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Abstract Significant advances have been made in the context
of pediatric obstructive sleep apnea (POSA) in the past several
years, and are clearly shifting the paradigm in many of the
aspects related to the clinical evaluation and treatment of this
highly prevalent pediatric condition. This review highlights
some of the most salient studies that have undoubtedly con-
tributed to the shifts and evolution in our understanding of
POSA. A comprehensive and integrative summary of the pub-
lished research papers tackling the etiology of POSA, and its
pathological sequelae will be presented along with recent up-
dates in POSA diagnosis and treatment.

Keywords Pediatric obstructive sleep apnea - POSA -
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Introduction

Obstructive sleep apnea in children (POSA) is one of the most
common causes of sleep-disordered breathing in children with
a prevalence estimated to range between 1-5.7 % [1]. It is
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characterized by intermittent obstruction of the upper airways,
which can result in intermittent hypoxia, hypercarbia, increase
in respiratory effort as illustrated by pronounced intrathoracic
pressure swings and repeated arousals resulting in sleep frag-
mentation. There is now incremental evidence primarily de-
rived from studies in adults suffering from OSA as well as
from animal studies primarily focused on intermittent hypoxia
or sleep fragmentation that the perturbations that characterize
POSA result in the activation of pathological cascades that in
turn impose wide ranging effects, ultimately impacting on
patients’ neurocognitive and behavioral, cardiovascular and
metabolic systems. Importantly, the adverse consequences of
POSA may not be confined to the child’s immediate well-
being and development, but may continue to be detrimental
to the patients’ long-term health into adulthood. The emphasis
of'this article is to review the latest research and developments
in POSA, and how such work provides us with improved
understanding of the phenotypic characteristics and variability
of POSA, as well as evolving directions aimed at facilitating
the diagnosis and treatment of POSA.

Etiology of POSA

The pathophysiological mechanisms underlying POSA can be
broadly classified into those that cause intrinsic upper airway
narrowing (the most common being adenotonsillar hypertro-
phy and obesity) and those that result in increased upper
airway collapsibility (e.g., neuromuscular diseases, air-
way inflammation, and obesity). Frequently, several fac-
tors can coexist in the same child, such that the situa-
tion in which markedly enlarged adenoids and tonsils in
the absence of any evidence of sleep-disordered breathing is
relatively as frequent as the one in which severe POSA is
present in the absence of enlarged upper airway lymphadenoid
tissues. Notwithstanding, it is now well accepted that
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anatomical risk factors involving some degree of adenoidal
and tonsillar hypertrophy along with increased upper airway
collapsibility are likely present in younger otherwise healthy
children. However, there is little data regarding adolescents, a
transitional period in which the emergence of puberty, adipose
tissue alterations, and associated hormonal changes begins the
emergence of a clear gender dimorphism, particularly in
regards to disease prevalence. Schwab et al. therefore sought
to further identify the underlying anatomical risk factors for
OSA in adolescents. They performed MRI scans of the upper
airway in 137 teenagers aged 12—-16 years and divided them
into 3 groups, namely, obese adolescents with OSA, obese
controls and lean controls [2¢¢]. Obese adolescents with
OSA had increased size of adenotonsillar tissues with concur-
rently smaller nasopharyngeal airways compared with both
control groups. In most of the obese adolescents with OSA,
the ratio of soft tissue to craniofacial space surrounding the
airway was increased, and gender differences were also noted,
whereby boys had larger tonsils, and girls had larger adenoids.
These results suggest that adolescents with OSA have an an-
atomic risk profile more akin to that of children, rather than the
prototypic airway characteristics usually seen in adults with
OSA. Such findings have potential implications on adolescent
OSA management strategies since they imply that either sur-
gical removal or pharmacologically-induced atrophy of upper
airway adenoids and tonsils may be preferable as the initial
strategy rather than immediate implementation of CPAP
therapy.

One potentially useful complement of information during
evaluation of children at risk for POSA would be objective
assessment of upper airway collapsibility. However, objective
measurements of upper airway collapsibility are not yet wide-
ly available in clinical practice, since they are relatively com-
plicated to perform, require the application of negative nasal
pressure to the sleeping patient [3] or need onerous sophisti-
cated equipment such as acoustic pharyngometry [4]. To over-
come these obstacles, McGinley et al. aimed to identify sur-
rogate markers of upper airway collapsibility by performing
analyses of inspiratory flow patterns and attempted to derive
flow limitation metrics while relying on the nasal cannula
flow-pressure signal during standard PSG recordings [5¢].
They compared in children with OSA and in those with pri-
mary snoring the percentage of time with inspiratory flow-
limited breathing (%IFL), and maximal inspiratory airflow
during flow-limited breaths (expressed as a percentage of peak
inspiratory flow during non-flow-limited breathing during
non-REM sleep; % VImax). There were no differences in ei-
ther of these 2 measures in non-REM sleep, but in REM sleep,
children with OSA exhibited a higher %IFL and lower
%VImax which improved following adenotonsillectomy
(AT). The authors interpreted these findings as evidence of
decreased compensatory neuromuscular responses to upper
airway obstruction during REM in the OSA group, but most

importantly showed that some derivative of airflow signal
representing a surrogate indicator of airway resistance can be
obtained during polysomnographic recordings in children in a
breath-by-breath manner. Of course, the study has limitations,
in particular, the qualitative nature of the nasal cannula signal,
such that quantitative changes in airflow can be markedly
affected by mouth breathing and cannula displacement.
However, the concept is innovative and clearly merits further
validation as well as exploration of its inherent value in rela-
tion to the clinical phenotypic variance of POSA. Based on the
aforementioned findings in adolescents, it will be important to
use the noninvasive techniques described by McGinley and
colleagues during PSG studies to further refine the responses
to sleep states and to changes in collapsibility during the tran-
sition from childhood through adolescence to adulthood in
both girls and boys.

Obesity and OSA

Given the increasing prevalence of childhood obesity around
the world and the strong association between increased
ponderal indices and POSA, one of the most important recent
etiological studies published was the NANOS study. This
cross-sectional, prospective multicenter study examined 248
obese children aged 3—14 years recruited from the community.
It consisted of two phases with phase 1 assessing the preva-
lence and risk factors for POSA, while phase 2 examined the
treatment outcomes in those identified to have POSA. The
prevalence of POSA when defined as a OAHI>3/h TST was
21.5 %, though this increased to 39.5 % when a RDI>3/h
TST was used (as per the previously published Spanish con-
sensus guidelines) [6+, 7]. Adenoidal hypertrophy and tonsil-
lar hypertrophy, identified on nasal pharyngoscopy, emerged
as the most important risk factor for POSA. In phase 2, out-
comes of 117 children out of the original group were reported
[8¢¢]. They were classified into 4 groups. In group 1, obese
children without POSA, 21 % developed POSA on their
follow-up PSG. In group 2, obese children with mild POSA
without adenotonsillar hypertrophy, managed with dietary
modification to encourage weight loss, improvements in the
respiratory parameters emerged, and half of this cohort no
longer had evidence of POSA at follow-up. The weight loss
needed to achieve such an improvement was encouragingly
small. Group 3 were obese children with moderate/severe
OSA with significant adenotonsillar hypertrophy who
underwent AT. Here, the severity of POSA improved post-
AT, but 43.5 % still had residual POSA. Similar to previous
studies [9], age emerged as a significant risk factor for residual
POSA. The final group included obese children with
moderate/severe POSA who did not have adenotonsillar hy-
pertrophy and these patients were treated with CPAP with
attendant difficulties in adherence and the need for substantial
behavioral interventions for both implementation and
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sustained use over time. Overall, the authors concluded that in
younger obese children, the major influence appears to be
adenotonsillar hypertrophy, with BMI—adipose tissue mass
apparently operating as a POSA enhancer rather an a causal
contributor. However in older children, obesity becomes a
more prominent POSA determinant, and appears to be an
independent causal factor.

