
Introduction

	 Sleep	 apnoea	 in	 infants	 was	 first	 described	 in	
1975	 in	 relation	 to	 sudden	 infant	 death	 syndrome	
and	obstructive	sleep	apnoea	(OSA)	was	described	in	
1976	in	school	children1.	Since	than	there	has	been	a	
significant	increase	in	the	recognition	of	sleep	disorders	
in	children.	Despite	this,	there	is	still	a	paucity	of	data	
on	this	problem	in	children	and	also	a	lack	of	training	
of	medical	professionals	to	address	the	issue.	The	long	
term	 neurocognitive,	 metabolic	 and	 cardiovascular	
complications	 and	 ability	 to	prevent	 these	with	 early	
treatment	warrant	early	diagnosis.

	 Sleep	 disordered	 breathing	 (SDB)	 encompasses	
OSA	and	upper	airway	resistance	syndrome	(UARS).	
OSA	 is	 defined	 as	 a	 disorder	 of	 breathing	 during	

Sleep	disordered	breathing	in	children

Deepti	Sinha	&	Christian	Guilleminault	

Stanford Hospital Sleep Disorders Clinic, Stanford University School of Medicine, Redwood City, CA, USA

Received	March	30,	2009

Sleep disordered breathing (SDB) is increasingly being recognised as a cause of morbidity even in young 
children. With an estimated prevalence of 1 to 4 per cent, SDB results from having a structurally narrow 
airway combined with reduced neuromuscular tone and increased airway collapsibility. SDB in children 
differs from adults in a number of ways, including presenting symptoms and treatment.  Presentation 
may differ according to the age of the child. Children have a more varied presentation from snoring 
and frequent arousals to enuresis to hyperactivity. Those with Down syndrome, midface hypoplasia 
or neuromuscular disorders are at higher risk for developing SDB. First line definitive treatment in 
children involves tonsillectomy and adenoidectomy. Rapid maxillary expansion, allergy treatment and 
continuous positive airway pressure (CPAP) are other options. As untreated SDB results in complications 
as learning difficulties, memory loss and a long term increase in risk of hypertension, depression and 
poor growth, it is important to diagnose SDB.

Key words	Breathing	obstruction	-	CPAP	-	children	-	OSA	-	sleep	disordered	breathing	-	snoring

sleep	 characterized	 by	 prolonged	 partial	 upper	
airway	 obstruction,	 intermittent	 complete	 or	 partial	
obstruction	(obstructive	apnoea	or	hypopnoea)	or	both	
prolonged	 and	 intermittent	 obstruction	 that	 disrupt	
normal	ventilation	during	sleep,	normal	sleep	patterns	
or	both2,3.	It	is	agreed	that	an	apnoea-hypopnoea	index	
greater	than	1	is	abnormal	in	a	child3,4.	The	International	
Classification	of	Sleep	Disorders	2nd	edition	(ICSD	2)	
defines	 apnoea	 as	 a	 cessation	 of	 airflow	over	 two	 or	
more	 respiratory	 cycles3.	A	 specific	 time	 in	 seconds	
is	 not	 applicable	 to	 children	 as	 normal	 respirations	
vary	 from	12	breaths	per	minute	 in	an	adolescent	up	
to	60	breaths	per	minute	in	a	newborn.	The	definition	
of	 hypopnoea	 is	 more	 variable	 across	 sleep	 centers,	
however	most	agree	that	a	reduction	in	airflow	of	at	least	
30	per	cent	is	required	with	or	without	an	arousal	and/or	
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oxygen	desaturation	of	3-4	per	cent.	UARS	has	more	
subtle	indications	on	polysomnography,	with	increased	
effort	 of	 breathing	 (measured	 by	 increased	 negative	
intrathoracic	 pressure)	 often	 leading	 to	 an	 arousal	
being	more	prominent	than	apnoeas/hypopnoeas5,6. 

	 This	article	reviews,	SDB	in	children	with	common	
symptomatic	 presentations,	 and	 currently	 accepted	
treatment	options.	

Epidemiology

	 The	 prevalence	 of	 SDB	 is	 somewhat	 difficult	 to	
ascertain	 as	 definitions	 vary	 and	 the	 condition	 has	
only	recently	been	recognized	in	children.	Snoring	has	
been	used	as	a	marker	of	SDB	and	the	prevalence	of	
snoring	in	children	has	been	reported	as	7.45	per	cent	
in	 a	 meta-analysis7.	 This	 analysis	 reviewed	 articles	
worldwide	including	USA,	Europe,	Asia,	Middle	East	
and	Australia.	In	the	same	analysis,	parental	report	of	
apnoea	varied	from	0.2	to	4.0	per	cent.	SDB	prevalence	
has	been	estimated	between	1	and	4	per	cent.	In	terms	
of	ethnicity,	African	American	children	have	SDB	more	
often	than	Caucasian	children8-11.	In	a	study	performed	
at	Stanford	 in	USA,	Asians	had	a	greater	 severity	of	
OSA	 than	matched	Caucasian	 counterparts12.	Gender	
differences	 exist	 in	 adolescents	 with	males	 having	 a	
higher	incidence	than	females.	In	pre-pubertal	children,	
there	 is	 no	 significant	 gender	 difference3.	 Although	
SDB	 can	 occur	 at	 any	 age,	 it	 seems	 to	 present	most	
commonly	 in	 2	 to	 5	 yr	 olds3,13.	 There	 appears	 to	 be	
some	 heritability	 as	 OSA	 runs	 in	 families.	Whether	
this	is	due	to	genetic	factors	or	environmental	factors	
is	unclear,	but	both	are	likely	contributors.

