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Abstract

Obstructive sleep apnoea syndrome is a well-known clinical entity in adults but until now it has
been less well studied in children. In recent years there has been a dramatic increase in the
recognition of sleep disorders in children. Our goal is to analyze scientific data published in the
last few years. We reviewed published articles regarding paediatric obstructive sleep apnoea
syndrome and extracted the clinical symptoms, diagnosis and treatment options. In conclusion,
the natural course and long-term prognosis of childhood obstructive sleep apnoea syndrome are
not well-known and further studies are needed in this area.

© 2008 Hsevier Espafia, SL. All rights reserved.

Sindrome de apnea obstructiva en nifos

Resumen

B sindrome de apnea obstructiva del suefio es una entidad bien conocida en adultos, pero hasta
ahora ha sido menos estudiada en nifios. Recientemente se ha producido un importante incre-
mento en el reconocimiento de lostrastornos del suefno en la etapa infantil. Nuestro objetivo es
analizar los estudios cientificos publicados en los Ultimos anos. Hemos revisado articulos publi-
cados acerca del sindrome de apnea obstructiva en edad pediatrica y hemos estudiado la sin-
tomatologia, el diagnéstico y las opciones de tratamiento. En conclusion, el curso natural y el
prondstico a largo plazo del sindrome de apnea obstructiva en la infancia no son bien conocidos,
por lo que se necesitan mas estudios en esta area.
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Introduction

Obstructive sleep apnoea syndrome (OSAS is a frequent
entity in the paediatric population, with significant morbidity
and, in recent years, attracting increasing interest.

The first historical reference in children was made by
William Osler in 1892, but it was not until 1976 that the first
article was written by Guilleminault on OSASin children.

Despite the growing literature published recently, as we
shall see in this article, there are still significant gaps that
must be studied properly.

In primary snoring (PS), there isarespiratory noise without
accompanying apnoeas, hypoventilation, or hypoxemia. Nor
are there alterations in the sleep pattern or any daytime
symptoms. It is present in 7%10%of children.' The factors
that predispose towards PS are the same as in OSAS the
most common being hypertrophy of the tonsils.

In the upper airway resistance syndrome (UARS), children
snore and have a partial blockage of the upper airway,
causing episodes of increased respiratory effort that end in
a micro-awakening. They do not have apnoeas, hypopnoeas
or gas exchange alterations, but they do have a disturbed
sleep pattern.

OSAS is defined as a sleep-related breathing disorder
characterized by a prolonged partial obstruction of the
upper airway and/or intermittent complete obstruction
(obstructive apnoea) that disrupts normal ventilation during
sleep and its normal patterns. Concomitant symptoms
include: habitual snoring at night, difficulty in sleeping,
and/ or behavioural problems during the day.?

The relationships between PS UARS and OSAS are not
sufficiently clear at present. Some authors feel that these
entities represent an evolution, with OSAS as the final
stage.®* It seems that the PS does not progress to OSAS
in the short term,>® but the call for long term studies
is unanimous. Guilleminault et al” cast doubt over the
existence of PS since a health problem, however small, is
always found on thorough investigation.

Although the prevalence of PSis 10%12%°%8 that of OSASis
around 0.7%3%in most published studies.-%%1" The average
age of onset of apnoea was 34 months, approximately, while
that of PSis 22 months. The highest prevalence is observed
between 2 and 8 years,® when the adenotonsillar tissue is
bulkier relative to the size of the airway.

There are important differencesin this disease depending
on whether it occurs in children or in adults." These
differences are outlined in Table.

The classic description of the snoring, obese patient with
daytime drowsiness only corresponds to a small proportion
of children, who are usually hyperactive during the day.5>¢

The most frequent cause in children is adenotonsillar
hypertrophy, while in adults the collapse is in the uvula,
soft palate and posterior pharyngeal wall.

In adolescents and adults the phenomenon predominates
in males, whereas in children the prevalence is equal in
both genders.®

But more than total and cyclical obstructions, which
are observed in adults, children present long-term partial
obstructions (obstructive hypoventilation)."* In contrast,
desaturations are more important in children. For children
the rate of pathological apnoeas*'? is >1, while in adults
it is>b.

