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ABSTRACT 


Paediatric  sleep  disordered  breathing  (SDB)  is  a  common  cause  of  a  visit  to  an 
 otolaryngologist. The mildest form of paediatric SDB is primary snoring (PS) and it 
 is  estimated  that  up  to  15%  of  all  children  snore  frequently.  The  prevalence  of 
 paediatric obstructive sleep apnoea (OSA), which is thought to be more severe form 
 of SDB, is suggested to be 1% to 5%. The pathophysiology of paediatric SDB is not 
 fully  understood,  although  tonsil  hypertrophy  is  considered  to  be  the  primary 
 pathophysiological factor. There is a distinct difference between paediatric and adult 
 SDB,  where  overweight  is  a  frequent  but  not  the  only  cause.  Furthermore,  the 
 symptoms and clinical features of SDB change along with growth. Paediatric SDB 
 cannot be considered to be a stabile entity throughout childhood and adolescence. 


Therefore, it is important to obtain knowledge of the different features of children 
 with SDB at different ages. Knowledge of these features enables early recognition 
 and treatment and might prevent the long-term effects caused by poor sleep quality 
 and  increased  night-time  sympathicotonia.  The  consequences  of  SDB,  such  as 
 behavioural  and  cognitive  problems,  poorer  school  performance,  dentofacial 
 morphology  changes,  growth  impairment  and  cardiovascular  effects,  are  widely 
 recognised and studied.  


The  present  study  concentrates  on  SDB  and  OSA  in  two  to  three  years  old 
 patients. Furthermore, a review and a meta-analysis of the contemporary literature 
 on the influence of tonsillectomy and/or adenoidectomy (hereafter, tonsil surgery) 
 on dentofacial development in children is included. These subjects integrate because 
 tonsil surgery is a primary treatment method for paediatric OSA and paediatric OSA 
 and SDB are connected to changes in dentofacial morphology.  


In the present study, minor dentofacial morphology changes were already found 
 in two to three years old children suffering from SDB. This is a significant finding 
 because  SDB  has  previously  been  associated  with  a  variety  of  dentofacial 
 morphology changes, and it could therefore be shown that these changes start to 
 emerge at a young age. There is scarcity of previous studies which concentrate on 
 patients  this  young,  and  therefore  the  results  of  the  present  study  are  notable. 


Furthermore, it was observed that total snoring time in polysomnography (PSG) was 
longer in children with OSA than in children with PS. The total snoring time is not 



(10)a  well-researched  parameter  in  paediatric  SDB,  and  this  finding  can  offer  new 
 opportunities  when  diagnosing  paediatric  OSA.  In  addition,  it  was  observed  that 
 children with OSA were more likely to breathe through their mouth and have a larger 
 adenoid size in contrast with children with PS. However, no difference in palatine 
 tonsil size was found in this age group of two to three years old children.  


A review and a meta-analysis of the contemporary literature of the influence of 
 tonsil surgery on dentofacial development was conducted. The risk of bias in the 
 review had to be considered high because the number of studies which fulfilled the 
 inclusion criteria was low, the studies were methodically heterogenic, and the quality 
 of the studies was moderate at best when estimating the risk of bias in individual 
 studies.  However,  modest  evidence  that  tonsil  surgery  has  a  positive  effect  on 
 dentofacial development in children was found. The main finding in the review was 
 that the growth direction of the mandible changed from vertical to more horizontal. 


The findings of the studies in this dissertation add to the body of knowledge on 
paediatric  SDB  and  OSA  and  their  clinical  and  PSG  features.  Furthermore,  they 
combine contemporary knowledge on SDB, mouth breathing, hypertrophied tonsils 
and dentofacial morphology. The evident strength of the studies is the young, two 
to three years old participants. There is a scarcity of knowledge of the consequences 
of  SDB  in  this  age  group  because  most  of  the  literature  concentrates  on  older 
children or the age distribution in the studies is heterogeneous. Based on the results 
of this dissertation, it can be concluded that SDB symptoms in two to three years 
old children should be noticed and treatment opportunities considered because the 
first signs of long-term influences, such as changes in dentofacial morphology, could 
already  be  seen  in  this  young  age  group.  More  research  is  needed  to  determine 
whether total snoring time could be a useful method in OSA diagnostics and whether 
adenoidectomy  alone  could  be  a  sufficient  treatment  method  for  young  OSA 
patients.  
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TIIVISTELMÄ 


Lapsen kuorsaus on tavanomainen syy hakeutua korva-, nenä- ja kurkkutautilääkärin 
 vastaanotolle.  Unenaikaisen  hengityshäiriön,  jonka  vaikeusaste  vaihtelee 
 säännöllisestä  kuorsauksesta  obstruktiiviseen  uniapneaan,  esiintyvyyden 
 lapsiväestössä on arvioitu olevan 3 - 15%:a. Obstruktiivinen uniapnea todetaan noin 
 1-5 %:lla lapsista.  


Lasten  unenaikaisen  hengityshäiriön  tavanomaisin  aiheuttaja  on  kita-  ja 
 nielurisojen liikakasvu. Aikuisilla keskeinen, joskaan ei ainoa, syy kyseisiin ongelmiin 
 on  ylipaino.  Lasten  unenaikaisen  hengityshäiriön  oireet  ja  löydökset  eivät  säily 
 samankaltaisina  läpi  lapsuuden  ja  nuoruuden  vaan  ne  muuttuvat  kasvun  myötä. 


Hengityshäiriön erityispiirteet eri-ikäisillä lapsilla on hyvä tuntea, jotta tila voitaisiin 
 todeta ja hoitaa mahdollisimman varhaisessa vaiheessa. Varhaisella hoidolla pyritään 
 ehkäisemään mahdollisia pitkäaikaishaittavaikutuksia, joita huonontunut unenlaatu 
 ja lisääntynyt sympaattisen hermoston aktiivisuus aiheuttavat. Lasten unenaikaisen 
 hengityshäiriön on todettu aiheuttavan muun muassa käytöshäiriöitä, kognitiivisen 
 kehityksen  häiriintymistä,  huonontunutta  koulumenestystä,  kasvojen  kasvun  ja 
 purennan  kehityksen  muutoksia,  kokonaiskasvun  hidastumista  ja  sydän-
 verisuonielimistön toiminnan muutoksia.  


Tämä väitöskirja keskittyy unenaikaiseen hengityshäiriöön 2 – 3-vuotiailla lapsilla. 


Lisäksi  väitöskirjaan  sisältyy  kirjallisuuskatsaus  ja  meta-analyysi  kita-  ja 
 nielurisakirurgian vaikutuksista kasvojen ja purennan kehitykseen. Aihepiirit liittyvät 
 toisiinsa,  sillä  kita-  ja  nielurisakirurgia  on  lasten  obstruktiivisen  uniapnean 
 ensisijainen hoitomuoto. Lisäksi lasten unenaikaisella hengityshäiriöllä sekä kasvojen 
 ja  purennan  kehityksen  muutoksilla  on  aiemmassa  kirjallisuudessa  todettu  selkeä 
 yhteys.  


