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Abstract: Adenotonsillectomy (A&T) is a very common surgical procedure in children.
Over the past 20 years the principal indication for A&T in children has changed from recurrent
adenotonsillitis to obstructive sleep apnea. The physiopathology of obstructive sleep apnea
syndrome (OSAS) is multifactorial and obesity has been shown to be one of the main factors
correlated with its occurrence. On the other hand, the prevalence and severity of childhood obesity
have become a veritable epidemic problem in the past 30 years. So the increasing prevalence of
obesity in children and high prevalence of obstructive sleep apnea in obese children implies that
an increasing number of these children will present for A& T. Due to more prevalent anatomical
alterations of the oronasopharyngeal airways, it is often difficult to predict operation success in
obese children. However, previous studies supports that although the risk of presence of residual
symptoms of OSAS and airway-related perioperative complication in obese may be more than
nonobese group, A&T is effective to reduce obstructive symptoms and improve quality of life
in obese children with OSAS.
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Introduction
Pediatric sleep disordered breathing (SDB) is caused by a combination of increased
upper airway resistance and repetitive pharyngeal collapsibility, resulting in intermit-
tent hypoxemia and arousal from sleep.! SDB with associated apneas or hypopneas
affects between 1% and 3% of children and is called obstructive sleep apnea syndrome
(OSAS).2 The main cause of SDB in children is adenotonsillar hypertrophy.>* However,
obesity is known to be another risk for SDB. The prevalence and severity of childhood
obesity have become a veritable epidemic problem in the past 30 years. Hence, this
worldwide epidemiologic evidence leads to a corresponding increase in the prevalence
of diseases including SDB. Previous studies showed that severity of obstructive sleep
apnea (OSA) seems to be proportional to the degree of obesity.>” The risk of SDB has
been reported to be 4.6-fold higher among obese than in normal-weight children aged
2-18 years, with the risk of SDB increasing by 12% for every 1 kg/m?* body mass index
(BMI) increment above mean BMI 0.5. If children with SDB, especially in its OSAS
form, are not treated or treated too late, they may develop high morbidity.® It has been
shown that untreated OSA is associated with adverse cardiovascular, neurocognitive,
and somatic growth consequences.” 3

In a recent review, Arens et al established a clear definition of different pheno-
types of OSAS in children.® According to this definition there would be four reasons
which are associated with OSAS. These are adenotonsillar hypertrophy and increased
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collapsibility of the upper airways, craniofacial malforma-
tions and certain syndromes (Down syndrome and Pierre-
Robin syndrome), primary neuromuscular disorders, and
obesity. The prevalence of OSAS among obese children
seems to be higher than that of other phenotype and could
increase the risk more than four times.!4!°

Diagnosis

Accurate diagnosis of OSAS is made with polysomnography
(PSG), but this is not easily employed, is expensive, and
usually not possible at office practices. Due to PSG’s disad-
vantages, answers provided via a symptom questionnaire,
physical examination findings, lateral radiographs, fiberoptic
endoscopy, and acoustic rhinometry have been advocated as
reliable in detecting the adenotonsillar hypertrophy and its
connection to upper airway obstruction.'*" Hence, all these
methods can be used to decide about the treatment options
(observation or surgery).

OSAS and obesity

The prevalence of OSA in obese children appears to be
between 30% and 40%.2%*" In the general population, the
prevalence of OSA is approximately 1%.% In a case-control
study design, Redline et al examined the risk factors for
SDB in children aged 218 years, and they found that the
risk among obese children was increased four- to fivefold.’
However, it could be argued that such high figures overesti-
mate the problem. In addition, although several investigators
have previously noted the higher prevalence and severity of
OSA among obese children, they could not find a strong
relationship between the degree of obesity and the severity
of respiratory disturbance during sleep.?* > So the validity of
a “straightforward” association between overweight/obesity
and increased prevalence of SDB has been questioned.?
Many of these studies which have been designed to inves-
tigate SDB and obesity relationship are biased, since they
have been conducted on populations of children referred
for the presence of OSAS. Other have been conducted on
relatively small samples.®!* In More et al’s study, it does not
emerge that the group of children with SDB presents higher
rates of obesity, nor does obesity influence its presentation
clinically.?” Verhulst et al reported the presence of OSA in
19% of obese patients and 41% of overweight children who
were referred for initial evaluation and management in an
obesity clinic but did not find any correlation between BMI
z score and obstructive apnea—hypopnea index (OAHI).* On
the other hand, the reason for such discrepant findings may
reside in the limitations imposed by the reporting of obesity

