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Pediatric obstructive sleep apnea (OSA) is a multifactorial condition with serious neurocognitive, cardiovascular, and metabolic
consequences. While adenotonsillectomy (AT) remains the first-line therapy for many cases, complex presentations involving
obesity, craniofacial anomalies, or neuromuscular disorders require coordinated multidisciplinary management. This review
provides a comprehensive synthesis of current strategies across diagnosis, treatment, and long-term follow-up. Diagnostic ap-
proaches include clinical screening with a combination of physical examination, polysomnography, imaging, and drug-induced
sleep endoscopy. Treatment options range from surgical interventions to positive airway pressure therapy, pharmacologic treat-
ments, dental and orthodontic approaches, behavioral modification, and psychological therapy. Special considerations are given
to high-risk populations such as children with Down syndrome, Prader-Willi syndrome, neuromuscular disease, and extreme obe-
sity. The emphasis is on residual or refractory OSA and the importance of individualized treatment pathways, shared decision-
making, and multidisciplinary clinics. Longitudinal care—neurocognitive monitoring, cardiometabolic surveillance, and digital
health tool use—is critical for optimizing long-term outcomes. By synthesizing evidence across specialties, this review provides
practical guidance for comprehensive, patient-centered care in pediatric OSA.
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Introduction

Pediatric obstructive sleep apnea (OSA) is a sleep
disorder characterized by repeated episodes of upper air-
way obstruction during sleep, leading to ventilatory dis-
ruption, intermittent hypoxemia, and sleep fragmentation
[1,2]. Clinical presentation differs from adults in that chil-
dren tend more frequently to present with behavioral distur-
bances such as hyperactivity, attention deficits, or poor aca-
demic performance, rather than obvious excessive daytime
sleepiness. Characteristic symptoms include frequent snor-
ing, witnessed apneas, and nocturnal enuresis (bed-wetting)
during sleep; daytime somnolence may also occur but is of-
ten less pronounced or may be masked by hyperactive be-
havior [3]. Untreated pediatric OSA can result in signif-
icant morbidity in the form of neurocognitive and cardio-
vascular dysfunction (e.g., hypertension, endothelial dys-
function) and metabolic derangements like insulin resis-
tance and dyslipidemia [4,5]. Given these risks, pediatric
OSA is a significant public health concern that needs early
diagnosis and comprehensive management. Though adeno-
tonsillectomy (AT) remains the cornerstone for the manage-
ment of OSA in children, most cases involve multiple con-
tributing factors, including obesity, craniofacial abnormal-
ities, neuromuscular disorders, and behavioral conditions.

In such cases, single-specialty management—often led by
otolaryngologists—is insufficient [2,3]. Multidisciplinary
teams improve compliance and long-term outcomes with
pediatric OSA, particularly complicated cases [6].

This review seeks to offer a pragmatic, multi-
disciplinary summary of pediatric OSA care from diagnosis
to long-term follow-up. By integrating perspectives from
multiple specialties, it offers proposes coordinated strate-
gies. Unlike traditional reviews that emphasize surgical or
pharmacologic approaches in isolation, this review incorpo-
rates clinical workflows, algorithm-based diagnostic path-
ways, and multidisciplinary treatment strategies.

Topics include epidemiology and pathophysiology,
screening and diagnostic tests, operative and non-operative
treatment, longitudinal follow-up, management in high-risk
populations, resource-limited setting challenges, and future
directions. The goal is to support clinicians in translat-
ing current evidence into effective, comprehensive care for
children with OSA.
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Epidemiology and Pathophysiological Basis

Prevalence and Risk Factors
The prevalence of pediatric OSA has been estimated

to range from 1.2% to 5.7%, with the highest rates reported
in children aged 4 to 6 years [7]. Variability in prevalence
estimates is largely attributable to differences in study pop-
ulation, diagnostic criteria, and assessment methods [4].
Themost common risk factor is adenotonsillar hypertrophy,
particularly in younger children [8]. Obesity is also a sig-
nificant risk factor, especially among adolescents, due to fat
deposition in the upper airway with consequent obstruction
during sleep. Craniofacial anomalies, such as micrognathia
and midface hypoplasia, predispose children to OSA by al-
tering airway anatomy [9].

Neuromuscular illnesses, including cerebral palsy and
muscular dystrophy, are associated with higher risk of OSA
due to hypotonia that compromises airway patency. Addi-
tionally, those with genetic syndromes such as Prader–Willi
syndrome and Down syndrome are at an increased risk of
developing OSA, owing to features such as macroglossia,
midface hypoplasia, and generalized hypotonia [4].

Environmental exposures such as tobacco smoke and
allergens, may also contribute to the development or exac-
erbation of OSA. Furthermore, male sex has been identified
as a potential risk factor, with one study reporting a higher
prevalence in boys than in girls [8].

Mechanistic Insights (Airway Anatomy,
Neuromuscular Tone, Inflammation)

Pediatric OSA is characterized by recurrent upper air-
way obstruction during sleep, resulting from the interac-
tion of complex anatomical, neuromuscular, and inflam-
matory mechanisms [10]. From an anatomical perspec-
tive, adenotonsillar hypertrophy, craniofacial abnormalities
(e.g., retrognathia and midface hypoplasia), and obesity-
related fat deposition in the upper airway contribute to air-
way narrowing and increased susceptibility to inspiratory
collapse [10]. Neuromuscular mechanisms involve reduced
tone and impaired responsiveness of the pharyngeal dila-
tor muscles during sleep, which further predispose the air-
way to obstruction [10,11]. Inflammatory processes also
play a significant role. Recurrent episodes of intermittent
hypoxia and oxidative stress associated with apneic events
may induce both local and systemic inflammation, leading
to tissue remodeling and further compromise of airway in-
tegrity [11]. Elevated levels of proinflammatory cytokines,
including interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-α), have been reported in children with OSA
and correlate with disease severity [11]. These pathophys-
iological mechanisms underscore the need for multimodal
evaluation and individualized treatment strategies in pedi-
atric OSA.