Väitöskirjan  tutkimuksissa  havaittiin,  että  jo  2  –  3-vuotiailla  unenaikaisesta 
hengityshäiriöstä  kärsivillä  lapsilla  voidaan  todeta  vähäisiä  muutoksia  kasvojen 
mittasuhteiden  kehityksessä.  Tätä  havaintoa  voidaan  pitää  merkityksellisenä,  sillä 
aiemmassa  kirjallisuudessa  unenaikainen  hengityshäiriö  on  liitetty  muutoksiin 
kasvojen ja purennan kehityksessä, ja nyt ensimmäisten muutosten havaittiin alkavan 
jo varhaisella iällä.  



(12)Lapsilla,  joilla  kuorsauksen  lisäksi  todettiin  obstruktiivinen  uniapnea,  havaittiin 
 pidempi  kokonaiskuorsausajan  kesto,  kuin  lapsilla,  joilla  todettiin  ainoastaan 
 kuorsausta.  Kokonaiskuorsausaika  on  vähän  tutkittu  mittari  lasten  obstruktiivisen 
 uniapnean diagnostiikassa. Tehty havainto voikin johtaa uusien diagnostiikkatapojen 
 tutkimukseen ja kehitykseen. Lisäksi obstruktiivisesta uniapneasta kärsivillä lapsilla 
 todettiin  keskimäärin  suurempi  kitarisakoko  ja  useammin  suuhengitystä  kuin 
 ainoastaan kuorsaavilla lapsilla. Nielurisojen koossa ryhmien välillä ei havaittu eroa.   


Systemaattisessa  kirjallisuuskatsauksessa  löydettiin  kohtalaista  näyttöä  kita-  ja 
 nielurisakirurgian  suotuisasta  vaikutuksesta  lasten  kasvojen  mittasuhteiden  ja 
 purennan  kehitykseen.  Meta-analyysissa  voitiin  osoittaa  kirurgian  positiivinen 
 vaikutus  alaleuan  kasvusuuntaan,  joka  vähensi  kasvojen  sivuprofiilin  kuperuutta. 


Kirjallisuuskatsauksen  luotettavuutta  huononsivat  vähäinen  sisäänottokriteerit 
 täyttävien tutkimusten määrä sekä matala kokonaispotilasmäärä. Lisäksi tutkimusten 
 toteutustavat  erosivat  merkittävästi  toisistaan  ja  yksittäisten  tutkimusten  laatu  oli 
 korkeintaan keskinkertainen.  


Kokonaisuudessaan väitöskirja lisää tietoa lasten unenaikaisesta hengityshäiriöstä 
erityisesti  vähäntutkitussa  2  –  3-vuotiaiden  ikäryhmässä.  Väitöskirjan  tulosten 
perusteella voidaan todeta, että pienten lasten unenaikaiset hengityshäiriöoireet tulee 
huomioida  ja  hoitaa,  sillä  ensimmäisiä  merkkejä  pitkäaikaisvaikutusten 
ilmaantumisesta  havaittiin  jo  tässä  ikäryhmässä.  Lisää  tutkimusta  tarvitaan 
kokonaiskuorsausajan käytöstä lasten unenaikaisen hengityshäiriön diagnostiikassa, 
sekä  kitarisakirugian  vaikuttavuudesta  ainoana  toimenpiteenä  pienten  lasten 
obstruktiivisen uniapnean hoidossa.  
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1  INTRODUCTION 


Paediatric  sleep  disordered  breathing  (SDB)  is  a  term  used  to  describe  children’s 
 upper  airway  dysfunction  during  sleep.  It  is  characterised  by  snoring  and/or 
 increased  respiratory  effort  in  addition  to  increased  upper  airway  resistance  and 
 pharyngeal  collapsibility  (Kaditis  et  al.,  2016).  SDB  is  a  continuum  from  primary 
 snoring (PS) to obstructive sleep apnoea (OSA). It is estimated that 3% to 15% of 
 children snore frequently, and the prevalence of paediatric OSA is suggested to be 
 1%  to  5%  (Bixler  et  al.,  2009;  Liukkonen,  Virkkula,  Aronen,  Kirjavainen,  & 


Pitkäranta, 2008; Lumeng & Chervin, 2008; Marcus et al., 2012). The prevalence of 
 snoring is challenging to determine because the definition of habitual snoring differs 
 between  studies.  Furthermore,  the  diagnostic  criteria  for  paediatric  OSA  have 
 changed during recent decades. Nevertheless, SDB is not a rarity among children.   


SDB disturbs a child’s sleep and increases respiratory effort during sleeping time. 


Paediatric SDB, and especially OSA, is associated with various health consequences 
 such as cognitive and neuropsychological problems, harmful cardiovascular effects 
 and craniofacial and upper airway morphology changes (Gottlieb et al., 2004; Horne 
 et al., 2011; Katyal et al., 2013; O’Brien et al., 2004; Xu, Li, & Shen, 2013). However, 
 the diagnosis and treatment of SDB has been reported to have positive effects on 
 these problems (Chervin et al., 2002; Gozal, 1998; Marcus et al., 2013). Hence, the 
 early recognition and treatment of the condition is crucial. The gold standard method 
 for  the  diagnosis  is  nocturnal  laboratory  polysomnography  (PSG)  (Aurora  et  al., 
 2011). However, due to the weak availability and high cost of paediatric PSG and 
 the strain that in-hospital examination causes, the diagnosis of the condition is often 
 made using anamnesis and clinical examination. Nevertheless, this practice has been 
 proven to be inadequate in definitely identifying OSA (Brietzke, Katz, & Roberson, 
 2004; Carroll, McColley, Marcus, Curtis, & Loughlin, 1995).  


Unlike in adult SDB in which obesity is a crucial pathophysiological factor, tonsil 
hypertrophy  has  been  determined  to  be  the  primary  cause  of  SDB  in  otherwise 
healthy  children  (Marcus  et  al.,  2012).  Furthermore,  obesity,  neuromuscular 
abnormalities and altered craniofacial morphology are also associated with SDB in 
children (Garg, Afifi, Garland, Sanchez, & Mount, 2017; Ikävalko et al., 2012; Katyal 



(22)et al., 2013; Li et al., 2010; Verhulst et al., 2007). When tonsil hypertrophy is the main 
 cause of SDB, the primary treatment modality is adenotonsillectomy (M. Friedman 
 et  al.,  2009;  Marcus  et  al.,  2012,  2013).  The  treatment  success  of  an 
 adenotonsillectomy is estimated to be between 60% and 83% (Brietzke & Gallagher, 
 2006;  M.  Friedman  et  al.,  2009).  Consequently, persistent  or  recurrent  symptoms 
 after this primary treatment modality are frequent (Bhattacharjee et al., 2010; Ye et 
 al.,  2010).  Other  treatment  modalities,  such  as  orthodontic  treatments,  nasal 
 corticosteroids,  leukotriene  antagonist  and  continuous  positive  airway  pressure 
 (CPAP), can be used if the results of the primary treatment are not sufficient, or the 
 operation is not performed due to the small size of the tonsils or due to the risks 
 involved in the operation related to the patient’s pre-existing conditions (Brouillette 
 et al., 2001; Machado-Júnior, Zancanella, & Crespo, 2016; Nazarali et al., 2015; Villa 
 et al., 2007).  


