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Abstract: Obstructive sleep apnea (OSA) is characterized by recurrent complete or partial obstruction
of the upper airway. The prevalence is 1-4% in children aged between 2 and 8 years and rising due
to the increase in obesity rates in children. Although persistent OSA following adenotonsillectomy
is usually associated with obesity and underlying complex disorders, it can also affect otherwise
healthy children. Medical treatment strategies are frequently required when adenotonsillectomy is
not indicated in children with OSA or if OSA is persistent following adenotonsillectomy. Positive
airway pressure treatment is a very effective modality for persistent OSA in childhood; however,
adherence rates are low. The aim of this review article is to summarize medical treatment options for
OSA in children.
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PAP therapy; anti-inflammatory treatment; high flow nasal cannula

1. Introduction

Obstructive sleep apnea (OSA) is a syndrome involving upper airway dysfunction
during sleep that is characterized by snoring and/or increased respiratory effort resulting
from increased upper airway resistance and pharyngeal collapsibility [1-3]. It is estimated
that 1-4% of children aged between 2 and 8 years have OSA. However, the prevalence may
be as high as 80% in children with coexisting medical conditions, such as Trisomy 21 [4,5].
The prevalence of OSA is rising due to the increase in obesity rates in children [6].

Obstructive sleep apnea in children is caused by anatomic upper airway narrowing
and/or increased upper airway collapsibility. Previous research showed that children
with OSA had narrower pharyngeal airways when compared to control children during
wakefulness, sedation, and paralysis. A smaller cranial base angle, longer lower facial
height, mandibular retrognathia, a narrower dental arch, and various additional dental arch
deformations, such as an anterior open bite, are cephalometric features that contribute to
OSA. Children with OSA have dynamic inspiratory airway narrowing during tidal breath-
ing in addition to the effect of increased soft tissue volumes on the static dimensions of the
pharyngeal airway. The airway collapse can happen at different levels of the pharynx [7].
Drug-induced sleep endoscopy (DISE) refers to a flexible UA endoscopy performed during
a sedative state that allows for a dynamic and three-dimensional evaluation of the entire
upper airway. DISE helps to decide if there is a need for further surgical intervention other
than adenotonsillectomy for treatment of OSA, specifically for post-adenontonsillectomy
children, and what kind of intervention should be indicated for an individual patient,
which may help to personalize treatment [8].

Depending on a child’s craniofacial morphology, tonsillar and adenoidal growth, and
body habitus, as well as whether rhinitis symptoms are present, childhood OSA may consist
of various overlapping phenotypes. Additionally, children with the same severity of OSA
have variable end-organ morbidity. Compared to nonobese children, who typically present
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with impaired growth and adenotonsillar hypertrophy between the ages of 2 and 8 years,
obese children may present later with symptoms that are more similar to those of adult
OSA, such as excessive daytime sleepiness [9,10]. The OSA phenotype in children with
complex diseases is determined by anatomical and functional abnormalities that are specific
to each underlying disorder, such as Down syndrome and Prader Willi syndrome. It is
essential that clinicians consider the symptoms, physical examinations, the presence of risk
factors, and signs of end-organ morbidity to diagnose patients and develop a personalized
management strategy [11-13].

Snoring, observed apneas, and gasping sounds while sleeping are signs of OSA [1].
Overnight polysomnography (PSG) is used to confirm the OSA diagnosis and the obstruc-
tive apnea hypopnea index (0AHI) is the main parameter used to diagnose and define the
severity of OSA. However, PSG is associated with a significant financial and healthcare
burden and it would be ideal to have a simple, reliable method for identifying children at
high risk for OSA. For the purpose of pediatric OSA screening, several questionnaires have
been developed. Determining a highly sensitive and focused questionnaire that is simple
for patients/parents to complete and for clinicians to assess, however, is still a difficulty,
and the sensitivity and specificity of these questionnaires are low [14]. However, pediatric
sleep questionnaires are widely used not only to identify children at risk for OSA but also
to evaluate response to treatment [15].

Polygraphies are simpler to perform and produce respiratory data comparable to
a PSG. Overnight home or hospital use of respiratory polygraphies in children is more
common now, much like adult sleep services. According to recent research, respiratory
polygraphy can be successfully used with 81-87% of pediatric patients when it has been set
up at a medical facility [16]. A recent European Respiratory Society technical standards
paper summarized current data on the use of polygraphy in children for diagnosis of
sleep-disordered breathing [17].

Although it has limitations, overnight oximetry can be a valuable tool for identifying
children with OSA and determining the most urgent treatment needs if polygraphy or PSG
are not available. These studies can be performed at home or in the hospital. The use of
an appropriate oximeter is essential for correctly interpreting data. Averaging time is a
key setting for evaluation of the oximeter’s diagnostic effectiveness. According to McGill’s
system of evaluation, indicators of moderate to severe OSA include at least three clusters
of desaturation events and at least three SpO, drops below 90% in a nighttime oximetry
recording [18]. Although this is not a very sensitive method of diagnosing OSA, it identifies
children with moderate to severe disease successfully.

OSA is associated with cardiovascular morbidity and neurobehavioral impairments;
therefore, it is important to diagnose and treat OSA in a timely manner [19-21]. Guide-
lines recommend treatment for children with an oAHI > 5 events/h and with an oAHI of
1-5 events/h in the presence of OSA morbidity or concomitant disease [22,23]. The objec-
tives of OSA treatment in children are to reduce daytime symptoms, improve quality of life
and sleep, and avoid short- and long-term consequences [24].

