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11.1  Introduction

Pediatric obstructive sleep apnea (OSA) remains controversial in the medical field. 
Not only does the definition of OSA change depending on the literature reviewed, 
but also the actual age group defined as the pediatric population varies. In 1996, the 
American Thoracic Society defined obstructive sleep apnea syndrome (OSAS) in 
children as a “disorder of breathing during sleep characterized by prolonged partial 
upper airway obstruction and/or intermittent complete obstruction (obstructive 
apnea) that disrupt normal ventilation during sleep and normal sleep patterns” [1]. 
The upper airway includes the nose, nasal passages, paranasal sinuses, pharynx, 
oral cavity, and the portion of the larynx above the vocal folds. OSA must be distin-
guished from primary snoring. Primary snoring is defined by the American Sleep 
Disorders Association as “snoring without obstructive sleep apnea, frequent arousal 
from sleep, or gas exchange abnormalities” [2, 3]. Gas exchange abnormalities refer 
to hypoxia, hypoxemia, hypercapnia, or hypopnea.

The general census among the specialists that treat pediatric OSA is that it is an 
underdiagnosed condition that causes significant morbidity and reduction in the 
quality of life when left untreated.
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11.2  Epidemiology and Prevalence

The estimated overall prevalence of pediatric OSA is ~2–5% [4, 5]. Unfortunately, 
this percentage only includes patients who met the criteria for OSA based upon 
polysomnography. Snoring occurs in about 10% of pediatric patients [6]. Although 
snoring can be considered benign by itself, it can contribute to sleep-disordered 
breathing, especially when combined with obesity. Due to differences in practice, 
only about 10% of pediatric patients referred to the PCP for snoring are actually 
prescribed a sleep study. The prevalence of OSA is likely greatly underestimated 
because snoring is not present in all OSA patients, and such a small percentage of 
patients who snore actually receive a sleep study, the gold standard of the diagnosis 
of OSA [7, 8].

OSA is most common in preschool-aged children, aged 3–6. This is attributed to 
the size of the tonsils and adenoids relative to the posterior airway space and airway 
size [9]. The mean age of diagnosis is reported as 14 months ± 12 months. In this 
age group, OSA occurs equally in boys and girls and in highest prevalence among 
African Americans [4]. The frequency of OSA decreases after 9–10 years of age, 
with male predominance increasing after puberty [10].

The incidence of OSA increases in children diagnosed with craniofacial anoma-
lies or syndromes. OSA in children with cleft lip and/or palate is 22–65%, 37–68% 
in syndromes with craniosynostosis, and 85% of children with Pierre Robin 
sequence [11–16].

11.3  Pathophysiology

The mechanisms by which the posterior airway obstruction occurs can be divided 
into two broad categories that include airway collapsibility and anatomic narrow-
ing. Airway collapsibility can be caused by inflammation, hypotonia, tracheoma-
lacia, and altered neuromotor reflexes. Pro-inflammatory cytokines that are 
increased in lymphoid tissue include TNF alpha, interleukin 6, and alpha 1. 
Inflammation may play a key role because it not only decreases the posterior 
airway space, but it also increases the risk of infection that causes collapse of the 
airway. Anatomic narrowing can occur anywhere in the respiratory tract and can 
be attributed to adeno- tonsillar hypertrophy, macroglossia, increased nasal resis-
tance, craniofacial abnormalities, and lingual tonsil hypertrophy [17]. Lingual 
tonsil hypertrophy obliterates the vallecula and pushes the epiglottis posteriorly, 
which effectively narrows the airway. The craniofacial abnormalities that con-
tribute to increasing the risk of OSA include retrognathia, micrognathia, midface 
hypoplasia, and abnormal anatomy of the cranial base. OSA is a complex condi-
tion, and it is important to remember that patients can possess multiple risk fac-
tors for developing OSA.
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11.4  Risk Factors and Medical Conditions Associated 
with Pediatric OSA

11.4.1  Tonsillar and Adenoid Hypertrophy

The adenoids and tonsils reach peak growth relative to the size of the posterior naso-
pharynx and oropharynx during age 3–6 and can cause mechanical obstruction. 
Although adeno-tonsillar hypertrophy is thought to be the primary mechanism of 
upper airway obstruction in school-age children, studies have been unable to corre-
late the size of adeno-tonsillar hypertrophy to the degree of severity of OSA [18, 19].

11.4.2  Obesity

The prevalence of childhood obesity based on CDC data collected from 2011 to 
2014 is 17%. The distribution includes 8.9% of 2–5-year-olds, 17.5% of 6–11-year- 
olds, and 20.5% of 12–19-year-olds [20]. The prevalence of OSA in obese pediatric 
patients approaches 50% [21]. This is attributed to increased neck circumference, 
intrathoracic pressure, leptin, and fatty submucosal infiltrates in the posterior air-
way space, as well as hypertrophy of the adenoids and lingual tonsils. Additionally, 
they also have decreased lung volumes and oxygen reserve [22]. In contrast to 
adults, however, the correlation between obesity and pediatric OSA is not very 
clear. Studies suggest there is an increased risk of OSA among obese adolescents 
aged 12 years and older; however, the risk of OSA was not significantly increased 
with increasing body mass among younger children [23].

