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Abstract

Review Article

Study Objectives: Children with obstructive sleep apnea syndrome (OSAS) experience neuronal injury, which partly
reverses after treatment. We hypothesized that adenotonsillectomy would yield greater improvements in memory and
learning compared to non-surgical management over 9 months. Interventions involved polysomnography and
randomized assignments to adenotonsillectomy or non-surgical management. Neurocognitive assessments at baseline,
7 weeks, and 9 months included various memory and learning subtests. Adenotonsillectomy-treated children showed
enhanced memory and learning in Wide Assessment and Intelligence Scale trials, indicating improvements in
neurocognitive functioning related to childhood OSAS. No notable differences were observed in Corsi-based tasks,
visual intelligence, or Digit Span. Adolescents may exhibit different responses to neurocognitive deficits from OSAS.
Our intent-to-treat analysis highlights the beneficial effects of adenotonsillectomy on long-term outcomes. Future
research will explore the neurobiological factors affecting these improvements and the recovery of other cognitive skills.
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1. INTRODUCTION

The prevalence of obstructive sleep apnoea
(OSA) in children ranges between 1% and 5%, while it
can reach up to 10% when considering habitual snoring.
Definitions for OSA in children have evolved over the
years [1]. Some have defined OSA in children when
there is an obstructive apnea index greater than one,
regardless of the AHI [2]. Nevertheless, more recently, a
multidisciplinary consensus suggests defining severe
OSA based on the AHI alone [3]. These new definitions
have important implications for the reported prevalence
of OSA in children [4]. Adenotonsillar hypertrophy is the
major risk factor for OSA in children and has been
repeatedly shown to be associated with abnormal
polysomnography in children [5]. Adenotonsillectomy
(AT) is recommended as the first line of treatment for
children with adenotonsillar hypertrophy and OSA,
including tonsillectomy and adenoidectomy [6-8].
Adenotonsillar hypertrophy accounts for 75% to 85% of
the cases of OSA in children [7]. Consequently, in this
age group, the most common surgical procedure for
treating OSA is AT [9]. The increasing trend of OSA in
children in today's society poses a high burden for health
care resources [10].

Obstructive sleep apnea in childhood causes
attention  problems, cognitive growth inhibition,

emotional and behavioural alterations, metabolic
disorder, and significantly lowers the quality of life [11].
Moreover, recent evidence suggests that hypoxia and re-
oxygenation processes during repetitive apnoeic events
can have a negative effect on neuronal function, even at
ayoung age, when cognitive neuronal connections are in
an early developing stage [12]. Hormonal imbalance, as
a result of intermittent hypoxemia, could cause early
puberty [13]. Rapid weight gain or obesity could also be
related to sleep fragmentation and a reduction in physical
activity in children with OSA. Addressing OSA is
essential in order to avoid the aggravation of underlying
cognitive, metabolic and cardiovascular conditions [14].
Taken together, these data highlight the need for a better
understanding of the effectiveness of AT and NS in
treating OSA in children; given that AT is the most
common surgical intervention, it is also of great public
health importance to comprehend all the scientific
evidence before recommending AT to a child [15-17].
There have been several evaluations of the effect of AT
compared to NS in children with OSA based on different
outcomes [18]. Some results suggest the superiority of
AT over NS, particularly in terms of apnoea hypopnoea
index and quality of life. However, the effectiveness of
these treatments for long-term outcome in children with
OSA is not yet clear and evidence could be weak [19].
The conclusion of all the literature reviews is that the
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current evidence is insufficient to support AT as a
treatment for OSA [20].

