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INTRODUCTION

Mouth breathing and snoring are common complaints in children between theage group of 3- 12 years. Sleep-related breathing disorders range in disease severity,from primary snoring (PS) or simple snoring (snoring without blood gas abnormalities)through upper airway resistance syndrome (UARS - snoring with increased work ofbreathing and nocturnal arousals with a normal blood gas profile) to obstructive sleepapnoea (OSA) at the severe end of the spectrum.(1) The prevalence of PS in children is8-12%, whereas that of OSA is 2-3%.(2)Snoring is the most common presenting complaint in children with OSA. Mouthbreathing, agitated sleep with frequent postural changes, excessive sweating orabnormal sleep positions such as hyperextension of neck or abnormal prone positionmay suggest a sleep disordered breathing. Failure to thrive and delayed developmentare associated with increasing severity of OSA in younger children.(3) Obstructed sleepapnoea if left untreated in children may result in pulmonary hypertension. Rarely,cardiovascular complications such as corpulmonale, heart failure and systemichypertension may develop in untreated cases. So it is essential to diagnose and treatobstructive sleep apnea early, so that complications and sequele can be prevented andnormal development of the child can be ensured.Neurocognitive impairment and behavioral changes are also well documented inchildren with OSA. They seem prone to cognitive impairment that can causeproblematic behavioral manifestations.(4) This is shown to affect their socialinteraction and scholastic performance adversely.(5) Mitchell et al analyzed 33 studieswhich examined neurocognition, behavior, and/ or quality-of life in children with sleepdisordered breathing. They found that the common behavioral problems reported
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included reduced attention, hyperactivity, irritability, increased aggression, emotionaland peer problems. The neurocognitive domains affected were memory, visual-spatialfunctions, attention and intelligence.(6)Recently, several studies have shown compelling evidence that cognitiveimpairments are manifested even in children with PS. In these studies, PS wasassociated with several cognitive defects including problems in memory, language andvisuo-spatial areas, and poor academic performance.(7–9) Brockmann et al, in a studyon school going children, showed that, on comparing  with children who had neversnored, children with primary snoring have more inattentive behavior (33% vs 11%),hyperactivity (39% vs 20%) as well as poor school performance in science (23% vs12%), mathematics (29% vs 16%), and spelling (33% vs 20%).(10)The purpose of this study was to assess the cognitive and behavioral changes inchildren who snore in the Indian population and to compare them with children who donot snore. The secondary aim of the study was to assess whether the severity of snoringinfluenced the severity of cognitive impairment and behavioral changes.
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AIMS & OBJECTIVES

AIMTo assess the cognitive impairment and behavioral characteristics in children whosnore

OBJECTIVES

 To compare the cognitive impairment and behavioral characteristics of childrenwith or without snoring.
 In the snoring group to compare cognitive impairment and behavioralcharacteristics in children with or without OSA based on overnight pulseoximetry.
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REVIEW OF LITERATURESleep-disordered breathing(SDB) is a disorder spectrum caused due to airwayobstruction, which ranges from a mild form characterised by simple or primary snoring(PS), through a less severe form of upper airway resistance syndrome (UARS) and themore severe obstructive sleep apnoea (OSA).(11) It occurs due to upper airwayobstruction which may be episodic, partial or complete depending on severity, causingapnoea or cessation of breathing. An apnoea in adults is defined as pausing of breathingfor more than ten seconds, however in children, six seconds or less is consideredpathological.(12) Snoring is the primary symptom of sleep disordered breathing.(13) Itaffects children of all ages but is seen more between  three and seven years of age, whenthe adenoid and tonsillar lymphoid tissue is disproportionately large compared to thenaso-oropharyngeal airway.(14) The incidence  is  equal  in boys and girls but it is seento manifest earlier in boys.(15)

PRIMARY SNORINGPrimary snoring is defined as snoring without frequent arousals, obstructiveapnoeas or gas exchange abnormalities.(12) Habitual snoring is another term used todescribe simple snoring. In this condition, the child snores while sleeping but does not
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show any signs of disturbance during sleep like getting up intermittently during sleep orcessation of breathing. The prevalence of primary snoring in children is 8-12%.(2)Although thought to be a benign condition, there is increasing evidence in literatureshowing neurocognitive and behavioral abnormalities in children with primary snoring.This affects the quality of life in these children. There is also evidence that thesechildren have decreased secretion of growth hormone, resulting in impairment innormal growth.(16)
UPPER AIRWAY RESISTANCE SYNDROMEUpper airway resistance syndrome is a less severe form of sleep disorderedbreathing compared to OSA. Negative intrathoracic pressure increases duringinspiration without apnoeic or hypopnoeic events, resulting in increased respiratoryarousals in UARS. This results in significant sleep fragmentation and daytimesleepiness.(3) It occurs due to partial airway obstruction causing mild apnoeas whichare not severe or frequent enough to be termed as OSA. This disorder is often underdiagnosed although it causes significant symptoms due to night time arousals andpulmonary hypoventilation.(12)
OBSTRUCTIVE SLEEP APNOEAObstructive sleep apnea is defined as a disorder of breathing during sleep,characterized by prolonged partial airway obstruction and/or intermittent completeobstruction that interrupts normal ventilation,  during sleep and normal sleeppatterns.(17) Prevalence of OSA is estimated to be approximately 2%  in children and ismore common in African population.(18) Sleep fragmentation and inefficient sleepoccur due to partial or total obstruction of the upper airway during sleep, because of
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which normal ventilation is affected resulting in blood gas abnormalities and repeatedarousals.(5) This leads to loud snoring which is interrupted by choking episodes andapneas resulting in neurobehavioral problems in the daytime like hyperactivity, bed-wetting, irritability and morning headaches.(19) If left untreated OSA can lead on tocomplications and sequele such as corpulmonale, pulmonary hypertension, right heartfailure and failure to thrive.(20) There are several factors that increase the risk of OSAin normal children namely obesity, adenotonsillar hypertrophy, genetic factors, allergicrhinitis and craniofacial abnormalities.
The site of obstruction in the upper aero digestive tract that causes sleepdisordered breathing in children can be divided into 4 functional levels. These are:

Level 1 – adenoid hypertrophy and velopharyngeal obstructionLevel 2 - tonsillar hypertrophy causing obstructionLevel 3 - tongue base obstructionLevel 4 - supraglottic obstruction.(12)
The most common cause of obstruction causing snoring in children is adenotonsillarhypertrophy.
ANATOMY OF PHARYNGEAL TONSIL & ADENOID TISSUESantorini described the nasopharyngeal lymphoid aggregate or 'Lushka's tonsil'in 1724. The term 'adenoid' was coined by Wilhelm Meyer in 1870, to apply to what hedescribed as 'nasopharyngeal vegetations'. The adenoid, or the pharyngeal tonsil, is amass of mucosa-associated lymphoid tissue (MALT) situated in the roof and posterior
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wall of the nasopharynx in the midline. It is in the shape of an inverted pyramid,especially during the early years of life when it is at its maximum size.  It is a single massof lymphoid tissue with its base on the roof and posterior wall of nasopharynx and itsapex pointed toward the nasal septum, often with a vertically oriented midline cleft.The free surface of the pharyngeal tonsil is marked by folds that radiate forwardsand laterally from a median blind recess, the pharyngeal bursa (Bursa of Luschka),which extends backwards and up. The recess is present in the fetus and the young, butonly occasionally present in the adult, and marks the rostral end of the embryologicalnotochord. The number and position of the folds and of the deep fissures whichseparate them vary. A median fold may pass forwards from the pharyngeal bursatowards the nasal septum, or instead a fissure may extend forwards from the bursa,dividing the nasopharyngeal tonsil into two distinct halves which reflect its paireddevelopmental origins.The adenoid develops as a midline structure by fusion of 2 lateral primordia thatbecome visible during early fetal life.(12) Lymphoid tissue can be identified at 4-6weeks of gestation, lying within the mucous membrane of the roof and the posteriorwall of the nasopharynx. The adenoid is fully developed during the seventh month ofgestation. After birth it initially grows rapidly and attains the maximum size by the fifthyear of life but usually undergoes a degree of involution and atrophy from the age of 8–10 year.As it enlarges in size,  the lymphoid tissue of the adenoid may extend to the fossaof Rosenmuller and to the eustachian tube orifice as Gerlach’s tonsil.(12) Relative to thevolume of the nasopharynx, the size of the tonsil is largest at 5 years, which mayaccount for the increased frequency of nasal breathing problems in preschool children,and the incidence of adenoidectomy in this age group.(21)
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Fig 1: Anatomical relations of the Pharyngeal tonsil
Ciliated respiratory epithelium covers the lateral and inferior surface of theadenoid, with scattered small patches of non-keratinized stratified squamousepithelium. Its superior surface is separated from the periosteum of the sphenoid and
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occipital bones by a connective tissue hemicapsule. Anchored to the hemicapsule is thefibrous framework of adenoid, consisting of a mesh of collagen type III (reticular) fiberssupporting a lymphoid parenchyma similar to that in the palatine tonsil.(21)The nasopharyngeal epithelium lines a series of mucosal folds around which thelymphoid parenchyma is organized into follicles and extra-follicular areas. Internally,the tonsil is subdivided into four to six lobes by connective tissue septa, which arisefrom the hemi-capsule and penetrate the lymphoid parenchyma. Seromucous glands liewithin the connective tissue, and their ducts extend through the parenchyma to reachthe nasopharyngeal surface.(21)

Fig 2: Histological appearance of adenoid tissue showing lymphoid follicles andconnective tissue septa
The arterial supply of the pharyngeal tonsil is derived from:- Ascending pharyngeal artery- Ascending palatine artery
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- Tonsillar branches of the facial artery- Pharyngeal branch of the maxillary artery- Artery of the pterygoid canal and the- Basisphenoid artery, a branch of inferior hypopyhseal artery.
The venous drainage is through numerous communicating veins which draininto the internal submucous and external pharyngeal venous plexuses. They emergefrom the deep lateral surface of the tonsil and join the external palatine (paratonsillar)veins, and pierce the superior constrictor. These vessels either join the pharyngealvenous plexus, or to unite to form a single vessel that enters the facial or internaljugular vein.

Fig 3: Endoscopic view of the adenoid showing its relation to eustachian tube orifice andposterior end of nasal septum

ADENOID
EUSTACHIAN TUBEORIFICE
POSTERIOR END OFNASAL SEPTUM
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ANATOMY OF PALATINE TONSILThe tonsils start to develop by the third month of intrauterine life. They developfrom the endoderm lining, the second pharyngeal pouch, the mesoderm of the secondpharyngeal membrane and adjacent regions of the first and second arches.  Solidendodermal buds arise from of the epithelium of the second pouch, which grows intothe underlying mesoderm, giving rise to tonsillar stroma. Central cells of these budslater die and slough, converting the solid buds into hollow tonsillar crypts, which areinfiltrated by lymphoid tissue.(22)

Fig 4: Schematic diagram showing the position of tonsils
The circumpharyngeal lymphoid ring is formed by both the right and left tonsils.The tonsillar size varies with age, pathologic status and from individual to individual.The tonsils rapidly increase in size from the fifth or sixth year of life, reaching theirmaximum size at puberty. The tonsils measure 20-25 mm in vertical and 10-15 mm intransverse diameters at puberty. Tonsillar involution begins at puberty, when the
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reactive lymphoid tissue begins to atrophy, and by old age only a little tonsillarlymphoid tissue remains.(21)Each tonsil is a mass of lymphoid tissue associated with the oropharyngealmucosa. The tonsils lie in the fossa created by folds, which are formed by thepalatoglossus anteriorly and palatopharyngeus muscle posteriorly. Superiorly, thetonsil is related to the soft palate; inferiorly, the tonsillar capsule has firm attachmentto the side of the tongue.(12)
On the lateral surface, the pharyngobasilar fascia condenses to form the thin butdistinct capsule of the tonsil. Deep to the pharyngobasilar fascia, the muscular layer ofthe tonsillar fossa is formed by the superior constrictor muscle superiorly and thestyloglossus muscle inferiorly. The buccopharyngeal fascia is situated lateral to thesuperior constrictor. In the lower part of the tonsillar fossa, the glossopharyngeal nerveand stylohyoid ligament pass obliquely downward and forwards below the lower edgeof the superior constrictor muscle. The paratonsillar vein runs across the lateral aspectof the capsule of the tonsil after it descends from the soft palate and pierces thepharyngeal wall to join the pharyngeal plexus.(12)
It is covered on its medial or oropharyngeal aspect by non keratinized stratifiedsquamous epithelium. The parenchyma of the tonsil is supported by fine collagen typeIII (reticulin) fibers which are condensed in places to form a meshwork of robustconnective tissue septa that also contain elastin. These septa divide the tonsillarparenchyma, and merge at their ends with the dense fibrous hemicapsule on the deepor pharyngeal surface of the tonsil. Blood vessels, nerves and lymphatics branch or joinwithin this connective tissue meshwork. The lateral boundary is formed by thehemicapsule lying close to the oropharyngeal wall.
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The epithelium from the surface extends deep into the tonsil, formingcrypts.(23) These blind-ending, often highly branching, crypts are usually 10-20 innumber and extend through the parenchyma of the tonsil reaching almost upto theconnective tissue hemicapsule. In a normal tonsil, the openings of the crypts appearslike fissures and the crypt lumina stay collapsed so that the walls are in contact witheach other. The tonsil in humans is polycryptic. In childhood, the branching cryptsystem is complex and reaches its maximum size. The supratonsillar fossa(intratonsillar cleft) opens into the upper part of the tonsil on its medial surface. Themouth of the cleft is semilunar in shape.(21) It is thought to be a remnant of the ventralportion of the second pharyngeal pouch.(12)
Vascular supply

