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Abstract: Children with Down syndrome (DS) are at high risk for developing obstructive sleep
apnea (OSA) compared to children without DS. The negative impact of OSA on health, behavior,
and cognitive development in children with DS highlights the importance of timely and effective
treatment. Due to the higher prevalence of craniofacial and airway abnormalities, obesity, and
hypotonia in patients with DS, residual OSA can still occur after exhausting first-line options. While
treatment commonly includes adenotonsillectomy (AT) and continuous positive airway pressure
(CPAP) therapy, additional therapy such as medical management and/or adjuvant surgical pro-
cedures need to be considered in refractory OSA. Given the significant comorbidities secondary
to untreated OSA in children with DS, such as cardiovascular and neurobehavioral consequences,
more robust randomized trials in this patient population are needed to produce treatment guidelines
separate from those for the general pediatric population of otherwise healthy children with OSA.
Further studies are also needed to look at desensitization and optimization of CPAP use in patients
with DS and OSA.

Keywords: obstructive sleep apnea; Down syndrome; trisomy 21; pediatric; adenotonsillectomy;
continuous positive airway pressure

1. Introduction

Down Syndrome (DS) or trisomy 21, is the most common chromosomal disorder,
accounting for about 1 in every 700 births in the United States each year [1]. It is associ-
ated with delayed psychomotor development, hypotonia, and characteristic dysmorphic
features including brachycephaly, flat face, flat nasal bridge, mandibular and maxillary
hypoplasia, and narrow nasopharynx [2]. Common medical comorbidities include airway
abnormalities such as laryngomalacia and tracheomalacia, congenital heart defects, hearing
disorders, vision disorders, congenital defects of the gastrointestinal tract, celiac disease,
hypothyroidism, obesity, and obstructive sleep apnea [2].

Obstructive sleep apnea (OSA) is defined as recurrent episodes of complete or partial
upper airway obstruction which can result in abnormalities in oxygenation and, ventilation
and disruption of sleep continuity. OSA occurs at a significantly higher rate in children with
DS than in those without [3]. The prevalence of OSA in DS varies based on the population
studied. A large cohort study reported a 66.4% prevalence of OSA in DS, and even in those
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without a history of classic symptoms such as snoring or witnessed apnea the prevalence
was 53.8% [4]. A 2018 meta-analysis, which included 1200 children with DS, reported a
76% prevalence of OSA based on an apnea–hypopnea index (AHI) of >1.5 events/h [5].
This is compared to a 1–4% prevalence of OSA in the general pediatric population [6].

The pathophysiology of OSA in children with DS is multifactorial. Predisposing
factors include craniofacial abnormalities (mandibular or maxillary hypoplasia), airway
abnormalities (narrow nasopharynx, laryngomalacia, tracheomalacia), hypotonia, and obe-
sity [5,7,8]. This pattern of craniofacial hypoplasia is associated with a significant reduction
in the cross-sectional area of the upper airway in mouse models of DS [9]. In addition to
this reduction in volume, children with DS have enlarged structures within the airway,
such as adenotonsillar hypertrophy and macroglossia [10]. Generalized hypotonia is nearly
universal in children with DS [11]. The neuroanatomic localization for hypotonia appears
to be in the cerebellum—one of many structures that experience disrupted neurogenesis
during fetal development in children with DS [12]. Poor tone within the airway predisposes
these children to glossoptosis, laryngomalacia, and hypopharyngeal collapse [10,13].

The combination of reduced airway volume, enlarged tonsils and adenoids, macroglos-
sia, and hypotonia is a setup for recurrent upper airway obstruction during sleep This is
further exacerbated by children with DS’s predisposition toward obesity—a major risk
factor for the development and progression of OSA in the general population [14]. A
nationwide sample of Dutch children revealed that children with DS were more likely to be
overweight (25.5% vs. 13.3% in boys; 32.0% vs. 14.9% in girls) and obese (4.2% vs. 1.8% in
boys; 5.1% vs. 2.2% in girls) compared to children without DS. These rates were observed
with or without concomitant medical disorders [15]. Factors that increase the likelihood of
obesity in children with DS include increased leptin, decreased resting energy expenditure,
and unfavorable diets [16]. In addition, subclinical hypothyroidism is common in children
with DS, which can also lead to obesity. In a cohort of DS children with hypothyroidism,
initiation of L-thyroxine resulted in a reduction in body mass index [17]. Furthermore,
musculoskeletal complications, such as pes planus (which occurred in 91% of a cohort
of 503 DS children), inflammatory arthritis, and scoliosis, are common in children with
DS [18]. These conditions, in combination with hypotonia, may make ambulation and
exercise difficult and contribute to decreased levels of physical fitness and activity observed
in children and adolescents with DS [19].

Untreated or poorly treated OSA has been found to have a negative impact on be-
havior and development in children. In a cross-sectional study of 53 children with DS, 51
(96%) were reported to have OSA. In these children, negative behaviors were positively
correlated with AHI and developmental quotient was negatively correlated with AHI [20].
Furthermore, studies have shown that children with DS and OSA exhibit decreased lan-
guage function and impaired working memory, emotional control, and executive function
compared to those without OSA [21–23]. In addition, OSA is associated with an increased
risk for several medical conditions, especially cardiovascular comorbidities. These include,
coronary artery disease, arrhythmias, congestive heart failure, pulmonary hypertension,
and cerebrovascular accidents [24]. Increased prevalence of left-to-right cardiac blood
flow and higher baseline pulmonary resistance in children with DS further increases their
risk of pulmonary hypertension [25]. The negative impact of OSA on health, behavior,
and cognitive development in children with DS highlights the importance of timely and
effective treatment. Unfortunately, the presence of several predisposing factors discussed
above makes successful treatment extremely difficult. In this report, we aim to review the
available treatment options for OSA, discuss the challenges and reasons for failure, and
identify emerging therapeutic strategies that may be beneficial for children with DS.

2. Methods

A PubMed, EBSCO, and Google Scholar database search from January 2010 up to
October 2021 was conducted using the terms: obstructive sleep apnea, Down’s syndrome,
Downs syndrome, trisomy 21, pediatric, tonsillectomy, positive airway pressure, and
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treatment options. Cited references in selected articles were reviewed as well. Four
independent reviewers reviewed eligible articles through titles and abstracts, and full
articles were analyzed for eligibility and data abstraction.

