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Abstract
Purpose of Review Review current evidence-based treatment outcomes and future management directions for children with
obstructive sleep apnea (OSA).
Recent Findings Effective medical therapies include weight loss, leukotriene modifiers, nasal corticosteroids, oral appliances,
and positive airway pressure. The first randomized controlled trials for adenotonsillectomy in childhood OSA show improved
polysomnography results but no postoperative change in neurocognitive outcomes when compared to watchful waiting. Factors
have been identified (e.g., craniofacial disorders and obesity) which can lead to decreased adenotonsillectomy success. The
tongue base and supraglottis are common additional sites of obstruction, and supraglottoplasty and lingual tonsillectomy are
commonly performed procedures for persistent OSA. Additional surgical targets include the nasal cavity, palate/pharynx, tongue
base, and larynx.
Summary The management of pediatric OSA is multidisciplinary and includes a variety of medical and surgical therapies.
Although adenotonsillectomy remains first-line treatment, favorable outcomes exist for nonsurgical modalities. In children with
persistent OSA after adenotonsillectomy, several procedures exist to address additional obstruction, but further investigation to
delineate their appropriate indications is warranted.
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Introduction

Obstruction sleep apnea (OSA) is characterized by episodes of
partial or complete upper airway obstruction leading to

reduced or absent airflow with consequent arousals and/or
oxygen desaturations. For children, OSA prevalence ranges
from 1.2 to 5.7% [1••]. The management of pediatric OSA is
diverse and includes behavioral modifications, medical de-
vices, pharmaceuticals agents, and surgical procedures. This
review aims to summarize the most up-to-date evidence re-
garding management of pediatric OSA.

Medical Management

Weight Loss

While adults typically have residual mild to moderate OSA
after weight loss, children are more likely to have complete
resolution of OSA. A recent systematic review and meta-
analysis of multidisciplinary weight loss interventions in
youth with obesity revealed significant improvement in
OSA, including a reduction in apnea-hypopnea index (AHI)
of − 0.51 (95% CI: − 0.94 to − 0.08), oxygen desaturation
index (ODI) of − 0.28 (95% CI: − 0.50 to − 0.05), as well as
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improved sleep duration. Towards this end, the 2018 Bariatric
Surgery Guidelines from the American Society for Metabolic
and Bariatric Surgery (MBS) Pediatric Committee state that
MBS is indicated for adolescents with BMI ≥ 35 kg/m2 or
120% of the 95th percentile with clinical significant comorbid-
ities, such as OSA with AHI > 5 [2]. While the outcomes of
bariatric surgery for adolescents are still under investigation,
Kalra et al. demonstrated a decrease in median AHI from 9.1
to 0.65 events/hour in ten extremely overweight adolescents
who underwent bariatric surgery after a mean weight loss of
58 kg [3]. A 2019 study showed that OSA severity may im-
prove early and disproportionately with weight loss after bar-
iatric surgery in adolescents, with a 60% decline in AHI with
only a 5–6% weight loss in 7 at 3 weeks after surgery [4]. In
addition to polysomnography (PSG) parameters, this unique
study also showed a median decrease of 9% in systolic blood
pressure, along with a concomitant rise in orexin and decrease
in leptin levels compared to baseline measures. These small-
scale results represent an initial look at the effect of bariatric
surgery on OSA severity as determined by PSG results as well
as downstream metabolic and physiologic changes. Finally,
weight loss has also been shown to lower positive airway
pressure (PAP) requirements and increase compliance in chil-
dren with OSA [5].

Oral Appliances and Positional Sleep Devices

Maxillofacial anomalies and malocclusion issues contribute to
pediatric OSA, and oral appliances are recommended for pa-
tients with mild to moderate OSA. Modified monobloc oral
appliances have been worn with good compliance over a 6-
month treatment period and subjectively improve sleep symp-
toms in children 4–8 years old [6, 7]. A recent meta-analysis
found that mandibular advancement appliances were effective
for mild to severe pediatric OSA patients with a mean differ-
ence in AHI of − 1.75 (95%CI: − 1.44 to − 2.07) with long-term
treatment, defined as at least 6 months, more effective than
short-term treatment [8•]. Maxillary expansion devices, which
are adjusted over time to flatten and increase the width of the
maxilla, thus widening the nasal vault and oral cavity space,
have also demonstrated good outcomes in the appropriate pa-
tient population. Camacho et al. performed a meta-analysis
encompassing 314 children with transverse maxillary deficien-
cy who underwent rapid maxillary expansion with improve-
ments in AHI and oxygen saturation nadir in both short-term
(< 3 years) and long-term (12 years) follow-ups [9•]. Oral ap-
pliances have also improved PAP compliance [10]; however, as
they both exert prolonged mechanical forces on the facial skel-
eton, further craniofacial deformities are a risk.