Dentofacial  development,  mouth  breathing,  tonsil  hypertrophy  and  paediatric 
 SDB have a multidirectional connection (Figure 1). Children with SDB aged 3 to 15 
 years have been observed to have changes in dentofacial morphology in contrast 
 with healthy controls (Flores-Mir et al., 2013; Katyal et al., 2013), and children with 
 hypertrophied  tonsils  or  mouth  breathing  have  been  found  to  have  similar 
 unfavourable changes in dentofacial morphology (Becking et al., 2017; Peltomäki, 
 2007;  Souki  et  al.,  2009).  Furthermore,  mouth  breathing  and  enlarged  tonsils  are 
 more prevalent among children with SDB (Kang et al., 2016; Nieminen, Tolonen, & 


Lopponen,  2000).  It  is  clear  that  enlarged  tonsils  cause  upper  airway  narrowing 
 which, in turn, can result in mouth breathing and SDB. To some extent, this can be 
 thought of as being the daytime and night-time manifestations of the same condition. 


However, the connection between dentofacial morphology changes and paediatric 
SDB is more complex. After children with hypertrophied tonsils and SDB are treated 
with adenotonsillectomy, normalisation in dentofacial development, as in SDB, is 
seen  (Zettergren-Wijk,  Forsberg,  &  Linder-Aronson,  2006).  This  positive  result 
indicates  that  tonsil  hypertrophy  and  SDB  can  cause  changes  in  dentofacial 
morphology. Furthermore, it has been speculated that not only enlarged tonsils but 
also, for example, SDB-induced impaired growth hormone secretion or changes in 
sleeping position can have an influence on dentofacial development in children with 
SDB  (Peltomäki,  2007;  Pirilä,  Tahvanainen,  Huggare,  Nieminen,  &  Löppönen, 
1995). In contrast, SDB is common in patients with syndromes such as congenital 
craniofacial abnormalities (Tan, Kheirandish-Gozal, Abel, & Gozal, 2016). In such 
cases, the impairments in dentofacial morphology can be the direct cause of the SDB 
symptoms.  The  same  could  be  said  to  be  true  among  children  with  no  optimal 



(23)dentofacial  morphology,  but  without  any  syndrome.  Thus,  it  cannot  be  stated 
 conclusively  whether  paediatric  SDB  is  the  cause  of  the  dentofacial  morphology 
 changes  connected  with  it,  or  the  other  way  around.  The  truth  is  likely  to  be 
 somewhere in the middle.   


In summary, paediatric SDB should be treated as a distinct condition from adult 
 SDB with differences in pathophysiology, symptoms, consequences and treatment. 


Furthermore,  the  characteristics  of  paediatric  SDB  alter  with  growth.  This 
 dissertation aims to increase the existing knowledge, especially on SDB in two to 
 three  years  old  children  and  on  the  dentofacial  growth  changes  connected  with 
 paediatric SDB and tonsil hypertrophy. 


Figure 1.  The multidirectional connection between SDB, tonsil hypertrophy, mouth breathing and 
changes in dentofacial morphology (S. Markkanen) 
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2  REVIEW OF THE LITERATURE 



2.1  Sleep disordered breathing in children 


Paediatric SDB is a general term used to describe children’s breathing difficulties 
 caused  by  upper  airway  dysfunction  during  sleep.  It  causes  increased  respiratory 
 effort in addition to increased upper airway resistance and pharyngeal collapsibility 
 (Kaditis et al., 2016). SDB can be thought of as a continuum from PS to OSA. 


2.1.1  Primary snoring in children 


Paediatric habitual snoring is defined as snoring at least three nights per week, and it 
 is  diagnosed  based  on  caregivers’  report  (Kaditis  et  al.,  2017).  The  prevalence  of 
 habitual snoring is proposed to be 3% to 14.8% (Liukkonen et al., 2008; Lumeng & 


Chervin, 2008; Marcus et al., 2012). However, not all studies use the criterion of 
 three nights per week for habitual snoring, which complicates the assessment of the 
 prevalence. 


PS is snoring without obstructive events, arousals from sleep or gas exchange 
 abnormalities (Kaditis et al., 2016). The prevalence of habitual snoring cannot be 
 directly interpreted to be the prevalence of PS because some of the habitual snorers 
 actually  have  OSA.  The  differential  diagnosis  between  PS  and  OSA  can  only  be 
 definitely made using PSG, as described further in Chapter 2.1.3.3.2.  


As previously stated, paediatric SDB is a continuum ranking from PS to OSA. 


Hence, the pathophysiology and risk factors of paediatric PS are mainly the same, 
although  to  a  milder  extent  than  in  paediatric  OSA  (Chapter  2.1.3.1).  Tonsil 
hypertrophy is thought to be the primary cause of snoring in children (Anuntaseree, 
Rookkapan, Kuasirikul, & Thongsuksai, 2001). However, obesity, nasal obstruction 
and parental smoking are also associated with snoring (Bixler et al., 2009; Corbo et 
al., 2001; Liukkonen et al., 2008). Snoring in children is reported to be more common 
in boys in some studies and to have no difference in prevalence by sex in others  
(Lumeng & Chervin, 2008).  



(25)Even  though  PS  is  considered  to  be  a  less  harmful  condition  than  OSA,  it  is 
 nevertheless associated with various health risks. For instance, children with PS have 
 been found to have more hyperactive and inattentive behaviour and poorer school 
 performance compared with non-snoring children (Biggs, Nixon, & Horne, 2014; 


Brockmann, Urschitz, Schlaud, & Poets, 2012; Gottlieb et al., 2004; O’Brien et al., 
 2004;  Rosen  et  al.,  2004).  The  sleep  architecture  of  children  with  PS  has  been 
 observed  to  be  disturbed  in  contrast  to  healthy  controls  and  respiratory  effort  is 
 increased during sleeping (Kheirandish-Gozal et al., 2007; Lopes & Guilleminault, 
 2006).  


It has also been observed that if PS in children is left untreated, PS resolves in 
 approximately one third of patients, in on third it persists and in one third it turns 
 into OSA (Li et al., 2013; Tan, Alonso Alvarez, Tsaoussoglou, Weber, & Kaditis, 
 2017). On the other hand, there is evidence that as many as half of snorers do not 
 snore after two years of follow-up (Ali, Pitson, & Stradling, 1994). The cause of the 
 change in status might be a change in the size of the tonsils and adenoids with respect 
 to the airway at different ages. 


There are no coherent treatment guidelines for paediatric  PS (Kaditis et al., 2016). 


However,  while  there  is  evidence  that  PS  can  have  an  influence  on  children’s 
 tiredness  and  might  lead  to  health  risks,  PS  is  at  times  treated  with 
 adenotonsillectomy. Further, it has to be remembered that OSA and PS cannot be 
 dependably distinguished from one another without PSG. In everyday practice, this 
 leads to a situation where children with SDB symptoms are often treated without 
 accurate diagnosis. 


