnteritis [386, 387]*
Meningo-encephalitis [392]*

Autonomic
Vasovagal [393]

Gastro-oesophageal reflux [386, 390 -399]
Skin pallor changes &

Child Abuse
IlIness fabrication [400]*
Attempted suffocation 40
Poisoning [387]* \)

Cardiac
Tachyarrh hm%olfe-Parkinson White and Long-QT syndrome [409, 410]

V4
Inborn r’%tnetabolism [393, 412]*
%ns
Carbon monoxide poisoning*

Cat smothering
Abnormal infant holding practices
Haemorrhagic shock encephalopathy syndrome

Unknown

* Evidence of benefit from identification
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Physiological and video monitoring with some form of event capture is particularly
helpful in diagnosing some of the rarer causes of recurrent events, including epileptic
seizure induced apnoea and imposed suffocation.

Evidence for some rarer causes of ALTE, such as inborn errors of metabolism, j -
cut. In this report, we focus on the causes which are less clear and may caus sion,
namely:

gastro-oesophageal reflux \
breath holding %
epilepsy

child abuse

upper airway obstruction

cardiac dysrhythmias

Gastro-oesophageal reflux is the mast commonly quoted condition associated with
ALTE. In two cohorts of ALTE : a%ﬂerred to sleep units the prevalence of reflux
was 62% of 340 infants (diagnosgd by barium swallow or milk scan) [390], and 20% of
3799 infants (diagnostic methé& ated) [393]. A systematic search for reflux in 130
infants with ALTE presenting t emergency room found 26% to have reflux [387].

However, the detectio aTe s highly dependent on the methodology used [414, 415]
and studies based on{co @ studies or scintigraphy cannot be relied upon [413]. No
eﬂall}:’

= =4 =4 -8 48 -9

4.1.2 Gastro-oesophageal Reflux and
see also Evideneeased NASPGAN guide

study has subject ants with ALTE to pH monitoring, so the true prevalence of

reflux in ALTE@ n

Controlled studi€s uggest that the association between ALTE and GOR is weak. Acid
reflu t ximal oesophagus was not increased in 18 ALTE infants compared to
12 %‘s« 416], or in 50 infants with ALTE compared to another 50 without ALTE
[4%)

Furt ore, there is poor evidence of temporal association between reflux episodes and
pathophysiological events. In 21 infants with ALTE with polygraphically demonstrated
apnoeas and episodes of acid reflux, apnoea and reflux were seldom temporally
associated; where they were associated, the apnoea generally preceded the reflux episode
[399] (Level 3). A study of 26 infants with ALTE found reflux in 19, but no temporal
association between reflux and cardiorespiratory events on polygraphic monitoring. In

addition, in 3 of 5 infants who underwent fundoplication, the apnoeas persisted [418]
(Level 3). Another study of 17 infants with ALTE found 5 who had reflux episodes
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associated with apnoea; however in 2 of these infants both the reflux and the apnoea were
preceded by a seizure, which was felt to be the primary aetiology [419] Level 3].

Two studies have demonstrated temporal associations. In one study of 15 infants with a
history of awakeapnoea, 13 had more than one episode of reflux preceding airway
obstruction during polygraphic monitoring [420] (Level 2-). In a second study of 16
ALTE infants, reflux was followed by a fall in SpO2 despite normal recordings of
breathing movements and ECG [398] (Level 2).

that only 22% of reflux demonstrated by this technique would be detec H
monitoring, and that 30% of apnoeas documented by polygraphy wepe=assqciated
temporally with reflux on impedance monitoring [80, 421] However, t 'st group
contained less than 12 patients with ALTE or apnoea on history. ;i oesophageal
t

Recently, a study of intraluminal impedance monitoring for reflux in 22 infants hg found

intraluminal impedance rather than oesophageal pH, a study in preterrmsi found that
while cardiorespiratory events and reflux were common, there ittle-evidence for a
temporal association [421] (Level 24).

Although gastro-oesophageal reflux features strongly ivﬂ%o causes of ALTE, it is
debated as to whether all ALTE should have investigation o detect reflux, given the

difficulty in knowing whether it is the cause of isease. Some suggest that only
infants with ALTE and a history of vomiting, ight gain, feed refusal, etc should
be investigated for reflux [422].

There are no randomised controlled trialso(%}ﬁect of treatment of gastro-oesophageal

reflux on ALTE.
Conclusion: A causative associationbetween gastesophageal reflux and ALTE has
yet to be firmly established.

£
56. Surgical treatm agtrooesophageal reflusshould not be (0]
undertakeni resenting with recurrent apnoea or ALTE
€

without ev%q) he temporal association betevents withreflux.

4.1.3 Br th}?&ding and ALTE.

Brea ing attacks are commonly reported by parents [423] and onset may be in
i y M24]. They may present to a health professional as an ALTE. There are no
agreed diagnostic criteria for these events. The outcome of breath holding spells is
generally thought to be benign [423, 425-428], but some authors have questioned this,
reporting deaths occurring as a result of repeated breath holding [391, 429-432].

Iron therapy has been found to reduce breath holding attacks in a randomised controlled
trial in 67 children with a high prevalence of iron deficiency and of consanguinity; the
response to treatment was greater in those with iron deficiency [433]. (Level 1+)

A randomised controlled trial of the putative nootropic drug, piracetam, showed a
reduction in the frequency of breath holding attacks, and a reported 92% of patients with
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complete resolution after 2 months treatment, compared to 30% in the placebo group
[434]. (Level1-).

57.1n the presence of a clear history of breath holding attacks, treatmen B
with iron should be considered, particularly if there is evidence of iroi
deficiency.

an

58. Further trials of the safety and efficacy of piracetam in breath holdinc
attacks are needed before this drug can be recommended.

4.1.4 Epilepsy and ALTE. s

Apnoea or ALTE may be a presentation of epilepsy [435-439] (L% n ALTEs

presenting to emergency departments, epilepsy has been found in.9-25% of cases [386,
387]. z{?,

Infants and children may present with no obvious signs aparfr isodes of apnoea,
cyanosis and change in heart rate. In addition, electroencephal hy between seizures
is often normal [436-438, 440, 441] (Level 3). Hypoxae isodes from non-epileptic
ALTES can also result in secondary and prolonged epileptic seizures [442, 443] (Level 3).
Continuous recordings are needed to document an d as well as EEG they should

include simultaneous measurements of ECG, ro effort and airflow, oxygenation
and video to determine whether seizure& precedes or follows the clinical

symptoms [400, 436, 444]. (&

59.1n recurrent, unexplained,AL ntinuous EEG recording should & a
undertaken (preferably simyltaneously with other physiologic
monitoring) to attem ure an event.

4.15 Child Ab@\ﬂ)ﬁ
Apnoea, cyan s and ALTE have been reported as presenting symptoms of

child abuse, through mechanisms such as intentional suffocation, intentional head injury
and fabri efents [401-407, 445-449]. Child abuse has been found to be a cause of
ases [394]. In a case-control study comparing 33 ALTESs due to child
ed by covert video surveillance) with 40 control children who required

c pulmonary resuscitation for ALTE risk factors for child abuse included petechiae,
blee from the mouth or nose, and one or more siblings with ALTE or sudden
unexplained death [446] (Level2b). Definitive diagnosis may be achieved by the use of
covert video surveillance [407, 418, 446, 450, 451]. Guidelines exist for the use of CVS
as part of multi-agency activity following national child protection procedures [452-454].
The surveillance itself is undertaken as a police activity under the Regulation of
Investigatory Powers Act 2000 (HMSO).

60. Child abuse, including fabricated or induced illnessy carers should B
be considered as a possible cause of ALimEany of the following
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circumstances:

- there is a history of severe or repeated attacks wiirggle withess of
the attack onset

- petechiae or keeding from the mouth or nose

- there isa history of ALTE or sudden death in siblings

However, none of these featur@sisolation isdiagnostic of child

abuse.
61.In cases of ALTE where child ab#sis considered a possible caus a
referral to a specialist centre may be required for elucidation. A

4.1.6 Intrinsic upper airway obstruction and ALTE

A PSG-based study of 29 ALTE and 30 control infants found a sig
obstructive apnoeas in the ALTE group [455] (Lewvel 2+). In contr
ALTESs using documenting cardiorespiratory monitors and oxj
significant difference in apnoeic events in the subsequent
healthy term infants [456]. (Level 2+)

A subgroup of patients with ALTEs found to havé ructive sleep apnoea on
polysomnography had relatives with a higher risk of 'SRBD and smaller upper airways
than those of ALTE children with normal PSG [45 3.