Positional OSA occurs frequently in children with studies
reporting rates of 19% overall and 58% in children with obe-
sity [11, 12]. Specialized pillows, clothing, belts, and vibrato-
ry devices have shown good results in a subset of adult

patients who have positional sleep apnea [11–13], but out-
comes data in the pediatric population are lacking.

Medication

Leukotriene modifiers, intranasal corticosteroids, and combina-
tion therapy have shown varying degrees of success in the
treatment of pediatric OSA. A recent meta-analysis,
encompassing a total of 668 children, demonstrated that
montelukast alone imparted a 55% improvement in AHI (6.2
to 2.8 events/hour) and that montelukast combined with intra-
nasal steroids produced a 70% improvement in AHI (4.7 to 1.4
events/hour) in 502 children [14••]. Yang et al. showed that
montelukast and intranasal mometasone when used individual-
ly and in combination all resulted in symptom improvement on
telephone questionnaires, increased oxygen saturation nadir,
and decreased AHI, with a shortened response duration in the
combination group [15].Medical treatment also has a role in the
treatment of persistent pediatric OSA following surgery.
Several studies demonstrated that children with mild OSA after
adenotonsillectomy who received either montelukast alone or
montelukast combined with intranasal budesonide had im-
proved AHI, oxygen saturation, and subjective symptom scores
when compared to a control group [16, 17•].

Positive Airway Pressure

Continuous positive airway pressure (CPAP) has been ap-
proved for pediatric OSA since 2006 and is commonly used
in children for whom surgery is contraindicated or as an ad-
junctive therapy in children with persistent OSA following
adenotonsillectomy. It is generally delivered via a nasal or
full-face mask and has been demonstrated to produce im-
provements in objective sleep outcomes and subjective symp-
toms. In a prospective, multicenter study, Marcus et al.
showed that PAP therapy produced robust results with a re-
duction in AHI from 27 to 3 events/hour, an improvement in
oxygen saturation nadir from 77 to 89%, and subjective im-
provement in daytime sleepiness [18]. Although PAP can pro-
duce dramatic improvements in disease severity, this study
also revealed that adherence is a significant issue in children
as approximately one-third of the cohort stopped using PAP
before 6 months. Moreover, there are concerns that prolonged
PAP use in children may increase the risk of skin and/or
midface flattening [19].

Surgical Management

Adenotonsillectomy

Regarded as first-line treatment for pediatric OSA,
adenotonsillectomy resulted in a 79% normalization rate for
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the AHI in children with OSA when compared to those who
underwent watchful waiting in the first multicenter, random-
ized, controlled childhood adenotonsillectomy trial (CHAT)
[20••]. A number of observational studies [21–23] have sug-
gested that children with OSA may suffer from downstream
consequences like neurocognitive dysfunction; however, both
CHAT and the recent Preschool Obstructive Sleep Apnea
Tonsillectomy and Adenoidectomy (POSTA) study of chil-
dren aged 3 to 5 years with mild OSA showed no significant
cognitive benefit in the adenotonsillectomy group when com-
pared to the nonsurgical group [20••, 24••]. Future studies
with a more diverse population, longer follow-up period,
and including children with severe OSA and ADHD are need-
ed to further elucidate the long-term neuropsychiatric effects
of adenotonsillectomy. In addition to PSG results and
neurocognitive function, downstream cardiovascular effects
of adenotonsillectomy for pediatric OSA are still under inves-
tigation [25•].

Partial (intracapsular, subtotal) tonsillectomy or
tonsillotomy is also associated with similar short-term rates
of subjective symptom improvements and PSG changes com-
pared to total tonsillectomy, with decreased risk for complica-
tions, including postoperative pain, poor oral intake, and hem-
orrhage. However, partial tonsillectomy has been shown to
have a higher risk of symptom recurrence when compared to
total tonsillectomy (4.5% vs. 2.6%) [26•]. In addition, mostly
short-term studies of the risk of tonsil regrowth have been
reported to range from 0.5 to 17% [27].