in terms of BMI. Clearly, BMI does not reflect body habitus
and does not measure adiposity directly. Therefore, the
potential mass effect of adipose tissue on the upper airway
may not be reflected by traditional BMI measures, which
will also fail to point toward interactions of fat tissues with
developing upper airway system. In addition, More et al
explained that their results had probably been influenced by
the characteristics of the studied population and therefore
should not be an obstacle for being attentive to the possible
association of respiratory disease to obesity and its negative
consequences.?’” Moreover, OSAS and obesity interrelation
was also demonstrated when the prevalence of SDB was
examined in the general population.>**%

It has been postulated that decreased activity and hyper-
somnolence, both known to be consequences of OSA in
children, may lead to obesity.

Several pathophysiological mechanisms are thought to
contribute to the association of obesity and OSAS.5143031
Obesity would contribute through an increase in airway
closure critical pressure and fatty infiltration of upper airway
structures would favor their tendency to collapse.®!43%32 The
high prevalence of OSA in obese children is associated with
a decrease in the cross-sectional area of the pharynx. The
cause of this decrease is multifactorial. Childhood obesity
is associated with narrowing of the upper airway caused by
adipose tissue adjacent to the pharyngeal airway.® In addi-
tion, there may be external compression of the upper airway
by fat in the subcutaneous tissues of the neck.** Enlarged
tonsils and adenoids in obese children further decrease the
cross-sectional area of the pharynx.?!

The upper airway morphology is largely influenced
by adenotonsillar and facial growth patterns that display
discrepancies in OSA children of different ages and levels
of adiposity.'>'® Therefore, the magnitude of adenotonsil-
lar effects on childhood OSA may be altered by age and
obesity.*

Adipose tissue deposited around the pharynx and neck,
along with hypertrophic adenoids and tonsils, largely con-
tribute to obstructive sleep syndrome in obese children.!3
Physicians rationally infer that obese children, with equal
adenotonsillar size, have higher apnea—hypopnea index
(AHI) than nonobese children. In their study, Dayyat et al
retrospectively identified two large cohorts of closely
OAHI-matched pediatric patients with OSA who were also
matched for age, sex, and ethnicity, and who differed only
in their BMI. They found that the magnitude of adenotonsil-
lar hypertrophy required for any given magnitude of OAHI
is more likely to be smaller in obese children compared
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to nonobese children. They also concluded that increased
Mallampati scores in obese children suggest that soft tis-
sue changes and potentially fat deposition in the upper
airway may play a significant role in the global differences
in tonsillar and adenoidal size among obese and nonobese
children with OSA.*°

OSA represents the end point of the interactions between
multiple factors contributing to upper airway collapsibility
during sleep, which also include neuromotor responses as
well as other important anatomic factors such as retrognathia
and upper airway length.*

In addition to adenotonsillar hypertrophy, however,
excess fatty infiltration of upper airway soft tissues along
with reduced lung volume and oxygen reserve because of
fat deposition around the abdomen and thorax, have been
regarded as the primary factors contributing to OSAS in
obese children.®3” The proportion of respiratory disturbances
during sleep was found markedly increased among obese
children.?

The reoccurring desaturation—reoxygenation process
has been shown to induce oxidative stress and promote the
formation of reactive oxygen species which are the greatest
contributors to the generation of adhesion molecules, the
production of leukocytes and the activation of the leukotriene
pathway.*3%3

In particular, obesity, especially visceral obesity, is one
of the major confounders in the analysis of the association
between SDB and inflammation.* Indeed, obesity directly
induces a low-grade inflammatory state because adipocytes
can produce numerous cytokines.*!