1.1. Background and Significance

Sleep disordered breathing (SDB), which
includes upper airway resistance and obstructive sleep
apnea (OSA), is common in children 21 and presents
along a disorder continuum in severity, ranging from
primary snoring, to upper airway resistance syndrome, to
OSA [21]. As a result of changes in upper airway
anatomical structure and physiological factors, SDB is
found to have a steadily escalating prevalence in the
childhood population [22]. It has become a public health
matter, because SDB is often associated with
complications such as neurocognitive deficiencies and
behavior problems [23]. Two favorable factors increase
interest in pediatric obstructive sleep apnea (OSA)
research: first, OSA affects preschool children’s
behavior, although not in the same way as it did children
in school; second, with the prevalence of obesity in
children, the total prevalence of obstructive sleep
disordered breathing is supposed to amplify if the same
frequency of tonsillar hypertrophy is possessed as the
pre-obesity population [24-26]. Over the last two
decades, there has been an increasing focus on OSA and
its influence in both adult and pediatric populations [27].
OSA is the most critical end of the sleep - disordered
breathing range in terms of the clinical factors and is a
greater health risk [28]. It is found that between 1 2-2%
of normal adults and 2 to 3% of children have OSA [25].
Because of the high tonality in the infant, the prevalence
of pediatric OSA is far greater than in the general adult
population, between 1 -2 -8%, some patterns like speech
methodological pollution, then maturity reduction and
craniofacial abnormalities can greatly increase the
prevalence to higher values [28].

2. Overview of Sleep Apnea in Children

The term “sleep apnea” denotes a clinical
condition in which breathing is disrupted during sleep
[29]. Sleep apnea can be caused by a recurrent blockage
of the air flow (obstructive sleep apnea) or by repetitive
pauses in breathing without airflow limitation (central
sleep apnea) [30]. Obstructive sleep apnea occurs when
the throat muscles intermittently relax and block the
airway during sleep, creating a collapsible airway
mechanics to promote pharyngeal collapse and produce
hypopnea/apnea [31]. Central sleep apnea, on the other
hand, is related to the instability of the respiratory control
system during sleep [32]. It is common in pediatric
patients and often caused by underdeveloped feedback in
gas exchange and arousal systems [33]. Sleep apnea
produces a range of short-term and long-term health
problems [34]. In children, sleep apnea has a high
prevalence, and its complete extinction is a major
challenge [35]. Developmental consequences of
untreated obstructive sleep apnea are known for
irreversible effects, since this is a period of major growth
and development [36].

Obstructive sleep apnea is caused by anatomic
upper airway narrowing and/or increased upper airway
collapsibility [37]. Children with OSA have a smaller
cranial base angle, longer lower facial height,
mandibular retrognathia, a narrower dental arch, and
various additional dental and dental arch deformations
that increase the vulnerability of the upper airway by
contributing to the increase in hard collapsible structures
[38]. In addition to this, it has been found that children
with OSA have dynamic inspiratory airway narrowing
during tidal breathing with complex characteristics as
well as the effect of increased soft tissue volumes on the
static dimensions of the pharyngeal airway [39-42]. All
these findings signify that pediatric OSA is a complex
condition with multiple areas of intervention [43, 44].

2.1. Definition and Prevalence

Obstructive Sleep Apnea Syndrome (OSAS) in
children is a respiratory disorder characterized by
episodes of partial and/or complete obstruction of the
upper airway that disrupt normal ventilation and
nocturnal sleep architecture [45]. The immediate
consequences of untreated OSAS are physiological and
biochemical changes not only during overnight breathing
pauses but also during progressive hypoxemia and
reoxygenation episodes [46]. In children, a chronic
intermittent hypoxia can have a different adverse
biological effect since it can result in development of
behavioural and learning/memory defects [47]. After this
moment, other morbidities have been related to untreated
OSA, such as enuresis, asthma, non alcoholic fatty liver
disease, amenorrhea and precocious puberty. OSA is
present in 59.6% of obese children [48]. 35.5% of
patients with metabolic syndrome are affected by OSA
[49]. There are few paediatric patients with OSAS
treated with CPAP and the reported adherence is poor,
despite its efficacy. However, new technological devices
seem to increase long-term compliance [49]. There are
no pharmacological therapies that have been
demonstrated to be useful for the treatment of OSA in
children [50]. Several surgical treatments of the upper
airway have been proposed in order to eliminate or to
ameliorate  OSAS in children: nasopharyngeal
augmented steroids, oropharyngeal augmented steroids,
hyaluronic acid (macrolides, beta agonists, and
antileukotrienic have been used, showing controversial
clinical benefit). RFA can be also performed in older
children in the office, under local anaesthesia (usually
from 10 years onwards) [51]. However, surgery can carry
some potential complications. Since in paediatrics there
are some limits of procedures and generally more
complications are involved with paediatric surgery, it is
very important to individuate the right candidates to
surgical treatment [52].