The eligibility criteria for including studies in the present review were as follows:
(a) studies that included children and adolescents with DS, aged 0–19 years; (b) original
research with a prospective or retrospective cohort, cross-sectional, longitudinal, case–
control, or randomized controlled trial design administered in the hospital, outpatient
clinic, community setting, or school; (c) studies that looked into treatment strategies
such as adenotonsillectomy, lingual tonsillectomy, positive airway pressure therapy, high-
flow nasal cannula, pharmacologic therapy, myofunctional therapy, hypoglossal nerve
stimulation, drug-induced sleep endoscopy, or weight loss/weight reduction. We did not
exclude studies that targeted children with DS who also had other medical conditions
or comorbidities such as obesity, hypothyroidism, cardiovascular disease, or diabetes.
We did not exclude studies based on sample size. Articles that were excluded were case
reports, meta-analyses, reviews, and non-English language studies. The search identified
192 results. Exclusion of studies occurred in two phases: (1) records that did not apply any
key questions on treatment options in pediatric patients with DS (n = 125) and (2) articles
that did not meet eligibility criteria (n = 113). After eligibility screening, 14 studies were
included. Figure 1 illustrates the study selection process for this present review.
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3. Diagnosis

Attended in-laboratory nocturnal polysomnography (PSG) is the gold standard for
the diagnosis of OSA in children with DS [25]. Confirmatory presence of OSA on PSG
determines its severity including abnormalities in oxygenation and ventilation, which will
help in preoperative planning. Given that parent reports and PSG results do not always
correlate, the American Academy of Pediatrics (AAP) recommends a PSG referral for all
children with DS by 4 years of age [26]. However, PSG is not always available or accessible.
A large, 5-year, single-center, retrospective cohort study included more than 700 children
with DS and compared rates of OSA screening before 4 years of age both before and after
the release of the 2011 AAP guidelines. They found no significant difference in screening
rates pre- and post-guidelines (63.4% vs. 59.4%, respectively; p = 0.26) [27]. A follow-
up study including the 460 children born post-guidelines investigated the demographic
and clinical characteristics associated with adherence to OSA screening. There were no
significant differences based on sex, insurance status, or socioeconomic status among
children who did or did not obtain a screening PSG. However, children who lived further
from the medical center were less likely to obtain screening, and among children with
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medical comorbidities, those with hypothyroidism and pulmonary aspiration were more
likely to obtain a screening PSG [28].

Due to the considerable proportion of children with DS that remain unscreened,
studies have evaluated the utility of alternative screening and diagnostic methods. Home
sleep test (HST) is commonly used in the diagnosis of OSA in adults but has not been well
studied in children. Although HST can miss a diagnosis and underestimate severity of
OSA due to the absence of electroencephalography and carbon dioxide monitoring, it can
be considered as an alternative diagnostic procedure for children with DS who cannot
tolerate in-laboratory PSG. A multicenter study investigated the use of home pulse oximetry
(HPO) to identify children with DS at increased risk for OSA and reported a sensitivity
for moderate-to-severe OSA up to 96% depending on the HPO parameters used [29]. The
use of home polygraphy has also garnered interest, and one study in children with DS
reported a 100% sensitivity and 83% specificity when AHI ≥ 3 was used for the diagnosis
of OSA [30]. This will likely miss mild OSA, and it has not yet been determined at what
threshold OSA results in sequalae.

Children with DS are predisposed to persistent OSA due to airway obstruction at
multiple sites. Drug-induced sedation endoscopy (DISE) is increasingly being used to
evaluate the level of airway obstruction prior to surgical intervention and to guide targeted
treatment. DISE allows direct visualization of the upper airway at multiple levels and
can help classify the level, type, and severity of obstruction [31]. In 25 children with DS
who underwent DISE-directed surgery and had pre- and post-operative PSG data, there
was a statistically significant reduction in the obstructive apnea–hypopnea index (oAHI)
from 11.4/h to 5.5/h [31]. However, in a different population of 24 children with DS
who obtained PSGs before and after DISE-directed surgery, oxygen nadir was the only
PSG parameter that demonstrated a statistically significant improvement [32]. Additional
data among larger cohorts will be required to determine whether DISE-directed treatment
improves outcomes in children with DS.

Cine magnetic resonance imaging (MRI) is another tool used to identify the level of
obstruction by three-dimensional analysis of the upper airway in patients with DS who
had previously undergone AT but have refractory OSA. This procedure is done under
sedation. In one study with 27 patients with DS and refractory OSA, the cine MRI was
able to identify multiple sites of airway obstruction including glossoptosis (63%), recurrent
and enlarged adenoid tissue (63%), enlarged lingual tonsils (30%) and hypopharyngeal
collapse (22%) [10].

4. Treatment Options

As pediatric patients with trisomy 21 are more susceptible to the cardiovascular and
neurocognitive consequences of OSA, early diagnosis and treatment is critical [25]. First-
line treatment options for these patients generally include adenotonsillectomy (AT) and
subsequently continuous positive airway pressure (CPAP) therapy for those with residual
OSA. Adjunctive therapies are being increasingly considered, as many of these patients
with DS have residual OSA post-surgery and often do not tolerate CPAP therapy well.
These options include performing lingual tonsillectomy, use of high flow nasal cannula
(HFNC), medical management with anti-inflammatory medications and myofunctional
therapy. A newer therapy called hypoglossal nerve stimulation is now being used for
refractory OSA in patients with DS [25]. The literature on these additional options is still
lacking. A summary of the available studies for treatment options of OSA in pediatric
patients with DS is shown in Table 1.
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Table 1. Outcomes of interventions in studies of obstructive sleep apnea in pediatric Down syndrome.

Study, Year N Age (Years) Design Method Intervention Outcome of Intervention

Caloway et al.
(2020) [33] 20 10 to 21 Case series HGN stimulation Significant improvement in AHI

and OSA-18 scores

Nerfeldt and
Sundelin (2020) [34] 14 1 to 17 Retrospective

cohort study AT
Minimal reduction in AHI;

significant improvement in OSA-18
scores one year after AT

Yu et al. (2020) [35] 29 Median
age: 7.4

Retrospective chart
review

Pharmacologic (intranasal
corticosteroids and/or

montelukast)

Medication therapy was not found
to be effective in treating mild OSA

Howard et al.
(2020) [36] 23 0 to 10 Retrospective chart

review
Pharmacologic

(montelukast; fluticasone) Low rates of resolution of mild OSA

Lukowicz et al.
(2019) [37] 42 2 to 11 Prospective

longitudinal study

One-week intensive
myofunctional therapy

training camp
Marginal effect on OSA symptoms

Amaddeo et al.
(2019) [38] 6 0 to 17 Prospective study HFNC

Three of the six participants
successfully managed OSA

with HFNC

Diercks et al.
(2018) [39] 6 10 to 21 Case series HGN stimulation

Significant improvement in AHI
and OSA-18 scores at 6- and

12-month follow ups

Prosser et al.
(2017) [40] 21 Mean age:

9.3 ± 4.3
Retrospective case

series LT Significant improvement in median
AHI and mean oxygen saturation nadir

Ingram et al.
(2017) [41] 75 0 to 16 Retrospective chart

review

Tonsillectomy with
concurrent or previous

adenoidectomy

Improvement in AHI from baseline
21.3 ± 19.7 to 8.0 ± 8.1 six months

after tonsillectomy

Propst et al.
(2017) [42] 13 6 to 18 Prospective study MPG and LT

Improvement in AHI in normal
weight or overweight children with
DS, but not obese children with DS.

Sudarsan et al.
(2014) [43] 124 6 to 12

Prospective,
randomized,
cohort study

AT or CPAP

Improvement in AHI from baseline
3.83 ± 1.36 to 2.62 ± 0.87 six

months after AT
Improvement in AHI from baseline

3.46 ± 1.67 to 1.09 ± 0.61 six
months after nightly CPAP use

Wooten and Shott
(2010) [44] 19 Mean age:

11.5

Retrospective
institutional

review
GGA and RFA

Significant improvement in
mean AHI and mean nadir

oxygen saturation

Shete et al.
(2010) [45] 11 Mean age:

8.5
Retrospective chart

review AT

Improvement in total AHI from
15.3 to 9.1

No change in REM-AHI, oxygen
saturation, distribution in stages of

sleep, sleep efficiency, and mean ArI
73% of participants required CPAP,

BIPAP, or nocturnal oxygen for
persistent OSA

AHI: apnea–hypopnea index; ArI: arousal index; AT: adenotonsillectomy; BIPAP: bi-level positive airway pressure; CPAP: continuous
airway pressure; GGA: genioglossus advancement; HFNC: high-flow nasal cannula; HGN: hypoglossal nerve; LT: lingual tonsillectomy;
MPG: midline posterior glossectomy; OSA: obstructive sleep apnea; OSA-18: Obstructive Sleep Apnea-18; REM-AHI: rapid eye movement
apnea–hypopnea index; RFA: Radiofrequency ablation.