Nasal CPAP has been used successfully to treat ith recurrent ALTE who were
found to have upper airway obstruction [237}%L&ye! B) and has also been shown to
normalise autonomic function in these infafts [ (Level 2+) In the absence of
randomised controlled trials and the fayoura rognosis of most ALTEs, this
intervention should be reserved for i %t proven OSA and severe and recurrent

symptoms.

ic ncrease in
of 107 term

not observe a
compared to 306

e

62. Polysomnographygshou

recurrent ALT

e performed in infants with severe and a

63.In children
CPAP is idic

an

and recurrent ALTE due to OSA, a trial of

s than 1% of cases [387, 393]. (Level 3. Arrhythmias may also be a presenting
featurg-of metabolic disease [459]. A study of 24 hour ECG recording in 100 infants
with ALTE found 62% with one or more dysrhythmias and 30 with a QTc interval above
the 97" centile [410]. No control group was studied, the only two patients treated had
sinus node dysfunction, and. no subsequent adverse events were seen in this cohort.

r%{ , although in series of patient with ALTE, identified dysrhythmias account

An electrocardiographic study of 305 infants referred for ALTE did not find dysrhythmia
or ECG abnormalities [460].

Conclusion. Cardiac dysrhythmias are a rare cause of ALTE.
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While the benefit of routinely measuring the QTc interval in infants with ALTE has not
been established, it is a simple investigation and it is reasonable to carry out an ECG in
infants presenting with ALTE. Particular attention should be paid to infants with
recurrent events, or in those with a family history of sudden death or familial deafness.

64.An ECG should be recorded, and QTc measured, in all infant a
presenting with ALTE A
4.2 Consequences of ALTE x ;

report complete cohorts of infants with ALTE referred to slee 390, 392, 393]:
2/1503 (0.13%) infants subsequently died. A systematic r8vi ecting studies with
adequate causal investigations found 5 deaths in 643 i followed for 6-18 months

(0.8%) [388]. These deaths occurred in infants with %ere gastro-oesophageal reflux (2)

In three cohort studies of ALTEs presenting to A&E departments 3% ; 397] there
were 2/359 subsequent deaths - a subsequent mortality of 0.6 A her 3 studies

and rare congenital metabolic disorders (3). These est that the risk of subsequent
death after ALTE is less than 1%, (Sackett Iev spite a number of case reports of
(e
m

individual fatalities after ALTE, these d st that the outlook is generally
reassuring, although serious underlying i ust be taken into account. Infants
who require repeated vigorous resuscitatio ear to be at higher risk of subsequent

death [461, 462]. Follow-up into pre- scenhce has found no significant differences in
behaviour or 1Q between ALTE ipfants §nd’matched controls [463] . (Sackett level 2

Conclusion.Infants with T&H e no serious underlying condition is found have a
very low risk of subsequeht d :

A

65. Specialist ass aof ALTE is needed for infants with recurrent a
signific enjs; events where cardiopulmonary resuscitation has
beennedged or those with a family history of unexplained childhood

death. »

4.3%&&%@ Planning

The plans for follow up of infants and their families need to be individualised and depend
on the underlying diagnosis, severity of the event and views of parents, doctors and
community staff. Infants with a single mild episode or self-limiting diagnosis do not
require follow up.

If an infant who has been admitted to hospital with an ALTE is to be discharged home
without a monitor, they should spend some time in hospital without monitors attached.
Discharge should be undertaken when the family feel confident and health professionals
are happy with the infant's condition.
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At the time of hospital discharge, parents require a clear account of what has happened,
and the level of medical understanding for the infant's event. Health professionals should
be cautious in applying diagnostic labels without good objective evidence, in order to
avoid the escalation of treatment for a recurrent condition.

4.4 Effective interventions.

The multiplicity of causes means that there are a number of specific interventions viaich
may be effective. In the infant with recurrent ALTES where no underlying cau

been found there are no studies of effective interventions.
Methylxanthine treatment has been used in the presence of an abnormal regpisa
pattern and was associated with improvements in pneumogram in an u%

trial [464]; there is no evidence that it affects outcome, and it may
oesophageal reflux and epilepsy. &
4.4.1 Home monitoring Q

There has been no randomised controlled trial performed to show that home monitors

reduce mortality and they should not be provi is basis. Practices for offering
home monitoring vary widely from those who at home monitoring has no role

to play to those in whom it is offered to all i
Cardiorespiratory monitoring is more ggmmonjy used in North America and in some

other parts of Europe using impedﬁij ography and electrocardiography, but this

clinical

method has not been clinically validated Yo detect potentially severe apnoeic-hypoxaemic
episodes or ALTE [465]. Car iratory monitors have a high rate of false alarms
[466] and may not detect evients, dgaths having occurred on such monitors [467-469].

In the UK, apnoea % t work by detection of body movements are used alone.
These have a poo%t detect hypoxaemic events [470], and deaths have also
occurred on th itars [471]. There is also a theoretical risk of strangulation from
such monitors?%%jer infants [472].

rfonitor technology in recent years has been the ability to record monitor
use a iological waveforms prior to an alarm. Such documenting
ikatory monitors have shown bradycardia rather than cessation of breathing
to precede death/near-death episodes [473]. However, oxygenation was not

hypoxaemia as the initial changing parameter [400].

Monitoring may increase or lower parental anxiety [474, 475]. Ongoing support is likely
to be required for many parents, particularly those who undergo home physiological
monitoring

66. There is ro evidence to support the routine use of home monitors in a
ALTE.
67.If a decision is taken to issue a monitor, the parents must understant a
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that there is no evidence that it will prevent subsequent death.

68. Cardiopulmonary resuscitation should be taught to any carers who t:
home an infant with a monitor.
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Table 6. Suggested investigations in ALTE.

First line investigations

If clinically well

Full blood count

Urine culture

Sa02 measurement/recording
ECG

Urine organic acids

Serum and urine amino acids
Blood sugar *

Arterial blood gas *

Lactate *

Ammonia *

If unwell, may also require:

Blood culture + lumbar puncture

Nasopharyngeal aspirate for viral immunofluorescence and culture
Pernasal swab for pertussis

Chest x-ray

Second line investigations (severe/recurrent events)

Multi-channel physiological recordings / event recording™

EEG*

Oesophageal pH monitoring (simultaneous with physiological recording if possible)
ENT assessment

Cranial imaging (Ultrasound, CT, MRI)

Echocardiogram

Skeletal survey

Urinary toxicology screen

Third line investigations

Covert video surveillance (if onset only ever witnessed by one person)

A if close to event/still unwell

* of particular value for documenting pathophysiology during subsequent event
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5. Non Respiratory Causes Of Excessive Daytime
Sleepiness In Children

Search strategies: In addition to the searches listed under each sechionainsearch
was also done from textbooks, including the International Classification of sleep
disorders. Maual search was also dof®m index of sleep journals (20®), available
in personal library, especiallyl&p and Journal of Sleep Research

5.1 Narcolepsy
Search strategy:
Medline 1958Dec 2006

Narcolepsy/ \
Narcolepsy is a chronic neurological disorder, the core sympto
daytime sleepiness, cataplexy (sudden loss of muscle tone i

hypnogogic hallucinations (vivid dream like visual imageﬁe eAalling asleep), sleep
I

paralysis (persistence of rapid eye movement sleep atoni wakening) and night sleep
disturbance. It is a life long disorder with striking simmilarity in symptomatology, age of
onset and disease severity across ethnic groups [47

Narcolepsy with cataplexy is very tightly a
(HLA) subtypeDQB1 0602 with almost a
subtype compared to 12 to 38% in gene ation. However only 40% of patients
with narcolepsy without cataplexy are DQB1 0602 positive. Most cases of
narcolepsy with cataplexy are associa ith loss of hypothalamic neurons containing
the neuropeptide hypocretin, identified Ry measuring CSF hypocretin-1 level [477]. It is
hypothesised that destruction ogretin neurons occurs by an autoimmune process,

though there maybe genetig% ibility[478]
5.1.1 Prevalence%
The prevalenc@lepsy in a European population survey was 1:2,000 [479],

with human leucocyte antigen
with cataplexy positive for this

po

comparable to res quoted for Americans [480]. In a cohort of 519 narcoleptics in
encthCanada the age of onset was bimodal in distribution. The early-onset
ed 66% of the patients and had a peak age of onset of 14.7 years. Thus
oms occurs in childhood in at least half of adult narcolepsy sufferers; about
1: rteen year olds will be affected. (Sackett level % Onset before 5 years of age
is rare,in idiopathic narcolepsy [481].

