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Introduction

• Spectrum of abnormal respiratory patterns 
during sleep characterized by snoring and 
increased respiratory effort

- Primary snoring
- Upper airway resistance syndrome
- Obstructive hypoventilation
- Obstructive sleep apnea syndrome (OSAS)
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n 5	y.o.	child,	with	loud	
snoring,	mouth	
breathing,	hyponasal
speech,	recurrent	
tonsillitis	(last	2	
years)

n Normal	height,	
weight,	facial	
features

n Decreased	nasal	
airflow,	tonsillar	
hypertrophy

PSG
POX
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“…focuses	on	uncomplicated	childhood	OSAS-that	is,	the	OSAS	
associated	with	adenotonsillar	hypertrophy	and/or	obesity	in	an	

otherwise	healthy	child…”		



5



6

Unique	Characteristics	of	the	ERS	Statement	on	the	Diagnosis	
and	Management	of	Obstructive	SDB

n refers	to	the	entire	severity	spectrum	of	obstructive	SDB	(i.e.	
primary	snoring	to	OSAS)	

n discusses	conditions	other	than	adenotonsillar	hypertrophy	
and	obesity	predisposing	to	SDB	(e.g.	craniofacial	
abnormalities	and	neuromuscular	disorders)

n takes	into	account	the	available	diagnostic	facilities	and	
accepted	treatment	policies	in	different	European	countries	

n describes	alternative	diagnostic	modalities	for	settings	where	
polysomnography	is	not	available

n considers	presence	of	morbidity	as	a	treatment	indication
n suggests	a	step-by-step	diagnostic	and	treatment	approach	
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Critical	Review	of	Published	Evidence

n January	1970-December	2014	
n Key	words:	“adenoidectomy”;	“adenoidal	hypertrophy”;	

“adenotonsillar	hypertrophy”;	“polysomnography”;	“sleep	
apnoea”;	“sleep-disordered	breathing”;	“sleep-related	
breathing	disorders”;	“snoring”;	“tonsillar	hypertrophy”;	
“tonsillectomy”;	“continuous	positive	airway	pressure”;	“non-
invasive	positive	pressure	ventilation”.	

n Methodological	quality	of	the	articles	was	graded	as	class	I-IV	
according	to	the	American	Academy	of	Neurology	Clinical	
Practice	Guideline	Process	Manual

n The	initial	search	provided	15,149	titles
n 362	references	were	used	to	prepare	the	ERS	document
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Step	1: Recognize	the	
child	at	risk	for	
obstructive	SDB

Step	2: Identify	SDB-related	
morbidity	or	conditions	co-
existing	with	SDB	(probably	
common	pathogenesis)

Step	3: Recognize	
factors	
predicting	
persistence	of	
SDB

Step	4: Assess	
severity	of	SDB	
objectively

Step 5:
Determine 
indications 
for treatment

Step	6: Stepwise	treatment	
approach	for	SDB

Step	7: Follow-up,	diagnosis	
and	management	of	
persistent	SDB

Step	5: Determine	
indications	for	
treatment
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Step	1: Child	at	risk	
for	obstructive	SDB	
(if	one	or	more)

Assess	by:	
history +	
physical exam +
objective	methods

Symptoms	of	upper	airway	obstruction
§ Snoring
§ Reported	apneas	during	sleep
§ Difficulty	breathing	during	sleep
§ Restless	sleep
Findings	on	physical	exam	
§ Tonsillar	hypertrophy	
§ Obesity	
§ Mandibular/midface	hypoplasia	
§ Neuromuscular	disorders
§ Complex	abnormalities	(achondroplasia,	

Down	syndrome,	Prader-Willi	syndrome)
Objective	findings	related	to	SDB	
§ Lateral	neck	X-ray
§ Flexible	nasopharyngoscopy
§ Cephalometry
§ Upper	airway	MRI	or	CT
History	increasing	the	risk	for	SDB	
§ Premature	birth
§ Family	history	of	SDB
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• Overall OSAS prevalence: 80% (most patients 
without symptoms)