4.1. Adenotonsillectomy

AT is a common surgical procedure for pediatric patients with OSA, and it is widely
used as first-line treatment for patients with adenoid and tonsillar hypertrophy [25]. Ac-
cording to the AAP and the American Academy of Otolaryngology Head and Neck Surgery,
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it has an approximately 80% success rate in treating otherwise healthy children with
OSA [46]. In children with DS, there are only a few studies, and these often have small
sample sizes.

A retrospective study by Nerfeldt and Sundelin examined 14 pediatric trisomy 21 pa-
tients with OSA before and after AT. Preoperative PSG showed a median AHI of 12.4 and
a postoperative AHI of 11.4 one year after surgery (p = 0.054) [34]. Therefore, indicating
minimal reduction of OSA severity. They also examined OSA-18, a validated quality-of-life
measurement that is scored on a scale of 18 to 126 for healthy children with OSA who
undergo adenotonsillectomy. Higher scores on this questionnaire indicate greater OSA
severity, with 31.2 ± 10.4 representing the mean score of patients with no OSA symp-
toms, and >60 representing moderate impact on quality of life [47]. The preoperative
median OSA-18 score in this group was 53.5, compared to 36 at one year after surgery
(p = 0.032) [34]. Although there were improvements in children with DS using OSA-18 in
this study, it is difficult to know how much of this will apply to the larger population of
children with DS.

A retrospective chart review by Ingram et al. examined 75 children with DS who
underwent tonsillectomy between 2009 and 2015 and had concurrent adenoidectomy or
previous adenoidectomy. AHI at baseline was 21.3 ± 19.7, and after six months, it had
decreased to 8.0 ± 8.1 [41]. A cohort study by Sudarsan et al. looked at 37 pediatric patients
with either DS or mucopolysaccharidosis (MPS) and the efficacy of AT in this subgroup.
They found a decrease in AHI from a baseline of 3.83 ± 1.36 to 2.62 ± 0.87 at six months
indicating that surgery reduces the number of apneas and hypopneas during sleep [43].
However, as the patients in this study had a low baseline AHI, it is difficult to determine
the significance of the clinical benefit of AT. This further emphasizes the need for more
data in this specific subgroup.

Another study by Shete et al. compared the efficacy of AT in children with DS to those
without DS. This was assessed by AHI, rapid eye movement (REM)-AHI, lowest oxygen
saturation, and sleep disruption. In all, 11 patients with DS and 9 patients without DS
were included in the study. The average total AHI and REM-AHI for the children with
DS on pre-operative PSG was 15.3 and 30.5 respectively; compared to 21.1 and 32.5 for
the children without DS [45]. After AT, the total AHI and REM-AHI for the children with
DS decreased to 9.1 and 21.9, respectively. For the children without DS, total AHI and
REM-AHI decreased to 1.8 and 6.03, respectively. The lowest oxygen saturation before AT
was around 70% for both groups. Though there was no change for the group with DS, the
oxygen saturation increased to an average of 89.6% for the children without DS [45]. For
both cohorts of children, AT did not significantly affect distribution of time in different
stages of sleep, the sleep efficiency (ratio of total sleep time to time in bed), and the mean
arousal index (number of arousals per hour of total sleep time). For the group of children
with DS who underwent AT, 55% required CPAP or BIPAP, and 18% required nocturnal
oxygen. On the other hand, in this study, none of the children without DS required further
treatment after AT [45].

In summary, a few studies have shown an improvement in OSA after AT for pediatric
patients with trisomy 21. However, the cure rate for the general pediatric population has
not been reproduced in this specific subgroup, and over 50% of patients with DS will have
clinically significant OSA post-operatively [45]. Many patients with residual disease will
need other treatment options to treat OSA.

4.2. Lingual Tonsillectomy

Lingual tonsil hypertrophy can cause persistent airway obstruction in patients with
DS who have gone through AT. Few studies have shown lingual tonsillectomy (LT) as an
effective adjuvant surgical treatment for DS patients with persistent airway obstruction
related to obstructive lingual tonsil hypertrophy following adenoidectomy and palatine
tonsillectomy [40]. Prosser et al. examined the efficacy of lingual tonsillectomy for pediatric
DS patients post-AT.
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Overall, 21 patients met the inclusion criteria for the study, and the mean age was
9.3 ± 4.3 years. Patients underwent lingual tonsillectomy at a tertiary care center between
2003 and 2013 and had polysomnography before and after the procedure [40]. The median
AHI before the surgery was 9.1 events/h compared to 3.7 events/h after the surgery
(p < 0.0001). The mean oxygen saturation nadir prior to surgery was 84% compared to 89%
after the surgery (p = 0.004) [40].

Therefore, this group of patients had reduced OSA severity after lingual tonsillectomy.
Patients with DS who have persistent OSA after AT should be examined to determine
eligibility for lingual tonsil hypertrophy [40].

4.3. CPAP Therapy

CPAP is one of the more common therapies used to treat pediatric DS patients with
OSA if they fail surgery or if they are not surgical candidates. This non-invasive interven-
tion assists in preventing airway collapse at night by applying positive pressure [40]. Many
studies have shown the efficacy of this therapy in terms of sleep quality and OSA-related
comorbidities for adult patients with strong adherence to treatment. In patients with excel-
lent compliance, CPAP therapy has also been shown to be efficacious in children; however,
studies are still lacking to examine the efficacy of this treatment in pediatric patients with
trisomy 21 [25,48].

Sudarsan et al. looked at the efficacy of AT and CPAP therapy for pediatric patients
with DS or MPS with comorbid OSA. They found that 36 patients in the CPAP group
completed the study and reported nightly CPAP use [43]. Baseline AHI dropped from
3.46 ± 1.67 to 1.09 ± 0.61 at 6 months (p = 0.001) showing that CPAP therapy was effective
at reducing the severity of OSA in patients with DS who regularly used their machine [43].
The low baseline AHI indicates the need for more data on pediatric DS patients with greater
OSA severity to determine just how efficacious CPAP therapy can be in this population.

While regular usage of CPAP has been shown to reduce the severity of OSA in a few
studies, adherence to treatment remains an issue [25,49]. A retrospective chart review by
Chawla et al. examined the usage of CPAP by pediatric patients with DS and looked at
25 children who were started on CPAP with a median age at initiation of 8.4 years. Of
those, 11 children had “poor” sustained usage, defined as less than four hours per day;
5 children out of these 11 ended up discontinuing the treatment. They noted that 3 children
had “moderate” usage, defined as four to six hours per night, and 10 children had “good”
usage, defined as greater than six hours per day [49].

4.4. High-Flow Nasal Cannula

High flow nasal cannula (HFNC) has been used in pediatric patients with DS when
they have difficulty adhering to CPAP. Amaddeo et al. studied this therapy in eight patients,
six of whom had DS. They found that only three of the six were successfully managed
with HFNC [38]. More research is needed to further understand the efficacy of alternative
methods such as HFNC in pediatric patients with DS, as well as the challenges in adherence
for this specific population.