	 Medical	 conditions	 which	 increase	 the	 risk	 of	
developing	 SDB	 compared	 to	 the	 general	 population	
include	overweight	(including	Prader-Willi	syndrome),	
syndromes	with	midface	hypoplasia	(e.g.,	Pierre	Robin	
sequence,	 Treacher	 Collins,	 Crouzon	 syndrome),	
large	 tongue	 (e.g.,	 Trisomy	 21,	 Beckwith	 Wiedeman	
syndrome)	and	neuromuscular	disorders	(e.g.,	cerebral	
palsy	 and	 myotonic	 dystrophy)14.	 Children	 with	
gastroesophageal	 reflux	 (GER)	 are	 also	 at	 increased	
risk	of	developing	SDB	due	to	airway	oedema	causing	
narrowing.	Vice	versa,	SDB	can	precipitate	or	worsen	
GER	due	to	increased	negative	intrathoracic	pressures.	

Pathophysiology

	 In	 healthy	 subjects,	 the	 transition	 from	 wake	 to	
sleep	 involves	 muscle	 relaxation	 and	 this	 includes	
the	 pharyngeal	 dilator,	 intrinsic	 and	 extrinsic	 tongue	
muscles,	which	usually	stiffen	the	upper	airway	in	an	

awake	state15-17.	This	relaxation	results	in	collapsibility	
of	 the	airway	and	an	 increased	resistance	 to	air	flow.	
These	changes	may	 result	 in	an	 increase	 in	PCO2	of	
3-5mmHg	in	healthy	individuals15,18. 

	 There	are	three	elements	which	appear	to	contribute	
to	the	pathophysiology	of	SDB;	anatomical	structure,	
neuromotor	tone	and	inflammation.	Patients	with	SDB	
have	been	shown	to	have	a	structurally	narrow	airway	
when	awake	which	predisposes	them	to	having	increased	
collapsibility	and	resistance	when	asleep19,20.	This	leads	
to	 reduced	or	 absent	 airflow	 resulting	 in	hypopnoeas	
or	 apnoeas	 respectively.	 The	 increased	 resistance	 to	
airflow	may	occur	anywhere	from	the	nasopharynx	to	
the	 hypopharynx	 and	 may	 involve	 multiple	 sites.	 In	
children,	 adenotonsillar	 hypertrophy	 is	 a	 significant	
factor21,	and	it	is	known	that	adenotonsillar	tissue	is	at	
its	largest	in	the	first	few	years	of	life	and	then	involutes	
by	adolescence	and	into	adulthood.	

	 Anatomical	 obstruction	 of	 the	 airway	 at	 the	 nasal	
level	 is	 especially	 important	 in	 infants	 and	 young	
children	 who	 are	 obligate	 nose	 breathers.	 Difficulties	
with	nasal	breathing,	most	often	due	to	large	adenoids	in	
children,	leads	to	chronic	mouth	breathing	and	this	can	
lead	to	anatomical	changes	in	facial	growth.	With	chronic	
mouth	 breathing,	 the	 tongue	 is	 unable	 to	 mould	 the	
palate	and	this	results	in	a	narrow,	high	arched	palate	and	
poor	maxillary	growth,	which	can	also	result	in	narrow	
nasal	 passages,	 narrow	 dental	 arches	 and	 an	 anterior	
crossbite22.	 Children	who	 sleep	 supine	 tend	 to	 have	 a	
smaller	maxillary	width,	possibly	because	lying	supine	
causes	the	tongue	to	maintain	a	more	posterior	position23. 
Other	changes	include	the	anterior	face	height	increasing	
and	a	 retrognathic	mandible,	with	 shorter	maxilla	 and	
mandibular	 length,	 larger	 tongue,	 longer	 and	 thicker	
soft	palate	and	a	more	inferiorly	placed	hyoid	bone24-26. 
More	recently	there	has	been	literature	regarding	lingual	
tonsils	playing	a	role	in	obstruction,	especially	in	children	
who	 are	 overweight27,	 or	 have	 Down	 syndrome28,29. 
Children	with	Down	syndrome	have	a	number	of	other	
factors	contributing	 to	development	of	SDB	 including	
macroglossia,	 glossoptosis,	 hypopharyngeal	 collapse,	
tracheal	stenosis,	laryngomalacia	and	recurrent	enlarged	
adenoids27,28. 

	 Neuromuscular	activation	also	plays	a	role	in	the	
development	of	SDB.	When	 transitioning	 from	wake	
to	sleep,	muscular	relaxation	occurs	and	genioglossus	
tone	has	been	shown	 to	decrease	more	so	 in	patients	
with	 SDB	 compared	 to	 controls.	 Children	 with	
SDB	 have	 also	 been	 shown	 to	 have	 increased	 tone	
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of the	 same	 muscle	 in	 stage	 2	 sleep,	 suggesting	 a	
compensation	mechanism.	Compensation	also	occurs	
by	 increasing	 respiratory	 effort,	 as	 measured	 by	
negative	intrathoracic	pressure.	This	may	result	 in	an	
arousal18.	Children	with	SDB	have	blunted	ventilatory	
responses	 to	 hypercapnia30	 and	 higher	 end-tidal	 CO2 
when	 anaesthetized31,	 suggesting	 ventilatory	 drive	 is	
an	important	factor.