An underlying causative conditions is present in about 25% of cases of childhood
narcolepsy; these conditions include Niemann Pick disease Type C and brain tumours
[482, 483]. Children with secondary narcolepsy have an earlier age of onset [482]
(Sackett level %
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5.1.2 Diagnosis

The diagnostic criteria for narcolepsy according to the International Classification of
Sleep Disorders are shown in Table 7.

Table 7.

a. Diagnostic criteria for narcolepsy with cataplexy.

A. The patient has a complaint of excessive sleepiness occurring daily for a
months..

B A definite history of cataplexy, defined as sudden and transient epi oss of
muscle tone triggered by emotions( most reliably laughing or j ?% generally
bilateral and transient, is present. %,

C. The diagnosis of narcolepsy and cataplexy should when le be confirmed
by nocturnal polysomnography followed by the M@e sleep latency on
MSLT is less than or equal to 8 minutes and 2 or more EM are observed
following sufficient nocturnal sleep on precedi t. Alternatively, hypocretin-1
level in the CSF is less than or equal to 110 3 0f mean normal control
values

D The hypersomnia is not better explai No er sleep disorder, medical or
neurological disorder, mental disorder, medication use or substance use disorder.

b. Diagnostic criteria for narSo:ngi W! ithout cataplexy.
A

The patient has complaint ive daytime sleepiness occurring daily for at least
3 months

B Typical cataplex sent though doubtful or atypical cataplexy like episodes
(sensation of mustle ness triggered by emotions such as stress or intense

activity/ ex may be reported.
C Must be conQimed by nocturnal polysomnography followed by MSLT; same MSLT
criterd i’ narcolepsy with cataplexy.

D rs la not better explained by another sleep disorder, medical or neurological
j ; mental disorder, medication use or substance use disorder

NB. ito 20 % of narcolepsy patients without cataplexy, almost all with HLA DQB1
0602 have CSF level of hypocretin less than110pg/ml (normal valu€&@0)p, often
with associate complaints of sleep paralysid agpnagogic hallucinations present

MLST- Multiple Sleep Latency Test
SOREM- Sleep Onset with REM
CSF- Cerebrospinal Fluid
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The above criteria are valid for the diagnosis of narcolepsy in children with some
provisos. Children may deny the occurrence of daytime sleepiness and they may find it
difficult to explain the symptoms of hypnogogic hallucinations and sleep paralysis, which
are extremely frightening. Sleepy children may present with attention and behaviour
problems. Cataplexy, especially partial, may also be difficult to elicit in children [484,
485]. Also, there is a possible link between narcolepsy and weight gain in children ,
manifested early in the course of the disorder [486], which may cause confusion between
obesity-hypoventilation and narcolepsy as possible causes. Because of the difficulty in
relying on clinical history in this group, nocturnal polysomnography with su
multiple sleep latency test (MLST) is important. As the lower age limit at whi
start applying the MSLT is around 6 years of age [487], for the younger etldren with
narcolepsy diagnosis may have to rely on nocturnal polysomnography fe t

short sleep onset latency, SOREM and disruption of normal sleep pa%s%

frequent
awakenings [488]. MSLT findings become more abnormal over f it may be
necessary to repeat the studies in some children before the diag firmed [487].
CSF hypocretin measurements may prove to be a useful di stic_tool in the future
[489]. As onset of narcolepsy under the age of 5 is exceptiofial Nt is§important to exclude
secondary causes, including intracranial pathology, metaﬁﬁ&is rders and chromosome
disorders, if symptoms present early.

5.1.3 Consequence Of Not Diagnog@ olepsy

Studies have shown that narcolepsy asg%ﬂund influence on the quality of life and
safety of individuals with this disorde egative effect on education, recreation and

personality [490, 491]. Chlldren an be\misdiagnosed as lazy and may be disciplined in
school for falling asleep or te ion, concentration and memory, or suspected of
using illicit drugs [484, 4 93] (Sackett level ¥ This can lead to academic
decline and feeling of elf worth, with implications for future personal and
professional develop e |nd|ng that sleep deprivation or restriction affects higher
cognitive functiong, i Ive thinking, flexible decision making [494] and abstract
thinking and v eativity [20] is of concern for children in whom the diagnosis is
delayed. Cata& can be misdiagnosed as epilepsy and lead to inappropriate
investigatighs apd treatment [484, 493, 495] (Sackett level }i

69,10%0njirm a diagnosis of narcolepsy, referral to a centre experient a
and MSLT in children, with clinical experience of narcolepsy

&) Pgcessary.
'Y

5.1.4 Treatment

The management of narcolepsy in children should include medical and non medical

management. Supporting the child, parents and school in understanding the disorder and
encouraging good sleep hygiene is essential. Breaking the day with short 15 - 20 minute
naps can help and it is important that the children do not fight sleep. Special allowances
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may need to be made for academic examinations or other competitive performances
[496].

Monitoring of school performance and social development is essential and if these are
affected, stimulant medication should be considered. Drugs used for excessive daytime
sleepiness include the non amphetamine stimulant Modafinil, and amphetamine-based
stimulants, including Dexidrene and Methylphenidate. Cataplexy responds to tricyclic
antidepressants, with clomipramine most widely used, and also SSRI, including

Fluoxitine and Venlaflaxine. There are no RCTs of treatment in children™alone.
Randomised controlled trials involving children have shown positive n
sleepiness and cataplexy from modafinil [497] (Level 1) and selegiline h ride

[498]. (Level E). Sodium oxybate improves quality of night sleep with4gcrease/in slow

wave sleep and has shown promising results in alleviating symptontS of plexy and
excessive daytime sleepiness, in adults with narcolepsy and cataplexy [499-502] (Level

1+). However its safety and efficacy in children and adokqﬂ> not yet been

established..
There have been case reports of at least transient improvement in‘gataplexy in hypocretin
deficient children, presenting within a few months, of tom onset, treated with
intravenous immunoglobulin [503], but immunosuppression with prednisolone was not

found to be successful [504] Q

Conclusions
A high index of suspicion and a carefyl™istoty are required to recognise symptoms of
narcolepsy in childhood.

AN
70.Managemat of narcolefsy shduld only be undertaken under a
supervision from a C’& vice experienced in the condition.

5.2 Idiopathic ersomnia
Search strategy
Medline 1956D 00
(idiopathic A ND hypersomnia)
Idiopathi ﬁypersomnia is defined as a disorder of presumed central nervous system
that jg™assotiated with a normal (<10 hours) or prolonged (>10 hours) major sleep
epj ight with excessive daytime sleepiness consisting of prolonged (1 - 2 hours)

sle isodes of NREM sleep [481]. There are no prevalence data for this condition,
e information on paediatric presentation, although the commonest age of onset is
during adolescence [505] It can be differentiated from narcolepsy by history (no
cataplexy episodes or associated features of narcolepsy) and polysomnography which
shows normal or >10 hours of night sleep with no SOREM. Mean sleep onset latency is
less than 8 minutes (6.2 +/-3) with less than 2 naps with  SOREM . It is important to
exclude those patients with head trauma who may have transient excessive daytime
sleepiness for up to 18 months after the injury.
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5.3 Hypersomnia With Depression

Search strategy: Medline 59-Dec 2006:
(Hypersomnianp) AND (depressiof) AND (children OR adolescents)

Adolescents with depression may present with excessive daytime sleepiness. A study of
102 patients with major depressive disorder found 17% reported hypersomnia [506].
Yorbik et al. [507] compared the symptoms of major depressive disorder and rates of
comorbid psychiatric disorders between depressed children and adolescents. They found
that depressed adolescents had significantly more lack of energy/ tiredn and
hypersomnia than depressed children. It should also be noted that in a prospec ey
of children in a psychiatric clinic who reported daytime sleepiness, 39% o d to
have polysomnographic evidence of OSA [508].

5.4 Chronic Fatigue Syndrome / Myalgic En% yelitis

and Excessive Daytime Sleepiness
Search strategy: Medline 198Dec 2006: Q
(Fatigue syndrome, chronjcAND (hypersomnia.

