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Abstract
Purpose of Review To describe the current literature pertaining to the evaluation and management of obstructive sleep apnea
(OSA) in children.
Recent Findings Newer diagnostic modalities, such as drug-induced sleep endoscopy (DISE) and cine MRI, may be utilized to
determine anatomic locations of upper airway obstruction contributing to OSA. Pharmacologic and non-pharmacologic treat-
ments have been studied as primary therapy for OSA or as adjuvant therapy for residual disease after adenotonsillectomy.
Surgical therapy for persistent moderate to severe OSA following adenotonsillectomy may be considered for patients who are
intolerant of or noncompliant with continuous positive airway pressure (CPAP) therapy and tailored to pertinent anatomic sites of
upper airway obstruction.
Summary The current body of literature emphasizes evaluation and management for children with recurrent or persistent OSA
after adenotonsillectomy. Further studies are needed to determine the long-term effectiveness of various pharmacologic, non-
pharmacologic, and surgical therapies.

Keywords Obstructive sleep apnea . Pediatric .Management . Evaluation

Introduction

Obstructive sleep apnea syndrome (OSAS) affects 2–4% of chil-
dren, and if uncorrected, can significantly affect the quality of life
and lead to neurocognitive, behavioral, and cardiopulmonary
sequelae. While the majority of cases are due to adenotonsillar
hypertrophy, 30–40% of children will have persistent disease
after adenotonsillectomy, particularly those with craniofacial ab-
normalities, Down syndrome, or other comorbidities [1, 2]. Thus,
the evaluation of pediatric OSAS should begin with a thorough
history and physical exam with a focus on symptoms and possi-
ble causes of obstruction, including an assessment of overall
body habitus, nasal anatomy, oral cavity, dentition, tongue size

and position, and tonsil size. While the overall physical charac-
teristics and symptom profile may allude to the presence of an
obstructive sleep disorder, these are poor predictors of disease
presence and severity [3]. While the gold standard for the diag-
nosis of OSAS remains an overnight, attended, in-laboratory
polysomnogram (PSG), there is considerable interest in finding
alternative diagnostic modalities due to the expense, limited
availability, and long wait times associated with PSG. Once di-
agnosed, assessment is then focused on the identification of the
source of obstruction in order to guide appropriate therapy. This
review will focus on newer diagnostic modalities including noc-
turnal pulse oximetry, peripheral arterial tonometry (PAT), drug-
induced sleep endoscopy (DISE), and cine MRI, as well as
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discuss the medical and surgical treatment options beyond
adenotonsillectomy and continuous positive airway pressure
(CPAP).

Evaluation of Pediatric Obstructive Sleep
Apnea

Nocturnal Pulse Oximetry

Overnight pulse oximetry is one of the more commonly used
diagnostic modalities, especially in areas with limited re-
sources. These tests are widely available, relatively low cost,
and easy to analyze with formal scoring carried out by
assessing clusters of desaturation events (McGill oximetry
scoring system) or the oxygen desaturation index (ODI) [4].
The McGill scoring system is a validated classification sys-
tem, which takes into account the depth, number, and cluster-
ing of desaturation events. It is scored by whole numbers from
1 through 4, with correlations to AHIs of 4.1, 12.6, 13.3, and
39.9 events/hour [5]. A recent systematic review found that
when the McGill scoring was applied, oximetry studies had a
97% positive predictive value (PPV) to detect an apnea-
hypopnea index (AHI) > 1, but only a 40% sensitivity [4].
When less stringent criteria are applied to define positive ox-
imetry, the sensitivity improved to 86.6%. In studies of chil-
dren with Down syndrome, oximetry has been shown to have
similar sensitivity and specificity, with the caveat that it cannot
differentiate obstructive versus central apnea events [6].
Additionally, the results of oximetry studies may be less reli-
able in obese children [7]. In a recent prospective study with
268 untreated children, a quarter of whom were obese, a ma-
jority of patients with an AHI > 5 had McGill scores > 1 [8].
However, 65% of children with moderate to severe OSAS had
negative or inconclusive McGill scores, which led to their
incorrect classification as mild OSAS or primary snoring.
However, the oximetry studies did not overestimate disease
severity in any of the patients. Overall, positive home oxime-
try studies are useful to establish the presence of OSAS, but
caution should be used when interpreting negative or incon-
clusive studies since there is a significant risk of false negative
results and underestimation of disease severity.