• Mild OSAS (apnea-hypopnea index-AHI >1 to 
<5 episodes/h): 53.1%

• Moderate OSAS (AHI 5-10 episodes/h): 
22.3%

• Severe OSAS (>10 episodes/h): 24.6%
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Step	2: Recognition	of	
morbidity	and	conditions	
co-existing	with	SDB	

Morbidity
§ Cardiovascular	system:	elevated	

BP;	pulmonary	hypertension
§ Central	nervous	system:	excessive	

diurnal	sleepiness;	
inattention/hyperactivity;	
cognitive	deficits;	academic	
difficulties;	behavioral problems

§ Enuresis
§ Inadequate	somatic	growth	rate
§ Decreased	quality	of	life

Conditions	co-existing	with	SDB
§ Recurrent	otitis	media,	

tympanostomy tube	placement
§ Recurrent	wheezing	or	asthma
§ Metabolic	syndrome
§ Oral-motor	dysfunction
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• 28 children (4 - 15.5 y)

• Overall OSAS prevalence: 85.1% (most patients 
with symptoms)

• Severe OSAS (>10 episodes/h): 51.9%

• Pulmonary hypertension (ECHO): 50%
• Children with pulmonary hypertension had 

significantly lower SpO2 mean and nadir values
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Step	3: Recognize	factors	
predicting	persistence	of	
SDB	if	left	untreated

§ Obstructive	AHI	>5	episodes/h	
§ Obesity	and	increasing	body	

mass	index	percentile
§ Persistent	tonsillar	

hypertrophy	and	narrow	
mandible

§ Male	gender
§ Black	race



15

Marcus	et	al.	A	Randomized	Trial	of	Adenotonsillectomy	for	
Childhood	Sleep	Apnea.	NEJM	2013;157:57-61

Median	4.7	episodes/h

A
T

A
T
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Goodwin	et	al.	Incidence	and	Remission	of	SDB	and	Related	
Symptoms	in	6- to	17-y.o	children.	

J	Pediatr 2010;157:57-61
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Step	4: Assess	
severity	of	SDB	
objectively	(if	
equipment	
available)

Indications	for	nocturnal	polysomnography	
or	polygraphy in	the	child	at	risk	of	SDB
§ prior	to	AT	if: obesity;	craniofacial	

deformities;	neuromuscular	disorders;	
complex	abnormalities (e.g.	Down	
syndrome,	Prader-Willi	syndrome);	unclear	
need	for	treatment

§ post-AT	if:	persistent	symptoms	of	OSAS;	
moderate-to-severe	OSAS	pre-op; any	of	the	
above	conditions

§ prior	to	and	after: rapid	maxillary	expansion;
orthodontic	appliances; CPAP; NPPV	

If	PSG	not	available	(especially	for	healthy	
children	with	adenotonsillar	hypertrophy):
§ Ambulatory	PSG	or	polygraphy
§ Nocturnal	oximetry
§ OSA-18,	PSQ,	SCR
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114	children	(1.8	m.o.-21.4 y.o.)	with	
Down	syndrome	underwent	PSG;	
50%	with	OSAS	(AHI	≥2.5	episodes/h)

J	Clin Sleep	Med	2014;	10:1309-15

1

2

3

4

McGill	score	>2	
Positive	predictive	value	94%
Specificity	98%	
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Scholle et	al.	The Normative	
values	of	polysomnographic
parameters	in	childhood	and	

adolescence:	cardiorespiratory	
parameters.

Sleep	Med	2011;12:988-96OSAS-Definition	1:	obstructive	
AHI		≥2	episodes/h	or	an	
obstructive	apnoea	index ≥1	
episode/h	in	the	context	of	SDB	
symptoms
OSAS-Definition	2:	
SDB symptoms and an AHI 
≥1 episode/h