Diagnostic Approaches: A Multidisciplinary
Workflow

Initial Clinical Screening: Pediatric Sleep
Questionnaire (PSQ) and Physical Examination
Findings

The Pediatric SleepQuestionnaire (PSQ) is a validated
screening tool used to identify sleep-disordered breathing
in children aged 2 to 18 years [12]. In settings where
polysomnography (PSG) is unavailable, the PSQmay serve
as a practical alternative for initial risk assessment. The
questionnaire consists of 22 items evaluating symptoms
such as snoring frequency, witnessed apneas, daytime
sleepiness, and behavioral concerns, including inattention
and hyperactivity.

Studies have demonstrated that the PSQ can predict
moderate-to-severe OSAwith acceptable accuracy in obese
children, with an area under the receiver operating charac-
teristic curve (AUC) of 0.88, sensitivity of 80%, and speci-
ficity of 100% at a cutoff value of 0.65 [13]. A PSQ score
>0.33 indicates a high risk of OSA and has shown good
sensitivity and specificity across various populations [12–
14].

Physical examination findings also contribute to the
initial evaluation of pediatric OSA. Common features in-
clude adenotonsillar hypertrophy, craniofacial abnormali-
ties (e.g., retrognathia and midface hypoplasia), and signs
of obesity, such as increased neck circumference. These
factors may contribute to upper airway obstruction during
sleep [15]. However, neither the PSQ nor physical exami-
nation alone is sufficient for a definitive diagnosis. Objec-
tive sleep testing, particularly PSG for measurement of the
apnea–hypopnea index (AHI) and related parameters, is re-
quired [15]. Once a high risk of OSA is identified through
screening, a structured multidisciplinary diagnostic path-
way should be implemented to guide further evaluation and
management (see Fig. 1).

Role of ENT Specialists, Pediatricians, Dentists, and
Sleep Specialists in Early Evaluation

Multidisciplinary collaboration among pediatricians,
otolaryngologists (ENT specialists), dentists, and sleep spe-
cialists enhances diagnostic accuracy and facilitates indi-
vidualized treatment planning [16].

ENT specialists play a central role in evaluating
anatomical contributors to airway obstruction, including
adenotonsillar hypertrophy, nasal septal deviation, and
turbinate hypertrophy. They perform detailed assessments,
such as flexible nasopharyngoscopy and endoscopic exam-
ination, to identify sites of airway obstruction. ENT eval-
uation is particularly important when surgical intervention,
such as adenotonsillectomy (AT), is being considered [17].

Pediatricians are typically the first point of contact and
are responsible for initial screening during routine health-
care visits. They assess risk factors, including obesity,
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Fig. 1. Diagnostic algorithm for pediatric obstructive sleep apnea (OSA): from clinical screening to multidisciplinary diagnosis.
This streamlined algorithm outlines the stepwise diagnostic pathway for pediatric OSA, starting with clinical screening and the Pediatric
Sleep Questionnaire (PSQ), followed by multidisciplinary evaluation, objective sleep testing, and risk stratification leading to shared
decision-making (SDM) for individualized treatment.

https://www.discovmed.com/
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craniofacial abnormalities, and neuromuscular disorders, as
well as symptoms such as snoring, daytime sleepiness, and
behavioral disturbances. Screening tools such as the PSQ
are commonly used to identify at-risk children and facilitate
timely referral for specialist evaluation [13].

Orthodontists and pediatric dentists are well posi-
tioned to identify craniofacial abnormalities and oral fea-
tures associated with OSA [18]. During routine dental ex-
aminations, they may detect findings such as tonsillar hy-
pertrophy, retrognathia, and a high-arched palate. Their
role in therapeutic interventions is discussed in Section
4.2.3.

Sleep specialists play a pivotal role by interpreting
sleep study results (e.g., PSG and HSAT), providing exper-
tise in sleep physiology, and guiding diagnostic and thera-
peutic decision-making. Their involvement ensures accu-
rate integration of objective sleep data into clinical assess-
ment and supports appropriate treatment planning, as illus-
trated in the diagnostic algorithm (Fig. 1) [4,16].

Sleep Studies: Polysomnography, Home Sleep Apnea
Testing, and Respiratory Polygraphy

Polysomnography (PSG) is the gold standard for di-
agnosing pediatric OSA. It involves overnight monitor-
ing of multiple physiological parameters, including elec-
troencephalography, electrooculography, electromyogra-
phy, electrocardiography, airflow, respiratory effort, and
oxygen saturation. PSG provides quantitative data on sleep
architecture and respiratory events, enabling accurate diag-
nosis and severity classification [15].

Home Sleep Apnea Testing (HSAT) has been explored
as an alternative to in-laboratory PSG, particularly in set-
tings with limited access to sleep laboratories. HSAT uti-
lizes portable devices that measure a limited set of parame-
ters, such as airflow, respiratory effort, and oxygen satura-
tion. Although HSAT is convenient and cost-effective, its
use in children remains limited due to concerns regarding
accuracy, particularly in younger patients and those with
comorbidities [19,20]. Most validation studies in pediatric
populations involve small sample sizes and often exclude
younger children or those with significant comorbid condi-
tions. Technical limitations, including signal loss, poor sen-
sor tolerance, and reduced sensitivity for mild disease, fur-
ther compromise reliability. Therefore, while HSAT may
be considered in selected older children and adolescents for
screening or follow-up, it is not recommended as a stan-
dalone diagnostic tool. PSG remains the reference standard.

Respiratory polygraphy (RP) is another diagnostic
modality that records respiratory parameters without as-
sessing sleep stages [21,22]. It typically measures airflow,
respiratory effort, and oxygen saturation. Although less
comprehensive than PSG, RPmay be useful in specific clin-
ical contexts, such as resource-limited settings or when PSG
is unavailable [23]. However, the absence of sleep stage
data may lead to misestimation of OSA severity. In sum-

mary, although PSG remains the gold standard for pediatric
OSA diagnosis, HSAT and RP may serve as complemen-
tary tools in selected scenarios. The choice of diagnostic
modality should be individualized based on patient charac-
teristics, resource availability, and clinical expertise.