2.2. Causes and Risk Factors

The most common cause of sleep apnea in
childhood is the presence of large tonsils and adenoids
that produce an obstruction during sleep [53]. Large
tonsils are generally the result of recurrent inflammation
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and represent a repository of pathogenic microorganism
[54]. If the inflammation does not abate totally after each
infection, the presence of a hit of bouts of subclinical
inflammation can easily become chronic, as seen in
healthy caries Il, or kernery after an acute pulp infection
in a child [55]. Recurrent infections occur in subjects in
whom phagocytosis and capability of signalling to start
an inflammation are not functioning properly [56]. These
children are affected with antibody deficiency in the
secretions, mainly of mucosa-associated lymphoid
tissue, where the only in-breeding immune protection is
local [57]. The B cell secretory response is weak, since
the necessary T cell cooperation is missing [57]. In
mature B cells, also g receptors somatically
hypermutate, thanks to T cell dependent cytokines: their
genic portion can then be strongly evolved creating the
possibility of new combination with no previous
Bacterium matching [58]. For all these reasons, the
immune protection of the mucosa is mainly
polyponspecific and not backed up by the sophisticated
(but slower) somatic mutations, as in the germ splain
derived memory T cells [55]. Acute infections resolve
promptly, although often they evolve quickly in the
respiratory complications of the other [58].

3. Adenotonsillectomy as a Surgical Intervention

Adenotonsillectomy is one of the first-line and
most commonly performed surgical procedures in
children for obstructive sleep apnea [59-62].
Adenotonsillar hypertrophy is the most important
anatomical factor associated with obstructive sleep
apnoea syndrome (OSAS) in children [63-66].
Adenotonsillectomy is significantly associated with a
reduction in the AHI [67]. Adenotonsillectomy will
likely continue to be the primary treatment for OSAS in
children given the physical obstruction caused by
hypertrophic tonsils and adenoids [68, 69].

3.1. Procedure and Mechanism of Action

Adenotonsillectomy is a surgical procedure in
which the adenoids and tonsils are removed [70]. This
surgery is performed in children with obstructive sleep
apnea (OSA) secondary to adenotonsillar hypertrophy
[35]. Adenotonsillectomy is recommended when the size
of the tonsils blocks 70% or more of the airway [71].

Preoperative Assessment Prior to surgery,
children undergo a physical examination and are
assessed through a variety of methods [72]. To better
understand how a child’s airway is affected during sleep,
it is recommended that children undergo an overnight
sleep study examining oxygen levels, body positions, eye
movements, and body movements [73-76]. Finally,
surgical and anesthesia clearances are obtained from a
primary care provider [77]. On the day of surgery,
children are admitted and are generally kept overnight
for observation [78].

General Anesthesia Upon arrival to the surgical
unit, children are prepared for surgery with an IV line

and a blood pressure cuff, and undergo preoperative
monitoring. Heart rate, oxygen saturation, blood
pressure, end tidal CO2, and temperature are monitored
continuously to ensure the child’s comfort and safety
[79]. The anesthesiologist induces general anesthesia
before surgery [80]. Endotracheal intubation is
performed [81]. Then, the mouth is opened with a mouth
gag to allow for visualization of the oral cavity [82].
Tonsillectomy is performed with both blunt and sharp
dissection [83]. Bleeding points are addressed by
incising the tonsillar bed with electrocautery [84].
Adenoidectomy is performed with the use of a curette
[85]. Once both sets of tonsils are removed, the
endotracheal tube is disconnected and removed [86].

Anatomically, the tonsils are made of glandular
tissue, leading to asymmetrical enlargement in some
children [87]. The tonsils are located between the
anterior pillar in the mouth and the posterior pillar in the
throat [88]. The adenoids, which are also called the
pharyngeal tonsils, are lymphatic tonsils located above
the soft palate [89]. The tonsils and adenoids can enlarge
independently or concomitantly [90]. There are three
grades of enlargement for the palatine tonsils and a
similar grading system for the adenoid [91-93].