The treatment is not to control daytime symptoms in
adults, but to avoid long term complications.®

For these reasons, today it is unclear whether OSAS in
children is a different entity from that observed in adults.®

Predisposing factors

Factors that predispose to infant OSAS are those affecting
the airways or their neurological control. Two main groups
of factors can be distinguished: anatomical and functional.
During ingpiration an intense negative pressure is produced
which collapses tissue inwards, counteracted by the action
of the dilator muscles of the pharynx. Anatomical factors
produce an increase in the resistance of the upper airway
and functional factors affect the operation of the dilator
muscles. Under normal conditions there is equilibrium
between the negative inspiratory pressure, which tends to
collapse the airway, and itsrelaxation by pharyngeal dilator
muscles.

The most important anatomical factor is adenotonsillar
hypertrophy, in addition to nasal obstruction, macroglossia,
gastroesophageal reflux, obesity, surgery of the cleft
palate, laryngomalacia, and craniofacial anomalies or
genetic syndromes (achondroplasia and Apert, Beckwith-
Wiedemann, Crouzon, Down, Ferre Robin, Treacher Collins
syndromes, etc).

Moreover, the functional factor of greatest interest is
pharyngeal hypotonia in REM phase, in addition to repeated
infections of upper airways, neuromuscular disorders
(muscular dystrophy, cerebral palsy), hypothyroidism,
cerebrovascular affectations, medication and drugs.

The activity of dilator muscles is reduced in the REM
phase, so childhood OSAS could be considered a disease of
this stage of sleep.®

Many authors refer to the importance of this combination
of structural and neuromuscular factors.5'® This idea
is reinforced by the lack of correlation between the

Tabla Differences between children and adults

Children Adults

Age , years 26 45 55
Gender M=F M>F
Obesity Infrequent Frequent
Adenotonsillar hypertrophy Infrequent Very

frequent
Daytime drowsiness Normal Altered
Seep architecture Variable >10s
Duration of pathological >1 >5
apnoeas
Pathological apnoeaindex Infrequent Frequent
Daytime behaviour Hyperactivity — Cognitive

alterations
Surgical treatment AT UPPP
Medical treatment Occasional CPAP CPAP
Tratamiento médico CPAP ocasional CPAP

AT indicates adenotonsillectomy; CPAR continuous
positive airway pressure; F female; M, male; UPPR
uvulopalatopharyngoplasty.
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adenotonsillar size and the severity of OSAS* and that it is
not always cured after adenotonsillectomy (AT).

Symptoms

The most characteristic symptom during sleep issnoring, but
respiratory pauses, restlessness with constant movement,
sweating due to the respiratory effort, and enuresis can
also be appreciated. During the day most children have no
symptoms, although there can be behavioural disorders such
as restlessness, hyperactivity, poor school performance, in
addition to the typical symptoms caused by adenotonsillar
hypertrophy.

There are many consequences of not diagnosing and
treating OSAS in such vulnerable subjects, who are in the
midst of physical and mental development.®''5 Any degree
of nocturnal hypoxia is detrimental to children in the
process of neuropsychological development.®

Many children with OSAS have impaired weight and height
and, as we shall see, will respond to appropriate treatment
(growth hormone is affected in children with OSASand PS).1®

The cardiovascular system is also altered and an increase
in blood pressure has been observed in these children,
which can reach cor pulmonale in extreme cases.

The cognitive and behavioural changes sometimes
presented by these children are important, and generally
improve with appropriate treatment.?®

Diagnosis

The diagnostic criteria for an adult cannot be extrapolated
to a child. Another fundamental idea is that OSAS and PS
can not be distinguished solely by clinical and physical
examination.'' Nor are there any pathognomonic signs.

Night-time polysomnography (PSG) is, without doubt,
the reference standard for diagnosis of OSAS. However, its
implementation and interpretation in children have not been
standardized or evaluated for different age groups.™ Nor are
there studies correlating PSG results with clinical evolution;
and the degree of abnormality that requires treatment
is unknown.® Although there are studies with normal PSG
values in children, ' the diagnostic criteria of OSAS are not
well defined. For the American Thoracic Society an apnoea-
hypopnoea index (AHI) >1 per hour is diagnostic of OSAS.
According to Harvey,' the disorder would be mild if 1>AHI<5/
hour, moderate if 5>AHI<9, and severe if AHI>10 per hour.

