Foreword One

Snoring during childhood may be clinically important, though it is often
underappreciated. In particular, snoring in children may be missed if they
snore only intermittently, or if the child sleeps separately from parents. In its
2002 Clinical Practice Guideline on the Diagnosis and Management of
Childhood Obstructive Sleep Apnea, the American Academy of Pediatrics
recommended that reports of habitual snoring lead to an evaluation for sleep-
disordered breathing.

Evaluation does not necessarily mean systematic polysomnography as
suggested in the Guideline, but it does require a good evaluation of the
upper airway. In our experience, the most difficult component of the airway
evaluation is classification of craniofacial features, in particular the naso-
maxillary complex, the mandible, and the relationship between these two
bone structures. Orthodontists learn to recognize the different clinical signs
that indicate whether facial structures are developing normally and
harmoniously, or whether there is deviation from normal development.
Techniques include inspection and characterization of craniofacial anatomy
from frontal and lateral views, evaluation of the relative positions of the
upper and lower canines, and paying attention to the hard palate, dental
crowding, and positions of the upper and lower teeth. These assessments
assist in creating a clinical impression regarding the possibility of a narrow
upper airway. In such a “narrow upper airway”, the tonsils may not be
abnormal in size per se, yet they may occupy an important fraction of
available space when pharyngeal muscles relax during sleep - particularly
during REM sleep. Additionally, narrow, collapsible, or malpositioned nasal
structures may create increased resistance to airflow as well as airflow
turbulence, physical phenomena that may produce airflow limitation in the
upper airway. A good understanding of the growth of maxilla and mandible
and a thorough clinical evaluation of the structures forming the upper airway
are critically important elements in the evaluation of the child with chronic
snoring. Finally, “chronic snoring” suggests that the mouth is persistently
open during sleep. Research dating back as far as the 1970s has suggested
that chronic mouth breathing is detrimental to appropriate maxillo-
mandibular development during early childhood. Swedish investigators have



also found that continuous exposure to nonhumidified air, as occurs in
mouth-breathing, can lead to abnormal enlargement of tonsils. This seems to
occur in the vertical rather than the horizontal dimension, so again, tonsillar
size may not appear much larger in a routinely conducted two-dimensional
assessment. Perhaps a history of chronic snoring should systematically lead to
careful history-taking for associated features such as mouth-breathing during
sleep, and to a thorough clinical evaluation of craniofacial anatomy.

To construct valid health recommendations, epidemiological information is
always needed. To gather such information, there must be agreement on
how to approach the considered problem. The work of the” Hong-Kong
snoring group” is an important first step. The presented consensus statement
will not only help practitioners in their daily practice, but it will allow having a
standardized approach in diagnostic and treatment. Systematic reviews of the
outcome of the recommendations made in the consensus statement will lead
to pediatric health policy based on data. This is a very important goal that
should be supported by all. This well-thought consensus statement should be
largely distributed to the pediatric community and receive its support
considering the long term gain to pediatric health-care.

Christian Guilleminault
Stanford University



Foreword Two

Childhood Sleep-related disordered breathing is an under-recognized, under-
investigated and under-managed area. Increasing evidences suggested that
sleep-related disordered breathing (SDB) is an important public health
problem with a series of negative consequences on cardiovascular, growth
and neuro-cognitive aspects in children.

With the rapid expansion of the knowledge and understanding of childhood
SDB, the development of consensus is paramount and challenging. This
consensus statement of management of children with snoring is a timely
guidance for clinical practice in Hong Kong. This consensus covers the
advanced and imperative evidence-based materials on childhood SDB,
including the demarcation between primary snoring and sleep apnea, clinical
features, diagnostic criteria, and management aspects of childhood snoring
issue. This comprehensive consensus serves as an updated reference for
clinical practitioners and researchers. Nonetheless, like every consensus and
guideline, periodical update of the information, especially in this rapid
developing field of sleep medicine, will be needed and foreseen.

| would also like to take this opportunity to express my earnest congratulation
and gratitude to the Hong Kong Society of Paediatric Respirology for its effort
in the implementation of this tremendous task. This consensus serves as a
fundamental step in the development and promotion of paediatric sleep
medicine.

Yun Kwok, Wing
President, The Hong Kong Society of Sleep Medicine



Preface

Snoring occurs from early infancy through adolescence. It is a rather common
symptom as more than 10% of children snore regularly, i.e. habitual snorer. It
may signify the presence of obstructive sleep apnoea syndrome (OSAS) that
requires more intensive treatment. Unfortunately, the approach to childhood
snoring has not been standardized in Hong Kong. The publication of the
guideline to management of childhood snoring by the Hong Kong Society of
Paediatric Respirology serves as an important first step to a structured
approach to childhood snoring in Hong Kong.