2.1.2  Upper airway resistance syndrome in children 


Upper airway resistance syndrome (UARS) is described as the partial obstruction of 
the upper airway which leads to increased respiratory effort and arousals without 
apnoeas, hypopnoeas or gas exchange abnormalities. It can be thought that in the 
SDB continuum, UARS is situated somewhere between PS and OSA. In PSG, the 
increased respiratory effort is detected by using oesophageal pressure monitoring 
(Guilleminault,  Pelayo,  Leger,  Clerk,  &  Bocian,  1996).  However,  because  of  co-
operational  reasons,  oesophageal  pressure  monitoring  is  rarely  used  in  paediatric 
PSG.  Instead,  the  existence  of  UARS  can  be  speculated  from  other  measuring 
channels in PSG. For example, snoring with increased amounts of arousals can be a 
sign of UARS. Nevertheless, there is no uniform diagnostic criteria for UARS in 



(26)children, and when there is lack of apnoeas and hypopnoeas, patients with UARS 
 are usually diagnosed with PS. 


2.1.3  Obstructive sleep apnoea in children 


OSA  is  a  breathing  disorder  during  sleep,  which  is  characterised  by  repeated 
 complete or partial obstruction of the upper airway (apnoeas and hypopnoeas), that 
 disturbs normal ventilation and normal sleep patterns (Kaditis et al., 2016; Loughlin 
 et al., 1996).      


2.1.3.1  Epidemiology and pathophysiology 


The prevalence of paediatric OSA is estimated to be between 1% and 5% (Bixler et 
 al., 2009; Marcus et al., 2012). OSA is found in children of all ages, but the peak 
 prevalence occurs between the ages of 2 and 8 years (DelRosso, 2016; Marcus, 2001).  


It  is  challenging  to  estimate  the  prevalence  because  of  the  various  diagnostic 
 methods  used  to  diagnose  paediatric  OSA  between  studies.  The  gold  standard 
 method used to diagnose OSA is nocturnal laboratory PSG, which will be discussed 
 in more detail in chapter 2.1.3.3.2., but PSG is difficult to execute in large population 
 studies. Moreover, the prevalence of paediatric OSA depends on the diagnostic PSG 
 criteria used.  


It has been suggested that there is equal prevalence of paediatric OSA between 
 boys and girls (Sogut et al., 2005), but an increased prevalence in boys has also been 
 reported  (Katila,  Saarenpää-Heikkilä,  Saha,  Vuorela,  &  Paavonen,  2019;  Li  et  al., 
 2010).  OSA  has  also  been  estimated  to  have  a  higher  prevalence  among  African 
 Americans and children born prematurely (Rosen et al., 2003).  


The pathophysiology of paediatric OSA is complex and partly controversial. The 
anatomy and function of the upper airway are affected by a variety of factors. It can 
be said that the pathophysiological factors can be divided into two types – factors 
causing  anatomical  narrowing  of  the  upper  airways  and  factors  causing  increased 
collapsibility  of  the  upper  airways.  Adenotonsillar  hypertrophy  (anatomical 
narrowing)  is  considered  to  be  the  most  common  cause  of  OSA  in  children.  In 
addition,  obesity  (anatomical  narrowing  and  increased  collapsibility),  craniofacial 
anatomy  (anatomical  narrowing)  and  neuromuscular  abnormalities  (increased 
collapsibility) play a notable role in the emergence of the disorder (Marcus et al., 
2017). 



(27)2.1.3.1.1  Adeno-tonsillar hypertrophy 


Adenotonsillar hypertrophy obstructs the upper airways and is considered to be the 
 main cause of paediatric OSA in otherwise healthy children (Garg et al., 2017). It has 
 been reported that paediatric OSA patients have larger palatine tonsils and adenoids 
 compared  with  healthy  children  (Arens  et  al.,  2001)  and  the  peak  incidence  of 
 paediatric OSA is coincident with the age of three to seven years, when the size of 
 the tonsil tissue is largest (Jeans, Fernando, Maw, & Leighton, 1981; Papaioannou et 
 al., 2013). Furthermore, adenotonsillectomy has been proven to have a significant 
 positive effect on paediatric OSA (Mitchell, 2007), as described in more detail in 
 chapter 2.1.3.4.1. 


2.1.3.1.2  Obesity 


Obesity  has  been  reported  to  be  an  independent  risk  factor  for  paediatric  OSA 
 (Dayyat, Kheirandish-Gozal, Capdevila, Maarafeya, & Gozal, 2009; Ikävalko et al., 
 2018;  Li  et  al.,  2010;  Verhulst,  Van  Gaal,  De  Backer,  &  Desager,  2008).  Obesity 
 decreases upper airway volume and, in addition, has an effect on the central nervous 
 system ventilatory responses. Furthermore, is has been speculated that obesity has 
 an influence on neuromotor function in the upper airways. Many obese children with 
 OSA have enlarged tonsils in addition to being overweight. An adenotonsillectomy 
 has also been proven to be an effective treatment choice for obese children (Marcus 
 et al., 2013). Residual OSA after operation is, however, more common among these 
 children (Mitchell & Kelly, 2007). In addition, obesity is an independent risk factor 
 for many of the co-morbidities associated with OSA, such as cardiovascular disease 
 risk and metabolic abnormalities (Marcus et al., 2012).  


2.1.3.1.3  Dentofacial morphology 


Unfavourable  dentofacial  morphology  narrows  the  upper  airways.  In  otherwise 
 healthy  children,  OSA  is  associated  with  a  variety  of  craniofacial  and  occlusal 
 developmental changes, as described more detail in chapter 2.3.3.3. It is a matter of 
 controversy whether OSA is the cause of the dentofacial morphology changes or 
 whether these changes are defined by genetic and developmental factors; hence, they 
 would be more a cause than a consequence. Furthermore, OSA is more common 
 among children with craniofacial abnormalities related to other disorders (Garg et 
 al., 2017; Tan et al., 2016).  


Recently, paediatric OSA has been associated with short lingual frenulum, which 
is  associated  with  oral  dysfunction  that  can  lead  to  oral-facial  dysmorphosis  and 



(28)decrease the size of the upper airways (Guilleminault, Huseni, & Lo, 2016; Villa, 
 Evangelisti, Barreto, Cecili, & Kaditis, 2020). 


2.1.3.1.4  Neuromuscular abnormalities 


The meaning of neuromuscular responses among specialists is contradictory. It is a 
 fact that some children have residual OSA after obstruction of the upper airways is 
 removed during surgery (Bhattacharjee et al., 2010). This leads to the question: which 
 factors  cause  the  residual  OSA  and  are  they  part  of  the  original  aetiology  of  the 
 disease  or  are  they  changes  that  the  disease  has  caused.  Children  snore  less  than 
 adults, even though they have anatomically narrower and smaller upper airways. It 
 has been proposed that children have less tendency for upper airway collapsibility 
 during sleep than adults, which explains this difference (Marcus, Lutz, Hamer, Smith, 


& Schwartz, 1999). The less collapsible upper airways are thought to result from 
 increased ventilatory drive and upper airway neuromuscular tone. In the literature, it 
 has  been  speculated  whether  children  with  OSA  lack  these  upper  airway 
 neuromuscular responses to some extent (Marcus et al., 1999). Moreover, it is well-
 known that children with neuromuscular diseases are at high risk of OSA (Kaditis et 
 al., 2016). 