11.4.3  Prematurity

Preterm babies are 3–5 times more likely to have OSA during childhood and two 
times as likely to develop OSA as an adult when compared to full-term babies. A 
recent retrospective study concluded that the negative impact of chronic lung dis-
ease of premature babies on gas exchange and lung volume combined with the 
abnormally decreased ventilatory drive all contribute to the development of OSA as 
they grow [24].

11.4.4  Craniofacial Deformities

Several congenital syndromes have various forms of disordered breathing or ana-
tomic features that could contribute to OSA. These syndromes include but are not 
limited to Crouzon, Apert’s syndrome, Pierre Robin sequence, Pfeiffer, 
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Treacher- Collins, Prader-Willi, Down syndrome (trisomy 21), Beckwith-
Wiedemann syndrome, Klippel-Feil syndrome, Marfan’s syndrome, and Fragile X 
[25, 26]. Among the craniofacial patients that undergo polysomnography, it was 
found that 22–65% of cleft lip ± palate, 40–60% of Apert/Crouzon/Pfeiffer cranio-
synostosis syndromes, and 85% of Pierre Robin sequence have OSA [11]. 
Craniofacial patients are complex because many have components of both central 
and obstructive sleep apnea [27]. Craniofacial dysmorphology in these patients 
often has key anatomic abnormalities that contribute to airway obstruction that 
include midface hypoplasia, choanal atresia, high and narrow palatal arch, macro-
glossia, glossoptosis, mandibular hypoplasia, microretrognathia, subglottic steno-
sis, laryngomalacia, tracheomalacia, and laryngeal atresia [28]. In addition, patients 
with craniofacial anomalies often have acute cranial base angles that correlate with 
increased risk of OSA [29].

OSA in children with craniofacial deformities is often multifactorial. A Down 
syndrome patient with trisomy 21 may have macroglossia, midface and mandibular 
hypoplasia, and hypotonia, which all contribute to posterior airway obstruction 
[30]. In Prader-Willi, the deleted chromosome 15 contributes to weak musculature 
due to hypotonia, poor feeding, and slow development. As these children age, they 
then develop constant hunger that leads to both obesity and insulin resistance. OSA 
in Prader-Willi patients could thus be attributed to hypotonia, obesity, and insulin 
resistance [31].

11.4.5  Neuromuscular Disorders

Children with neuromuscular disease suffer from pulmonary complications 
grouped into two main categories that include failure of the lung or failure of the 
respiratory pump [32]. Hypotonia of the muscles of the upper airway contributes to 
collapse of the posterior airway space during inspiration. Neuromuscular disease 
can produce narrowing of the posterior airway space on the level of the nasal and 
oropharyngeal area due to weakness of the pharyngeal and genioglossus muscles, 
respectively [33].

Other medical conditions associated with OSA in children include choanal ste-
nosis, mucopolysaccharidosis, osteopetrosis, and sickle cell disease.

11.5  Clinical Presentation of Pediatric OSA

Nighttime symptoms include habitual snoring, witnessed apnea, frequent awaken-
ings during sleep, night terrors, gasping for air, mouth breathing, neck hyperexten-
sion, secondary nocturnal enuresis, and frequent nocturnal awakenings. Daytime 
symptoms include lack of concentration, hyperactivity, inattention, restlessness, 
behavior problems, poor academic performance, daytime sleepiness, diaphoresis, 
nasal speech pattern, and mouth breathing. The consequences of obstructive sleep 
apnea in children manifest in various organ systems [34, 35].
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11.5.1  Neurocognitive Sequelae

Several studies link pediatric OSA with a decrease in neurocognitive function that 
is often associated with decreased attention and/or concentration, hyperactivity, 
and aggressive behavior [36, 37]. The exact mechanisms by which OSA elicits 
neurocognitive deficits remain unclear. Research speculates that both sleep frag-
mentation and episodic hypoxia may lead to alterations within the neurochemical 
substrate of the prefrontal cortex with resultant executive dysfunction and neuronal 
cell loss [38, 39].

11.5.2  Cardiovascular Sequelae

Similar to adult patients, OSA can exert changes that affect the cardiovascular sys-
tem in children. These adverse effects include systemic hypertension, changes in the 
left ventricular geometry, pulmonary hypertension, and endothelial dysfunction. 
Those changes are reflected in increased circulating levels of adhesion molecules 
and inflammatory responses within the microvasculature [40–43].

11.5.3  Weight Changes

While OSA in adults is strongly linked to obesity, weight changes in children with 
OSA can manifest either as obesity or as failure to thrive. Obesity can result from 
long-standing obstructive sleep apnea in association with insulin resistance and 
increased leptin levels resulting from lack of sleep. On the other hand, OSA can also 
cause increase work of breathing that causes the infant to burn calories in excess of 
those consumed and thus manifests as failure to thrive [44].

11.5.4  Insulin Resistance and Metabolic Syndrome

OSA, in the presence of obesity, increases the risk of developing metabolic syn-
drome in the pediatric population by increasing insulin resistance and lipid levels in 
the blood [45]. Leptin plays a role in regulating appetite, sleep, metabolic homeo-
stasis, and respiratory control. Resistance to leptin is increased in pediatric patients, 
independent of the degree of obesity. Leptin acts as a respiratory stimulant in col-
laboration with central and peripheral chemoreceptors, so patients with leptin resis-
tance have a weakened ventilatory response [46, 47].