[t is worth remembering that childhood OSAS is associated with
hypertension, ventricular hypertrophy, depressed vagal tone, increased
vascular tone and increased systemic inflammation. All these would of course
lead to morbidities and mortalities in adulthood that would not be known to
the paediatricians who in some cases would hand over the management to
physicians but in most cases the patients might well decide that they are old
and well enough to be free of any medical supervision. Hence, paediatricians
might well offer the last chance to catch the OSAS early, quantify the severity
of OSAS and its complications and hopefully offer treatment that will alter the
natural course of the disease. It is this structured approach that might prevent
the untimely death of an otherwise productive adult whose proverbial death
spiral was started when he was a 5-year-old kid with habitual snoring.

Daniel KK Ng
President, The Hong Kong Society of Paediatric Respirology
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Introduction

According to the current standard, all children with habitual snoring should
be properly investigated by sleep study, to look for evidence of obstructive
sleep apnoea. In practice, however, the availability of sleep study service is
limited. Various alternative practices exist, based on the practitioners’
background, training, and beliefs.

The aim of this consensus statement is to provide practitioners with a
standardised approach to children presented with snoring, based on the
available data and consensus.

This consensus statement is applicable to all prepubertal children older than 2
years of age. Children presented with habitual snoring or suspected apnoea
at younger than 2 years of age should preferably be referred to specialists
with specific experience in paediatric sleep medicine for assessment.



What is known about snoring
In children?

Snoring is a common symptom of obstructive sleep apnoea syndrome (OSAS)
in children. Snoring is described as a distinct coarse vibratory respiratory
sound produced by vibration of the soft tissue of the oropharyngeal segment
of the upper airway during sleep. Snoring typically occurs during inspiration,
but may occur during expiration.

Snoring should be distinguished from the much lower intensity breathing
noise produced by airflow across the nasal valves and nasal turbinates during
sleep. It should also be distinguished from the noise produced by sleep-
related laryngospasm, sleep talking, and sleep related groaning.

Habitual snoring refers to snoring occurring nightly or almost nightly. In most
clinical research, habitual snoring is defined as presence of snoring in 3 or
more nights per week. The prevalence of habitual snoring in children is 10 to
15%. The prevalence of OSAS in children is around 2 to 5%.

OSAS is known to occur in preschool children as young as 2 years old. Some
children under the age of 2 years are clearly diagnosed to have OSAS,
although it is relatively uncommon. Children with OSAS at younger age group
tend to exhibit more cognitive behavioural disturbance and disturbed night
time sleep, rather than daytime sleepiness.

In children, OSAS is commonly associated with adenotonsillar hypertrophy.
However, the presence of enlarged tonsils and/or adenoid does not
necessarily imply that the patient has OSAS. Other common risk factors for
OSAS in children include allergy, obesity, family history of OSAS, craniofacial
anomalies, and neuromuscular diseases such as Down syndrome.

OSAS in children is a treatable disease. Proper treatment should be given to
these children after confirming the diagnosis, before they develop significant
morbidities.



Clinical entities

Children with snoring could be diagnosed as having primary snoring or OSAS
based on sleep study findings and daytime symptoms.

Primary snoring (PS)

Primary snoring refers to a condition with snoring during sleep and absence
of significant obstructive respiratory events (i.e. apnoea-hypopnoea index < 1
per hour), sleep disruption, and gaseous exchange abnormality.

The diagnosis implies a benign clinical entity. However, it is now believed to
be a heterogeneous group. Children with PS may develop consequences
similar to that found in OSAS, e.g. high blood pressure.

Obstructive sleep apnoea syndrome (OSAS)

OSAS is a disorder of breathing during sleep characterised by intermittent
complete obstruction and/or prolonged partial upper airway obstruction that
disrupts normal sleep ventilation and/or normal sleep patterns.

Polysomnographically, it is defined by apnoea-hypopnoea index of greater
than 1 per hour, regardless of sleep disruption or gaseous exchange
abnormality.



Diagnostic modalities

History, physical examination, radiological tests

The first step in diagnosis is to enquire about the nature of the snoring.
Parents often misinterpret other noise during sleep as snoring.

Children with allergic rhinitis often have intermittent and non-habitual
snoring. These children do not need to undergo diagnostic evaluation for
OSAS. However, parents may not be able to give a reliable history as to
whether the snoring is habitual or non-habitual.

All children with habitual snoring should be properly worked up for suspected

OSAS. The presence of symptoms and signs of OSAS (Table 1) may indicate
increased likelihood of OSAS.

Table 1. Symptoms and signs of OSAS in children

Night time symptoms and signs

¢ Snoring and/or snorting

* Gasps or witnessed apnoea

® Restlessness

¢ Unusual sleep posture (e.g. prone, sitting, extended neck)
¢ Laboured breathing

e Excessive sweating

¢ Secondary nocturnal enuresis

e Parasomnias, e.g. sleep walking

Daytime symptoms and signs

¢ [rritability, behavioural problem

¢ Poor concentration and/or attention

¢ Failure to thrive

¢ Upper airway obstruction / mouth breathing
¢ Harrison’s sulci

* Morning headache




Physical examination is normal in most children with OSAS. However, the
features listed in table 1 should be watched out. In addition, assessment
should include body mass index, nasal patency, size of the tonsils, and size of
the posterior pharyngeal space. In some rare cases, signs of pulmonary
hypertension and/or cor pulmonale may be present.

