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A b s t r ac t
Pediatric sleep apnea is an underestimated and often ignored childhood morbidity which is on rise with an increasing prevalence of obesity.
Obstructive sleep apnea (OSA) constitutes the bulk of the pediatric sleep-disordered breathing with a fewer proportion of children suffering
from central or mixed sleep apnea. OSA often leads to growth failure, cardiovascular dysfunction, behavioral problems, poor learning, and
quality of life. Systematic evaluation of the apnea along with appropriate management modality gives an opportunity to gain the short-term
and long-term health. This review is focused on the management of OSA in the pediatric age group. Treatment decisions are guided by detailed
evaluation findings like anatomic malformation, degree of functional impairment, and sleep study findings.
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Introduction
Sleep is considered as a fundamental necessity for a normal
development in childhood. Breathing abnormalities while sleep has
the potential to disturb sleep along with its effect on gas exchange.
International classification of sleep disorders has delineated the
sleep-related breathing disorders (SRBDs) into subsections of
central sleep apnea, OSA, sleep-related hypoventilation disorders,
and sleep-related hypoxemia disorder.1OSA in children is defined
as a disorder of breathing during sleep causing partial or complete
upper airway obstruction during sleep, which leads to impaired
ventilation and sleep disruption. 2Prevalence studies across the
globe has shown the prevalence of sleep apnea to range from
1.2% to 5.7% depending on the age group and definition used. 3– 5 
A suspected case of sleep apnea needs detailed but stepwise
evaluation by an otolaryngologist and a sleep medicine specialist
(Table 1). It is important to emphasize that pediatric OSA is different
from the clinical presentation in adults as it is characterized by
more disturbed nocturnal sleep than excessive daytime sleepiness,
and more behavioral problems, particularly school problems,
hyperactivity, nocturnal enuresis, sleep terrors, depression,
insomnia, and psychiatric problems. 6 Hence, details of case
history regarding sleep issues and its effect on breathing, learning,
behavior, and school performance should be enquired from
parents. Physical examination of the upper airway using scoring
systems like the Mallampati score7or the Friedman tonsil scale8 is
useful in estimating the contribution of the anatomy to the degree
of obstructive.9Assessment of coexisting morbidities like obesity,
allergic rhinitis, bronchial asthma, and neuromuscular diseases
should be done. Recent evidence supporting the clear association
and significant overlap in symptomatology and pathophysiology
for pediatric OSA and asthma make it important to recognize the
overlap and evaluate for the other condition when one is present.10
A syndromic evaluation must be done as per clinical findings as it
influences prognosis and further investigation. Growth monitoring
should always be a part of systemic evaluation as OSA has been seen
to have a negative effect on longitudinal growth.11 Investigations
are done to characterize the apnea episodes and to manage the
comorbid conditions like upper airway anatomic anomalies and
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cardiopulmonary dysfunction. Polysomnography (PSG) is the
definitive investigation that identifies the obstructive events and
quantifies the severity of OSA.

Q u e s t i o n n ai r e - b a s e d A s s e s s m e n t
SRBD scale is a questionnaire-based scoring system containing 22
symptom-based items. Scores more than 0.33 (score ranges from
0 to 1) is classified as positive which is suggestive of high risk for
sleep apnea.13When compared to PSG, the accuracy of the SRBD
score has been demonstrated to be acceptable for diagnosis of
suspected OSA.14

P o lys o m n o g r ap hy
Polysomnography, also known as a sleep study, is an electrophysiological study with concurrent multiparameter recordings
that intent to record the quality of sleep, arousal episodes, apneahypopnea episodes, and oxygenation. The American Academy of
Sleep Medicine (AASM) scoring manual recommends composite
use of electroencephalogram, electromyogram, electrooculogram,
ECG, oronasal airflow, end-tidal CO2, and oxygen saturation (SpO2)
to study sleep disorders. Apnea-hypopnea index (AHI), respiratory
disturbance index (RDI), and degree of hypoventilation are derived
from the parameters recorded during a sleep study. It is important
to understand the difference between children and adults during a
sleep study. Children require a friendly atmosphere and approach,
need smaller and specialized equipment, and due to developmental

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Management of Pediatric Obstructive Sleep Apnea
Table 1: Evaluation of sleep apnea and therapeutic options in children
Evaluation of sleep apnea in children

Mild OSA with minimal impairment in quality of life can be managed
with watchful waiting with lifestyle modification and correction of
obesity, if any.