Shen et al measured concentration of leukotriene E, in
morning urine to evaluate systemic inflammation. They found
that the magnitude of inflammation as reflected by urinary
LTE, is significantly related to the severity of SDB and obe-
sity.* However, although inflammation plays a significant
role in the pathophysiology of SDB, it cannot be determined
whether that inflammatory mechanism is a cause, a conse-
quence, or both in the disorder.*

Adenotonsillectomy

Adenotonsillectomy (A&T) is one of the most common major
surgical procedures performed in children.** Over the past
20 years the principal indication for A&T in children has
changed from recurrent adenotonsillitis to OSA.® It is often
performed to resolve the symptoms of OSA, a condition
that is more prevalent in overweight and obese children.*
Recent studies have shown that A& T produces an improve-
ment in the physiological parameters of sleep and a dramatic

change in quality of life. Suen et al used PSG to evaluate the
effectiveness of A&T in treating OSA in 26 children. And all
26 children had a lower respiratory disturbance index after
surgery, although four patients still had an respiratory distur-
bance index greater than 5.4 Mitchell et al studied changes
in quality of life in children after A&T for OSA documented
by full-night PSG. Since total OSA-18 score was 71.4 before
surgery and 35.8 after surgery, they detected improvement of
quality of life after A&T in children with OSA.*

The increasing prevalence of obesity in children and
high prevalence of OSA in obese children implies that an
increasing number of these children will present for A&T. In
their prospective study Kudoh and Sanai showed that A&T
was effective in decreasing irregular breathing and oxygen
desaturation during sleep as measured by pulse oximetry. In
their study the percentage of sleeping period with irregular
breathing ranged from 10% to 85% before the operation and
it decreased almost 0 after the operation.*

Soultan et al reported that treatment of OSA by A&T in
obese and morbidly obese children lead to clinical improve-
ment of the OSA, but would not help with weight reduction
and might even exacerbate obesity. They thought that atten-
tion should have been paid to reduce weight by measures
such as exercise, diet, and behavioral therapy, in addition
to treatment of the OSA.?!' In another study, Goldstein
et al reported behavioral, emotional, and improvement of
quality of life after A&T by using OSA-18 and the Child
Behavior Checklist in the general population of children
with OSA.¥

Wang et al compared tonsil height, tonsil width, tonsil
thickness, tonsil weight, and tonsil volume in 26 obese and
26 age- and sex-matched control children with SDB. And
they concluded that obese children had larger palatine ton-
sils than the normal-weight children with SDB. This finding
suggests that larger palatine tonsils may have a greater effect
on upper airway obstruction in obese than in normal-weight
children with SDB.*!

The risk of persistence of obstructive sleep apnea—
hypopnea syndrome in obese children after correct treatment
or that of complications in the immediate postoperative
period when treatment is surgical have also been widely
reported.330!

It was concluded that obese children with OSAS showed a
dramatic improvement after A&T and the mean reduction of
AHI was greater in obese than in nonobese children although
the frequency of residual OSAS was higher among obese
than normal-weight children with OSAS.% On the other hand,
arecent study showed that the efficacy of A&T for SDB was
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similar for obese and nonobese children under 10 years of
age, suggesting that adenotonsillar hypertrophy may be more
important than obesity in the pathogenesis of SDB in young
children.> Moreover, the frequency of postoperative AHI
does not differ significantly between obese and nonobese
children in the same study.

Nafiu et al have shown, in a large population of children
undergoing A&T, that overweight/obese children were more
likely to have airway-related perioperative complications
than their lean peers. With the growing childhood obesity,
it is prudent to assume that more children presenting for
A&T may be either overweight or obese and have medical
co-morbidities like diabetes, hypertension and asthma and
may therefore require in-patient care.

In conclusion, although the risk of presence of residual
symptoms of OSAS and airway-related perioperative com-
plication in obese may be more than nonobese group, A&T
is effective to reduce obstructive symptoms and improve
quality of life in obese children with OSAS.

Disclosure
The authors report no conflicts of interest in this work.
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