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Obstructive sleep apnea (OSA) is a common disease that is often under-diagnosed and under-treated in all ages.

This is due to differences in morphology, diversity in clinical phenotypes, and differences in diagnosis and

treatment of OSA in children and adults, even among individuals of the same age. 
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1. Introduction

Obstructive sleep apnea (OSA) is characterized by a partial or complete obstruction of the upper airways for at

least 10 s, while exerting respiratory effort conducted by chest and abdomen movements. Symptoms of OSA

include excessive daytime sleepiness, fatigue, snoring, repeated microarousals, and headache upon awakening.

Diagnosis of OSA is based on clinical symptoms and polysomnography (PSG) at sleep lab or at home (home sleep

apnea testing—HSAT). Treatment of OSA includes continuous positive airway pressure (CPAP), oral appliances,

and surgery, in addition to weight loss and sleep hygiene.

However, OSA is a sleep disorder with high prevalence and comorbidities, and diverse clinical manifestations or

phenotypes. Conventional approaches to diagnosis and treatment of OSA are no longer fully appropriate for all

cases of OSA. To optimize the diagnosis and treatment of this disease, a more tailored approach is needed. The

personalization (or individualization) in diagnosis and treatment of OSA is an optimal solution for all diseases in

general and for OSA in particular.

2. Personalization of Diagnosis and Treatment of Children
with OSA

2.1. General Consideration

OSA in children is common. Although the prevalence of snoring in children is 3–12%, OSA affects 1% to 10% of

children . OSA affects the development of the child in terms of behavior, brain development, metabolism, and

overall health. These harmful effects continue to affect children to adulthood. Therefore, the early diagnosis and

appropriate treatment of OSA will help children to develop normally and to prevent future detrimental effects .
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The most common age group with OSA is 2 to 8 years old, related to adenotonsillar hypertrophy which causes

upper airway narrowing. Other causes, such as premature birth and Down syndrome, also increase the risk of

OSA. Boys have a higher risk of OSA than girls after puberty, but before puberty it is equal in the two sexes .

Severity of OSA is increased when children are obese, exposed to cigarette smoke, or have family with difficult

economic conditions .

2.2. Personalization of Clinical Approach for Children with OSA

2.2.1. Overview

The history and symptoms of children with OSA are varied and complex. There are many validated questionnaires

which have been used to screen children with OSA. However, the current treatment guidelines recommend that

physicians should ask about sleep duration and quality of sleep, as well as snoring, in suspected children with

OSA. Evaluation of the child’s sleep quality should include issues such as number of microarousals, abnormal

sleeping positions, and sleep disruptions with unusual movements . It is important to inform parents about sleep

symptoms related to OSA because they may not perceive the problems as unusual or harmful to the child’s health

.

Clinically, OSA in children often presents differently from adults with OSA. Children’s parents might discover OSA in

their children with snoring, mouth breathing, pause of breathing, waking in the middle of the night, bedwetting, or

enuresis. Children with OSA often experience sleep disruptions that affect daytime behaviors such as hyperactivity,

inability to concentrate well, irritability, anger, aggression, or decreased memory. Parents of young children may

pay more attention to their child’s daytime problems, and complain to the clinician about them, than their child’s

nocturnal symptoms .

2.2.2. Clinical Manifestations of Children with OSA

The symptoms of OSA in children vary by age group during childhood. From 3 to 12 months of age, newborn

babies with OSA show signs of sleep disruption, poor day–night cycle discrimination, loud breathing or snoring,

night sweats, poor feeding, physical retardation, ear infections, or persistent recurrent respiratory infections .

From 1 to 3 years of age, children with OSA often cry at night or panic during sleep, loudly breathing or snoring,

mouth breathing, with short apnea, agitation at sleep, daytime fatigue, irritability, aggression, recurrent respiratory

infections, or growth retardation . Children from 3 to 6 years old have much more complicated and varied

manifestations; in addition to the symptoms of younger children, they have additional symptoms such as abnormal

sleeping positions, bedwetting, parasomnia, poor concentration, headache on waking, sleepiness during the day,

or difficulty waking up in the morning . School-age children with OSA usually show all the symptoms of younger

children and others which are typical at this age, including loudly snoring, bruxism sleep, poor school study results,

abnormal growth, delayed puberty, shyness and low self-esteem, depression, dental problems, and maxillofacial

structure deformation .
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In children, there are four main causes of OSA: obesity, adenotonsillar hypertrophy, abnormalities of craniofacial

structure, and neuromuscular dysfunction. All of these cause narrowing and obstruction of the upper airway.

Children with neuromuscular dysfunction may present with OSA and central sleep apnea (CSA). Structural

craniofacial abnormalities are common in hereditary syndromes such as Crouzon, Pierre Robin, or Apert. Some

other craniofacial abnormalities that cause short anterior pharynx space also increase the risk of OSA, such as

chin hypoplasia, small chin or large tongue, and midfacial hypoplasia .

2.2.3. Clinical and Laboratory Considerations for Children with OSA

Clinical examination of children with OSA may reveal excessive fatigue or hyperactivity. ENT (ear–nose–throat)

examination may reveal allergic rhinitis with blocked nose, small chin, large tongue, narrow palate, or large tonsils.

Similar to adults, obesity can be seen in children with OSA . Blood pressure should be assessed for children with

OSA because some children may develop hypertension due to prolonged OSA. Clinical examination also focuses

on abnormal craniofacial structure with congenital syndromes. Physicians should ask carefully about a history of

preterm birth as this is a risk factor for OSA .