• Focused sleep history
• Snoring
• Labored breathing or observed pauses in breathing during
sleep
• Daytime attention, learning difficulties, and behavior
problems
• Daytime sleepiness
• Physical examination including detailed examination of the
oropharynx
• Growth assessment—obesity and poor growth
• Systemic or pulmonary hypertension
• Craniofacial anomalies
• Abnormal maxillomandibular development
• Direct laryngoscopy—tonsil and adenoid size estimation
• Investigation
• PSG
• Upper airway magnetic resolution imaging (MRI)/computed
tomography (CT) scan
• Soft tissue neck X-ray (lateral/AP)
• Flexible nasopharyngoscopy

Diet

•
•

and physiological differences from adults, have age-adjusted rules
for the scoring and interpretation of polysomnograms.12

of

Severity

of

L i f e s t yl e M o d i f i c at i o n

W atc h f u l W ai t i n g

Lifestyle modification
Medical therapy—noninvasive PAP
Pharmacologic management—Montelukast and intranasal
corticosteroids
Surgical management—adenotonsillectomy, mandibular
distraction, palatal expansion and distraction osteogenesis
maxillary expansion
Adjunct therapies

Assessment

and

Obesity is one of the risk factors that predisposes OSA.15 Correction
of obesity is an important adjunctive measure for OSA management
and also in preventing surgical treatment failure. Limited studies
in pediatric population show weight loss to be effective in treating
obese children with sleep-disordered breathing.16 Moreover,
no obvious benefit is expected in nonobese children. Lifestyle
modification including improvement in sleep hygiene, behavioral
modification contributes to improving the quality of life along with
the primary treatment options.

Therapeutic options for sleep apnea in children

•
•
•

C o n s e r vat i v e M a n ag e m e n t

Sleep Apnea

Clinician takes help of polysomnographic study result to classify
the severity of OSA as it determines both treatment options and
outcome. AHI is a measurement derived from the PSG study which
denotes the number of apneas plus hypopneas per hour of sleep.
Classification of sleep apnea severity in children based on the
AHI
Severity: AHI
Normal: ≤1
Mild: >1 to ≤ 5
Moderate: >5 to ≤10
Severe: >10

T r e at m e n t
The therapeutic decision for a case of sleep apnea is taken after
considering the clinical severity and the sleep study findings.
Table 1 summarizes the therapeutic options in sleep-disordered
breathing. An algorithmic approach suggested on the basis of
PSG finding can be adopted for managing an OSA. Mild OSA can
be managed with watchful waiting with lifestyle modification antiinflammatory medications and close follow-up. Moderate to severe
sleep apnea needs surgery or positive airway therapy as given in
detail subsequently (Flowchart 1).

Watchful waiting with care for coexisting morbidities can be an
acceptable modality as compared to surgical intervention for
mild to moderate severity of OSA diagnosed by the PSG study.
Watchful waiting means a regular follow-up with an objective
evaluation of disease severity. Although surgical intervention
improves PSG findings, an acceptable percentage of children
improve with watchful waiting alone as shown in the Childhood
Adenotonsillectomy Trial (CHAT) by Marcus et al.17Evidence from a
recent meta-analysis shows normalization of abnormal PSG findings
by 7 months with a watchful follow-up only in non-syndromic
healthy children in the age group of 5–9 years diagnosed with mild
to moderate OSAS by the PSG study.18
Surgical intervention definitely has greater improvement in
symptomatology, particularly in behavioral abnormalities, sleep
apnea symptoms, growth, and quality of life, so treatment modality
should be tailored according to severity. Children with severe OSA
should not be advised for watchful waiting. Adjunctive care must
be given during this period to take care of comorbidities such as
obesity, rhinitis, asthma, and poor sleep hygiene.