Patients with chronic fatigue syndrome (CFS) or<ibremyalgia complain significantly of
daytime tiredness and sleepiness [509, 51 . PCH guidelines on CFS [511]
emphasise clinical and research evidence urbance consisting mainly of phase
delay, and sleep interruptions, but noné%:l g sleep, difficulty falling asleep and
excessive sleepiness is also reported\Rolysomnography in a group of teenagers with
chronic fatigue syndrome docu e%g'e sleep disruption than in matched healthy
controls [119]. However, am g@)‘? co-twin control study found that though patients
with chronic fatigue report incr leepiness, their MSLT was in the non pathologic
range, and not significantl, diffefent from their well twin, suggesting they may be

piness [512]. In one study of 30 consecutive adult and

raphy may be necessary to rule out a primary sl (0]
in selected cases of suspected CFS where excessive d:

\ 7

71.Pojyso
%%SS Is a prominent feature
5.5 Llnsufficient Night Sleep

Excessive daytime sleepiness may occur in children, especially adolescents because of
poor sleep hygiene or other causes of insufficient night sleep. Carskadon et al 1980
showed that adolescents require at least as much sleep as they did as pre-adolescents, in
general 8.5 - 9.25 hours each night [514]. In adolescence sleep patterns tend towards
later times for both sleeping and waking (phase delay), so that an adolescent, even if
maintaining good sleep hygiene, may feel sleepy during the school week, especially with
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an early start [515]. Sleep deprivation results in worse cognitive function [20] (Level
1+). These observations emphasise the importance of sleep diaries or actigraphy and
trials of extended sleep (up to 9 hours in the case of long sleepers) to exclude sleep
deprivation as the cause of excessive daytime sleepiness before undertaking sleep
physiology testing.

Conclusion. Sleep restriction is common in adolescents and is associated with poor

daytime functioning.

72.Assessment of sleep habits using diaries or actigrajggssential in th 51
evaluation of daytime sleepiness.

73.Polysomnography is indicated if a cause is not otherwise app

5.6 Delayed Sleep Phase Syndrome \
Search strategiMedline 1950Dec 2006:delayed sleep phas

Delayed sleep phase syndrome is a disorder in which the major p episode is delayed
in relation to the desired clock time, usually more thal 2 s, relative to conventional
and socially acceptable times, but once sleep ensues, Sleep is reported as normal [481].
Patients present with delayed sleep onset and insofifita~or difficulty in waking at the
desired time, and excessive daytime sleeplness okceéd to maintain socially acceptable

morning wake time. When allowed to ) c r preferred schedule the patient’s
circadian phase of sleep is delayed bu

and attempts to fall asleep earlier are
unsuccessful. Although it can occur r children, the commonest sufferers are
adol escent boy %&Imost al |l patients
polymorphism in hper3) and enVI‘onmj | factors are thought to contribute.[516]

The prevalence of this s dlfflcult to define as it forms a continuum from

normal sleep patterns f Italian adolescent schoolchildren found a mean daily

sleep debt of ove 11% of the population with the most phase delay. This

group of adolesca% orse school performance than their peers, with over 40%
ms at school, and 1 in 5 falling asleep during school [517].

reporting atte %
A period hy may be sufficient to diagnose this sleep - wake cycle disorder.
Polysamnography recordings show prolonged, usually greater than 30 minute sleep onset
ith’sleep onset delayed to lam to 6am and morning wake time from late
afternoon. Sleep efficiency tends to be low for age (75% - 85%), most of the
iency due to the prolonged sleep latency. Though some patients may show a
modest shortening of REM latency, sleep is largely free of arousals once the patient is
asleep. [518].

74.Delayed sleep phase syndrome is best diagnosed by history a
actigraphy.

The importance of identifying this disorder is that it can be treated. Chronotherapy
(steady delay in bed time until the desired time is reached) [519] was successful in an
uncontrolled small group of patients (Level 3) Bright light therapy, Vitamin B12 and
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melatonin have also been used, separately or in combination. Randomised trials of
melatonin in young adults with DSPS have shown short term benefits [520, 521] (Level
1+), but a high rate of relapse in the following year after treatment was stopped [522].
(Level 3) It has also been found to be effective in advancing sleep onset over a 4 week
treatment period in pre-pubertal children with sleep-onset delay. Long term benefits were
less clear [523] (Level 1+) In a case series of 20 adolescents with DSPS where
combinations of the above treatments were tried systematically, 13 (65%) were
considered to have been successfully treated [524]. (Level 3) Afternoon melatonin
combined with morning bright light with 3 days of gradually advancing , wake up time
produced a gradually advancing circadian rhythm, by about an hour a day [525 | 3)
Melatonin is not currently licensed for these indications in the UK.

75.Chronotherapy should be considered in the tresgnt of d e D
phase syndrome.

76.Melatonin may give short term benefitsn dela e phas B
syndrome }x

77.The effects of melatoninin delayed sleep phase ronage not D
sustained after cessation of treatment

5.7 Non 24 Hour Sleep Wake Syndr@‘\%

The non 24 hour sleep - wake syndrome€apsist$yof a chronic steady pattern, comprising
1 - 2 hour daily delays in sleep onset.and e time in an individual living in society
[526]. Patients with non 24 hour
that is reminiscent of that found i
cues. In these individuals the
conventional social hours4for s

ke syndrome exhibit a sleep - wake pattern
| individuals living without environmental time
ase periodically travels in and out of phase with
When in phase the patient may have no sleep
complaint and daytime * t s normal. As incremental phase delay in sleep occurs,
with difficulty initiati night, coupled with over sleeping in the daytime hours or
inability to remainaawakeYduring the daytime. Most of the children and adolescents

%I literature have been blind, and some have severe learning

described in t
difficulties [527,%§28]. However Hayakawa et al. [529] studied 57 sighted patients with
non 24 hofr sleéb Wake cycle disorder, with onset in teenage years in 63% of the cohort.

, 34% developed major depression after the onset of the sleep disorder.
ay be aided by sleep diaries and/or actigraphy.

responding to vitamin B12 [530, 531] (Level 3)and melatonin [532, 533] (Level 3)

5.8 Episodic Hypersomnia/ Kleine Levin Syndrome
Search strategy: Medline 1940ec 2006: Kleine Levin syndrome/

Recurrent hypersomnia or Kleine Levin syndrome is a disorder characterised by recurrent
episodes of hypersomnia that typically occur weeks or months apart. The episodes of
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hypersomnia can be associated with binge eating, with or without transient behaviour
changes, which include irritability, aggression, impulsive behaviours, restlessness or
sexual hyperactivity. A monosymptomatic form of the disorder with hypersomnia only
can occur without binge eating or hypersexuality. Typically the episodes last several
days to several weeks and appear on average twice a year but can occur as many as 12
times a year, with patients sleeping as long as 18 - 20 hours of the day during somnolent
episodes, waking only to eat and void [526].

Onset is usually adolescence, but can occur in younger children [534]. Although the
original reports were confined to males, it is also seen in females [535]. Long term
follow up studies of patients with Kleine Levin syndrome have not been perf
anecdotal evidence suggests that the disorder may remit spontaneously
years, but can persist into young adult life. There is no randomised contré tudy of
treatment response. Case reports of lithium treatment suggestarespo&; A=536], and

a systematic review of 186 cases in the literature suggested that lithi effective in
preventing relapses (41% vs 19% in untreated cases) and that iness’ responded to
stimulants in 40% of 75 treated cases. Carbamazepine and otfier, antipeileptics appeared

ineffective. [537]. (Level 3) 4%0
5.9 Restless Leg Syndrome / PeriodicALeg Movement Disorder

Search strategy:
Restlessleg symaime| i mi t ed t o yeahis)d@ (age O
Restless leg syndrome (RLS) is a disor. %ﬁterised by disagreeable leg sensation
that usually occurs prior to sleep onset and causes an almost irresistible urge to move the
legs. The complaint is often associate periodic limb movement disorder (PLMD) ,
characterised by periodic episodgs of rgpetitive and highly stereotype limb movements
that occur during sleep. The re frequent in the first part of night occurring in
NREM sleep. Monitoringg of from the anterior tibialis muscle show repetitive
contractions, each lasti w seconds (mean duration 0.5 - 2.5 seconds), with inter
movements interval, 20 - 40 seconds. The PLM index is the number of
movements per h sleep time and is determined by polysomnography of the
index of 5 or more is regarded as abnormal [526, 538]. Both

major sleep epj%

assoeiated with the disorder include sleep onset insomnia , disturbed night sleep, and
daytime tiredness / sleepiness [481].