Adenoidectomy

Adenoidectomy alone may be appropriate for the treatment of
pediatric OSA when the palatine tonsils are small and adenoid
tissue is enlarged and obstructive on nasopharyngoscopy or
lateral neck radiography. Domany et al. retrospectively eval-
uated adenoidectomy alone vs. adenotonsillectomy in 515
consecutive children with moderate to severe OSA; they
found no difference in failure rate between the groups in
non-obese children with AHI < 10 and small tonsils (< 3+)
[28]. Another 2020 retrospective study of adenoidectomy
alone in children under 3.5 years of age with large (3+ and
4+) adenoids and small (1+ and 2+) tonsils showed a decrease
in mean AHI of 3.2 events/hour, with a 23% rate of complete
PSG normalization, and a reduction in the prevalence of mod-
erate to severe OSA from 65.4 to 30.8% (P = .03) [29]. At an
average of 12 months following adenoidectomy, 14.1% of
children, primarily the younger patients (1.5 vs. 2 years old),
underwent tonsillectomy.

Persistent Disease After Adenotonsillectomy

The success rate of adenotonsillectomy for pediatric
OSA is generally robust but can be low in select patient

populations, such as those with obesity, black race, se-
vere OSA, craniofacial abnormalities, Down syndrome,
and neuromuscular disorders [30–34]. One systematic
review of children with Down syndrome from 2017
showed that although adenotonsillectomy is associated
with an improvement in PSG outcomes, the majority
of children had persistent OSA after adenotonsillectomy
and did not improve as much as nonsyndromic children
did after surgery [35•].

Assessments of children with suspected persistent OSA
following adenotonsillectomy include a detailed history and
physical exam, PSG, and quality of life assessments.
Additional diagnostic modalities, such as drug-induced sleep
endoscopy (DISE) or cine magnetic resonance imaging
(MRI), can be considered to identify areas of upper airway
obstruction and potential surgical targets [36–38]. A 2021
published expert consensus statement recommends the use
of DISE for children with persistent OSA prior to performing
additional surgery as well as for concurrent DISE with
adenotonsillectomy in children at high risk of persistent
OSA [39]. Finally, shared decision making is recommended
with a multidisciplinary approach to optimize the manage-
ment of persistent OSA. Options for treatment include obser-
vation, lifestyle modifications, medical management, and sur-
gical therapy. If multilevel surgery is undertaken, a staged
approach or modifications may be considered to avoid scar-
ring that narrows the oropharyngeal aperture or results in
tongue base or pharyngeal stenosis.

Nasal Surgery

Surgeries that address nasal obstruction in children with
OSA include inferior turbinate hypertrophy and
septoplasty. While adult literature often notes that nasal
surgery is not directly associated with resolution of OSA,
it is recognized that these surgeries can improve nasal
patency and aid in patient compliance, as well as reduce
therapeutic levels for PAP therapy [40]. A meta-analysis
of the impact of OSA on nasal surgery (based on 2
studies) noted that nasal surgery can result in an im-
provement of 11 events/hour [41]. While this change in
adults is not typically enough to resolve OSA in adults,
its impact on children is not well studied. In addition,
there is currently little literature regarding the effect of
septoplasty in the management of pediatric OSA. In chil-
dren with nasal obstruction and inferior turbinate hyper-
trophy, turbinate reduction has been studied in conjunc-
tion with adenotonsillectomy and was associated with a
larger decrease in postoperative AHI, as well as im-
proved symptoms scores, and daytime function when
compared to children who underwent adenotonsillectomy
alone [42, 43].
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Palate Surgery

Historically, uvulopalatopharyngoplasty (UPPP), which
shortens the palate in order to improve anterior-posterior col-
lapse, was the primary procedure used to address palatal ob-
struction in OSA, with documented improvements in PSG
parameters [44, 45]. For both adults and children, expansion
sphincter pharyngoplasty (ESP) has evolved to become the
technique of choice for children with lateral pharyngeal col-
lapse. This technique consists of rearrangement of palatal
musculature (primarily the palatopharyngeus) intended to ad-
dress posterior and lateral pharyngeal collapse. Outcomes of
ESP in children are limited, but one study showed that chil-
dren with severe OSA and lateral pharyngeal wall collapse
who underwent ESP had reduced postoperative AHI (2.4 vs.
6.2) and greater cure rates when compared to children who
underwent adenotonsillectomy alone (64% vs. 8%) [46].