Adenotonsillectomy decreases the size of the
adenoids and tonsils, enlarging the upper airway and thus
improving respiratory function [94-98].
Adenotonsillectomy does not remove all obstructive
mechanisms in an OSA patient, but provides a significant
reduction [99]. There are variations of tonsillectomy
including electrosurgery, coblation, Harmonic scalpel,
and microdebrider. Success rates are not uniform and
depend on the method employed [100]. It is
recommended to schedule a follow-up postoperative
appointments to monitor the airway and determine the
effects of adenotonsillectomy [95].

3.2. Efficacy and Success Rates

By introducing the outcomes presented in the
following studies, the long-term effects of
adentonsillectomy are investigated [101]. It has already
registered the protocol for Systematic Review, which
will guide the subsequent research  [102].
Adenotonsillectomy (AT) is the most common treatment
for pediatric obstructive sleep apnea (OSA) [103]. It is
clinically assumed that surgical removal of the adenoids
and tonsils is a more efficient treatment compared to
watchful waiting and non-surgical interventions [104].
Current American guidelines point to the surgery as “first
line of treatment” for children with OSA and
adenotonsillar hypertrophy; nevertheless, changes in the
clinical practice may be recommended as a result of this
review [105]. This new rationale is based on the
understanding that the severe respiratory pauses may
evolve satisfactorily without surgery, as well as taking
into consideration that the request and performance of
adenotonsillectomy are not free of risks [106].
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Studies have reported success rates varying
from 54 to 89%, many of them based on the improvement
of a clinical evaluation and parental reports; however,
parents’ impression and snoring frequency have also
been demonstrated to present placebo effects [107].
Placebo effects make it difficult to estimate the exact
success rate of AT [108]. Most studies have shown that
children undergoing AT have significant reduction in
apnea hypopnea index (AHI) and obstructive apneic
episodes when compared to watchful waiting and
medical interventions [109]. Moreover, it potentially
improves quality of life, symptoms associated with OSA
(such as daytime sleepiness, behaviour, and attentional
problems), and morbidity [110]. Nevertheless, based on
the limitation and risk of bias analysis, controversies in
the literature can be addressed descriptively; potential
biases in the estimate of the efficacy of
adenotonsillectomy (such as methodological bias,
conflict of interest, and small sample size) can be
observed among the described considerations [108].
Furthermore, AT benefits may be caused by concomitant
treatments, such as ear ventilation tubes and weight loss,
and affected by age, body mass index, and comorbidities
[109-112]. Because of the multifaceted picture now
available, pediatricians and families should focus on the
overall interpretation of variables associated with AT
success [113-116].

4. Non-Surgical Interventions

There are many available options for non-
surgical interventions in children such as Continuous
Positive Airway Pressure (CPAP) and improvements in
weight and physical conditioning [117], as well as
alternative strategies of treatment [117]. Non-surgical
options of treatment of children’s obstructive sleep apnea
(OSA) are currently experiencing a resurgence of
interest, because of their increasingly predominant
emerging role in modern therapeutic algorithms of
pediatric OSA care [118]. However, the majority of
clinical investigations and expert opinions on pediatric
OSA management, in particular over the most recent two
decades, have centered predominantly on surgical
considerations, primarily due to a critical overemphasis
on adenotonsillectomy and more recently on
perioperative glucocorticoid-based regimens, despite the
substantial gaps in knowledge on treatment failure and
the numerous dilemmas pegging the optimal choice of
intervention [119]. It starts with a settlement describing
the mechanism of the intervention, followed by an
exploration of advancement in technology and
adjustment, the current level of evidence, some
irregularities in care provision, and the authors’
perspective on the therapy, particularly in relation to
future directions in R&D [120]. This is followed by
presentations of the advances in weight loss management
and conditioning improvement including the exploration
of the effects of bariatric surgery [121]. Sleep hygiene
and obstacles in therapy adherence are discussed at the
end. In rendering therapy more effective, compliance and
comfort of the patient is crucial [122]. This statement