Even though the pathophysiology of pediatric OSA is heterogeneous, the overgrowth
of the tonsils and adenoids, which restricts the upper airway during sleep, is the most
frequent cause in children, even when associated obesity or complex disorders are present.
Therefore, adenotonsillectomy (AT) is commonly the primary treatment option for children
with OSA [1,25]. After surgery, OSA may relapse or persist in 21% to 73% of children [26,27].
Additional assessment and medical treatment strategies are frequently required when AT
is not indicated or if there is persistent OSA after surgery, as well as when complex medical
issues are present. The aim of this review is to summarize the current evidence for medical
treatment of children with OSA (Table 1).
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Table 1. Medical treatment modalities for obstructive sleep apnea in children.

Indications and Benefits

Challenges

Anti-inflammatory treatment
Nasal steroids/oral
montelukast/oral steroids

Children with symptoms of allergic or
non-allergic rhinitis may benefit.
Anti-inflammatory medications may
decrease the size of adenotonsillar tissue,
leading to improvement in OSA.

Follow up is necessary
Efficacy has to be evaluated due to
variety in responses
Nasal irritation and bleeding may
occur with nasal steroids
Montelukast can have adverse effects on
behavior and mood

Antibiotics

Currently not recommended

Larger studies are needed to determine the role
of antibiotics in the treatment of OSA

Positive airway pressure therapy

Children with moderate to severe OSA
who are not candidates for surgery and
children with persistent OSA after
surgical intervention may benefit

Requires all-night and long-term use
Low adherence rates
It may be associated with midface hypoplasia

High-flow nasal cannula therapy

Children who cannot tolerate CPAP may
benefit from HENC treatment

Rarely covered by health insurance
in many countries
No home units recording adherence
and no proper alarms

Can be considered in children with
persistent OSA

Requires all-night and chronic use
Larger studies are needed to

Positional th . . . .
ositional therapy Can be a simple, cheap, and low-risk demonstrate its effectiveness
treatment option No adherence data
Myofunctional therapy Currently not routinely recommended Requires training and daily exercises

Dental procedures

Recommended in children with narrow
transversal maxillary arch, who
collaborate in the expansion by turning
screws to widen the
airway and improve OSA

Effects not clear
Long treatment duration
Mostly not covered by insurance companies

Weight loss

Efficacious in treating OSA associated
with obesity in children
If medical treatment of obesity is not
achieved, surgical options
can be considered

Other treatment modalities should be initiated
until enough weight loss has been achieved

2. Anti-Inflammatory Treatment (Nasal Steroids/Montelukast/Oral Steroids)
and Antibiotics

Many studies have investigated the effectiveness of anti-inflammatory medications,
such as nasal steroids (NSs) or leukotriene receptor antagonists (montelukast), in children
with mild to severe OSA since the pathophysiology of the condition has a significant
inflammatory component [28]. Research has shown that pediatric adenotonsillar tissues
contain glucocorticoid receptors, and children with OSA have increased levels of these
receptors [29]. Additionally, leukotriene receptors were found to be expressed in adenoton-
sillar tissue surgically removed from children with OSA [30]. Therefore, it is plausible that
anti-inflammatory medications may decrease the size of adenotonsillar tissue, leading to
improvements in OSA.

The aim of NS use is to decrease the volume of adenoids via suppression of inflamma-
tion when adenotonsillectomy is contraindicated or in children with mild OSA [1]. A partial
reduction in adenoidal hypertrophy has been observed with the administration of NSs for
4 to 6 weeks [31,32]. Sixty-two children underwent a double blind, randomized, controlled
study comparing nasal budesonide with a placebo. Following a 6-week treatment with
nasal budesonide, the oAHI decreased from 3.7 & 0.3 to 1.3 & 0.2 events/h in children with
mild OSA. On the other hand, in the placebo group, the oAHI increased from 2.9 £ 0.4 to
4.0 £ 0.4 events/h (p <0.0001). Significant changes were seen in sleep macroarchitecture,
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such as sleep latency and the percentages of total sleep time spent in slow-wave sleep and
rapid-eye-movement sleep (p < 0.05). Additionally, there was a long-lasting effect 8 weeks
after the end of the treatment [32].

A recent double blind, randomized, controlled trial of NSs for the treatment of OSA
in children included 134 children aged 5 to 12 years. Patients were randomized 2:1 to
receive 3 months of NSs or a placebo. NS or placebo treatments for 9 months were then
randomly reassigned to the children in the NS group. Changes in the oAHI at 3 months
(median: —1.72 (interquartile range (IQR): —3.91 to 1.92) events/h) and 12 months (median:
—1.2 IQR: —4.22 to 1.71) events/h) were not different between the two groups (p = 0.7).
OSA symptoms and neurobehavioral outcomes at 3 and 12 months were also similar
between groups. Although there was a statistically significant decrease in the o AHI
(7.2 (3.62 t0 9.88) events/h to 3.7 (1.56 to 6.4) events/h, p = 0.39) in 38 children who received
NSs for 12 months, this was not clinically significant [33]. Nasal irritation and bleeding
are the two most common adverse effects of NSs. If NSs are administered for a prolonged
period, there may be an increased risk of adrenal gland and growth suppression [34].