11.5.5  Psychiatric Sequelae

Children with OSA experience decreased quality of life due to increased fatigue, 
irritability, impaired concentration, and depressed mood [48].
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11.6  Diagnosis

Diagnosis of obstructive sleep apnea (OSA) in children versus adults is different in 
a few ways. A questionnaire-based screening in the pediatric population has low 
sensitivity and specificity—35% and 39%—respectively [49]. If a clinician has high 
suspicion that a child has OSA based on physical examination, further investigation 
and an appropriate referral to a specialist should be made. The presence of hyper-
plastic lymphoid tissues, large tongue, maxillary or mandibular hypoplasia, exces-
sive overjet or crossbite, and obesity is suggestive of OSA in the presence of sleep 
disturbances and warrant further workup.

Overnight polysomnography is the gold standard for diagnosis; however, this 
procedure can often be difficult to perform in children due to poor cooperation with 
the attachment of monitoring devices and fear of sleeping in an unfamiliar environ-
ment. Polysomnography involves measuring several parameters including end-tidal 
CO2, pulse oximetry, transcutaneous O2 and CO2 tensions (in infants and children 
<8 years), airflow at nose and mouth (pneumotachograph, thermistor), chest and 
abdominal wall motion (plethysmography), sleep state (EEG leads), electrooculo-
gram, submental electromyogram (EMG study), electrocardiogram (ECG), and 
video monitoring with sound montage. Other alternative techniques such as nap 
polysomnography have been used in children, as it is shorter in duration and more 
convenient for the parent. However, this has a positive predictive value of 89% and 
a negative predictive value of 17%, which suggests that a child testing negative for 
OSA during a nap polysomnography should still undergo a more comprehensive 
evaluation and ideally an overnight polysomnography for definitive diagnosis if the 
patient’s presentation strongly suggests OSA.

There are no standard imaging studies used in the diagnosis of OSA. Lateral cepha-
lometric radiograph can demonstrate several indicators for higher likelihood of obstruc-
tive sleep apnea, such as posterior airway space, elongated soft palate, acute cranial 
base angles, and mandibular plane to hyoid distance. However, definitive correlation 
between these measurements alone and OSA has not been firmly established [50]. CT 
provides 3D images of the upper airway, allowing detailed views of the cross-sectional 
area, volume, and shape. Although some studies suggest CT scan for evaluating patients 
with OSA, it is not often used in pediatric population due to concerns with unnecessary 
radiation. It is worthy to note that lying in a supine position while awake does not dupli-
cate the soft-tissue architecture produced in the altered neuromuscular activity found 
during sleep. Fiberoptic nasopharyngoscopy can be used as an adjunct to confirm the 
diagnosis and to identify the anatomic location and structural and/or functional abnor-
mality that may contribute to obstructive sleep apnea. It requires patient cooperation; 
therefore, it serves greater diagnostic value in older children.

Polysomnographic criteria for defining OSA in children shares similarity to the 
criteria used with adults, but there are some significant differences. In adults, an 
apneic event is defined by the duration of the lack of breath which is 10 seconds. 
In children, an apnea event is classified by one or more missed breaths and is con-
sidered apnea even with the event lasts less than 10 seconds. Breath cycle, rather 
than time, is used in the children because the baseline pediatric respiratory rate is 
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faster than that in adults until they reach late adolescence. Hypopnea is defined as 
≥50% reduction in airflow measured by nasal air pressure transducer, accompanied 
by an arousal or ≥3% decrease in oxygen desaturation. This slightly varies from the 
criteria for adults, which is defined by ≥30% reduction in nasal airflow, accompa-
nied by ≥4% oxygen desaturation [51].

Another factor that differs is the measurement of hypoventilation. For adults, 
sleep hypoventilation is defined as arterial PCO2 > 55 mmHG for ≥ 10 minutes or 
an increase in arterial PCO2 ≥ 10 mmHg above the awake supine value. For pedi-
atric patients, hypoventilation is defined as arterial PCO2 > 50 mmHg for >25% of 
total sleep time or an arterial PCO2 > 53 mmHg during any period of total sleep 
time [52].

The criteria for defining OSA in the pediatric population has a much lower thresh-
old than adults. An apnea-hypopnea index (AHI) >1.5 is considered abnormal in 
children where in adults an abnormal AHI is >5. Although there are several different 
indices as well as varying opinions among the experts, most sleep centers define the 
severity of OSA in children using the following parameters: AHI < 1 normal, AHI 
1.5 ≤ 5 mild OSA, AHI 5 ≤ 10 moderate OSA, AHI > 10 severe OSA [53].

11.7  Management

The most common first-line treatment for children with OSA is adenotonsillectomy. 
Meta-analysis literature shows the success rate of tonsillectomy and adenoidectomy 
to be approximately 79–85% in the pediatric population [54, 55]. However, long- 
term outcome studies in patients after adenotonsillectomy are lacking, and it is often 
difficult to identify whether recurrence or persistence of OSA occurs due to other 
factors such as obesity or existing lingual tonsil hypertrophy [56].

A less commonly used surgical treatment for pediatric OSA is uvulopalatopha-
ryngoplasty (UPPP). This is because children, with or without sleep apnea, do not 
demonstrate as much redundant palatopharyngeal tissue as adults. However, UPPP 
is found to have some benefit in children with abnormal upper airway neuromuscu-
lar tone. This is seen in children with cerebral palsy, Down syndrome, or high 
Mallampati score due to redundant lateral pharyngeal tissue [57].