Such findings were overall not surprising, considering that
POSA and obesity are both conditions in which low grade
systemic inflammation is generally present. When obesity
and POSA coincide in the same child, there is accruing evi-
dence that one will potentiate the effects of the other [10]. An
examination of 100 obese children with POSA using a panel
of plasma inflammatory markers measured before and after
treatment with adenotonsillectomy, showed that when OSA
was successfully treated, IL-6, IL-18, PAI-1, MCP-1, MMP-
9, adropin, and leptin plasma levels decreased, whereas
adiponectin levels increased. In contrast, these improvements
were not seen in the 30 children whose post-operative OAHI
remained >5/h TST, and in fact, leptin levels increased, rather
than decreased [11¢]. These findings not only demonstrate that
in obese children, POSA amplifies the underlying systemic
inflammatory pathways that have been a priori activated by
obesity, but importantly, effective treatment of the POSA, re-
sults in improvements in the global inflammatory state. A
most recent retrospective study further provided confirmatory
evidence that the personalized trajectory of an inflammatory
marker such as high sensitivity CRP in the context of AT
treatment of POSA provides a robust predictor of residual
post-operative POSA [12]. Thus, future studies implementing
measurements of panels of relevant and previously validated
inflammatory biomarkers may provide opportunities for es-
tablishment of robust surrogate reporters of POSA morbidity
and also enable the identification of residual POSA.

OSA and Asthma

Another major area of recent investigation has been the asso-
ciation and potential interdependency and overlap between
POSA in children with asthma. The presence of a potential
association between asthma and POSA has been recognized
for some time now. There is a higher prevalence of POSA in
asthmatic children and treatment of the POSA in a group of
poorly controlled asthmatics resulted in improved asthma con-
trol [13]. There was a high proportion of obese children in
these cohorts, an observation that was overall anticipated con-
sidering that obesity is an important risk factor for OSA, and
that similarly, an epidemiological link has been described be-
tween obesity and asthma, thereby suggesting an interplay
between the 3 conditions. Both asthma and POSA are associ-
ated with airway inflammation. Indeed, asthma has also been
identified as one of the risk factors for residual OSA post-AT

[9].
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The link between POSA and asthma was further ex-
amined by Bhattacharjee et al. who performed a data-
base analysis of 13,506 children with asthma in the
USA who underwent AT, and examined their asthma
control the year before and the year after AT [14ee].
In this study, a 30 % reduction in asthma exacerbations,
a 25 % decrease in the number of asthma related emer-
gency room visits, and a 36 % reduction in asthma-
related hospital admissions emerged after AT in this
large pediatric asthmatic population. In contrast, among
the 27,012 age-, sex-, and geographically-matched con-
trol children with asthma who did not undergo AT, there
was just a 2 % reduction in asthma exacerbations. As
with any database analysis, the authors acknowledge the
limitations of the study as well as the lack of informa-
tion on obesity and ethnicity. Notwithstanding, the find-
ings conclusively provide compelling and real life evi-
dence that AT is associated with improved asthma con-
trol, such that delineation of the mechanistic pathways
connecting asthma and POSA would not only be fasci-
nating, but also provide the rationale and impetus for
diagnostic and therapeutic algorithms. One of the cur-
rent hypotheses linking POSA and asthma is obviously
the united airway hypothesis [15]. At this stage, it is
certainly biologically plausible that inflammation of the
upper airway from OSA may exacerbate inflammation
in the lower airways, and thus deteriorate asthma con-
trol, and that vice versa, exhaled condensate with higher
concentration of inflammatory substances originating
from the lower airways in poorly controlled asthmatics
may facilitate the proliferation, expansion and inflamma-
tion of upper airway lymphadenoid tissues thereby pro-
moting upper airway collapsibility and obstruction.

There is also accumulating evidence that environmental
modifiers also play a role in phenotypic expression. For ex-
ample, exposure to passive smoking has been shown to be an
independent risk factor for habitual snoring in pre-school chil-
dren with a dose-dependent relationship identified between
urinary cotinine concentrations and frequency of snoring
[16]. Environmental air quality has also more recently
emerged as a significant contributor with the frequency
of habitual snoring in school-aged children residing in
neighborhoods with greatest air pollution being threefold
higher compared to those who reside in neighborhoods
with less air pollution [17]. Low family social economic status
(either independently or linked to environmental air quality)
has also been associated with an increased risk of POSA [18].
Finally, in the CHildhood AdenoTonsillectomy study
(CHAT) which will be discussed in greater detail later
in this review, African American ethnicity and environ-
mental tobacco exposure were each found to be associ-
ated with an approximately 20 % increase in apnea
hypopnea index (AHI) [19].
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Consequences of POSA—The Phenomics of POSA

Pediatric OSA morbidities are multiple and involve the car-
diovascular, metabolic and neurological systems, and somatic
growth. In addition, nocturnal bladder control and urinary
output are also potentially affected but will not be addressed
here.

Cardiovascular Morbidity

Evidence of endothelial dysfunction has been demonstrated in
children with POSA using a variety of methodologies to as-
sess post-occlusive hyperemic responses [20-22]. However,
not all children with OSA have evidence of endothelial func-
tional impairments. Among those who do, the majority show
resolution of the endothelial dysfunction following treatment
with AT, yet endothelial dysfunction persisted in a subgroup
with a strong family history of cardiovascular disease [20, 21].
Much research has focused on identifying the factors contrib-
uting to this phenotypic variation both in the presence of en-
dothelial dysfunction and the lack of resolution after treat-
ment. The severity of endothelial dysfunction is greater in
children who are obese and also have POSA, compared to
either condition in isolation, once again, suggesting the con-
vergence of the deleterious consequences of obesity and OSA
[23]. To what extent genetic and environmental factors confer
protection or increase vulnerability [24], and whether there are
surrogate plasma-derived markers of endothelial dysfunction
[25]is now being actively sought. In this context, the ability to
recruit endothelial progenitors for endothelial repair [26, 27¢],
numbers and function of T regulatory lymphocytes [28],
epigenetic alterations in genes such as endothelial nitric
oxide synthase as well as polymorphisms in nitric oxide
synthase and endothelin gene families are some of the factors
recently identified as determinants of the variance in endothe-
lial function [29-31].

Neurobehavioral Morbidity

The impact of POSA on neurobehavioral development has
been an area of active research for over now two decades,
and yet conclusive evidence assigning a mechanistic role to
POSA on the increased risk of cognitive and behavioral def-
icits that are routinely seen in cohorts of children at risk of
sleep-disordered breathing is still lacking. Preliminary func-
tional MRI data has revealed that children with POSA, show
greater activity in the regions of the brain implicated in cog-
nitive control, conflict monitoring, and attentional allocation
in order to perform tasks at the same level as children without
POSA even when their cognitive abilities are preserved [32].
Furthermore, when viewing empathy-eliciting scenarios, chil-
dren with more severe OSA demonstrated less activity in the
left amygdala.