The arterial supply of the tonsils is derived from the following arteries:
- Tonsillar artery
- Ascending pharyngeal artery
- Tonsillar branch of the facial artery
- Dorsal lingual branch of the lingual artery
- Ascending palatine branches of the facial artery
Venous blood drains through a peritonsillar plexus. The plexus drains into thelingual and pharyngeal veins, which in turn drain into the internal jugular vein.
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Fig 5: Blood supply of tonsil
Nerve supplyThe tonsils are innervated via tonsillar branches of the maxillary nerve and theglossopharyngeal nerve.(21)
Lymphatic supplyTonsils do not posses afferent lymphatics. Efferent lymphatics drain directly tothe jugulodigastric nodes and upper deep cervical nymph nodes and indirectly throughthe retropharyngeal lymph nodes.(21)
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MECHANISM OF SLEEP DISORDERED BREATHINGThe upper airway comprises of structures from the nose to extrathoracictrachea. These structures play an important role in the physiological functions of upperairway like respiration, speech and vibration, swallowing and local immunity. Thepharynx is a collapsible segment that performs these functions under the balancedcontrol of dilator and constrictor muscles. During the awake state, an increasedneuromuscular tone prevents collapse of upper airway upper airway.(24) This tone isweak during sleep, which predisposes the upper airway to collapse.(25)Unlike in adults where obesity and male sex is the most common risk factor fordevelopment of sleep disordered breathing, in children it is adenotonsillar hypertrophy .(26) In childhood, the bony boundaries of upper airway slowly grow while adenoid andtonsil grow rapidly. The tonsils and adenoid are largest compared to the underlyingupper airway size, between the ages of 3 and 8 years,  which makes the upper airwaynarrow.(3) The peak incidence of paediatric OSA coincides with this age group and sizedisparity.(8)

Fig 6: X-ray nasopharynx lateral view showing enlarged adenoid and tonsils
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Arousal threshold or central ventilatory drive and upper airway reflexes have acontrol on the neuromuscular factors that maintain the upper airway patent.(27)During childhood, the central ventilatory drive  is increased which then graduallydeclines with age.(28) This accounts for the better pharyngeal neuromuscular tone andupper airway reflexes in children during sleep, resulting in less collapsibility of upperairway than in adults. Compared to adults, children have a higher arousal threshold. Sothey are less likely to be aroused in due to upper airway obstruction than adults.(29)Younger the children, have higher threshold of arousal, hence the sleep architecture iswell preserved in them.(30)Clinical signs of sleep-disordered breathing, like snoring, flaring of the nostrilswith increased respiratory effort, intercoastal and suprasternal recession, occur when achild breaths through the upper airway which is partially or completely obstructed.  Asthe sleep deepens, partial obstruction of the airway slowly progress to completeobstruction, which causes the snoring to stop and a silent period ensues followed bychoking or gasping,  resulting in  arousal from sleep to re-establish the airway. Partialairway obstruction causes hypopnoea and complete upper airway obstruction causesapnoea.During sleep these conditions cause hypoxia and hypercarbia. Several factorsinfluence the degree of hypoxia, like the duration of apnoea, the cardiopulmonary statusand the presence of any neuromuscular disorder. Hypoxia causes peripheralvasoconstriction due to rise in sympathetic tone, resulting in tachycardia and increasein blood pressure. These changes in the blood pressure and pulse rate shows increasedsympathetic activity and are considered as indicators of subcortical arousal. Sleepdisordered breathing and these markers show good correlation are used to quantify it.
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Subcortical arousals results in termination of upper airway obstruction. Thefrequency of this cycle of events is several hundred times a night and the child isunaware of these. Child's sleep pattern is greatly disturbed due to these repeatedarousals and leads to adverse changes in concentration ability, behavior and qualityof life.(13)
OBESITYPrevalence of obesity in children has risen in world population and is a majorrisk factor for developing paediatric OSA. Excessive fat deposition in the tissue aroundthe upper airway and related muscles in obese children,  causes reduced airway sizeand increase in airway resistance.(11) An epidemiologic study involving 399 childrenand adolescents between the age group of 2 and 18 years showed that obesity was themost significant risk factor for developing OSA, (OR=4.5).(14) It has been postulatedthat, for every increment in BMI by 1 kg/m2 beyond the mean BMI for age and gender,the risk of developing OSA will increase by 12%. Dayyat et al suggested that paediatricOSA due to obesity should be classified as“paediatric OSA type 2” since it hasfeatures similar with adult OSA.(31)
ADENOTONSILLAR HYPERTROPHYEnlarged tonsils and adenoids in children play a significant role in upper airwayobstruction. It has been shown that in children with OSA,  the site of upper airwayclosure is at the level of the tonsils and adenoids, whereas in normal children it occursat the level of the soft palate.(32) The size of the adenoids and tonsils increases frombirth till 12 years of age, with the greatest increase happening  during 4-9 years,disproportionate to the rate of growth of other upper airway structures.(26) This
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causes obstruction of the upper airway at the level of adenoids and tonsils causing sleepdisordered breathing.  This adenoid tissue  proliferation in children is more in thosewith allergy, recurrent upper respiratory tract infections, chronic sinusitis and in thoseexposed to environmental irritants, such as cigarette smoke which provoke  mucosaledema and inflammation causing narrowing of airway.(33)Increased nasal resistance secondary to various factors results in mouthbreathing. Continuous mouth breathing results in secondary tonsillar enlargementleading to dysfunction of genioglossus muscle and geniohyoid muscle. Significantimprovement in SDB was observed in 80% of children after tonsillectomy andadenoidectomy.(32) Arens et al studied  the upper airway structure of children withOSA using  magnetic resonance imaging and found that children with OSA had largeradenoids,  tonsils and soft palate.(34) Additionally, the presence of allergic rhinitis andasthma has been implicated in increased prevalence of adenotonsillar hypertrophy andOSA.
ALLERGIC RHINITISAllergic rhinitis and asthma causes nasal mucosal edema resulting in an increasein nasal resistance, thereby worsening or inducing sleep disordered breathing inchildren and adolescents. Capacitance vessels of the middle and inferior turbinatescontrols nasal patency. Allergic rhinitis leads to increased nasal resistance withdilatation of these capacitance vessels, leading to mucosal edema and excessive mucoussecretions. This increases the nasal resistance resulting in snoring and worsening ofsleep disordered breathing. Although objective measures of nasal resistance were notshown to be predictive of SDB, several studies showed that nasal congestion was a
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strong independent risk factor for snoring as well as an increased likelihood formoderate or severe SDB.(35)
SYNDROMESAny anatomic narrowing of the upper airway would predispose for snoring andOSA. These include craniofacial anomalies like midfacial hypoplasia, micrognathia inPierre Robin sequence, Marfan syndrome and Apert syndrome. OSA is seen in majorityof children with Down syndrome, due to decreased surface area in the nasopharynx,bulky tongue and hypotonia. Neuromuscular disease which causes reducedneuromuscular tone of the upper airway leads to upper airway collapse in diseases likeprogressive muscular dystrophy.
GENETIC FACTORSSleep disordered breathing is found to be common in African Americanpopulation. This holds true for both adults and children. The propensity to develop OSAin this population is thought to multifactorial and not well explained. Increased risk ofsleep disordered breathing among African Americans is independent of respiratoryconditions  or obesity  as risk factors.(14) A study of obese children (BMI >85thpercentile for age) found that African American children had two times the riskcompared to matched controls to have sleep-disordered breathing.(36)Male sex is the strongest genetic correlate of OSA in adults but in children, no sexpredominance has been noted.  Familial aggregation of OSA has been seen indicating agenetic basis for the causation of OSA.(24) Key risk factors that influence OSA, such ascraniofacial and orthodontic abnormalities, obesity, circadian rhythm, ventilator controland sleep regulation have a complex genetic basis. However, it is difficult to
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differentiate environmental risk factors, including cultural differences in diet andlifestyle from genetic factors. Studies have confirmed association between circulatingtumour necrosis factor-α (TNF-α) dependent genes, and interleukin-8 (IL-8) to OSA.(37)Elevated circulating levels of TNF-α  has been noted in patients with OSA  which hasassociated with the TNF-α (-308A) gene polymorphism, resulting in increased TNF-αproduction.(38)
CLINICAL FEATURESSnoring is the main symptom of sleep disordered breathing in children. Inyounger children it is loud and persistent and associated with severe apnoea.  Ithappens due to turbulence caused by air while respiration through a narrow andobstructed airway resulting in vibration of the lax mucosal lined tissues of the airwayresulting in snoring. The obstructed airway, mainly in the nose and nasopharynx causesmouth breathing. Children with significant obstruction tend to sweat during sleep,especially in the nuchal area. Intercoastal recession and tracheal tug during loudstertorous breathing may be seen. Children with severe obstructive sleep apnea haverepeated episodes of apnoeas, leading to multiple arousals. These children are veryrestless at night during sleep and are often seen to adopt unusual sleeping postures inan attempt to relieve the obstruction in the upper airway. The associated complaints arevery dry mouth and morning headaches due to mouth breathing and disturbed sleeprespectively.Due to obstructed upper airway, the intrathoracic pressure is high in childrenwith OSA. This leads to oesophageal reflux which may be the cause for vomiting orunexplained regurgitation or during sleep. Another common symptom in SDB is chokingepisodes during sleep. This symptom is difficult to describe by the parents, as they do
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not know where the sound is coming from. Hence it is best questioned about by makingor imitating a guttural noise, as parents often tend to identify this sound ondemonstration. Witnessed apnoeas are often described by parents as holding the breathfor a moment. If asked directly, however, most parents deny that their child stopsbreathing during sleep. So this can lead to an under reporting of the presence of sleepapnoea if enough attention to detail is not given while taking clinical history.True daytime somnolence is a well described symptom in adults. Excessivedaytime sleepiness is a classical symptom with OSA in adolescents, whereashyperactivity or inattention is mostly seen in young children with sleep-disorderedbreathing. McNamara et al found that only less than half of the apneas in children withobstructive apneas were associated with arousal, and only 18% of apneas ininfants.(39) As a result, excessive daytime sleepiness, the cardinal symptom of OSA inadults, is uncommon in children because sleep architecture is preserved.Children with SDB may have hyperactivity and irritable on waking up.(19)Children with OSA may have enuresis, which usually resolves on treatment withOSA.(40) Rhino sinusitis causes nasal congestion resulting in narrowing of nasal airwayand can exacerbate sleep-disordered breathing. Rhino sinusitis may be infective, allergicor structural in origin. So it is very important to elicit the history presence of recurrentsinusitis in these children.  Medical treatment of these underlying conditions willimprove sleep-disordered breathing.Another major cause for sleep disordered breathing is underlying pulmonarypathology. This may be restrictive, obstructive or a combination of both in nature ofcausation. A typical example is asthma, which is very common in children and is part ofreactive airway disease affecting upper and lower airway. Pulmonary diseasesexacerbate sleep apnoea by increasing the work load in breathing thereby causing



22

higher intrathoracic pressures. Chronic hypoventilation at night due to OSA causespulmonary atelectasia in children. These children tend to develop a cough even with amild viral upper respiratory tract infection which causes a vicious circle of narrowing ofairway and worsening of sleep disordered breathing. Carbon dioxide retention andsleep fragmentation can result in children developing headaches especially in themorning and poor appetite.Examination of a child with sleep disordered breathing includes detailed ENTexamination, anthropometric measurements including height, weight, neckcircumference, head circumference and waist circumference. Cardiopulmonary systemassessment should also be done in order to make sure that the child doesn’t have anyabnormality which can worsen the condition.   Although sleep disordered breathing iscommon in overweight and obese children, it can cause decreased growth rate andfailure to thrive especially in very young children.Children with SDB are likely to have subtle craniofacial disproportion. These mayinclude retrognathia, triangular chin, narrow high arched palate and bulky soft palate.On nasal examination, any deformity of external framework of nose should be noted.The position of the septum and mucosal lining should be examined as deviated nasalseptum and bulky nasal mucosa due to allergy and rhino sinusitis can cause nasalobstruction leading to mouth breathing.  Hyper resonant voice and mouth breathingpoint towards enlarged adenoids. Oral cavity examination should exclude a submucouscleft palate, bulky tongue and the size of the tonsils has to be documented. In older andobese children,  Mallampati score can be used  in assessing the patency oforopharyngeal airway.(41)
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Although majority of the children with OSA have tonsillar hypertrophy, manystudies have shown that there is no significant association between severity of sleepdisordered breathing and size of tonsils.(42) But if there is excessive medialisation oflateral pharyngeal wall during sleep, even small tonsils can cause sleep disorderedbreathing. This usually occurs in children with cerebral palsy and cleft palate postsurgery, as a result of pure neuromuscular control of pharyngeal airway. However,enlarged adenoid tissue can cause marked reduction of airway even when the size oftonsils is small.Stertorous breathing during daytime in younger children is indicative of severesleep apnoea. Decreased secretion of growth hormone has been seen in children withsevere sleep apnea leading to growth retardation.(43) Upper airway obstruction can

Fig 7:
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lead to increased venous pressure which may manifest as broken veins on the face.Long standing intercostal recession during sleep can result in pectus excavetum.Mild sleep apnoea may be over diagnosed by a very detailed clinical history butmay under diagnose severe OSA. This could be due to several reasons. Parents usuallyfail to observe the associated symptoms of snoring in children as they usually occurduring early hours of night when the child is in rapid eye movement sleep (REMsleep).(44) Hence it is under reported even when the child might be having severeobstruction. In children with UARS, partial upper airway obstruction causes gasexchange abnormalities but hardly any true apnoeas. So the presence of UARS also maybe under reported.(45)In sleep disordered breathing, a good history and clinical examination helps inarriving at the diagnosis and helps in determining which children needs furtherassessment and treatment.  It also helps in deciding on individualized mode ofintervention and treatment thereby avoiding unnecessary investigations.
DIAGNOSIS AND INVESTIGATIONSAfter a clinical diagnosis is made of sleep disordered breathing, it is essential toassess the severity of the same so that an individualised treatment plan can be made foreach child.Investigations help to identify children who are at increased risk of thedeveloping complications associated with sleep-disordered breathing. It helps inidentifying the site of upper airway. This helps in identifying children with simplesnoring so that unnecessary intervention can be prevent. It is important to identifythose children who can develop complications related to sleep disordered breathing
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post surgery. Different invasive and non invasive investigations are available todiagnose and classify SDB in children. As in adults, the gold standard investigation fordiagnosing OSA in paediatrics population is overnight polysomnography.
POLYSOMNOGRAPHYPolysomnography (PSG) is a multi parametric test used in the diagnosis andevaluation of sleep disordered breathing. Polysomnography is recommended as theinvestigation of choice for diagnosing OSA in children by The American Thoracic Societyand the American Academy of Pediatrics.(12, 46) It is a non invasive method to measurevarious parameters which may be affected due to sleep disordered breathing.There are several types of polysomnography which are available for evaluation.These are:1. Overnight polysomnography: Overnight PSG in a sleep laboratory is the goldstandard for diagnosing OSA.  It is done as an overnight study in a specializedsleep lab by specially trained sleep lab technicians. The child, along with his/herparent, is admitted at night in the sleep lab and the necessary parameters aremonitored overnight and analyzed & interpreted later by a specially trainedsleep physician. Its findings rarely vary significantly from night to night inchildren.(47) As a result, a single overnight study is adequate if a sufficientduration of sleep occurs, including at least one period of rapid eye movement(REM) sleep.2. Home polysomnography: Also called portable polysomnography, is done athome with a portable machine. However the parameters monitored will belimited. It is not routinely utilized in children and is not standard of care. Unlikein adults, there are no guidelines available for portable polysomnography in
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children.(46) Studies of home PSG suggest that the results are highly variable ascompared with sleep lab based PSG. This may be in part because of variations inthe type of data collected by the portable systems and/or the age of the subjects.3. Nap polysomnography – Nap PSG is an abbreviated study performed in thesleep laboratory during the daytime. It is limited by the possible absence of REMsleep and short recording time. Nap PSG has a good positive predictive value (77to 100 percent) but a poor negative predictive value (17 to 49 percent) foridentifying OSA in children.(48) As a result, a nap study indicating that a childdoes not have OSA is insufficient to exclude OSA.(49) This type of testing is oftenreserved for infants or younger children who regularly take naps.
The PSG parameters that are most helpful in diagnosing OSA are the apnoeaindex (AI), apnoea hypopnoea index (AHI), respiratory event-related arousals (RERAs),and respiratory disturbance index (RDI). AHI shows the number of apnoeic andhypopnoeic episodes per hour of sleep. Apnoea is defined as a complete interruption ofairflow that lasts at least 2 breath periods in children, or 10 seconds in adult.Hypopnoea is defined as a ≥50% reduction in airflow with an arousal, awakening, or