	 Local	and	systemic	inflammation	can	contribute	to	
the	increased	resistance,	particularly	at	the	adenotonsillar	
level32.	 In	 adults,	 tissue	 removed	 surgically	 for	 OSA	
has	 had	 oedema	 and	 inflammatory	 cell	 infiltration.	 In	
children	 higher	 levels	 of	 cysteinyl	 leukotrienes	 have	
been	found	in	those	with	SDB32,33.	At	the	systemic	level,	
increased	CRP	levels	have	been	demonstrated	in	patients	
with	SDB,	 independent	of	obesity,	which	 is	known	 to	
increase	 CRP	 levels34,35.	 The	 mechanism	 involved	 is	
via	 episodic	 hypoxia	 and	 arousal,	 which	 may	 trigger	
endothelial	dysfunction	and	systemic	inflammation36,37. 
This	 same	 process	 leads	 to	 sympathetic	 activation	

which	can	lead	to	increased	blood	pressure38,39	and	also	
increased	insulin	resistance39. 

Clinical symptoms

	 There	 are	 three	 major	 differences	 between	 SDB	
in	 children	 compared	 to	 adults.	 The	 first	 is	 that	 the	
presentation	in	children	is	much	more	varied	and	often	
difficult	to	diagnose	based	on	individual	symptoms.	In	
children,	the	individual	symptoms	often	lead	a	physician	
to	alternate	diagnostic	pathways,	but	the	constellation	
of	 symptoms	 helps	 define	 SDB.	 The	 second	 major	
difference	 is	 that	 excessive	daytime	 sleepiness	 is	not	
a	 significant	 symptom	 in	 children	 as	 it	 is	 in	 adults.	
Only	 7	 per	 cent	 of	 children	 with	 SDB	 present	 to	 a	
physician	with	 excessive	 sleepiness	during	 the	day40. 
Rather,	children	tend	to	become	hyperactive.	The	third	
difference	 in	 children	 is	 that	 symptoms	 change	with	
age	 (Table).	 Some	 symptoms	may	 be	 present	 at	 any	
age,	such	as	snoring	and	night	time	awakening,	while	
others	are	seen	in	certain	age	groups.

Table. Symptoms	of	sleep	disordered	breathing	in	children	by	age
Infants	(3-12	months) Toddlers	(1-3	yr) Pre-school	(3-5	yr) School	(5-18	yr)
Snoring Snoring Snoring Snoring
Witnessed	apnoeas Witnessed	apnoeas Witnessed	apnoeas Witnessed	apnoeas
Frequent	arousals Frequent	arousals Frequent	arousals Frequent	arousals
Mouth	breathing/dry	mouth Mouth	breathing/dry	mouth Mouth	breathing/dry	mouth Mouth	breathing/dry	mouth
Nocturnal	sweating Nocturnal	sweating Nocturnal	sweating Nocturnal	sweating
Failure	to	thrive Failure	to	thrive Failure	to	thrive Failure	to	thrive
Nasal	congestion	 Nasal	congestion	 Nasal	congestion	 Nasal	congestion	
Hyper	extended	neck Hyper	extended	neck Hyper	extended	neck Hyper	extended	neck
Recurrent	otitis	media/Upper	
Respiratory	Infection	(URI)

Recurrent	otitis	media/Upper	
Respiratory	Infection	(URI)

Recurrent	otitis	media/Upper	
Respiratory	Infection	(URI)

Recurrent	otitis	media/Upper	
Respiratory	Infection	(URI)

Noisy	breathing Noisy	breathing Drooling Nightmares
Poor	suck	 Sleep	terrors Sleep	terrors Sleeptalking
Apparent	life	threatening	event	
(ALTE)

Confusional	arousal Confusional	arousal Confusional	arousal

Poor	day/night	cycle Irritability Sleepwalking Sleepwalking
Stridor Daytime	sleepiness Daytime	sleepiness/	persistent	naps Daytime	sleepiness
Breath	holding	spells Restless	sleep Restless	sleep Restless	sleep

Enuresis Enuresis
Hyperactivity,	inattention Hyperactivity,	inattention
Difficulty	waking	up	in	morning Difficulty	waking	up	in	morning
Drooling Drooling
Morning	headache Morning	headache
Sleep	in	knee-chest	position Insomnia

Learning	difficulties
Delayed	puberty
Crossbite,	malocclusion	(class	II	
or	III),	overcrowding	of	teeth
Mood	disturbance	eg.,	
depression
DSPS
Hypertension

DSPS,	Delayed	sleep	phase	syndrome
Adapted	from	Ref.	71
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	 Snoring	occurs	when	there	is	an	imbalance	between	
negative	intrathoracic	pressure	and	the	oropharyngeal	
dilator	muscles41.	Habitual	snoring	is	estimated	to	occur	
in	10	per	cent	of	children.	The	American	Academy	of	
Pediatrics	 clinical	 practice	 guideline	 states	 that	 any	
child	who	snores	should	have	a	thorough	sleep	history	
and	exam	done	to	determine	those	at	increased	risk	for	
SDB	who	may	then	go	on	to	be	investigated42. 