4.5. Hypoglossal Nerve Stimulation

For patients who failed conventional OSA treatment such as AT and failed CPAP
use, hypoglossal nerve stimulation may be considered. The criteria for hypoglossal nerve
stimulation for adolescents and young adults with DS include all of the following: age 10
to 21 years, an AHI >10 and <50 with less than 25% central apneas after AT, ineffective
treatment with CPAP, a BMI ≤ 95th percentile for age, and non-concentric retropalatal
obstruction confirmed on DISE [33,39,50]. This therapy involves implanting a device that
delivers an electrical impulse to the anterior branches of the hypoglossal nerve in response
to respiratory variation. This results in protrusion of the tongue base, which alleviates
some of the upper airway obstruction [39].
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Diercks et al. conducted a case series on the first six adolescents with DS and severe
OSA who had persistent symptoms after AT and underwent hypoglossal nerve stimulator
implantation. They looked at adherence to therapy, measured by hours of use recorded
by the device, and efficacy of the intervention by looking at AHI and OSA-18 [39]. In
the six patients, the therapy was well tolerated with an average use of 5.6 to 10 h per
night. In terms of efficacy, patients demonstrated a 56% to 85% reduction in AHI at the
six to 12 month follow up and an average decrease in score of 1.5 on the OSA-18 [39]. The
researchers categorized a change in OSA-18 score of 1.5 or greater as large, 1.0 to 1.4 as
moderate, 0.5 to 0.9 as mild, and less than 0.5 as trivial [39].

Another case series by Caloway et al. investigated the efficacy and tolerance of this
therapy amongst 20 adolescents with DS. The participants completed a PSG at 2 months
after the implantation, which showed a median reduction in AHI of 85%. The median
nightly use for these children was approximately 9.21 h per night [33]. Hypoglossal
nerve stimulation appears to be well tolerated and efficacious in terms of reducing OSA
severity in adolescent patients with DS who have persistent residual disease after AT. This
study shows promise in treating OSA in DS, but the long-term efficacy of this therapy is
not known.

4.6. Tongue Based Procedure

Airway obstruction at the level of the base of the tongue is known to cause residual
OSA after AT especially in patients with DS. The airway obstruction from the tongue may
be related to the base of the tongue collapse especialy in patients with macroglossia. One
study described a favorable outcome in children with DS using combined genioglossus
advancement (GGA) and radiofrquency ablation (RFA) of the base of the tongue. There
were 31 pediatric patients in the study group and 19 were patients with DS. The study
showed 58% success rate among patients with DS. The overall improvement in AHI in this
study was from 14.1 to 6.4 and increase in the mean nadir oxygen saturation from 87% to
90.9%. Radiofrequency ablation delivers limited thermal damage to the tongue to decrease
the bulk and flaccidity of the tongue by fibrosis. In the GGA, the tongue is pulled forward
making the tongue firm with less chance of retroglossal collapse during sleep [44].

Another tongue-based procedure is midline posterior glossectomy (MPG). MPG and
LG were performed in 13 children with DS for treatment of refractory OSA following AT.
Patients were evaluated by cine MRI to establish level of obstruction. This study showed
that MPG when performed with LT improved the OSA with decrease in AHI from 47 to 5.6
(p < 0.05) in normal weight and overweight but not obese children with DS [42].

4.7. Myofunctional Therapy

Another treatment option that can be used adjunctively in the treatment of OSA is
myofunctional therapy. It is also referred to as “oropharyngeal exercises”. Although this
therapy is lacking in data, it is used to strengthen the muscles in the upper airway, given
that muscular hypotonia is involved in the pathogenesis of OSA in children with DS [37].

Lukowicz et al. examined the efficacy of myofunctional therapy in 42 pediatric patients
with DS. These children underwent a one-week intensive training camp that involved three
daily sessions of myofunctional exercises that were 45 min each. The average mixed AHI
was 6.4 ± 8.6 at baseline, compared to 6.4 ± 10.8 after the treatment (p > 0.05). However, the
≤90% desaturation index decreased from 2.7 ± 4.5 at baseline to 2.1 ± 3.7 after treatment
(p < 0.05) [37].

As a result, there was no improvement in OSA severity with one week of intensive
myofunctional therapy. More studies with longer treatment duration and follow up are
required to better assess the efficacy of this therapy for pediatric patients with DS and OSA.
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4.8. Pharmacologic Interventions

For pediatric patients with mild OSA or residual disease status post-AT, pharmacolog-
ical interventions have been used. These include options such as intranasal corticosteroids
and oral leukotriene inhibitors to reduce airway inflammation [36].

Howard et al. reviewed pediatric DS patients with mild OSA and the efficacy of medi-
cation versus observation. They looked at 23 patients under the age of 18 with a baseline
AHI between 1 and 5 on PSG. Of those, 10 patients received pharmacologic intervention,
with 8 receiving montelukast and 2 receiving fluticasone. There were 13 patients who did
not receive any pharmaceutical intervention [36]. Both the pharmaceutical intervention
group and the observation group had a median follow-up time of 15.4 months to obtain
a follow-up PSG. In the medication arm, the baseline AHI was 3.5 compared to 3.6 on
subsequent PSG (p = 0.21). They found that in the observation group, the baseline AHI
was 2.9 compared to 3.6 on follow-up PSG (p = 0.60) [36]. At follow up, three patients in
the medication group reported an improvement in nocturnal symptoms, four reported no
change, and one reported worsening of symptoms. In the observation group, four patients
reported an improvement, two reported no change, and two reported the worsening of
nocturnal symptoms [36].

A retrospective chart review by Yu et al. examined pediatric patients with DS and
mild OSA (obstructive AHI ≤ 5 events/h) who were treated with intranasal corticosteroids
and/or montelukast and compared them to patients who underwent simple observation
for at least three months. For the 29 children in the group that received pharmacologic in-
tervention, the median time from baseline to follow-up PSG was approximately 14 months.
The observation group included 16 children, and their median time from baseline to follow-
up PSG was approximately 10.5 months [35]. This study also showed that there were no
statistically significant changes in both the medication group (AHI 3.5 at baseline to 3.8 at
follow up, with a p-value of 0.14) and the observation group (AHI 3.5 at baseline to 4.3 at
follow up, with a p-value of 0.14) [35].

Therefore, the utility of anti-inflammatory medications for OSA in pediatric patients
with DS has not yet been well studied. Further studies analyzing the efficacy of these
interventions in a larger sample size of this specific population is required, especially as
the baseline AHI in these studies is quite low, thereby decreasing the room for significant
improvement after the interventions.

4.9. Weight Loss

Obesity is commonly seen in the DS population and can contribute to increased upper
airway resistance. Because of the known association between OSA and obesity, weight
loss is recommended as part of the therapy for obese children with OSA. Some strategies
for weight loss include a balanced diet without energy restriction, vitamin and mineral
supplementation, and increased physical activity [51]. A systematic review did show that
in pediatric patients aged 10–19, weight loss interventions led to statistically significant
reductions in AHI and improved oxygen saturation [52]. However, this study excluded
children with DS. In the population of children with DS, there is a lack in literature that
analyze whether weight loss intervention results in sustained decreases in AHI or improved
OSA symptoms. Though in one study done on children with DS, they did show that on
PSG, the oxygen saturation nadir was significantly lower for obese children compared to
nonobese children with DS. This study also noted that weight was the most significant risk
factor for children with DS, with those who were obese being three times as likely to have
severe OSA [53]. This highlights the importance of monitoring weight and continuing to
counsel families of children with DS about weight loss.