Polysomnography (PSG) is the gold standard for the diagnosis of OSA in children and adults. Some other tests can

support the diagnosis of OSA in children, such as respiratory polysomnography (RPG) or nocturnal oxygen

saturation measurement, but the latter is not a substitute for PSG or RPG . It is necessary to conduct more

comprehensive tests for general consideration before developing specific treatments for OSA. These tests include

electrocardiogram, chest X-ray, 24 h blood pressure monitoring, especially for children with severe OSA .

Imaging tests used to evaluate craniofacial anatomy are also necessary to contribute to the diagnosis and

treatment of OSA in children .

All-night sleep polysomnography for children should be conducted with a full range of sensors on

electroencephalogram, electro-optical, electromyography, electrocardiogram, respiratory exertion, nasal-to-mouth

flow, nasal–oral temperature sensor, snoring, SpO2, and leg movements. The ideal case needs an additional CO

sensor, which can be used either at the end of exhalation or under the skin. Measurement results need to be full of

parameters of waking time, sleep quality, sleep potential, and sleep stages. The AHI (apnea–hypopnea index—the

number of apnea events in 1 h) needs to be determined accurately. The OSA severity grade is as follows: 1/h ≤ AHI

< 5/h mild; 5/h ≤ AHI < 10/h moderate; and 10/h ≤ severe AHI . This classification only applies to children under

13 years old. Because the airway structure of infants is often highly stable and intact, the most common respiratory

events are hypoventilation without apnea, as in adults. Hypoxia is also not as common as in adults and often, when

determining respiratory events, an EEG will be needed to evaluate microarousal to identify hypoventilation related

to microarousal. Therefore, if conducting respiratory polygraphs in children, the probability of missing diagnosis will

be very high.

2.3. Personalized Treatment of Children with OSA

Treatment of OSA in children needs to follow a personalized approach within a general consideration. Weight loss

is essential for obese children because it reduces the severity of OSA . In obese children, the encouragement to
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physical activities is also very important: participating in sports may help to stabilize weight and improve the quality

of sleep. Sleep hygiene is also important for healthy physiologic function and to reduce the risk of OSA.

Specific treatment for children with OSA includes surgical or non-surgical therapy. In OSA children with

adenotonsillar hypertrophy and/or blocked nasal passages due to allergic rhinitis, the effectiveness of leukotriene

receptor antagonists (LRAs) has been demonstrated for those with mild-to-moderate OSA . LRAs might reduce

the adenotonsillar size after 3 months of treatment and therefore improve the apnea–hypopnea index (AHI) results

in children with OSA . In cases of nasal problems, topical corticosteroid use might improve AHI in mild-to-

moderate OSA . The combination of LRAs and topical nasal corticosteroids may result in a significant reduction in

AHI in children with OSA . The recent systematic review and meta-analysis on the safety and adverse effects of

intranasal corticosteroid therapy in children stated that the use of topical nasal corticosteroids which have been

approved by Food and Drug Administration (FDA) are generally safe in the pediatric population: growth velocity

reduction, hypothalamic–pituitary–adrenal axis suppression, and visual changes are uncommon .

For OSA children with adenotonsillar hypertrophy, adenotonsillectomy remains an optimal therapy for OSA. This

intervention could be indicated for those with AHI ≥ 10 events/h or for those with mild to moderate OSA (5 < AHI <

10 events/h) but with severe symptoms . Other interventions such as partial adenotonsillectomy or

oropharyngeal orthopedic surgery have been ineffective and data are limited . Tonsillectomy can be total or

partial. The total tonsil and capsule are removed in total tonsillectomy; when the capsule or portion of the tonsil is

left in situ this is known as intracapsular tonsillectomy . However, when tonsillectomy fails, drug-induced sleep

endoscopy (DISE) may provide a more personalized surgical plan and limit unsuccessful interventions .

Children should have a careful follow-up after tonsillectomy. Regarding surgical intervention for adenotonsillar

hypertrophy, children with obesity and allergic rhinitis must have those health issues addressed before surgery.

Adenotonsillectomy is effective in reducing AHI in children who are not obese and without nasopharyngeal

problems or other causes . The results of the recent publication, based on a series of 114 children (mean age of

5.5 ± 2.1 years) with OSA who had adenotonsillar hypertrophy, demonstrated that treatment with ALR for moderate

OSA or surgery (Figure 1) for severe OSA might reduce the symptoms related to OSA at night and during the day,

and the mean AHI post-intervention .
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Figure 1. Tonsillectomy in children with OSA related to adenotonsillar hypertrophy. (A): adenoid hypertrophy; (B):

tonsillar hypertrophy; (C,D): tonsillectomy; (E,F): the results of tonsillectomy at day 7 and 14 after intervention.

The same as with adults, the use of positive airway pressure (PAP) is also an option for the treatment of pediatric

OSA. Although there are many limitations for the treatment of PAP in children with OSA, PAP may be indicated in

cases of moderate-to-severe OSA in obese children awaiting weight loss, or in children who are indicated for

adenotonsillectomy that has not yet been performed . However, adherence to PAP therapy in children is a big[8]
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concern because ensuring their cooperation is more difficult than for adults. In addition, the long-term use of nasal

or face masks can also affect the development of the child’s craniofacial structure. Oral devices in children do not

have much data to evaluate the effectiveness and benefits. For children with a narrow and high palate, palatal

expander intervention might improve AHI . Maxillomandibular advancement surgery might be considered a

primary single-stage treatment for improving the quality of life in preadolescent refractory OSA . In addition, the

efficacy of orthodontic treatment versus adenotonsillectomy, in children with moderate OSA accompanied by

tonsillar adenoid hypertrophy and mandibular retrognathia, has been demonstrated recently .

However, when tonsillectomy and adenoidectomy is not indicated or fails to address pediatric OSA (residual

pediatric OSA), the orthodontic interventions might be considered as alternative methods for those with maxillary

expansion, mandibular advancement, or maxillary complex advancement with skeletal anchored headgear .
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