An upright lateral neck X-ray may indicate hypertrophy of the tonsils and/or
adenoids. But these are often not necessary.

It is clear that one cannot confidently distinguish PS from OSAS based on
clinical history, questionnaire report, physical examination, radiological
findings, or composite score based on the combination of the above.

Overnight polysomnography

Overnight polysomnography is the preferred standard diagnostic modality for
OSAS in children. This includes an overnight monitoring of the state of being
(i.e. wake, sleep stages), respiratory parameters, cardiovascular parameters,
body position, and limb movements. A proper overnight polysomnogram in
children should include all the mandatory leads (Appendix 1). A study with
incomplete inclusion of these mandatory leads will be categorized as an
“abbreviated study”. The recording should last a minimum of 6 hours, but
optimally 8 hours.

Overnight polysomnography can be performed in children of any age in an
appropriate facility. Recordings can be done using most standard adult
polysomnographic recording systems, with minor modifications of equipment
to suit the size of the child. Use of sedative/hypnotic should be avoided as
they are known to affect the result.

Overnight polysomnography in children should preferably be attended by a
trained technician, to ensure the quality of the study. There is no data
comparing unattended study against attended study. In general, the result
from an unattended study can be considered valid if the quality of the
tracings is good.
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Currently, even the most sophisticated systems fail to generate reliable and
accurate automated summaries/reports. These reports can underestimate or
overestimate the clinical severity of the child’s condition. These automated
summaries should not be used for making clinical decision.

Although overnight polysomnograms are often manually pre-scored by
trained technician, a proper interpretation of the study should include raw
data reviewing and verification of the whole study by a properly trained
doctor with knowledge of paediatric sleep studies of all ages.

Polysomnographically, PS is defined by AHI < 1 per hour of total sleep time,
AND absence of sleep disruption or gaseous exchange abnormality; OSAS is
defined by AHI = 1 per hour of total sleep time. In normal children, it is
common to have AHI of almost 0 per hour of total sleep time.

What is apnoea-hypopnoea index?

Apnoea-hypopnoea index (AHI)
= total number of obstructive respiratory events / hour of total sleep time

Three types of obstructive respiratory events exist:

¢ Obstructive apnoea: an event with continued breathing effort lasting
for longer than 2 breaths, associated with >90% airflow reduction

¢ Hypopnoea: an event with continued breathing effort lasting for longer
than 2 breaths, associated with >50% but <90% airflow reduction

¢ Mixed apnoea: an event with initial absence of breathing effort,
followed by an obstructive apnoea

11



Abbreviated study

The diagnostic value of various abbreviated studies is variable depending on
the techniques used. In general, abbreviated studies have good positive
predictive value, but limited sensitivity and negative predictive value. When in
doubt, one should study the child by a proper overnight polysomnography,
rather than trying to correlate with the “clinical features”.

The most simplistic abbreviated study is one using overnight pulse oximetry
set at an averaging time of 3 seconds or shorter. In the clinical setting of
otherwise healthy children who presented with habitual snoring, a positive
finding in overnight pulse oximetry is highly predictive of OSAS in children.
However, all the negative or suspicious findings should be interpreted as
“inconclusive” rather than normal. These children should be properly studied
by overnight polysomnography.

Upper airway endoscopy

Awake sitting endoscopy is a useful tool for assessment of the size of adenoid
and the pharyngeal space in cooperative children. This is particularly useful in
children whom the major site of obstruction is the adenoid. However, the
upper airway passage is often wider while awake because of the active
muscle tone. Sleep endoscopy can be performed in complicated or cases with
residual or recurrence of OSAS after T&A. Sleep endoscopy allows better
visualisation of the state of the upper airway during sleep. But it is still not a
real representation of the muscle atonia state that occurs during the Rapid
Eye Movement sleep.

12



Treatment

Children with PS do not require active specific treatment for the snoring.
However, they may require treatment based on the indications for the
underlying problem, for example, allergic rhinitis.

Children suffering from OSAS is known to be have substantial morbidities,
particularly affecting cognitive behavioural functions. However, the exact
threshold for treatment has not been clearly defined.

Treatment is generally recommended for children with:
e AHI > 5 per hour, regardless of symptoms;
e Symptomatic children with AHI between 1 and 5 per hour
e Children with AHI between 1 and 5, with significant gaseous exchange
abnormality during sleep or sleep disruption

In asymptomatic children with AHI between 1 and 5 per hour, controversies
exist as to when and how they should be treated.

A successful management of children with OSAS mandates a close
collaboration  between paediatric sleep specialists, ENT surgeons,
orthodontists and maxillofacial surgeons.

Surgical treatment

In children suffering from OSAS with presence of adenotonsillar hypertrophy,
tonsillectomy and adenoidectomy (T&A) is considered the first line treatment.
It is important to recognise that the decision to perform T&A is not based on
how large the tonsils or adenoid are, but rather on how much space in the
upper airway that can be widened by the procedure. Most children with
OSAS could be cured by this procedure. This is performed under general
anaesthesia.