≥3% desaturation for same durations by using a nasal canula-pressure transducer. AIindicates the number of obstructive and/or central apnoeic events per hour of sleep.
Apnoea – Hypopnoea index (per hour) Level of OSA5-20 Mild OSA20-40 Moderate OSA>40 Severe OSA
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Respiratory event-related arousals (RERA) is defined as a sequence of breathlasts at least 2 breath periods, which does not meet the criteria for apnoea orhypopnoea but is accompanied by increasing respiratory effort, leading to an arousalfrom sleep. The AHI and RERA are together reported as the RDI. The diagnosis of OSA inchildren is defined as AHI index >1, according to the criteria of the American Academyof Sleep Medicine.(50) Pulse transit time or cyclic alternating pattern on EEG has beenidentified as more reliable parameters to detect arousals during PSG. These methodsare more sensitive and may predict neurocognitive and/or cardiovascular outcomes inchildren with OSA.(42)

Polysomnographic criteria for diagnosis of OSA are as follows:
 AHI >1 or RDI >1.5: in children ages 12 years and below
 AHI ≥5: in adolescents, the adult cut off value is generally used

Fig 8:
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 O2 desaturation nadir <91%
 Change in nadir O2 from baseline >9%
 Maximal end-tidal CO2 >54 mm Hg
 Increased end-tidal CO2 >50 mm Hg for >25% of total sleep time

Although diagnostic, polysomnography is detailed and expensive and available inlimited centres especially in a developing country like India. The availability ofpolysomnography for children is even more limited and needs huge resources in theform of machines, space to set up the sleep lab and trained staff. Therefore, the need forsleep study in each child needs to be rationalised.
ALTERNATIVES TO PSGIf polysomnography is not available, there are other tests available to assess thepresence of sleep disordered breathing in children. Although these are easily availableand inexpensive, none of these are truly diagnostic. All of these alternative tests have alow negative predictive value, indicating that a negative result is insufficient to excludeOSA.(51) However, these tests may be indicated if PSG is not available.
OVERNIGHT CONTINUOUS PULSE OXIMETRY –Overnight continuous pulse oximetry monitors pulse rate, pulse amplitude, andoxyhemoglobin saturation detects OSA.(52) The American Academy of Pediatricsrecommends that positive abbreviated testing, including simple oximetry, may behelpful, but those children with inconclusive or negative study result should undergomore comprehensive evaluation to rule out OSA.(53) The positive predictive value ofovernight pulse oximetry in diagnosing OSA was 97% and negative predictive value was
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54%, suggesting a positive study result was suggestive of OSA and does not warrantfurther confirmatory investigations like PSG. However, the sensitivity of overnightoximetry was low (40%), indicating that the diagnose of OSA cannot be ruled out if thestudy result is inconclusive or normal.(54)Nixon et al described and validated the McGill scoring system, for overnightpulse oximetry in children as a tool for planning intervention like adenotonsillectomy inchildren with obstructive sleep apnea. The scoring system was as follows:

Fig 9: McGill scoring system for pulseoximetry study
Of the 230 children tested, 179 children (78%) had a normal/ inconclusiveoximetry and underwent PSG. Those with a positive oximetry (22%) had no additionalsleep studies before adenotonsillectomy. For those with high oximetry scores, thetiming of adenotonsillectomy was based on oximetry score, and showed the waiting
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period for surgery had decreased. Postoperative respiratory complications werereported to be more in those with high oximetry score. Hence it was concluded that,overnight pulse oximetry can be used to estimate the severity of OSA, so that thediagnostic and treatment process can be shortened for those with more severe disease,It also helps in prioritizing of adenotonsillectomy and planning perioperative care.(55)
MINI SLEEP STUDY SYSTEMThe next step to pulse oximetry is mini sleep study system which combines pulseoximetry with sound recording and video footage. Movement from the movementdetector attached on the child’s body, snoring sound from the microphone and theoxygen saturation values from pulse oxymeter are analysed by the help of computersoftware and interpreted together. The best known example is Visi-Lab. Hypopnoea andapnoeic episodes without significant oxygen desaturation can be detected using thisform of sleep study. Desaturation episodes with a rise in pulse rate denote an arousaland correspond to the number of apnoeas and hypopnoeas. This data is more useful inadult sleep medicine as age-appropriate criteria for children are not yetstandardized.(56)
SLEEP ENDOSCOPYAlthough polysomnography is the gold standard in diagnosing the severity ofOSA, it doesn’t provide any information regarding the exact site of upper airwayobstruction. It is important to assess the exact site of upper airway obstruction so thatthe best modality of treatment can be employed. Although the most common site ofobstruction is adenotonsillar hypertrophy, it may be anywhere from the palate to thesupraglottis.(57) Site of obstruction is different in each child as studies have shown that
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children with same syndrome in the same age group have different sites of upperairway obstruction.  This is best assessed by a flexible endoscope passed through thenose. Croft and Pringle first described sleep endoscopy using a flexible fibreopticendoscope (sleep nasendoscopy) to assess the site of snoring and airway obstruction inadults.(58) In children, sleep nasendoscopy is performed in the operating theatre with askilled paediatric anaesthetist and full cardiopulmonary monitoring, with the childbreathing spontaneously, usually a mixture of halothane and oxygen. This mimicsnatural sleep and provide adequate relaxation of the upper airway so that the dynamicsof upper airway as occurring during sleep can be assessed.The sites of upper airway obstruction can be categorised into four levels wherethe obstruction naturally occurs. The site or level at which the upper airway obstructionis occurring will decide the intervention to treat it. The site of obstruction in the upperaero digestive tract that causes sleep disordered breathing in children can be dividedinto 4 functional levels. These are:
Level 1 – adenoid hypertrophy and velopharyngeal obstructionLevel 2 - tonsillar hypertrophy causing obstructionLevel 3 - tongue base obstructionLevel 4 - supraglottic obstruction.(12)
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Fig 10: A classification system for documenting the findings at sleep nasendoscopy.The photographs show the endoscopic view of the obstruction at each level from1 to 4 taken in inspiration, mid respiration and expiration.
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RIGID LARYNGOBRONCHOSCOPYSyndromic children who has complex obstructive breathing problems andpremature children who were on prolonged ventilator support in neonatal intensivecare unit should include rigid laryngobronchoscopy.(57) Any pathology distal to theglottis must be excluded in these children for example subglottic stenosis,tracheomalacia, innominate artery compression, bronchomalacia or vascular rings asthese pathologies can cause exacerbation of upper airway symptoms.Down syndrome patients manifests more distal airway pathology incidence thanin normal population. Jacobs et al in a study conducted in 77 children with Downsyndrome found that on rigid laryngobronchoscopy 28 percent of children hadlaryngeal or tracheal abnormalities.(59) Laryngeal abnormalities have also beenreported in Goldenhar syndrome  and those children having major aortic archabnormalities in velocardiofacial syndrome.(60) So it is essential to assess the lowerairway with a rigid laryngobronchoscope in normal as well as syndromic children.
IMAGINGA chest x-ray is a must in all children with severe OSA. It will help in identifyingpulmonary hypertension and structural cardiac abnormalities like right ventricularhypertrophy causing cardiomegaly. A lateral X-ray of the post-nasal space ornasopharynx is a cost effective yet accurate method to assess adenoid hypertrophy andthe nasopharyngeal airway obstruction. If ECG or chest x-ray is suggestive, cardiacechocardiography has to be done to accurately diagnose pulmonary hypertension orright -sided heart failure. CT cephalometry to assess the anatomical airway dimensionsand dynamic magnetic resonance imaging have been used in the assessment of upperairway obstruction in children but have a limited role.(61)
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SEQUELELong standing sleep disordered breathing is known to cause complications andsequele both in adults and in children. In children, these include failure to thrive,growth retardation, corpulmonale, pulmonary hypertension, neurocognitiveimpairment and behavioral changes. These consequences of OSA can be attributed tomultiple factors like nocturnal episodic hypoxemia, hypercapnia and sleepfragmentation and their complex interaction. Recent studies have shown that thesecomplications may be influenced not only by the duration and severity of OSA, but alsoby specific gene variants and environmental factors.

NEUROCOGNITIVE IMPAIRMENTThe first report of neurocognitive impairment was by Guilleminault et al whomreported in 1976, that they identified excessive day time sleepiness and learningdisabilities in a small sample of school going children.(62) Since then, there have beenmultiple studies assessing neurocognitive deficits in children with varying severity ofsleep disordered breathing.Memory, learning and attention are the commonly affected cognition domains.Children with OSA are found to be irritable, lacks attention,  has emotional instability,and are low in intelligence.(4) These neurocognitive changes are seen in children withhabitual snoring also. This implies that neurocognitive impairment can manifest inthose children who has presents with habitual snoring.(63)Brockmann et al in a study in school going children showed that, compared withchildren who had never snored, children with primary snoring have more inattentivebehavior, hyperactivity. They also did poorly in school with poor scores inmathematics, spelling  and science.(10) These associations strengthen the concept that
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primary or habitual snoring may also have an impact on neurocognitive functioning inchildren.The exact prevalence of cognitive dysfunction in adult and paediatric  patientswith OSA is unknown.(64) Kohler et al, in a critical review of literature, found 28 studieswhich showed neurocognitive deficits in children with sleep disordered breathing. In 24of these studies, global, verbal, and nonverbal intelligence was studied and the leaststudied domain was sensorimotor functioning.(65) However, in these studies, anincrease in cognitive impairment could not be identified with increased severity of sleepdisordered breathing. The magnitude of deficits was comparable in those with primarysnoring and those with severe OSA.Reduced executive function was also seen in these children along with deficits inintelligence. This hampers their ability to plan and execute small tasks. This alsoassociated with reduced attention in these children. It is postulated that the decrease inattention capacity is due to sleep fragmentation.  These attention deficits in childrenwith snoring are reported to be visual and not auditory, hence accounting for deficits inexecutive function in these children.
PATHOPHYSIOLOGY OF NEUROCOGNITIVE IMPAIRMENT IN SDBThe risk factors for development of neurocognitive impairment in adults are welldocumented. In children however, these are not well understood. It has been seen thatthere is a familial aggregation of occurrence of sleep disordered breathing. Thissuggests that there might be a genetic cause for this phenomenon. The occurrence andincreased expression of E4 isoform of Apolipoprotein (ApoE4) allele in children withsleep disordered breathing as in adults, have been documented and is considered asignificant risk factor for development of neurocognitive impairment. This is because
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the ApoE4 allele is seen in higher frequency in children with SDB and neurocognitiveimpairment. Other risk factors include Down syndrome, craniofacial anomalies andenvironmental factors.The main mechanisms by which these changes occur have been postulated usingthe endothelial dysfunction and intermittent hypoxia. Intermittent hypoxia causesoxidative stress in the form of hypoxia/perfusion injury resulting in release ofperoxides.  These events trigger an inflammatory response resulting in the release ofpro inflammatory mediators. These cause endothelial dysfunction through a mismatchin the action of vasoconstrictors (thromboxane, endothelin 1) and vasodilatormediators (nitric oxide, prostacyclin). These events get repeated and leads to thedevelopment of atherosclerosis. This decreases the cerebral blood flow and hencecerebral oxygenation.This results in apoptosis of cells in the brain leading to loss of volume andimpaired function in the form of neurocognitive deficits. In adults, neuro imagingstudies have shown loss of grey matter volume especially in the frontal cortex andhippocampus in patients with OSA.Kohler et al in their review of literature of all studies which assessed SDB andcognitive impairment found that impairment in global intelligence was reported in 65%of studies (13/20). Verbal intelligence impairment was reported in 40% of studies(6/15) where as non verbal intelligence was seen affected in 50% of studies (6/12).They reported that, 57% of studies (12/21) showed memory deficits, 71.4% studies(9/14) showed attention problems and 64.3% studies (9/14) showed defects inexecutive function. Language problems and visual spatial deficits were seen in 54.5%(6/11) and 41.7% (5/12) of studies.(65)
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Fig 11: Proposed model for pathogenesis of neurocognitive impairment in OSA in adultsApoE4 - apolipoproteinE4 allele; CHF - congestive heart failure; EDS - excessive daytimesleepiness; ETOH - ethanol; HTN - hypertension; MCI - mild cognitive impairment;OSAS - obstructive sleep apnoea syndrome.