2.1.3.2  Symptoms and long-term influences 


Paediatric  OSA  is  associated  with  a  variety  of  symptoms.  The  most  described 
 symptom  is  habitual  snoring,  which  is  usually  defined  as  “snoring  present 
 often/frequently”  or  “>3–4  nights  per  week”  (Goodwin  et  al.,  2003;  Lumeng  & 


Chervin,  2008).  Parent-reported  breathing  difficulties  or  witnessed  apnoea  are 
 cogent signs of OSA (Certal et al., 2012), but they may be challenging to detect when 
 a child is sleeping in a separate room from adults and when breathing pauses may 
 only occur a couple of times per hour. Restless sleep, mouth-breathing tendency and 
 nocturnal enuresis have all been described to be more common among children with 
 OSA  (Jeyakumar,  Rahman,  Armbrecht,  &  Mitchell,  2012;  Nieminen  et  al.,  2000). 


Excessive daytime somnolence is also often described (Certal et al., 2012; Goodwin 
et al., 2003), but it should be remembered that tiredness in children does not always 
present  as  excessive  sleepiness.  Furthermore,  paediatric  SDB  is  associated  with 
conditions such as recurrent otitis media and paediatric asthma (Gozal, Kheirandish-
Gozal,  Capdevila,  Dayyat,  &  Kheirandish,  2008;  Malakasioti,  Gourgoulianis, 
Chrousos, & Kaditis, 2011; Niemi et al., 2015). 



(29)2.1.3.2.1  Sleep architecture changes 


Revealing sleep architecture changes using conventional sleep stage classification has 
 been challenging in children’s OSA, and their sleep macrostructure is often found to 
 be  normal  (Chervin,  Fetterolf,  Ruzicka,  Thelen,  &  Burns,  2009;  Goh,  Galster,  & 


Marcus, 2000; Kheirandish-Gozal et al., 2007; Scholle & Zwacka, 2001; Yang et al., 
 2010). In a more recent study with novel scoring rules, however, children with OSA 
 presented less stage three non-rapid eye movement (NREM) sleep, often referred to 
 as deep sleep, and longer rapid eye movement (REM) sleep latency than children 
 with primary snoring (Miano et al., 2011). These findings resemble the sleep structure 
 changes seen in adults with OSA who have a reduced amount of deep and REM 
 sleep (Bianchi, Cash, Mietus, Peng, & Thomas, 2010). Adults’ apnoeas/hypopnoeas 
 more often end with arousal than children’s respiratory events (Berry & Gleeson, 
 1997).  Despite  this,  the  sleep  microstructure  of  children  with  OSA  has  been 
 observed  to  change  and  more  arousals  and  movements  have  been  detected 
 (Kheirandish-Gozal et al., 2007; Miano et al., 2011; Scholle & Zwacka, 2001).  


2.1.3.2.2  Cognitive and neuropsychological problems 


Paediatric  OSA  has  been  associated  with  poorer  performance  in  cognitive  tests 
 compared  with  the  performance  of  healthy  children  (Suratt  et  al.,  2007). 


Furthermore, treatment of the disease has been observed to improve neurocognitive 
 functions (B. C. Friedman et al., 2003; Gozal, 1998). Nevertheless, in some studies, 
 mild  paediatric  OSA  has  not  had  an  effect  on  neurocognitive  and  psychological 
 functioning and OSA treatment has not improved this functioning (Calhoun et al., 
 2009; Waters et al., 2020). Consequently, the evidence on the subject is contradictory. 


Children  with  SDB  have  demonstrated  more  behavioural  problems,  hyperactivity 
and  inattention  than  children  without  SDB,  and  treatment  of  the  disease  has 
normalised  these  problems  (Chervin  et  al.,  2002;  Mulvaney  et  al.,  2006;  Sedky, 
Bennett, & Carvalho, 2014). It should be taken into consideration that cognitive and 
neuropsychological  problems  are  also  associated  with,  for  example,  ethnicity, 
socioeconomic status and obesity, which can all be risk factors for SDB (Marcus et 
al.,  2012).  Therefore,  it  is  not  straightforward  to  determine  the  causality  of  these 
factors. However, the improvement in cognitive and neuropsychological problems 
after treatment of SDB indicates that there is a direct relationship between SDB and 
these  problems.  Principally,  it  is  thought  that  SDB  may  have  an  influence  on 
children’s cognitive and neuropsychological ability, and thus leads to poorer school 



(30)performance and poorer economic success later in life. Early intervention, therefore, 
 might lead to an interruption of this undesirable development.  


2.1.3.2.3  Cardiovascular effects 


Paediatric SDB is associated with elevated blood pressure compared with healthy 
 controls (Horne et al., 2011; Xu et al., 2013). Nevertheless, there is heterogeneity 
 among studies and a meta-analysis did not find a statistically significant connection 
 between SDB and the risk of elevated blood pressure (Zintzaras & Kaditis, 2007). 


Despite the contradictory evidence, a published consensus statement on childhood 
 hypertension recommended that the possibility of OSA should be taken into account 
 when treating children with hypertension (Falkner & Daniels, 2004). Children with 
 SDB have been observed to have increased levels of blood brain natriuretic peptide 
 overnight compared with controls (Kaditis et al., 2006). This may indicate increased 
 cardiac  strain  during  the  night-time.  In  addition,  children  with  SDB  have  been 
 observed  to  possess  altered  autonomic  nervous  system  regulation  and  increased 
 sympathetic  vascular  reactivity,  which  lead  to  strain  on  the  cardiovascular  system 
 (O’Brien & Gozal, 2005). In summary, it can be said that paediatric SDB seems to 
 have an influence on cardiovascular health, although the evidence is diverse. It has 
 been speculated whether these effects on the cardiovascular system are long-term 
 and  whether  they  increase  the  risk  of  cardiovascular  illnesses  later  in  life. 


Furthermore,  it  has  also  been  discussed  if  there  is  a  connection  between 
 cardiovascular changes and cognitive problems. 


2.1.3.2.4  Metabolic effects 


Metabolic  syndrome,  which  includes  increased  waist  circumference,  increased 
 glucose  level,  increased  triglyceride  level,  increased  high-density  lipoprotein 
 cholesterol  level  and  elevated  blood  pressure,  is  more  common  in  children  and 
 adolescents who are overweight and have SDB (Redline et al., 2007; Verhulst et al., 
 2007).  Furthermore,  it  has  been  suggested  that  SDB  contributes  to  metabolic 
 dysfunction over that of obesity (Redline et al., 2007). Non-obese children with SDB 
 have not been observed to have similar metabolic consequences (Kaditis et al., 2005). 


It has therefore been speculated that the influence of SDB on metabolic syndrome 
is more significant in adolescents than in children due to the length of time that SDB 
has been present and hormonal changes in puberty (Marcus et al., 2012). Thus, the 
connection  between  obesity,  SDB  and  metabolic  abnormalities  in  the  paediatric 
population is complex. 



(31)2.1.3.2.5  Growth 


Traditionally, children with OSA have been assumed to grow to be small and skinny, 
 which  is  not  necessarily  true  at  present,  as  discussed  in  Chapter  2.1.3.1.2. 