5.9.1 Prevalence and consequences.

In a study of adults with RLS symptoms, over */5 reported onset of symptoms before the
age of 10 [541]. In a questionnaire survey of 62% of a target population of 1400 US
children, restless legs were reported in 17%, and growing pains particularly in bed in 8%
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[542]. .Kotagal and Silber identified RLS in 5.9 % of 538 children below the age of 18
attending their sleep disorder centre. 72% had family history of RLS , especially in the
mothers, with sleep onset or sleep maintenance complaint the most common presenting
symptom [543]. The prevalence of objectively documented PLMD in a general childhood
population has not been estimated, but abnormal indices of periodic leg movements have
been found in 8.4% of children referred to sleep services [544]. Associations have been
demonstrated between PLMD and daytime tiredness or inattention [539, 542] (Level 3)
and in such patients daytime tiredness has improved on dopaminergic treatment [539].
(Level 3)

Associations have been found between PLMD and Attention Deficit/Hyperactivity

Disorder (ADHD). In a population of children referred to a sleep centre

to have PLMD (>5 PLM/hour), and 117 had ADHD, although no %

obtained. In only 3/16 children with moderate or severe PLMD (>25

PLMs been recognised before the sleep evaluation [539] (Level systematic review
e between ADHD

of the literature from 1970-1998 found that the only objectivediffe
and control children was in movements during sleep [545] ée | P+). More recently, a

data were
ur) had the

case-control study of sleep-clinic and community-based ts with ADHD found that
whereas the sleep-clinic patients had abnormal letels of "PLMs, community-based

patients were no different to controls [546]. (Leve n contrast, a case-control study
of 34 children with ADHD recruited from neu r psychiatry clinics found 5 with
PLMD, compared to 0/32 matched controls [§4 vel 2++) The use of stimulants for

ADHD does not affect movements during,glee (Levell+).

The Stanford group found PLM in 23% of pre pubertal children attending a sleep disorder
centre, studied prospectively. Of th children with PLM, sleep related breathing
disorder was found in 29 chilgfen., @nd” other medical and sleep syndromes in the
remaining, with only 2 childrea(haying)isolated PLM. 11 children in the total group had
ADHD, with PLM in 7, th g& had sleep related breathing disorder. In 2 children
PLM were associated wi S ) The authors acknowledge that PLM can be associated
with a number of but recommend a search for PLM in children with

complaints of chropic , Sleepiness and difficulty in initiating or maintaining sleep
increase in reports of leg pains and leg pains worsening at night

sympto me of the very young children. Five of the 6 children treated with

[548]. Though t

in the PLM QQJ authors were reluctant to emphasise the significance of this
symptom, Qjcays f the associated comorbidity and the difficulty in describing
pra ad improvement in clinical complaint and included reduction in
h bi in a child with ADHD. Adults with RLS had more ADHD symptoms
c?)%e to age adjusted insomnia patients or controls [549]. Reviewing the literature on
RLS and ADHD, Cortese et al concluded that the evidence from clinical studies, though
limited, demonstrates an association between RLS and ADHD or ADHD symptoms.

[550]

78. A history of restless legs or growing painsaild be sought in children a
with daytime symptoms suggestive of a sleep disturbance, inclu
attention problems.

an

79.The current evidence is not yet adequate to warrant screening
PLMD in children with ADHD.
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5.9.2 Diagnosis

The criteria for diagnosing RLS in children under age 12 include report of an urge to
move the legs caused by unpleasant and uncomfortable sensation ( described in the

¢ h is bweh @ords that is consistent with discomfort), the unpleasant sensation being
worse during periods of rest or inactivity mainly in the evening or night, and partially or
totally relieved by movements. If the child appears to have the symptoms but is unable to
describe in their own words consistent with discomfort, the diagnosis can be corisy if

2 of the following 3 features are present; a sleep disturbance for age, a biologicahparent
or sibling with definite RLS, and a PLM index of 5 or more on polysom phy [481].

5.9.2 Treatment %&

In most children, specific pharmacological therapy vﬁﬂk unnecessary unless the
disorder is causing significant functional disturbancexsuch as insomnia or excessive
daytime sleepiness. Case reports in children ha rted reduced symptoms and
improved daytime alertness from levodo golide [539, 551] (Level 3).
Clonazepam has been found to be benefi IMnadults [552], and in 4/5 children with
restless | egs sy e a 4553p (tavedd). eGdbapemtint h Wi | | i

has also been found to be effective iR adultSyin a randomised controlled crossover trial
[554], and in children in a case rep t'%y

Since there are links between Pwérzj on deficiency in adults, Simakajornboon [556]
looked at the iron status in co ive’ children with PLMD and found that 28/39 (72%)
children) had ferritin levek <50 Ticrograms per litre and 76% of these children had
reduced frequency of PkMis iron therapy (Level 3). Kotagal and Silber also found
low serum ferritin le IQ9 4

A

(72%) children with RLS [543].
80.Iron d md8hould be sought and treated in children diagnosed v C
RLS.

eM treatment with levodopa, dopamine agonists, galegin or
epam shoul be considered.

81.If%/ LS is associated with significant functional disturbanct D
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6 Episodic behaviours in sleep after infancy
Medline 19562006:(Parasomnias/) i mi t ed t o {8ykedrs) chi | d

Parasomnias are undesirable physical phenomena that occur predominantly during sleep.
The International Classification Of Sleep Disorders [481] sub-divide parasomnias into
disorders of arousal from NREM sleep, parasomnias usually associated with REM sleep
and other parasomnias which include sleep related groaning or eating , enuresis etc.. The
new classification separately categorises the sleep related movement disorders Such as
rhythmic movements in sleep e.g. head banging, and also bruxism and p fealeg
movements in sleep , and nocturnal leg cramps. The classic disorders ofa rom
NREM sleep are sleep walking, sleep terrors and confusional ar Disorders
associated with REM sleep are sleep paralysis, hypnogogic @n nopompic

hallucinations, nightmares and REM behaviour disorder

6.1 NREM Arousal Disorders %&

Sleep terror, sleep walking and confusional arous s?we%ustered together because
episodes share many features in common, includi omated behaviour, relative non

reactivity to external stimuli, difficulty in being sed, fragmentary or absent dream
recall, mental confusion and disorientation h ened and retrograde amnesia for
the episode the next morning. Sleep terr & appear after 18 months of age, sleep
walking occurs in slightly older child(ﬁoqf)
confusional arousals can occur at any :

re-school and school age years and
Arousal disorders occur 1 - 3 gs aftf sleep onset at a time of transition from NREM
Stage 4 (deep sleep) to REM% pproximately 3% of children have night terrors,
which occur predominantly re-pubertal children, but can occur at any age [526]. Ina
Swedish survey of chi @ aged’6-16 the annual prevalence of sleepwalking varied from
6-17%, with 40% cRildren sleepwalking at some point [558]; even persistent
sleepwalking was\not‘\associated with significant psychopathology. In contrast,
adolescents wi ep=terrors and/or sleep walking had more psychiatric diagnoses and
problems than n? ed controls [559] (Level 2++)
As arou ofders are difficult to predict because they occur sporadically, monitoring

in a % atory is usually not helpful, though if persistent and frequent , sleep
d

st e indicated to exclude a primary sleep disorder such as RLS or sleep related
b’rﬁD isorder [560] which may be lowering the arousal threshold in a child
prediSposed to NREM arousal parasomnia. A home video recording of the episodes can
often  provide diagnostic information. Occasionally epileptic seizures may be
misdiagnosed as parasomnias [561, 562] and further studies, including video telemetry
may be indicated especially if the episodes are frequent and occurring throughout the
night [561-563]. (Level 3)
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Most often reassurance and explanation as well as common sense safety precautions to
limit injury is sufficient, with advice on sleep hygiene but psychotherapeutic support
maybe needed. The anticipatory waking technique described by Lask [564] can be
valuable in some children in whom the timing of the night behaviour is consistent

6.2 Sleep i related Movement Disorders

Sleep-related movement disorders include periodic leg movements in sleep (see dbove),
nocturnal leg cramps, bruxism and rhythmic movement disorders (head bangin dy

rocking). The rhythmic movement dhNsorders ar
attention. These behaviours are common in infants and less so in olden& hen

intense rocking or head banging persists in the older child, parents S Elp as the
noise disturbs the family, there is concern about injury and in the olde ,/may lead to
social restrictions with the child reluctant to have sleep-overs. alrfactors may be
relevant in some children, with lack of environmental stimudati posed as factors.
Self stimulation and auto-erotic behaviour may be observed,\particularly in children with
learning difficulties. The activity may also be a way ing” attention or a form of
passive aggressive behaviour [526]. Guidance and support to make sure that the child is

safe from injury is usually sufficient. .Etzioni et al ported a positive response to a
programme of sleep restriction combined with a@ rse of hypnotic.

6.3 REM Parasomnias (&X

The most common REM parasomni %tmares, which are frightening arousals from
REM sleep, associated with drearﬁ repi that are anxiety laden. Stress of various kinds
may be triggers and also me ncluding beta blockers and withdrawal of drugs
that suppress REM sleep. Might s usually start between the age of 3 - 6 and affect 10
- 50% of children in t reup severe enough to disturb their parents. Nightmares
occur later in the ni are well remembered in the morning in contrast to night
terrors, which occut in the First 3 hours of sleep and there is no memory [557].