Numerous techniques are described for tonsillectomy. Classically the choice is
between hot tonsillectomy during which monopolar cautery is used for
dissection and haemostasis, or cold tonsillectomy during which dissection is
performed by cold metal instrument like the scissors. Cold tonsillectomy in
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general results in less postoperative pain and bleeding, and is the preferred
choice.

Adenoidectomy is classically performed through the oral cavity by the adenoid
curette or the adenotome. Newer techniques like the use of powered
instrument and the endoscope facilitate a more complete resection of the
adenoid.

The risk of post-T&A bleeding is around 2-5%, half of which occurs within
the first postoperative day (reactionary hemorrhage) and the other half
usually occurs at 7 days after surgery as a result of infection. If post-operative
bleeding occurs, haemostasis under general anesthesia may be necessary.

Postoperative inpatient monitoring is required for high risk cases, e.g. young
age, severe OSAS, morbid obesity, craniofacial anomalies, neuromuscular
disorders, cardiac complications, etc.

Adjunctive surgical procedures may be required. Turbinate reduction
procedures may be helpful in children with nasal block secondary to severe
turbinate hypertrophy. Post-operative care can be challenging especially in
young children. Radiofrequency reduction of the turbinate is an alternative
choice.

Surgical treatment should be individualised in children with craniofacial
anomaly and neuromuscular anomaly. A comprehensive radiological and
endoscopic assessment is often required for these patients.

All children with OSAS should be re-assessed clinically after surgery. Patients
who have complete resolution of symptoms and signs usually do not usually
require repeat sleep study to document resolution.

Patients who have continued symptoms or signs of OSAS after surgery, or
who have worsening of their obesity may require objective re-evaluation with
overnight polysomnography. Objective data regarding timing of postoperative
evaluation are not available. Most clinicians recommend waiting 2 to 3
months before re-evaluation to ensure that upper airway, cardiac, and central
nervous system remodeling is complete.
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Treatment options of residual OSAS after T&A include positive airway
pressure, dental treatment, medical treatment e.g. nasal steroid, leukotriene
receptor antagonist, and revision adenoidectomy for cases with adenoid
regrowth. In rare complex cases, upper airway surgery, craniofacial surgery, or
even tracheostomy may be considered.

Positive airway pressure

Positive airway pressure during sleep is an effective alternative treatment for
children with OSAS. When it is properly used, it is highly effective.

The main problem with positive airway pressure is with the adherence to
treatment. To be effective, this has to be used every night and throughout
the night. The prerequisite for successful application of positive airway
pressure via a nasal mask is a patent nasal airway. A systematic evaluation of
the nasal airway is mandatory in all children planned for positive airway
pressure. In cases with severe nasal block secondary to turbinate hypertrophy
and/or adenoid hypertrophy, appropriate medical and/or surgical procedure
will be required prior to introduction of positive airway pressure.

A careful choice of mask interface, education, frequent monitoring, and
reassessment are crucial for its successful application. A specific behavioural
desensitisation program is often required for children.

The commonly used positive airway pressure treatment in children includes
continuous positive airway pressure (CPAP) and bilevel positive airway
pressure (BPAP). Both are considered equally effective. The adherence to
treatment with CPAP and BPAP is similar.

A proper titration with overnight polysomnography is required, to ensure the
right setting of the positive airway pressure. Settings that are too low or too
high would significantly affect the adherence to treatment. The use of heated
humidifier is generally advised in children.

Children on positive airway pressure should be reviewed regularly, to monitor
potential adverse reactions, adequacy of mask size, infection control, and
adherence to treatment. They should also be re-evaluated with overnight
polysomnography (or abbreviated studies) in order to ensure the institution of
the right settings.
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Medical Treatment

Nasal steroid is an effective adjunctive treatment for children with OSAS.
Preliminary evidence suggests that it is effective in reducing the severity of
OSAS in children, and in treatment of residual OSAS after T&A. Oral
leukotriene receptor antagonist has been shown to be effective in reducing
the severity of OSAS in children with AHI < 5 per hour. Combination
treatment with nasal steroid and oral leukotriene receptor antagonist has
been shown to be effective in treatment of residual OSAS after T&A.
However, it is still unknown as to how long these treatment effect may last
after discontinuing the treatment.

Dental treatment

Dental surgeons, orthodontists, and maxillofacial surgeons play important
roles in management of children with OSAS. When children with OSAS are
suspected to have dento-facial discrepancy (e.g. narrow maxilla and
retrognathic mandible with increased overjet), they should be referred for
orthodontic consultation.

These children need to be assessed clinically and/or radiologically (e.g. true
lateral cephalometric assessment), in order to determine the usefulness of
dental and maxillofacial procedures in enlarging the relevant space of the
upper airway.

Sequential cephalometric radiographic monitoring of the facial skeletal
development is a useful tool for early detection of predisposing skeletal factor
for OSAS, as well as for monitoring of mid-facial growth in young patients
receiving long-term positive airway pressure treatment.