Gozal et al. included 64 children in a randomized, controlled study evaluating the
effect of montelukast therapy. Of the 64 participants, 57 (89.0%) completed the 16-week
trial with montelukast or a placebo, and among these, 42 were adherent to the assigned
treatment (21 in the montelukast group and 21 in the placebo group). The study revealed
that a 16-week treatment with montelukast significantly decreased the severity of OSA
in children compared to the placebo. The AHI decreased from 9.2 & 4.1 events/h to
4.2 + 2.8 events/h (p < 0.0001) in the treatment group, whereas in the placebo group, the
AHI increased from 8.2 + 5.0 events/h to 8.7 £ 4.9 events/h. While 20 pediatric patients
who received treatment (71.4%) experienced positive benefits, just 2 (6.9%) of the patients
receiving the placebo showed decreases in the AHI (p <0.001). Similarly, the 3% Oxygen
Desaturation Index (number of 3% reductions in SpO, per hour of sleep) and arousal
indices significantly improved in the treatment group, whereas no significant changes
occurred in the placebo group [35].

According to a meta-analysis, five studies with 166 children that evaluated mon-
telukast alone for pediatric OSA revealed a 55% improvement in the AHI (mean of
6.2 events/h pre-treatment vs. 2.8 events/h post-treatment), with improvement in the
lowest oxygen saturation (LSAT) from 89.5% to 92.1%. Two studies with 502 children
evaluating the effects of montelukast with NSs on pediatric OSA found a 70% improvement
in the AHI (4.7 events/h pre-treatment vs. 1.4 events/h post-treatment), with an improve-
ment in LSAT from 87.8% to 92.6% [36]. However, it should be noted that montelukast
has significant adverse effects on mood and behavior, and the FDA has published a boxed
warning for this medication [37]. Before initiation of treatment, clinicians should assess the
risks and benefits and inform the families of these risks.

Since enlarged adenoids and tonsils are composed of hypertrophic lymphoid tissue,
anti-inflammatory medications, such as systemic corticosteroids, have been evaluated
for treatment of children with OSA. Evangelisti et al. evaluated the effect of systemic
steroids in 28 children (mean age: 4.5 £ 1.8 years) with OSA. Fifteen children received oral
betamethasone (0.1 mg/kg per day) in addition to NS therapy for 7 days in group one,
while 13 children received NSs for 21 days in group two. The sleep clinical record score
(12.6 £1.2vs. 8.3 £ 1.1, p = 0.0001), oxygen desaturation index (11.7 vs. 3.0, p < 0.0001),
oxygen desaturation time < 90% (1.75 vs. 0.0, p < 0.0001), oxygen desaturation events < 90%
(25.5vs. 1.0 p < 0.0001), and mean (95.3 + 1.1 vs. 97.0 & 0.8%, p = 0.0001) and minimum
SpO2 (78.8 £ 6.3 vs. 89.2 £ 4.2, p = 0.001) improved in children treated with NSs and
oral betamethasone. The authors recommended the use of systemic steroids as a bridging
therapy prior to AT therapy in children with severe OSA [38].

Various microorganisms have been isolated from patients with chronic tonsillar hyper-
trophy. There has been limited research supporting the use of broad-spectrum antibiotics
to treat pediatric OSA. In a study involving 22 children with OSA and adenotonsillar hy-
pertrophy, researchers divided the patients into two groups. The first group, consisting of
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11 children, received 30 days of azithromycin therapy, and the second group of 11 children
received 30 days of placebo treatment. The AHI decreased by —0.97 £+ 2.09 events/h
in the azithromycin group but increased by 3.41 + 3.01 events/h in the placebo group
(p = 0.23). The baseline and maximum end-tidal carbon dioxide pressure, the baseline
and LSAT, and the number of pathological central apneas did not change significantly.
The authors concluded that broad-spectrum antibiotic therapy may not be an appropriate
alternative to surgery and that larger studies are needed to determine the role of antibiotics
in the treatment of OSA [39].

A paranasal sinus infection that lasts for more than three months is referred to as
chronic sinusitis. Children with chronic sinusitis may have biofilms in their nasopharynx
that serve as long-term reservoirs for bacteria that are resistant to common antibiotics. A
previous study revealed that extensive biofilm formations on the adenoids of children
with chronic sinusitis and those with obstructive sleep apnea raise the possibility that
the generation of biofilms may be a virulence factor for the organisms that cause the
disease [40]. Despite the fact that broad-spectrum oral antibiotics are frequently used
to treat infections, chronic rhinosinusitis may not respond to antibiotic therapy with a
permanent or sustained improvement. There is currently no agreement on the optimal
treatment duration, organism coverage, or antibiotics due to the large range of aerobic and
anaerobic organisms cultivated from the paranasal sinuses. However, high-dose antibiotics
are typically used for a minimum of three weeks, whereas adenoidectomy can mechanically
eliminate infection [40].

3. Positive Airway Pressure

It is important to consider that residual OSA may remain even after surgical in-
tervention, especially in children with complex disorders, such as Trisomy 21, Prader—
Willi syndrome, or obesity [27,41]. Children who are not candidates for surgery, most
children with cranio-facial anomalies, and children with persistent OSA after adenoton-
sillectomy are usually started on positive airway pressure (PAP) therapy. A study by
Kearney et al. found that the majority of adolescents with obesity (74%) had severe OSA
(AHI > 10 events/h) with a mean baseline AHI of 33.9 events/h. After AT, the AHI levels
in the obese and control groups both showed clinically significant improvements with
median changes of 18.3 events/h (p < 0.001) and 14.6 events/h (p < 0.001), respectively. A
total of 48% of the obese adolescent patients had an AHI < 5 events/h on postoperative
PSGs. However, compared to patients who were not obese, adolescents with obesity were
seven times more likely to have moderate or severe persistent OSA (AHI > 5 events/h)
after AT (p = 0.001). Adolescents with obesity had a considerably higher requirement for
post-AT PAP therapy (37.1% of patients required PAP, p< 0.001) [42].