Peripheral Arterial Tonometry

PAT is a portable, wrist-worn device, which combines a pulse
oximeter, pulse rate monitor, probe for measuring arterial
tone, and actigraphy. The PAT probe uses this information to
monitor changes in sympathetic nervous system activation
and uses an algorithm to measure respiratory disturbances.
In adults, PAT strongly correlates with AHI, RDI, and sleep
time as measured on PSG [9]. There are few studies using this
technology in children although the device is FDA-approved

for children 12 and older. A recent prospective study involv-
ing 36 children (aged 8–15 years) demonstrated good correla-
tion of the AHI and ODI between PSG and PAT, but reported a
consistently lower AHI using PAT; this may reflect the fact
that an adult-sized probe was used along with algorithms cre-
ated for adults [10]. When curves were constructed to diag-
nose severe OSAS, the greatest diagnostic accuracy was seen
at an AHI cutoff of greater than 3.5 events/hour, with a 77%
sensitivity and 78% specificity. When the PAT-reported AHI
was over 10 events/hour, there was 91% specificity for diag-
nosing severe OSAS when compared with the PSG [10].

Drug-Induced Sleep Endoscopy

DISE involves the passage of a flexible endoscope or broncho-
scope through the nose and upper airway during a
pharmacologically-induced sleep-like state. This procedure al-
lows for the visualization of airway dynamics and identification
of sites of obstruction, particularly those that may occur exclu-
sively during sleep. Maneuvers such as jaw thrust are typically
performed to enhance the evaluation of obstructive sites, espe-
cially for the tongue base. DISE has been successfully used to
determine surgical management options for infants with OSAS
or for older children with persistent OSAS after
adenotonsillectomy [11–13]. Manickam et al. reported that
DISE is fairly reliable in identifying at least one site of obstruc-
tion, with reported rates between 52% and 100% in non-
syndromic patients and 100% in patients with Down syndrome
[14•]. It is particularly helpful for evaluating the nasal cavity and
laryngeal obstruction, and it allows for evaluation of the lower
airway if warranted. Over 21 different scoring systems have been
developed to help describe DISE findings in adults and children
with the two most common being the VOTE (velum, orophar-
ynx, tongue base, epiglottis) system and the Pringle and Croft
classification [15]. However, neither system includes nasal cav-
ity, nasopharyngeal, or laryngeal sites of obstruction, which can
be significant areas of obstruction in children. Subsequent grad-
ing systems by Chan et al. [16] including the Sleep Endoscopy
Rating Scale (SERS) by Lam et al. [17] have been tailored for
children by including the nasal cavity, nasopharynx, and
supraglottis as part of the scoring. These methods demonstrated
substantial inter-/intra-rater reliability and good correlation with
polysomnography (PSG) indices, particularly AHI and oxygen
saturation nadir [18]. In the senior author’s opinion, the advan-
tage of DISE over cine MRI is the improved assessment of the
nasal cavity and larynx.

Cine MRI

Cine MRI provides high-resolution anatomic information and
captures the dynamic movement of the upper airway while
avoiding the radiation exposure involved with CTor fluoroscopy
[19]. Similar to DISE, cine MRI is performed in a drug-induced
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sleep-like state. However, one advantage of cine MRI when
compared with DISE is the ability to simultaneously assess mul-
tiple levels of obstruction [14•]; this is particularly helpful for
children with Down syndrome or neurologic issues, where mul-
tilevel obstruction is common [20, 21]. Relatively objectivemea-
surements of the soft tissues can be taken, which allows for
quantification of factors such as the degree of lingual tonsil hy-
pertrophy, soft palate collapse, or tongue base collapse. Much of
the published cine MRI data involves the assessment of children
with Down syndrome with OSAS, thus it is difficult to extrapo-
late the utility of this modality to other populations. Currently,
this modality is not widely used due to limited availability at only
a few highly specialized centers.