Nevertheless,  OSA  is  associated  with  decreased  growth  hormone  levels,  and  an 
 improvement in growth and hormone levels is detected after treatment  (Bonuck, 
 Freeman, & Henderson, 2009; Esteller et al., 2018; Nieminen et al., 2002).  


2.1.3.3  Diagnosis and diagnostic methods 


The American Academy of Sleep Medicines states that paediatric OSA diagnostic 
 criteria are 1) The presence of snoring; and/or laboured, paradoxical, or obstructed 
 breathing during sleep; and/or sleepiness, hyperactivity, behavioural problems, or 
 learning  problems;  and  simultaneously  2)  PSG  demonstrates  obstructed/mixed 
 apnoeas or hypopnoeas ≥1/hour; and/or a pattern of obstructive hypoventilation, 
 defined  as  at  least  25%  of  total  sleep  time  with  hypercapnia  in  association  with 
 snoring;  and/or  flattening  of  the  inspiratory  nasal  pressure  waveform;  and/or 
 paradoxical thoracoabdominal motion (American Academy of Sleep Medicine, 2014) 
 (Table 1). 


In the European Respiratory Society statement (Kaditis et al., 2016), paediatric 
 obstructive  sleep  apnoea  syndrome  is  defined  as  follows:  “SDB  symptoms  in 
 combination with obstructive apnoea-hypopnoea index (OAHI) ≥2 episodes/hour 
 or  obstructive  apnoea  index  (OAI) ≥1  episodes/hour”  or  “SDB  symptoms  and 
 apnoea-hypopnoea index (AHI) ≥1 episode/hour (including central events)” (Table 
 1).  


In clinical practice, a child considered to be healthy should have an OAHI <1. 


The severity of paediatric OSA is commonly classified as minimal with an OAHI ≥ 
 1.5 to 2, mild with an OAHI ≥ 2 to 5, moderate with an OAHI ≥ 5 to 10 and severe 
 with an OAHI ≥ 10 (Stowe & Afolabi-Brown, 2019). Nevertheless, the OAHI alone 
 is not the only parameter that should be considered when assessing the severity of 
 paediatric OSA. For example, the severity of breathing effort, oxygen desaturation 
 or hypercapnia should also be considered. The problems of using PSG as a primary 
 diagnostic tool for OSA are the availability and high cost. Consequently, guidelines 
 to  estimate  patients’  need  for  PSG  have  been  drawn  up  (Roland  et  al.,  2011). 


According to the guidelines, PSG is not needed when diagnosing otherwise healthy, 
non-overweight  and  previously  untreated  child  with  large  tonsils  and  SDB-
symptoms,  (Kaditis  et  al.,  2016).  By  contrast,  the  American  Academy  of  Sleep 



(32)Medicines states that PSG is always indicated when the clinical assessment suggests 
 a diagnosis of OSA in children (Aurora et al., 2011). 


Table 1.  The paediatric OSA diagnostic criteria. PSG = polysomnography, SDB = sleep 
 disordered breathing, OAHI = obstructive apnoea-hypopnoea index, OAI = obstructive 
 apnoea index, AHI = apnoea-hypopnoea index 


the American Academy of Sleep Medicines  the European Respiratory Society 
 The presence of (one or more) 


1)  snoring 


2)  laboured, paradoxical, or obstructed 
 breathing during sleep 


3)  sleepiness, hyperactivity, behavioural 
 problems, or learning problems; and 
 simultaneously 


and 


PSG demonstrates (one or more) 
 1)  obstructed/mixed apnoea or 


hypopnoea ≥1/h 
 2)  a pattern of obstructive 


hypoventilation, defined as at least 25% 


of total sleep time with hypercapnia in 
 association with snoring 


3)  flattening of the inspiratory nasal 
 pressure waveform; and/or paradoxical 
 thoracoabdominal motion 


The presence of SDB symptoms 
 and 


PSG demonstrates (one or more) 
 1)  OAHI ≥2 episodes/h 
 2)  OAI ≥1 episodes/h 
 3)  AHI ≥1 episode/hour 


2.1.3.3.1  Clinical history and physical examination 


Clinical history and physical examination are widely used to estimate the likelihood 
of OSA. However, these measures alone have been proven to be unsuitable for this 
task (Carroll et al., 1995). Snoring history and tonsillar size are considered to have 



(33)high  sensitivity  and  excessive  daytime  somnolence  or  parent  observed  apnoea  in 
 sleep high specificity to predict the likelihood of OSA (Certal et al., 2012). It has 
 been demonstrated, however, that a single symptom or sign will have poor diagnostic 
 accuracy  in  predicting  paediatric  OSA.  Questionnaires  and  models  that  combine 
 both  history  and  clinical  parameters  have  been  developed  and  tested  (Chervin, 
 Hedger, Dillon, & Pituch, 2000; Kang et al., 2016; Villa et al., 2013). To date, no 
 model has been proven to satisfactorily perform an estimation of the likelihood of 
 OSA that can be used in everyday practice  (Certal et al., 2012). Perhaps the best 
 diagnostic algorithm has been published by Villa et al. (2013) who reported their 
 sleep  clinical  scale  to  have  96%  sensitivity  and  67%  specificity  when  identifying 
 children with OSA from children with mild forms of SDB. However, the prevalence 
 of OSA was quite high, 72.8%, because the study population comprised children 
 with SDB symptoms.  


Moreover,  attempts  have  been  made  to  estimate  OSA  severity  using  clinical 
 history and physical examination. Tonsil size estimation and OSA severity have been 
 shown to have a weak association at best (Nolan & Brietzke, 2011). In addition, there 
 are several clinical factors, such as obesity or the Paediatric Sleep Questionnaire total 
 score, that are associated with OSA severity (Chervin et al., 2000; Mitchell et al., 
 2015). These measures are not capable, however, of diagnosing OSA, although they 
 could be used to estimate the severity of the disease to some extent. 


2.1.3.3.2  Laboratory polysomnography 


Nocturnal  in-laboratory  PSG  is  the  gold  standard  method  used  to  diagnose 
 paediatric OSA. PSG is used to measure cortical activity, respiratory patterns, muscle 
 activity, and oxygenation and gas exchange in sleep. Conventional paediatric PSG 
 includes  the  monitoring  of  electroencephalography,  electro-oculography  and 
 electromyography with submental and bilateral tibial electrodes to score sleep stages 
 and leg movements. To monitor airflow and respiratory effort, an oronasal thermal 
 airflow sensor, a nasal pressure transducer, respiratory inductance plethysmography 
 belts, and usually diaphragmatic and abdominal electromyography are used. Pulse 
 oximetry and capnometry monitor oxygen saturation and end-tidal carbon dioxide, 
 respectively. In addition, body position and electrocardiography are detected. Audio-
 visual recordings are made to assess, for example, snoring sound, neck position and 
 mouth breathing (Stowe & Afolabi-Brown, 2019). 