REM sleep be&ur disorder [566] is characterised by intermittent return of muscle
tone durigg \REM "sleep, resulting in restored motor function and the appearance of
elabor aviours in apparent association with dream mentation. Punching, kicking,
i nning from the bed usually correlate with reported dream imagery [557].
iour disorder is rare in childhood and in the few reported cases, a neurological
as been identified or the condition occurred in association with other sleep
disorders, such as narcolepsy. However, in 33 cases of a parasomnia overlap disorder
involving sleep walking, sleep terrors and REM sleep behaviour disorder, 22 were
idiopathic. In this group the age of onset of the parasomnia was in childhood (mean age
8.8 years. Suggestive features on polysomnography included REM onset of behaviour
disturbance with little autonomic activation during episodes occurring from REM sleep.
Ninety percent of the patients treated responded to clonazepam and/or carbamazepine
[567] (Level 3)
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82. Most episodicevents occurring during sleep are benign and do not a
warrant investigation .

83. Episodes which are frequent, or occur throughout the night, require C
more evaluation, including EEG and video monitoring exclude

epilepsy.

an

84.Persistent troublesomevents during sleep may require full
polysomnography, including video and EEG, to exclude treatable
factors

7. Current provision of services \Q
A preliminary survey was conducted by the working party in Zoo@esﬂonnaire

sent to all consultant paediatricians in the UK, asking them abagut's rvices in their
area, and where they would send five exemplar cases (OSA, % cular patient with
suspected nocturnal hypoventilation, possible narcolepsyA% usual night
awakening.) The median number of different referral targets Iisted by doctors from a
single Strategic Health Authority ranged from 2 to tradictory referral patterns
were identified. In more than one area a tertlar tent of referrals for a case would
themselves refer the case elsewhere. Inone area edrology services said that they
izsﬁ

referred to the respiratory paediatricians a a. Respondents were invited to add
free text comments, and 88 (34%) did so.

monest comment (86%) was that
there was a large unmet need for sleep ices”in the area.

The points which emerged from t@
A Poor awareness of local M , particularly if a full service is not available.
erns

Inconsistent referral Patt ith adjacent hospitals often referring to widely
different centres

A A widely pe% gd for better provision and organisation of services.
Further to the , @ more detailed and directed survey of paediatric PSG

facilities w ted by Dr Cathy Hill in 2005 (unpublished data). This identified 21
;éé;lagrl

possible c sleep centres from 3 sources: the British Sleep Society UK Provider
Dire ation from commercial companies providing sleep systems and data

%mal 2001 survey. A survey questionnaire was sent to all possible centres, of
WQ" 86%) responded, one of whom was not a provider of PSG services. 12 centres
were 0ffering full PSG, 2 were in transition to such a service and 5 were offering

extended cardiorespiratory monitoring only. Some centres offered mainly
electrophysiological investigation and some mainly cardiorespiratory investigation.

The number of PSG studies performed by each centre per year varied from 20 to over 500
(reported by a single centre). Studies were done in a variety of settings with only 6

centres having a specialised paediatric sleep laboratory in which to conduct studies. Two
centres conducted home PSGs, two had mixed adult/paediatric laboratories, and one used
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HDU. Two centres could only perform studies in an open paediatric ward. A total of 10
specialised paediatric sleep laboratory beds were identified nationally.

Eleven centres have the ability for electrophysiological sleep staging of studies, 5 can do
full EEG recording with sleep studies, and 7 can record leg EMG.

Ten centres reported that their studies were fully attended overnight, with others relying
on intermittent nurse surveillance. 8/17 centres employ a total of 22 sleep technologists
or physiologists, but the other 9 centres are without any specialised staff for the PSG.
Paediatricians in 5 centres were reported to be competent to set up, score, and report a
PSG. Concern was expressed by many respondents about quality control, since thete was
no identified mechanism for external review of studies in any centre, and most

A Very variable quality and quantity of services in different geogr | dreas.
A Lack of awareness of tertiary facilities available within sec centres.
A Diagnostic sleep facilities generally poorly staffed, oftengvith Bagualified

_personnel, and in inappropriate clinical areas.
A Few arrangements in place for quality control of stuthigs.
A list of the UK NHS centres currently believed to ability to provide full

polysomnography wit peurophysiological sl ee
in Appendix 4. It should be noted that this i erom self-reported information and
no objective data are available on accuracyo Jality of service provided. It is not

possible to make an accurate list of centr ich’can provide adequate tertiary-level

studies (i.e. cardiorespiratory assessme d‘ventilation titrations), and there is a clear

need for some form of quality control incengtres providing second- and third- line

studies (i.e. tertiary and quaternarycentres).

working in isolation. Q
The problems identified in the current provision of service are: ;:C\(

8. Organisq@ Services

In the light of theNinformation in section 7 there appears to be a clear perception that
current segvigesdre’not meeting the diagnostic and treatment needs of children. The

ata of varying service models. What does exist is from North America,
h service organisation is not comparable to the UK. There is one UK review

Previous discussion in this report makes it clear that children with unrecognised sleep
physiology disorders make heavy use of medical services [178], under-perform
academically [22-26] and behaviourally [28-30] and derive measurable benefit from
diagnosis and treatment [165].

The consequences of failing to address the current erratic and patchy paediatric sleep
services in the UK can be deduced from much of the preceding report. These include:
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Continuing behavioural and cognitive problems (section 1.5)

Continuing difficulties is assessing OSA (section 3.1.5)

Failure to recognise severe OSA with increased peri-operative risk of ENT

surgery (section 3.1.6)

9 Continued inequality of services for children and adolescents with muscle disease
(section 3.2.2)

9 Continued inequality in services for infants/children with craniofacial problems,

storage disorders, skeletal abnormalities and PWS (section 3.2.3)

Potential difficulties in accessing investigation in cases of ALTE (section

Inadequate access to detailed studies to diagnose narcolepsy (section 5.

differentiate other excessive daytime sleepiness (section 5.2 to 5.9)

= =4 =

E

Any recommendation of service has currently to be based on exper;
of service that will minimise the chances of morbidity that coul
efficient readily available diagnostic and treatment servic%

inonjof the shape

neurology expertise will be available within the service. In adgitiogpaediatric sleep
investigation services need to work closely with colleagues NT and airway surgery.

8.1 Training and education.

Effective provision of services in the field Qﬂed physiological disorders in

childhood will require the implementatio dueation and training for all clinical staff

dealing with children at the primary, s daryor tertiary level, in order to identify those
%’rtiary services will be appropriate.

children for whom referral to secoqir’14
Detailed description of appropri thing and educational approaches is beyond the

scope of this report, but asfigted iously, a basic knowledge of sleep physiology and
its development in chi n@ d Id be incorporated into undergraduate and postgraduate
training prospectusesfor ~®’ range of health care professionals. Appropriate multi-

uatg training packages will also need to be developed at different
rt in the assessment and treatment of these conditions. These
pecific for children.

levels for thos
packages nged

tg

8. table facilities and expertise.

In ord€r to meet the suggested standards for investigation, diagnosis and treatment of
children with sleep related physiological disturbances set out in Sections 1-6 of this
report, relevant expertise and facilities will need to be provided at primary, secondary,
tertiary and quaternary levels of care. An outline of the minimum recommended levels of
expertise, staffing and facilities based upon these standards is set out below. These
estimates include only those staff directly employed in the provision of the services, and
must be fully supported by appropriate levels of administrative and secretarial staff, plus
appropriate technical support for care and maintenance of the complex equipment
required.
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8.2.1 Primary Care.

Information on relevant symptomatology and possible consequences of disorders of
childhood sleep physiology should be incorporated into training for health visitors, school
nurses and those involved in developmental screening in childhood. The development
and incorporation of appropriate questionnaires on sleep into routine developmental
screening and more widespread recognition of the potential contribution of sleep
disorders to poor school performance and behavioural problems are likely to increase the
appropriate and early recognition and referral of affected children.

8.2.2 Secondary Care. Q

The high prevalence of many disorders of sleep physiology in childho ONOSA,
ALTE) means that most children with suggestive symptoms will apprgpriately be
seen, investigated and treated by the local paediatric secondary ice. This will

ediatricians, the
jon or signal extraction
children at home.
recordings (see Section 3.1.5),

require, in addition to the appropriate level of training for co
availability of the necessary equipment (with robust artefagt
facilities) to carry out overnight recordings of pulse oxjmet
Because of the limitations of non-observed home oxim

some secondary care services will also benefit from ilability of facilities to make

more detailed recordings i e.g. expired carbo d/or overnight infrared or low-
light video recordings. In a secondary care a ervice serving a population of 50-

60,000 children, with 3,000 births per ye single recording oximetry system is likely
to be sufficient for this purpose. Somegrovisi®n for this service must be made in job

plans for medical and support staff,.tho e time commitment is likely to be small
(approximately one PA of consultant time per month). It is essential that the clinicians
involved in this service work ik ith the tertiary centre to ensure a smooth patient
journey.