Management of Pediatric OSA

Inmost pediatric cases of primary OSA, upper airway obstruc-
tion during sleep is associated with adenotonsillar hypertro-
phy. Accordingly, adenotonsillectomy is commonly the first
line therapy in pediatric OSA. For children who are not can-
didates for or refuse surgical therapy, pharmacologic therapy
with intranasal steroids or leukotriene receptor antagonists, or
continuous positive airway pressure (CPAP) may be recom-
mended depending on the severity of disease [22]. For chil-
dren and adolescents with persistent or recurrent OSA after
adenotonsillectomy, CPAP is the mainstay of treatment [23];
however, given concerns over poor compliance with CPAP
therapy, various medical, dental, and surgical options may
also be considered. The therapeutic strategy employed is
largely dependent on the pattern and severity of persistent or
recurrent OSA determined by PSG, the anatomic sites of ob-
struction determined by DISE and/or airway imaging, and
individual patient factors, including underlying syndromic
disorders or medical comorbidities.

Pharmacologic Therapy

Intranasal steroids are effective for childrenwithmild OSA for
whom adenotonsillectomy is contraindicated or for children
with mild persistent OSA after initial adenotonsillectomy. In
2001, a randomized, placebo-controlled trial evaluated the
effectiveness of intranasal fluticasone in 25 children with
OSA and adenotonsillar hypertrophy. For patients in the treat-
ment arm, there was a statistically significant reduction in the
mean mixed/obstructive apnea/hyponea index from 10.7 ± 2.6
to 5.8 ± 2.2 events/hour; patients in the placebo arm demon-
strated an increase in the mean mixed/obstructive apnea/
hypopnea index from 10.9 ± 2.3 to 13.1 ± 3.6, (p = 0.04)
[24]. Similarly, a 2015 randomized, placebo-controlled trial
evaluated intranasal mometasone in 50 children with mild
OSA not previously treated with adenotonsillectomy. The
mean oAHI decreased from 2.7 ± 0.2 to 1.7 ± 0.3 events/

hour in the treatment group and increased from 2.5 ± 0.2 to
2.9 ± 0.6 in the placebo group, (p = 0.039) [25•].

Several studies have evaluated the effectiveness of
montelukast, a leukotriene modifier, in the treatment of chil-
dren with OSA. One randomized controlled trial compared
daily oral montelukast to placebo in 46 children with mild to
moderate OSA who had not previously undergone
adenotonsillectomy. In the montelukast group, there was a
significant reduction in the obstructive apnea index (OAI),
adenoid size, and parent-reported symptoms despite no signif-
icant reduction in mean oAHI after treatment (6.0 ± 3.2 to
3.6 ± 2.3 events/hour, p = 0.07) [26]. Likewise, a significant
improvement in OSA severity was demonstrated among 57
c h i l d r e n who h a d no t p r e v i o u s l y u n d e r g o n e
adenotonsillectomy in a randomized, placebo-controlled trial
of montelukast. Twenty of 28 children receiving daily oral
montelukast had an improvement in AHI, and the mean AHI
was reduced from 9.2 ± 4.1 pre-treatment to 4.2 ± 2.8 post-
treatment (p < 0.0001). The mean oxygen saturation nadir was
also significantly improved. These same parameters were un-
changed in the placebo-controlled group [27•]. These studies
suggest that the administration of intranasal steroids or leuko-
triene modifiers in children with OSA who have not under-
gone adenotonsillectomy is associated with a significant re-
duction in the severity of disease by PSG, although the long-
term follow-up and clinical sequelae of disease were not spe-
cifically addressed; complete resolution of disease is not nec-
essarily assured.