5. Discussion

If pediatric patients with DS are found to have OSA on polysomnography, the first-
line treatment option is often AT for patients with enlarged tonsils and adenoid. With AT
alone, a 51% reduction in pre-operative AHI can be expected [54]. Although effective in
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some patients, this procedure is not without the risk of morbidity and mortality, and AT
alone may not cure OSA in children with DS. A recent study suggests that as many as
31.5% of patients with DS had postoperative complications following AT, with respiratory
issues topping the list of most common problems. These children often possess preexisting
conditions associated with DS, such as aerodigestive comorbidities, that appear to put them
at increased risk for these respiratory complications following AT. Complications include
desaturations, aspiration pneumonia, and prolonged intubation [55]. CPAP therapy and
other adjuvant surgical procedures such as lingual tonsillectomy, tongue-based procedures,
and hypoglossal nerve stimulation may need to be considered for persistent OSA after AT.
In these cases of refractory OSA after AT, drug-induced sleep endoscopy (DISE) has been
utilized to evaluate for other potential airway obstructions and has been associated with
improvement of subjective and objective measures of sleep. In a small study of 26 children
with OSA who completed DISE-directed operative management of the level(s) of ongoing
upper airway obstruction, 14 of whom had diagnosed DS, the mean AHI dropped from 7.0
to 3.6 [56].

After AT, CPAP is often the most common therapy utilized for treatment in children
with OSA. Though data on CPAP therapy does show promising reduction of AHI, re-
cent research in children with DS is few and far between. Though one of the studies
did not specifically address DS, it was a pediatric study of 56 children that looked at
CPAP vs. Bilevel positive airway pressure (BIPAP) therapy and found no significant differ-
ences in AHI. The study does not point out a clear advantage of using BIPAP over CPAP
for children with OSA if there is no hypoventilation or central apnea [57]. Children with
DS tend to have hypoventilation out of proportion to the severity of their OSA which may
make them good candidate for BIPAP when CPAP is not adequate. With autism spectrum
disorder commonly being a comorbidity of children with DS [58], sensory issues may call
for further techniques of acclimatation and desensitization of mask use before long-term
adherence can be possible. In a study measuring the effectiveness of CPAP therapy in
adults with DS, adherence was a significant issue [59]. Though programs such as the Sleep
Apnea Self-Management Program (SASMP) have been shown to improve the consistency
of CPAP use in the general population [60], no such cognitive behavioral interventions have
been studied in children with Down syndrome. Given the relatively low complications
from positive airway pressure therapy [61], this area would benefit from more robust data
regarding not only AHI changes but also strategies to better maximize long-term adherence
with CPAP therapy in children with DS.

An orthodontic treatment that widens the palate and nasal passages known as rapid
maxillary expansion or rapid palate expansion also exists for use in the pediatric population,
but data for this specific treatment lag behind other therapies, especially in children with DS.
A small study looked at 10 children with OSA without diagnosed DS who were followed
up years after rapid maxillary expansion treatment, and it showed a decrease in both the
AHI and clinical symptoms [62].

Other treatment considerations for OSA in children with DS include turbinate reduc-
tion, uvulopalatopharyngoplasty (UPPP), expansion and lateral pharyngoplasty, supraglot-
toplasty for patients with laryngomalacia and mandibular distraction osteogenesis. There
is limited data for these interventions in children, including in those with DS and OSA.

If AT, CPAP therapy, or any of the other available options fail to control the child’s
OSA, some physicians may use tracheostomy as a last resort. Tracheostomy may be
indicated in children with DS who have severe OSA with significant sequelae and who did
not respond to conventional treatment and are poor surgical candidates. Though effective,
complications may include tracheoesophageal fistula, decannulation, and tracheostomy
tube obstruction [63].

Given the increased incidence of OSA in children with DS, there is still limited litera-
ture on the treatment options and its outcomes. With the increased prevalence of OSA in
children with DS and the significant sequelae secondary to untreated OSA, more robust
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trials on treatment involving children with DS must be performed. Treatment guidelines
specific to those with OSA in the DS need to be created.

Author Contributions: Conceptualization, E.G., M.C., A.S., M.M. and M.A.T.; methodology, E.G.,
M.C., A.S., M.M. and M.A.T.; formal analysis, E.G., M.C., A.S., M.M. and M.A.T.; writing—original
draft preparation, E.G., M.C., A.S., M.M. and M.A.T.; writing—review and editing, E.G., M.C., A.S.,
M.M., G.L.U. and M.A.T.; supervision, E.G. and M.A.T.; project administration, E.G., M.C., A.S., M.M.
and M.A.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Parker, S.E.; Mai, C.T.; Canfield, M.A.; Rickard, R.; Wang, Y.; Meyer, R.E.; Anderson, P.; Mason, C.A.; Collins, J.S.; Kirby, R.S.; et al.

National Birth Defects Prevention Network. Updated National Birth Prevalence estimates for selected birth defects in the United
States, 2004–2006. Birth Defects Res. A Clin. Mol. Teratol. 2010, 88, 1008–1016. [CrossRef]

2. Weijerman, M.E.; de Winter, J.P. Clinical practice. The care of children with Down syndrome. Eur. J. Pediatrics 2010, 169, 1445–1452.
[CrossRef]

3. Qubty, W.F.; Mrelashvili, A.; Kotagal, S.; Lloyd, R.M. Comorbidities in infants with obstructive sleep apnea. J. Clin. Sleep Med.
2014, 10, 1213–1216. [CrossRef]

4. Maris, M.; Verhulst, S.; Wojciechowski, M.; Van de Heyning, P.; Boudewyns, A. Prevalence of Obstructive Sleep Apnea in Children
with Down Syndrome. Sleep 2016, 39, 699–704. [CrossRef]

5. Lee, C.F.; Lee, C.H.; Hsueh, W.Y.; Lin, M.T.; Kang, K.T. Prevalence of Obstructive Sleep Apnea in Children with Down Syndrome:
A Meta-Analysis. J. Clin. Sleep Med. 2018, 14, 867–875. [CrossRef]

6. Lumeng, J.C.; Chervin, R.D. Epidemiology of pediatric obstructive sleep apnea. Proc. Am. Thorac. Soc. 2008, 5, 242–252. [CrossRef]
7. Jayaratne, Y.S.N.; Elsharkawi, I.; Macklin, E.A.; Voelz, L.; Weintraub, G.; Rosen, D.; Skotko, B.G. The facial morphology in Down

syndrome: A 3D comparison of patients with and without obstructive sleep apnea. Am. J. Med. Genet. A 2017, 173, 3013–3021.
[CrossRef]

8. Suri, S.; Tompson, B.D.; Cornfoot, L. Cranial base, maxillary and mandibular morphology in Down syndrome. Angle Orthod.
2010, 80, 861–869. [CrossRef]

9. Takahashi, T.; Sakai, N.; Iwasaki, T.; Doyle, T.C.; Mobley, W.C.; Nishino, S. Detailed evaluation of the upper airway in the
Dp(16)1Yey mouse model of Down syndrome. Sci. Rep. 2020, 10, 21323. [CrossRef]

