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Abstract

Obst ruct ive sleep apnoea syndrome is a well-known clinical ent ity in adults but  unt il now it  has 

been less well studied in children. In recent  years there has been a dramat ic increase in the 

recognition of sleep disorders in children. Our goal is to analyze scientiic data published in the 
last  few years. We reviewed published art icles regarding paediat ric obst ruct ive sleep apnoea 

syndrome and ext racted the clinical symptoms, diagnosis and t reatment  opt ions. In conclusion, 

the natural course and long-term prognosis of childhood obst ruct ive sleep apnoea syndrome are 

not  well-known and further studies are needed in this area.

© 2008 Elsevier España, S.L. All rights reserved.

Síndrome de apnea obstructiva en niños

Resumen

El síndrome de apnea obst ruct iva del sueño es una ent idad bien conocida en adultos, pero hasta 

ahora ha sido menos estudiada en niños. Recientemente se ha producido un importante incre-

mento en el reconocimiento de los t rastornos del sueño en la etapa infant il.  Nuest ro obj et ivo es 

analizar los estudios cientíicos publicados en los últimos años. Hemos revisado artículos publi-
cados acerca del síndrome de apnea obst ruct iva en edad pediát rica y hemos estudiado la sin-

tomatología, el diagnóst ico y las opciones de t ratamiento. En conclusión, el curso natural y el 

pronóst ico a largo plazo del síndrome de apnea obst ruct iva en la infancia no son bien conocidos, 

por lo que se necesitan más estudios en esta área.

© 2008 Elsevier España, S.L. odos los derechos reservados.
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Introduction

Obst ruct ive sleep apnoea syndrome (OSAS) is a frequent  
entity in the paediatric population, with signiicant morbidity 
and, in recent  years, at t ract ing increasing interest .

The irst historical reference in children was made by 
William Osler in 1892, but it was not until 1976 that the irst 
art icle was writ ten by Guilleminault  on OSAS in children.

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

In primary snoring (PS), there is a respiratory noise without  
accompanying apnoeas, hypovent ilat ion, or hypoxemia. Nor 
are there alterat ions in the sleep pat tern or any dayt ime 
symptoms. It  is present  in 7%-10% of children.1 The factors 
that  predispose towards PS are the same as in OSAS, the 
most  common being hypert rophy of the tonsils.

In the upper airway resistance syndrome (UARS), children 
snore and have a part ial 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 alterat ions, but  they do have a disturbed 
sleep pat tern.

OSAS is deined as a sleep-related breathing disorder 
characterized by a prolonged part ial obst ruct ion of the 
upper airway and/ or intermit tent  complete obst ruct ion 
(obst ruct ive apnoea) that  disrupts normal vent ilat ion during 
sleep and its normal pat terns. Concomitant  symptoms 
include: habitual snoring at night, dificulty in sleeping, 
and/ or behavioural problems during the day.2

The relat ionships between PS, UARS, and OSAS are not  
suficiently clear at present. Some authors feel that these 
entities represent an evolution, with OSAS as the inal 
stage.3,4 It  seems that  the PS does not  progress to OSAS 
in the short  term,5,6 but  the call for long term studies 
is unanimous. Guilleminault  et  al7 cast  doubt  over the 
existence of PS, since a health problem, however small,  is 
always found on thorough invest igat ion.

Although the prevalence of PS is 10%-12%,6,8 that  of OSAS is 
around 0.7%-3% in most  published studies.1,6,9,10 The average 
age of onset  of apnoea was 34 months, approximately, while 
that  of PS is 22 months. The highest  prevalence is observed 
between 2 and 8 years,5 when the adenotonsillar t issue is 
bulkier relat ive to the size of the airway.

There are important  dif ferences in this disease depending 
on whether it  occurs in children or in adults.11 These 
dif ferences are out lined in Table.

The classic descript ion of the snoring, obese pat ient  with 
dayt ime drowsiness only corresponds to a small proport ion 
of children, who are usually hyperact ive during the day.5,6

The most  frequent  cause in children is adenotonsillar 
hypert rophy, 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.5

But  more than total and cyclical obst ruct ions, which 
are observed in adults, children present  long-term part ial 
obst ruct ions (obst ruct ive hypovent ilat ion).1,4 In cont rast , 
desaturat ions are more important  in children. For children 
the rate of pathological apnoeas4,12 is >1, while in adults  
it  is >5.