	 Parents	 may	 notice	 the	 child	 stops	 breathing	 at	
night.	This	presentation	is	less	common	than	expected	
as	 parents	 may	 sleep	 in	 another	 room	 or	 may	 also	
be	 asleep	 and	 not	 observe	 apnoeas.	 Apparent	 life	
threatening	events	(ALTE)	may	be	another	presentation	
of	witnessed	apnoeas.	Periodic	breathing	may	be	normal	
in	infants	but	all	apnoeas	should	be	further	investigated	
to	determine	the	cause.

	 Young	 children	 with	 frequent	 arousals	 may	 be	
delayed	in	presentation	due	to	the	normal	phenomenon	
of	night	waking	for	feeds	and	behavioural	associations	
that	occur	with	this.	Mouth	breathing	has	been	associated	
with	structural	changes	in	the	face,	known	as	‘adenoid	
facies’.	Dry	mouth	is	associated	with	mouth	breathing	
at	night	and	is	often	revealed	by	asking	the	patient	if	
they	 keep	water	 by	 the	 bedside.	Night	 sweating	 is	 a	
sign	of	increased	effort	of	breathing	at	night	and	failure	
to	 thrive	may	be	 the	presenting	symptom	also	due	to	
increased	 work	 of	 breathing	 and	 relative	 deficiency	
of	 growth	 hormone43.	 The	 most	 common	 cause	 of	
nasal	obstruction	is	enlargement	of	adenoids	but	nasal	
allergies	 can	 also	 be	 a	 significant	 contributing	 factor	
and	should	be	asked	for	on	history.	Some	children	may	
compensate	 for	 a	 narrowed	 airway	 by	 sleeping	with	
their	neck	hyper-extended	 to	give	 the	best	 chance	of	
maintaining	their	airway	while	asleep.	Sleeping	in	the	
knee-chest	position	is	done	for	the	same	reason	and	is	
normal	in	infants,	but	abnormal	in	pre-school	children.	
Children	with	SDB	are	thought	to	be	at	increased	risk	
for	 recurrent	 upper	 airway	 infections	 such	 as	 otitis	
media	and	tonsillitis44. 

Infants:	 SDB	 presents	 less	 commonly	 in	 this	 age	
group.	 Parents	 often	 complain	 that	 their	 child	 has	
‘noisy	breathing’	rather	than	snoring.	A	poor	suck	may	
be	present	due	to	fatigability	or	hypotonia	which	can	
predispose	 to	SDB.	As	previously	mentioned,	 infants	
may	 present	 with	ALTE	 and	 have	 investigations	 for	
cardiac	 arrhythmias,	 seizures,	 gastro-oesophageal	
reflux,	 etc.	 all	 of	 which	 would	 be	 normal.	 They	
occasionally	present	with	 stridor,	 due	 to	 contributing	
layngomalacia	or	vocal	cord	paralysis45. 

Toddlers:	Snoring	becomes	more	common	at	this	age	
(2	to	5	yr)	when	the	tonsils	and	adenoids	are	thought	
to	 relatively	 narrow	 the	 airway	 the	 most46.	 Children	
at	 this	 age	 present	 with	 sleep	 terrors	 or	 confusional	
arousals,	as	well	as	moving	around	the	bed	in	restless	
sleep	in	order	to	maintain	their	airway.	Children	at	this	
age	 rarely	 complain	 of	 daytime	 sleepiness	 and	more	
often	will	be	‘hyperactive’	and	irritable	as	well	as	have	
insomnia.	

Pre-school:	 This	 age	 group	 tends	 to	 present	 in	 a	
similar	fashion	to	toddlers,	but	drooling	may	become	
more	 apparent	 and	 nocturnal	 enuresis	 becomes	 an	
issue.	 Enuresis	 alone	 at	 this	 age	 is	 not	 a	 concerning	
symptom	as	 it	occurs	 in	up	 to	15	per	cent	of	normal	
children47,	however	in	conjunction	with	other	features	
such	as	snoring	or	restless	sleep	it	may	point	to	SDB.	
As	 children	 start	 to	 go	 to	 kindergarten	 and	 school	
and	need	to	wake	up	at	the	same	time	each	morning,	
difficulties	waking	the	child	due	to	sleepiness	become	
more	apparent.	In	this	age	group,	children	are	also	able	
to	communicate	symptoms	and	may	start	to	complain	
of	headaches	on	awakening	in	 the	morning.	Sleeping	
in	the	knee-chest	position	at	this	age	is	abnormal	and	
indicative	of	airway	collapsibility.	