A reasonable option in non-surgical candidates is continuous positive airway 
pressure (CPAP). Depending on the facial structure and size of the child, CPAP can 
be administered via facial mask as in adults or via nasal masks. Due to logistical 
issues, nasal CPAP is generally the preferred method in most pediatric patients [58]. 
Successful treatment requires parental support in addition to patient compliance and 
frequent clinician assessment. Children with poor parental support and those with 
behavior problems that cannot tolerate the CPAP may thus not benefit from CPAP 
as a treatment modality.

Children with mild OSA may benefit from a reduction of upper airway inflam-
mation using topical intranasal application of corticosteroids [59]. Similarly, mon-
telukast receptor blocker was found to be effective in reducing symptoms in children 
with mild OSA [60]. Since appropriate duration of these treatments and their 
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Fig. 11.1 (a) Preoperative photos of an infant with OSA and feeding problems due to microret-
rognathia and Pierre Robin Sequence. Note that the mandible is hypoplastic and retrognathic. 
(b)  Intraoperative marking outlining the inferior border of the mandible and incision site. (c) 
Mandibular osteotomy. (d) Mandibular distractor placement. (e) Post-operative photographs dem-
onstrating advancement of the mandible into a prognathic position. (f) Intraoperative photograph 
demonstrating good bony consolidation following removal of mandibular distractor

B. Steinberg et al.
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long-term effects have not been established, these are considered adjuncts to ther-
apy and are not recommended as first line treatment for OSA.

Severe OSA due to certain craniomaxillofacial skeletal abnormalities may ben-
efit from distraction osteogenesis (DO). The goal of DO is to diminish the need for 
tracheostomy or to help in early decannulation in patients who already have a surgi-
cal airway. Meta-analysis studies in the literature suggest the success rate of man-
dibular DO for treatment of pediatric OSA is approximately 90–96% [61]. 
Indications for mandibular DO in the pediatric population include severe hypopla-
sia, failure of nonsurgical airway such as CPAP, or failure of previous surgical inter-
vention. Distraction osteogenesis is rarely the first-line treatment modality. Many 
patients with non-syndromic micrognathia will undergo catch-up growth, outgrow-
ing their airway issues and obviating the need for surgery [62]. Complications of 
mandibular DO include vector control, which may lead to poor occlusal or func-
tional relationship potentiating the need for secondary jaw surgery later in life. 
Other complications include TMJ trauma or ankylosis, facial asymmetry, inade-
quate consolidation, and relapse [63]. Figure 11.1a–f depicts the treatment sequence 
for an infant diagnosed with Pierre Robin sequence who had feeding difficulty and 

e

f

Fig. 11.1 (continued)
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OSA secondary to microretrognathia. After successful mandibular distraction, the 
patient resumed oral feeds and had resolution of OSA symptoms.

The most definitive treatment to establish a protected airway remains the trache-
ostomy. It is associated with numerous complications that include but are not lim-
ited to scars, granulation tissue, accidental decannulation, tracheal stenosis, tube 
occlusion and fistula. In a retrospective study reviewing the complications in pedi-
atric tracheostomies, Carr et al. found that 77% had complications of which 43% 
were considered serious [64]. Trachestomy should thus be reserved for the most 
severe cases of OSA that cannot be successfully treated with any other methods.

11.8  Summary

Pediatric OSA has many similarities to that described in the adult population. 
However, it tends to be more complex with more potential causes when compared 
to the older population. Differences in anatomy and neurologic development are 
factors add to these age related variations. The treatment paradigm also is somewhat 
different with remaining growth entering into the equation.

References

 1. Standards and indications for cardiopulmonary sleep studies in children. Am J Respir Crit Care 
Med. 1996;153:866–78. https://doi.org/10.1164/ajrccm.153.2.8564147.

 2. A.S.D. Association. International classification of sleep disorders, revised: diagnostic and cod-
ing manual. Rochester, MN: American Sleep Disorders Association; 1997.

 3. Farber JM. Clinical practice guideline: diagnosis and management of childhood obstructive 
sleep apnea syndrome. Pediatrics. 2002;110:1255–7.

 4. Redline S, Tishler PV, Schluchter M, Aylor J, Clark K, Graham G. Risk factors for sleep- 
disordered breathing in children. Associations with obesity, race, and respiratory problems. Am 
J Respir Crit Care Med. 1999;159:1527–32. https://doi.org/10.1164/ajrccm.159.5.9809079.

 5. Marcus CL, Brooks LJ, Draper KA, Gozal D, Halbower AC, Jones J, Schechter MS, Ward 
SD, Sheldon SH, Shiffman RN, Lehmann C, Spruyt K, American Academy of Pediatrics. 
Diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics. 
2012;130:e714–55. https://doi.org/10.1542/peds.2012-1672.

 6. Hultcrantz E, Lofstrand-Tidestrom B, Ahlquist-Rastad J. The epidemiology of sleep related 
breathing disorder in children. Int J Pediatr Otorhinolaryngol. 1995;32 Suppl:S63–6. https://
doi.org/10.1016/0165-5876(94)01144-M.

 7. Lumeng JC, Chervin RD. Epidemiology of pediatric obstructive sleep apnea. Proc Am Thorac 
Soc. 2008;5:242–52. https://doi.org/10.1513/pats.200708-135MG.