Various orthodontic and maxillofacial surgical procedures, for example,

maxillary expansion and mandibular advancement, have been shown to be
effective in appropriate patients.
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Appendix 1.
Polysomnographic montage

Electroenceephalogram* (1 frontal, 1 central, and 1 occipital)
Electrooculogram* (right/left)

Chin electromyogram*

Electrocardiogram*

Thoracic and abdominal excursion*

Oximetry*

Flow* (oronasal thermistor, or nasal pressure, or both)
Snoring microphone*

Body position sensor*

Limb electromyogram*

End-tidal CO;

Oximetry waveform

Video/Audio recording

Oesophageal pressure

* Mandatory lead

17



Supporting references

1. Amin RS, Carroll JL, Jeffries JL, Grone C, Bean JA, Chini B, Bokulic R, Daniels SR.
Twenty-four-hour ambulatory blood pressure in children with sleep-disordered
breathing. Am J Respir Crit Care Med. 2004 Apr 15;169(8):950-6.

2. Avior G, Fishman G, Leor A, Sivan Y, Kaysar N, Derowe A. The effect of
tonsillectomy and adenoidectomy on inattention and impulsivity as measured by the
Test of Variables of Attention (TOVA) in children with obstructive sleep apnea
syndrome. Otolaryngol Head Neck Surg. 2004 Oct ;131(4):367-71.

3. Bass JL, Corwin M, Gozal D, Moore C, Nishida H, Parker S, Schonwald A, Wilker
RE, Stehle S, Kinane TB. The effect of chronic or intermittent hypoxia on cognition in
childhood: a review of the evidence. Pediatrics. 2004 Sep ;114(3):805-16.

4. Beebe DW. Neurobehavioral morbidity associated with disordered breathing
during sleep in children: a comprehensive review. Sleep. 2006 Sep 1;29(9):1115-34.

5. Bixler EO, Vgontzas AN, Lin H, Liao D, Calhoun S, Fedok F, Vlasic V, Graff G. Blood
pressure associated with sleep-disordered breathing in a population sample of
children. Hypertension. 2008 Nov ;52(5):841-6.

6. Bonuck K, Parikh S, Bassila M. Growth failure and sleep disordered breathing: a
review of the literature. Int J Pediatr Otorhinolaryngol. 2006 May ;70(5):769-78.

7. Brietzke SE, Gallagher D. The effectiveness of tonsillectomy and adenoidectomy in
the treatment of pediatric obstructive sleep apnea/hypopnea syndrome: a meta-
analysis. Otolaryngol Head Neck Surg. 2006 Jun ;134(6):979-84.

8. Brietzke SE, Katz ES, Roberson DW. Can history and physical examination reliably
diagnose pediatric obstructive sleep apnea/hypopnea syndrome? A systematic review
of the literature. Otolaryngol Head Neck Surg. 2004 Dec ;131(6):827-32.

9. Brouillette RT, Morielli A, Leimanis A, Waters KA, Luciano R, Ducharme FM.
Nocturnal pulse oximetry as an abbreviated testing modality for pediatric obstructive
sleep apnea. Pediatrics. 2000 Feb ;105(2):405-12.

10. Brouillette RT, Manoukian JJ, Ducharme FM, Oudjhane K, Earle LG, Ladan S,
Morielli A. Efficacy of fluticasone nasal spray for pediatric obstructive sleep apnea. J
Pediatr. 2001 Jun ;138(6):838-44.

11. Carroll JL, McColley SA, Marcus CL, Curtis S, Loughlin GM. Inability of clinical
history to distinguish primary snoring from obstructive sleep apnea syndrome in
children. Chest. 1995 Sep ;108(3):610-8.

12.Chan JYS, Li AM, Au C, Lo AFC, Ng S, Abdullah VJ, Ho C, Yu C, Fok T, Wing Y.
Cardiac remodelling and dysfunction in children with obstructive sleep apnoea: a
community based study. Thorax. 2009 Mar ;64(3):233-9.

18



13.Chau KW, Ng DKK, Kwok CKL, Chow PY, Ho JCS. Clinical risk factors for
obstructive sleep apnoea in children. Singapore Med J. 2003 Nov ;44(11):570-3.

14.Chau K, Ng K, Kwok K, Cheung M. Survey of children with obstructive sleep
apnea syndrome in Hong Kong of China. Chin Med J (Engl). 2004 May ;117(5):
657-60.

15. Chervin RD, Archbold KH, Dillon JE, Panahi P, Pituch KJ, Dahl RE, Guilleminault C.
Inattention, hyperactivity, and symptoms of sleep-disordered breathing. Pediatrics.
2002 Mar ;109(3):449-56.

16. Chervin RD, Ruzicka DL, Giordani BJ, Weatherly RA, Dillon JE, Hodges EK, Marcus
CL, Guire KE. Sleep-disordered breathing, behavior, and cognition in children before
and after adenotonsillectomy. Pediatrics. 2006 Apr ;117(4):e769-78.