School- age:	 Children	may	 still	 present	 with	 snoring,	
night	 waking,	 a	 parasomnia,	 or	 nocturnal	 enuresis	 as	
in	younger	age	groups,	but	the	diversity	of	presentation	
increases.	Long	term	sequelae	start	to	become	apparent	
in	 this	 age	 group,	with	 learning	 difficulties	 secondary	
to	poor	concentration	and	impaired	short	term	memory	
become	apparent.	Specific	areas	of	difficulty	have	been	
visiospatial	problem	solving,	memory	and	arithmetic48 
as	well	as	executive	function49.	It	has	been	shown	that	
children	who	snore	in	early	childhood	tend	to	have	lower	
academic	 performance	 than	 those	 who	 do	 not	 snore,	
independent	 of	 having	 treatment	 with	 tonsillectomy	
and	 adenoidectomy.	 School	 aged	 children	 also	 have	
symptoms	of	hyperactivity	and	inattention	and	may	be	
labelled	 with	 attention	 deficit	 hyperactivity	 disorder	
(ADHD)50.	 Studies	 have	 shown	 an	 increase	 in	 SDB	
symptoms	in	those	diagnosed	with	ADHD51.	As	children	
obtain	secondary	teeth,	bite	issues	become	more	apparent	
and	a	crossbite	or	malocclusion	may	be	the	presenting	
problem	to	dentists,	who	also	need	to	be	aware	of	SDB.	
If	 a	 patient	 has	 orthodontia	 for	 overlapping	 teeth,	 or	
requires	teeth	to	be	removed	due	to	lack	of	space,	this	is	
a	symptom	of	having	a	narrow	airway.	

	 In	older	children	and	adolescents,	mood	disturbance	
such	 as	 depression	 becomes	 more	 apparent.	 It	 has	

314	 INDIAN	J	MED	RES,	FEBRUARY	2010



been	shown	that	children	with	SDB	tend	to	have	more	
internalizing	 symptoms	 such	 as	 anxiety,	 depression,	
being	 withdrawn	 or	 having	 somatic	 complaints52. 
They	 also	 report	 poorer	 quality	 of	 life	 in	 physical	
health,	 social	 and	 emotional	 functioning,	 and	 at	
school53.	Although	normal	 adolescents	may	develop	
delayed	sleep	phase	syndrome	(DSPS)	in	which	they	
tend	to	go	to	bed	later,	this	may	be	a	symptom	of	SDB,	
particularly	 if	 the	 child	 feels	 sleepy	 during	 the	 day	
even	if	allowed	to	sleep	at	the	preferred	later	bedtime	
and	 wake	 up	 at	 any	 time	 (e.g.,	 when	 on	 vacation).	
Although	in	adults	it	is	well	known	that	untreated	SDB	
can	 lead	 to	 hypertension,	 there	 has	 been	 conflicting	
evidence	 of	 whether	 it	 occurs	 in	 children.	A	 meta-
analysis	 of	 5	 studies	 found	 that	 hypertension	 was	
not	 found	 in	 children	with	SDB,	however	 the	 study	
samples	were	small54.	Another	study	by	Bixler	et al55 
with	a	large	cohort	found	that	systolic	blood	pressure	
is	 proportional	 to	 the	 apnoea	 hypopnoea	 index	 in	
school	aged	children	(kindergarten	to	5th	grade).	There	
has	also	been	evidence	that	asthma	and	wheezing	are	
associated	with	SDB56.

Physical signs

	 The	general,	appearance	of	the	child	should	be	noted	
first,	 including	 if	 the	 child	 is	 overweight	 or	 appears	
to	 have	 failure	 to	 thrive,	 which	 can	 be	 determined	
by	growth	 charts.	The	blood	pressure	 should	 also	be	
taken,	 with	 hypotension,	 particularly	 orthostatic,	 a	
sign	of	UARS	and	hypertension	may	be	indicative	of	
complications	of	SDB.	A	neck	circumference	of	greater	
than	40	cm	increases	the	risk	of	SDB57. 

	 Structural	narrowing	can	occur	anywhere	from	the	
nasopharynx	 to	 the	 hypopharynx.	 Nasal	 obstruction	
may	 be	 in	 the	 form	 of	 enlarged	 turbinates	 due	 to	
nasal	 allergies,	 or	 a	 deviated	 septum,	which	may	 be	
evidenced	by	asymmetry	of	the	nostrils.	Internal	nasal	
valve	 collapse	 also	 causes	 narrowing	 of	 the	 airway.	
Most	commonly,	however,	in	children,	the	adenoids	are	
the	source	of	airway	narrowing	at	the	nasopharyngeal	
level.	Enlarged	adenoids	may	lead	to	mouth	breathing	
which,	 over	 time,	 can	 cause	 changes	 in	 the	 facial	
structure,	 such	as	poor	maxillary	development	which	
leads	to	a	crossbite,	high	arched	and	narrow	hard	palate	
and	increased	facial	height,	known	as	‘adenoid	facies’22. 
These	structural	changes	lead	to	further	narrowing	of	
the	airway	at	the	oropharyngeal	level	and	increase	the	
severity	 of	 SDB.	 Any	 syndrome	 involving	 midface	
hypoplasia,	such	as	Pierre-Robin	sequence	or	Crouzon	
syndrome	produces	similar	results	and	is	at	higher	risk	
for	developing	SDB.	