38

Different studies have employed different methods to assess different domains ofcognition in children with SDB. In most of the institution based studies, the domain ofintelligence was assessed by a formal IQ test. The commonly used was the WechslerScale of Intelligence for children. It has different subsets to assess verbal ability andverbal recall. These tests assessed the vocabulary appropriate for their age and theirability to recall short sentences and stories. To test the non verbal domains like visualspacial ability, tests based on block designs were used.(66)Another commonly employed test is the Developmental NEuroPSYchologicalAssessment test or NEPSY. This is neuropsychological assessment test designed toassess basic and complex cognitive abilities of children which are not routinely tested inbasic intelligence tests. NEPSY has subtests which assess different domains of cognitionalong with global intelligence, attention and executive functions, language,sensorimotor, visual special ability, learning, memory and social perceptions are theindividual domains studied under NEPSY. (67)Beebe et al compared the cognitive functions in 32 snoring children with 17 nonsnoring children using the NEPSY battery of tests and found to have significant cognitiveand behavioral impairment. The study group had impairment in some aspects ofattention & executive functioning (p=0.002) along with evidence of deficits wereobserved on measures of intelligence, verbal memory (p=0.007) and processing speeds(p=0.035).(68)Several retrospective studies analyzed school performance and grades as ameasure of cognitive ability. The main parameters assessed were their scores inmathematics, science, spelling and language. Brockmann et al found that children withsnoring had poor school performance in various subjects like mathematics (29% vs.
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16%), science (23% vs. 12%) and in spelling (29% vs. 16%) when compared to childrenwho have never snored (33% vs. 20% all p <0.05).(10)
Calhoun et al, in a population based study on 571 children between 6-12 yearsage reported no significant relationship between apnoea-hypopnoea index andneurocognitive functioning including intelligence, verbal and nonverbal reasoningability, attention, executive functioning, memory, processing speed, and visual-motorskill (p<0.05).(69) They did not find any difference in cognitive functioning betweenchildren with and without sleep disordered breathing.Hence it can be concluded that there are contrasting reports in literature on theassociation of sleep disordered breathing and neurocognitive impairment in snoring.

BEHAVIORAL CHANGESAlong with neurocognitive impairment, behavioral changes have been describedand documented in children with sleep disordered breathing. Hyperactivity, anxiety,depression, oppositional behavior, inattention and ADHD have been described alongwith emotional instability in these children. Varying results have been reported in theliterature due to small sample size and different tools used for assessing behavioralchanges.Most of the tools used to assess are questionnaire based and interpreted by atrained psychologist. Behavioral abnormalities have been known to occur along withcognitive deficits as there is considerable overlap noted among these deficits.  Most ofthe assessment is done through questionnaires which are answered by parents,caregivers or teachers. The common ones used are the Connor’s Parent Rating Scalewhich contains 27 questions concerning the behavioral pattern of the child. Thesequestions are interpreted and scored for each of the four domains namely, oppositional
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behavior, inattention, hyperactivity and attention deficit hyperactivity disorder(ADHD).(70)Another commonly used tool is the Child Behavior Check List (CBCL). (71) It is astandardised test to assess the behavior across different age groups (CBCL/2-3 for 2-3yrs, CBCL/4-18 for 4-18yrs) in children with different set of questions for different agegroups. The responses are converted into scores for different types of behavior namely– internalizing group (withdrawn, anxious or depressed), externalizing group(hyperactive, aggressive or depressive behavior) and scores for individual behavioralproblems. Goldstein et al used CBCL for assessing behavioral abnormality in childrenwith OSA and 25% children were found to have significant behavioral problems in theform of anxiety/depression (p<0.01), thought problems (p<0.01), sleep relatedproblems (p=0.009),  and exteriorizing behavior (p<0.01). These parameters hadsignificant correlation with the OSA 18 score (p<0.01).  These findings suggestsignificant association of behavioral changes and quality of life issues due to sleepdisordered breathing in children. They also reported improvement of these adversebehavioral parameters after 3 months of adenotonsillectomy.(72)The Behavioral Assessment Scale for Children (BASC) is an extensively validatedtool to assess the behavioral characteristics in subjects between the ages of 2-18 years.(73) It is based on questionnaires answered by both parents and teachers. Thebehavioral abnormalities that can be identified using this tool are hyperactivity, conductProblems, aggression, attention, depression, and anxiety. The Behavior Rating Inventoryfor Executive Functions (BRIEF) is another validated questionnaire based tool used toidentify behaviors associated with executive dysfunction in children.(74, 75) Thesubscales assessed are emotional control, initiation, working memory, planning &organization, organization of materials and self-monitoring. Beebe et al showed OSA-
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related cognitive and behavioral impairment in children with sleep disorderedbreathing using these two tools. (76)O’Brien et al in a study done in 87 children of 5-7 years age group found that,primary snoring was associated with significant neurobehavioral deficits includinginattention, hyperactivity, anxiety and depression possibly related to increasedsusceptibility to sleep fragmentation.(13) In a review of literature assessing sleepdisordered breathing and behavioral problems in children, Kohler et al showed that58.3% of studies (7/12) reported social problems, 41.2% studies (7/12) reportedinattention, 50% studies (6/12) reported somatic problems, 37.5% studies (6/16)reported hyperactivity and oppositional behavior.(65)
CARDIOVASCULAR COMPLICATIONSUntreated long standing OSA is known to cause changes that may have adverseeffects on the cardiovascular system of children. Intermittent upper airway obstructioncauses the negative intrathoracic pressure. This is transmitted to the right side of theheart resulting in right ventricular hypertrophy and pulmonary hypertension in longterm. If long standing, these structural changes of heart lead to corpulmonale. Thissequence of events can cause systemic hypertension in children.Intermittent hypoxia caused due to upper airway obstruction in sleep causesendothelial damage through the release of inflammatory cytokines like interleukine-6,C-reactive protein   and oxidative damage. This can trigger a state of systemicinflammation which a seen to be reversed on treatment of sleep disordered breathing.However due to early detection and treatment of OSA, these cardiovascularcomplications nowadays but mild pulmonary hypertension can be asymptomatic and goundetected.
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FAILURE TO THRIVE AND GROWTH RETARDATIONInfants with nasal obstruction due to choanal atresia or abnormally largeadenoid pad may present with failure to thrive. In toddlers and children, growth failuremay be due to increased work of breathing, anorexia and decreased oral intake andaltered pattern of growth hormone secretion. These problems are seen reversible asgrowth spurt is noticed after adenotonsillectomy. Growth normalizes up to age asevident by the increased levels of insulin-like growth factor-1 (IGF-1) and IGF-bindingprotein 3 (IGFBP-3) after adenotonsillectomy. It is important because both of thesefactors are closely related with diurnal growth hormone secretion and reflect meandaily growth hormone levels.
TREATMENTThe aim of the treatment of sleep disordered breathing is to relieve the child offthe upper airway obstruction and halt the progress of the deleterious sequele andreverse the adverse changes if any. It should be effective and easily available. Thetreatments for sleep disordered breathing can be divided into medical and surgicaltreatment.
MEDICAL TREATMENTA trial of medical treatment should be offered to any children with sleepdisordered breathing before opting for surgical measures. These include treating anupper respiratory tract infection which can worsen the severity of sleep disorderedbreathing due to nasal discharge and obstruction. Treating the same with full courseantibiotic therapy for 2 weeks minimum is the preferred method. Once the infectionresolves, the child should be screened for allergy and intranasal nasal sprays should beadministered if positive. Intranasal steroid sprays not only treats allergy but decreases
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the size of adenoid tissue thereby relieving the child off the obstruction at thenasopharyngeal level and diminishes mouth breathing at night. Systemic antibiotics andsteroids should be administered to children with severe OSA to treat persistent coughand pulmonary actelactasis in order to increase the pulmonary ventilation and decreaseperioperative complications.
CONTINUOUS POSITIVE AIRWAY PRESSURE (CPAP)Continuous positive airway pressure ventilation is a method of non invasivepositive pressure ventilation in which, the child takes breathes against a continuouspositive pressure there by insufflating the nasopharyngeal airway. Thus the upperairway is splinted by air and the obstruction is relieved. CPAP is administered duringsleep using a nasal mask and the pressures are titrated using the polysomnographicvalues which have to be frequently checked and adjusted. It has to be used every daywhen the child sleeps.This long term therapy needs compliance and is expensive due to the machineryinvolved but it is one of the most effective medical modality of treatment especially insyndromic children, children with cerebral palsy and infants. With long term use andincrease in age the pressures can be titrated down as improvement occurs. It can beused preoperatively to reduce perioperative morbidity.
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Fig 12: Child with a nasal CPAP attached

Fig 13: Graphical representation of how CPAP helps in relieving upper airwayobstruction.
NASOPHARYNGEAL AIRWAYNasopharyngeal airway is used when the site of upper airway obstruction is atthe pharyngeal level. It consists of a flexible tube passed through the nostril with itsblunt tip fixed just beyond the site of obstruction thereby bypassing the site ofobstruction. It is particularly useful in syndromic children like those with Pierre RobinSequence, Apert’s syndrome and in those with craniofacial malformations causing OSA
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like Crouzon syndrome. In Pierre Robin sequence the tip of the nasopharyngeal airwayneeds to lie just above the epiglottis and in Apert syndrome to the free edge of the softpalate. Nasopharyngeal airway is well tolerated in Pierre Robin Sequence, especiallynewborn and infants as their work of breathing comes down since the airwayobstruction is relieved. This results improvement in general condition of the child andnormal growth can be facilitated. If needed, a sleep study can be done with the tube insitu to assess the effectiveness and repeated later when the nasopharyngeal airway isplanned to be removed to assess improvement.

Fig 14: Graphical representation of nasopharyngeal airway with tip passed beyond thetongue base to relieve pharyngeal airway obstruction.
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SURGICAL TREATMENTSurgical treatment is aimed at removing or relieving the upper airwayobstruction. Depending upon the level of upper airway obstruction seen on sleepnasendoscopy, the surgical treatment is as follows:
Level 1 - Velopharyngeal obstruction -- Adenoidectomy-- Uvulopalatopharyngoplasty
Level 2 – Tonsillar level -- Tonsillectomy
Level 3 – Tongue base level -- Glossopexy
Level 3 – Supraglottic level -- Laser supraglottoplasty-- Anterior epiglottopexy--Tracheostomy
ADENOTONSILLECTOMYMost common cause for upper airway obstruction in children resulting in sleepdisordered breathing is adenotonsillar hypertrophy. So the most common surgicalprocedure employed in these cases is adenotonsillectomy. It improves thenasopharyngeal and oropharyngeal airway and the intermittent hypoxia is abolished inotherwise healthy (non obese) children. It can be performed in all age groups above 2years by any method, commonest being the cold steel technique.Several studies have shown improvement in neurocognition, adverse behavior,quality of life and growth rate in children who underwent adenotonsillectomy. Kohler et

al did a critical review of literature of studies comparing cognitive impairment andbehavioral changes in children pre and post adenotonsillectomy. They found significantimprovement in neurocognition in the domains of global intelligence, attention, andvisual–spatial ability. However, deficits in language and short-term memory persisted.
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On analysing behavioral changes, post adenotonsillectomy problems of hyperactivity,aggression or conduct problems, and somatic complaints improved but symptoms ofanxiety and social problems persisted.(65) Goldstein et al also reported significantimprovement quality of life based on OSA 18 score after 3 months ofadenotonsillectomy.(72)Some children do not benefit solely from adenotonsillectomy alone. These arethe syndromic children especially Down syndrome, those with craniofacial asymmetry,obese children and those with multiple sites of upper airway obstruction. Thesechildren would need multiple surgical procedures in one sitting to gain improvementlike correction of deviated nasal septum, uvulopalatopharyngoplasty. These proceduresalong with CPAP result in good symptomatic improvement for these patients.
UVULOPHARYNGOPALATOPLASTY (UPPP)It is a surgical procedure which is aimed at reducing the bulk of oropharyngealsoft tissue so that more space is created in the oropharyngeal airway and theobstruction is reduced. It is not commonly performed in children as in adults. It involvestonsillectomy, excision of redundant tissue of the soft palate and pharyngeal pillars,excision or repositioning of uvula and the suturing the free ends together to avoid rawfree edges. Weit et al in a study conducted in 48 diverse group of pediatric patients withdifferent comorbid conditions like asthma, cerebral palsy, Down syndrome, morbidobesity, and hereditary syndromes found that tonsillectomy, adenoidectomy and UPPPare effective in the treatment of OSA and all patients improved significantly withsurgical management.(77)
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Fig 15: Graphical representation of improvement of oropharyngeal airway achieved byUPPP
Other options that can be offered to patients with severe obstruction aretracheostomy, tongue base reduction, hyoid suspension, mandibular advancementsplints and midfacial advancement surgeries.

LASER SUPRAGLOTTOPLASTYCO2 laser is used to vaporize the redundant tissue in the supraglottis especiallynear the aryepiglottic folds and arytenoids to open up the airway and relieve theobstruction. This is commonly seen in children with neuromuscular problems likecerebral palsy. Senders et al reported that out of the 23 children who underwent lasersupraglottoplasty, most of the healthy children did well with 78% immediatelyresolving their respiratory symptoms and 100% within a week.(78)
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Fig 16: (a) Endoscopic view of a narrow supraglottis in a child with cerebral palsy.