A randomized prospective study compared oral
montelukast to observation in 58 children with mild persistent
OSA after adenotonsillectomy. The authors reported a signif-
icant improvement in the mean AHI (3.55 ± 1.15 to
2.20 ± 0.93, p < 0.001), oxygen saturation nadir
(83.72 ± 6.75 to 89.41 ± 4.81%, p < 0.001), and validated
Pediatric Sleep Questionnaire (PSQ) score (0.39 ± 0.11 to
0.27 ± 0.09, p < 0.001) [28•]. Finally, combination therapy
with intranasal steroids and oral leukotriene modifiers was
evaluated in children with residual mild OSA after
adenotonsillectomy. A significant reduction in AHI
(3.9 ± 1.2 to 0.3 ± 0.3 events/hour) was demonstrated in 22
children treated with intranasal budesonide and oral
montelukast after initial adenotonsillectomy [29]. These stud-
ies suggest that leukotriene modifiers and intranasal steroids,
alone or in combination, are effective adjuvants for mild re-
sidual OSA.

Non-pharmacologic Therapy

For children with OSA who are not candidates for
adenotonsillectomy or who have residual disease after initial
adenotonsillectomy, CPAP is a safe and effective treatment
option. By providing constant positive pressure, CPAP cor-
rects partial and complete upper airway obstruction during
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sleep. With consistent use, CPAP therapy has been correlated
with improvements in AHI, daytime behavior, daytime sleep-
iness, and blood pressure [30, 31]. However, adherence rates
to CPAP therapy vary widely (33–98%), resulting in a large
number of children with OSA who are untreated due to poor
compliance or inconsistent use [30, 32, 33].

Treatment with nasal insufflation (TNI) via high-flow nasal
cannula (HFNC)may be an effective alternative toCPAP therapy
in these children [34]. HFNC provides non-invasive respiratory
support with the delivery of humidified and heated oxygen at
flow rates exceeding that of normal inspiratory flow, thus gener-
ating positive airway pressure and reducing upper airway col-
lapse. A case series of five childrenwithmoderate to severe OSA
treated with HFNC, either in hospital or at home, showed a
significant reduction in the mean AHI (22.9 ± 15.2 to
5.0 ± 2.8, p = 0.034) and a significant improvement in the mean
oxygen saturation nadir (65.0 ± 11.97 to 81.4 ± 6.43%, p =
0.011) [35]. Subsequently, in a study of 10 children with moder-
ate to severe OSA treated with HFNC, there were significant
improvements in median oAHI from 11.1 (interquartile range
(IQR) 8.7–18.8) to 2.1 (IQR 1.7–2.2) events/hour (p = 0.002)
and mean oxygen saturation nadir from 76.0% (IQR 67.3–
82.3) to 79.5% (IQR 77.2–86.0) (p = 0.032). Similar improve-
ments were achieved in patients who were overweight/obese
versus non-overweight/obese [36•]. Further randomized studies
comparing CPAP andHFNC and evaluating long-term effective-
ness and compliance are needed.

Orthodontic and Orthognathic Therapy

Various craniofacial abnormalities are associated with OSA in
children and adolescents. A narrow, high-arched palate decreases
nasal cavity volume, increases nasal airway resistance, and pre-
disposes children to mouth breathing. Mandibular
retropositioning due tomandibular insufficiency or delayedman-
dibular growth is associated with posterior displacement of the
tongue, often resulting in tongue base obstruction [37]. In select
patients, orthodontic treatment and orthognathic surgery improve
dental alignment and maxillomandibular position in order to en-
large the airway and correct intranasal, velopharyngeal, and/or
retroglossal obstruction contributing to OSA [38].

Intraoral appliances are designed to stabilize the tongue in
an anterior position or actively protrude the mandible forward
in order to relieve tongue base obstruction during sleep [39].
Additionally, devices may stimulate the upper airway dilatory
muscles, thus reducing airway collapsibility [40]. In one
study, 19/32 children with mild to severe OSA (AHI > 2)
and dental malocclusion were randomly assigned to a 6-
month trial of a mandibular and tongue positioning device,
which was worn continuously. After orthodontic therapy,
there was a significant reduction in mean AHI (7.1 ± 4.6 to
2.6 ± 2.2 events/hour, p < 0.001). 62.4% had anAHI reduction
of at least 50%, and parent-reported respiratory and daytime

symptoms improved in over half of patients [41]. A systematic
review, including three additional retrospective studies evalu-
ating the effectiveness of mandibular advancement devices,
with or without a tongue retainer, reported that these appli-
ances appear to significantly reduce AHI when OSA is asso-
ciated with mandibular retrognathia; however, mandibular ad-
vancement appliances alone have not been shown to
completely correct OSA. The authors of the review concluded
that the limited evidence suggests short-term improvements of
AHI but does not demonstrate its effectiveness in the treat-
ment of pediatric OSA and data regarding compliance with
therapy and long-term follow-up is lacking [42•].