Daytime PSG is limited by the shorter time of sleep and
duration of the REM stage.®

Night-time pulsioximetry can identify children at
high risk. It is a good method to evaluate children with
suspected OSAS and reduce the waiting list for a PSG. A
nocturnal pulsioximetry with 3 or more desaturations <90%
has up to 97%positive predictive value for OSASin children
without other health problems'. For other authors,® if the
pulsioximetry ispathological and there isclinical suspicion of
OSAS then the diagnosisis practically complete. Depending
on the severity of this test, it can indicate the urgency of
treatment.®'® However, when this test is normal, it does
not exclude OSAS (negative predictive value of 47% and a
nocturnal PSG would be required.

Other techniques, such as video and audio recordings
at home, require further studies on their sensitivity and
specificity.

Thereisno conclusionintheliterature about the minimum
degree of apnoeas and hypopnoeas that can be used as a
clinical guide to indicate surgery.*'

Treatment

Adenotonsillectomy is the treatment of choice for OSAS
in children given that adenotonsillar hypertrophy is the
anatomical factor most predisposing them to suffer this
condition. With regard to adenotonsillectomy, the latest
Cochrane Review® concludes that, because there are not
enough double-blind studies, the effectiveness of AT needs
more research. The available evidence suggests that AT
is often effective in the treatment of OSAS but further
studies are required to compare the difference between
applying AT or not. Other authors® also share the view that
the benefit has not been well established in research-based
evidence.

Because the most common aetiology is adenoid
hypertrophy, it is logical to think that AT is the basis for
the treatment of OSASin children. It is the most effective
and most widespread treatment among all surgeons and has
approximately a 75%success.

Arecent review article? statesthat AT is effective, with
a cure rate (normalization of PSG) of 82.9% In contrast,
several papers cast doubt on the efficacy of isolated
adenoidectomy. 4&°

Frank et al, in 1983, were the first to use PSG to
analyze the effect of AT on OSAS Zuconi et al obtained
a 100%cure in 29 children with AT and 0%in 5 children
with isolated adenoidectomy. Multiple studies show the
effectiveness of AT.489222 |t has also been effective in
obese children.'” Research has been done on improving
the clinical symptoms after AT in patients with normal
PSG with respect to those not operated on?* aswell asthe
improvement of PSafter AT.

Recent studies show the relationship between OSAS
and growth hormone, and its improvement after A% |n
41 children operated on with AT, Williams et al® noted an
improvement in the percentile of weight in 75%of them.
Nieminem et al,'® in 70 children, reported an improvement
in weight, height, and body mass index in those who had
undergone surgery.

Another aspect which is studied is the improvement in
hyperactive behaviour, emotional symptomsand, in general,
the quality of life, according to the carers of children who
had undergone AT.%-32

Despite these findings, AT is not effective in all cases.
Children diagnosed with severe OSAS are those with
the poorest cure rate after adenotonsillectomy.® Other
studies®** confirm the increased persistence of OSAS in
obese children after surgery. Guilleminault et al®%® suggest
that there are no reviews of the reason for the failure of AT
and feel that thisis due to not treating other craniofacial
malformations simultaneously.

Quen, who achieved a cure rate of 85% gives the absence
of snoring after surgery a negative predictive value of 100%
(if they do not snore, the treatment does not fail) and a
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positive predictive value of 57%(if they snore, 57%will have
a pathological PSG). Nieminem et al* also give a negative
predictive value of 100% and believe there should be a
reassessment after surgery if they continue snoring or if the
preoperative AHI was high.

Unlike in adults, uvulopalatopharyngoplasty isatechnique
seldom used in children. It is used in neuromuscular
diseases, cerebral palsy and cerebrovascular accidents.
There are some published studies® with this technique in
conjunction with AT in children with neurological disease
and OSASbut they conclude that it is necessary to carry out
more long-term monitoring. In another study,*®improvement
was observed in 15 children with cerebral palsy and Down
syndrome.

Tracheotomy is used in neurological deficits and severe
craniofacial abnormalities. It is usually maintained until
the growth is complete or until there is some kind of
surgery allowing removal of the cannula. However, while
tracheotomy is a definitive treatment, the initial treatment
with AT is a priority. Magardino et al® reported that, in 27
children with cerebral palsy, after carrying out AT in all of
them, subsequent tracheotomy was only necessary in 4 of
them.