Imaging Modalities and Drug-Induced Sleep
Endoscopy (DISE)

Imaging modalities and drug-induced sleep en-
doscopy (DISE) play important roles in evaluating pedi-
atric OSA, particularly in complex or treatment-resistant
cases [24,25]. When used appropriately, these approaches
provide complementary information and support individu-
alized treatment planning.

Various imaging techniques are used to assess anatom-
ical contributors to OSA. Lateral neck radiographs can
identify adenoidal hypertrophy, while cephalometric imag-
ing evaluates craniofacial structures. Magnetic resonance
imaging (MRI) and computed tomography (CT) provide
high-resolution visualization of soft tissue and skeletal
anatomy, facilitating identification of airway obstruction.
These modalities are particularly useful in children with
craniofacial abnormalities or persistent OSA following AT
[26]. However, concerns regarding radiation exposure and
the need for sedation in younger children limit their routine
use.

DISE involves pharmacologically induced sleep to al-
low dynamic visualization of the upper airway using flexi-
ble endoscopy [27]. This technique enables identification
of specific sites and patterns of airway collapse, thereby
guiding targeted surgical interventions [26]. DISE is partic-
ularly useful in children with residual OSA after AT, mini-
mal adenotonsillar hypertrophy, or craniofacial syndromes
[28]. Evidence suggests that DISE can influence surgical
decision-making and improve outcomes in selected cases
[29]. It is generally considered safe when performed by ex-
perienced teams [29,30]. Standardized classification sys-
tems, such as the VOTE classification, have been devel-
oped to characterize sites of obstruction and improve inter-
observer reliability and treatment planning [28,30,31].

However, most available evidence is derived from
single-center observational studies with relatively small pe-
diatric cohorts. The lack of randomized controlled tri-
als limits causal inference regarding the impact of DISE-
guided interventions on long-term outcomes. Therefore, al-
though DISE is increasingly used as a diagnostic adjunct,
its clinical utility should be interpreted cautiously pending
further high-quality evidence.

Risk Stratification and Shared Decision-Making in
Complex Pediatric OSA Cases

Effective management of pediatric OSA requires a
multidisciplinary approach that incorporates risk stratifi-
cation and shared decision-making (SDM) to develop in-
dividualized care plans. Risk stratification considers fac-
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tors such as age, obesity, adenotonsillar hypertrophy, and
PSG findings to assess disease severity and guide treat-
ment selection. For example, children aged 1 to 5 years,
those with obesity, and those presenting with frequent snor-
ing or excessive daytime sleepiness are at increased risk of
moderate-to-severe OSA [32]. Shared decision-making is a
collaborative process in which clinicians, patients, and fam-
ilies jointly determine treatment strategies based on clinical
evidence, patient values, and preferences. SDM is particu-
larly important in pediatric OSA due to the involvement of
multiple stakeholders and the availability of diverse treat-
ment options. Implementation of SDM has been associated
with improved treatment adherence and clinical outcomes
[33].

Multidisciplinary clinics that integrate otolaryngolo-
gists, sleep physicians, pediatricians, dentists, nutritionists,
and psychologists facilitate comprehensive evaluation and
coordinated care for complex OSA cases [34]. These mod-
els support holistic management by addressing anatomical,
physiological, behavioral, and psychosocial factors. Effec-
tive SDM within multidisciplinary settings requires clear
communication, mutual respect, and the use of decision
aids to inform families about the risks and benefits of avail-
able treatment options [35]. This approach enhances fam-
ily engagement and aligns treatment decisions with patient-
centered goals.

A stepwise multidisciplinary diagnostic algorithm in-
tegrating screening tools, clinical assessment, and objective
testing is presented in Fig. 1. This evidence-based frame-
work incorporates validated measures such as the PSQ, spe-
cialist evaluation, and advanced diagnostic modalities, in-
cluding PSG, imaging, and DISE. It enables personalized
risk stratification and facilitates shared decision-making in
treatment planning for pediatric OSA.

Management Strategies for Pediatric OSA

Following risk stratification and confirmatory diagno-
sis, treatment of pediatric OSA should be individualized
based on disease severity, anatomical factors, and comor-
bidities. As outlined in the diagnostic algorithm (Fig. 1),
therapeutic decisions should align with a stepwise evalua-
tion process and patient-specific risk profiles. The follow-
ing sections summarize surgical and non-surgical manage-
ment approaches based on current evidence and multidisci-
plinary consensus.

Surgical Interventions
Indications and Limitations for Adenotonsillectomy (AT)

Adenotonsillectomy (AT) is widely accepted as the
first-line surgical treatment for pediatric OSA, particu-
larly in children older than 2 years with adenotonsillar
hypertrophy [36]. Indications include moderate-to-severe
OSA confirmed by PSG (apnea–hypopnea index [AHI]>5
events/hour) or the presence of significant clinical symp-

toms, such as habitual snoring, witnessed apneas, daytime
sleepiness, behavioral disturbances, or growth impairment
[36,37]. However, residual OSA may persist, particularly
in children with obesity, craniofacial abnormalities, or neu-
romuscular disorders, necessitating further evaluation and
ongoing management.

Alternative Surgical Approaches and DISE-Guided
Strategies

In cases where AT is contraindicated or insufficient,
additional surgical interventions may be considered. Intra-
capsular tonsillotomy involves partial removal of tonsillar
tissue while preserving the tonsillar capsule and has been
associated with reduced postoperative pain and bleeding
compared with total tonsillectomy. However, it carries a
risk of tonsillar regrowth and recurrence of OSA [38–40].
Drug-induced sleep endoscopy (DISE) enables dynamic vi-
sualization of upper airway collapse during sedation and
can guide targeted surgical procedures, such as lingual ton-
sillectomy or epiglottopexy, in children with residual or
complex OSA [29,31]. Preoperative planning using DISE
has been associated with improved outcomes in selected pe-
diatric populations.