(b) Endoscopic view showing improved airway following laser vaporization ofaryepiglottic folds and redundant tissue around the arytenoids in the same patient.
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FOLLOW UPChildren with sleep disordered breathing and sequele should be kept on closefollow up. Post surgical treatment, polysomnography should be repeated after 6 weeksso that enough time is given for airway to remodel. Any symptoms or signs ofprogression of the disease must be identified and treatment should be initiated at theearliest to prevent irreversible damage.
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MATERIALS AND METHODS

The purpose of this study was to assess the cognitive impairment and behavioralcharacteristics in children who snore and compare it children who don’t.
INSTITUTIONAL REVIEW BOARD:

The study was approved by the Institutional Review board and the Ethicscommittee. The research funding was obtained from the fluid research grant of theinstitution.
STUDY DESIGNThis was a hospital based cross-sectional prospective study.
STUDY SETTINGThe study was conducted in a tertiary care hospital. It is a 2, 600 bedded hospitalwhich caters to nearly 1, 20, 000 inpatients and 1.9 million outpatients annually.The study group (snoring group) comprised of children between the age group of 4-9who presented to ENT OPD with complaints of snoring. The comparison group (nonsnoring group) consisted of siblings or close relatives (between 4-9 years) of children inthe study group or children who came to ENT OPD with other complaints and who donot snore.The study was conducted at the departments of ENT and Developmentalpediatrics.
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PERIOD OF STUDY:The study was carried out from February 2014 to September 2014; total of 8months.
EXPOSURE FACTORThe exposure factor that was studied was the presence of snoring.
DIAGRAMMATIC ALGORITHM OF THE STUDY
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PATIENT SELECTION

INCLUSION CRITERIA:

• Study group – Children between 4-9 years who presented with snoring.
• Comparison group –Siblings or close relatives of study group children betweenthe age group of 4-9 years or children of same age group who presented to ENToutpatient department with other complaints, but who do not snore.
EXCLUSION CRITERIA:Children with the following abnormalities were excluded from the study
• Syndromic children
• Developmental delay
• Neuromuscular disorders
• Systemic illness
• Cardio pulmonary illness
• Significant hearing loss

METHODParents of children who came to ENT outpatient department with complaints ofsnoring, who satisfy the inclusion and exclusion criteria, were invited to participate inthe study. Parents were also invited to enroll siblings, who do not snore to participate inthe study, as a comparison group. Parents of children who presented to the ENToutpatient department with complaints other than snoring, in the age group of four tonine years, were also invited to participate in the comparison group.  They were
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explained that some of the investigations done during this study may not be part ofroutine clinical practice and that they would not derive any direct benefit. Those whowere willing to participate in the study were enrolled. An informed consent was takenfrom the parents/ caregivers, and an assent from the children over seven years.
STUDY GROUPChildren in the study group (snoring group) underwent a detailed history andENT examination including hearing evaluation by pure tone audiometry andtympanometry. Then they were administered the OSA 18 questionnaire for evaluationof quality of life due to snoring. They underwent a cognitive evaluation using the Binet-Kamat IQ test and behavioral evaluation using the Revised Connor’s Parent Rating Scalein the Department of Developmental Paediatrics on prior appointment. In the studygroup X-ray nasopharynx and nasal endoscopy was done to evaluate adenoidhypertrophy and overnight pulse oximetry to assess the severity of snoring usingMcGill’s grading system.
COMPARISON GROUPChildren in the non snoring group underwent a detailed history and ENTexamination including hearing evaluation by pure tone audiometry and tympanometry.Then they were administered the OSA 18 questionnaire to rule out snoring. Then theyunderwent a cognitive evaluation using the Binet-Kamat IQ test and behavioralevaluation using the Revised Connor’s Parent Rating Scale in the Department ofDevelopmental Paediatrics.
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VARIABLES STUDIED

OSA 18 QUESTIONNAIREOSA 18 questionnaire is a questionnaire used to assess the quality of life (QOL)in children with sleep-disordered breathing (SDB). It was administered to the parents ofthe children in both the groups by the principal investigator after explaining thecontents in a language clearly understood by them. We used OSA 18 questionnairetranslated into local language which was verified by professionals.The survey consists of 18 items grouped in 5 domains: sleep disturbance (4items), physical suffering (4 items), emotional distress (3 items), daytime problems (3items) and caregiver concerns (4 items).The overall survey score was calculated as themean of these 18 items. A point scale ranging from 1(none of the time) to 7 (all of thetime) was used to grade the relative severity of the problem addressed in each item. Thetotal score, the domain score, and the item score were recorded.The OSA-18 total scores on the survey were classified asMild (<60)Moderate (≥60 to ≤80)Severe (>80)
BINET-KAMAT IQ TESTThe Intelligence Quotient or IQ score has lasting imprint on the psycho-socialdevelopment of children. In order to assess the intellectual development, the presentstudy used the Binet - Kamath Intelligence test, a standardised IQ test for the Indianpopulation. This scale has its basis on the Stansford - Binet scale. It concentrates onverbal and simple manipulative tasks to test and assess complex intellectual processes
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such as judgement, reasoning, memory, comprehension, word definition and problemsolving.The test was administered by trained psychologists in the department ofDevelopmental Paediatrics on prior appointment. The psychologists sat with the childand parents and each step of the test was explained to them in the local languageclearly.  In this study, test items for four to nine years were used.  The psychologiststarted with the tests for three year olds and proceeded to the items of the next levels.Each test item carries a score of 2 months. The age at which the child completed all the 6items was considered as the basal age. The mental age was calculated by adding 2scores each for the total number of completed items along with the basal age.
Then the intelligence Quotient (IQ) can be calculated using the formula,
IQ =MA/CA x 100where MA is the mental age and CA is the chronological age
The results were scored and graded as the following
< 69 – extremely low70-79 - borderline80-89 - low average90-109 - average110-119 – high average120-129 – superior>130 – very superior
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REVISED CONNOR’S PARENT RATING SCALERevised Connor’s Parent Rating Scale is an assessment tool that prompts a child'sparent to provide valuable information about the child's behavior. After explainingclearly the purpose and content of the test in the local language, the test wasadministered by a trained psychologist to the parents of children in both the snoringand non snoring group at the department of Developmental Pediatrics.In this test, a set of questions on child’s behavior and response to varioussituations was asked to the parents and their reply was assessed and scored by atrained psychologist. The response was scored for each of the following behavioralabnormalities namely:
- Oppositional behavior
- Cognitive problems / inattention
- Hyperactivity
- Attention deficit hyperactivity disorder.Total score above the 50th percentile for each behavioral abnormality was taken assignificant.
X-RAY NASOPHARYNXIt was done only in children in the snoring group, to assess the presence andthickness of adenoid tissue and to assess the nasopharyngeal space. It is an indirect wayto assess the obstruction at the level of nasopharynx.X-ray nasopharynx - lateral view was taken and the adenoid- nasopharynx (A-N) ratiowas calculated as follows:
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A-N ratio - is the ratio between the maximal thickness of the adenoids and the distancemeasured along a line from the posterior-superior edge of the hard palate to thespheno-occipital synchondrosis on the base of the skull(79) –
Graded as 1 – 4Grade 1 - <25% Grade 2 - 26-50%Grade 3 - 51-75% Grade 4 - >76%

Fig 17: X ray Nasopharynx – lateral view showing adenoid hypertrophy. A - Maximumadenoid thickness, N - distance measured along a line from the posterior-superior edgeof the hard palate to the spheno-occipital synchondrosis on the base of the skullindicating nasopharyngeal space.
RIGID NASAL ENDOSCOPYRigid nasal endoscopy was used for visualizing and grading the size of theadenoids only in children in the snoring group. After explaining the procedure to the
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parents, consent of the parents and assent of children more than seven years wasobtained by the principal investigator. Both nasal cavities were decongested with cottonpledgets soaked in lignocaine and oxymetazoline nasal drops. A ‘0’ degree paediatricnasal endoscope of 2.7 mm diameter attached to a camera was passed along the inferiormeatus, between the septum and inferior turbinate to the choana. The nasopharynx wasvisualised along with adenoid tissue if present. The overall size of the adenoid and itsrelation to Eustachian tube and choana were noted. The procedure was repeated on theopposite side and graded. A modified endoscopic grading was used.
Airway - graded 0-4.A0 – No adenoid tissueA1 – Adenoid tissue <25% of the airwayA2 – Adenoid tissue 26-50% of the airwayA3 – Adenoid tissue 51-75% of the airwayA4 – Adenoid tissue >76%
Choana -graded 0-2C0- No choanal obstructionC1 – Choanal Obstruction <50%C2 – Choanal Obstruction >51%
Eustachian tube obstruction graded 0-1E0 – Not abutting Eustachian tubeE1 – Abutting the Eustachian tube
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The rigid nasal endoscopic findings were graded according to the system that has beendevised by our own department.
TONSILLAR HYPERTROPHY:Tonsillar hypertrophy was graded according to the size and space the tonsiloccupies in the oropharynx. After explaining the procedure, the child was asked to openthe mouth fully and the tongue depressed using a metal tongue depressor. Theoropharynx was well visualised and the size of the tonsil assessed.

Grade 1 - Tonsils occupy less than 25 percent of the lateral dimension of theoropharynx as   measured between the anterior tonsillar pillarsGrade 2 – Tonsils occupy less than 50 percent of the lateral dimension of theoropharynx.Grade 3 - Tonsils occupy less than 75 percent of the lateral dimension of theoropharynx.Grade 4 - Tonsils occupy 75  percent or more of the lateral dimension of theoropharynx.(80)

Fig 18:  Schematic diagram showing grading of tonsillar hypertrophy
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OVERNIGHT PULSE OXIMETRYThe gold standard for the assessment of sleep quality and sleep disorderedbreathing is polysomnography. Pulse oximetry uses the technology to estimate thearterial oxygen saturation based on the detection of pulsatile blood flow and ondiffering absorption spectra of oxyhaemoglobin and deoxyhaemoglobin. Overnightpulse oximetry can be used a screening tool for OSA and may provide a crude estimateof severity.(55)After obtaining consent, the children in the snoring group were admitted in theENT ward for overnight pulse oximetry. A paediatric probe was attached to the indexfinger of either hand of the child and the pulse oximetry values were recorded using aPhilps portable pulse oximeter every 15 seconds for a minimum of 4 hours of overnightsleep. The data was retrieved from the machine on a flash drive and analysed. TheMcGill Oximetry Score given below was used as a validated system to score theovernight pulse oximetry values.

Fig 19 : McGill scoring system for pulseoximetry study
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In children over one year of age, suspected of having OSA, a positive overnightoximetry has a positive predictive value of 97% and a negative predictive value of47%.(52)
SAMPLE SIZE CALCULATION:With a mean difference of 8 points in IQ score (clinically significant), an alphaerror at 5% and power at 80% we need to study 25 children in each arm.
FORMULA:

n = 2 SD2 (Zα + Zβ)
d2

Where n = sample size SD = Standard deviationd = difference in values Zα = type 1 errorZβ = type 2 error with power = 80%
SAMPLE SIZE:

Two Means - Hypothesis testing for two means (equal variances)Standard deviation in group I = 10Standard deviation in group II = 10Mean difference   = 8Effect size = 0.8Alpha Error (%) = 5Power (%) = 80Sided = 2Required sample size per group = 25Required sample size in each of the snoring & non snoring groups = 25,Total = 50
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STATISTICAL ANALYSIS

The details of each patient were collected using the clinical research form and dataentry was done using the EPIDATA software. The entered data was analysed usingSTATA 13. Continuous variables were analysed with t-test for that follow normaldistribution and Mann Whitney U test for that don’t follow normal distribution.Categorical variables were analysed with Chi- square test and those with small numberswere analysed with Fischer’s exact test.
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RESULTS

The study consists of two groups. Snoring group consisted of 26 children andnon snoring group consisted of 25 children. The data was analysed using STATA 13software using the appropriate statistical tests.
AGE

Fig 20: Chart showing the age distribution of children studied in both the groups
Children between the age group of 4-9 years old were included in the study. Themean age of children in the snoring group was 5.96years (SD = 1.59) and those in thenon snoring group was 6.28 years (SD = 1.77). There was no statistical differencebetween the two groups.
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SEX

Fig 21: Chart depicting sex distribution of children in both groups
There was slight male preponderance in both the groups. There was no significantdifference between the two groups. (p = 0.516).
BODY MASS INDEX (BMI)

Fig 21: Chart depicting the BMI of children in the study groupsChildren in both the groups had similar median values of weight (23 kg) andmean height of children (snoring group 116.42cm (SD = 13.85) and in the non snoringgroup 118.98cm (SD = 14.07)). Body mass index of the children was similar in bothgroups with a median BMI of 16.6, but was generally under the lower limit of normal
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BMI (less than <5th percentile). There were no overweight children (85th to less than95th percentile) in the snoring group.The head and neck circumferences in children did not vary much, with a medianof 49cm & 24.5cm and 50cm & 25 cm of head & neck circumference respectively, insnoring and non snoring groups. These values were within normal limits for their agegroup. It correlates with the similar BMI values between the two groups.
SNORINGSnoring was the exposure factor studied in these children and 65.38% children hadsnoring for more than 1 year.
DURATION OF SNORING

Fig 22: Chart describing the duration of snoring in children
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FREQUENCY OF SNORING

Fig 23: Pie - chart depicting frequency of snoring in children
Children who had snoring more than six month were included in the study. Majority ofthe children (50%) had snoring everyday for over a year.
ASSOCIATED SYMPTOMS

Fig 24: Chart showing the associated symptoms in children in the snoring group
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Children in the snoring group had significantly more episodes of witnessedapnoeas, chocking at night and day time sleepiness. However, the parents did not feelthat the sleep was non-refreshing. Nocturia was an infrequent symptom among childrenwith snoring.
Symptoms Snoring p-valueYes No
Witnessed apnoeas Yes 8 0

0.004No 18 25
Choking at night Yes 5 0

0.051No 21 25
Non refreshing sleep Yes 6 1 0.099No 20 24
Excessive day time sleepiness Yes 10 0

0.001No 16 25
Nocturia Yes 3 0 0.235No 23 25Mouth Breathing Yes 25 2 <0.001No 1 23
Table 1: Table comparing associated symptoms of snoring between snoring and nonsnoring group
ENT SYMPTOMS

Children in the snoring group had significant nasal obstruction (46.15%) andmouth breathing (96.15%) compared to those in the non snoring group. This was
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statistically significant (p<0.05). So the site of upper airway obstruction in thesechildren could be at the level of nasal airway or nasopharynx.

Fig 25: ENT symptoms in children with snoring
Children with significant hearing loss were excluded from the study, as it wasfelt that hearing loss might interfere with IQ and behavioral assessment. Hence, it wasnot possible to assess ear symptoms and OME in this group. Half of the children snored,had nasal obstruction as nasal symptom which might have been the cause for significantmouth breathing which was present in all the patients but one.
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Variables Snoring p-valueYes (%) No (%)
Nasalobstruction Yes 12 (46.15) 2 (8)

0.002No 14 (53.85) 23 (92)
URI symptoms Yes 12 (46.15) 4 (16)

0.02No 14 (53.85) 21 (84)
Table 2: Table comparing the significant ENT symptoms between children in thesnoring and non snoring group

46% of the children in the snoring group gave history of recurrent respiratorytract infections, which was statistically significant and nasal obstruction (p = 0.02). Theobstruction of the nasopharynx due to the enlarged adenoids or the increased nasalresistance due to the upper respiratory infection may lead to sleep disorderedbreathing.
ADENOTONSILLAR HYPERTROPHYMost common cause of sleep disordered breathing in children is adenotonsillarhypertrophy. Adenoid hypertrophy obstructs the nasopharyngeal airway and tonsillarhypertrophy obstructs the oropharyngeal airway,
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Fig 26: Tonsillar hypertrophy grading compared between snoring and non snoringgroup
Majority of the children (65%) in the snoring group had significant tonsillarhypertrophy (grade 3 or 4). This was in contrast to the non snoring group where therewere no children with grade 3 or 4 tonsillar hypertrophy. This was statisticallysignificant (p <001).