17. Chervin RD, Weatherly RA, Garetz SL, Ruzicka DL, Giordani BJ, Hodges EK, Dillon
JE, Guire KE. Pediatric sleep questionnaire: prediction of sleep apnea and outcomes.
Arch Otolaryngol Head Neck Surg. 2007 Mar ;133(3):216-22.

18. Compadretti GC, Tasca |, Bonetti GA. Nasal airway measurements in children
treated by rapid maxillary expansion. Am J Rhinol. 20(4):385-93.

19. Contencin P, Guilleminault C, Manach Y. Long-term follow-up and mechanisms of
obstructive sleep apnea (OSA) and related syndromes through infancy and childhood.
Int J Pediatr Otorhinolaryngol. 2003 Dec ;67 Suppl 15119-23.

20. Croft CB, Thomson HG, Samuels MP, Southall DP. Endoscopic evaluation and
treatment of sleep-associated upper airway obstruction in infants and young children.
Clin Otolaryngol Allied Sci. 1990 Jun ;15(3):209-16

21. Gibson SE, Myer CM, Strife JL, O'Connor DM. Sleep fluoroscopy for localization of
upper airway obstruction in children. Ann Otol Rhinol Laryngol. 1996 Sep ;105(9):
678-83.

22. Goldbart AD, Goldman JL, Veling MC, Gozal D. Leukotriene modifier therapy for
mild sleep-disordered breathing in children. Am J Respir Crit Care Med. 2005 Aug
1;,172(3):364-70.

23. Gottlieb DJ, Chase C, Vezina RM, Heeren TC, Corwin MJ, Auerbach SH, Weese-
Mayer DE, Lesko SM. Sleep-disordered breathing symptoms are associated with poorer
cognitive function in 5-year-old children. J Pediatr. 2004 Oct ;145(4):458-64.

24.Gozal D. Sleep-disordered breathing and school performance in children.
Pediatrics. 1998 Sep ;102(3 Pt 1):616-20.

25.Gozal D, Kheirandish L. Oxidant stress and inflammation in the snoring child:
confluent pathways to upper airway pathogenesis and end-organ morbidity. Sleep
Med Rev. 2006 Apr ;10(2):83-96.

26. Guilleminault C, Palombini L, Pelayo R, Chervin RD. Sleepwalking and sleep terrors
in prepubertal children: what triggers them? Pediatrics. 2003 Jan ;111(1):e17-25.

19



27. Guilleminault C, Quo S, Huynh NT, Li K. Orthodontic expansion treatment and
adenotonsillectomy in the treatment of obstructive sleep apnea in prepubertal
children. Sleep. 2008 Jul 1;31(7):953-7.

28. Halbower AC, Degaonkar M, Barker PB, Earley CJ, Marcus CL, Smith PL, Prahme
MC, Mahone EM. Childhood obstructive sleep apnea associates with
neuropsychological deficits and neuronal brain injury. PLoS Med. 2006 Aug ;3
(8):301.

29. Halbower AC, Ishman SL, McGinley BM. Childhood obstructive sleep-disordered
breathing: a clinical update and discussion of technological innovations and
challenges. Chest. 2007 Dec ;132(6):2030-41.

30.Huang Y, Guilleminault C, Li H, Yang C, Wu Y, Chen N. Attention-deficit/
hyperactivity disorder with obstructive sleep apnea: a treatment outcome study. Sleep
Med. 2007 Jan ;8(1):18-30.

31.Hui DS, Chan JK, Ho AS, Choy DK, Lai CK, Leung RC. Prevalence of snoring and
sleep-disordered breathing in a student population. Chest. 1999 Dec ;116(6):1530-6.

32.Iber C, American Academy of Sleep Medicine. The AASM manual for the scoring
of sleep and associated events : rules, terminology and technical specifications.
Westchester, IL: American Academy of Sleep Medicine; 2007.

33.Itzhaki S, Dorchin H, Clark G, Lavie L, Lavie P, Pillar G. The effects of 1-year
treatment with a herbst mandibular advancement splint on obstructive sleep apnea,
oxidative stress, and endothelial function. Chest. 2007 Mar ;131(3):740-9.

34.Johal A, Gill G, Ferman A, MclLaughlin K. The effect of mandibular advancement
appliances on awake upper airway and masticatory muscle activity in patients with
obstructive sleep apnoea. Clin Physiol Funct Imaging. 2007 Jan ;27(1):47-53.

35.Katz ES, Greene MG, Carson KA, Galster P, Loughlin GM, Carroll J, Marcus CL.
Night-to-night variability of polysomnography in children with suspected obstructive
sleep apnea. J Pediatr. 2002 May ;140(5):589-94.

36. Kheirandish L, Gozal D. Neurocognitive dysfunction in children with sleep
disorders. Dev Sci. 2006 Jul ;9(4):388-99.

37.Kheirandish L, Goldbart AD, Gozal D. Intranasal steroids and oral leukotriene
modifier therapy in residual sleep-disordered breathing after tonsillectomy and
adenoidectomy in children. Pediatrics. 2006 Jan ;117(1):e61-6.