Nevertheless, the current evidence base for DISE-
guided surgery remains limited. Most studies are retro-
spective or involve small prospective cohorts with hetero-
geneous patient populations and outcome measures. The
lack of large randomized controlled trials limits conclusions
regarding its incremental benefit. Therefore, clinicians
should weigh the potential advantages of DISE against its
cost and logistical requirements.

Non-Surgical and Adjunctive Therapies
Positive Airway Pressure (PAP) Therapy: Initiation and
Adherence

PAP therapy, including continuous PAP (CPAP) and
bilevel PAP (BiPAP), is an effective non-surgical treatment
for pediatric OSA, particularly in children with residual
disease, contraindications to surgery, or persistent symp-
toms following AT. PAP therapy maintains airway patency
during sleep by delivering continuous or variable pressure,
thereby reducing apneic events and improving sleep qual-
ity. Initiation of PAP therapy requires consideration of the
child’s age, developmental status, and comorbidities. Pres-
sure titration, typically performed during overnight PSG,
is necessary to determine optimal therapeutic settings that
effectively eliminate obstructive events while minimizing
discomfort [41]. Proper mask fitting is essential, as poorly
fitted interfacesmay result in air leakage, skin irritation, and
reduced adherence.

Adherence to PAP therapy in pediatric populations is
often suboptimal, with reported average nightly use of 4–
5 hours and adherence rates ranging from 25% to 83% [42,
43]. Common barriers include discomfort, device noise, so-
cial stigma, and lack of immediate symptom relief.

https://www.discovmed.com/
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Strategies to improve adherence include desensitiza-
tion protocols, behavioral interventions (e.g., positive re-
inforcement and cognitive-behavioral therapy), and active
parental involvement. Early education and demonstration
of device use can enhance acceptance and cooperation.
Regular follow-up and multidisciplinary support are essen-
tial for identifying and addressing adherence barriers, opti-
mizing device settings, and reinforcing long-term compli-
ance [44].

Pharmacologic Agents: Nasal Corticosteroids and
Leukotriene Receptor Antagonists

Pharmacologic therapy using intranasal corticos-
teroids (INCS) and leukotriene receptor antagonists
(LTRAs), such as montelukast, has been proposed for
children with mild-to-moderate OSA, particularly when
surgery is not indicated or declined. These treatments
target inflammatory processes contributing to upper air-
way obstruction, including adenotonsillar hypertrophy.
INCS (e.g., fluticasone, budesonide, and mometasone)
reduce nasal inflammation and adenoidal size, thereby
improving airway patency during sleep [45]. Systematic
reviews have demonstrated improvements in respiratory
symptoms and reductions in adenoidal hypertrophy in
children with sleep-disordered breathing [46]. Montelukast
exerts anti-inflammatory effects by inhibiting leukotriene-
mediated pathways and has been shown to reduce AHI and
improve oxygen saturation in pediatric patients [47,48].
Combination therapy with INCS and montelukast may
provide additive or synergistic benefits, resulting in greater
reductions in AHI compared with monotherapy [45,46,48].

However, current evidence is primarily derived from
small, single-center studies with short follow-up durations
and heterogeneous populations. These limitations restrict
generalizability and highlight the need for larger multicen-
ter randomized controlled trials. Although generally well
tolerated, long-term safety data in children remain limited.
Therefore, these therapies are typically recommended for
short-term use in mild OSA or as adjunctive treatments
when surgical options are unsuitable. Regular follow-up
is necessary to evaluate efficacy and monitor for adverse
effects.

Dental and Orthodontic Interventions

Dental and orthodontic interventions are important
components of multidisciplinary management, particularly
in children with craniofacial abnormalities contributing to
airway obstruction [18]. These approaches aim to modify
craniofacial structures to improve airway patency and re-
duce OSA severity.

Rapid maxillary expansion (RME) increases the trans-
verse dimension of the maxilla by separating the midpalatal
suture, thereby enlarging the nasal cavity and reducing air-
way resistance. Studies have demonstrated that RME can
reduce AHI and improve OSA symptoms in children with

maxillary constriction [49,50]. Mandibular advancement
devices (MADs) reposition the mandible anteriorly during
sleep, increasing upper airway space and reducing airway
collapse. These devices have shown efficacy in selected
pediatric patients, particularly those with retrognathia or
mandibular deficiency. Functional appliances, such as the
Twin Block, have also been associated with improvements
in airway dimensions and sleep-disordered breathing symp-
toms [51]. Myofunctional therapy involves targeted exer-
cises to strengthen orofacial muscles, improve tongue pos-
ture, and promote nasal breathing. As an adjunct to or-
thodontic treatment, it may enhance treatment stability and
reduce OSA symptoms, particularly in children with oral
functional abnormalities [52,53].

Despite promising findings, most evidence is derived
from observational studies with small sample sizes and lim-
ited follow-up. Variability in study design, patient char-
acteristics, and outcome measures further limits interpreta-
tion. High-quality multicenter trials are needed to establish
standardized protocols and identify optimal candidates for
these interventions.

Nutritional and Behavioral Modification Programs
Nutritional and behavioral interventions are essential

in the management of pediatric OSA, particularly in over-
weight and obese children. Excess adipose tissue in the up-
per airway contributes to airway narrowing and collapsibil-
ity during sleep. Weight reduction through dietary mod-
ification and behavioral interventions can improve OSA
severity and overall health outcomes. A balanced, calorie-
appropriate diet rich in fruits, vegetables, whole grains, and
lean protein, combined with reduced intake of saturated
fats and added sugars, supports weight management. Stud-
ies have shown that children receiving dietary counseling
following AT demonstrate improved sleep outcomes com-
pared with those without such support [54]. Behavioral in-
terventions, including cognitive-behavioral therapy (CBT),
can promote healthy eating habits, increase physical ac-
tivity, and improve sleep hygiene [55,56]. Family-based
behavioral programs, in which caregivers actively partic-
ipate, have demonstrated greater effectiveness in achiev-
ing and maintaining weight loss in children [57]. Compre-
hensive programs that integrate nutritional education with
behavioral strategies are recommended by the American
Academy of Pediatrics for managing pediatric obesity and
related conditions, including OSA.