10. Donnelly, L.F.; Shott, S.R.; LaRose, C.R.; Chini, B.A.; Amin, R.S. Causes of persistent obstructive sleep apnea despite previous
tonsillectomy and adenoidectomy in children with down syndrome as depicted on static and dynamic cine MRI. AJR Am. J.
Roentgenol. 2004, 183, 175–181. [CrossRef]

11. Lott, I.T. Neurological phenotypes for Down syndrome across the life span. Prog. Brain Res. 2012, 197, 101–121.
12. Guidi, S.; Ciani, E.; Bonasoni, P.; Santini, D.; Bartesaghi, R. Widespread proliferation impairment and hypocellularity in the

cerebellum of fetuses with down syndrome. Brain Pathol. 2011, 21, 361–373. [CrossRef]
13. De Lausnay, M.; Verhulst, S.; Van Hoorenbeeck, K.; Boudewyns, A. Obstructive Sleep Disorders in Down Syndrome’s Children

with and without Lower Airway Anomalies. Children 2021, 8, 693. [CrossRef]
14. Romero-Corral, A.; Caples, S.M.; Lopez-Jimenez, F.; Somers, V.K. Interactions between obesity and obstructive sleep apnea:

Implications for treatment. Chest 2010, 137, 711–719. [CrossRef]
15. Van Gameren-Oosterom, H.B.; van Dommelen, P.; Schönbeck, Y.; Oudesluys-Murphy, A.M.; van Wouwe, J.P.; Buitendijk, S.E.

Prevalence of overweight in Dutch children with Down syndrome. Pediatrics 2012, 130, e1520–e1526. [CrossRef]
16. Bertapelli, F.; Pitetti, K.; Agiovlasitis, S.; Guerra-Junior, G. Overweight and obesity in children and adolescents with Down

syndrome-prevalence, determinants, consequences, and interventions: A literature review. Res. Dev. Disabil. 2016, 57, 181–192.
[CrossRef]

17. Kowalczyk, K.; Pukajło, K.; Malczewska, A.; Król-Chwastek, A.; Barg, E. L-thyroxine therapy and growth processes in children
with Down syndrome. Adv. Clin. Exp. Med. 2013, 22, 85–92.

18. Foley, C.; Killeen, O.G. Musculoskeletal anomalies in children with Down syndrome: An observational study. Arch. Dis. Child.
2019, 104, 482–487. [CrossRef]

19. Pitetti, K.; Baynard, T.; Agiovlasitis, S. Children and adolescents with Down syndrome, physical fitness and physical activity. J.
Sport Health Sci. 2013, 2, 47–57. [CrossRef]

20. Anand, V.; Shukla, G.; Gupta, N.; Gupta, A.; Sapra, S.; Gulati, S.; Pandey, R.M.; Pandey, S.; Kabra, M. Association of Sleep Apnea
with Development and Behavior in Down Syndrome: A Prospective Clinical and Polysomnographic Study. Pediatric Neurol. 2021,
116, 7–13. [CrossRef]

http://doi.org/10.1002/bdra.20735
http://doi.org/10.1007/s00431-010-1253-0
http://doi.org/10.5664/jcsm.4204
http://doi.org/10.5665/sleep.5554
http://doi.org/10.5664/jcsm.7126
http://doi.org/10.1513/pats.200708-135MG
http://doi.org/10.1002/ajmg.a.38399
http://doi.org/10.2319/111709-650.1
http://doi.org/10.1038/s41598-020-78278-2
http://doi.org/10.2214/ajr.183.1.1830175
http://doi.org/10.1111/j.1750-3639.2010.00459.x
http://doi.org/10.3390/children8080693
http://doi.org/10.1378/chest.09-0360
http://doi.org/10.1542/peds.2012-0886
http://doi.org/10.1016/j.ridd.2016.06.018
http://doi.org/10.1136/archdischild-2018-315751
http://doi.org/10.1016/j.jshs.2012.10.004
http://doi.org/10.1016/j.pediatrneurol.2020.10.007


Children 2021, 8, 1074 12 of 13

21. Lee, N.C.; Hsu, W.C.; Chang, L.M.; Chen, Y.C.; Huang, P.T.; Chien, C.C.; Chien, Y.H.; Chen, C.L.; Hwu, W.L.; Lee, P.L. REM sleep
and sleep apnea are associated with language function in Down syndrome children: An analysis of a community sample. J.
Formos. Med. Assoc. 2020, 119 Pt 3, 516–523. [CrossRef]

22. Joyce, A.; Elphick, H.; Farquhar, M.; Gringras, P.; Evans, H.; Bucks, R.S.; Kreppner, J.; Kingshott, R.; Martin, J.; Reynolds, J.; et al.
Obstructive Sleep Apnoea Contributes to Executive Function Impairment in Young Children with Down Syndrome. Behav. Sleep
Med. 2020, 18, 611–621. [CrossRef] [PubMed]

23. Breslin, J.; Spano, G.; Bootzin, R.; Anand, P.; Nadel, L.; Edgin, J. Obstructive sleep apnea syndrome and cognition in Down
syndrome. Dev. Med. Child Neurol. 2014, 56, 657–664. [CrossRef]

24. Lal, C.; White, D.R.; Joseph, J.E.; van Bakergem, K.; LaRosa, A. Sleep-disordered breathing in Down syndrome. Chest 2015,
147, 570–579. [CrossRef]

25. Simpson, R.; Oyekan, A.A.; Ehsan, Z.; Ingram, D.G. Obstructive sleep apnea in patients with Down syndrome: Current
perspectives. Nat. Sci. Sleep 2018, 10, 287–293. [CrossRef]

26. Bull, M.J. Committee on Genetics. Health supervision for children with Down syndrome. Pediatrics 2011, 128, 393–406. [CrossRef]
[PubMed]

27. Knollman, P.D.; Heubi, C.H.; Meinzen-Derr, J.; Smith, D.F.; Shott, S.R.; Wiley, S.; Ishman, S.L. Adherence to Guidelines for
Screening Polysomnography in Children with Down Syndrome. Otolaryngol. Head Neck Surg. 2019, 161, 157–163. [CrossRef]

28. Knollman, P.D.; Heubi, C.H.; Wiley, S.; Smith, D.F.; Shott, S.R.; Ishman, S.L.; Meinzen-Derr, J. Demographic and Clinical
Characteristics Associated with Adherence to Guideline-Based Polysomnography in Children with Down Syndrome. Otolaryngol.
Head Neck Surg. 2021, 164, 877–883. [CrossRef]

29. Hill, C.M.; Elphick, H.E.; Farquhar, M.; Gringras, P.; Pickering, R.M.; Kingshott, R.N.; Martin, J.; Reynolds, J.; Joyce, A.;
Gavlak, J.C.; et al. Home oximetry to screen for obstructive sleep apnoea in Down syndrome. Arch. Dis. Child. 2018, 103, 962–967.
[CrossRef] [PubMed]

30. Ikizoglu, N.B.; Kiyan, E.; Polat, B.; Ay, P.; Karadag, B.; Ersu, R. Are home sleep studies useful in diagnosing obstructive sleep
apnea in children with down syndrome? Pediatric Pulmonol. 2019, 54, 1541–1546. [CrossRef]

31. Maris, M.; Verhulst, S.; Saldien, V.; Van de Heyning, P.; Wojciechowski, M.; Boudewyns, A. Drug-induced sedation endoscopy in
surgically naive children with Down syndrome and obstructive sleep apnea. Sleep Med. 2016, 24, 63–70. [CrossRef]