Mandibular advancement and mandibular distraction oste-
ogenesis surgeries are employed in the treatment of children
with underlying mandibular insufficiency with associated
OSA; this condition is typically seen in syndromic patients
with Pierre Robin sequence, Treacher Collins syndrome,
Stickler syndrome, and velocardiofacial syndrome. A 2018
systematic review and meta-analysis evaluated mandibular
advancement for the treatment of pediatric OSA, including
37 studies with 376 patients. After surgical therapy, there
was a reduction in mean AHI from 41.1 ± 35.8 to 4.5 ± 6.0
events/hour, and the mean oxygen saturation nadir increased
from 76.8 ± 13.0 to 91.1 ± 8.6. Among 105 patients for whom
individual patient data could be analyzed, surgical success (>
50% reduction and post-treatment AHI < 5) was achieved in
73.4%, and surgical cure (post-treatment AHI ≤ 1) was
achieved in 25.5%. The authors concluded that mandibular
advancement surgery dramatically improves OSA in select
children with retrognathia and mandibular insufficiency [43].

Rapid maxillary expansion (RME) is an orthodontic treat-
ment that corrects dental crowding in children with maxillary
skeletal constriction by increasing the transverse upper dental
arch size and widening the palate. As a result, the nasal cavity
volume is increased and the tongue position is normalized
[44]. A 2017 systematic review and meta-analysis evaluated
outcomes of RME in children with OSA. The authors ana-
lyzed 17 studies including 314 children with high-arched
and/or narrowed palates and OSAwho underwent RME. For
children with less than 3 years of follow-up after RME, the
mean AHI decreased from 8.9 ± 7.0 to 2.7 ± 3.3 events/hour.
For 52 children who had follow-up greater than 3 years, the
mean AHI decreased from 7.1 ± 5.7 to 1.5 ± 1.8 events/hour
(p < 0.001). Overall, there was a 70% reduction in reported
AHI; among 90 children for whom individual data was ana-
lyzed, the cure rate was 25.6% [45•]. RMEmay be considered
in select children with maxillary skeletal constriction and
OSA, with greater improvements anticipated in those with
no tonsillar hypertrophy or with residual OSA following prior
adenotonsillectomy. However, long-term follow-up in
radomized treatment and control group patients is needed in
order to determine the effectiveness of RME versus maxillary
growth from age alone.
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Finally, a retrospective study published in 2017 evaluated
the effectiveness of bimaxillary expansion (BE) as a treatment
option for pediatric OSA. Thirty of 45 children (66%) with
mild to severe OSA who had not previously undergone
adenotonsillectomy showed improvement in AHI at 3–
6 months after treatment with BE; however, effect sizes were
modest, with reduction in pre-treatment median AHI of 7.6
(range 0.1–32.5) to post-treatment median AHI of 6.7 (0.0–
30.8) events/hour (p = 0.05) [46].

Surgical Treatment for Pediatric OSA

Lateral Pharyngoplasty and Expansion Sphincter
Pharyngoplasty

Lateral pharyngeal wall collapse is a potential site of upper
airway obstruction in both children and adults with OSA. In
an effort to improve cure rates of primary OSA in children
undergoing adenotonsillectomy, treatment with concomitant
lateral pharyngoplasty with suture closure of the tonsillar pil-
lars had previously been considered; however, prior pediatric
studies did not demonstrate improved effectiveness in com-
parison with adenotonsillectomy alone [47, 48].