Childhood Adenotonsillectomy (CHAT) Study

The most prominent study that examined neurobehavioral
outcomes as the primary outcome of interest was the CHAT
study. This was the first ever randomized controlled trial to
compare AT with watchful waiting in the management of
pediatric OSA in school-aged children. There were no
differences between the two randomized groups, in
terms of the primary outcome of the trial, i.e., change in the
attention and executive-function score in the Developmental
Neuropsychological Assessment [33+¢]. However, AT resulted
in significant improvements in symptoms as well as parent-
rated generic and OSA-specific quality of life measures [34].
It is important to note that due to ethical considerations, the
children recruited only had mild OSA with no significant ox-
ygen desaturations [35], were above 4 years of age and were
only followed up for 7 months. Thus, generalizations to chil-
dren of other ages and severities of POSA are not possible.
Indeed, when Lau et al. studied 23 children with OSA who had
more severe OSA than in the CHAT study (mean OAHI: 5.6/h
TST) and compared them with 22 matched controls, the chil-
dren with POSA performed less well in both the basic storage
and central executive components of working memory in the
verbal domain than the controls [36].

One of the potentially most interesting findings of the
CHAT study was that of the children who did not undergo
AT, 42 % had resolution of their POSA on follow-up PSG
7 months later. These were children with lower initial AHI
and with waist circumference <90 % percentile [37¢].
However despite normalization of their PSG AHI, only
15 % experienced symptomatic resolution and the indepen-
dent predictors for such improvements included lower initial
Pediatric Sleep Questionnaire and snoring scores.

Metabolic Morbidity

The metabolic morbidities of OSA in adults are now quite
well recognized and include lipid profile alterations as well
as insulin resistance and diabetic decompensation [38—45].
However, the picture of these associations in children has been
remarkably blurry as pointed by the high level of inconsistent
evidence. One of the reasons advanced for these discrepant
findings may reside in differences in pubertal status and the
presence of concurrent obesity in the cohorts studied. For
example, when Redline at al studied predominantly post-
pubertal adolescents, strong associations between POSA and
the metabolic syndrome, as well as with individual metabolic
parameters such as fasting insulin and HOMA emerged [46].
However, in pre-pubertal children, while POSA has been im-
plicated in elevations in LDL cholesterol with concomitant
decreases in HDL cholesterol [47], reduced insulin sensitivity
was only seen when obesity was concurrently present.
Interestingly, highly sensitive functional network analysis of
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enriched gene sets in children with primary snoring revealed
subtle alterations in insulin homeostatic mechanisms [48],
suggesting that mild perturbations in sleep may already im-
pose sub-clinical changes in peripheral tissue insulin receptor
sensitivity. In mild-moderate cases without accompanying
obesity, insulin sensitivity seems to be preserved, but presence
of obesity does induce insulin resistance [47, 49-51].
Treatment, however, does seem to improve glucose homeo-
stasis in both obese and non-obese children - a recent study
from our group has demonstrated that AT in children with
POSA improves insulin resistance, and the residual metabolic
dysfunction is associated with the degree of adiposity, rather
than that of residual POSA severity [52]. These changes were
seen in both obese and non-obese children, suggesting that
OSA is causally involved in creating an adverse metabolic
state independent from obesity. Interestingly, baseline fasting
insulin independently predicted post-AT AHI, raising the
possibility that IR per se could potentially exacerbate
POSA. These results underscore the importance of a
multidisciplinary approach when addressing the metabol-
ic health in a patient with POSA, in addition to treat-
ment of the underlying gas exchange and sleep pertur-
bations associated with the disease.

There is emerging evidence of end-organ morbidity sec-
ondary to metabolic dysregulation. Two recent studies re-
vealed that POSA/nocturnal hypoxemia is present in as many
as 60 % of obese children with biopsy proven non-alcoholic
fatty liver disease (NAFLD). The severity of the OSA/
duration of the hypoxemia were associated with biochemical
and histological features of NAFLD severity, independent of
BMI, abdominal adiposity, metabolic syndrome, and insulin
resistance [53]. Furthermore, the percentage of time with ox-
ygen saturation <90 % correlated with increased intrahepatic
leukocytes, activated Kupffer cells and circulating markers of
hepatocyte apoptosis and fibrogenesis [54¢]. The mechanisms
underlying these findings were examined by Alkhouri et al.,
who showed that plasma levels of sFas and sFasL were lower
in obese children with OSA compared with those without
OSA [55]. Furthermore, sCD163 levels correlated with OSA
severity and in the subgroup of patients who were treated for
OSA, sCD163 levels decreased significantly. The significance
of these findings is that Fas and FasL are part of the extrinsic
apoptosis pathway, and their soluble forms are considered
inhibitors of apoptosis because they effectively compete with
the binding of FasL to Fas on the cell membrane, thereby
suggesting higher levels of hepatic cellular apoptosis in
POSA obese children. Meanwhile, sCD163 is a marker
of macrophage activation and has been shown to be
associated with hepatic steatosis and fibrosis in children
with NAFLD. These results therefore suggest that hepa-
tocyte apoptosis and macrophage activation are possible
mechanisms by which NAFLD develops in the context
of OSA in obese children.
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Growth

Nachalon et al. studied the growth of 16 toddlers (6—
36 months) pre and post-AT [56]. There was a significant
increase in BMI Z score and caloric intake with a correspond-
ing decrease in hsCRP levels following surgery. Subsequent
multivariate analysis, demonstrated the improvement in somat-
ic growth correlated with the improvement in systemic inflam-
mation, rather than with changes in caloric intake. However,
the numbers of subjects recruited were small, and this associ-
ation was just seen in the boys, indicating the need for more
research to validate and elucidate possible mechanisms. The
findings are supported by the statistical modeling of anthropo-
morphic data from the CHAT study. The findings from this
randomized trial showed that the BMI z score increased more
in the children who underwent AT, than in those who were
randomly assigned to watchful waiting, even among the chil-
dren who were already overweight at baseline [57]. The long-
term effects of POSA on weight and adipose tissue mass dy-
namics are still unknown, but these findings highlight the im-
portance of weight monitoring, nutritional counseling, and en-
couragement of physical activity after AT for POSA.

Long-Term Morbidity

Recent Australian publications have examined the long-term
outcomes 3 years after the resolution of POSA in pre-school
children. Autonomic function was studied using power spectral
analysis of heart rate variability and measurement of urinary
catecholamines [58]. Overall, the resolution of POSA resulted
in the normalization of previously elevated heart rate variability
to levels that were similar to controls. In contrast, the children
with residual POSA exhibited increased high-frequency HRV,
suggesting a significant increase in their respiratory effort,
though interestingly, this was also the case even in children
with primary snoring. There was also a positive correlation
between urinary catecholamines and low frequency power in
children with unresolved POSA suggesting increased sympa-
thetic activity in children with increasing severity of the OSA.

When these investigators examined behavioral and cogni-
tive outcomes, behavioral functioning remained significantly
worse in children who had been diagnosed with POSA com-
pared with controls, and cognitive functioning decreased be-
tween baseline and follow-up, regardless of whether resolu-
tion of the POSA had occurred [59]. Indeed, these findings
were in agreement with the Horne’s laboratory earlier study
examining the long-term outcomes of treatment in older
school-aged children. This prior study also showed there were
improvements in performance 1Q, but not verbal IQ or aca-
demic measures, and no improvements in behavioral function-
ing [60]. These findings challenge the current paradigm gen-
erated from shorter-term follow-up studies which have gener-
ally shown favorable outcomes following treatment of POSA
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[61e, 62]. The authors postulate that these less propitious find-
ings may be the consequence of an acute “placebo-like” treat-
ment effect, whereby parental perceptions of behavior are a
reflection of improved sleep, or that the expectation of im-
provement with AT may have biased their responses when
completing behavioral questionnaires in the short-term, but
such “placebo effect” decreases when assessments are con-
ducted at later time frames. Alternatively, it may be that an
insult to a developing brain during a vulnerable period may
result in long-term sequelae, and certain children may be
genetically more at risk. Certainly, genetic factors such
as NADPH oxidase p22 subunit gene polymorphisms,
IGF-1 and apolipoprotein E allelic variants have previ-
ously been shown to account for discrepancies in the
neurocognitive performance in children with similar se-
verities of OSA [63-65].