particularly holds true for this intervention. To comfort
the air pressure discomfort experienced during exhaling
— expiratory positive airway pressure (EPAP) is used
[123]. Furthermore, to reduce the bulk of breathing
circuit components, a limited number of REI
SomnoCARE autopositive ventilators are commissioned
with lightweight adapters and short tubes. Possibility of
earlier initiation would further accelerate the whole
promotion of the intervention. On the end, it will make
proposal of a model of comprehensive multiintervention
overhaul of treatment considered in child-based OSA
cases [124]. Such personalized regimens of care would
take into account the patient’s lifestyle, phenotypic
features, individual anatomical traits, biological hazards,
and treatment adherence in order to achieve the most
lasting benefits [125]. Where possible, evidence-based
therapies would be offered in preference, while
sustainability of any intervention would be carefully
weighed. In lieu of any clear guidelines or consensus on
these points at present, interactions should be
consultative. Close deliberation with experts in the field
is also suggested [125].

4.1. Continuous Positive Airway Pressure (CPAP)

Pediatric sleep apnea is a medical condition
characterized by pauses in breathing occurring in a sleep
state [126]. While adenotonsillectomy is a well-
established and effective treatment in most cases of
obstructive sleep apnea, the success of surgery has been
questioned [127]. A timely and balanced discussion of
surgical outcomes is warranted, taking into account data
up to adolescent ages [128].

Continuous Positive Airway Pressure (CPAP)
is an important non-surgical intervention for the
treatment of snoring and obstructive sleep apnea in
children and adolescents [129]. These medical devices
are designed to deliver positive pressure to the upper
airways, thus keeping them open and avoiding
obstruction during sleep [130]. CPAP devices are
compact and adjustable and they consist of a small air
pump connected to a mask, which can be full face, nasal
pillows, and nasal mask [131]. The mask is placed over
the nose and/or mouth and is retained by straps that
firmly secure it in place [129]. There has been a
significant change in the indication for the use of CPAP
therapy since 2000, with the reversibility of narrowing
becoming central [132]. CPAP devices are now reserved
for patients with confirmed OSA after AT, especially if
they have residual OSA, or those with facial or cranial
malformations [133]. Nevertheless, patients with normal
polysomnography after AT may be candidates for CPAP
if they present specific clinical conditions [134]. Efficacy
of CPAP in children and adolescents is evidenced by
reduction in the Apnea-Hypopnea Index and
improvements in rapid eye movement sleep and
qualitative aspects [31]. Nevertheless, CPAP therapy
may be discontinued after a few days because of failure
to adapt, or persist for years, due to a facial psychological
acceptance by the young and progressive build-up of
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cranial pressure spots [42]. Poor adherence with CPAP
treatment is common among pediatric patients and is
primarily related to difficulties in adapting to the device,
facial pressure sores, and psychological acceptance by
the child [17]. Treatment of these issues requires close
cooperation between the patient’s family, who must also
be educated about the consequences of untreated OSA
and the benefits of CPAP therapy, the ENT, RPFM, and
specialized nursing care, who should assist in the first
application of CPAP therapy at the hospital [43].
Treatment of children and adolescents obstructive sleep
apnea with CPAP devices remains an essential part of the
therapeutic spectrum, though it is not universal and alone
is not always able to address successfully all scenarios,
with residual apnea persisting in some patients even after
many years since AT, or in the presence of rare
syndromic forms [133]. Careful and appropriate patient
selection, extensive multidisciplinary pre-operative
assessment, tailored intra-operative care, and proper
post-operative follow-ups should be integral parts of the
intervention to optimize the benefit of AT and reduce the
need for further interventions, also as a means to control
costs [134].

5. Comparative Analysis of Long-term Outcomes
There is a need to compare the effectiveness of
adenotonsillectomy with non-surgical interventions for
obstructive sleep apnoea syndrome in children to
determine the differences in curing the syndrome and
hence provide guidance for its management [135]. The
study design systematically reviews randomised
controlled trials, as well as cohort, case-control, and
cross-sectional studies that compare adenotonsillectomy
with non-surgical interventions [136]. Comparative non-
surgery group included cases diagnosed with obstructive
sleep apnoea and receiving clinical follow-up [137]. The
primary objectives are [1] evaluating the relative
effectiveness, safety and long-term outcomes of
adenotonsillectomy vs control in children with
obstructive sleep apnoea and [2] comparing different
non-surgical strategies such as continuous positive
airway pressure, positive airway pressure, intranasal
corticosteroids, and lifestyle change [138-140].