Orthodontic treatment can be a complementary aid
in the treatment of OSAS It mainly uses rapid maxillary
distraction (RMD) anchored to 2 molars and pressure is
applied to separate the upper jaw and widen the nostrils.®4
Arecent Cochrane review concluded that there is insufficient
evidence to confirm its effectiveness.*

In terms of craniofacial surgery, some studies show
that tracheotomy can be avoided.** It is usually not
done until the age of 10-13 years. In addition to success
in the resolution of OSAS“+4 others achieve removal of
catheters.#* Wittenborn et al® achieved extubation in
14 of 17 patients after surgery in the neonatal period. There
are basically 2 techniques: mandibular distraction and
maxillomandibular advance.

The paediatric post-operative risk, in the range of 0%1.3%
increases up to 27%in cases of OSAS In a study with 2315
patients,® 6.4% had post-operative complications, such
as oxygen desaturation, pneumonia, pulmonary oedema,
pneumothorax, etc. Children under 3 years of age had a
significantly greater risk. Patients with severe OSAS and
those with concomitant medical illnesses have a higher
respiratory risk.% In fact, the severity of the PSG is an
important predictor of complications after AT.'55 Walker et
al, in a study in 2002, describe the criteria for hospital
stay in the paediatric intensive care unit for children with
adenotonsillectomy due to OSAS

Continuous positive airway pressure (CPAP) has proved to
be a safe device to treat OSASin children, although it is not
approved by the FDA for children under 30 kg®>%. Its use in
children was described for the first time in 1984. It is used
asprimary therapy in craniofacial anomalies, neuromuscular
disorders, genetic syndromes, obesity, and bone dysplasias
which are not cured after AT, and is an alternative to
tracheotomy,® as well as when there is a contraindication
to surgery or minimal adenotonsillar tissue.5 Furthermore,
it can be used as a “bridging procedure” while facial growth
is being completed and until craniofacial surgery can be
carried out. The effectiveness is demonstrated in multiple
studies with success rates of 80%90%%% and in children

under 2 years.®® Some authors are observing, not without
some alarm, that many indications, in as much as 2 out of
every 3 patients, are due to obesity in children.® The most
serious, albeit infrequent, side effects are facial hypoplasia
and hypoventilation.

Pharmacological treatments have not been evaluated
in controlled clinical trials'®. The use of systemic steroids
has been tested, but no beneficial effects have been
demonstrated.'®®" Topical nasal steroids have been shown
to be beneficial. Broullette et al®?* applied fluticasone in
13 children during 6 weeks, which decreased the number of
apnoeas and hypopnoeas, compared with 12 children who
received placebo.

In recent years, an increase of leukotriene receptor LT1R
and LT2Rhasbeendemonstratedinadenoidtissueandtonsils
of children with OSAS, to levels significantly higher than in
healthy patients® and patients with recurrent tonsillitis.
An increase of C-reactive protein was also found in serum
of children and adults with OSAS ¢ and even an increase®
of inflammation mediators in exhaled air in children with
AHI>5. Some of these systemic inflammation markers,
such as interleukins 6 and 10 and C-reactive protein,
which are high in these children, return to normal levels
following surgery.¢”% In a study by Goldbart et al,® after
16 weeks of treatment with montelukast (a leukotriene
receptor antagonist), the adenoid/ nasopharynx size ratio
was reduced and the AHI improved significantly. In another
study® from 2006, montelukast was combined with a nasal
steroid to treat AT-resistant OSAS; it concludesthat it may
be a valid alternative to CPAP in mild cases, because the
more severe cases (AHI>5) which do not respond to surgery
are treated with CPAP It isin this group of patients with
AHI of 1-5 where it appears that this drug has a relevant
role.

Many authors agree that there is an immune-inflammatory
component in OSASS670 Goldbart et al®* believe that
perhaps the vibration of the airways could produce these
inflammatory changes. It could be that this inflammatory
component may cause failure after AT in some cases of
OSAS, and that these anti-inflammatory treatments may
be used in cases of mild OSAS which are waiting for other
therapies. It has been observed in another study” that the
administration of antibiotics in children with OSAS and
tonsillar hypertrophy produced a temporary improvement,
not significant, but which was not enough to bypass
surgery.

Evolution

There are still many questions regarding the evolution of
this entity. The natural course and long-term prognosis of
childhood OSAS s still unknown. Nor isit known whether it
is a precursor of OSASin adults or if they are two different
conditions affecting different populations. Moreover, it is
difficult to ascertain what degree of severity and what type
of respiratory disorder are clinically significant to warrant
treatment.
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