 When	 examining	 the	 oral	 airway,	 Mallampati	
staging57	 is	 useful	 in	 determining	 a	 small	 airway.	
Mallampati	score	is	based	on	visualization	of	the	airway	
on	opening	of	the	mouth	with	tongue	protruded.	A	class	
1	 means	 hard	 palate,	 soft	 palate,	 tonsillar	 pillars	 and	
uvula	are	completely	visualized.	In	class	2,	the	uvula	and	
tonsillar	 pillars	 are	 partially	 visualized,	 class	 3	 the	 soft	
and	hard	palate	are	seen	and	class	4	only	the	hard	palate	
is	visualized58.	A	Mallapati	score	of	3	or	4	is	indicative	of	
a	small	airway59.	The	tonsils	should	be	examined	in	terms	
of	size	and	classified58.	It	is	important	to	note	that	the	size	
of	the	tonsils	does	not	always	correlate	with	the	presence	
or	 severity	of	SDB,	especially	 if	 tonsils	are	not	 large60. 
The	size	of	the	tongue	should	be	noted	as	a	relatively	large	
tongue	may	indicate	mandibular	deficiency.	Macroglossia	
in	children	with	Down	syndrome	or	Beckwith	Weideman	
syndrome	 are	 risk	 factors	 for	 SDB.	 Other	 features	
suggestive	of	a	narrow	airway	include	a	high	arched	and	
narrow	palate,	and	a	torus	palatinus	(a	ridge	in	the	midline	
of	the	hard	palate	indicating	overlap	of	the	bony	plates).	
Teeth	 markings	 on	 the	 buccal	 mucosa	 are	 suggestive,	
as	 is	overlapping	of	 the	 teeth,	particularly	of	 the	 lower	
jaw.	When	examining	the	bite,	a	crossbite	or	significant	
overjet	or	overbite	are	signs	of	maxillary	or	mandibular	
deficiency.	 It	 is	 also	 important	 to	examine	 the	patient’s	
profile	as	this	can	determine	maxillary	deficiency	and	/or	
retrognathia	or	micrognathia.

Diagnosis

	 The	 gold	 standard	 for	 diagnosing	 SDB	 is	
in	 laboratory	 polysomnography	 (PSG)42	 which	
may	 include	 electroencephalogram	 (EEG)	 leads,	
electrooculogram	 (EOG),	 electromyogram	 (EMG),	
nasal	 pressure/oral	 thermistor,	 electrocardiogram	
(ECG),	pulse	oximetry,	chest	and	abdominal	excursion	
belts,	 plethysmography,	 limb	 leads,	 end	 tidal	 or	
transcutaneous	 CO2,	 oesophageal	 manometry	 and	
audio/video	 taping.	 The	 information	 provided	 from	
these	parameters	can	evaluate	 the	 sleep	architecture,	
breathing	 events	 during	 sleep	 (including	 apnoeas,	
hypopnoeas,	flow	limitation,	respiratory	effort	related	
arousals),	desaturation	and	periodic	limb	movements,	
as	well	 as	autonomic	changes	and	 respiratory	effort.	
An	 apnoea/hypopnoea	 index	 (AHI)	 of	 greater	 than	
1	 event	 per	 hour	 is	 considered	 abnormal	 in	 a	 child.	
SDB	is	diagnosed	by	frequent	arousals	with	increased	
respiratory	effort,	hypercapnia,	apnoea	with	desaturation	
or	 markedly	 negative	 oesophageal	 pressure	 swings.	
(ICD	2).	Night	 to	night	variation	has	been	shown	 in	
adults,	 however,	 one	 night	 of	 polysomnography	 is	
usually	enough	to	make	a	diagnosis	in	children61. 
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	 Given	that	PSG	is	expensive	and	often	difficult	
to	 obtain,	 primary	 care	 physicians	 look	 to	 other	
alternatives	 for	 diagnosis	 of	 SDB.	 Questionnaires	
have	 been	 developed	 to	 try	 to	 determine	 those	 at	
higher	 risk	 of	 SDB,	 however,	 evaluation	 of	 these	
questionnaires	has	shown	that	these	do	not	reliably	
differentiate	 those	 with	 SDB	 from	 those	 without.	
This	may	be	because	relying	on	parent	report	is	not	
reliable	 as	 events	 may	 be	 occurring	 during	 sleep	
while	 the	 parents	 are	 also	 asleep62.	 Also	 children	
with	 hypopnoeas	 and	 flow	 limitation,	 compared	 to	
apnoeas,	may	not	show	signs	of	obstruction	visible	
to	parents.	

	 Audio	and	video	taping	at	home	have	been	studied	
as	alternatives.	Audio	taping	has	been	shown	to	have	
up	to	75	per	cent	predictive	value42,63	and	video	taping	
up	to	83	per	cent64.	However,	these	studies	will	detect	
those	with	significant	apnoea	but	again	will	not	detect	
those	with	hypopnoea	or	flow	limitation.	

	 Overnight	pulse	oximetry	is	used	in	some	centers,	
particularly	where	PSG	is	not	available.	This	again	is	a	
sensitive	measure	if	the	test	is	positive,	however	SDB	
cannot	 be	 ruled	 out	 if	 the	 test	 is	 negative65.	 If	 pulse	
oximetry	is	used,	the	averaging	time	should	be	short.	
Standard	oximeters	 have	 a	 sampling	 time	over	 3	 sec	
and	 in	 a	 young	 child	 with	 short	 respiratory	 cycles,	
desaturations	may	be	missed45. 