8.2.3 Tertiary C Qy

Tertiary level i gnal and treatment services for children with disorders of sleep
physiology shoulhpe available in all tertiary care centres serving 2, 3 or more Strategic
Health itfes.

F%ties should include the full range of
to%r ith appropriate staff and resources to conduct such investigations in hospital T

on pagdiatric wards or preferably also in specialised sleep laboratories i and in the
community i particularly for children receiving continuing treatments such as invasive or
non-invasive ventilatory support.

The workload for such a tertiary care facility, serving a population of 3-4 million people
will be such that dedicated consultant and support staff time will need to be identified and
funded. From the workload of such centres currently undertaking this level of service

provision this is likely to be intherange of 5718 consul t ant PA®s per wee
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WTE nurse specialists (or technical staff) for a centre that does not also provide
quaternary level services (see below).

8.2.4 Quaternary Care.

Some (but not all) tertiary level services will also need to provide more complex
investigational facilities and expertise (e.g. quantitative recordings of minute ventilation,
combined neurophysiological and respiratory recordings), for children wit
neurological disorders affecting sleep physiology, and those with disorders @ i

control (e.g. CCHS).

services and investigations provided, the complexity of the case e

The staffing requirements for such quaternary services will be de the precise
configuration of the sleep laboratory. For a centre providin vestigational and

consultant ti me,
ire at least 1 WTE consultant, 2

plus 3 PAOGs per week
Thus a centre providing full polysomnography 8

nurses/technicians or equivalent, and 1 WTEPk Jgist as a minimum. The overall
numbers will also depend on whether the@% onducting attended studies, and the
configuration of beds in the laboratorys, Two Rerses or technicians can set up a maximum
of three studies in a laboratory per nigh a 2-3 bedded laboratory will allow a more
cost-efficient service than a singlé beddet unit, particularly if studies are attended. These
es on 2-3 patients for 3 nights of the week.

oportionate increase in staffing. Smaller
pacity with little reduction in staffing. Multiple Sleep

laboratories would have/a4p
Latency testing invo '<@n r full day of physiologist time, and a centre undertaking
significant numberdof these’tests would need extra staff for this purpose.

X

9. ify control and Audit of services

Larger throughput would require

9. I implementation

The K recommendations will present a challenge to those running existing services as
well as to areas of the country where these clinical issues have not yet been as well
addressed. The exact configuration of service will vary due to geographic issues and
established referral routes. However, clinicians and managers have a responsibility to
implement the recommendations to enhance the provision of NHS care for this group of
children. A system of managed clinical networks is recommended forging relationships
between the tertiary and quaternary centres in a region and those offering secondary care
level services.
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9.2 Quality Control

There are at present no systems for quality control of diagnostic or therapeutic services in
this field. Sleep laboratories are often limited to a single expert who is able to score and
assess polysomnographic studies. This poses a considerable clinical governance risk and
there is an urgent need to institute more robust systems. In the first instance it is
recommended that any centre offering diagnostic sleep facilities should take part in an
external quality control system. This should consist of an annual visit from clinicians and

physiologists from another centre, who will review the equipment and algorithms ysed
and the outcome and throughput data for the centre, comparing with the , S
results

recommendations in this report. The visiting team will independently score five
randomly selected studies (this may be done in advance of the visit) and ¢
with the original scoring. A standardised report proforma will be used ‘r{xn it, with
recommendations for development. It is hoped that a network of tertia ary
centres will be developed, and where major discrepancies are deu@l’ between two

centres these can be resolved by others in the network. %

9.3 Resource implications

Our surveys have demonstrated that current provisi ss the UK falls well short of
to be significant need for further

the standards described in this document. There isike
professional time (consultant, nurse and physi I nician) and a more modest need
for new equipment, in particular, the provi odern recording oximeters with high
quality artefact rejection. There needs to g%r esignation of the Quaternary centres,
which will require proper investigatiorWi s as described in section 8.3.4.

9.4 Key points for Add
Availability of w pulse oximetry at secondary care level.
Prompt referr % ervices or tertiary care for those with positive or unclear
diagnosis. Q
Proportj tive diagnoses from those tested.
Local ratg;f adenotonsillectomy for OSAHS.
Faflow b aSsessment of children with abnormal physiology after intervention.
jon of children deemed to need further treatment.
tion of those deemed to need CPAP who are established on therapy for
greater than 4 hours per night.
Annual review of all those on non-invasive or invasive ventilatory support.

9 Peer review of clinical service, outcomes, polysomnography raw data and
reporting.

= =

= =4 -4 -9
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74



Appendix 1. Levels of evidence:

a) SIGN gradings for therapy/prevention/aetiology/harm
LEVELS OF EVIDENCE

1++

1+

1

2++

R

High quality meta-analyses, systematic reviews of RCTs, or RCTs with very low risk of
bias

Well conducted meta-analyses, systematic reviews or RCTs with low risk of hias

Meta-analyses, systematic reviews or RCTs with high risk of bias Q

control or cohort studies with a very low risk of confounding or igh
probability of causal relationship

Well conducted case control or cohort studies with a lo @unfounding or bias
and a moderate probability of causal relationship

Case control or cohort studies with a high risk of cornfounding or bias and a significant
risk that relationship is not causal.

Non-analytical studies- e.g. case repor @es

%&v
N

High quality systematic reviews of case control or cohort studies. V@\ C cted case

&
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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° \y

C A body of evidence including studies rated as 2" directly applicable population,
and consistent; or %’
Extrapolated evidence from studies rated as 2" 4@

D Evidence level 3 or 4; or . Q
Extrapolated evidence from studies rated 2" 'A

GOOD PRACTICE POINTS

a Recommended best practice based onAlinic perience of working party

R

?»
&0@

&
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b) Sackett gradings for Prognosis, diagnosis and
Levels of evidenceand grades of recommendatiorf&

economic analysis

raisal or based on physiology, bench
research or fAfirst

p

appraisal or based on physiology, bench
research or dAfirst

p

Grade of Level of Prognosis Diagnosis \ Economic analysis
recommendation evidence i
la SR (with homogeneity”) of inception cohort | SR (with homogeneityd) of leve SR (with homogeneity®) of level 1
studies; or a CPG® validated on a test set diagnostic studies; or a CPGyralid a | economic studies
test set
1b Individual inception cohort study with Independent blind com n Analysis comparing all (critically
2 80% follow-up anappropriate spectr, cutive validated) alternative outcomes against
patients, all of whofy have ergone both | appropriate cost measurement, and
the diagnostic test and thej)réference including a sensitivity analysis
A standard incorporating clinically sensible variations
, in important variables
1c All-or-none case series” Absolute’SgPins and SnNouts' Clearly as good or better,) but cheaper.
Clearly as bad or worse but more
expensive. Clearly better or worse at the
same cost
2a SR (with homogeneityd) of either homogeneityd) of level 2 2 SR (with homogeneityd) of level 2 2
retrospective cohort studies or untreate ostic studies economic studies
control groups in RCTs
2b Retrospective cohort study or follow-ug,of dependent blind comparison but either in | Analysis comparing a limited number of
B untreated control patients, in an ; non-consecutive patients or confined to a alternative outcomes against appropriate
CPG not validated in a test set narrow spectrum of study individuals (or cost measurement, and including a
both), all of whom have undergone both sensitivity analysis incorporating clinically
the diagnostic test and the reference sensible variations in important variables
standard; or a diagnostic CPG not
) validated in a test set
2C iOut com 0 sear ch
3a BN
3b 7 Independent blind comparison of an Analysis without accurate cost
appropriate spectrum, but the reference measurement, but including a sensitivity
standard was not applied to all study analysis incorporating clinically sensible
P L patients variations in important variables
C 4 ries (and poor quality prognostic Reference standard was not applied Analysis with no sensitivity analysis
’< how,sddies’) independently or not applied blindly
D 5 opinion without explicit critical Expert opinion without explicit critical Expert opinion without explicit critical

appraisal or based on economic theory
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Notes

a These levels were generated in a series of iterations among members of the NHS R&D Centre for Evidence- dicine (Chris Ball, Dave

Sackett, Bob Phillips, Brian Haynes, and Sharon Straus).

bRecommendati ons based on this approach apply 0 verageenpuddge ents and
it

biology (risk, responsiveness, etc.) and preferences about the care he or she receives.

c Users can add a minus sign (i) to denote the level that fails to provide a conclusive answer becaus
confidence interval (such that, for example, an ARR in an RCT is not statistically significant but
important benefit or harm); or an SR with troublesome (and statistically significant) heterogenei
can only generate grade D recommendations.