Psychological Support and Neurocognitive Monitoring
Pediatric OSA can significantly affect neurocogni-

tive development and psychological well-being. Sleep dis-
ruption and intermittent hypoxia may lead to cognitive
deficits, behavioral disturbances, and emotional dysregu-
lation. Children with OSA commonly exhibit impairments
in attention, executive function, and memory, which may
contribute to academic difficulties and social challenges
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[58]. They are also at increased risk of mood disorders,
including anxiety and depression. Some studies have re-
ported higher scores on anxiety and depression scales in
children with OSA, with improvement observed following
treatment [59]. Early childhood represents a critical period
for brain development, and prolonged sleep disruption may
result in persistent neurocognitive consequences [58,60].
Therefore, early diagnosis and intervention are essential.
Management strategies include cognitive-behavioral ther-
apy, educational support (e.g., individualized education
programs), and active family involvement. Collaboration
among healthcare providers, educators, and caregivers is
essential to optimize developmental and psychological out-
comes.

Combination and Stepwise Management
Residual OSA After Surgery

Residual OSA, defined as persistent disease follow-
ing AT, occurs in approximately 20%–40% of children and
is more common in those with comorbid conditions such
as obesity, craniofacial abnormalities, neuromuscular dis-
orders, or Down syndrome [61]. Management requires
comprehensive reassessment to identify underlying causes.
DISE can provide dynamic evaluation of the upper airway
and identify residual sites of obstruction not addressed by
AT [61,62].

Depending on findings, additional surgical interven-
tions (e.g., lingual tonsillectomy or epiglottopexy) may be
considered. When surgery is not feasible or contraindi-
cated, non-surgical approaches, particularly PAP therapy,
play a central role.

Integrated Pathways for Refractory or Complex Cases
Refractory OSA, defined as a clinically significant

disease persisting despite multiple interventions (e.g., AT,
PAP, orthodontic therapy), represents some of the most
challenging cases to manage and often requires highly per-
sonalized, multimodal treatment. These more complex
cases are best managed through synergistic, multidisci-
plinary care by pediatric subspecialists, reflecting the mul-
tifactorial etiology of OSA. Orthodontic intervention, such
as rapid maxillary expansion (RME) and mandibular ad-
vancement devices, have shown promising results in man-
aging OSA in patients with craniofacial abnormalities [63].
These interventions aim to address the narrowed upper
airway space and reduce obstruction during sleep. One
study demonstrated that RME led to marked improvements
in polysomnographic parameters in children with residual
OSA after AT [63,64]. Weight control is also a critical fac-
tor, especially in the obese child, in whom increased adi-
pose tissue volume contributes to airway narrowing. Di-
etary counseling and behavior modification are fundamen-
tal interventions to achieve and maintain a normal weight,
which alone can alleviate the severity of OSA. In chil-
dren with syndromic conditions or neuromuscular disor-

ders, specific interventions are required. For example, chil-
dren with Down syndrome may be treated with a combina-
tion of surgical interventions, PAP therapy, and myofunc-
tional therapy to address hypotonia and airway obstructions
[64].

Importantly, these individualized treatment plans mir-
ror the stepwise approach described in Fig. 1, in which di-
agnostic stratification guides the selection of surgical, non-
surgical, and adjuvant interventions. Intentional alignment
of management strategies with the diagnostic algorithm es-
tablishes continuity from evaluation to therapy in pediatric
OSA care.

These individualized treatment pathways underscore
the need for a structured, tiered management approach
to pediatric OSA. Table 1 summarizes a stepwise frame-
work that integrates severity stratification, therapeutic op-
tions, and multidisciplinary roles across increasingly com-
plex clinical scenarios. This framework is intended to sup-
port, but not replace, clinical decision-making. Manage-
ment strategies should always be tailored to the individual
child’s disease severity, comorbidities, and findings from
multidisciplinary assessment. It also highlights the critical
role of long-term follow-up in sustaining treatment success
and monitoring developmental outcomes.

Post-Treatment Monitoring and Long-Term
Follow-Up

Effective long-term management of pediatric OSA re-
quires a structured follow-up program to monitor postoper-
ative recovery, detect recurrence, and assess neurocognitive
and cardiometabolic outcomes. Multidisciplinary follow-
up facilitates early identification of persistent disease and
enables timely adjustment of treatment strategies based on
individual risk factors and developmental trajectory. Ta-
ble 2 outlines a suggested timeline for coordinated evalua-
tions across different stages of care.

Early Postoperative Care
Adenotonsillectomy (AT) is the first-line treatment for

pediatric OSA; however, postoperative respiratory compli-
cations (PORCs) may occur, particularly in high-risk popu-
lations [65,66]. High-risk groups include children younger
than 3 years, those with obesity, craniofacial abnormalities,
or severe OSA. These patients require close monitoring due
to an increased risk of respiratory compromise. Postop-
erative care should include continuous pulse oximetry and
clinical observation for signs of respiratory distress [67,68].
Adequate pain control and hydration are essential compo-
nents of early postoperative management. Caregiver educa-
tion regarding expected recovery and warning signs is crit-
ical to ensure timely recognition of complications. Deci-
sions regarding hospitalization should be based on individ-
ual risk factors and intraoperative findings. Children with
severe OSA (e.g., AHI ≥10 events/hour), significant
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Table 1. Stepwise and multimodal management strategies for pediatric obstructive sleep apnea.
Step Clinical scenario Intervention options Multidisciplinary involvement