Diagnosis of OSA

The gold standard for diagnosis of POSA is currently an in-lab
polysomnogram (PSG). While PSGs provide an objective
measure of sleep architecture and disturbances in respiratory
parameters, they are expensive in terms of time, labor and
resources and are not easily available in many countries.
This has prompted efforts towards validation and implemen-
tation of home sleep apnea testing in the past few years. This
move has been driven not only by financial and institutional
concerns, but also because of the potential to measure a more
typical night’s sleep as the child is sleeping at home in their
own bed. Two large studies have demonstrated that it is pos-
sible to perform high quality home PSGs in children >5 years
old in the research setting [66, 67]. However, of most interest
is in-home respiratory polygraphy testing as these tests are less
time consuming to set up and score. Alonso-Alvarez et al.
compared home RP with in-lab PSG in 50 children clinically
suspected to have OSA [68¢¢]. Trained nursing staff went to
the child’s home to set up the study and initiate the recordings.
All the home RP studies were successful and the area under
the curve was consistently >90 % when various PSG cut-off
values OAHI >1, 3 and 5/h TST were used, i.e., there was
good agreement with in-lab PSGs. These results suggest the
validity of home RP for the diagnosis of POSA in children
with a high pre-test probability of having OSA. However,
more research is required with regards to how to further opti-
mize the sensitivity and specificity of home sleep-apnea test-
ing in children with mild POSA.

Treatment of OSA
Adenotonsillectomy

The latest Cochrane systematic review to examine the evi-
dence comparing AT versus non-surgical management of

pediatric OSA found only three prospective trials that
met the inclusion criteria [69]. The CHAT study data
provided the highest quality evidence and was the main
basis for the recommendation that in healthy children
with mild/moderate POSA, AT was of benefit, but phy-
sicians and parents should carefully weigh the benefits
and risks of AT against watchful waiting in these chil-
dren as the condition may recover spontaneously over
time. The Cochrane review also reported that the evi-
dence for the benefit of AT in children with clinical
symptoms of POSA but with negative PSG recordings,
is of low quality and is therefore inconclusive [70]. The
third study was a prospective study comparing AT ver-
sus CPAP in 80 syndromic children with either trisomy
21 or mucopolysaccharidoses with mild to moderate
OSA [71]. These children had a baseline PSG, Epworth
Sleepiness Score and OSA-18 QOL questionnaire which were
repeated at follow-up a year later. Outcomes in the two
groups were similar although CPAP gave immediate
sustained improvement while AT showed a more gradual
progressive improvement in symptoms. The failure rate
was 8.1 % in the AT group, due to multilevel obstruction/
hypotonia and compensatory hypertrophy of the lingual ton-
sils. 13.8 % failed treatment in the CPAP group due to poor
compliance or grade 4 adenotonsillar hypertrophy. Although
the authors conclude that AT can be the first line treatment
even in carefully selected syndromic children, we would tem-
per such conclusion by suggesting that AT can be of benefit in
these children, but each case needs to be assessed on an indi-
vidual basis.

A further recent meta-analysis which also included retro-
spective studies found that AT results in improvements in a
variety of sleep parameters such as sleep efficiency, increase
in slow wave and REM sleep [72]. Outcomes in non-obese
children were better than those for obese children. Post-
operative residual OSA was apparent in approximately half
of the children, especially those with severe disease and
obesity.

When examining the risk-benefit ratio, recent studies have
looked at the safety of AT. AT is generally considered as a safe
procedure. However, like all surgical procedures there can be
complications. The most common complications are re-
spiratory compromise and secondary hemorrhage [73].
Children with POSA have an increased risk of respira-
tory complications after AT than children without (odds
ratio 4.9). However, they appear less likely to have
post-operative bleeding compared with children without
POSA (odds ratio 0.41). One possible explanation is the
other main indication for AT is recurrent tonsillitis and
this may be a risk factor for secondary hemorrhage
rather than POSA being a protective factor. Of note,
from the CHAT study, none of the PSG or demographic
parameters predicted post-operative complications [74].
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Some researchers have suggested that drug induced sleep
endoscopy (DISE) should be routinely performed prior to AT
in all children so that multilevel obstruction can be identified.
Boudewyns et al. have routinely performed this procedure in
children with POSA in whom upper airway surgery was being
considered [75]. Their experience in 37 children showed
that adenotonsillar obstruction of the upper airway was
apparent in 33 cases, with 28 subsequently treated with
AT, 3 with adenoidectomy and 2 with tonsillectomy.
The remaining 4 children received non- surgical treatment
(CPAP/orthodontics). In those who underwent surgery, the
success rate was 91 %, leading the authors to advocate DISE
as a routine examination in all children with POSA prior to
upper airway surgery. This is a controversial proposal as it
would have significant implications on resources and work-
loads. DISE has until now been mainly used in the assessment
of children who have residual OSA post-AT, or in complicated
OSA such as that seen in children with craniofacial abnormal-
ities, cerebral palsy, trisomy 21 etc. Indeed, a recent meta-
analysis concluded that DISE is probably only of bene-
fit in a minority of children, and should thus be limited
to those whole clinical evaluation does not reveal
tonsillar/adenoidal hypertrophy or when there is residual
OSA post-AT [76].

Medical Therapy

One of the alternatives to AT for treatment of mild OSA is
medical therapy, namely montelukast and intranasal ste-
roids. A recent large retrospective review of 752 chil-
dren with mild POSA who received nasal steroids and
montelukast showed an overall success rate of 80.5 %
[77<]. Follow-up polysomnography in a subset of 445
patients showed normalization of sleep findings in 62 %.
Older children aged >7 years and obese children were less
likely to respond favorably.

Guidelines

A final note should be made to the latest American and
European guidelines. In 2012, the American Academy of
Pediatrics (AAP) updated their guidelines on the diagnosis
and management of children with POSA [1]. These guidelines
focused on uncomplicated OSA, i.e., POSA associated with
adenotonsillar hypertrophy or obesity in otherwise healthy
children. Reviewing the data from articles published between
1999-2010, their main recommendations included:

*  PSG should be performed in children who snore and have
signs and symptoms of POSA.

* Should PSG not be available, alternative diagnostic tests
or referral to a specialist for more extensive evaluation
should be considered.
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* Adenotonsillectomy is the treatment of choice in patients
with POSA associated with adenotonsillar hypertrophy.
Post operatively, high-risk patients should be monitored
as inpatients.

+ Patients should be reevaluated postoperatively to deter-
mine whether there is residual OSA and if further treat-
ment is required. Objective testing should be performed in
patients who are high-risk or have persistent symptoms/
signs of POSA after therapy.

+ If adenotonsillectomy is not performed, or if there is re-
sidual OSA, CPAP is recommended.

+ Intranasal corticosteroids should be considered in children
with mild POSA in whom adenotonsillectomy is contrain-
dicated or for mild residual OSA post adenotonsillectomy.