ADENOID HYPERTROPHYAdenoid hypertrophy cannot be visualized clinically and need either X - rays orsemi invasive procedure like nasal endoscopy for evaluation. So adenoid, assessmentwas done only for children in the snoring group.
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Fig 27: Adenoid thickness (SD - 3.54) and Nasopharyngeal space (SD - 4.65) in childrenwith snoring
On X-ray Nasopharynx lateral view, adenoid tissue was found to be enlarged in88% in the snoring group, obstructing the nasopharyngeal airway leading to snoringand sleep disordered breathing. The mean adenoid thickness and dimension of thenasopharyngeal space noted was 19.22mm was 31.45mm respectively.

Fig 28: A-N ratio grading in children with snoring.
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On calculating the adenoid - nasopharyngeal (A-N) ratio to assess the obstructionat the nasopharyngeal level, most of the children (21/26) had 51-75% (mean – 61.08+/-9.33) obstruction at the nasopharyngeal level with two more nasopharynx, which issignificant.
NASAL ENDOSCOPY

Fig 29: Nasal endoscopy findings in children with snoring
On nasal endoscopy, all the children with snoring had significant adenoidhypertrophy (> 50% obstruction). 25 of the 26 children had obstruction of the choanawith 9 of them having more than 50% obstruction of the choana. In 50% of the childrenthe adenoid hypertrophy was abutting the eustachian tube orifice. These findings alongwith significant tonsillar hypertrophy ascertains the fact that adenotonsillarhypertrophy is indeed the site of upper airway obstruction in these snoring children ofthis age group.



74

OSA 18 QUESTIONNARE SCORE

Fig 30: OSA grading based on OSA 18 questionnaire scores in children with snoring
On assessing the severity of OSA based on the OSA 18 quality of lifequestionnaire, 50% of the children with snoring had score >60 suggestive of moderateto severe form of OSA. This is in sharp contrast to non snoring group, were none of thechildren had any noticeable problems associated with quality of life related to sleepdisordered breathing. This finding was statistically significant (<0.001) and severity ofOSA has an adverse affect on the quality of life in children with snoring.
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OVERNIGHT PULSE OXIMETRY SCORE

Fig 31: Overnight pulse oximetry study result in children with snoring
Overnight pulse oximetry was done as a surrogate marker for polysomnographyto quantify the severity of OSA. The study was inconclusive in 81% of the children. Thisindicates that although the children may be having sleep disordered breathing andquality of life issues due to the same, it may not be severe enough to cause changes inoxygen saturation levels in the blood.
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BINET – KAMAT IQ TEST SCORE

Fig 32: Comparison of IQ test score of children in both the groups
Cognitive impairment in children was assessed using Binet-Kamat IQ test in thesnoring children and the children in the non snoring group. Most of the children in boththe groups had average IQ score indicating normal cognitive abilities in these childrenfor their age groups. However there was a trend for lower IQ in the snoring groupalthough not statistically significant (p =0.155). A sub group analysis of the snoringgroup was done comparing the less severe to the more severe form of SDB.
IQ score Snoring Group (%) Non snoring group (%) p-value<90 7 (26.92) 3 (12) 0.18>90 19 (73.08) 22 (88)Table 3: Comparison of IQ test score of children in both the groups

IQ Test Score
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BEHAVIORAL CHANGESRevised Connor’s Parent Rating Scale was used to detect any behavioralabnormality in children with snoring. The questionnaire used assesses the behavior ofthe child mainly in 4 domains as follows. Score less than 50th percentile is consideredabnormal.
1. OPPOSITIONAL BEHAVIOR

Fig 33: Comparison of Revised Connor’s Parent Rating Scale score foroppositional behaviorMajority of children in both the groups did not have oppositional behavior.  Ninechildren in the snoring group had oppositional behavior (34.62%) as compared to three(12%) in the non snoring group, which was tending towards statistically significance(p=0.057).
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2. COGNITIVE/ INATTENTION PROBLEMS

Fig 33: Comparison of Revised Connor’s Parent Rating Scale score forCognitive/inattention problems
77% of children with snoring and 88% of non snoring children scored normal ontesting for cognition/inattention problems in their behavior. There was no statisticallysignificant difference between the two groups (p=0.465).

3. HYPERACTIVITY

Most of the children in the snoring group (73%) and the non snoring group(80%) did not have hyperactivity as a behavior problem. There was no statisticallysignificant difference between the two groups (p=0.56)
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Fig 34: Comparison of Revised Connor’s Parent Rating Scale score forCognitive/inattention problems
4. ATTENTION DEFICIT HYPERACTIVITY DISORDER (ADHD)

Fig 35: Comparison of Revised Connor’s Parent Rating Scale score forCognitive/inattention problems
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69% of children with snoring and 84% of non snoring children scored normal ontesting for attention deficit hyperactivity disorder. There was no statistically significantdifference between the two groups (p=0.214).
OSA SEVERITYIn the study, the snoring group was selected based on parental history ofsnoring. On analysis it was seen that 50% of this group had <60 score on OSA 18questionnaire, suggestive of only milder morbidity due to SDB. Since there was a trendtowards significance in the cognitive assessment (Binet-Kamat IQ test) a sub groupanalysis was done to assess if the more severe form of SDB resulted in poor cognition.The two groups were divided according to whether the OSA 8 score was less than ormore than 60.

Variables Groups OSA 18 p-value<60 (%) >60 (%)Gender Male 11 (84.62) 6 (46.15) 0.097Female 2 (15.38) 7 (53.85)
Table 4: Sex distribution of children with snoring divided based on OSA 18 score

Variables OSA 18 score p-value<60 (SD) >60 (SD)Age 5.92 (1.65) 6 (1.58) 0.905Height 116.08 (15.96) 116.77 (12.05) 0.902Weight 21.12 (6.12) 23.46 (5.64) 0.319
Table 5: Demography of children with snoring divided based on OSA 18 score

Male children were common in the group with mild morbidity due to OSA,compared to those with moderate to severe morbidity due to OSA, were females wereslightly more than males, but were not statistically significant (p 0.097). Children in
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both groups had similar age distribution with a mean age of 6 years and heightdistribution with a mean height of 116.08cm.On calculating body mass index of these children, it was found that there was astatistically significant difference between both the groups, with children withmoderate to severe morbidity having high BMI compared to those with mild morbiditydue to OSA (p 0.015).

Fig 36: BMI in children in the snoring group divided based on OSA 18 score
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Fig 37: Duration of snoring in children divided based on increasing morbidity of OSA
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Most of the children in both the groups gave history of minimum of 1 year ofsnoring during sleep. Children with moderate to severe morbidity due to OSA werefound to have more duration of snoring compared to those with mild morbidity. Thismay lead on to more complications or sequele in those with severe forms of OSA.
FREQUENCY OF SNORING

Fig 38: Frequency of snoring in children divided based on increasing morbidity of OSAMost children (92%) with moderate to severe OSA had snoring every daycompared to those with mild OSA in whom only just more than half (53%) of thechildren had snoring every day.
Symptoms Groups OSA 18 p-value<60  (n) >60  (n)Witnessed apnoeas Yes 2 6 0.202No 11 7Choking at night Yes 2 3 >0.95No 11 10Excessive day timesleepiness Yes 3 7 0.107No 10 6Non-refreshing sleep Yes 2 4 0.645No 11 9Nocturia Yes 1 2 >0.95No 12 11Mouth breathing Yes 12 13 >0.95No 1 0Table 6: Symptoms associated with snoring in children divided based on OSA 18 score
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Mouth breathing was present in most children in both groups. There were morechildren with witnessed apnoeas and excessive day time sleepiness in the more severeSBD, but the numbers were small to be statistically significant.
X-ray measurements OSA 18 p-value<60 (SD) >60 (SD)A-N ratio 57.08 (9.21) 65.08 (7.88) 0.026

Table 7: X-ray measurements in snoring children divided based on OSA 18 score
The A-N ratio was more in those with severe morbidity due to SDB (65.08 in thesnoring group vs 57.08 in the non snoring group). This was statistically significant witha p value of 0.026. Adenoidal enlargement may lead to obstruction of the choana andincreased nasal resistance contributing to increased morbidity in this group.

Fig 39: A-N ratio grading in snoring children grouped based on OSA 18 score
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NASAL ENDOSCOPY

Grading OSA 18 p-value<60 (%) >60 (%)Adenoidhypertrophy < 25% 1 (7.69) 1 (7.69)
0.006

26-50% 8 (61.54) 1 (7.69)51-75% 4 (30.77) 11 (84.62)>75% 0 (0) 0 (0)Choanalobstruction No obstruction 1 (7.69) 0 (0) >0.95<50% 8 (61.54) 8 (61.54)>50% 4 (30.77) 5 (38.46)Eustachian tubeopening Not abutting 9 (69.23) 4 (30.77)
0.050Abutting 4 (30.77) 9 (69.23)Table 8: Nasal endoscopy findings in snoring children grouped based on OSA 18 score

On rigid nasal endoscopy, children with OSA 18 score >60 had significanthypertrophy of adenoid tissue compared to those with score <60 (p =0.006) indicatingthat as the size of the adenoid tissue increases, the severity of OSA also increases.Significant abutment of the eustachian tube opening was noticed in children with highOSA 18 score (>60) compared to those with score<60 (p = 0.050).
TONSILLAR HYPERTROPHY

Fig 40: Tonsillar hypertrophy grading in snoring children grouped based onOSA 18 score
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Similar to adenoidal hypertrophy, tonsillar hypertrophy was more common inthe more severe group with 11 of the 13 children having significant hypertrophy.
BINET-KAMAT IQ TEST SCORE

Fig 41: Comparison of IQ test score of children in both the groups
On comparing children based on the OSA 18 questionnaire score and increasedseverity of OSA, 6 children in the severe group (46.25%) had scores below 90 as againstone in the mild group. This was statistically significant suggesting that cognitiveimpairment is more in the more severe group (p=0.009).
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BEHAVIORAL CHANGES

Grading OSA 18 p-value<60 (%) >60 (%)
Oppositionalbehavior <50th percentile 5 (38.46) 4 (30.77) >0.95>50th percentile 8 (61.54) 9 (69.23)
Cognitive/inattentionproblems <50th percentile 5 (38.46) 1 (7.69) 0.16>50th percentile 8 (61.54) 12 (92.31)
Hyperactivity <50th percentile 4 (30.77) 3 (23.08) >0.95>50th percentile 9 (69.23) 10 (76.92)
ADHD <50th percentile 5 (38.46) 3 (23.08) 0.673>50th percentile 8 (61.54) 10 (76.92)
Table 9: Comparison of scores assessing abnormal behavior of children in both thegroupsChildren in both the groups did not exhibit any significant behavioralabnormalities. Sub group analysis also did not reveal any difference between the 2groups. However, a study with more numbers is required to check this hypothesis.
OVERNIGHT PULSE OXIMETRY STUDY

Overnight Pulseoximetry Result OSA 18<60 (%) >60 (%)Inconclusive 11 (84.62) 10 (76.92)Positive 2 (15.38) 3 (23.08)
Table 10: Comparison of overnight pulse oximetry study result of children in both thegroups
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In this study, overnight pulse oximetry study was done to assess the severity ofOSA in snoring children. Only 5 children had a positive study according McGill scoringsystem. Out of these 3 children (23%) had OSA 18 questionnaire score >60 whichsuggested moderate to severe OSA and 2 children (15.38) had <60 score suggestingmild OSA. The clinical profile and study findings of these 5 patients are given below:
Clinical profile ID NO:28 ID NO:32 ID NO:35 ID NO:39 ID NO:45Age 7 yrs 8yrs 8 yrs 4 yrs 6 yrsSex Male Male Female Female FemaleBMI 15.9 19.2 17 16.3 17.2Tonsillarhypertrophy Grade 2 Grade 3 Grade 3 Grade 3 Grade 3A-N ratio grading Grade 2 Grade 3 Grade 3 Grade 3 Grade 4Adenoid enlargement 50% 75% 75% 75% 75%
OSA 18 Score <60-Mild >60 –Moderate >60 –Severe <60 –Mild >60 –ModerateIQ test score >90 <90 <90 >90 >90Oppositionalbehavior <50thpercentile >50thpercentile >50thpercentile <50thpercentile >50thpercentileCognitiveproblems/inattention <50thpercentile >50thpercentile >50thpercentile <50thpercentile >50thpercentile
Hyperactivity <50thpercentile >50thpercentile >50thpercentile <50thpercentile >50thpercentile
ADHD <50thpercentile >50thpercentile >50thpercentile <50thpercentile >50thpercentile

On analyzing the test results in these children with positive pulse oximetrystudy, 2 children had behavioral abnormalities in all domains and minimal quality of lifeissues on OSA 18 questionnaire score indicating mild morbidity due to OSA. But they didnot manifest any neurocognitive impairment on IQ test or quality of life issues in OSA.
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Whereas, two children with positive pulse oximetry study and high OSA 18questionnaire score indicating moderate to severe morbidity due to OSA, had poor IQscore suggestive of neurocognitive impairment but did not manifest any behavioralabnormalities.  One child who had a high OSA 18 questionnaire score suggestive ofmoderate morbidity due to OSA and a positive pulse oximetry study did not manifestany cognitive impairment or any behavioral abnormality. The numbers wereinsignificant for statistical analysis.The study showed that there were trends in changes in cognition and behaviorin children with snoring, although not statistically significant. Sub group analysis basedon severity of SDB (based on OSA 18 questionnaire), showed that cognitive impairmentis more in children with severe form of SDB.