Tongue Base Surgery

With rates ranging from 35 to 85%, tongue base obstruction is
one of the most commonly identified sources of obstruction in
children with persistent OSA following adenotonsillectomy
[31, 36, 38, 47•]. In particular, children with Down syndrome
have been found to have a significantly higher rate of lingual
tonsil hypertrophy when compared to nonsyndromic children
[48]. Multiple surgical procedures have been described to ad-
dress obstruction at the level of the tongue, including lingual
tonsillectomy, posterior midline glossectomy, tongue base ab-
lation, tongue-lip adhesion, genioglossus advancement,
tongue suspension, and hyoid suspension.

Lingual tonsillectomy is the most common tongue surgery
performed in children with persistent OSA following
adenotonsillectomy [49•]. There are several studies that sup-
port the efficacy of lingual tonsillectomy in children with per-
sistent OSA, with one 2017 meta-analysis that calculated a
success (AHI < 5 events/hour) rate of 52% and a mean AHI
reduction of 6.6 events/hour [50•]. Complications following
lingual tonsillectomy are reported to be similar to those seen
after adenotonsillectomy and include poor oral intake, dehy-
dration, bleeding, and postoperative pain [51].

For children evaluated with flexible endoscopy, lingual
tonsil size may be overestimated, especially when there is a
prominent tongue base underneath a thin layer of lingual tonsil
tissue. In these cases, a posterior midline glossectomy (PMG),
which can be performed using a number of different tech-
niques, is considered in addition to a lingual tonsillectomy.
Propst et al. demonstrated a reduction in postoperative AHI
from 47 to 5.6 events/hour in non-obese children with Down
syndrome who underwent lingual tonsillectomy and PMG
[52]. This study was underpowered to assess differences by
obesity status as it only included 13 children, but they found
that obese children were not likely to have improvement after

PMG. Another study of 10 children who underwent combined
lingual tonsillectomy and tongue base reduction reported a
reduction in postoperative AHI but complete resolution of
OSA was only observed in children with normal weight
[53]. Further study is warranted in this area.

Studies regarding outcomes of less commonly utilized
tongue surgeries, such as suspension procedures and tongue-
lip adhesion, are limited. One study of tongue suspension in
combination reported that a success (AHI < 5 events/hour)
rate of 61% in 31 patients following tongue base ablation
and suspension [54]. Alternatively, tongue-lip adhesion has
been shown to be effective in improving AHI, oxygen satura-
tion nadir, hypercarbia, as well as bradycardia in children with
Pierre Robin sequence; however, residual OSA is often report-
ed [55–57]. Finally, published literature on the efficacy of
procedures such as genioglossus advancement and hyoid sus-
pension for pediatric OSA is limited to case reports and has
not been reported for solo procedures.

Hypoglossal Nerve Stimulation

Hypoglossal nerve stimulation in children with Down syn-
drome and OSA is currently under investigation. Preliminary
results from 20 patients in this population are promising and
show a reduction in postoperative, titrated AHI of 85% from a
median of 24 to 3 events/hour [58•, 59]. Median nightly usage
across all participants was 9.2 h/night between the initial 1-
month postoperative PSG titration and the 2-month PSG titra-
tion. Study participants also demonstrated an improvement in
OSA-related quality of life asmeasured by the OSA-18, with a
median score change of 1.2 [58•, 60]. Two participants expe-
rienced adverse events requiring revision surgery without
long-term deleterious consequences. In one patient, there
was extrusion of the stimulation lead, which required wound
exploration and reimplantation. In the second patient, there
was poor connectivity at the time of device activation, and
wound exploration was carried out to perform device
adjustments.