The t reatment  is not  to cont rol dayt ime symptoms in 
adults, but  to avoid long term complicat ions.6

For these reasons, today it  is unclear whether OSAS in 
children is a dif ferent  ent ity from that  observed in adults. 5

Predisposing factors 

Factors that  predispose to infant  OSAS are those affect ing 
the airways or their neurological cont rol.  Two main groups 
of factors can be dist inguished: anatomical and funct ional. 
During inspirat ion an intense negat ive pressure is produced 
which collapses t issue inwards, counteracted by the act ion 
of the dilator muscles of the pharynx. Anatomical factors 
produce an increase in the resistance of the upper airway 
and funct ional factors affect  the operat ion of the dilator 
muscles. Under normal condit ions there is equilibrium 
between the negat ive inspiratory pressure, which tends to 
collapse the airway, and its relaxat ion by pharyngeal dilator 
muscles.

The most  important  anatomical factor is adenotonsillar 
hypert rophy, in addit ion to nasal obst ruct ion, macroglossia, 
gastroesophageal relux, obesity, surgery of the cleft 
palate, laryngomalacia, and craniofacial anomalies or 
genet ic syndromes (achondroplasia and Apert , Beckwith-
Wiedemann, Crouzon, Down, Pierre Robin, Treacher Collins 
syndromes, etc).

Moreover, the funct ional factor of greatest  interest  is 
pharyngeal hypotonia in REM phase, in addit ion to repeated 
infect ions of upper airways, neuromuscular disorders 
(muscular dyst rophy, cerebral palsy), hypothyroidism, 
cerebrovascular affectat ions, medicat ion and drugs.

The act ivity of dilator muscles is reduced in the REM 
phase, so childhood OSAS could be considered a disease of 
this stage of sleep.6

Many authors refer to the importance of this combinat ion 
of st ructural and neuromuscular factors.5,13 This idea 
is reinforced by the lack of correlat ion between the 

Tabla Dif ferences between children and adults

 Children Adults

Age , years 2 6 45 55

Gender M=F M>F

Obesity Infrequent Frequent

Adenotonsillar hypert rophy Infrequent Very 

frequent

Dayt ime drowsiness Normal Altered

Sleep architecture Variable >10 s

Durat ion of pathological 

apnoeas

>1 >5

Pathological apnoea index Infrequent Frequent

Dayt ime behaviour Hyperactivity Cognit ive 

alterat ions

Surgical t reatment AT UPPP

Medical t reatment Occasional CPAPCPAP

Tratamiento médico CPAP ocasional CPAP

AT indicates adenotonsillectomy; CPAP, cont inuous 

posit ive airway pressure; F, female; M, male; UPPP, 

uvulopalatopharyngoplasty.
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adenotonsillar size and the severity of OSAS14 and that  it  is 
not  always cured after adenotonsillectomy (AT).

Symptoms

The most  characterist ic symptom during sleep is snoring, but  
respiratory pauses, rest lessness with constant  movement , 
sweat ing 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 rest lessness, hyperact ivity, poor school performance, in 
addit ion to the typical symptoms caused by adenotonsillar 
hypert rophy.

There are many consequences of not  diagnosing and 
t reat ing OSAS in such vulnerable subj ects, who are in the 
midst  of physical and mental development .8,10,15 Any degree 
of nocturnal hypoxia is det rimental to children in the 
process of neuropsychological development .6

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 OSAS and PS).16

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

The cognit ive and behavioural changes somet imes 
presented by these children are important , and generally 
improve with appropriate t reatment .8

Diagnosis

The diagnost ic criteria for an adult  cannot  be ext rapolated 
to a child. Another fundamental idea is that  OSAS and PS 
can not  be dist inguished solely by clinical and physical 
examinat ion.10,17 Nor are there any pathognomonic signs.

Night-t ime polysomnography (PSG) is, without  doubt , 
the reference standard for diagnosis of OSAS. However, its 
implementat ion and interpretat ion in children have not  been 
standardized or evaluated for different  age groups.18 Nor are 
there studies correlat ing PSG results with clinical evolut ion; 
and the degree of abnormality that  requires t reatment  
is unknown.5 Although there are studies with normal PSG 
values in children,12 the diagnost ic criteria of OSAS are not  
well deined. For the American Thoracic Society an apnoea-
hypopnoea index (AHI) >1 per hour is diagnostic of OSAS. 
According to Harvey,1 the disorder would be mild if 1>AHI<5/
hour, moderate if 5>AHI<9, and severe if AHI>10 per hour.

Dayt ime PSG is limited by the shorter t ime of sleep and 
durat ion of the REM stage.5

Night -t ime pulsioximet ry can ident ify children at  
high risk. It  is a good method to evaluate children with 
suspected OSAS and reduce the wait ing list  for a PSG. A 
nocturnal pulsioximetry with 3 or more desaturations <90% 
has up to 97% posit ive predict ive value for OSAS in children 
without  other health problems19.  For other authors,6 if  the 
pulsioximet ry is pathological and there is clinical suspicion of 
OSAS, then the diagnosis is pract ically complete. Depending 
on the severity of this test , it  can indicate the urgency of 
t reatment .8,19 However, when this test is normal, it does 
not  exclude OSAS (negat ive predict ive 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 sensit ivity and 
speciicity.