Expansion sphincter pharyngoplasty is used to reduce lateral
pharyngeal wall collapse and combines tonsillectomy with the
rotation of the palatopharyngeus muscle along a superior-lateral
vector; it may be combined with partial uvulectomy and/or clo-
sure of the tonsillar pillars. In a retrospective review of 25 chil-
dren with AHI > 10 and lateral pharyngeal wall collapse identi-
fied by pre-operative DISE, significant improvement in the post-
operative mean AHI (from 60.5 ± 38.5 to 2.0 ± 3.9 events/hour)
was demonstrated after tonsillectomy with modified expansion
sphincter pharyngoplasty. The overall cure rate (AHI < 1) was
64%.Both the postoperativeAHI and cure rate were significantly
better among children who underwent modified expansion
sphincter pharyngoplasty compared with AHI-matched children
who underwent adenotonsillectomy alone (p < 0.05) [49].

Lingual Tonsillectomy

Lingual tonsil hypertrophymay result in prolapse of the posterior
tongue and subsequent obstruction of the retroglossal airway. It
can be identified on awake flexible nasopharyngoscopy, DISE,
and cine MRI. However, lingual tonsillar size is often
overestimated on endoscopic exam alone, when enlargement or
retroposition of the underlying base of tongue results in further
prolapse of lingual tonsillar tissue.

Removal of the lingual tonsils is the most common surgery
for persistent OSA after adenotonsillectomy. Lingual tonsil
tissue is frequently removed transorally with radiofrequency
ablation, suction cautery, ormicrodebrider. Particular attention
is turned to clearing the vallecular space, where residual tissue

is most likely to prolapse into the airway. Lingual tonsillecto-
my is generally safe, with complications rates comparable to
those of adenotonsillectomy [50]. In a 2016 systematic review,
lingual tonsillectomy performed among 141 children overall
resulted in an improvement in mean AHI from 13.9 to 8.0
events/hour [14•]. In two studies, postoperative AHI < 5 was
achieved in 57–61% of patients, and postoperative AHI < 1
was achieved in 17–22% of patients [51, 52]. For children
with persistent OSA after tonsillectomy, lingual tonsillectomy
may produce a significant improvement in AHI when lingual
tonsillar hypertrophy is identified.

Posterior Midline Glossectomy

Posterior midline glossectomy (PMG) is employed in children
who have predominant tongue base obstruction from relative
macroglossia or retroposition of the posterior tongue and is
frequently combined with lingual tonsillectomy. With PMG, a
wedge of posterior tongue tissue is ablated or excised via open
or submucosal approaches, most commonly using radiofre-
quency ablation. The resultant scar formation along the pos-
terior aspect of the tongue may result in further improvement
in the surgical outcome.

In a study of 13 children with Down syndrome and OSA
after adenotonsillectomy who underwent PMG with lingual
tonsillectomy, the mean AHI improved from 47 to 5.6 events/
hour in normal to overweight patients; however, similar im-
provements in AHI were not demonstrated in obese patients
[53]. In an additional study of 26 patients undergoing DISE-
directedmultilevel surgery, 16 (62%) had significant improve-
ments in AHI following PMG [13].

Tongue Suspension

Tongue suspension is another technique directed at relieving
base of tongue collapse, particularly in patients who demon-
strate glossoptosis of the superior aspect of the posterior base
of the tongue on cine MRI. In this procedure, the base of the
tongue is suspended anteriorly to the genial tubercle of the
mandible with a non-absorbable suture passed through and
around the soft tissue at the base of the tongue. The procedure
may be combined with partial midline glossectomy in order to
further reduce the bulk and collapsibility of the tongue base
through thermally-induced fibrosis.

In a study of 31 patients with OSA and tongue base
obstruction undergoing tongue suspension with concurrent
radiofrequency ablation of the tongue base, the mean AHI
improved from 14.1 to 6.4 events/hour, and mean oxygen
saturation nadir improved from 87 to 91%. Overall, the
success rate (AHI < 5 and oxygen saturation nadir > 90%)
was 61% [54].
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Hypoglossal Nerve Stimulation

Hypoglossal nerve stimulators are implantable devices that
stimulate the anterior branches of the hypoglossal nerve to al-
leviate tongue base obstruction during inspiration. In 2014, the
Food and Drug Administration (FDA) approved hypoglossal
nerve stimulator implantation for the treatment of moderate to
severe OSA in adults, with subsequent studies showing both
success and compliance with long-term use [55, 56].