P h a r m aco lo g i c T r e at m e n t
Rationale
Obstruction of upper airway secondary to nasal septum deviation
and nasal turbinate hypertrophy by mucosal inflammation in
allergic rhinitis increases the risk for habitual snoring and mild–
moderate OSAS. Pharmacological intervention reduces mucosal
inflammation, which in turn decrease mucosal edema and upper
airway resistance.
Intranasal corticosteroid and leukotriene inhibitors are the
medications used to reduce symptom burden in mild-to-moderate
OSA. These are used as a temporary intervention while the watchful
waiting period or as treatment of coexisting morbidity after
adenotonsillectomy. Intranasal corticosteroids may significantly
improve nasal obstruction symptoms in children with moderate
to severe adenoidal hypertrophy, and this improvement may
be associated with a reduction of adenoid size.19 Chan et al.
studied the role of intranasal mometasone furoate in mild OSA
in the 6–18 year age group and found it to reduce the severity
by 4 months of intervention.20A similar effect is also shown with
intranasal budesonide as a nonsurgical alternative in mild pediatric
OSA with its positive effects being sustained till 2 months after
discontinuation of the drug.21
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Flowchart 1: Algorithmic approach to management of pediatric OSA

Leukotriene inhibitors are the second group of anti-inflammatory
drugs that have been studied in mild OSA and post-adenotonsillectomy
patient with mild symptoms. Leukotriene receptors have been
found to be upregulated in tonsillar hypertrophy, 22, 23 which
can be targeted with these medications, thereby the decreasing
obstructive effect in the upper airway. When used for nonsevere
OSA in the age group of 2–10 years over 16 weeks duration, AHI
was significantly decreased in the Montelukast group as compared
to placebo.24
Preliminary evidences favor the use of the combination of
intranasal corticosteroid and oral Montelukast to surgical intervention
as initial treatment of mild OSA in younger, nonobese children, and
residual OSA in the post-adenotonsillectomy patient.25,26
 

P o s i t i v e A i r way P r e s s u r e
Rationale
Positive airway pressure (PAP) therapy intends to maintain the
patency of upper airway in obstructive pathology by application
of continuous or cyclical noninvasive mechanical pressure. The
use of airway pressure above the critical closing pharyngeal
pressure helps in maintaining patency in collapsible pharyngeal
musculature in obese children. 27
34

There are two types of PAP modalities namely: continuous
positive airway pressure (CPAP) and bilevel positive airway pressure
(BPAP). CPAP utilizes the application of continuous positive pressure
throughout the respiration, while BiPAP delivers differential
predetermined pressures during inspiration and expiration. Auto-PAP
is a modified CPAP system which self-titrates the pressure needed
according to the pressure changes sensed during respiration in sleep
to keep the airway patent. Required pressure values for a CPAP system
are determined by a diagnostic PSG test. It remains an ideal method to
decide pressure requirement; however, Auto-PAP can be used to adjust
the pressure needs automatically while manual results are awaited.28

Indications
Positive airway pressure therapy is reserved for the children with
moderate to severe OSA in the following:
•
•
•
•
•
•
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Obese children
Syndromic children—a Down syndrome with hypotonia and
craniofacial anomaly
Postsurgical children with persistent symptoms
Contraindication to surgery
Strong patient preference for a nonsurgical approach
As an adjunctive measure in the postoperative phase