»  Weight loss should be recommended in patients who are
overweight/obese.

The European Respiratory Society has more recently
published guidelines on the diagnosis and management
of obstructive sleep-disordered breathing in 2—18-year-
old children [78]. Although the recommendations inevi-
tably overlap with the AAP document, the ERS
Guidelines aim to be different by not only discussing
uncomplicated POSA, but also by including recommen-
dations regarding conditions such as craniofacial anom-
alies and neuromuscular disorders. Consideration of the
variability in diagnostic facilities available in different
European countries was also taken into account. Based
on articles published until 2014, a stepwise approach to
the diagnosis and management of obstructive sleep-
disordered breathing was suggested which has been summa-
rized in Table 1. A subsequent document regarding infants is
currently in the pipeline.

Future Research

An official American Thoracic Society statement on the im-
portance of healthy sleep was released this year. It recom-
mends the need for better education and raising awareness of
both physicians and the general public with regards to
the importance of early identification of high-risk OSA
groups because of the significant public health implica-
tions of untreated OSA [79]. The research priorities it
highlights include determining the molecular basis for
OSA and using knowledge of these pathways to devel-
op effective therapies, as well as identifying the etiolog-
ical role of OSA in the development of comorbidities
and determining the impact of OSA treatment on these
comorbidities.

Another important area of research is in identifying bio-
markers for OSA-associated morbidities. PSGs are poorly pre-
dictive of these: not every child fulfilling PSG criteria for
POSA manifests end-organ morbidity, and conversely, some
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Table 1

Stepwise approach to the diagnosis and management of OSA in children aged 2—18 years (adapted from ERS guidelines)

Step 1—Identification of a child at risk of OSA

Enquire about symptoms such as snoring, mouth breathing, witnessed apneas, restless sleep

Examination findings to look out for include tonsillar hypertrophy, obesity, mandibular hypoplasia, midface deficiency, evidence of conditions
commonly associated with OSA including neuromuscular conditions, trisomy 21, Prader-Willi syndrome, etc.

Objective findings from investigations such as lateral neck radiograph (e.g., adenoid: nasopharyngeal ratio), flexible nasoendoscopy, cephalometry,

upper airway MRI or CT.
Risk factors such as prematurity or family history of OSA

Step 2—Identification of morbidity and conditions coexisting with OSA

Cardiovascular morbidity, e.g., raised blood pressure, pulmonary hypertension
Neurocognitive morbidity, e.g., academic impairment, excessive daytime sleepiness, inattention, hyperactivity, behavioral problems

Failure to thrive
Nocturnal enuresis

Conditions coexisting with OSA include oromotor dysfunction, asthma, metabolic syndrome, recurrent otitis media

Step 3—Recognition of factors predicting persistence of OSA
AHI>5/h
Male gender
Obesity
Afro-Caribbean ethnicity
Craniofacial features such as narrow mandible

Step 4—Objective diagnosis and assessment of disease severity
PSG or polygraphy

If not available, alternatives include ambulatory PSG, nocturnal oximetry, sleep clinical record or pediatric sleep questionnaire

Step 5—Indications for treatment
AHI>5/h

If 1> AHI> 5/h, treatment may be beneficial if any of the morbidities mentioned in Step 2 are present
Treatment of OSA should be a priority in conditions such as craniofacial syndromes, trisomy 21, neuromuscular conditions, Prader-Willi syndrome,

mucopolysaccharidoses, achondroplasia, chiari malformation

Step 6—Treatment interventions should be implemented in a stepwise manner addressing all abnormalities that predispose to OSA

Weight loss in children who are overweight/obese
Medical therapy (nasal steroids/montelukast)
Adenotonsillectomy

Rapid maxillary expansion/orthodontic appliances
CPAP or NIV

Tracheostomy

Step 7—Recognition and management of residual OSA

Re-evaluation following intervention (symptoms, morbidities, PSG or if not available, polygraphy/oximetry and capnography).
If OSA symptoms persist or at risk of residual OSA, PSG>6 weeks after adenotonsillectomy or >12 weeks after medical therapy
PSG 12 months after rapid maxillary expansion, 6 months with an oral appliance

PSG for initial titration of CPAP/NIV, then at least yearly
Monitoring with PSG to guide tracheostomy decannulation

When residual OSA is demonstrated, airway re-evaluation by drug induced sleep endoscopy, nasopharyngoscopy, or MRI may help identify

additional upper airway abnormalities

children with primary snoring already display sequelae de-
spite a normal sleep study. Proteomic approaches in conjunc-
tion with bioinformatic approaches have revealed that POSA
is associated with specific and consistent alterations in certain
urinary proteins [80]. Increased levels of urinary catechol-
amines epinephrine and nor-epinephrine have been identified
and overnight increases in GABA, decreases in taurine and 3-
phenylethylamine (PEA) appear to differentiate children with
POSA with neurocognitive deficits from those without [81].
There is also emerging data on exosomal miRNAs as potential
biomarkers of cardiovascular risk in children with POSA [82].
High sensitivity CRP, a test that is already clinically widely
available in clinical practice, has also been recently demon-
strated to be a potential biomarker for residual OSA [12]. As

we advance into the era of personalized medicine, coordinated
combinatorial approaches will need to be developed so that
the diagnosis and treatment can be tailored to the individual
patient.

Conclusions

Overall, the progress in our understanding of pediatric OSA
has been remarkable in the past few years. As can be readily
seen from this review, the unique features of the pediatric
population are increasingly being recognized and investigat-
ed, and pediatric sleep research groups are at the forefront of
biomarker discovery, and the development of personalized
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medicine. The fact that many worthy papers could not be
included here due to limitations of space, further attests to
the breadth and quality of ongoing research and bodes well
for the future of our field and the welfare of children.

Acknowledgments David Gozal is supported by Herbert T. Abelson

Chair in Pediatrics

Compliance with Ethical Standards

Conflict of Interest Hui-Leng Tan, David Gozal, and Leila
Kheirandish-Gozal declare that they have no conflicts of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

* Of importance

¢ Of major importance

1. Marcus CL, Jay Brooks L, Draper KA, Gozal D, Carol Halbower
A, Jones J, et al. Diagnosis and management of childhood obstruc-
tive sleep apnea syndrome. Pediatrics. 2012;130(3):576-84.

2.+¢ Schwab RJ, Kim C, Bagchi S, Keenan BT, Comyn FL, Wang S,
et al. Understanding the anatomic basis for obstructive sleep apnea
syndrome in adolescents. Am J Respir Crit Care Med.
2015;191(11):1295-309. Initial exploration of contributing fac-
tors and determinant of upper airway obstruction during sleep
in adolescents.

3. Marcus CL, McColley SA, Carroll JL, Loughlin GM, Smith PL,
Schwartz AR. Upper airway collapsibility in children with obstruc-
tive sleep apnea syndrome. J Appl Physiol. 1994;77(2):918-24.

4. Gozal D, Burnside MM. Increased upper airway collapsibility in
children with obstructive sleep apnea during wakefulness. Am J
Respir Crit Care Med. 2004;169(2):163—7.

5.« McGinley BM, Kirkness JP, Schneider H, Lenka A, Smith PL,
Schwartz AR. Utilizing inspiratory airflows during standard
polysomnography to assess pharyngeal function in children during
sleep. Pediatr Pulmonol. 2015. Promising approach for continu-
ous evaluation of upper airway using nasal cannula in children.