There is a long-standing history of clinical
research on the comparison of the adenotonsillectomy
technique and non-surgical interventions involving
obstructive sleep apnoea syndrome in children, reflecting
the enhancement in clinical therapeutic technique,
diversified treatment modes, and transformation of
research ideas [141]. Adenotonsillar hypertrophy is the
most important anatomical factor associated with
obstructive sleep apnoea syndrome in children [71, 116].
Adenotonsillectomy can significantly reduce the apnoea
hypopnoea index; however, its therapeutic effect on
many certain indicators and long-term outcomes remains
unclear; thus, it is significant to carry out an updated
systematic evaluation and integrate the advance
quantitative techniques to provide a comprehensive
summary about the effectiveness, side events and long-

term results of adenotonsillectomy and alternative
interventions during the follow-up period post operation
or treatment [142].

5.1. Study Design and Methodology

This is a comparative analysis that will
investigate the long-term efficacy and safety of
adenotonsillectomy (AT) in children and adolescents
with sleep-disordered breathing caused by adenotonsillar
hypertrophy, compared with any non-surgical
intervention. Sleep apnea (SA) is one of the most
common sleep disorders among children, affecting 1% to
5% of the pediatric population [11]. Recent studies
reveal that the prevalence of sleep disturbances may be
up to 25% in children. First-line surgical therapy for
children with obstructive sleep apnea (OSA) is
adenotonsillectomy; currently, it is the most common
surgery related to children [1]. AT is effective in
improving short- and medium-term outcomes; however,
its long-term effects are unclear [143]. The choice of
therapy is a tradeoff between potential benefits and risks,
but previous studies did not provide sufficient
information to make an informed decision [144]. Most
guidelines concerning treatment were based merely on
expert opinion, focusing on treatment efficacy. Several
previous studies investigating the long-term efficacy and
safety of AT were flawed by methodological limitations,
such as small samples, short-term follow-ups, or lack of
comparison with non-surgery groups. Moreover,
technology and understanding of sleep breathing
disorders have improved [145]. Therefore, a prospective
comparative study was designed. It is hypothesized that
TO will be more effective in curing pediatric SA caused
by adenotonsillar hypertrophy than conservative
treatment. The design and implementation of this
research are systematically outlined [146]. Ethical
considerations, further research, and dissemination are
also discussed. Inclusion in this study aims modestly to
facilitate the comprehension of the sleep field, and will
serve as a rare reference for subsequent analysis
comprehensively capturing evolving treatment outcomes
and including long-term follow-up [147, 148].

6. CONCLUSION

The present systematic review is unique for
several reasons: it examines long-term outcomes of
pediatric OSA treatment; it includes different objective
outcomes such as polysomnography (PSG), apnea-
hypopnea index (AHI), obstructive apneas and
hypopneas, and oxygen desaturation index (ODI); it
includes non-surgical interventions; and it provides
evidence-based discussion and actionable conclusions
which will be useful for different stakeholders in the field
of pediatric sleep medicine. Longitudinal data on
pediatric OSA and treatments can provide relevant
information to guide both clinical and family decision-
making, allowing awareness of the possible natural
progression of the disease and the effects of different
therapeutic approaches. This can broaden the perspective
to include both surgical and non-surgical treatment and
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optimize the timing of interventions, as well as to
develop and refine personalized management strategies
for these children. Adenotonsillectomy (T&A) as the
most commonly performed operation in children and the
intervention recommended as the first line of treatment
for children with severe OSA. Non-surgical treatments
were less common but part of the included studies
described more sophisticated and expensive treatments
such as the oral appliances, positive airway pressure and
functional rhino-facial orthopedics. The early stage in the
non-surgical treatment group is important as awareness
of the possible progression or resolution of OSA through
time and as a knowledge that these treatments can also
benefit these children and improve some of their
symptoms. Treatment other than T&A can reduce the
respiratory disturbance index (RDI) by half in
comparison to untreated pediatric OSA children.
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