Laryngeal Surgery

Prolapse of the epiglottis and/or laryngomalacia can contrib-
ute to pediatric OSA and may be reliably identified on endos-
copy and addressed wi th ep ig lo t topexy and /o r
supraglottoplasty. There are limited outcomes studies on
epiglottopexy, which involves de-mucosalizing the lingual
surface of the epiglottis and either suturing or allowing it to
scar to the tongue base. One recent study by Zalzal et al.
demonstrated a success (AHI < 5 events/hour) rate of 53.6%
in 28 children who underwent either epiglottopexy alone or
epiglottopexy with division of the aryepiglottic folds [61].

Sleep state-dependent laryngomalacia or occult
laryngomalacia can lead to persistent OSA and present
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beyond infancy. It is characterized by profound arytenoid re-
dundancy and prolapse, as well as a retroflexed or omega-
shaped epiglottis. In a 2015 systematic review of sites of ob-
struction in persistent pediatric OSA, supraglottoplasty was
the second most common procedure reported in the literature
for OSA following adenotonsillectomy. A systematic review
and meta-analysis conducted in 2015 showed that
supraglottoplasty in 64 patients with sleep state-dependent
laryngomalacia resulted in a decrease in AHI from 14.0 to
3.3 events/hour [62•]. In 74 patients with congenital
laryngomalacia, AHI decreased from 20.4 to 4.0 events/hour.
Similarly, a 2019 retrospective case series of 41 children with
laryngomalacia who underwent supraglottoplasty showed an
improvement in AHI from 26.3 to 7.3 events/hour [63].
Earlier studies from 2012 on supraglottoplasty for the treat-
ment of persistent OSA report resolution rates between 58 and
72% [64–67]. These studies show that supraglottoplasty can
significantly improve, though not always completely resolve,
PSG parameters in persistent OSA secondary to
laryngomalacia.

Craniofacial Surgery

Maxillary and/or mandibular advancement is performed in
children with OSA and craniofacial abnormalities, especially
for children with micrognathia including infants with Pierre
Robin sequence. In particular, there are successful outcomes
for mandibular distraction osteogenesis, a popular surgical
treatment for retrognathia and airway obstruction. One meta-
analysis included 376 children with mandibular insufficiency
and OSA who underwent mandibular advancement surgeries
and demonstrated overall AHI-based surgical cure rates of
25.5%, with a reduction in AHI from 41.1 to 4.5 events/hour.
Other orthognathic surgeries, such as maxillomandibular ad-
vancement, have substantial evidence for efficacy in adults;
however, outcomes in children are limited, and ideal timing
for surgery with regard to the impact on craniofacial develop-
ment [68] is still unknown. One retrospective cohort study
from 2020 examined 16 adolescents (mean age 17.4 years)
who underwent maxillomandibular osteotomy primarily for
correction of occlusion and found among other outcomes
[69]. In this cohort, mean AHI decreased from 28 to 5.4
events/hour and oxygen saturation nadir improved from 88
to 91%. More sleep-specific research is needed to evaluate
outcomes of orthognathic surgery in children.

Tracheostomy

Tracheostomy is a highly effective treatment for children with
severe, refractory OSA and is most commonly recommended
for children with cardiopulmonary comorbidities such as pul-
monary hypertension or those with neurological disorders. It
is also utilized, although infrequently, as a temporary measure

in patients who require multilevel, staged procedures. The use
of tracheostomy solely for the purpose of managing OSA is
rare, and outcomes research is limited. Rizzi et al. described
the effect of tracheostomy in 29 children who underwent tra-
cheostomy for severe OSA. The mean preoperative AHI was
60.2 events/hour. While the majority of children remained
tracheostomy dependent for OSA at 2-year follow-up, six pa-
tients were eventually decannulated and underwent capped
PSG which showed a mean AHI of 6.6. Of note, the majority
of this cohort had an underlying comorbidity such as cranio-
facial abnormalities or a neurologic disorder/hypotonia.

Conclusions

The evaluation and management of pediatric OSA are con-
tinuing to evolve. Although adenotonsillectomy and PAP are
still widely utilized and regarded as treatment mainstays, there
are a multitude of additional medical and surgical therapies
available to treat primary and persistent OSA. Further inves-
tigation is needed to determine the best indications for each
treatment modality. Finally, while PSG-based outcomes for
popular treatments like adenotonsillectomy are well-studied,
more research is needed to evaluate treatment effects on
patient-reported outcomes, neurocognitive function, and car-
diopulmonary sequelae in children with OSA.
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