A device that can produce various levels of PAP, expressed in centimeters of water
pressure, is used for PAP therapy. By using a pneumatic splint for the soft tissues of the
upper airway, PAP treatment sustains airway stability throughout the breathing cycle [1]. It
aims to regulate sleep architecture, increase sleep quality, and alleviate daytime symptoms
caused by inadequate sleep.

A mask known as an interface connects the patient to the PAP treatment device.
Finding an interface with a good fit that ensures comfort and optimal air leakage for the
patient is crucial. However, there are no standards for choosing the right interface. Age
and facial morphology are the most important factors when choosing an interface. This
can be difficult, particularly for infants and children with asymmetry or facial deformity.
Each interface has an intentional leak built in to avoid carbon dioxide rebreathing. An
interface should have a good seal, minimal resistance to airflow, low dead space volume,
and the optimal unintended leakage. Children can use nasal pillows and nasal and oronasal
masks as interfaces for PAP therapy. Nasal masks are commonly preferred, as oronasal
masks carry the risk of aspiration. Since nasal pillows fit right into the nares, they may be a
good option for teens and are well tolerated. Children with OSA should be evaluated for
nasal obstruction before initiating PAP therapy. If soft tissue obstruction is noted, medical
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treatment, such as NSs or montelukast, should be considered [35,36,43]. Improving nasal
breathing can enhance the efficiency and tolerability of PAP therapy [44,45]. The nose and
mouth are both covered by an oronasal interface. There are challenges when using an
oronasal mask. The pressure from the mask on the jaw may produce posterior displacement
and exacerbate the obstruction of the upper airway. Furthermore, if the child has muscle
weakness or is young and unable to remove the mask in cases of vomiting, there is a
danger of aspiration. Patients tend to tolerate the mask less well and are more likely to
feel claustrophobic [46]. Furthermore, oronasal masks with the same pressure were not
as effective as nasal masks in a study that evaluated adults with OSA using DISE [47].
However, there are limited data regarding the performance of interfaces in children [48].
In a study by Ramirez et al., no differences were detected in PAP adherence, correction of
nocturnal gas exchange abnormalities, or leak values with the usage of nasal and oronasal
masks in a retrospective analysis of 62 children (>2 years of age) [49].

The eyes, nose, and mouth are covered with a full-face mask. The pressure points for
this contact are farther away than with normal interfaces, which is a benefit. Skin erythema
and midface hypoplasia are mostly avoided. Given the significant dead space, patients
should be clinically evaluated while using this mask to confirm that CO; is not being
re-breathed, especially in younger children. Additionally, if there is a risk of aspiration
or if the child has increased oral secretions, full face masks should be avoided to prevent
aspiration. These masks are mostly used in acute care of children with respiratory failure.

PAP therapy can be administered as continuous positive airway pressure (CPAP) or
bi-level positive airway pressure (BPAP). CPAP prevents the collapse of the upper airway
by continuously applying pressure at one level throughout the breathing cycle. It does not
assist with the inspiration of the patient but improves gas exchange and oxygenation by
increasing functional residual capacity [50]. BPAP provides assistance during inspiration by
delivering cycling pressure. The ventilator’s high airflow rate augments the patient’s efforts
to inhale. Therefore, it should be administered in accordance with the patient’s breathing
efforts. The three main objectives of inspiratory positive airway pressure (IPAP) are to
decrease the work of breathing, the respiratory rate, and PaCO;. The main objectives of the
expiratory positive airway pressure (EPAP) are to increase oxygenation, decrease intrinsic
PEEP, and remove upper airway obstruction. If the child needs a high expiratory pressure
and cannot tolerate CPAP or has substantial hypoventilation that does not improve with
CPAP use, BPAP can be used to treat OSA [51].

In BPAP devices, four different modes can be provided [46]. The mode of therapy
is chosen depending on the patient’s breathing pattern and the underlying disorder. The
spontaneous BPAP mode (BPAP-S) is used for children who are intolerant of CPAP at
high pressures due to discomfort at exhalation. In this mode, each breath is started by the
patient, higher inspiratory pressure and lower expiratory pressure are used, and there is
no back-up rate. The spontaneous-timed BPAP mode (BPAP-ST) is used for children who
present with mixed apnea, CPAP emergent central apnea, or persistent hypoventilation
following resolution of OSA with CPAP. In this mode, a back-up rate, which is usually
2—4 breaths lower than the patient’s own respiratory rate, is employed [52]. The patient
initiates the breaths and the device only delivers a breath when the patient’s spontaneous
respiratory rate drops below the pre-set back-up rate. In the pressure control mode, there
is a set inspiratory time for both ventilator and spontaneous breaths. In the timed mode,
which is rarely used in children, the device controls the patient’s breathing rate and inspi-
ratory times regardless of the patient effort. PAP treatment has been linked to significant
clinical advantages, such as decreased risk of cardiovascular disease and reduction in
insulin resistance [53-55].