The  American  Academy  of  Sleep  Medicines  has  determined  the  obstructive 
apnoea rule for scoring paediatric patient’s PSG to be the following: “there is a drop 
in the peak signal excursion by ³90% of the pre-event baseline and the duration of 



(34)the drop is at least 2 breaths during baseline breathing and it is associated with the 
 presence of respiratory effort throughout the entire period of absent airflow” and 
 the hypopnoea rule to be: “the peak signal excursions drop by ≥ 30% of pre-events 
 baseline and duration of the ≥ 30% drop lasts for at least 2 breaths and there is ≥ 
 3% desaturation from pre-event baseline or the event is associated with an arousal” 


(Berry et al., 2012). Nevertheless, in the older literature, other PSG scoring criteria 
 have been used, which serves to complicate the comparison of study results. 


2.1.3.3.3  Ambulatory polysomnography 


The term ambulatory PSG is used to describe PSG that is executed at the home of 
 the patient. Furthermore, it usually comprises only cardiorespiratory recordings and 
 not the evaluation of sleep patterns. It is, however, a commonly used method to 
 diagnose adult OSA. Currently, there is scarcity of studies that evaluate the usability 
 of  ambulatory  PSG  in  diagnosing  paediatric  OSA  and  the  existing  knowledge  is 
 contradictory. It seems that ambulatory PSG can be dependably used to diagnose 
 OSA in school-aged children, but it lacks specificity in younger children (Goodwin 
 et al., 2001; Zucconi, Calori, Castronovo, & Ferini-Strambi, 2003). 


2.1.3.3.4  Nocturnal oximetry 


Nocturnal pulse oximetry has been shown to have a positive predictive value when 
 used  to  evaluate  the  likelihood  of  OSA  in  children  suspected  of  having  OSA 
 (Brouillette et al., 2000). However, the sensitivity and specificity of the method have 
 been determined to be insufficient for diagnosing OSA (Kirk, Bohn, Flemons, & 


Remmers, 2003). 


2.1.3.3.5  Drug-induced sleep endoscopy 


Drug-induced  sleep  endoscopy  is  a  technique  used  to  guide  the  selection  of 
 treatment modality. Drug-induced sleep endoscopy is performed in the operating 
 theatre and anaesthetics are used to induce sleep. During the procedure, the upper 
 airways are evaluated with a flexible fibreoptic endoscope and the fixed and dynamic 
 obstruction sites are detected. There is evidence that drug-induced sleep endoscopy 
 could be a useful tool when considering a suitable treatment modality for paediatric 
 OSA  patients  (Boudewyns,  Verhulst,  Maris,  Saldien,  &  Van  de  Heyning,  2014).  


Nevertheless, it is considered to be an unnecessary examination for the majority of 
children, since the primary treatment for these children is an adenotonsillectomy and 



(35)the  need  for  this  treatment  can  be  evaluated  by  other,  simpler  means  (Galluzzi, 
 Pignataro, Gaini, & Garavello, 2015). 


2.1.3.3.6  Other methods 


A  variety  of  other  methods  have  been  evaluated  to  be  used  to  either  clinically 
 diagnose  paediatric  OSA  or  as  a  screening  technique  for  the  necessity  of  PSG.  


Snoring  detection,  day-time  nap  polysomnography,  radiographic  evaluation, 
 different cardiorespiratory parameters, urinary and laboratory tests are some of the 
 methods  studied.  None  of  these  methods,  however,  have  been  proven  to  be 
 applicable to everyday practice (Marcus et al., 2012).  


2.1.3.4  Treatment 


Paediatric  OSA  can  be  treated  with  different  treatment  modalities.  However,  an 
 adenotonsillectomy  is  regarded  as  the  primary  treatment  modality  for  otherwise 
 healthy  children,  and  the  procedure  is  also  often  the  first  treatment  choice  for 
 children with co-existing disorders (Marcus et al., 2012). AHI > 5 is often used as an 
 indication for OSA treatment, but also lower cut-off values, such as OAHI ³2 or 
 OAI >1, have been justified, especially if there are coexisting conditions (Kaditis et 
 al., 2016). 


2.1.3.4.1  Tonsil surgery 


An  adenotonsillectomy  is  used  as  a  primary  treatment  for  paediatric  OSA  (M. 


Friedman et al., 2009; Marcus et al., 2012, 2013). In paediatric OSA patients, the 
 procedure has been shown to improve quality of life, increase growth rate, decrease 
 cardiovascular strain, improve cognitive skills and concentration, diminish sleepiness 
 and reduce enuresis (Bonuck et al., 2009; Gozal, 1998; Jeyakumar et al., 2012; Marcus 
 et al., 2013; Sedky et al., 2014; Teo & Mitchell, 2013). There is, however, a lack of 
 evidence  regarding  the  objective  improvement  of  the  attention  and  executive 
 functions (Marcus et al., 2013). 


The treatment success of an adenotonsillectomy is estimated to be between 60% 


and  83%,  depending  on  which  PSG  diagnostic  criteria  are  used  to  determine  a 
 positive outcome (AHI range 0.5 to 5 events/hour) (Brietzke & Gallagher, 2006; M. 


Friedman et al., 2009). Consequently, a significant number of operated patients have 
residual OSA, although milder in most cases. The risk for residual OSA is larger in 
specific  subgroups,  such  as  children  with  severe  OSA  and  obese  children 



(36)(Bhattacharjee et al., 2010; Marcus et al., 2013). In addition, children with concurrent 
 congenital craniofacial abnormalities and/or neuromuscular disorders are at risk of 
 persistent OSA after an adenotonsillectomy (Kaditis et al., 2016). 


There is not a sufficient number of studies to compare adenoidectomy alone with 
 adenotonsillectomy in the treatment of paediatric OSA, although the procedure is 
 used in such a manner (Kaditis et al., 2016). There is, however, some evidence that 
 adenoidectomy alone could be enough for younger patients, especially in children 
 aged less than 12 months (Reckley et al., 2016).  


Partial tonsillectomy/tonsillotomy has been shown to have a positive effect on 
 OSA, and it has been compared with tonsillectomy (Wood, Cho, & Carney, 2014). 


Partial tonsillectomy is executed by subtotal removal of tonsillar tissue and leaving a 
 margin of tissue on the tonsillar capsule (Sathe, Chinnadurai, McPheeters, & Francis, 
 2017). There is evidence that partial tonsillectomy could be an adequate treatment 
 for paediatric OSA and the operation risks, such as postoperative bleeding, would 
 be lower (Francis et al., 2017). Conversely, tonsillar regrowth is presumably  more 
 common,  0.5%  to  17%  between  studies,  after  partial  tonsillectomy  than  after 
 traditional tonsillectomy (Çelenk et al., 2008; Solares et al., 2005).  


2.1.3.4.2  Watchful waiting 


Mild or moderate OSA has been observed to cease in some children without any 
 treatment (Chervin et al., 2015; Fehrm, Nerfeldt, Browaldh, & Friberg, 2020; Marcus 
 et al., 2013). Marcus et al. (2013) found that in 46% of the children aged five to nine 
 years  who  were  followed  for  seven  months  without  any  treatment,  the  AHI 
 normalised. In the same study, the AHI normalised in 79% of the children who were 
 treated  with  an  adenotonsillectomy.  Among  children  with  only  mild  OSA,  the 
 amount  of  ceased  OSA  was  between  65%  and  86%  in  the  watchful  waiting  and 
 adenotonsillectomy  groups,  respectively.  Consequently,  when  taking  into  account 
 that any operative treatment is not without risks and costs, the treatment of mild 
 OSA should be carefully considered. The problem lies in the fact that when PSG is 
 not used, it is difficult to assess the severity of OSA using the current diagnostic 
 methods.   