 8. Mitchell RB, Pereira KD, Friedman NR.  Sleep-disordered breathing in children: sur-
vey of current practice. Laryngoscope. 2006;116(6):956–8. https://doi.org/10.1097/01.
MLG.0000216413.22408.FD.

 9. Jeans WD, Fernando DC, Maw AR, Leighton BC. A longitudinal study of the growth of the 
nasopharynx and its contents in normal children. Br J Radiol. 1981;54:117–21. https://doi.
org/10.1259/0007-1285-54-638-117.

 10. Goodwin JL, Babar SI, Kaemingk KL, Rosen GM, Morgan WJ, Sherrill DL, Quan SF, Tucson 
Children’s Assessment of Sleep Apnea Study. Symptoms related to sleep-disordered breathing 
in white and hispanic children: the Tucson Children’s Assessment of Sleep Apnea study. Chest. 
2003;124:196–203. https://doi.org/10.1378/chest.124.1.196.

B. Steinberg et al.

https://doi.org/10.1164/ajrccm.153.2.8564147
https://doi.org/10.1164/ajrccm.159.5.9809079
https://doi.org/10.1542/peds.2012-1672
https://doi.org/10.1016/0165-5876(94)01144-M
https://doi.org/10.1016/0165-5876(94)01144-M
https://doi.org/10.1513/pats.200708-135MG
https://doi.org/10.1097/01.MLG.0000216413.22408.FD
https://doi.org/10.1097/01.MLG.0000216413.22408.FD
https://doi.org/10.1259/0007-1285-54-638-117
https://doi.org/10.1259/0007-1285-54-638-117
https://doi.org/10.1378/chest.124.1.196


127

 11. Garg RK, Afifi AM, Garland CB, Sanchez R, Mount DL. Pediatric obstructive sleep apnea: 
consensus, controversy, and craniofacial considerations. Plast Reconstr Surg. 2017;140:987–
97. https://doi.org/10.1097/PRS.0000000000003752.

 12. MacLean JE, Fitzsimons D, Fitzgerald DA, Waters KA.  The spectrum of sleep-disordered 
breathing symptoms and respiratory events in infants with cleft lip and/or palate. Arch Dis 
Child. 2012;97:1058–63. https://doi.org/10.1136/archdischild-2012-302104.

 13. Driessen C, Mathijssen IM, De Groot MR, Joosten KF. Does central sleep apnea occur in chil-
dren with syndromic craniosynostosis? Respir Physiol Neurobiol. 2012;181:321–5. https://
doi.org/10.1016/j.resp.2012.03.017.

 14. Bannink N, Maliepaard M, Raat H, Joosten KF, Mathijssen IM.  Obstructive sleep apnea- 
specific quality of life and behavioral problems in children with syndromic craniosynostosis. J 
Dev Behav Pediatr. 2011;32:233–8. https://doi.org/10.1097/DBP.0b013e318206d5e3.

 15. Anderson IC, Sedaghat AR, McGinley BM, Redett RJ, Boss EF, Ishman SL. Prevalence and 
severity of obstructive sleep apnea and snoring in infants with Pierre Robin sequence. Cleft 
Palate Craniofac J. 2011;48:614–8. https://doi.org/10.1597/10-100.

 16. MacLean JE, Hayward P, Fitzgerald DA, Waters K. Cleft lip and/or palate and breathing during 
sleep. Sleep Med Rev. 2009;13:345–54. https://doi.org/10.1016/j.smrv.2009.03.001.

 17. DelRosso LM. Epidemiology and diagnosis of pediatric obstructive sleep apnea. Curr Probl 
Pediatr Adolesc Health Care. 2016;46:2–6. https://doi.org/10.1016/j.cppeds.2015.10.009.

 18. Tang A, Benke JR, Cohen AP, Ishman SL. Influence of tonsillar size on OSA improvement 
in children undergoing adenotonsillectomy. Otolaryngol Head Neck Surg. 2015;153:281–5. 
https://doi.org/10.1177/0194599815583459.

 19. Shen L, Zheng B, Lin Z, Xu Y, Yang Z. Tailoring therapy to improve the treatment of children 
with obstructive sleep apnea according to grade of adenotonsillar hypertrophy. Int J Pediatr 
Otorhinolaryngol. 2015;79:493–8. https://doi.org/10.1016/j.ijporl.2015.01.005.

 20. Center for Disease Control, Childhood Obesity Data. (n.d.). https://www.cdc.gove/obesity/
data/childhood.html.

 21. Verhulst SL, Van Gaal L, De Backer W, Desager K. The prevalence, anatomical correlates and 
treatment of sleep-disordered breathing in obese children and adolescents. Sleep Med Rev. 
2008;12:339–46. https://doi.org/10.1016/j.smrv.2007.11.002.

 22. Blechner M, Williamson AA. Consequences of obstructive sleep apnea in children. Curr Probl 
Pediatr Adolesc Health Care. 2016;46:19–26. https://doi.org/10.1016/j.cppeds.2015.10.007.

 23. Kohler MJ, Thormaehlen S, Kennedy JD, Pamula Y, van den Heuvel CJ, Lushington K, Martin 
AJ. Differences in the association between obesity and obstructive sleep apnea among children 
and adolescents. J Clin Sleep Med. 2009;5:506–11.