6. Alonso-Alvarez ML, Cordero-Guevara JA, Teran-Santos J,
Gonzalez-Martinez M, Jurado-Luque MJ, Corral-Penafiel J, et al.
Obstructive sleep apnea in obese community-dwelling children: the
NANOS study. Sleep. 2014;37(5):943-9. Community-based
prevalence study of obstructive sleep apnea in obese children.

7. Alonso-Alvarez ML, Canet T, Cubell-Alarco M, Estivill E,
Fernandez-Julian E, Gozal D, et al. Documento de consenso del
sindrome de apneas-hipopneas durante el suefio en nifios. Arch
Bronconeumol. 2011;47(Supl 5):2—18.

8.e¢ Alonso-Alvarez ML, Teran-Santos J, Navazo-Eguia Al, Martinez
MG, Jurado-Luque MJ, Corral-Penafiel J, et al. Treatment
outcomes of obstructive sleep apnoea in obese community-
dwelling children: the NANOS study. Eur Respir J. 2015;46(3):
717-27. Outcomes of various treatments for sleep apnea in
community-based obese children.

@ Springer

10.

11..

12.

14,0

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Bhattacharjee R, Kheirandish-Gozal L, Spruyt K, Mitchell RB,
Promchiarak J, Simakajornboon N, et al. Adenotonsillectomy out-
comes in treatment of obstructive sleep apnea in children: a multi-
center retrospective study. Am J Respir Crit Care Med.
2010;182(5):676-83.

Gileles-Hillel A, Alonso-Alvarez ML, Kheirandish-Gozal L, Peris
E, Cordero-Guevara JA, Teran-Santos J, et al. Inflammatory
markers and obstructive sleep apnea in obese children: the
NANOS study. Mediators Inflamm. 2014;2014:605280.
Kheirandish-Gozal L, Gileles-Hillel A, Alonso-Alvarez ML, Peris
E, Bhattacharjee R, Teran-Santos J, et al. Effects of
adenotonsillectomy on plasma inflammatory biomarkers in obese
children with obstructive sleep apnea: a community-based study. Int
J Obes (Lond). 2015;39(7):1094—100. Presence of an inflamma-
tory biomarker signature and its changes in obese children
treated for sleep apnea.

Bhattacharjee R, Kheirandish-Gozal L, Kaditis AG, Verhulst SL,
Gozal D. C-reactive protein as a potential biomarker of residual
obstructive sleep apnea following adenotonsillectomy in children.
Sleep. 2015.

Kheirandish-Gozal L, Dayyat EA, Eid NS, Morton RL, Gozal D.
Obstructive sleep apnea in poorly controlled asthmatic children:
effect of adenotonsillectomy. Pediatr Pulmonol. 2011;46(9):913-8.
Bhattacharjee R, Choi BH, Gozal D, Mokhlesi B. Association of
adenotonsillectomy with asthma outcomes in children: a longitudi-
nal database analysis. PLoS Med. 2014;11(11):e1001753. Large
scale study assessing the impact of adenotonsillectomy on asth-
ma outcomes.

Gozal D. Pediatric OSA: a case for “United We Stand” in the way of
a breath. Pediatr Pulmonol. 2010;45(12):1151-2.

Zhu Y, Au CT, Leung TF, Wing YK, Lam CW, Li AM. Effects of
passive smoking on snoring in preschool children. J Pediatr.
2013;163(4):1158-62.¢4.

Kheirandish-Gozal L, Ghalebandi M, Salehi M, Salarifar MH,
Gozal D. Neighbourhood air quality and snoring in school-aged
children. Eur Respir J. 2014;43(3):824-32.

Friberg D, Lundkvist K, Li X, Sundquist K. Parental poverty and
occupation as risk factors for pediatric sleep-disordered breathing.
Sleep Med. 2015;16(9):1169-75.

Mitchell RB, Garetz S, Moore RH, Rosen CL, Marcus CL,
Katz ES, et al. The use of clinical parameters to predict
obstructive sleep apnea syndrome severity in children: the
Childhood Adenotonsillectomy (CHAT) study randomized clinical
trial. JAMA Otolaryngol Head Neck Surg. 2015;141(2):130-6.
Gozal D, Kheirandish-Gozal L, Serpero LD, Sans Capdevila O,
Dayyat E. Obstructive sleep apnea and endothelial function in
school-aged nonobese children: effect of adenotonsillectomy.
Circulation. 2007;116(20):2307-14.

Kheirandish-Gozal L, Bhattacharjee R, Gozal D. Autonomic alter-
ations and endothelial dysfunction in pediatric obstructive sleep
apnea. Sleep Med. 2010;11(7):714-20.

Kheirandish-Gozal L, Etzioni T, Bhattacharjee R, Tan HL, Samiei
A, Molero Ramirez H, et al. Obstructive sleep apnea in children is
associated with severity-dependent deterioration in overnight endo-
thelial function. Sleep Med. 2013;14(6):526-31.

Bhattacharjee R, Kim J, Alotaibi WH, Kheirandish-Gozal L,
Capdevila OS, Gozal D. Endothelial dysfunction in children with-
out hypertension: potential contributions of obesity and obstructive
sleep apnea. Chest. 2012;141(3):682-91.

Kheirandish-Gozal L, Gozal D. Genotype-phenotype interactions
in pediatric obstructive sleep apnea. Respir Physiol Neurobiol.
2013;189(2):338-43.

Gozal D, Kheirandish-Gozal L, Bhattacharjee R, Molero Ramirez
H, Tan HL, Bandla HPR. Circulating adropin levels in pediatric
OSA: potential relevance to endothelial function. J Pediatr.
2013;163(4):1122-6.



Curr Sleep Medicine Rep (2016) 2:20-30

29

26.

27.»

28.

29.

30.

31

32.

33,00

34.

35.

36.

37..

38.

39.

40.

41.

42.

Kheirandish-Gozal L, Bhattacharjee R, Kim J, Clair HB, Gozal D.
Endothelial progenitor cells and vascular dysfunction in children
with obstructive sleep apnea. Am J Respir Crit Care Med.
2010;182(1):92-7.

Kheirandish-Gozal L, Farre R. The injury theory, endothelial pro-
genitors, and sleep apnea. Am J Respir Crit Care Med. 2013;187(1):
5-7. Thorough but succinct review of determinants of suscepti-
bility and resistance of endothelium in the context of sleep
apnea.

Tan HL, Gozal D, Samiei A, Bhattacharjee R, Wang Y, Ramirez
HM, et al. T regulatory lymphocytes and endothelial function in
pediatric obstructive sleep apnea. PLoS One. 2013;8(7):e69710.
Chatsuriyawong S, Gozal D, Kheirandish-Gozal L, Bhattacharjee
R, Khalyfa AA, Wang Y, et al. Genetic variance in nitric oxide
synthase and endothelin genes among children with and without
endothelial dysfunction. J Transl Med. 2013;11:227.
Chatsuriyawong S, Gozal D, Kheirandish-Gozal L, Bhattacharjee
R, Khalyfa AA, Wang Y, et al. Polymorphisms in nitric oxide syn-
thase and endothelin genes among children with obstructive sleep
apnea. BMC Med Genomics. 2013;6:29.

Kheirandish-Gozal L, Khalyfa A, Gozal D, Bhattacharjee R, Wang
Y. Endothelial dysfunction in children with obstructive sleep apnea
is associated with epigenetic changes in the endothelial nitric oxide
synthase gene. Chest. 2013;143(4):971-7.