A novel mode of ventilation known as the volume-assured pressure support (VAPS)
BPAP mode provides automatically titrating pressure support that is designed to achieve a
tidal volume goal. It has been shown to be useful for children with obesity hypoventilation
syndrome and congenital central hypoventilation syndrome [52].
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A titration sleep study with PAP titration usually precedes the beginning of PAP
therapy. In order to prevent respiratory events and improve gas exchange, pressure/mode
modifications are implemented during the sleep study. The goals for PAP titration include
<2 obstructive apneas per hour, ETCO, < 55 mmHg and not greater than 50 mmHg for
>10 min, SpO, > 94%, and minimal paradoxical breathing and flow limitation [51]. Ad-
ditionally, there are auto-adjusting CPAP/BPAP devices that utilize a unique algorithm.
These devices might be useful when the severity of OSA is dependent on body posture
and/or sleep stage [56]. CPAP titration with an auto-CPAP device in the home environment
can be considered for children when access to a sleep laboratory is limited [57].

After initiation of PAP therapy, regular follow-up is necessary to ensure adequate
therapy as the efficacy of PAP therapy is limited by low adherence. In children, physical
discomfort and/or fear of the device may cause low adherence. Usage in the first week
of treatment may predict longer-term use, and monitoring adherence in the first week
of treatment and intervening in cases of low adherence may improve long-term CPAP
use [58]. The largest PAP adherence analysis of pediatric patients with OSA was published
in 2020 [59]. A total of 20,553 patients with a mean age of 13 years met the eligibility criteria
and had accessible data. Based on 90 days of monitoring data, 12,699 patients (61%) used
PAP continuously. However, only 46.3% of the cohort met the Centers for Medicare and
Medicaid Services” adherence requirements after 90 days. This adherence was poorer than
that shown in the results from studies using similar methodologies to measure adherence
in adults. Additionally, this study suggested that children between the ages of 4 and 6 years
and adolescents between the ages of 15 and 18 years might require more assistance than
other age groups, necessitating age-specific behavioral interventions. As children spend
more hours in sleep, using adult criteria for adherence may not be sufficient to prevent
adverse consequences in children with OSA.

Developmental delay, female gender, and younger age are associated with better PAP
compliance [60,61]. A recent study compared the efficacy and challenges of PAP therapy
adherence in infants and school-aged children with OSA [62]. A total of 41 infants and
109 school-aged children were included in the study. After PAP titration, infants” o AHI
levels decreased on average by 92.1%, while school-aged children’s cAHI levels decreased
on average by 93.4% (0 = 0.67). The same types of challenges for adherence were reported
in infants and school-aged children, with behavioral issues being the most prevalent in
both populations. Another study included 137 typically developing (TD) children and
103 children with developmental disabilities (DDs). At 3 and 6 months, the percentage of
nights when devices were used was significantly higher for children with DDs (p = 0.01,
p = 0.003, respectively). Hours of usage on nights when the devices were used at three and
six months were similar between groups (DD group = 5.0, TD group = 4.6, p = 0.71;, DD
group = 6.4, TD group = 5.7, p = 0.34, respectively). Higher PAP was strongly predictive for
hours of usage in both groups at 6 months, while higher median neighborhood income and
titration at or before 6 months were significantly predictive of percentage of nights when
devices were used [63].

In addition to the assistance provided by medical staff, the patient’s environment
and family at home are crucial for adherence. Marcus et al. found a high drop-out rate
(35%), consistently low overnight use duration (5.3 h/night), and significant over-reporting
of compliance by families in research on PAP adherence in children [64]. Another study
on PAP compliance among pediatric patients revealed that <60% of patients adhered to
recommended schedules ranging from 4.0 to 5.2 h per night [60]. Facemask discomfort
contributed to low compliance. Teenagers’ adherence to PAP therapy can be encouraged
by support groups, phone applications, behavioral therapy, and motivational interviewing
methods [65]. A systematic review showed that children with caregiver support had
significantly longer CPAP use per night (by 86.60 min) and significantly higher percentages
of CPAP usage for more than 4 h/night (by 18.10%) than those without caregiver support.
Although data showing better compliance with BPAP mostly come from studies on adults,
there is some evidence that supports this in children as well. When compared to those who
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received CPAP therapy, children who received BPAP therapy had an 18.17 times higher
likelihood of having good PAP adherence [66]. Adherence to CPAP or BPAP therapy should
be monitored by using the device software [67].

Although adverse effects of PAP therapy are mostly minor, it is important to address
these issues to improve adherence. Air leaks frequently cause discomfort. Abdominal
distension, oronasal dryness, eye irritation, and pressure sores on the nasal bridge caused
by the masks may be seen in children. It is often recommended to use a humidifier to
reduce discomfort caused by cold, dry air. Additionally, the midface may flatten as a result
of the mask’s continuous pressure on the growing facial tissues [68]. It is very important to
make sure that the mask fits gently on the face rather than being firmly fixed to reduce the
impact on the midface.

4. High-Flow Nasal Cannula Therapy

High-flow nasal cannula (HFNC) treatment has been used to treat neonates with
respiratory distress linked to prematurity in neonatal intensive care units with varying
but generally positive effects, including decreased effort in breathing and lower rates of
respiratory failure [69,70]. HFNC therapy delivers humidified and heated air at a high
flow rate via nasal prongs. Continuous positive pressure is produced in the airways by the
HFNC, and oxygen is continuously pushed into the upper airways at a rate that is higher
than the typical inspiratory flow rate (approximately 4-7 cm H,O at maximal flow rates),
preventing upper airway collapse [71-73].