	 Ambulatory	 studies	 (portable	 monitoring)	 are	
becoming	 more	 popular	 as	 technology	 improves.	
The	American	Academy	of	Sleep	Medicine	currently	
recommends	the	use	of	home	monitoring	only	if	there	
is	 a	 high	 probability	 of	 moderate	 or	 severe	 sleep	
apnoea.	Other	indications	include	those	unable	to	do	
an	in	lab	study	due	to	critical	illness	or	immobility,	or	
to	monitor	the	response	to	an	oral	appliance,	surgery	
or	weight	 loss.	Portable	monitoring	should	only	be	
done	 in	conjunction	with	a	physician	evaluation	 to	
identify	those	who	are	at	high	risk	(e.g.	pulmonary,	
cardiovascular	 or	 neuromuscular	 disease)	 or	 likely	
to	 have	 co-morbid	 sleep	 disorders.	 These	 patient	
groups	 are	 not	 suitable	 to	 have	 home	 monitoring.	
The	 recommendations	 also	 specify	 that	 portable	
monitoring	 should	 not	 be	 used	 as	 a	 screening	
device66. 

	 Audio/video	taping	and	overnight	pulse	oximetry	
may	 be	 used	 as	 first	 line	 investigations	 where	
polysomnography	 is	 not	 available,	 however	 if	 the	
study	 is	 negative,	 SDB	 cannot	 be	 ruled	 out	 and	
polysomnography	should	be	performed.

Treatment

	 Children	 differ	 somewhat	 to	 adults	 in	 treatment	
options.	Once	SDB	has	been	diagnosed,	the	accepted	
first	 line	 treatment	 in	 children	 is	 tonsillectomy	 and	
adenoidectomy	 (T	&	A).	Because	SDB	 is	 a	 result	 of	
structural	issues	as	well	as	neuromotor	tone,	even	children	
with	relatively	small	tonsils,	or	those	at	risk	for	SDB	
for	other	reasons,	such	as	obesity	or	Down	syndrome	
may	 benefit	 from	 tonsillectomy	 and	 adenoidectomy	
and	should	be	evaluated	by	an	otolaryngologist.	Studies	
have	 shown	 that	 performing	 both	 tonsillectomy	 and	
adenoidectomy	 gives	 superior	 results	 to	 performing	
either	procedure	alone67.	Children	at	high	risk,	such	as	
those	with	severe	OSA	and	desaturation,	craniofacial	
or	neuromuscular	disorders	or	young	children	(<3	yr)	
should	 be	 observed	 overnight	 with	 pulse	 oximetry42. 
The	success	rate	of	T	&	A	was	previously	reported	as	
80	per	cent68	however	another	study	has	suggested	that	
cure	is	achieved	in	less	than	50	per	cent	with	persistent	
SDB	occurring	because	of	other	facial	structural	issues	
such	 as	 retrognathia,	 enlarged	 nasal	 turbinates	 and	 a	
deviated	septum59.	Because	of	this,	it	is	important	that	
all	 children	 have	 follow	 up	 polysomnography	 after	
T	 &	A	 (usually	 2-3	 months	 afterwards	 to	 allow	 for	
resolution	of	oedema).	Complications	from	T	&	A	are	
anaesthetic	risk	and	risk	of	haemorrhage	or	infection69. 
More	common	complications	include	poor	oral	intake	
post	operatively	and	pain.		

	 When	 there	 is	 residual	 SDB	 after	 T	 &	 A	 is	
performed,	other	factors	should	be	evaluated	to	decide	
the	 next	 course	 of	 action.	 For	 children	 with	 a	 high	
arched	 palate,	 rapid	 maxillary	 expansion	 has	 been	
shown	 to	 improve	 AHI70.	 This	 procedure	 involves	
application	of	a	distractor	to	the	hard	palate	anchored	
to	 the	molars.	The	 distractor	 applies	 pressure	 on	 the	
lateral	walls	 of	 the	 dental	 arch	 to	widen	 the	maxilla	
and	also	widens	the	base	of	the	nose	and	increases	the	
nasal	passages,	which	can	be	helpful	 if	 the	child	has	
a	deviated	septum	or	narrow	nasal	passages71. It is an 
orthodontic	procedure	with	expansion	occurring	within	
3	weeks	and	the	device	remaining	in situ	for	3	months	
to	 allow	 for	 remodeling	 of	 the	 cartilage.	Mandibular	
distraction	osteogenesis	is	an	option	for	older	children	
in	whom	cartilage	has	fused.	This	is	reserved	for	those	
who	 do	 not	 require	 maxillomandibular	 advancement	
but	for	whom	T	&	A	is	not	sufficient.	

	 Treatment	of	enlarged	turbinates	is	also	important	
in	increasing	airway	diameter.	This	may	be	in	the	form	
of	 radiofrequency	 ablation22	 or	 treatment	 of	 allergies	
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with	 intranasal	 steroids	and/or	 immunotherapy	 in	 the	
longer	 term72.	 Some	 studies	 have	 investigated	 the	
use	of	monteleukast	given	 the	possible	 inflammatory	
factors	causing	SDB	and	this	has	been	shown	to	reduce	
AHI,	 including	 after	T	&	A73.	More	 investigation	 of	
this	medication	is	warranted.	