1 Mild OSA without anatomical risk factors Intranasal corticosteroids ± montelukast Pediatrician, Allergist
2 Moderate-to-severe OSA with adenotonsillar hypertrophy AT ENT Surgeon
3 Post-AT residual OSA PAP therapy, DISE-guided surgery Sleep Specialist, ENT
4 Craniofacial abnormalities Orthodontic interventions (RME, MAD), myofunctional therapy Pediatric Dentist, Orthodontist
5 Obesity-associated OSA Nutritional therapy, behavioral modification, emerging pharmacotherapy Dietitian, Psychologist, Endocrinologist
6 Syndromic or neuromuscular OSA Tailored multi-modal management including NIV, surgery, behavioral/educational support Neurologist, Pulmonologist, Behavioral Therapist
7 Long-term management Cognitive, metabolic, and growth surveillance; Telehealth/remote monitoring Full Multidisciplinary Team (MDT)
This table outlines a stepwise, multidisciplinary algorithm for the management of pediatric OSA across a range of clinical contexts. Interventions are tiered according to disease complexity and severity,
ranging from pharmacotherapy for mild cases to syndromic and neuromuscular manifestations requiring multimodal management. The final step emphasizes the importance of longitudinal surveillance
(e.g., neurocognitive, cardiometabolic, and growth outcomes). AT, Adenotonsillectomy; ENT, Otolaryngologist; DISE, Drug-Induced Sleep Endoscopy; MAD, Mandibular Advancement Device; MDT,
Multidisciplinary Team; NIV, noninvasive ventilation; OSA, obstructive sleep apnea; RME, rapid maxillary expansion.

Table 2. Suggested follow-up timetable in multidisciplinary clinics.
Timepoint Evaluations/Interventions MDT involved

Diagnosis (Baseline) PSG, PSQ, ENT & Dental exam, Growth and behavior assessment Pediatrician, ENT, Dentist, Sleep Medicine Physician
Post-Treatment (1 month) Surgical recovery, PAP adherence check, symptom reevaluation ENT, Sleep Medicine Physician, Nurse
3 6 months PSG if residual symptoms, orthodontic initiation, behavioral feedback Sleep Medicine Physician, Dentist, Behavioral Therapist
12 months Cognitive/neuropsych screening, growth tracking, repeat PSG if needed Neurologist, Pediatrician, Psychologist
Annually Metabolic labs, growth markers, recurrence risk assessment Endocrinologist, Pediatrician
As Needed DISE, imaging, therapy adjustments, telemedicine review Full MDT
This table summarizes a proposed multidisciplinary follow-up schedule for infants with OSA. It shows key evaluation milestones, clinical goals, and recommended
specialist input in supporting long-term monitoring and individualized care planning. DISE, Drug-Induced Sleep Endoscopy; ENT, Otolaryngologist; MDT, Multi-
disciplinary Team; PAP, Positive Airway Pressure; PSQ, Pediatric Sleep Questionnaire; PSG, Polysomnography.
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comorbidities, or perioperative complications may benefit
from overnight monitoring in a controlled setting [69].

Monitoring Residual/Recurrent Symptoms
Despite AT, residual or recurrent OSA is common,

particularly in children with obesity, craniofacial abnormal-
ities, or severe preoperative disease. Residual OSA has
been reported in up to 38% of children one year after AT,
with higher prevalence in those with elevated body mass
index (BMI) and malocclusion [70]. Follow-up PSG is the
preferred method for evaluating residual disease. Clinical
guidelines recommend repeat PSG in children with persis-
tent symptoms, especially those with moderate-to-severe
preoperative OSA or significant risk factors [71]. Early de-
tection of residual OSA allows for timely intervention and
optimization of treatment strategies. Management should
be individualized based on patient characteristics and co-
morbidities. Ongoing clinical surveillance is essential to as-
sess treatment effectiveness and guide adjustments in care.

Long-Term Monitoring: Growth, Cognition, and
Cardiometabolic Health

Children with OSA require long-term follow-up to
monitor growth, neurocognitive development, and car-
diometabolic health. Early identification of abnormalities
allows for prompt intervention and improved long-term out-
comes.

Growth monitoring: OSA has been associated with
impaired growth, potentially due to disrupted sleep and al-
tered growth hormone secretion [5]. Regular assessment of
height, weight, and BMI is necessary to identify deviations
from expected growth trajectories [72].

Neurocognitive development: Children with OSA
may exhibit deficits in attention, memory, and executive
function, which can persist even after treatment, including
AT [73]. Periodic neurocognitive and behavioral assess-
ments are recommended to detect ongoing or emerging im-
pairments.

Cardiometabolic health: OSA is associated with an
increased risk of hypertension and metabolic dysfunction.
Regular evaluation of blood pressure, lipid profiles, and
glucose levels is recommended to identify early signs of
cardiometabolic complications.

Children with persistent or untreated symptoms re-
quire continued monitoring to prevent long-term adverse
outcomes [5,72].

Role of Telemedicine and Digital Tools
Telemedicine and digital health technologies have sig-

nificantly expanded the capacity to manage pediatric OSA
by improving access to care, enabling continuous monitor-
ing, and supporting individualized treatment strategies.

Telemedicine facilitates remote consultations, symp-
tom monitoring, and treatment adjustments without requir-
ing in-person visits. This approach is particularly beneficial

for families in rural or underserved areas, reducing travel
burden and associated costs. It also enables delivery of ed-
ucational interventions and behavioral support to improve
treatment adherence [74]. Digital tools, including wearable
devices and mobile health applications, enable real-time
monitoring of physiological parameters and treatment ad-
herence. For example, remotemonitoring systems can track
CPAP usage and provide feedback to clinicians, allowing
timely intervention when adherence declines. These tech-
nologies have been associated with improved compliance in
pediatric populations [75]. Artificial intelligence and ma-
chine learning algorithms further enhance telemedicine ca-
pabilities by analyzing large datasets to identify patterns,
predict treatment responses, and support personalized care
planning [76]. These approaches may improve risk stratifi-
cation and resource allocation.

Despite these advantages, limitations include the in-
ability to perform comprehensive physical examinations,
technological barriers for some families, and concerns re-
garding data security and privacy. A hybrid model inte-
grating telemedicine with in-person care may help address
these challenges and optimize clinical outcomes.