32. Akkina, S.R.; Ma, C.C.; Kirkham, E.M.; Horn, D.L.; Chen, M.L.; Parikh, S.R. Does drug induced sleep endoscopy-directed surgery
improve polysomnography measures in children with Down Syndrome and obstructive sleep apnea? Acta Otolaryngol. 2018,
138, 1009–1013. [CrossRef] [PubMed]

33. Caloway, C.L.; Gillian, R.; Diercks, D.K.; de Guzman, V.; Ryan, S.; Nikhila, R.; Shott, S.R.; Ishman, S.L.; Hartnick, C.J. Up-
date on Hypoglossal Nerve Stimulation in Children with Down Syndrome and Obstructive Sleep Apnea. Laryngoscope 2020,
130, E263–E267. [CrossRef]

34. Nerfeldt, P.; Amalia, S. Obstructive Sleep Apnea in Children with down Syndrome-Prevalence and Evaluation of Surgical
Treatment. Int. J. Pediatric Otorhinolaryngol. 2020, 133, 109968. [CrossRef] [PubMed]

35. Yu, W.; Sarber, K.M.; Howard, J.J.M.; Huang, G.; Hossain, M.M.; Heubi, C.H.; Lu, X.; Simakajornboon, N. Children with Down
Syndrome and Mild OSA: Treatment with Medication versus Observation. J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep
Med. 2020, 16, 899–906. [CrossRef]

36. Howard, J.J.M.; Kathleen, M.; Sarber, W.Y.; David, F.S.; Raisa, O.T.; Narong, S.; Stacey, L.I. Outcomes in Children with Down
Syndrome and Mild Obstructive Sleep Apnea Treated Non-Surgically. Laryngoscope 2020, 130, 1828–1835. [CrossRef] [PubMed]

37. Von Lukowicz, M.; Nina, H.; Sebastian, R.; Mirja, Q.; Gabriele, I.; Poets, C.F. Effect of a 1-Week Intense Myofunctional Training on
Obstructive Sleep Apnoea in Children with Down Syndrome. Arch. Dis. Child. 2019, 104, 275–279. [CrossRef]

38. Amaddeo, A.; Sonia, K.; Annick, F.; Theo, T.; Lucie, G.; Brigitte, F. High-Flow Nasal Cannula for Children Not Compliant with
Continuous Positive Airway Pressure. Sleep Med. 2019, 63, 24–28. [CrossRef] [PubMed]

39. Diercks, G.R.; Carissa, W.; Donald, K.; Thomas, B.K.; Brian, S.; de Guzman, V.; Ellen, G.; John, D.; Ryan, S.; Christopher, J.H.
Hypoglossal Nerve Stimulation in Adolescents With Down Syndrome and Obstructive Sleep Apnea. JAMA Otolaryngol.—Head
Neck Surg. 2018, 144, 37–42. [CrossRef]

40. Prosser, J.D.; Sally, R.S.; Oscar, R.; Narong, S.; Jareen, M.-D.; Stacey, L.I. Polysomnographic Outcomes Following Lingual
Tonsillectomy for Persistent Obstructive Sleep Apnea in Down Syndrome. Laryngoscope 2017, 127, 520–524. [CrossRef] [PubMed]

41. Ingram, D.G.; Amanda, G.; Ruiz, D.G.; Norman, R.F. Success of Tonsillectomy for Obstructive Sleep Apnea in Children with
Down Syndrome. J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2017, 13, 975–980. [CrossRef] [PubMed]

42. Propst, E.J.; Amin, R.; Talwar, N.; Zaman, M.; Zweerink, A.; Blaser, S.; Zaarour, C.; Luginbuehl, I.; Karsli, C.; Aziza, A.; et al.
Midline Posterior Glossectomy and Lingual Tonsillectomy in Obese and Nonobese Children with down Syndrome: Biomarkers
for Success: Midline Posterior Glossectomy in Children with Down Syndrome. Laryngoscope 2017, 127, 757–763. [CrossRef]
[PubMed]

43. Sudarsan, S.S.; Vijaya, K.P.; Senthil, V.A.; Sathiya, M.; Mohan, K. Comparison of Treatment Modalities in Syndromic Children
with Obstructive Sleep Apnea—A Randomized Cohort Study. Int. J. Pediatric Otorhinolaryngol. 2014, 78, 1526–1533. [CrossRef]
[PubMed]

44. Wootten, C.T.; Shott, S.R. Evolving Therapies to Treat Retroglossal and Base-of-Tongue Obstruction in Pediatric Obstructive Sleep
Apnea. Arch. Otolaryngol. Head Neck Surg. 2010, 136, 983. [CrossRef]

http://doi.org/10.1016/j.jfma.2019.07.015
http://doi.org/10.1080/15402002.2019.1641501
http://www.ncbi.nlm.nih.gov/pubmed/31311334
http://doi.org/10.1111/dmcn.12376
http://doi.org/10.1378/chest.14-0266
http://doi.org/10.2147/NSS.S154723
http://doi.org/10.1542/peds.2011-1605
http://www.ncbi.nlm.nih.gov/pubmed/21788214
http://doi.org/10.1177/0194599819837243
http://doi.org/10.1177/0194599820954837
http://doi.org/10.1136/archdischild-2017-314409
http://www.ncbi.nlm.nih.gov/pubmed/29760010
http://doi.org/10.1002/ppul.24440
http://doi.org/10.1016/j.sleep.2016.06.018
http://doi.org/10.1080/00016489.2018.1504169
http://www.ncbi.nlm.nih.gov/pubmed/30776267
http://doi.org/10.1002/lary.28138
http://doi.org/10.1016/j.ijporl.2020.109968
http://www.ncbi.nlm.nih.gov/pubmed/32126418
http://doi.org/10.5664/jcsm.8358
http://doi.org/10.1002/lary.28325
http://www.ncbi.nlm.nih.gov/pubmed/31603543
http://doi.org/10.1136/archdischild-2018-315064
http://doi.org/10.1016/j.sleep.2019.05.012
http://www.ncbi.nlm.nih.gov/pubmed/31604152
http://doi.org/10.1001/jamaoto.2017.1871
http://doi.org/10.1002/lary.26202
http://www.ncbi.nlm.nih.gov/pubmed/27515709
http://doi.org/10.5664/jcsm.6698
http://www.ncbi.nlm.nih.gov/pubmed/28728615
http://doi.org/10.1002/lary.26104
http://www.ncbi.nlm.nih.gov/pubmed/27345007
http://doi.org/10.1016/j.ijporl.2014.06.027
http://www.ncbi.nlm.nih.gov/pubmed/25064627
http://doi.org/10.1001/archoto.2010.178


Children 2021, 8, 1074 13 of 13

45. Shete, M.M.; Stocks, R.M.S.; Sebelik, M.E.; Schoumacher, R.A. Effects of Adeno-Tonsillectomy on Polysomnography Patterns in
Down Syndrome Children with Obstructive Sleep Apnea: A Comparative Study with Children without Down Syndrome. Int. J.
Pediatric Otorhinolaryngol. 2010, 74, 241–244. [CrossRef]

46. Connolly, H.V.; Tomaselli, L.T.; McKenna, B.M.K. Adenotonsillectomy for Pediatric Obstructive Sleep Apnea: How to Predict
Those at Risk for Postoperative Complications. J. Clin. Sleep Med. 2020, 16, 3–4. [CrossRef]

47. Garetz, S.L.; Ron, B.; Mitchell, P.D.; Parker, R.H.; Moore, C.L.; Rosen, B.G.; Hiren, M.; Shalini, P.; Lisa, E.; Paul, W.; et al. Quality of
Life and Obstructive Sleep Apnea Symptoms After Pediatric Adenotonsillectomy. Pediatrics 2015, 135, e477–e486. [CrossRef]

48. Spicuzza, L.; Daniela, C.; Di Maria, G. Obstructive Sleep Apnoea Syndrome and Its Management. Ther. Adv. Chronic Dis. 2015,
6, 273–285. [CrossRef]

49. Chawla, J.; Caitlin, F.; Helen, H. CPAP to Treat Obstructive Sleep Apnoea (OSA) in Children with Down Syndrome (DS). Eur.
Respir. J. 2016, 48 (Suppl. S60), PA3066.