	 Continuous	positive	airway	pressure	(CPAP)	is	an	
option	for	children,	as	in	adults.	It	is	useful	for	children	
who	 are	 unable	 to	 have	 T&A	 or	 who	 have	 residual	
SDB	post	operatively.	In	the	US,	a	lack	of	availability	
of	 masks	 for	 infants	 and	 small	 children	 make	 this	
somewhat	 difficult,	 however	 paediatric	 masks	 are	
more	readily	available	in	other	countries.	If	a	child	is	to	
be	started	on	CPAP,	desensitization	 is	 recommended.	
This	involves	positive	reinforcement,	education	of	the	
parents	and	child	and	gradual	exposure	to	the	CPAP74. 
One	 study	 described	 starting	 by	 placing	 the	 mask	
amongst	the	child’s	toys	and	rewarding	him	for	playing	
with	it.	This	was	the	followed	by	placement	on	the	face	
for	increasing	periods	of	time	and	then	adding	headgear	
and	finally	pressure75.	Complications	of	CPAP	use	can	
include	nasal	congestion	and	dry	mouth.	

	 In	 overweight	 children,	 weight	 control	 is	 an	
important	treatment	modality.	In	children	who	are	still	
growing,	weight	maintenance	may	be	more	appropriate	
than	weight	loss	as	the	child	will	continue	to	increase	
height.	A	 recent	 study	 in	adolescents	 showed	 that	72	
per	cent	(13	out	of	21)	overweight	children	with	SDB	
were	able	to	reduce	their	AHI	to	<2	with	weight	loss76. 

	 Oral	appliances	have	been	used	in	adults	but	have	
concerns	 with	 altering	 the	 bite	 in	 children	 prevents	
its	use.	Maxillomandibular	advancement	 is	an	option	
for	 adolescents	 if	 other	 treatment	 options	 have	 not	
been	 sufficient.	This	 is	major	 surgery	which	 requires	
an	 experienced	 maxillofacial	 surgeon	 familiar	 with	
the	procedure	to	perform.	Finally,	tracheostomy	is	an	
option	 for	 those	 in	whom	other	 treatment	modalities	
are	not	possible	or	fail.	

Complications

	 Untreated	 SDB	 has	 been	 shown	 to	 have	
neurocognitive	 and	 cardiovascular	 complications	 as	
well	as	disturbances	of	growth	and	mood.	

	 It	 is	 well	 known	 that	 SDB	 results	 in	 daytime	
sleepiness.	However,	most	children	do	not	present	with	
such	complaints	and	are	more	likely	to	be	hyperactive	
or	 inattentive,	 often	 being	 diagnosed	 with	ADHD77. 
Chervin	et al78 showed	that	50	per	cent	had	resolution	
of	ADHD	 symptoms	 after	 treatment	 with	 T	&	A.	 If	

children	are	not	diagnosed,	this	has	a	negative	impact	
on	school	performance	and	intellectual	function49,79. In 
particular,	short	term	memory	and	concentration	ability	
are	affected48,80. 

	 Cardiovascular	complications	are	well	established	
in	 adults	 but	 only	 a	 few	 studies	 have	 evaluated	
children.	 Hypertension	 occurs	 more	 frequently	 in	
children	with	SDB	compared	to	those	without	SDB81. 
It	 is	 hypothesized	 that	 hypertension	 in	 SDB	 is	 due	
to	 autonomic	 activation	 which	 occurs	 with	 sleep	
fragmentation	and	intermittent	hypoxia38,82.	Endothelial	
dysfunction	is	thought	to	be	related	to	an	inflammatory	
response83.	Hypertension	 and	 endothelial	 dysfunction	
with	fatty	streaks	and	fibrous	plaques	have	also	been	
shown	 to	 occur	 in	 overweight	 children,	 which	 is	 an	
added	risk	 factor.	 Intermittent	hypoxia	may	also	 lead	
to	 increased	 pulmonary	 artery	 pressures	 which	 can	
eventually	 lead	 to	 cor	 pulmonale.	 This	 is	 seen	 less	
often	now	with	earlier	treatment	of	SDB84.

	 The	 increased	work	of	breathing	and	 load	on	 the	
heart	 with	 airway	 obstruction	 requires	 energy.	 This	
may	 take	 from	 energy	 used	 for	 growth	 and	 children	
may	diminish	in	weight	gain	as	well	as	height.	Weight	
gain	 and	 increase	 in	 growth	 hormone	 secretion	 have	
been	shown	 to	occur	after	T	&	A	for	SDB24,85.	Links	
between	SDB	and	depression	have	also	been	made	in	
adults,	 and	 this	may	 correspond	 to	 internalization	 in	
children	(e.g.	withdrawal,	somatic	complaints)80. 

Conclusion

	 Sleep	 disordered	 breathing	 in	 children	 is	 more	
common	than	previously	recognized.	It	has	a	variety	of	
presenting	symptoms	other	than	snoring	and	so	clinicians	
must	 be	 aware	 of	 this	 constellation.	 Adenotonsillar	
hypertrophy	is	 the	most	common	structural	cause	for	
SDB	in	children	but	it	is	increasingly	being	recognized	
that	 treatment	 of	 this	 issue	 alone	 does	 not	 resolve	
the	 problem.	 Other	 techniques	 for	 treatment	 include	
rapid	 maxillary	 expansion,	 radiofrequency	 ablation	
of	 the	 nasal	 turbinates,	CPAP	 and	weight	 loss	 in	 the	
overweight.	If	left	untreated,	SDB	in	children	can	lead	
to	 long	 term	 learning	 deficits,	 memory	 impairment,	
poor	growth	and	risk	for	cardiovascular	disease	as	well	
as	mood	disorders.	
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