Considerations in Special Populations

Children With Syndromes (e.g., Down Syndrome,
Prader-Willi Syndrome)

Children with genetic syndromes, including Down
syndrome and Prader–Willi syndrome, have a substantially
higher prevalence of OSA compared with the general pedi-
atric population due to a combination of anatomical, neuro-
muscular, and metabolic factors.

In children with Down syndrome, the prevalence of
OSA ranges from 50% to 76%, significantly higher than
in the general pediatric population. Contributing factors
include craniofacial abnormalities (e.g., midface hypopla-
sia and macroglossia), generalized hypotonia, obesity, and
adenotonsillar hypertrophy [77]. Early screening is es-
sential, as OSA in this population is associated with ad-
verse neurocognitive and cardiovascular outcomes. PSG
is recommended for all children with Down syndrome by
4 years of age, regardless of symptoms [77]. AT is typ-
ically the first-line treatment; however, residual OSA is
common due to persistent anatomical and neuromuscular
factors. PAP therapy is frequently required, although ad-
herence may be challenging. Emerging therapies, such as
hypoglossal nerve stimulation, are under investigation.

Prader–Willi syndrome is characterized by hypotonia,
obesity, and craniofacial abnormalities, all of which con-
tribute to a high prevalence of OSA, reported in up to 80%
of patients. The phenotype of sleep-disordered breathing
evolves over time, with central sleep apnea predominat-
ing in infancy and OSA becoming more prevalent in later
childhood [78]. Growth hormone (GH) therapy, commonly
used to improve growth and body composition, has com-
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plex effects on OSA. Some studies suggest that GH therapy
improves ventilatory drive and reduces adiposity, whereas
others report worsening of OSA or increased risk of adverse
events, particularly in untreated or severe cases [79,80].
Therefore, baseline PSG is recommended prior to initia-
tion of GH therapy, with follow-up assessments to monitor
for changes in respiratory status [81]. Management should
be individualized, balancing potential benefits with risks.
AT may provide partial improvement, but residual OSA is
common, and PAP therapy is often required [82]. Multidis-
ciplinary care involving endocrinologists, sleep specialists,
and behavioral therapists is essential.

Neuromuscular Disorders and Severe Obesity
Children with neuromuscular disorders (NMDs) and

severe obesity represent high-risk populations with distinct
pathophysiological mechanisms and management chal-
lenges.

In NMDs such as Duchenne muscular dystrophy and
spinal muscular atrophy, reduced muscle tone and impaired
ventilatory control predispose to airway collapse and hy-
poventilation during sleep [83,84]. Clinical symptoms may
be subtle or overlap with underlying neuromuscular dis-
ease, making PSG essential for diagnosis. Management
typically includes non-invasive ventilation (NIV), such as
BiPAP, to support nocturnal respiration [3,83]. Close moni-
toring is required due to the progressive nature of these con-
ditions and the risk of respiratory deterioration.

Severe pediatric obesity is strongly associated with
OSA, with prevalence rates reported as high as 60% in some
cohorts [85]. Excess adipose tissue in the upper airway
and neck contributes to airway narrowing and increased
collapsibility [86]. Obesity-related inflammation and re-
duced lung volumes further exacerbate respiratory dys-
function. Management includes weight reduction through
lifestyle modification, pharmacologic therapy, and, in se-
lected cases, bariatric surgery. PAP therapy is effective
but often limited by adherence challenges [87]. Emerging
therapies, such as glucagon-like peptide-1 (GLP-1) recep-
tor agonists (e.g., tirzepatide), have shown promise in re-
ducing OSA severity in adults through weight loss; how-
ever, their use in pediatric populations remains investiga-
tional and should be limited to controlled clinical settings
[88].

Multidisciplinary care involving pediatricians, pulmo-
nologists, sleep specialists, dietitians, and rehabilitation
professionals is essential to address the complex needs of
these patients.

Tailoring Diagnostic Thresholds and Treatment
Plans

Pediatric OSA requires individualized diagnostic and
therapeutic approaches that account for developmental
stage, comorbidities, and anatomical variability. PSG
remains the primary diagnostic tool, with OSA sever-

ity classified based on the apnea–hypopnea index (AHI).
In children, an AHI ≥1 event/hour is considered abnor-
mal, with thresholds commonly defined as mild (1–4.9
events/hour), moderate (5–9.9 events/hour), and severe
(≥10 events/hour) [38]. However, these cutting points
might not represent the clinical relevance in various pedi-
atric populations.

For example, those with craniofacial deformity or
neuromuscular disease can present clinically with severe
presentation but comparatively less severe AHI. In such
cases, additional parameters—including oxygen desatura-
tion, arousal index, and carbon dioxide retention—should
be considered [2]. In addition, behavioral information and
quality-of-life assessment can report on the functional con-
sequence of OSA, having greater effect on decision-making
than PSG information [89].

In addition, standard AHI cut points may not be
equally applicable across different age groups and comor-
bidities. Children may develop significant neurocogni-
tive or cardiovascular consequences even at relatively low
AHI scores, whereas adolescents with obesity may require
higher cut points to identify clinically significant disease.
Similarly, children with Down syndrome, Prader-Willi syn-
drome, or neuromuscular disorders may experience dispro-
portionate morbidity even with only mild-to-moderate ele-
vation in AHI. These nuances highlight the importance of
context-dependent interpretation of AHI thresholds rather
than their uniform application across the entire pediatric
population.

Treatment programs should be tailored to age, sever-
ity of OSA, and comorbidities. AT remains the first-line
treatment for the majority of children with adenotonsillar
hypertrophy. For those in whom surgery is not indicated
or who have persistent OSA following surgery, other forms
of therapy, such as CPAP, anti-inflammatory medications,
or orthodontic treatment, may be indicated [3]. Reassess-
ments and follow-ups are necessary to evaluate treatment
effectiveness and to adjust management protocols accord-
ingly.