d By homogeneity we mean a systematic review that is free of worrisome variations (heterge ity)in the directions and degrees of results

r a single result with a wide
nfidence intervals fail to exclude clinically
idence is inconclusive, and therefore

between individual studies. Not all systematic reviews with statistically significant heter ed be worrisome, and not all worrisome
heterogeneity need be statisticallysi gni fi cant. As noted «abo , studies displ ayoi nag wviohrer iesnodme
of their designated level.

e CPG, clinical prediction guide.
tfSee note fAco for advice on how to rst and, rate and use trials or ot

g Met when all patients died before the Rx became available, but some nx
(

available, but none now die on it.
h Met when there are no reports of anyone with this condition ever av@i ally or suffering from (none) a particular outcome (such as death).
iAn fiabsol ut e Spiefinding whose Sgecifidity ia ighstata Positive resultrulesint he di agnosi s. An fAabsol ute
diagnostic finding whose Sensitivity is so high that a Negative resu out the diagnosis.
jGood, better, bad, and worse refer to the comparisons betwéen treatments in terms of their clinical risks and benefits.
k By poor-quality cohort study, we mean one that failed to define comparison groups and/or failed to measure exposures and outcomes in
the same (preferably blinded) objective way in both expose on-exposed individuals and/or failed to identify or appropriately control known
confounders and/or failed to carry out a sufficiently lo nd plete follow-up of patients. By poor quality casei control study, we mean one that
failed to clearly define comparison groups and/or %» t asure exposures and outcomes in the same blinded, objective way in both cases and
ORi

controls and/or failed to identify or appropriatel nown cofounders.
I By poor-quality prognostic cohort study, we inea &/in which sampling was biased in favor of patients who already had the target outcome, or

the measurement of outcomes was accomylisied in < 80% of study patients, or outcomes were determined in an unblinded, non-objective way, or
there was no correction for confounding S.

4

(based on e Stratis S2Richamdsonf®, Rosenberg W, Haynes RB. Evidence Based Medicine, How to Practice
and Teach EBM (2nd Edi , London, Churchill Livingstone 2000)



Appendix 2. Flow Chart for interpretation of overnight pulse
oximetry in a child suspected of sleep-disordered breathing.

Baseline 2 95%7?

O\

A

Yes

No

|

Abnormal desaturations?

1 >4 dips per hour of4% or

9 Abnormal clusters or

91 Prolonged desaturations
below 90%

O\

No

Yes

A

CyY
X

1 Excludes significant nocturnal
hypoxaemia.

Does not exclude obstructive sleep
apnoea.

Refer for further investigation if
symptoms cause continued
diagnostic concern.

1
1

Y

Consider

Lung disease

Obstructive hypovetilation
Cyanotic heart disease
Extracardiac right to left shunting
(Abnormal haemoglobin)

=a =4 -4 -8 -9

QY

S

Consider

i Obdructive sleep apnoea

9 Other causes of sleep apnoea /
hypoventilation

1 Movement artefact

l

Saturation nadir <80%7?

N

No

Yes

= =4 =4

facilities.

Increased anaesthetic risk.
Needs further evaluation.

Surgery should only be undertaken in a
hospital with Paediatric Intensive Care

May be suitable for
adenotonsillectomy in
secondary care setting,
depending on other risk
factors.
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Appendix 3. Members of Working Party

Name

Professional role and site

Background

Dr Robert Primhak
(Chair)

Consultant Paediatrician, Sheffield

Paediatric Respiratory
Medicine/Sleep

Ms Rachel Davies

Sheffield

Downos
Association

Syn

Dr Michelle Eagle

Physiotherapist, Newcastle

Prof Peter Fleming

Professor of Paediatrics, Bristol

A
Muscular. ophy
Camp@

a

Sl ediatric

Dr Neil Gibson

Consultant Paediatrician, Glasgow

Q PaegHatric Respiratory
N dicine /Sleep

Dr Imelda Hughes

Consultant Paediatric Neurok@

Manchester

Neurology

Prof Paul Johnson

Professor of Physiologw

Physiology

Dr Ruth Kingshott

SFigly

Sleep Physiologist,

Sleep Physiologist

Dr Rod Lane Clinical SCIent rmond Street | Sleep Physiologist
Hospital, Lo
Dr Simon Lenton Consult n r|C|an Bath Community
Paediatrics

Dr Christopher
O6Brien

aedlatr|C|an Newecastle

Paediatric Respiratory
Medicine /Sleep

Dr Martin Samuel

on
%}%ultant Paediatrician, Stoke

Sleep/Paediatric
Intensive Care

Dr John Sh

Consultant Physician, Cambridge

British Sleep Society

Dr Zen 'aZ;i lla

Consultant Paediatric
Neurophysiologist, Oxford

Neurophysiology

¥
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Appendix 4. Proforma for peer review of clinical service.
Paediatric Sleep Disorders Service Review

Institution:
Type of Laboratory: Adult + Paed / Paed only

Director of sleep service:

Other clinicians involved (career grades): @

Physiologists and technicians:
Name Training and experignce

Key clinical interfaces ('&\Q
Respiratory: \

Neurophysiology: \}
Neuromuscular@

Y 4
ENT;%
Adult Transition service:

Other:
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Date of visit:
Details of workload in previous 12 months:
Hospital Home
Diagnostic oximetry :
Oxicapnography:
Cardiorespiratory PSG:
Full PSG:
MSLT

What percentage of studies are attended overnight:

Sleep Laboratory: Q
How many PSG studies can be done at once? %&
Facilities %

N of fully equipped rooms set aside solely for sleep laboratory se:%

N of rooms used for purposes including sleep laboratory wo

N of studies done using mobile equipment in ward s . (per annum):

N of studies done using mobile equipment in. per annum):
Sleep Laboratory office: Yes/No ?V

<

&
3

&
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What systems are available for PSG:

Channels available

ECG

Sa02

ETCO2

tcpCO2

tcpO2

Thermistor airflow

Nasal Cannula Pressure

Pulse transit time

o

Body position

Actimeter (N)

Effort strain bands (N)

Respiratory Impedance Plethysmography

Pneumotachography flow

&

BIPAP pressure

Oesophageal pH

EEG (N of leads)

EOG

Submental EMG

Leg EMG

&

Video

Microphone

Real time sound

Other:

Other facilities:

Actigraphy (N)

\%}V

Recording oxime tems):

Y 4
Recording%raphy (systems):
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Outcome data:

Diagnostic Oximetry:

Median waiting time for initial study:

Visual inspection and interpretative reporting: Yes / No
Median time to issue report:

Follow up studies for abnormal results after surgery: %

Oxicapnography: C@

Median waiting time for initial study: %
Visual inspection and interpretative reporting: Yes / No @

Median time to issue report:

Polysomnography: Q
Median waiting time for initial study: (&\
Manual reporting and interpretation ofw:

Manual sleep staging: No

Median time to issue repé&)

S
&
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Quiality Control:

Oximetry interpretation(comment on studies evaluatesd, agreement and areas of
disagreement)

g @nt and areas

Polysomnographynterpretation (comment on studies evaluates N
of disagreement)

&

O
o
\}
S

@3
K
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Opportunities for continuing professional development (include ongoing training
taken up in last 3 years:

Medical Staff:

S
&

O
o
\}
S

@3
K
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Appendix 5. Current centres believed to be offering third line
studies” in the UK”

Centre Contact

Birmingham Chil dr en 0: DrSatish Rao

Bristol Childrends H:ProfPeter Fleming

East Surrey Hospital Dr Ivor Lewis §
Evelina Chil dr ends H: DrPaul Gringras \

Great Ormond Street Hospital, London Dr Rod Lane @

Leicester Royal Infirmary Dr Dax@

Oxford Childrends Ho:DrAnne mson/

Hospital, Oxford obia Zaiwalla

Royal Cornwall Hospital, Truro @ ne Prendiville

Royal Hospital for Sick Children, Edinb Dr Steve Cunningham

Royal Hospital for Sick Children,GSs% Dr Neil Gibson

Dr Chris 0606

Royal Victoria Infirmary, Ne

Sheffield &ren()s Dr Heather Elphick
Southampton Uni% itals Dr Catherine Hill
St Mar S ospital, ' James di Pasquale

Universi ital of North Staffordshire , Dr Martin Samuels
Stoke

LQN Hospital of Wales, Cardiff Dr Hazel Evans

" These centres hawhe facility to perform full polysomnography with
neurophysiological monitoring and sleep staging

A Information based on setéporting. No objective information is yet available about
level or quality of service at any centre. This list may not bauestive.
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