50. Costantino, A.; Vittorio, R.; Antonio, M.; Vitaliana, L.; Federica, B.; Michele, C.; Manuele, C.; Peter, B. Hypoglossal Nerve
Stimulation Long-Term Clinical Outcomes: A Systematic Review and Meta-Analysis. Sleep Breath. 2020, 24, 399–411. [CrossRef]

51. Luke, A.; Sutton, M.; Schoeller, D.A.; Roizen, N.J. Nutrient intake and obesity in prepubescent children with Down syndrome. J.
Am. Diet Assoc. 1996, 96, 1262–1267. [CrossRef]

52. Roche, J.; Isacco, L.; Masurier, J.; Pereira, B.; Mougin, F.; Chaput, J.P.; Thivel, D. Are obstructive sleep apnea and sleep improved
in response to multidisciplinary weight loss interventions in youth with obesity? A systematic review and meta-analysis. Int. J.
Obes. 2020, 44, 753–770. [CrossRef]

53. Chamseddin, B.H.; Johnson, R.F.; Mitchell, R.B. Obstructive Sleep Apnea in Children with Down Syndrome: Demographic,
Clinical, and Polysomnographic Features. Otolaryngol. Head Neck Surg. 2019, 160, 150–157. [CrossRef] [PubMed]

54. Nation, J.; Brigger, M. The Efficacy of Adenotonsillectomy for Obstructive Sleep Apnea in Children with Down Syndrome: A
Systematic Review. Otolaryngol. Head Neck Surg. 2017, 157, 401–408. [CrossRef]

55. Cottrell, J.; Zahr, S.K.; Propst, E.J.; Narang, I.; Amin, R.; Chiang, J.; Al-Saleh, S.; Wolter, N.E. Morbidity and mortality from
adenotonsillectomy in children with trisomy 21. Int. J. Pediatric Otorhinolaryngol. 2020, 138, 110377. [CrossRef]

56. Wootten, C.T.; Chinnadurai, S.; Goudy, S.L. Beyond adenotonsillectomy: Outcomes of sleep endoscopy-directed treatments in
pediatric obstructive sleep apnea. Int. J. Pediatric Otorhinolaryngol. 2014, 78, 1158–1162. [CrossRef] [PubMed]

57. Marcus, C.L.; Beck, S.E.; Traylor, J.; Cornaglia, M.A.; Meltzer, L.J.; DiFeo, N.; Karamessinis, L.R.; Samuel, J.; Falvo, J.;
Di Maria, M.; et al. Randomized, double-blind clinical trial of two different modes of positive airway pressure therapy on
adherence and efficacy in children. J. Clin. Sleep Med. 2012, 8, 37–42. [CrossRef] [PubMed]

58. Oxelgren, U.W.; Myrelid, Å.; Annerén, G.; Ekstam, B.; Göransson, C.; Holmbom, A.; Isaksson, A.; Åberg, M.; Gustafsson, J.;
Fernell, E. Prevalence of autism and attention-deficit-hyperactivity disorder in Down syndrome: A population-based study. Dev.
Med. Child Neurol. 2017, 59, 276–283. [CrossRef]

59. Hill, E.A.; Fairley, D.M.; Williams, L.J.; Spanò, G.; Cooper, S.A.; Riha, R.L. Prospective Trial of CPAP in Community-Dwelling
Adults with Down Syndrome and Obstructive Sleep Apnea Syndrome. Brain Sci. 2020, 10, 844. [CrossRef] [PubMed]

60. Stepnowsky, C.J.; Palau, J.J.; Gifford, A.L.; Ancoli-Israel, S. A Self-Management Approach to Improving Continuous Positive
Airway Pressure Adherence and Outcomes. Behav. Sleep Med. 2007, 5, 131–146. [CrossRef]

61. Guilleminault, C.; Nino-Murcia, G.; Heldt, G.; Baldwin, R.; Hutchinson, D. Alternative treatment to tracheostomy in obstructive
sleep apnea syndrome: Nasal continuous positive airway pressure in young children. Pediatrics 1986, 78, 797–802. [PubMed]

62. Villa, M.P.; Rizzoli, A.; Miano, S.; Malagola, C. Efficacy of rapid maxillary expansion in children with obstructive sleep apnea
syndrome: 36 months of follow-up. Sleep Breath. 2011, 15, 179–184. [CrossRef] [PubMed]

63. Carr, M.M.; Poje, C.P.; Kingston, L.; Kielma, D.; Heard, C. Complications in pediatric tracheostomies. Laryngoscope 2001,
111 Pt 1, 1925–1928. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ijporl.2009.11.006
http://doi.org/10.5664/jcsm.8150
http://doi.org/10.1542/peds.2014-0620
http://doi.org/10.1177/2040622315590318
http://doi.org/10.1007/s11325-019-01923-2
http://doi.org/10.1016/S0002-8223(96)00330-6
http://doi.org/10.1038/s41366-019-0497-7
http://doi.org/10.1177/0194599818797308
http://www.ncbi.nlm.nih.gov/pubmed/30149781
http://doi.org/10.1177/0194599817703921
http://doi.org/10.1016/j.ijporl.2020.110377
http://doi.org/10.1016/j.ijporl.2014.04.041
http://www.ncbi.nlm.nih.gov/pubmed/24845267
http://doi.org/10.5664/jcsm.1656
http://www.ncbi.nlm.nih.gov/pubmed/22334807
http://doi.org/10.1111/dmcn.13217
http://doi.org/10.3390/brainsci10110844
http://www.ncbi.nlm.nih.gov/pubmed/33198148
http://doi.org/10.1080/15402000701190622
http://www.ncbi.nlm.nih.gov/pubmed/3532018
http://doi.org/10.1007/s11325-011-0505-1
http://www.ncbi.nlm.nih.gov/pubmed/21437777
http://doi.org/10.1097/00005537-200111000-00010
http://www.ncbi.nlm.nih.gov/pubmed/11801971

	Treatment Considerations for Obstructive Sleep Apnea in Pediatric Down Syndrome
	Authors

	Introduction 
	Methods 
	Diagnosis 
	Treatment Options 
	Adenotonsillectomy 
	Lingual Tonsillectomy 
	CPAP Therapy 
	High-Flow Nasal Cannula 
	Hypoglossal Nerve Stimulation 
	Tongue Based Procedure 
	Myofunctional Therapy 
	Pharmacologic Interventions 
	Weight Loss 

	Discussion 
	References