Children with OSA who cannot tolerate the CPAP masks may benefit from HFNC
treatment [74]. Pediatric OSA has been successfully treated with high-flow heated, humidi-
fied nasal air [28,75-77]. Ten children (1-18 years) with obstructive sleep apnea determined
to be CPAP-intolerant by their caregivers were included in a study by Hawkins et al. High-
flow humidified room air was initially delivered at rates of 5 to 15 L/min with pediatric or
adult-sized cannulas and then gradually increased. If hypoxemia or desaturations persisted
at the maximum rate of room air, oxygen was added. This study showed that HFNCs can
successfully treat moderate to severe obstructive sleep apnea in CPAP-intolerant children
(the oAHI improved from 11.1 to 2.1 events/h, p = 0.002; the obstructive hypopnea index
improved from 9.9 to 0.5 events/h, p = 0.002) [78].

A total of 22 patients (mean age: 12.8 months) who had persistent OSA after adeno-
tonsillectomy with CPAP intolerance, whose caregivers refused to use CPAP, or who were
not good surgical candidates were included in a retrospective study. The HFNC titration
study was performed an average of 128 days after the diagnostic sleep study. The oAHI
decreased from 28.9 to 2.6 events/h, the oAl decreased from 14.4 to 0.4 events/h, and
the OHI decreased from 14.5 to 2.2 events/h. In this study, HFNCs not only improved
sleep parameters but were also well tolerated. The majority of patients adhered to their
HFNC therapy throughout a 12-month period of home use. Cannula dislodgement was the
most common complication of home HFNC therapy, as observed in 12 patients (63%). The
authors suggested that HFNCs could be used as a temporary bridge therapy to treat OSA
before surgery or an alternative long-term treatment [79]. Although HFNC use at home is
currently limited and costly, use of HFNCs for OSA at home may become an option in the
near future.

5. Positional Therapy

In positional OSA (POSA), the OSA occurs mostly while sleeping in the supine position,
and this is known to affect 19-58% of children with OSA [80,81]. Obese children may have
more profound upper airway obstruction during supine sleep, as greater fat deposition in
the pharyngeal region results in a smaller upper airway [82]. POSA occurs when the supine
AHI is at least two times higher than the non-supine AHI [80]. Decreased craniofacial
volume, decreased lung volume, and the inability of the airway dilator muscles to prevent
airway collapse during an occlusion may occur in the supine position [83-85]. A study
by Selvadurai et al. evaluated 112 obese children with PSG, and 43 (38%) children had
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OSA. Among those with OSA, 25 (58%) had POSA (mean age: 14.6 & 2.3 years; mean
body mass index: 37.7 £ 7.6 kg/m2; 68% male) and 18 (42%) had non-POSA (mean age:
13.9 +£ 2.8 years; mean body mass index: 37.9 £ 7.2 kg/m?2; 78% male). Among those with
POSA, 13 (52%) had mild OSA, 7 (28%) had moderate OSA, and 5 (20%) had severe OSA.
There were no significant differences in age, sex, or anthropometric measures between the
POSA and non-POSA groups. However, older children were more likely to have POSA;
88% of the children with POSA were 12 years or older (p = 0.41) [81].

The capacity to sustain comfortable non-supine sleep is a requirement for positional
therapy (PT) in children. A belt worn around the chest with pillows on the back to stop
children from adopting the supine posture may be an effective treatment option for POSA.
For children with persistent OSA, PT can be a simple, cheap, and low-risk treatment option.
Children between the ages of 4 and 18 years with POSA who had a baseline PSG and a
second PSG to assess the effectiveness of a positional device were included in a study by
Xiao et al. [83]. The median body mass index z-score was 1.6. Compared to the baseline
data, PSG results obtained while using a positional device showed reductions in the median
oAHI (15.2 vs. 6.7 events/h, respectively; p = 0.004) and in the percentage of total sleep
time in supine position (54.4 vs. 4.2 h, respectively; p = 0.04) [86]. More studies are needed
but, considering the cost effectiveness and non-invasive nature of this treatment, positional
therapy may be a viable option for children with POSA.

6. Myofunctional Therapy

Persistent oral breathing during sleep may affect the strength of the tongue and oro-
facial muscles, leading to abnormal airway development and OSA [39]. Myofunctional
therapy (MT) is based on isotonic and isometric exercises that enhance the orofacial tissues’
coordination and strength [87]. MT involves multiple tongue, soft palate, and facial muscle
exercises. Daily practice of these exercises strengthens the orofacial muscles. A study by
Villa et al. revealed that MT improved tongue tone and decreased respiratory symptoms
and oral breathing during sleep in all 36 children with sleep-disorder breathing [88]. An-
other investigation on children with mild persistent OSA revealed that MT decreased OSA
severity in 14 children after 2 months compared to 13 controls (decrease in oAHI of 58% in
the MT group vs. 6.9% in the control group; p = 0.004). However, more studies are needed
with children before MT can be widely used.

7. Dental Procedures

Although it has been suggested that a subset of craniofacial characteristics, includ-
ing increased facial height, retrognathia, and a higher mandibular angle, may be more
frequently present in children with OSA, a recent meta-analysis of nine studies revealed
that, although a certain subgroup of pediatric OSA patients showed higher rates of specific
craniofacial characteristics, this was not consistent across studies [89]. The authors con-
cluded that there is insufficient evidence to report a link between pediatric cases of OSA
and craniofacial morphology [90].