89

DISCUSSION

In this study we aimed to find out the presence of cognitive impairment andbehavioral changes in snoring children in the Indian population and its association withseverity of obstructive sleep apnoea.  Children with snoring did not exhibitneurocognitive impairment and behavioral changes compared to those without snoring.These children were found to have significant quality of life issues with those who donot snore but overnight pulse oximetry study was inconclusive in most of the children.On assessing children based on severity of sleep disordered breathing (based on OSA 18score), those children who had moderate to severe quality of life issues (OSA 18 score>60) had significant neurocognitive impairment but no behavioral changes.
DEMOGRAPHYThe prevalence of primary snoring in children is 8-12% and that ofobstructive sleep apnoea is 2-3%.(2) Redline et al from USA, Ali et al from Britain andGisalson et al from Iceland found the prevalence of OSA to be nearly 2% in children intheir respective studies.(14,81,82) The tonsils and adenoid are largest compared to theunderlying upper airway size, between the ages of 3 and 8 years,  which makes theupper airway narrow. This is because in childhood, the bony boundaries of upperairway slowly expand while adenoid and tonsil grow rapidly.(3) The peak incidence ofpaediatric OSA coincides with this age group and size disparity.(8) The mean age of thesnoring children who participated in our study was 5.96yrs (SD-1.59) and that in thenon snoring group was 6.28yrs (SD-1.77). These findings were similar to that in the restof the literature.(3, 10, 84) Most of the community based studies have includedpreschool children or primary school children of this age group in their studies.
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Brockmann et al studied 524 primary school children to assess the prevalence ofprimary snoring and its association with neurocognitive impairment and found aprevalence of 6.1% in these children.(10)Unlike in adults where OSA is common in males, gender differences have notbeen observed in the prevalence of OSA among prepubertal children. It is postulated tobe due to absence of hormonal effects on the larynx in the prepubertal age group.(84)However in our study, out of the 26 children studied, there was a male preponderance(65% (17) were boys and 35% (9) were girls.Obesity is a major risk factor for developing pediatric OSA. An epidemiologicstudy by Redline et al involving 399 children and adolescents between the age group of2 and 18 years showed that obesity was the most significant risk factor for developingOSA, with an odds ratio of 4.5.(14) In our study the median weight, height, neck & headcircumference were within the normal limits for the appropriate age. The median valueof the body mass index calculated for children in both the groups was found to bearound 16.6 in the snoring group and 16.3 in the non snoring group. This suggests thatmost of the children had their BMI near the lower limit of normal BMI values for theirage (5th percentile to less than the 85th percentile). These findings are not inaccordance with the literature. This could be because the children came from a lowersocioeconomic background. Also adenotonsillar hypertrophy is the most common causefor sleep disordered breathing in children of these age group.
SNORINGIn our study, 50% of the children in the snoring group, snored for 1-2yrswhereas, 30% children snored for 6months to 1 year and 15% snored more than 2years. 73% of these children snored everyday and rest of the on most of the days.
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Beebe et al, in a study involving 249 children showed that persistent snorers(>2times a week for 2 consecutive years) had significantly higher reported overallbehavior problems especially depression (p <0.001), hyperactivity (p <0.001) andinattention (p<0.01).(76) Kohler et al, after a critical analysis of literature relating tosnoring and cognitive impairment in children, postulated that the relationship betweenneurocognitive impairment and snoring may be more related to the age of disease onsetor disease duration rather than the current  severity of sleep disordered breathing.(65)In our study, snoring children had significant choking episodes during sleep(p=0.05), witnessed apnoeas (p=0.004), excessive day time sleepiness (p=0.001) andmouth breathing (p=<0.001) compared to those in the non snoring group. These arewell described associated symptoms of sleep disordered breathing in pre and primaryschool children. Excessive daytime sleepiness is more seen in adolescents and adultswhereas hyperactivity or inattention is more seen in children.(3) Children in our studyhad significant nasal obstruction (p=0.002) and recurrent upper respiratory tractinfections (p=0.02) which increases nasal resistance and cause upper airwayobstruction and sleep disordered breathing.
ADENOTONSILLAR HYPERTROPHYAdenotonsillar hypertrophy is the most common cause for sleep disorderedbreathing in children. Valera et al observed a higher tendency of apnea in 152 preschoolchildren with adenotonsillar hypertrophy than in 115 school going children (p<0.01)they studied.(85) Tagaya et al noted that adenoid size and the apnea indexsignificantly correlated in 33 preschool children (r=0.45, p<0.01), but not in the 25school-aged children.(86) Kang et al, in a study involving 495 children, showed thattonsil grade (r=0.33, p<0.001), and adenoid size (r=0.24, p<0.01),were both positively
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related to AHI in toddlers and preschool children and in both obese and non-obesechildren proving that adenoid hypertrophy (OR=1.89; 95% CI - 1.19-3.00) and tonsillarhypertrophy (OR=3.15; 95% CI 2.04-4.88) are significant risk factors for OSA.(83)Our study also showed statistically significant tonsillar hypertrophy (p=<0.001)in children with snoring compared to non snoring children. Children with snoring had ahigh A-N ratio (88.3% - ≥Grade 3) and clinically significant adenoid hypertrophy(57.9% - ≥Grade 3) causing obstruction of choana (34.6% - ≥50% obstruction) andblockage of eustachian tube orifice (50%) was noticed on rigid nasal endoscopy. Thesefindings are in correlation with other studies in literature.
OSA 18 QUESTIONNAIRE SCOREPediatric OSA has a substantial impact on the quality of life of both thechild and the caregiver.(87) This is confirmed by Franco et al who introduced andvalidated the OSA 18 questionnaire in 61 children and found to have significantrelationship between OSA-18 score and respiratory distress index (r=0.26, p=0.016).(88) Gomes et al in a study of 59 children found that sleep disordered breathing inchildhood causes impairment in quality of life with a mean score of OSA 18 77.9 ± 13.22and areas most affected sections in the OSA-18 questionnaire were: caregiver concerns(21.8 ± 4.25) , sleep disturbance (18.8 ± 5.19)  and physical suffering (17.3 ± 5.0).(89)Fischer et al even suggested OSA 18 questionnaire can be used to replacepolysomnography in children with OSA.(90) However, there are several studies thatshow poor validity of OSA 18 questionnaire score as diagnostic tool for predicting ordetecting OSA in children. Borgstrom et al concluded that OSA-18 score showed poorcorrelation with AHI values (r=0.17, p<0.05) and did not detect moderate-to-severe OSAin the majority of the 225 study subjects they studied.(91) Spruyt et al in their review of



93

currently available pediatric sleep questionnaires as diagnostic or epidemiological toolsincluding OSA-18 found that none of the 183 instruments reviewed were found to haveany diagnostic power.(92) This illustrates the difficulty to accurately detect SDB andOSA in children using this type of subjective questionnaires.In our study, OSA 18 score of snoring children was high when compared to nonsnoring children with 50% of children showing score >60 suggesting moderate tosevere quality of life issues. This finding was statistically significant (p<0.001). This is inaccordance with other studies that confirm quality of life issues in children withsnoring.
OVERNIGHT PULSEOXIMETRYBrouillette et al showed that 90 out of 93 children who was reported as positiveoximetry study had polysomnography positive OSA suggesting overnight pulseoximetry has a positive predictive value of 97% and no further investigation isnecessary to confirm OSA in those with a positive study.(52) However, the sensitivity ofovernight pulse oximetry was low (40%), confirming that a normal oximetry result doesnot rule out a diagnosis of OSA in children.(54)Nixon et al described and validated the McGill scoring system, for overnightpulse oximetry in children as a tool for planning intervention like adenotonsillectomy inchildren with obstructive sleep apnea. Of the 230 children tested, 179 (78%) had anormal/ inconclusive oximetry and went on to have PSG. Those with a positive oximetry(22%) had no additional sleep studies before adenotonsillectomy.(55) For those withhigh oximetry scores, the timing of adenotonsillectomy was based on oximetry score,leading to a significant reduction in waiting time for surgery. Postoperative respiratorycomplications were more common with increasing oximetry score. Hence it was
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concluded that, overnight pulse oximetry can be used to estimate the severity of OSA, toshorten the diagnostic and treatment process for those with more severe disease, and toaid clinicians in prioritization of adenotonsillectomy and planning perioperativecare.(55)In our study, overnight pulse oximetry was done in children with snoring andonly 19% of the children (5/26) showed a positive study. It could be due to the lowsensitivity of pulse oximetry to diagnose OSA as described by other studies in literature.This could also be due to the low sensitivity of the pulse oximeter used or the lack ofproper setting which mimic natural condition to induce normal sleep in these children.Constantin et al evaluated the sensitivity and negative predictive value of theOSA-18 in comparison with an objective measure (but not PSG), the McGill OximetryScore in 334 children (mean age: 4.6 years; 58% male) and found that both poorsensitivity (40%)  and low negative predictive value (73%) for detecting moderate-to-severe OSA in children.(93)We used the OSA 18 score along with overnight pulse oximetry to assess themorbidity and severity of OSA in snoring children in this study. In contrast to the OSA18 quality of life questionnaire which showed 50% of the children with snoring hadmoderate to severe morbidity due to OSA, overnight pulse oximetry study done in thesechildren was inconclusive in 81% of the children. However, out of the 5 children whohad positive pulse oximetry study, 3 showed high OSA 18 score (>60) suggestive ofmoderate to severe morbidity due to OSA. This indicates that although the children maybe having sleep disordered breathing and quality of life issues due to the same, it maynot be severe enough to cause changes in oxygen saturation levels in the blood.
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NEUROCOGNITIVE ASSESSMENT TESTSThe major outcome studied in this study was the presence of neurocognitiveimpairment and behavioral changes in children with snoring. Guilleminault et al werethe first researchers to detect excessive sleepiness and learning difficulties in 8 schoolgoing  children with snoring in 1976.(62) Kohler et al, in a critical review of literature,found 28 studies which showed neurocognitive deficits in children with sleepdisordered breathing. In 24 of these studies, global verbal, and nonverbal intelligencewas studied and the least  studied domain was sensorimotor functioning.(65) Theyfound that impairment in global intelligence was reported in 65% of studies (13/20).Verbal intelligence impairment was reported in 40% of studies (6/15) where as nonverbal intelligence was seen affected in 50% of studies (6/12). They reported that, 57%of studies (12/21) showed memory deficits, 71.4% studies (9/14) showed attentionproblems and 64.3% studies (9/14) showed defects in executive function. Languageproblems and visual spatial deficits were seen in 54.5% (6/11) and 41.7% (5/12) ofstudies.(65)Different studies have employed different methods to assess different domains ofcognition in children with SDB. In most of the institution based studies, the domain ofintelligence was assessed by a formal IQ test. The commonly used was the WechslerScale of Intelligence for children. It has different subsets to assess verbal ability andverbal recall. These tests assessed the vocabulary appropriate for their age and theirability to recall short sentences and stories. To test the non verbal domains like visualspacial ability, tests based on block designs were used.(66)Another commonly employed test is the Developmental NEuroPSYchologicalAssessment test or NEPSY. This is neuropsychological assessment test designed toassess basic and complex cognitive abilities of children which are not routinely tested in
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basic intelligence tests. NEPSY has subtests which assess different domains of cognitionalong with global intelligence. Attention and executive functions, language,sensorimotor, visual special ability, learning, memory and social perceptions are theindividual domains studied under NEPSY.(67)Beebe et al compared the cognitive functions in 32 snoring children with 17 nonsnoring children using the NEPSY battery of tests and found to have significant cognitiveand behavioral impairment. The study group had impairment in some aspects ofattention & executive functioning (p=0.002) along with evidence of deficits wereobserved on measures of intelligence, verbal memory (p=0.007) and processing speeds(p=0.035).(68)Several retrospective studies analyzed school performance and grades as ameasure of cognitive ability. The main parameters assessed were their scores inmathematics, science, spelling and language. Brockmann et al found that children withsnoring had poor school performance in various subjects like mathematics (29% vs.16%), science (23% vs. 12%) and in spelling (29% vs. 16%) when compared to childrenwho have never snored (33% vs. 20% all p <0.05).(10)Friedmann et al compared cognition of 39 snoring children with 20 controls andusing Kaufman Assessment Battery for Children (K-ABC) subtests and MentalProcessing Composite scale and reported low scores in affected children, indicatingimpaired neurocognitive function. However, no association was seen between theneurocognitive impairment and disease severity in these children.(94) Kennedy et alstudied 13 non snoring and snoring children who underwent polysomnography andneurocognitive assessment before adenotonsillectomy for OSA and reported thatseveral domains of neurocognitive function were reduced in the snoring group. Thesechildren had low mean verbal IQ scores (snorers 92.6 vs. nonsnorers 110.2, P < 0.001),
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mean global IQ scores (snorers 96.7 vs. nonsnorers 110.2, P < 0.005), mean selectiveattention scores (snorers 46.4 vs. nonsnorers 11.8, P < 0.001), mean sustained attentionscores (snorers 8.0 vs. nonsnorers 2.2, P = 0.001), and mean memory index (snorers95.2 vs. nonsnorers 112.1, P = 0.001). They also could establish correlation betweenmemory scores, severity of neurocognitive deficits, respiratory arousals and obstructivehypopnoeas with > or = 3% oxygen desaturations.(95)Calhoun et al, in a population based study on 571 children between 6-12 yearsage reported no significant relationship between apnea - hyperpnoea index andneurocognitive functioning including intelligence, verbal and nonverbal reasoningability, attention, executive functioning, memory, processing speed, and visual-motorskill (p<0.05).(69) They did not find any difference in cognitive functioning betweenchildren with and without sleep disordered breathing.Hence it can be concluded that there are contrasting reports in literature on theassociation of sleep disordered breathing and neurocognitive impairment in snoring.There are also varying reports on the individual domains of cognition affected in thesechildren. This could be due to non standardization and lack of sensitivity of the batteryof tests used to assess the cognitive impairment across studies and different population.In our study, we assessed the global intelligence domain of 26 children withsnoring using Binet-Kamat IQ test which is a validated IQ test for Indian population. Onanalyzing the data we found no significant difference (p=0.155) in IQ values of childrenin the snoring and non snoring group. These could be due to the small number ofchildren studied in our study and larger numbers may show impairment in cognition.This is might be due to the fact that, most of the children had snoring for only 1 year andthat might be too less time for these adverse changes to develop and manifest. Another
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drawback might be the lack of sensitivity of the IQ test used to detect impairment in allthe domains of cognition.Since there was a trend towards significance in the cognitive assessment (Binet-Kamat IQ test) a sub group analysis was done to assess if the more morbid form of SDBresulted in poor cognition. The two groups were divided according to whether the OSA18 score was less than or more than 60. On comparing children based on the OSA 18questionnaire score and increased severity of OSA, six children in the severe group(46.25%) had scores below 90 suggestive of below average intelligence. This wasstatistically significant suggesting that cognitive impairment is more in the more severegroup (p = 0.009).
BEHAVIOR ASSESSMENT TESTSBehavioral abnormalities also have been associated with sleep disorderedbreathing in children. They have been known to occur along with cognitive deficits asthere is considerable overlap noted among these deficits.  Most of the assessment isdone through questionnaires which are answered by parents, caregivers or teachers.The common ones used are the Connor’s Parent Rating Scale which contains 27questions concerning the behavioral pattern of the child. These questions areinterpreted and scored for each of the four domains namely, oppositional behavior,inattention, hyperactivity and attention deficit hyperactivity disorder (ADHD).(70)Another commonly used tool is the Child Behavior Check List (CBCL).(71) It is astandardized test to assess the behavior across different age groups (CBCL/2-3 for 2-3yrs, CBCL/4-18 for 4-18yrs) in children with different set of questions for different agegroups. The responses are converted into scores for different types of behavior namely– internalizing group (withdrawn, anxious or depressed), externalizing group
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(hyperactive, aggressive or depressive behavior) and scores for individual behavioralproblems. Goldstein et al used CBCL for assessing behavioral abnormality in childrenwith OSA and 25% children were found to have significant behavioral problems in theform of anxiety/depression (p<0.01), thought problems (p<0.01), sleep relatedproblems (p=0.009),  and exteriorizing behavior (p<0.01). These parameters hadsignificant correlation with the OSA 18 score (p<0.01).  These findings suggestsignificant association of behavioral changes and quality of life issues due to sleepdisordered breathing in children. They also reported improvement of these adversebehavioral parameters after 3 months of adenotonsillectomy.(72)The Behavioral Assessment Scale for Children (BASC) is an extensively validatedtool to assess the behavioral characteristics in subjects between the ages of 2-18years.(73) It is based on questionnaires answered by both parents and teachers. Thebehavioral abnormalities that can be identified using this tool are hyperactivity, conductProblems, aggression, attention, depression, and anxiety. The Behavior Rating Inventoryfor Executive Functions (BRIEF) is another validated questionnaire based tool used toidentify behaviors associated with executive dysfunction in children.(74, 75) Thesubscales assessed are: inhibit, shift, emotional control, initiation, working memory,planning & organization, organization of materials and self-monitoring. Beebe et alshowed OSA-related cognitive and behavioral impairment in children with sleepdisordered breathing using these two tools.(76)O’Brien et al in a study done in 87 children of 5-7 years age group found that,primary snoring was associated with significant neurobehavioral deficits includinginattention, hyperactivity, anxiety and depression possibly related to increasedsusceptibility to sleep fragmentation.(13) In a review of literature assessing sleepdisordered breathing and behavioral problems in children, Kohler et al showed that