Challenges in Resource-Limited Settings

Management of pediatric OSA in resource-limited set-
tings is particularly challenging due to constraints in di-
agnostic capacity, trained personnel, and therapeutic re-
sources. Innovative and context-specific strategies are re-
quired to address these limitations.

Simplified Screening Protocols
In the absence of polysomnography (PSG), alterna-

tive screening approaches have been explored. Noctur-
nal pulse oximetry combined with pulse rate variability
analysis has shown promise in identifying children at risk
of moderate-to-severe OSA, enabling home-based assess-
ment and improved resource utilization [90]. Addition-
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ally, machine learning–based algorithms applied to non-
invasive clinical data have been proposed to enhance diag-
nostic accuracy, with some studies demonstrating improved
performance compared with traditional questionnaires [91].
The CHASE-OSA score, a simplified predictive model, has
demonstrated 86% sensitivity and 70% specificity for de-
tecting moderate-to-severe pediatric OSA [92].

Community-Based Task-Sharing Models
Task-sharing strategies, which involve redistribut-

ing healthcare responsibilities among trained non-specialist
workers, have been proposed to address workforce short-
ages [93]. Community-based models, in which trained per-
sonnel perform initial screening and referral, can expand
access to care. Frameworks such as COATS (Concepts and
Opportunities to Advance Task Shifting and Task Sharing)
provide structured approaches for implementing thesemod-
els across diverse healthcare settings [93].

Low-Cost PAP Solutions
PAP therapy remains a cornerstone in the manage-

ment of pediatric OSA, particularly for children who are
not candidates for surgery or who have persistent disease
following surgical intervention [44,94]. However, the cost
andmaintenance requirements of conventional PAP devices
limit their use in resource-constrained settings. Emerging
solutions, including auto-titrating PAP devices and simpli-
fied interfaces, aim to reduce costs and improve usability.
Community-based education and support programs have
also been shown to improve adherence to PAP therapy.

Beyond device-related challenges, barriers such as
limited access to PSG, shortages of trained providers, and
uneven geographic distribution of sleep centers further re-
strict timely diagnosis and treatment. In addition, multidis-
ciplinary care often requires infrastructure that may not be
available in low-resource settings. Addressing these chal-
lenges will require innovative care models, targeted fund-
ing, and health policy initiatives to improve equitable ac-
cess to diagnosis and treatment.

Future Perspectives

Advances in the understanding of pediatric OSA
pathophysiology and management are enabling more inte-
grated, technology-driven, and patient-centered models of
care. This section highlights emerging strategies and inno-
vations with the potential to improve diagnosis and treat-
ment.

Multidisciplinary Clinic Models and Care Navigation
The multifactorial nature of pediatric OSA, involving

anatomical, neurological, and behavioral components, sup-
ports the need for interdisciplinary care models. Multidis-
ciplinary clinics that integrate pediatricians, otolaryngolo-
gists, sleep specialists, orthodontists, and other healthcare

professionals have been associated with improved diagnos-
tic accuracy, more efficient treatment planning, and bet-
ter clinical outcomes. These models facilitate comprehen-
sive evaluation and coordinated management, reducing de-
lays in diagnosis and treatment initiation. Multidisciplinary
sleep centers have been particularly effective in managing
complex pediatric OSA cases and improving treatment ad-
herence and caregiver satisfaction.

AI-Assisted Diagnostics, Biomarkers, and Precision
Care

Artificial intelligence (AI) and machine learning tech-
nologies are transforming the diagnosis and management of
pediatric OSA. AI-enabled wearable and imaging devices
allow for non-invasive, rapid, and potentially accurate as-
sessment of sleep patterns and airway obstruction. For ex-
ample, wearable devices such as the Belun Ring have been
developed to assist in OSA detection and sleep stage analy-
sis, offering a more accessible alternative to traditional PSG
in selected contexts. In addition, biomarker discovery sup-
ported by AI analysis is contributing to the development
of precision medicine approaches in pediatric OSA [95].
These biomarkers may enable patient stratification based on
disease severity and predicted treatment response, facilitat-
ing individualized therapy. Overall, AI applications have
the potential to improve diagnostic efficiency, enable ear-
lier intervention, and reduce long-term complications asso-
ciated with pediatric OSA [95].

Current Evidence Gaps and Multicenter Research
Needs

Despite these advances, significant gaps remain in the
evidence base for pediatric OSAmanagement. Large-scale,
multicenter studies are needed to evaluate the long-term
safety and efficacy of emerging diagnostic technologies and
therapeutic interventions. Comparative studies assessing
different surgical approaches, including lingual tonsillec-
tomy and craniofacial procedures, are particularly needed in
diverse pediatric populations. In addition, further research
is required to clarify the impact of weight reduction and be-
havioral interventions on long-term OSA outcomes.

Longitudinal studies are essential to evaluate neu-
rocognitive, developmental, and cardiometabolic out-
comes into adolescence and adulthood. Moreover, while
AI-assisted diagnostics and biomarker-driven precision
medicine are promising, rigorous validation in pediatric
populations is necessary before widespread clinical im-
plementation. Addressing these gaps through collabora-
tive, interdisciplinary research will be critical to advancing
evidence-based care in pediatric OSA.

Conclusion

Pediatric OSA is a multifactorial condition that re-
quires timely diagnosis, individualized treatment, and long-
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term follow-up. Effective management depends on a multi-
disciplinary approach that integrates surgical, medical, or-
thodontic, and behavioral strategies to address the diverse
contributors to airway obstruction. Advances in diagnostic
techniques, including imaging and sleep studies, together
with evolving therapeutic options, are enabling more per-
sonalized care. Long-term follow-up is essential to ensure
sustained treatment efficacy, optimize developmental out-
comes, and manage residual or recurrent disease.

Future progress in pediatric OSA management will
depend on high-quality multicenter research, validation of
emerging technologies, and the development of innovative
care models that address challenges related to cost, access,
and care coordination. Strengthening collaboration across
specialties and healthcare systems will be key to delivering
equitable and sustainable care for children with OSA.
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