In	children without	SDB	
symptoms	or	morbidity or	
abnormalities	predisposing	to	
SDB,	the	90th percentile	for	the	
AHI	(AASM	2007	scoring	rules)	is:	
§ 3.2 episodes/h for	the	2nd

year	of	life
§ up	to	2.5	episodes/h for	ages	

>2	and	≤6	years	
§ up	to	2.1	episodes/h for	ages	

>6	and	<18	years	

Marcus	et	al.	A	Randomized	Trial	
of	Adenotonsillectomy	for	

Childhood	Sleep	Apnea.	NEJM	
2013;157:57-61

Sedky et	al.	Attention	deficit	
hyperactivity	disorder	and	sleep	
disordered	breathing	in	pediatric
populations:	A	meta-analysis.
Sleep	Med	Rev	2014;18:349-56
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Step	1: Recognize	the	
child	at	risk	for	
obstructive	SDB

Step	2: Identify	SDB-related	
morbidity	or	conditions	co-
existing	with	SDB	(probably	
common	pathogenesis)

Step	3: Recognize	
factors	
predicting	
persistence	of	
SDB

Step	4: Assess	
severity	of	SDB	
objectively

Step 5:
Determine 
indications 
for treatment

Step	6: Stepwise	treatment	
approach	for	SDB

Step	7: Follow-up,	diagnosis	
and	management	of	
persistent	SDB

Step	5: Determine	
indications	for	
treatment
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INDICATIONS FOR 
TREATMENT
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Indications for treatment

• AHI > 5:

- Risk of morbidity
- Better response to adenotonsillectomy (versus 

AHI < 5 in the CHAT trial)
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Indications for treatment

• Mild OSAS: Positive effects of treatment 
especially in the presence of 

- Morbidity of the cardiovascular system
- Nocturnal enuresis
- Somatic growth delay
- Decreased quality of life
- Risk factors for persistence of OSAS
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Indications for treatment

• Health benefits of reducing AHI in children 
with mild OSAS are unclear:

- Low to moderate quality studies
- Subclinical parameters
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Indications for treatment

• Health benefits of reducing AHI in children 
with mild OSAS are unclear:

- Low to moderate quality studies
- Subclinical parameters
- Inconsistent effect on neurocognitive and 

behavioural deficits – no correlation with pre-
operative OSA severity
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Indications for treatment

• Mild sleep apnea tend to resolve in some 
children

- Follow-up time
- Seasonality effect?
- Risk factors for disease progression
- Ethnicity effect
- Anti-inflammatory medication?
- Association with morbidity?
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Indications for treatment

• Need for clear and practical tools that can 
identify children with mild OSA at risk for 
morbidity

- Questionnaires – definition of cut-off values
- Biomarkers
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Indications for treatment

• Primary snoring:

- Association with elevated nocturnal blood diastolic 
blood pressure, cognitive deficits and behavioural 
abnormalities

- No studies assessing the effects of treatment 
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Indications for treatment

• Prioritize treatment:
- Major craniofacial abnormalities
- Neuromuscular disorders
- Achondroplasia
- Chiari malformation
- Down syndrome
- MPS
- Prader-Willi syndrome

- Higher risk of pulmonary HT, positive effects on 
symptoms and QoL, higher rate of residual OSA
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Treatment

• Different treatment modalities

- Non-invasive to very invasive
- Combination of treatments
- Stepwise treatment plan
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Treatment
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Weight loss

• Substantial weight loss achieved by inpatient 
treatment centres or bariatric surgery is 
effective in morbidly obese adolescents with 
OSAS

- No data on modest weight loss regimes
- No data in children
- No data on long-term compliance
- Incorporate weight management program in 

every obese child with OSAS
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Pharmacological treatment

• Nasal steroids
• Montelukast

- Treatment for 6-12 weeks
- Less improvement in older and obese children
- No data on effects on OSA-related morbidity
- Post-adenotonsillectomy residual OSA
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Pharmacological treatment
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Adenotonsillectomy

• First line treatment in children with OSAS and 
adenotonsillar hypertrophy

- Largest effects in children with AHI > 5
- Success rate in healthy children of about 75%

• Definition of success
• Tools to increase success rate
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Adenotonsillectomy

• Increased success percentage of 91%
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Adenotonsillectomy

• Risk factors for persistence of OSA:

- Severe OSA
- Obesity
- Asthma
- Inferior turbinate hypertrophy
- Nasal septum deviation
- Mallampati score 3 or 4
- Retroposition of the mandible
- Midface hypoplasia
- Down syndrome
- Other craniofacial syndromes
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Adenotonsillectomy

• Positive effects on:

- QoL
- OSA-related symptoms
- Growth delay
- Enuresis
- Pulmonary hypertension
- Behavioural deficits
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Adenotonsillectomy

• Side effects:

- Dehydration, nausea and vomiting
- Local bleeding
- Respiratory complications

• Severe OSA (high AHI and/or frequent desaturations)
• < 3 years
• Obesity or failure to thrive
• Neuromuscular, craniofacial or genetic disorders
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Rapid maxillary expansion

• Children with OSA and maxillary constriction

- Decrease in oAHI
- Increase in Qol
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Non-invasive ventilation

• Residual OSAS
• Obesity
• Craniofacial abnormalities
• Genetic syndromes
• Neuromuscular disorders
• Improvements in symptoms, behaviour and 

QoL.
• Complications
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Other treatment options

• Craniofacial surgery

• Tracheostomy



STEP 5. Indications for 
treatment of SDB: 
5.1 a. AHI >5 episodes/h 
irrespective of the presence of 
morbidity
b. Treatment may be beneficial if 
AHI 1-5 episodes/h especially in 
the presence: of i) morbidity from 
the cardiovascular system (see 
2.1); ii) morbidity from the central 
nervous system (see 2.1); iii) 
enuresis; iv) somatic growth delay 
or growth failure; v) decreased 
quality of life; vi) risk factors for 
OSAS persistence (see 3.1)
c. If at risk for OSAS and PSG or 
polygraphy not available, treatment 
is considered when positive 
oximetry or SDB questionnaires 
(see 4.4) or morbidity present 
5.2 No evidence for treating 
primary snoring (evaluation yearly)
5.3 OSAS treatment is a priority if:
a. Craniofacial abnormalities
b. Neuromuscular disorders
c. Achondroplasia
d. Chiari malformation
e. Down syndrome
f. Mucopolysaccharidoses
g. Prader-Willi syndrome

6.1 A stepwise treatment 
approach (from 6.2 to 6.9) is 
usually implemented 
until complete resolution 
of SDB
6.2 Weight loss if the child is 
overweight or obese 
6.3 Nasal corticosteroids 
and/or montelukast po
6.4 Adenotonsillectomy
6.5 Unclear whether 
adenoidectomy or 
tonsillectomy alone are 

adequate
6.6 Rapid maxillary expansion 
or orthodontic appliances
6.7 Continuous positive airway 
pressure (CPAP) or noninvasive 
positive pressure ventilation (for 
nocturnal hypoventilation)
6.8 Craniofacial surgery
6.9 Tracheostomy
For details on indications, 
efficacy, adverse effects or 
complications of different 
treatment interventions see text

7.1 a. Outcomes monitored 
after intervention (6 wks-12 
months): symptoms, PSG, 
quality of life, cardiovascular or 
central nervous system 
morbidity, enuresis, growth rate 
b. If PSG not available: 
polygraphy, oximetry/ 
capnography
c. PSG ≥6 weeks after 
adenotonsillectomy (persistent 
SDB symptoms or at
risk of persistent OSAS 

preoperatively); after 12 weeks 
of montelukast/nasal steroid
d. PSG after 12 months of rapid 
maxillary expansion (earlier if 
symptoms persist) and after 6 
months with an oral appliance
e. PSG for titration of CPAP, 
NPPV and then annually; PSG 
as predictor of successful 
decannulation with tracheostomy 
f. Airway re-evaluation by 
nasopharyngoscopy, drug-
induced sleep endoscopy, MRI

STEP 6. Stepwise treatment approach to SDB:

STEP 7. Recognition and management of persistent SDB:
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Conclusions

• A lot more work to do!

- Markers of morbidity

- Effects of pharmacological treatment on morbidity

- Definitions of treatment response

- OSA in infants