Management of Pediatric Obstructive Sleep Apnea

Contraindication
PAP therapy is difficult to adhere to young children, claustrophobic
children. It is not considered safe to use in a patient with profuse
oral secretion due to the risk of aspiration. Bilevel PAP is indicated
in children with hypoventilation proven by the sleep study.
Published literature regarding PAP therapy mainly comprises
of observational studies evaluating effectiveness and compliance.
Continuous positive airway pressure was shown to be useful in 86%
of cases in the age group of 6–19 years.29The use of PAP therapy has
been shown to reduce nighttime AHI episodes from a pretreatment
mean of 27 episodes/hour to 3 episodes/hour with improvement
in daytime symptoms.30The use of PAP therapy can be used as a
respiratory support in high-risk adenotonsillectomy patients to
avoid the risks of intubation and ventilator dependence. 31
Compliance remains the sole challenge in maintaining PAP
therapy in young children and children with developmental disorders
or behavior disorders. Various attempts to improve tolerability and
adherence of CPAP therapy have proven ineffective. Behavioral
therapy, including desensitization, by positive reinforcement,
graduated exposure, and counter-conditioning are some of the
methods to improve compliance.32Trials of bilevel positive airway
pressure, auto-titrating positive airway pressure, and comfort
features, such as pressure relief during exhalation, all demonstrate
efficacy but adherence remains poor. High flow nasal cannula (HFNC)
has been proven to be an effective and tolerable CPAP alternative
for the treatment of pediatric OSA. Studies have demonstrated that
HFNC reduces respiratory events, improves oxygenation, reduces
heart rate, and does not disturb sleep quality in pediatric patients
with moderate to severe OSA who have not tolerated CPAP.33,34
 

Complication
Minor complications can be encountered due to improper
interface application and improper humidification. Conjunctivitis,
skin damage at contact, skin hypo- or hyperpigmentation,
mask discomfort, and claustrophobia are a few of the problems
encountered. Pressure and gas flow-induced aerophagia may
lead to bloating, gaseous abdomen distension, and excessive gas
passing.35

S u r g i c a l T h e r apy
Rationale
Overgrowth of adenotonsillar tissue obstructs the upper airway
and surgical removal improves obstructive symptoms. Surgical
correction of other craniofacial anomalies in syndromic children
helps in stabilizing the upper airway. Surgical intervention
remains the first-line of treatment in moderate to severe OSA with
adenotonsillar hypertrophy.
Following are the surgical procedures related to the
management of sleep apnea:
•
•
•
•
•
•

Adenotonsillectomy
Expansion sphincter pharyngoplasty
Orthodontic surgery
Lingual tonsillectomy
Supraglottoplasty
Tongue base suspension or reduction

treatment for OSA in otherwise healthy children over 2 years of age
with adenotonsillar hypertrophy.36
Indications
•
•
•
•

Children with adenotonsillar hypertrophy and severe OSA
Children with moderate OSA
Children with moderate OSA if watchful waiting fails to improve
symptoms
Syndromic children with OSA as in Down syndrome and
craniofacial anomalies

The presence of a submucous cleft palate can be considered
as a relative contraindication to adenoidectomy.
Evidences: a prospective longitudinal study by Huang et al. has
shown a significant improvement in AHI at 6 months with a mean
decrease in AHI episodes by 10 episodes/hour. However, this
improvement was decreased by 36 months postoperative in 68% of
the patients.37Adenotonsillectomy results in marked improvements
in the quality of life, PSG study findings, and behavioral issues which
are sustained in the long-term also.38
The role of AT is questionable in obese children as the surgery
improves the symptoms significantly by AHI reduction of 18.3
events per hour but complete resolution of symptom is observed
in 12% of cases as per one of the metanalyses.39
Adenotonsillectomy is a minor surgical procedure done under
general anesthesia with the use of a curette, microdebrider, or
suction electrocautery. A bit of adenoid tissue is left inferiorly to
take care of velopharyngeal insufficiency. Risk of adenoid regrowth
remains for the age group of less than 2 years.
Complications of surgery include bleeding, infection,
anesthesia-related complications, velopharyngeal incompetence,
and subglottic stenosis.
Follow-up after adenotonsillectomy: The follow-up after 6–8 weeks
postsurgery should be ensured to assess the symptoms or signs of
OSA.40Repeated PSG should be done to reevaluate the severity of
their sleep-related breathing abnormalities and need for further
therapeutic interventions including positive airway pressure therapy,
in children with complications of OSA, and OSA with syndromes.