 24. Armoni Domany K, Hossain MM, Nava-Guerra L, Khoo MC, McConnell K, Carroll JL, Xu 
Y, DiFrancesco M, Amin RS. Cardioventilatory control in preterm born children and the risk 
of obstructive sleep apnea. Am J Respir Crit Care Med. 2018;197(12):1596–603. https://doi.
org/10.1164/rccm.201708-1700OC.

 25. Boston M, Rutter MJ.  Current airway management in craniofacial anomalies. Curr Opin 
Otolaryngol Head Neck Surg. 2003;11:428–32.

 26. Palaiologos G, Felig P. Effects of ketone bodies on amino acid metabolism in isolated rat dia-
phragm. Biochem J. 1976;154:709–16.

 27. Mass E, Brin I, Belostoky L, Maayan C, Gadoth N. A cephalometric evaluation of craniofacial 
morphology in familial dysautonomia. Cleft Palate Craniofac J. 1998;35:120–6. https://doi.
org/10.1597/1545-1569_1998_035_0120_ACEOCM_2.3.CO_2.

 28. Cielo CM, Marcus CL.  Obstructive sleep apnoea in children with craniofacial syndromes. 
Paediatr Respir Rev. 2015;16:189–96. https://doi.org/10.1016/j.prrv.2014.11.003.

 29. Steinberg B, Fraser B. The cranial base in obstructive sleep apnea. J Oral Maxillofac Surg. 
1995;53:1150–4. https://doi.org/10.1016/0278-2391(95)90621-5.

 30. Rosen D. Management of obstructive sleep apnea associated with down syndrome and other 
craniofacial dysmorphologies. Curr Opin Pulm Med. 2011;17:431–6. https://doi.org/10.1097/
MCP.0b013e32834ba9c0.

11 Management of Pediatric Obstructive Sleep Apnea

https://doi.org/10.1097/PRS.0000000000003752
https://doi.org/10.1136/archdischild-2012-302104
https://doi.org/10.1016/j.resp.2012.03.017
https://doi.org/10.1016/j.resp.2012.03.017
https://doi.org/10.1097/DBP.0b013e318206d5e3
https://doi.org/10.1597/10-100
https://doi.org/10.1016/j.smrv.2009.03.001
https://doi.org/10.1016/j.cppeds.2015.10.009
https://doi.org/10.1177/0194599815583459
https://doi.org/10.1016/j.ijporl.2015.01.005
https://www.cdc.gove/obesity/data/childhood.html
https://www.cdc.gove/obesity/data/childhood.html
https://doi.org/10.1016/j.smrv.2007.11.002
https://doi.org/10.1016/j.cppeds.2015.10.007
https://doi.org/10.1164/rccm.201708-1700OC
https://doi.org/10.1164/rccm.201708-1700OC
https://doi.org/10.1597/1545-1569_1998_035_0120_ACEOCM_2.3.CO_2
https://doi.org/10.1597/1545-1569_1998_035_0120_ACEOCM_2.3.CO_2
https://doi.org/10.1016/j.prrv.2014.11.003
https://doi.org/10.1016/0278-2391(95)90621-5
https://doi.org/10.1097/MCP.0b013e32834ba9c0
https://doi.org/10.1097/MCP.0b013e32834ba9c0


128

 31. Sedky K, Bennett DS, Pumariega A.  Prader Willi syndrome and obstructive sleep apnea: 
co-occurrence in the pediatric population. J Clin Sleep Med. 2014;10:403–9. https://doi.
org/10.5664/jcsm.3616.

 32. Allen J. Pulmonary complications of neuromuscular disease: a respiratory mechanics perspec-
tive. Paediatr Respir Rev. 2010;11:18–23. https://doi.org/10.1016/j.prrv.2009.10.002.

 33. Eikermann M, Vogt FM, Herbstreit F, Vahid-Dastgerdi M, Zenge MO, Ochterbeck C, de 
Greiff A, Peters J. The predisposition to inspiratory upper airway collapse during partial neu-
romuscular blockade. Am J Respir Crit Care Med. 2007;175:9–15. https://doi.org/10.1164/
rccm.200512-1862OC.

 34. Gozal D. Obstructive sleep apnea in children: implications for the developing central nervous 
system. Semin Pediatr Neurol. 2008;15:100–6. https://doi.org/10.1016/j.spen.2008.03.006.

 35. Tan H-L, Gozal D, Kheirandish-Gozal L. Obstructive sleep apnea in children: a critical update. 
Nat Sci Sleep. 2013;5:109–23. https://doi.org/10.2147/NSS.S51907.

 36. Bourke R, Anderson V, Yang JS, Jackman AR, Killedar A, Nixon GM, Davey MJ, Walker AM, 
Trinder J, Horne RS. Cognitive and academic functions are impaired in children with all sever-
ities of sleep-disordered breathing. Sleep Med. 2011;12:489–96. https://doi.org/10.1016/j.
sleep.2010.11.010.

 37. Miano S, Paolino MC, Urbano A, Parisi P, Massolo AC, Castaldo R, Villa MP. Neurocognitive 
assessment and sleep analysis in children with sleep-disordered breathing. Clin Neurophysiol. 
2011;122:311–9. https://doi.org/10.1016/j.clinph.2010.06.019.