2.1.3.4.3  Orthodontic treatments 


Rapid  maxillary  expansion  is  an  orthodontic  treatment  in  which  orthodontic 
appliances  cause  palatal  widening  and  flattening  of  the  upper  dental  arch.  Rapid 
maxillary expansion is shown to have a positive effect on AHI when treating children 



(37)aged  under  13  years  with  OSA  and  a  high  arched  and/or  narrow  hard  palate 
 (Machado-Júnior et al., 2016; Vale et al., 2017; Villa et al., 2007), and especially if 
 children  have  previously  undergone  an  adenotonsillectomy  or  have  small  tonsils 
 (Camacho  et  al.,  2017;  Guilleminault  et  al.,  2011).  Consequently,  rapid  maxillary 
 expansion should be considered, especially when treating residual or recurrent OSA.  


Functional oral orthopaedic appliances, oral devices which alter the muscle force 
 against the teeth and facial skeleton, have been studied in the treatment of OSA. 


There is low quality of evidence that these devices can have a mild positive effect 
 (Carvalho, Lentini-Oliveira, Prado, Prado, & Carvalho, 2016; Nazarali et al., 2015). 


2.1.3.4.4  Medications 


Topical  nasal  corticosteroids  and  leukotriene  antagonist  (montelukast)  have  been 
 studied  in  the  treatment  of  paediatric  OSA.  There  is  evidence  that  nasal 
 corticosteroids could have a positive effect on mild paediatric OSA (Brouillette et 
 al., 2001). Montelukast is a less studied modality, but some positive developments 
 have also been described in mild OSA, regardless of the existence of an asthmatic 
 background. (Kheirandish-Gozal, Bandla, & Gozal, 2016).   


2.1.3.4.5  Myofunctional therapy 


Myofunctional therapy using oropharyngeal exercises has been studied to treat or 
 prevent residual OSA and mouth breathing tendency after an adenotonsillectomy 
 (Guilleminault et al., 2013; Lee, Guilleminault, Chiu, & Sullivan, 2015; Villa et al., 
 2015). There is some evidence of positive effects and, in some cases, it might be 
 profitable  to  consider  myofunctional  therapy  as  an  additive  treatment  with 
 adenotonsillectomy.  


2.1.3.4.6  Weight reduction 


There is evidence that weight reduction can be an effective treatment in adolescents 
 (Verhulst, Franckx, Van Gaal, De Backer, & Desager, 2009). However, the efficacy 
 of weight reduction in overweight children has not been studied.     


2.1.3.4.7  Continuous positive airway pressure 


Continuous positive airway pressure (CPAP) is a positive airway pressure ventilator 
that creates continuous mild positive air pressure to keep the airways open during 
breathing. CPAP is used to treat paediatric OSA in special circumstances. These can 



(38)be residual OSA after other treatment possibilities have been used, or OSA related 
 to  other  comorbidities  such  as  obesity,  neuromuscular  disorders  or  congenital 
 craniofacial abnormalities. CPAP has been shown to be effective, but adherence can 
 be a problem (Marcus et al., 2006).  


2.1.3.4.8  Tracheostomy 


A  tracheostomy  is  extremely  effective  treatment  modality  for  OSA  because  it 
 bypasses the upper airways. However, because of morbidities and the complexity it 
 causes, it is a method of last resort if other treatment methods fail and a child has 
 severe OSA and often concurrent disorders (Kaditis et al., 2016).   


2.1.3.4.9  Residual OSA after primary treatment 


Persistent or recurrent OSA symptoms should be recognised after treatment. As in 
diagnosing OSA, PSG is the gold standard method for the evaluation of response to 
treatment. Naturally, is not possible nor necessary to perform PSG for every patient 
after  treatment.  It  has  been  estimated  that  from  13%  to  as  much  as  73%  of  the 
operated children have residual OSA after adenotonsillectomy (Bhattacharjee et al., 
2010; Ye et al., 2010). Dispersion of the estimates depends on the features of the 
studied population and on the criteria used to assess the recovery from OSA. Risk 
factors for residual OSA are obesity, high baseline AHI and underlying disorders, 
such  as  neuromuscular  diseases  and  craniofacial  abnormalities  (Costa  &  Mitchell, 
2009; Mitchell, 2007). Accordingly, the response to treatment should be assessed, 
but this does not necessarily mean a new PSG. It has been observed that absence of 
snoring after adenotonsillectomy usually indicates a good response to the treatment 
(Mitchell, 2007; Nieminen et al., 2000; Suen, Arnold, & Brooks, 1995). PSG should 
be re-performed only if the patient has a high risk of residual OSA or has distinct 
and continuing symptoms after primary treatment.   



(39)
2.2  Tonsil hypertrophy in children 


2.2.1  Anatomy and classification 


2.2.1.1  Pharynx 


The  pharynx  is  a  muscular  tube  that  connects  the  oral  and  nasal  cavities  to  the 
 oesophagus  and  larynx.  It  comprises  the  nasopharynx,  the  oropharynx  and  the 
 hypopharynx. The nasopharynx encompasses the space posterior to the nasal cavity 
 between  the  cranial  base  and  the  soft  palate.  The  nasopharynx  includes  the 
 pharyngeal  tonsil.  The  oropharynx  is  situated  inferior  to  the  nasopharynx  and  is 
 limited  to  the  posterior  part  of  the  oral  cavity  and  the  superior  border  of  the 
 epiglottis. The oropharynx includes the palatine tonsils, the posterior third of the 
 tongue, the lingual tonsil and the soft palate. The hypopharynx lies inferior to the 
 oropharynx and it is limited to the superior border of the epiglottis and the inferior 
 border of the cricoid cartilage.  


The walls of the pharynx are composed of circular and longitudinal muscles. The 
 three circular muscles are the superior, middle and inferior pharyngeal constrictor. 


The patency of the pharynx is mainly maintained by these circular muscles, and they 
 constrict the lumen of the pharynx when swallowing. They are innervated by the 
 vagus nerve (the cranial nerve X). The longitudinal muscles are the stylopharyngeus, 
 the  palatopharyngeus  and  the  salpingopharyngeus.  The  stylopharyngeus  is 
 innervated by the glossopharyngeal nerve (the cranial nerve IX) and the other two 
 by the vagus nerve. The longitudinal muscles shorten and widen the pharynx and lift 
 the larynx when swallowing.  


The pharyngeal lymphoid tissue, also known as Waldeyer’s ring, comprises the 
 pharyngeal tonsil, the palatine tonsils and the lingual tonsil. 


2.2.1.2  Pharyngeal tonsil 


The pharyngeal tonsil is situated at the roof and posterior wall of the nasopharynx. 


When the pharyngeal tonsil is enlarged, it can also be called adenoids. 


The pharyngeal tonsil cannot be examined by just looking into the oral cavity 
because it is hidden behind the soft palate. A mirror can be used to get a view into 
the nasopharynx (posterior mirror rhinoscopy), but this examination method can be 
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