To date, pediatric hypoglossal nerve stimulation has been
limited to studies in adolescents with Down syndrome who
have persistent moderate to severe OSA and are unable to
tolerate CPAP [57, 58•]. In a case series of six adolescents
with Down syndrome and AHI > 10 implanted with the hypo-
glossal nerve stimulator, significant improvements in AHI
were seen. After at least 6 months of therapy, a 56–85% re-
duction in AHI was demonstrated, with AHI < 5 in four of six
patients [58•]. This suggests that hypoglossal nerve stimulator
implantation is a potential therapeutic option for children with
persistent severe OSA, but further research is needed.

Hyoid Suspension

In patients with OSA, the hyoid bone tends to sit lower in the
neck than in those without OSA, which may lead to the in-
creased posterior collapse of soft tissues and resultant
hypopharyngeal airway obstruction. In order to elevate the
hyoid, suspension sutures may be placed around the
midportion of the hyoid bone and secured to either the thyroid
cartilage or the lower anterior mandible. The hyoid bone is
suspended anteriorly, resulting in increased posterior airway
spaced and improvement in hypopharyngeal obstruction [59].

A review of the effectiveness of hyoid suspension surgeries
for the treatment of OSA in adults [59] reported significant
improvements in mean AHI and Epworth Sleepiness Scale
scores [59, 60]. However, there is a paucity of published data
regarding hyoid suspension in children. Given the demonstra-
ble benefits in adult OSA, further investigation into the use
and effectiveness of hyoid suspension for persistent OSA in
children is necessary.

Supraglottoplasty

Infants and children with severe laryngomalacia may experi-
ence significant OSA (reported in 3%), and supraglottoplasty
remains the mainstay of treatment for these infants.
Supraglottoplasty typically involves surgery to address
foreshortened aryepiglottic folds, epiglottic prolapse, and/or ar-
ytenoid prolapse. Two meta-analyses reported significant im-
provements in mean AHI and oxygen saturation nadir. Across
four included studies, the mean difference in AHI after
supraglottoplasty was − 12.5 events/hour (95% CI, − 21.14 to
− 3.78, p = 0.005) [61•]. In an additional six studies, the mean

difference in AHI was − 10.7 events/hour (95% CI, − 14.9 to −
6.5) (Camacho et al. 2016). Surgical cure of OSA with
supraglottoplasty was reported in 11–27% of cases, when indi-
vidual patient data was available for analysis [61•, 62•].

Conclusions

While polysomnography remains the gold standard for diagnosis
of OSA in children, reliable alternative diagnostic modalities are
needed due to the limitations associated with cost, access, and
availability. Overnight pulse oximetry is widely available, rela-
tively low cost, and easy to analyze with formal scoring systems;
positive home oximetry studies are useful to establish the pres-
ence of OSA, but disease severity may be underestimated. DISE
and cineMRI may allow for more accurate diagnosis of anatom-
ic sites of upper airway obstruction contributing to OSA and
direct therapy beyond adenotonsillectomy in children who have
residual or persistent disease. Pharmacologic therapy with intra-
nasal steroids and oral leukotriene inhibitors has been shown to
be effective for the treatment of mild primary OSA or mild re-
sidual OSA after adenotonsillectomy. For children and adoles-
cents with persistent or recurrent OSA after adenotonsillectomy,
CPAP remains the mainstay of treatment; however, various med-
ical, dental, and surgical options may be considered for children
who are intolerant of or noncompliant with CPAP therapy. The
effectiveness of therapy is dependent on the severity of disease,
anatomic sites of obstruction, and individual patient factors, in-
cluding underlying syndromic disorders or medical comorbidi-
ties. Further study is required to evaluate the long-term effective-
ness of treatment.
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