 38. Halbower AC, Degaonkar M, Barker PB, Earley CJ, Marcus CL, Smith PL, Prahme MC, 
Mahone EM.  Childhood obstructive sleep apnea associates with neuropsychological defi-
cits and neuronal brain injury. PLoS Med. 2006;3:e301. https://doi.org/10.1371/journal.
pmed.0030301.

 39. Beebe DW, Gozal D. Obstructive sleep apnea and the prefrontal cortex: towards a comprehen-
sive model linking nocturnal upper airway obstruction to daytime cognitive and behavioral 
deficits. J Sleep Res. 2002;11:1–16. https://doi.org/10.1046/j.1365-2869.2002.00289.x.

 40. O’Brien LM, Serpero LD, Tauman R, Gozal D. Plasma adhesion molecules in children with 
sleep-disordered breathing. Chest. 2006;129:947–53. https://doi.org/10.1378/chest.129.4.947.

 41. Amin RS, Kimball TR, Kalra M, Jeffries JL, Carroll JL, Bean JA, Witt SA, Glascock BJ, 
Daniels SR.  Left ventricular function in children with sleep-disordered breathing. Am J 
Cardiol. 2005;95:801–4. https://doi.org/10.1016/j.amjcard.2004.11.044.

 42. Marcus CL, Greene MG, Carroll JL. Blood pressure in children with obstructive sleep apnea. Am 
J Respir Crit Care Med. 1998;157:1098–103. https://doi.org/10.1164/ajrccm.157.4.9704080.

 43. Alexander RW. Inflammation and coronary artery disease. N Engl J Med. 1994;331:468–9. 
https://doi.org/10.1056/NEJM199408183310709.

 44. Freezer NJ, Bucens IK, Robertson CF. Obstructive sleep apnoea presenting as failure to thrive 
in infancy. J Paediatr Child Health. 1995;31:172–5.

 45. Waters KA, Sitha S, O’brien LM, Bibby S, de Torres C, Vella S, de la Eva R. Follow-up on 
metabolic markers in children treated for obstructive sleep apnea. Am J Respir Crit Care Med. 
2006;174:455–60. https://doi.org/10.1164/rccm.200401-110OC.

 46. Myers MG, Cowley MA, Munzberg H. Mechanisms of leptin action and leptin resistance. Annu 
Rev Physiol. 2008;70:537–56. https://doi.org/10.1146/annurev.physiol.70.113006.100707.

 47. Polotsky VY, Smaldone MC, Scharf MT, Li J, Tankersley CG, Smith PL, Schwartz AR, 
O’Donnell CP. Impact of interrupted leptin pathways on ventilatory control. J Appl Physiol 
(Bethesda, Md 1985). 2004;96:991–8. https://doi.org/10.1152/japplphysiol.00926.2003.

 48. Hayflick L. Current theories of biological aging. Fed Proc. 1975;34:9–13. http://www.ncbi.
nlm.nih.gov/pubmed/1088947.

 49. Brouilette R, Hanson D, David R, Klemka L, Szatkowski A, Fernbach S, Hunt C. A diagnostic 
approach to suspected obstructive sleep apnea in children. J Pediatr. 1984;105:10–4.

 50. Miles PG, Vig PS, Weyant RJ, Forrest TD, Rockette HE Jr. Craniofacial structure and obstruc-
tive sleep apnea syndrome—a qualitative analysis and meta-analysis of the literature. Am J 
Orthod Dentofac Orthop. 1996;109:163–72. https://doi.org/10.1016/S0889-5406(96)70177-4.

B. Steinberg et al.

https://doi.org/10.5664/jcsm.3616
https://doi.org/10.5664/jcsm.3616
https://doi.org/10.1016/j.prrv.2009.10.002
https://doi.org/10.1164/rccm.200512-1862OC
https://doi.org/10.1164/rccm.200512-1862OC
https://doi.org/10.1016/j.spen.2008.03.006
https://doi.org/10.2147/NSS.S51907
https://doi.org/10.1016/j.sleep.2010.11.010
https://doi.org/10.1016/j.sleep.2010.11.010
https://doi.org/10.1016/j.clinph.2010.06.019
https://doi.org/10.1371/journal.pmed.0030301
https://doi.org/10.1371/journal.pmed.0030301
https://doi.org/10.1046/j.1365-2869.2002.00289.x
https://doi.org/10.1378/chest.129.4.947
https://doi.org/10.1016/j.amjcard.2004.11.044
https://doi.org/10.1164/ajrccm.157.4.9704080
https://doi.org/10.1056/NEJM199408183310709
https://doi.org/10.1164/rccm.200401-110OC
https://doi.org/10.1146/annurev.physiol.70.113006.100707
https://doi.org/10.1152/japplphysiol.00926.2003
http://www.ncbi.nlm.nih.gov/pubmed/1088947
http://www.ncbi.nlm.nih.gov/pubmed/1088947
https://doi.org/10.1016/S0889-5406(96)70177-4


129

 51. Accardo JA, Shults J, Leonard MB, Traylor J, Marcus CL. Differences in overnight polysom-
nography scores using the adult and pediatric criteria for respiratory events in adolescents. 
Sleep. 2010;33:1333–9. https://doi.org/10.1093/sleep/33.10.1333.