Rapid maxillary expansion (RME) is a type of orthodontic treatment that widens the
hard palate by expanding the airway using a dental device, beginning around age four
and continuing until the midpalatal suture fuses in adolescence [8]. According to the
results of a meta-analysis, improvements in AHI and lowest oxygen saturation levels were
observed in children who underwent RME treatment, particularly at short-term (3-year)
follow-up [91]. Thirty children with OSA were included in a study by Hoxha et al.; fifteen
were enrolled as the control group, while fifteen received semi-rapid maxillary expansion
(SRME) orthodontic treatment for 5 months. In addition to respiratory parameters, the
pharyngeal area, dental arch, postero-anterior widths, and OSA biomarker levels (ORM2,
FABP4, perlecan, gelsolin, KLK1, and uric acid) in serum and urine were measured. The
AHI decreased from 2.5 to 1.79 events/h (28% decrease, p < 0.05) after a 5-month treatment
period, while it decreased from 2.67 to 1.8 events/h (33% decrease, p < 0.05) in the control
group [92]. A recent systematic review compared the effect of RME to watchful waiting
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or alternative therapies for pediatric OSA and included five trials. Only one randomized
clinical trial compared RME with watchful waiting. The other four studies (three of them
were non-randomized) compared RME with the gold-standard therapy AT. There was
no evidence that RME treatment significantly outperformed watchful waiting in patients
with pediatric OSA in this systematic review. It was concluded that the non-homogeneous
distribution of confounders and inadequate designs made comparisons between treatment
alternatives difficult. Further studies are needed to compare the effect of RME to that of
watchful waiting [93].

8. Weight Loss

Obesity is a risk factor for developing OSA [94]. OSA has been diagnosed in
13-59% of obese children [95]. A total of 139 children with a median age of 4.5 years
were included in a study where 25 of the children were overweight and 21 were obese. The
study revealed that, regardless of age or prior upper airway surgery, a one-unit increase in
BMI z-score was associated with 67% increased odds of circumferential collapse during
drug-induced sleep endoscopy (DISE). The authors reported that this circumferential pat-
tern may be less sensitive to AT and that nonsurgical treatments, such as CPAP and weight
loss, may be necessary in these patients. Other treatment approaches should be started until
enough weight loss has been achieved since this treatment modality requires a motivated
patient and family and the process might be slow [1]. The success rates and cure rates of
DISE-directed treatment were similar in children who were normal weight, overweight,
and obese [96].

In a study of 339 obese children with a median age of 15.4 years, after an average
32% decrease in BMI z-score, 80% of the children showed improved sleep-disordered
breathing [97]. Ten studies conducted on participants with an age range of 10-19 years
were included in a meta-analysis that evaluated the prevalence and severity of OSA in
obese children, as well as the impact of weight loss strategies. There was an improvement
in OSA prevalence post-intervention, and OSA was cured in 46.2-79.7% of the participants.
The meta-analysis showed significant reductions in the AHI (effect size: —0.51, 95%CI
—0.94 to —0.08, p = 0.019) and oxygen desaturation index (effect size: —0.28, 95%CI = —0.50
to —0.05, p = 0.016). Seventy-five percent of the studies reported improved sleep duration
in participants with OSA [98].

As management of childhood obesity with diet and exercise alone is challenging,
several drugs (metformin, glucagon-like peptide-1 receptor agonists, and phentermine-
topiramate) have been studied to treat pediatric obesity. Liraglutide and exenatide are the
most commonly investigated medications in terms of weight loss in adults. A randomized,
double-blind, placebo-controlled trial evaluated the efficacy and safety of subcutaneous
liraglutide 3.0 mg as an addition to lifestyle therapy for weight management in adolescents
with obesity. Individuals (age 12 to 18 years) with obesity and a poor response to lifestyle
changes alone were included to the study. There were 126 participants in the placebo group
and 125 in the liraglutide group. With an estimated difference of 0.22, liraglutide exceeded
the placebo in terms of the BMI standard deviation score change from baseline at week 56.
A decrease in BMI of at least 5% was seen in 43.3% of the liraglutide group and 18.5% of
placebo group participants; a decrease in BMI of at least 10% was seen in 33% and 9% of
participants, respectively [99].

The phentermine/topiramate extended-release capsule is a fixed-dose combination
of phentermine and topiramate developed for the treatment of obesity, sleep apnea syn-
drome, and type 2 diabetes mellitus. The once-daily formulation of phentermine and
topiramate is designed to combat obesity by decreasing appetite and increasing satiety.
Phentermine/topiramate has received its first US approval for chronic weight management
in pediatric patients aged >12 years with a BMI in the 95th percentile or greater for age
and sex in combination with a low-calorie diet and increased physical activity. Clinical
development of phentermine/topiramate for sleep apnea syndrome and type 2 diabetes in
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obese patients is ongoing in the US, and it may be a treatment option in children with OSA
related to obesity in the future [100].