There is no conclusion in the literature about  the minimum 
degree of apnoeas and hypopnoeas that  can be used as a 
clinical guide to indicate surgery.4,13

Treatment

Adenotonsillectomy is the t reatment  of choice for OSAS 
in children given that  adenotonsillar hypert rophy is the 
anatomical factor most  predisposing them to suffer this 
condit ion. With regard to adenotonsillectomy, the latest  
Cochrane Review3 concludes that , because there are not  
enough double-blind studies, the effect iveness of AT needs 
more research. The available evidence suggests that  AT 
is often effect ive in the t reatment  of OSAS, but  further 
studies are required to compare the dif ference between 
applying AT or not . Other authors20 also share the view that  
the beneit has not been well established in research-based 
evidence.

Because the most  common aet iology is adenoid 
hypert rophy, it  is logical to think that  AT is the basis for 
the t reatment  of OSAS in children. It  is the most  effect ive 
and most  widespread t reatment  among all surgeons and has 
approximately a 75% success.

A recent  review art icle21 states that  AT is effect ive, with 
a cure rate (normalizat ion of PSG) of 82.9%. In cont rast , 
several papers cast doubt on the eficacy of isolated 
adenoidectomy.4,8,9

Frank et al, in 1983, were the irst to use PSG to 
analyze t he ef fect  of  AT on OSAS. Zuconi et  al  obtained 
a 100% cure in 29 children wit h AT and 0% in 5 children 
wit h isolated adenoidectomy.  Mult iple st udies show the 
ef fect iveness of  AT. 4,8,9,22,23 It  has also been ef fect ive in 
obese children. 17 Research has been done on improving 
t he cl inical symptoms af t er AT in pat ient s wit h normal 
PSG wit h respect  t o t hose not  operated on24 as wel l  as t he 
improvement  of  PS af t er AT.

Recent  studies show the relat ionship between OSAS 
and growth hormone, and its improvement  after AT.25,26 In  
41 children operated on with AT, Williams et  al27 noted an 
improvement  in the percent ile of weight  in 75% of them. 
Nieminem et  al,16 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 
hyperact ive behaviour, emot ional symptoms and, in general, 
the quality of life, according to the carers of children who 
had undergone AT.28-32

Despite these indings, AT is not effective in all cases. 
Children diagnosed with severe OSAS are those with 
the poorest  cure rate after adenotonsillectomy.33 Other 
studies34,35 conirm the increased persistence of OSAS in 
obese children after surgery. Guilleminault  et  al9,36 suggest  
that  there are no reviews of the reason for the failure of AT 
and feel that  this is due to not  t reat ing other craniofacial 
malformat ions simultaneously.

Suen, who achieved a cure rate of 85%, gives the absence 
of snoring after surgery a negat ive predict ive value of 100% 
(if  they do not  snore, the t reatment  does not  fail) and a 
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posit ive predict ive value of 57% (if  they snore, 57% will have 
a pathological PSG). Nieminem et  al4 also give a negat ive 
predict ive value of 100% and believe there should be a 
reassessment  after surgery if  they cont inue snoring or if  the 
preoperative AHI was high.

Unlike in adults, uvulopalatopharyngoplasty is a technique 
seldom used in children. It  is used in neuromuscular 
diseases, cerebral palsy and cerebrovascular accidents. 
There are some published studies37 with this technique in 
conj unct ion with AT in children with neurological disease 
and OSAS but  they conclude that  it  is necessary to carry out  
more long-term monitoring. In another study,38 improvement  
was observed in 15 children with cerebral palsy and Down 
syndrome.

Tracheotomy is used in neurological deicits and severe 
craniofacial abnormalit ies. It  is usually maintained unt il 
the growth is complete or unt il there is some kind of 
surgery allowing removal of the cannula. However, while 
tracheotomy is a deinitive treatment, the initial treatment 
with AT is a priority. Magardino et  al39 reported that , in 27 
children with cerebral palsy, after carrying out  AT in all of 
them, subsequent  t racheotomy was only necessary in 4 of 
them.

Orthodont ic t reatment  can be a complementary aid 
in the t reatment  of OSAS. It  mainly uses rapid maxillary 
dist ract ion (RMD) anchored to 2 molars and pressure is 
applied to separate the upper j aw and widen the nost rils.9,40 
A recent Cochrane review concluded that there is insuficient 
evidence to conirm its effectiveness.41

In terms of craniofacial surgery, some studies show 
that  t racheotomy can be avoided.42,43 It  is usually not  
done unt il the age of 10-13 years. In addit ion to success 
in the resolut ion of OSAS,44-46 others achieve removal of 
catheters.47-49 Wit tenborn et  al50 achieved extubat ion in  
14 of 17 pat ients after surgery in the neonatal period. There 
are basically 2 techniques: mandibular dist ract ion and 
maxillomandibular advance.