38. Kheirandish-Gozal L, Gozal D. Intranasal budesonide treatment for children with
mild obstructive sleep apnea syndrome. Pediatrics. 2008 Jul ;122(1):e149-55.

39.Kirk VG, O'Donnell AR. Continuous positive airway pressure for children: a
discussion on how to maximize compliance. Sleep Med Rev. 2006 Apr ;10(2):119-27.

40.Kwok KL, Ng DKK, Cheung YF. BP and arterial distensibility in children with
primary snoring. Chest. 2003 May ;123(5):1561-6.

20



41.Lam Y, Chan EYT, Ng DK, Chan C, Cheung JMY, Leung S, Chow P, Kwok K. The
correlation among obesity, apnea-hypopnea index, and tonsil size in children. Chest.
2006 Dec ;130(6):1751-6.

42.leung LCK, Ng DK, Lau MW, Chan C, Kwok K, Chow P, Cheung JMY. Twenty-
four-hour ambulatory BP in snoring children with obstructive sleep apnea syndrome.
Chest. 2006 Oct ;130(4):1009-17.

43.Li AM, Wong E, Kew J, Hui S, Fok TF. Use of tonsil size in the evaluation of
obstructive sleep apnoea. Arch Dis Child. 2002 Aug ;87(2):156-9.

44.Li AM, Wing YK, Cheung A, Chan D, Ho C, Hui S, Fok TF. Is a 2-night
polysomnographic study necessary in childhood sleep-related disordered breathing?
Chest. 2004 Nov ;126(5):1467-72.

45.Li H, Huang Y, Chen N, Fang T, Lee L. Impact of adenotonsillectomy on behavior in
children with sleep-disordered breathing. Laryngoscope. 2006 Jul ;116(7):1142-7.

46.Li AM, Cheung A, Chan D, Wong E, Ho C, Lau J, Wing YK. Validation of a
guestionnaire instrument for prediction of obstructive sleep apnea in Hong Kong
Chinese children. Pediatr Pulmonol. 2006 Dec ;41(12):1153-60.

47.Li AM, Au CT, Sung RYT, Ho C, Ng PC, Fok TF, Wing YK. Ambulatory blood
pressure in children with obstructive sleep apnoea: a community based study. Thorax.
2008 Sep ;63(9):803-9.

48.Marcus CL, Omlin KJ, Basinki DJ, Bailey SL, Rachal AB, Von Pechmann WS, Keens
TG, Ward SL. Normal polysomnographic values for children and adolescents. Am Rev
Respir Dis. 1992 Nov ;146(5 Pt 1):1235-9.

49. Marcus CL, Ward SL, Mallory GB, Rosen CL, Beckerman RC, Weese-Mayer DE,
Brouillette RT, Trang HT, Brooks LJ. Use of nasal continuous positive airway pressure as
treatment of childhood obstructive sleep apnea. J Pediatr. 1995 Jul ;127(1):88-94.

50. Marcus CL, Hamer A, Loughlin GM. Natural history of primary snoring in children.
Pediatr Pulmonol. 1998 Jul ;26(1):6-11.

51. Marcus CL, Rosen G, Ward SLD, Halbower AC, Sterni L, Lutz J, Stading PJ, Bolduc
D, Gordon N. Adherence to and effectiveness of positive airway pressure therapy in
children with obstructive sleep apnea. Pediatrics. 2006 Mar ;117(3):e442-51.

52. American Academy of Sleep Medicine. International Classification of Sleep
Disorders, 2nd ed.: Diagnostic & Coding Manual. Westchester, lllinois. American
Academy of Sleep Medicine, 2005.

53. American Academy of Sleep Medicine. Clinical Guidelines for the Manual Titration
of Positive Airway Pressure in Patients with Obstructive Sleep Apnea. J Clin Sleep
Med. . 2008 Apr 15;4(2):157-171.

54. Mitchell RB. Adenotonsillectomy for obstructive sleep apnea in children: outcome
evaluated by pre- and postoperative polysomnography. Laryngoscope. 2007 Oct ;117
(10):1844-54.

21



55. Mitchell RB, Kelly J. Behavioral changes in children with mild sleep-disordered
breathing or obstructive sleep apnea after adenotonsillectomy. Laryngoscope. 2007
Sep ;117(9):1685-8.

56. Montgomery-Downs HE, O'Brien LM, Holbrook CR, Gozal D. Snoring and sleep-
disordered breathing in young children: subjective and objective correlates. Sleep.
2004 Feb 1;27(1):87-94.

57. Montgomery-Downs HE, O'Brien LM, Holbrook CR, Gozal D. Snoring and sleep-
disordered breathing in young children: subjective and objective correlates. Sleep.
2004 Feb 1;27(1):87-94.

58. Montgomery-Downs HE, O'Brien LM, Gulliver TE, Gozal D. Polysomnographic
characteristics in normal preschool and early school-aged children. Pediatrics. 2006
Mar ;117(3):741-53.

59. Muzumdar H, Arens R. Diagnostic Issues in Pediatric Obstructive Sleep Apnea. Proc
Am Thorac Soc. 2008 Feb 15;5(2):263-273.