Bariatric surgery has been found to be beneficial in decreasing excess weight and
alleviating comorbidities in adolescents with severe obesity. A retrospective study was
conducted in adolescents with morbid obesity who underwent laparoscopic adjustable
gastric band (LAGB) surgery between 1995 and 2018. Fifty-nine adolescents (mean age:
17.7 & 1.5 years, mean BMI: 40.9 + 6.4) were included in the study. Sixty-nine percent of the
adolescents with morbid obesity who had OSA at baseline showed resolution of the OSA
at one-year follow up after bariatric surgery (the mean BMI was lower at 34.4 + 6.3 kg/m?).
In seven adolescents with OSA (mean age: 17.8 years), bariatric surgery reduced the oAHI
from 13 £ 6.9 events/h to 4.5 & 2.5 events/h (p < 0.05) at 3 weeks post-operatively [101].
However, it should be noted that there are limited data on the long-term efficacy and safety
of bariatric surgery in adolescents.

Considering the significant effects of obesity on OSA and the poor response to adeno-
tonsillectomy in children with obesity, weight loss should be part of the treatment plan for
all children with obesity and OSA.

9. Hypoglossal Nerve Stimulation

The recurrent collapse of the upper airway during sleep is a hallmark of obstructive
sleep apnea. The contraction of the upper airway dilator muscles maintains the patency
of the upper airways. Although there are numerous muscles that dilate the upper air-
ways, the most significant upper airway dilator muscle is the genioglossus muscle. The
hypoglossal nerve innervates the genioglossus muscle, and hypoglossal nerve stimulation
has been successfully used with adults with moderate to severe OSA who cannot tolerate
CPAP therapy [102].

OSA is common in people with Down syndrome, with a prevalence of 55-97% and
a high risk of persistent OSA following adenotonsillectomy, and this population usually
have low adherence rates to CPAP therapy [103]. Therefore, hypoglossal nerve stimulation
use may be helpful in children with Down syndrome and persistent OSA who have low
adherence to CPAP therapy. In a meta-analysis of nine articles involving 106 adolescents
with Down syndrome and OSA, there was an improvement in the AHI by at least 50% when
patients were treated with hypoglossal nerve stimulation. Participants also showed im-
provements in the OSA-18 (a validated, disease-specific quality of life instrument for OSA)
and in daytime sleepiness measured with Epworth Sleepiness Scale questionnaires [104].

A recent study investigated four participants who underwent hypoglossal nerve
implantation by age 13 and completed at least 44 months of follow-up. Over the follow-up
period, all four participants” AHI levels remained at least 50% lower than they were at
baseline. Two participants had persistent, moderate OSA despite stimulation therapy. The
other two participants achieved 100% reductions in AHI levels with stimulation therapy;
when they underwent split-night sleep studies, the severe OSA persisted with the device
turned off [105,106].

10. Novel Pharmacotherapeutics

A selective norepinephrine reuptake inhibitor, atomoxetine, has been used to treat
both adults and children with attention deficit hyperactivity disorder. Raising the nore-
pinephrine content in the brainstem during sleep could activate the upper airway mo-
torneurons to levels equivalent to those reported during wakefulness. An in vitro exper-
iment revealed that atomoxetine also blocks G-coupled inwardly rectifying potassium
channels, which are important in pharyngeal hypotonia during sleep. Oxybutynin, an
antimuscarinic with strong affinity for all muscarinic receptors, is used to treat overactive
bladder. Acetylcholine affects the hypoglossal motor nucleus in a variety of ways, with
muscarinic-mediated genioglossus suppression typically outweighing nicotinic stimulation.
Muscarinic blockade may increase the concentration of acetylcholine for nicotinic receptors
and decrease the inhibitory effect of acetylcholine on upper airway muscle tone during
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REM sleep, collaborating with norepinephrine in the stimulation of upper airway dilator
muscles. The hypoglossal motor nucleus expresses the inhibitory muscarinic receptor
that oxybutynin antagonizes. This receptor is crucial for controlling the activity of the
hypoglossal nerve [107,108]. Twenty adults (median age of 53 (46-58) years and BMI of
34.8 (30.0-40.2) kg/m?) participated in a randomized, placebo-controlled, double-blind
crossover trial that compared 80 mg of atomoxetine and 5 mg of oxybutynin (ato-oxy) given
before sleep versus a placebo for one night. This combination therapy lowered the AHI
by 63% (34-86%) from 28.5 (10.9-51.6) events/h to 7.5 (2.4-18.6) events/h (p = 0.001) and
increased genioglossus muscle responsiveness [107]. A trial is currently being conducted
to investigate the effectiveness and safety of treating persistent OSA in children with Down
syndrome with atomoxetine and oxybutynin (NCT04115878).

In conclusion, although adenotonsillectomy remains the primary treatment for chil-
dren with OSA, there are medical treatment options that can be considered. As we acquire
increased understanding of the phenotypes and endotypes of OSA in children, it will be
possible to use the existing and emerging therapies in an individualized fashion.
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Abbreviations

OSA obstructive sleep apnea

AHI apnea—hypopnea index

oAHI obstructive apnea hypopnea index
AT adenotonsillectomy

NCS nasal corticosteroid

LSAT lowest oxygen saturation

PAP positive airway pressure

CPAP continuous positive airway pressure
BPAP bi-level positive airway pressure

BPAP-ST  spontaneous-timed BPAP mode
BPAP-S spontaneous BPAP mode

IPAP inspiratory positive airway pressure
EPAP expiratory positive airway pressure
VAPS volume-assured pressure support

HFNC high-flow nasal cannula
POSA positional OSA

PT positional therapy

MT myofunctional therapy

RME rapid maxillary expansion
SRME semi-rapid maxillary expansion

BMI body mass index
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