 52. Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur VK, Marcus CL, Mehra R, 
Parthasarathy S, Quan SF, Redline S, Strohl KP, Davidson Ward SL, Tangredi MM, A.A. of 
S. Medicine. Rules for scoring respiratory events in sleep: update of the 2007 AASM manual 
for the scoring of sleep and associated events. Deliberations of the sleep apnea definitions task 
force of the American Academy of sleep medicine. J Clin Sleep Med. 2012;8:597–619. https://
doi.org/10.5664/jcsm.2172.

 53. Mitchell RB. Adenotonsillectomy for obstructive sleep apnea in children: outcome evaluated 
by pre- and postoperative polysomnography. Laryngoscope. 2007;117:1844–54. https://doi.
org/10.1097/MLG.0b013e318123ee56.

 54. Mitchell RB, Kelly J.  Outcome of adenotonsillectomy for severe obstructive sleep apnea 
in children. Int J Pediatr Otorhinolaryngol. 2004;68:1375–9. https://doi.org/10.1016/j.
ijporl.2004.04.026.

 55. Lipton AJ, Gozal D. Treatment of obstructive sleep apnea in children: do we really know how? 
Sleep Med Rev. 2003;7:61–80. https://doi.org/10.1053/smrv.2001.0256.

 56. Lin AC, Koltai PJ.  Persistent pediatric obstructive sleep apnea and lingual tonsillectomy. 
Otolaryngol Head Neck Surg. 2009;141:81–5. https://doi.org/10.1016/j.otohns.2009.03.011.

 57. Anand H, Roberts PJ, Badman G, Dixon AJ, Collins JF. Novel kainic acid analogues. Effects 
on cyclic GMP content of adult rat cerebellar slices. Biochem Pharmacol. 1986;35:409–15. 
https://doi.org/10.1016/0006-2952(86)90213-3.

 58. O’Donnell AR, Bjornson CL, Bohn SG, Kirk VG. Compliance rates in children using nonin-
vasive continuous positive airway pressure. Sleep. 2006;29:651–8.

 59. Goldbart AD, Veling MC, Goldman JL, Li RC, Brittian KR, Gozal D. Glucocorticoid receptor 
subunit expression in adenotonsillar tissue of children with obstructive sleep apnea. Pediatr 
Res. 2005;57:232–6. https://doi.org/10.1203/01.PDR.0000150722.34561.E6.

 60. 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;138:838–44. https://doi.org/10.1067/mpd.2001.114474.

 61. Tahiri Y, Viezel-Mathieu A, Aldekhayel S, Lee J, Gilardino M. The effectiveness of mandibu-
lar distraction in improving airway obstruction in the pediatric population. Plast Reconstr Surg. 
2014;133:352e–9e. https://doi.org/10.1097/01.prs.0000438049.29258.a8.

 62. Figueroa AA, Glupker TJ, Fitz MG, BeGole EA. Mandible, tongue, and airway in Pierre Robin 
sequence: a longitudinal cephalometric study. Cleft Palate Craniofac J. 1991;28:425–34. 
https://doi.org/10.1597/1545-1569(1991)028_0425:MTAAIP_2.3.CO_2.

 63. Bouchard C, Troulis MJ, Kaban LB.  Management of obstructive sleep apnea: role of dis-
traction osteogenesis. Oral Maxillofac Surg Clin North Am. 2009;21:459–75. https://doi.
org/10.1016/j.coms.2009.07.001.

 64. Carr MM, Poje CP, Kingston L, Keilma D, Heard C. Complications in pediatric tracheosto-
mies. Laryngoscope. 2001;111:1925–8.

11 Management of Pediatric Obstructive Sleep Apnea

https://doi.org/10.1093/sleep/33.10.1333
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.1097/MLG.0b013e318123ee56
https://doi.org/10.1097/MLG.0b013e318123ee56
https://doi.org/10.1016/j.ijporl.2004.04.026
https://doi.org/10.1016/j.ijporl.2004.04.026
https://doi.org/10.1053/smrv.2001.0256
https://doi.org/10.1016/j.otohns.2009.03.011
https://doi.org/10.1016/0006-2952(86)90213-3
https://doi.org/10.1203/01.PDR.0000150722.34561.E6
https://doi.org/10.1067/mpd.2001.114474
https://doi.org/10.1097/01.prs.0000438049.29258.a8
https://doi.org/10.1597/1545-1569(1991)028_0425:MTAAIP_2.3.CO_2
https://doi.org/10.1016/j.coms.2009.07.001
https://doi.org/10.1016/j.coms.2009.07.001

	11: Management of Pediatric Obstructive Sleep Apnea
	11.1	 Introduction
	11.2	 Epidemiology and Prevalence
	11.3	 Pathophysiology
	11.4	 Risk Factors and Medical Conditions Associated with Pediatric OSA
	11.4.1	 Tonsillar and Adenoid Hypertrophy
	11.4.2	 Obesity
	11.4.3	 Prematurity
	11.4.4	 Craniofacial Deformities
	11.4.5	 Neuromuscular Disorders

	11.5	 Clinical Presentation of Pediatric OSA
	11.5.1	 Neurocognitive Sequelae
	11.5.2	 Cardiovascular Sequelae
	11.5.3	 Weight Changes
	11.5.4	 Insulin Resistance and Metabolic Syndrome
	11.5.5	 Psychiatric Sequelae

	11.6	 Diagnosis
	11.7	 Management
	11.8	 Summary
	References