Kheirandish-Gozal L, Yoder K, Kulkarni R, Gozal D, Decety J.
Preliminary functional MRI neural correlates of executive function-
ing and empathy in children with obstructive sleep apnea. Sleep.
2014;37(3):587-92.

Marcus CL, Moore RH, Rosen CL, Giordani B, Garetz SL, Taylor
HG, et al. A randomized trial of adenotonsillectomy for childhood
sleep apnea. N Engl J Med. 2013;368(25):2366-76. First random-
ized study of adenotonsillectomy for sleep apnea in children.
Garetz SL, Mitchell RB, Parker PD, Moore RH, Rosen CL,
Giordani B, et al. Quality of life and obstructive sleep apnea symp-
toms after pediatric adenotonsillectomy. Pediatrics. 2015;135(2):
e477-86.

Redline S, Amin R, Beebe D, Chervin RD, Garetz SL, Giordani B,
et al. The Childhood Adenotonsillectomy Trial (CHAT): Rationale,
design, and challenges of a randomized controlled trial evaluating a
standard surgical procedure in a pediatric population. Sleep.
2011;34(11):1509-17.

Lau EY, Choi EW, Lai ES, Lau KN, Au CT, Yung WH, et al.
Working memory impairment and its associated sleep-related respi-
ratory parameters in children with obstructive sleep apnea. Sleep
Med. 2015;16(9):1109-15.

Chervin RD, Ellenberg SS, Hou X, Marcus CL, Garetz SL, Katz ES
et al. Prognosis for spontaneous resolution of obstructive sleep ap-
nea in children. Chest. 2015. Study showing spontaneous resolu-
tion in children with mild OSA left untreated.

Rebelo S, Drummond M, Marques JA. Lipid profile after long-term
APAP in OSA patients. Sleep Breath 2014.

Phillips CL, Yee BJ, Marshall NS, Liu PY, Sullivan DR, Grunstein
RR. Continuous positive airway pressure reduces postprandial
lipidemia in obstructive sleep apnea: a randomized, placebo-
controlled crossover trial. Am J Respir Crit Care Med. 2011;184:
355-61.

Sivam S, Witting PK, Hoyos CM, Maw AM, Yee BJ, Grunstein
RR, et al. Effects of 8 weeks of CPAP on lipid-based oxidative
markers in obstructive sleep apnea: a randomized trial. J Sleep
Res. 2015;24:339-45.

Hoyos CM, Killick R, Yee BJ, Phillips CL, Grunstein RR, Liu PY.
Cardiometabolic changes after continuous positive airway pressure
for obstructive sleep apnoea: a randomised sham-controlled study.
Thorax. 2012;67:1081-9.

Lam JC, Tan KC, Lai AY, Lam DC, Ip MS. Increased serum levels
of advanced glycation end-products is associated with severity of

43.

44,

45.

46.

47.

48.

49.

50.

SL

52.

53.

sleep disordered breathing but not insulin sensitivity in non-diabetic
men with obstructive sleep apnoea. Sleep Med. 2012;13:15-20.
Weinstock TG, Wang X, Rueschman M, Ismail-Beigi F, Aylor J,
Babineau DC. A controlled trial of CPAP therapy on metabolic
control in individuals with impaired glucose tolerance and sleep
apnea. Sleep. 2012;35:617-25b.

Iftikhar TH, Hoyos CM, Phillips CL, Magalang UJ. Meta-analyses
of the association of sleep apnea with insulin resistance, and the
effects of CPAP on HOMA-IR, adiponectin, and visceral adipose
fat. J Clin Sleep Med. 2015;11:475-85.

Pamidi S, Wroblewski K, Stepien M, Sharif-Sidi K, Kilkus J,
Whitmore H, et al. Eight hours of nightly continuous positive air-
way pressure treatment of obstructive sleep apnea improves glucose
metabolism in patients with prediabetes. A randomized controlled
trial. Am J Respir Crit Care Med. 2015;192:96-105.

Redline S, Storfer-Isser A, Rosen CL, Johnson NL, Kirchner HL,
Emancipator J, et al. Association between metabolic syndrome and
sleep-disordered breathing in adolescents. Am J Respir Crit Care
Med. 2007;176(4):401-8.

Gozal D, Capdevila OS, Kheirandish-Gozal L. Metabolic alter-
ations and systemic inflammation in obstructive sleep apnea among
nonobese and obese prepubertal children. Am J Respir Crit Care
Med. 2008;177(10):1142-9.

Khalyfa A, Gharib SA, Kim J, Capdevila OS, Kheirandish-Gozal L,
Bhattacharjee R, et al. Peripheral blood leukocyte gene expression
patterns and metabolic parameters in habitually snoring and non-
snoring children with normal polysomnographic findings. Sleep.
2011;34(2):153-60.

Lesser DJ, Bhatia R, Tran WH, Oliveira F, Ortega R, Keens TG,
et al. Sleep fragmentation and intermittent hypoxemia are associat-
ed with decreased insulin sensitivity in obese adolescent Latino
males. Pediatr Res. 2012;72:293-8.

Shamsuzzaman A, Szczesniak RD, Fenchel MC, Amin RS.
Glucose, insulin, and insulin resistance in normal-weight, over-
weight and obese children with obstructive sleep apnea. Obes Res
Clin Pract. 2014;8:¢584-91.

Quante M, Wang R, Weng J, Rosen CL, Amin R, Garetz SL, et al.
The effect of adenotonsillectomy for childhood sleep apnea on car-
diometabolic measures. Sleep. 2015;38:1395-403.

Koren D, Gozal D, Bhattacharjee R, Philby M, Kheirandish-Gozal
L. Impact of adenotonsillectomy on insulin resistance and lipopro-
tein profile in nonobese and obese children. Chest. 2015.
Sundaram SS, Sokol RJ, Capocelli KE, Pan Z, Sullivan JS, Robbins
K, etal. Obstructive sleep apnea and hypoxemia are associated with
advanced liver histology in pediatric nonalcoholic fatty liver dis-
ease. J Pediatr. 2014;164(4):699-706.¢1.

54.» Nobili V, Cutrera R, Liccardo D, Pavone M, Devito R, Giorgio V,

55.

56.

57.

58.

et al. Obstructive sleep apnea syndrome affects liver histology and
inflammatory cell activation in pediatric nonalcoholic fatty liver
disease, regardless of obesity/insulin resistance. Am J Respir Crit
Care Med. 2014;189(1):66—76. High prevalence of OSA among
obese children with non-alcoholic steatohepatitis.

Alkhouri N, Kheirandish-Gozal L, Matloob A, Alonso-Alvarez
ML, Khalyfa A, Teran-Santos J, et al. Evaluation of circulating
markers of hepatic apoptosis and inflammation in obese children
with and without obstructive sleep apnea. Sleep Med. 2015;16(9):
1031-5.

Nachalon Y, Lowenthal N, Greenberg-Dotan S, Goldbart AD.
Inflammation and growth in young children with obstructive sleep
apnea syndrome before and after adenotonsillectomy. Mediators
Inflamm. 2014;2014:146893.

Katz ES, Moore RH, Rosen CL, Mitchell RB, Amin R, Arens R,
et al. Growth after adenotonsillectomy for obstructive sleep apnea:
an RCT. Pediatrics. 2014;134(2):282-9.

Walter LM, Biggs SN, Nisbet LC, Weichard AJ, Hollis SL, Davey
MJ, et al. Improved long-term autonomic function following

@ Springer



30

Curr Sleep Medicine Rep (2016) 2:20-30

59.