60.Ng DKK, Kwok KL, Poon G, Chau KW. Habitual snoring and sleep bruxism in a
paediatric outpatient population in Hong Kong. Singapore Med J. 2002 Nov ;43(11):
554-6.

61.Ng DK, Kwok K, Cheung JM, Leung S, Chow P, Wong WH, Chan C, Ho JC.
Prevalence of sleep problems in Hong Kong primary school children: a community-
based telephone survey. Chest. 2005 Sep ;128(3):1315-23.

62. Oliveira De Felippe NL, Da Silveira AC, Viana G, Kusnoto B, Smith B, Evans CA.
Relationship between rapid maxillary expansion and nasal cavity size and airway
resistance: short- and long-term effects. Am J Orthod Dentofacial Orthop. 2008 Sep ;
134(3):370-82.

63. Ow ATC, Cheung LK. Meta-analysis of mandibular distraction osteogenesis: clinical
applications and functional outcomes. Plast Reconstr Surg. 2008 Mar ;121(3):54e-69%e.

64. Rechtschaffen A, Kales A. A manual of standardized terminology, techniques and
scoring system for sleep stages of human subjects. Neurological Information Network;
1968.

65.Rosen GM, Muckle RP, Mahowald MW, Goding GS, Ullevig C. Postoperative
respiratory compromise in children with obstructive sleep apnea syndrome: can it be
anticipated? Pediatrics. 1994 May ;93(5):784-8.

66.Rosen CL, Storfer-Isser A, Taylor HG, Kirchner HL, Emancipator JL, Redline S.
Increased behavioral morbidity in school-aged children with sleep-disordered
breathing. Pediatrics. 2004 Dec ;114(6):1640-8.

67.Schechter MS. Technical report: diagnosis and management of childhood
obstructive sleep apnea syndrome. Pediatrics. 2002 Apr ;109(4):e69.

22



68. Scholle S, Scholle H, Kemper A, Glaser S, Rieger B, Kemper G, Zwacka G. First
night effect in children and adolescents undergoing polysomnography for sleep-
disordered breathing. Clin Neurophysiol. 2003 Nov ;114(11):2138-45.

69. Stores G, Crawford C, Selman J, Wiggs L. Home polysomnography norms for
children. Technol Health Care. 1998 Nov ;6(4):231-6.

70.Tauman R, Gulliver TE, Krishna J, Montgomery-Downs HE, O'Brien LM, Ivanenko
A, Gozal D. Persistence of obstructive sleep apnea syndrome in children after
adenotonsillectomy. J Pediatr. 2006 Dec ;149(6):803-8.

71.Traeger N, Schultz B, Pollock AN, Mason T, Marcus CL, Arens R. Polysomnographic
values in children 2-9 years old: additional data and review of the literature. Pediatr
Pulmonol. 2005 Jul ;40(1):22-30.

72.Uliel S, Tauman R, Greenfeld M, Sivan Y. Normal polysomnographic respiratory
values in children and adolescents. Chest. 2004 Mar ;125(3):872-8.

73.Valera FCP, Avelino MAG, Pettermann MB, Fujita R, Pignatari SSN, Moreira GA,
Pradella-Hallinan ML, Tufik S, Weckx LLM. OSAS in children: correlation between
endoscopic and polysomnographic findings. Otolaryngol Head Neck Surg. 2005 Feb ;
132(2):268-72.

74.Verhulst SL, Schrauwen N, Haentjens D, Van Gaal L, De Backer WA, Desager KN.
Reference values for sleep-related respiratory variables in asymptomatic European
children and adolescents. Pediatr Pulmonol. 2007 Feb ;42(2):159-67.

75.Villa MP, Malagola C, Pagani J, Montesano M, Rizzoli A, Guilleminault C, Ronchetti
R. Rapid maxillary expansion in children with obstructive sleep apnea syndrome: 12-
month follow-up. Sleep Med. 2007 Mar ;8(2):128-34.

76.Villaneuva ATC, Buchanan PR, Yee BJ, Grunstein RR. Ethnicity and obstructive
sleep apnoea. Sleep Med Rev. 2005 Dec ;9(6):419-36.

77.Wang RC, Elkins TP, Keech D, Wauquier A, Hubbard D. Accuracy of clinical
evaluation in pediatric obstructive sleep apnea. Otolaryngol Head Neck Surg. 1998
Jan ;118(1):69-73.

78. Waters KA, Everett FM, Bruderer JW, Sullivan CE. Obstructive sleep apnea: the use
of nasal CPAP in 80 children. Am J Respir Crit Care Med. 1995 Aug ;152(2):780-5.

79.Xu Z, Cheuk DKL, Lee SL. Clinical evaluation in predicting childhood obstructive
sleep apnea. Chest. 2006 Dec ;130(6):1765-71.

80. Standards and indications for cardiopulmonary sleep studies in children. American
Thoracic Society. Am J Respir Crit Care Med. 1996 Feb ;153(2):866-78

23



24