The paediat ric post -operat ive risk, in the range of 0%-1.3% 
increases up to 27% in cases of OSAS. In a study with 2315 
pat ients,51 6.4% had post -operat ive complicat ions, such 
as oxygen desaturat ion, pneumonia, pulmonary oedema, 
pneumothorax, etc. Children under 3 years of age had a 
signiicantly greater risk. Patients with severe OSAS and 
those with concomitant  medical il lnesses have a higher 
respiratory risk.52 In fact , the severity of the PSG is an 
important  predictor of complicat ions after AT.15,53 Walker et  
al,54 in a study in 2002, describe the criteria for hospital 
stay in the paediat ric intensive care unit  for children with 
adenotonsillectomy due to OSAS.

Cont inuous posit ive airway pressure (CPAP) has proved to 
be a safe device to t reat  OSAS in children, although it  is not  
approved by the FDA for children under 30 kg5,55.  It s use in 
children was described for the irst time in 1984. It is used 
as primary therapy in craniofacial anomalies, neuromuscular 
disorders, genet ic syndromes, obesity, and bone dysplasias 
which are not  cured after AT, and is an alternat ive to 
t racheotomy,56 as well as when there is a cont raindicat ion 
to surgery or minimal adenotonsillar t issue.57 Furthermore, 
it  can be used as a “ bridging procedure”  while facial growth 
is being completed and unt il craniofacial surgery can be 
carried out . The effect iveness is demonst rated in mult iple 
studies with success rates of 80%-90%,58,59 and in children 

under 2 years.60 Some authors are observing, not  without  
some alarm, that  many indicat ions, in as much as 2 out  of 
every 3 pat ients, are due to obesity in children.55 The most  
serious, albeit  infrequent , side effects are facial hypoplasia 
and hypovent ilat ion.

Pharmacological t reatments have not  been evaluated 
in cont rolled clinical t rials18.  The use of systemic steroids 
has been tested, but no beneicial effects have been 
demonst rated.10,61 Topical nasal steroids have been shown 
to be beneicial. Broullette et al62 applied luticasone 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  leukot riene receptor LT1R 
and LT2R has been demonst rated in adenoid t issue and tonsils 
of children with OSAS, to levels signiicantly higher than in 
healthy pat ients63 and pat ients with recurrent  tonsil l it is. 64 
An increase of  C-react ive protein was also found in serum 
of  children and adult s with OSAS, 65 and even an increase66 
of inlammation mediators in exhaled air in children with 
AHI>5. Some of these systemic inlammation markers, 
such as interleukins 6 and 10 and C-react ive protein, 
which are high in these children, return to normal levels 
fol lowing surgery. 67,68 In a study by Goldbart  et  al, 65 af ter 
16 weeks of  t reatment  with montelukast  (a leukot riene 
receptor antagonist ),  t he adenoid/ nasopharynx size rat io 
was reduced and the AHI improved signiicantly. In another 
study69 f rom 2006, montelukast  was combined with a nasal 
steroid to t reat  AT-resistant  OSAS; it  concludes that  it  may 
be a valid alternat ive to CPAP in mild cases, because the 
more severe cases (AHI>5) which do not respond to surgery 
are t reated with CPAP. It  is in this group of  pat ients with 
AHI of 1-5 where it appears that this drug has a relevant 
role.

Many authors agree that there is an immune-inlammatory 
component  in OSAS.63,69,70 Goldbart  et  al64 believe that  
perhaps the vibrat ion of the airways could produce these 
inlammatory changes. It could be that this inlammatory 
component  may cause failure after AT in some cases of 
OSAS, and that these anti-inlammatory treatments may 
be used in cases of mild OSAS which are wait ing for other 
therapies. It  has been observed in another study71 that  the 
administ rat ion of ant ibiot ics in children with OSAS and 
tonsillar hypert rophy produced a temporary improvement , 
not signiicant, but which was not enough to bypass 
surgery.

Evolution

There are st il l many quest ions regarding the evolut ion of 
this ent ity. The natural course and long-term prognosis of 
childhood OSAS is st il l unknown. Nor is it  known whether it  
is a precursor of OSAS in adults or if  they are two dif ferent  
condit ions affect ing dif ferent  populat ions. Moreover, it  is 
dificult to ascertain what degree of severity and what type 
of respiratory disorder are clinically signiicant to warrant 
t reatment .
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