60.

61.°

62.

63.

64.

65.

66.

67.

68,00

69.

resolution of sleep-disordered breathing in preschool-aged children.
Sleep Breath. 2015.

Biggs SN, Walter LM, Jackman AR, Nisbet LC, Weichard AJ,
Hollis SL, et al. Long-term cognitive and behavioral outcomes fol-
lowing resolution of sleep disordered breathing in preschool chil-
dren. PLoS One. 2015;10(9). e0139142.

Biggs SN, Vlahandonis A, Anderson V, Bourke R, Nixon GM,
Davey MJ, et al. Long-term changes in neurocognition and behav-
ior following treatment of sleep disordered breathing in school-aged
children. Sleep. 2014;37(1):77-84.

Marcus CL, Radcliffe J, Konstantinopoulou S, Beck SE, Cornaglia
MA, Traylor J, et al. Effects of positive airway pressure therapy on
neurobehavioral outcomes in children with obstructive sleep apnea.
Am J Respir Crit Care Med. 2012;185(9):998-1003. Study show-
ing beneficial effects of sleep apnea treatment on cognitive func-
tion among adolescents.

Mitchell RB, Kelly J. Behavior, neurocognition and quality-of-life
in children with sleep-disordered breathing. Int J Pediatr
Otorhinolaryngol. 2006;70(3):395-406.

Gozal D, Khalyfa A, Capdevila OS, Kheirandish-Gozal L, Khalyfa
AA, Kim J. Cognitive function in prepubertal children with obstruc-
tive sleep apnea: a modifying role for NADPH oxidase p22 subunit
gene polymorphisms? Antioxid Redox Signal. 2012;16(2):171-7.
Gozal D, Capdevila OS, Crabtree VM, Serpero LD, Witcher LA,
Kheirandish-Gozal L. Plasma IGF-1 levels and cognitive dysfunc-
tion in children with obstructive sleep apnea. Sleep Med.
2009;10(2):167-73.

Gozal D, Capdevila OS, Kheirandish-Gozal L, Crabtree VM.
APOE epsilon 4 allele, cognitive dysfunction, and obstructive sleep
apnea in children. Neurology. 2007;69(3):243-9.

Marcus CL, Traylor J, Biggs SN, Roberts RS, Nixon GM, Narang 1,
et al. Feasibility of comprehensive, unattended ambulatory
polysomnography in school-aged children. J Clin Sleep Med.
2014;10(8):913-8.

Goodwin JL, Enright PL, Kaemingk KL, Rosen GM, Morgan WJ,
Fregosi RF, et al. Feasibility of using unattended polysomnography
in children for research—report of the Tucson Children’s
Assessment of Sleep Apnea study (TuCASA). Sleep. 2001;24(8):
937-44.

Alonso-Alvarez ML, Teran-Santos J, Ordax Carbajo E, Cordero-
Guevara JA, Navazo-Eguia Al, Kheirandish-Gozal L, et al.
Reliability of home respiratory polygraphy for the diagnosis of
sleep apnea in children. Chest. 2015;147(4):1020-8. First study
demonstrating validity for home-based polygraphy in the eval-
uation of children at risk for sleep apnea.

Venekamp RP, Hearne BJ, Chandrasekharan D, Blackshaw H, Lim
J, Schilder AG. Tonsillectomy or adenotonsillectomy versus non-
surgical management for obstructive sleep-disordered breathing in
children. Cochrane Database Syst Rev. 2015;10.

@ Springer

70.

71.

72.

73.

74.

75.

76.

77.¢

78.

79.

80.

81.

82.

Goldstein NA, Pugazhendhl V, Rao SM, Weedon J, Campbell TF,
Goldman AC, et al. Clinical assessment of pediatric obstructive
sleep apnea. Pediatrics. 2004;114(1):33-43.
Sudarsan SS, Paramasivan VK, Arumugam SV, Murali S,
Kameswaran M. Comparison of treatment modalities in syndromic
children with obstructive sleep apnea—a randomized cohort study.
Int J Pediatr Otorhinolaryngol. 2014;78(9):1526-33.
Lee CH, Hsu WC, Chang WH, Lin MT, Kang KT.
Polysomnographic findings after adenotonsillectomy for obstruc-
tive sleep apnea in obese and non-obese children: a systemic re-
view and meta-analysis. Clin Otolaryngol. 2015.
De Luca CG, Pacheco-Pereira C, Aydinoz S, Bhattacharjee R, Tan
HL, Kheirandish-Gozal L, et al. Adenotonsillectomy complica-
tions: a meta-analysis. Pediatrics. 2015;136(4):702—18.
Konstantinopoulou S, Gallagher P, Elden L, Garetz SL, Mitchell
RB, Redline S, et al. Complications of adenotonsillectomy for ob-
structive sleep apnea in school-aged children. Int J Pediatr
Otorhinolaryngol. 2015;79(2):240-5.
Boudewyns A, Verhulst S. Potential role for drug-induced
sleep endoscopy (DISE) in paediatric OSA. Sleep Med.
2015;16(9):1178.
Galluzzi F, Pignataro L, Gaini RM, Garavello W. Drug induced
sleep endoscopy in the decision-making process of children with
obstructive sleep apnea. Sleep Med. 2015;16(3):331-5.
Kheirandish-Gozal L, Bhattacharjee R, Bandla HP, Gozal D.
Antiinflammatory therapy outcomes for mild OSA in children.
Chest. 2014;146(1):88-95. Real life experience on the efficacy
of montelukast and intranasal corticosteroids in the manage-
ment of mild sleep apnea in children.
Kaditis A, Alonso-Alvarez ML, Boudewyns A, Alexopoulos E,
Ersu R, Joosten K, et al. Obstructive sleep-disordered breathing in
2-18 year old children: diagnosis and management, an ERS docu-
ment. European Respiratory Journal. In press.
Mukherjee S, Patel SR, Kales SN, Ayas NT, Strohl KP, Gozal D,
et al. An official American Thoracic Society statement: the impor-
tance of healthy sleep. Recommendations and future priorities. Am
J Respir Crit Care Med. 2015;191(12):1450-8.
Becker L, Kheirandish-Gozal L, Peris E, Schoenfelt KQ, Gozal D.
Contextualised urinary biomarker analysis facilitates diagnosis of
paediatric obstructive sleep apnoea. Sleep Med. 2014;15(5):541-9.
Kheirandish-Gozal L, McManus CJ, Kellermann GH, Samiei A,
Gozal D. Urinary neurotransmitters are selectively altered in chil-
dren with obstructive sleep apnea and predict cognitive morbidity.
Chest. 2013;143(6):1576-83.
Khalyfa A, Kheirandish-Gozal L, Bhattacharjee R, Khalyfa AA,
Gozal D. Circulating miRNAs as potential biomarkers of endothe-
lial dysfunction in obese children. Chest. 2015.



	The Status of Pediatric Obstructive Sleep Apnea in 2015: Progress? YES!! More Questions? Definitely YES!!
	Abstract
	Introduction
	Etiology of POSA
	Obesity and OSA
	OSA and Asthma
	Consequences of POSA—The Phenomics of POSA
	Cardiovascular Morbidity
	Neurobehavioral Morbidity
	Childhood Adenotonsillectomy (CHAT) Study
	Metabolic Morbidity
	Growth

	Long-Term Morbidity
	Diagnosis of OSA
	Treatment of OSA
	Adenotonsillectomy
	Medical Therapy

	Guidelines
	Future Research

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