Expansion Sphincter Pharyngoplasty
This is the repair of pharyngeal wall musculature in the case of
lateral pharyngeal wall collapse detected by sleep endoscopy. When
compared to adenotonsillectomy, modified expansion sphincter
pharyngoplasty had a higher percentage of cure rate and better
resolution of AHI episodes in the presence of lateral pharyngeal
weakness.41

Orthodontics
Rationale: OSA affected children with insignificant tonsillar
hypertrophy and dental malocclusion or narrow palate benefit from
the widening of the maxillary bone. This widening achieved through
distraction osteogenesis by rapid maxillary expansion results in
increased airway patency and resolution of nocturnal obstruction.
Rapid maxillary expansion (RME) is typically preferred before
puberty when the maxilla fuses in the midline. RME has been
shown to decrease the severity of OSA in nonobese children
with maxillary contraction, the effect being sustained at 3 years
postintervention.42,43
 

Adenotonsillectomy

M i s c e l l a n e o u s T h e r api e s

American Academy of Otolaryngology-Head and Neck Surgery
(AAO-HNS) recommends adenotonsillectomy as the first-line

A few of the following interventions can be beneficial as an adjunct
to the primary surgical or medical intervention:
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•

•
•

•

Environmental pollutants—Smoke, dust, and other irritants can
aggravate the upper airway reactivity and worsen obstruction.
Avoidance of irritants, normal saline irrigation, and education
should complement the specific anti-inflammatory therapy.
Supplemental oxygen—Normalization of hypoxemic episodes
by oxygen therapy should be targeted till definite therapy. This
is necessary for symptomatic unfit candidates.
Myofascial reeducation—This is a type of orofacial breathing
exercises that improve the tongue and orofacial muscle strength.
This approach is adapted from its success among the adult
patients who have a failure of PAP therapy or surgery. The
beneficial effect has been seen in a few studies,44 – 46
 but more
prospective studies with adequate subjects are needed to adopt
it as a primary or complementary noninvasive intervention.
Nasal expiratory positive airway pressure (NEPAP) device is a
wearable device which has an one-way valve that produces an
expiratory resistance. Variable results observed in a pilot study
of 14 subjects keep it as an experimental device only.47

M a n ag e m e n t

of

P e r s i s t e n t OSA

Despite being the primary intervention in pediatric OSA,
adenotonsillectomy fails to achieve success in approximately
11–24% of the patient treated. Follow-up studies after surgery
identify the persistent OSA and such patients should be subjected to
further investigations like drug-induced sleep endoscopy (DISE) to
detect a reason for failure. Lingual tonsillar hypertrophy and occult
laryngomalacia are among the few of conditions causing persistent
OSAS after surgery. 48 Tongue base suspension or reduction,
supraglottoplasty, and lingual tonsillectomy are the corrective
surgeries according to the condition diagnosed.

C o n c lu s i o n
Pediatric sleep apnea, an often ignored entity, needs a high index
of suspicion and investigation to diagnose the severity and existing
comorbidities. There is a need for sensitization of pediatricians and
respiratory physicians so as to help them to promptly recognize and
intervene. Adenotonsillectomy remains the primary surgery for
severe cases whereas positive airway pressure and pharmacological
therapy are a good alternative option when surgery is not possible.
Close follow with multidisciplinary intervention is needed to restore
functional activities in sleep-disordered breathing.
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