100

58.3% of studies (7/12) reported social problems, 41.2% studies (7/12) reportedinattention, 50% studies (6/12) reported somatic problems and 37.5% studies (6/16)reported hyperactivity and oppositional behavior.(65) In our study, children withsnoring showed oppositional behavior which was tending towards significance(p=0.057) However, hyperactivity, inattention and ADHD was not significant in thechildren studied. These findings are in accordance with the rest of the literature as theassociation between behavioral problems and snoring are not consistent. A sub groupanalysis based on severity of morbidity (based on OSA 18 score) did not reveal anydifference between the two groups.There is a need for long term study with a large sample size, to assess the effectof duration of SDB on neurocognitive impairment and behavioral changes in children.Also there is a need for putting down definite guidelines for proper assessment ofcognitive impairment and behavioral changes so that these subtle impairments can bedetected early and monitored and treated early so that these children don’t developirreversible deficits.
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CONCLUSION

In this study we compared 26 snoring children between the age group of 4-9 years totheir 25 siblings who never snored.
NEUROCOGNITION

 No significant neurocognitive impairment was seen in children with snoringcompared to non snoring children however it was seen trending towardssignificance.
 In children with moderate to severe quality of life issues due to sleep disorderedbreathing, significant neurocognitive impairment was seen compared to thosewith mild issues.

BEHAVIORAL CHANGES

 Compared to children without snoring, none of the snoring children showed anysignificant  adverse behavioral changes however oppositional behavior was seentrending towards significance
 No significant behavioral changes were seen in children with moderate to severequality of life issues and morbidity due to sleep disordered breathing, comparedto those with mild issues.

OVERNIGHT PULSE OXIMETRYOn assessing the severity of OSA using overnight pulse oximetry, the study wasinconclusive in 81% of the snoring children. Hence we conclude that overnight pulseoximetry is not a sensitive tool to assess severity of OSA.
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LIMITATION OF THE STUDY

In our study we included children presenting in our outpatient department withcomplaints of snoring and their non snoring siblings as the comparison group. Therewas a wide variation in the morbidity associated with snoring, with 50% of the childrenhaving an OSA 18 score of less than 60. There were trends towards relationshipbetween snoring and neurocognition. A bigger sample might be able to elucidate this.
The test assessing neurocognition that is validated in Indian children assessesonly global intelligence. Other tests that look at other domains of neurocognition needto be validated in the Indian population. The gold standard for assessing the severity ofOSA is polysomnography. We used overnight pulse oximetry as a surrogate forpolysomnography. Although pulse oximetry has a high positive predictive value, itssensitivity is low. We were able to pick only 5 children with a positive study.Polysomnography might have been a better test to assess the severity of OSA.
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APPENDIX (a): PATIENT INFORMATION SHEET – STUDY GROUP

STUDY TITLE: A STUDY ON COGNITIVE IMPAIRMENT AND BEHAVIORAL

CHARECTERISTICS IN CHILDREN WHO SNORE

Purpose of research: Mouth breathing and snoring are common complaints amongchildren between the age group of 3- 12 years. It is most commonly due to increasein size of adenoid tissue and tonsils during this age. Snoring is due to partial blockof the air passage, which in turn causes decreased oxygen supply to brain. Severeforms of snoring can cause stoppage of breathing for short intervals of time, whichmay result in changes in normal behaviour, intelligence and development of children.Our aim is to find out if all children who snore have these impairments and changesin behavior. We will collect information regarding your child’s complaints. He/ shewill undergo an ENT examination and X-ray and endoscopy of the nose. To assessneurocognitive function and behavioral changes the psychologist will administeran IQ test and a behavior test. If your child needs surgery, the oxygen in blood ofyour child during sleep will be monitored overnight (overnight pulse oximetry)using a probe placed on the finger.  All these tests will not result in any extra costor harm your child in any way.
Expected duration of the Subject’s participation: After the initial visit, you along withyour child will have to visit department of developmental paediatrics to undergo the IQand Behaviour test on prior appointment. Then your child will have to get admitted inthe evening prior to surgery when your child’s blood oxygen saturation will bemonitored overnight.
Description of the procedures:Procedures or therapies for management of disease will remain same (same as anyother patient who is not involved in the study, and will include ENT examination, Puretone audiometry, tympanometry, X-ray and endoscopy of the nose). As a part of thestudy, you will have to answer a set of questions about your child’s snoring, undergo anIQ test, a behavior test and overnight pulse oximetry. There are no invasive proceduresinvolved.
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Pure Tone Audiometry: Pure tone audiometry (PTA) is a test to measure the hearinglevel in children. This test is done with the child wearing headphones and subject’sresponses are recorded and used to measure type and degree of hearing loss
Tympanometry: Tympanometry is an examination used to test the condition of themiddle ear and mobility of the eardrum (tympanic membrane) and the conductionbones by creating variations of air pressure in the ear canal. This is done by means ofinserting Soft tipped ear probes ear canal. The automated machine does the necessaryrecordings.
X-ray Nasopharynx: X-ray of the nasopharynx can be taken by sitting/ standing orsupine position, with slight extension of the neck in the lateral view.
Rigid nasal endoscopy: Nose is packed with cotton soaked in local anaesthetic agent(Lignocaine 4% solution) for duration of 10minutes. Nasal endoscopy is done using apaediatric nasal endoscope with diameter of 2.7mm. The endoscope is introduced alongthe floor of the nasal cavity between the nasal septum and inferior turbinate to reachthe choana. The adenoid tissue is visualized and graded by the modified endoscopicgrading.
OSA 18 questionnaire: In this test you will have to answer few questions on snoring ofyour child and related difficulties and the results will be analysed and used to grade theseverity of snoring
Binet – Kamat IQ test: In this test your child’s intelligence, memory, verbal skills,coordination etc will be assessed using a series of questions, small tasks and activities.Revised Connor’s Parent Rating Scale: In this test, you will have to answer a set ofquestions on your child’s behavior which will be assessed and graded.
Overnight Pulse oximetry : In the night before the surgery, using a probe which will beplaced on the tip of your child’s finger, the oxygen saturation in your child’s blood willbe recorded continuously during your sleep.There are no invasive procedures involved. A set of normal children who do not snorewill be examined and will have to undergo the same tests except for overnight pulseoximetry and then the results will be compared.
Risks or discomforts to the Subject:As the study doesn’t include any trial treatment, there is no extra risk for you due toyour participation in the study. There may be minimal discomfort during the nasalendoscopy.
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Benefits to the Subject:The benefit of this study to your child is that the doctors treating your child’s conditionwill be better informed regarding the causes of this illness and any effects on thedevelopment and behaviour. This may help in addressing any related issues that canarise from these tests.
Benefits to others:This will help us to understand the problem better and will help us to find out the mostcost effective method of detection of the causes for this condition. We hope that theknowledge obtained will help us to spread the awareness regarding these problems andtake early steps to prevent or reverse the changes caused due to the illness.
Confidentiality:Your child’s identity will be strictly kept confidential and may be published in ascientific journal. No one other than the treating doctors and the investigators of thisstudy shall have access to your medical records.
Participation:Your child’s participation in the study is voluntary and you are free to withdraw at anytime, without giving any reason. Refusal to participate in the research study will notinvolve any penalty or loss of benefits to which you are otherwise entitled.
Cost to the Subject ;There is absolutely no additional cost to you as a result of participation in this study.
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APPENDIX( a) : PATEINT INFORMATION SHEET – COMPARISON GROUP

STUDY TITLE: A STUDY ON COGNITIVE IMPAIRMENT AND BEHAVIORAL

CHARACTERISTICS IN CHILDREN WHO SNORE

Purpose of research: Mouth breathing and snoring are common complaints amongchildren between the age group of 3- 12 years. It is most commonly due to increase insize of adenoid tissue and tonsils during this age. Snoring is due to partial block of theair passage, which in turn causes decreased oxygen supply to brain. Severe forms ofsnoring can cause stoppage of breathing for short intervals of time, which may result inchanges in normal behaviour, intelligence and development of children. Our aim is tofind out if all children who snore have these impairments and changes in behavior.To understand this well, we need to look for the presence of these changes inhealthy children (who do not snore).  The information obtained by doing this will becompared with the results obtained by doing the same tests on those who snore. Thiscomparison will help us to understand the role of snoring in causing impairment ofintelligence and changes in behavior.If you agree to be part of this process your child will be requested to undergo an ENTexamination and hearing evaluation using special tests to make sure that your childdoes not have hearing loss. To rule out the snoring and related effects, you will beasked to answer a set of questions regarding your child’s sleeping habits. To assesscognitive function and behavioral changes the psychologist will administer an IQ testand a behavior test. All these tests will not result in any extra cost or harm your childin any way.
Expected duration of the Subject’s participation: After the initial visit, you along withyour child will have to visit department of developmental paediatrics to undergo the IQand Behaviour test on prior appointment.
Description of the procedures:Procedures or therapies for management of disease will remain same (same as anyother patient who is not involved in the study, and will include ENT examination, X-ray,and endoscopy of the nose). As a part of the study, you will have to answer a set of
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questions to rule out snoring, undergo an IQ test, a behavior test. There are no invasiveprocedures involved.
Pure Tone Audiometry: Pure tone audiometry (PTA) is a test to measure the hearinglevel in a patient. This test is done with the patient wearing headphones and subject’sresponses are recorded and used to measure type and degree of hearing loss
Tympanometry: Tympanometry is an examination used to test the condition of themiddle ear and mobility of the eardrum (tympanic membrane) and the conductionbones by creating variations of air pressure in the ear canal. This is done by means ofinserting Soft tipped ear probes ear canal. The automated machine does the necessaryrecordings.
OSA 18 questionnaire: In this test you will have to answer few questions on snoring ofyour child and related difficulties and the results will be analysed and used to grade theseverity of snoring
Binet – Kamat IQ test: In this test your child’s intelligence, memory, verbal skills,coordination etc will be assessed using a series of questions, small tasks and activities.
Revised Connor’s Parent Rating Scale: In this test, you will have to answer a set ofquestions on your child’s behavior which will be assessed and graded.There are no invasive procedures involved. A set of normal children who do not snorewill be examined and will have to undergo the same tests except for overnight pulseoximetry and then the results will be compared.
Risks or discomforts to the Subject:As the study doesn’t include any trial treatment, there is no extra risk for you due toyour participation in the study.
Benefits to the Subject:The benefit of this study to your child is that the doctors will be better informedregarding the causes of this illness and any effects on the development and behaviour.This may help in addressing any related issues that can arise from these tests.
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Benefits to others:This will help us to understand the problem better and will help us to find out the mostcost effective method of detection of the causes for this condition. We hope that theknowledge obtained will help us to spread the awareness regarding these problems andtake early steps to prevent or reverse the changes caused due to the illness.
Confidentiality:Your child’s identity will be strictly kept confidential and may be published in ascientific journal. No one other than the treating doctors and the investigators of thisstudy shall have access to your medical records.
Participation:Your child’s participation in the study is voluntary and you are free to withdraw at anytime, without giving any reason. Refusal to participate in the research study will notinvolve any penalty or loss of benefits to which you are otherwise entitled.
Cost to the Subject ;There is absolutely no additional cost to you as a result of participation in this study.
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APPENDIX (a): PATIENT INFORMATION SHEET (TAMIL) – STUDY GROUP
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APPENDIX(a): PATIENT INFORMATION SHEET (TAMIL) – COMPARISON GROUP
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APPENDIX (b): INFORMED CONSENT - ENGLISH
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APPENDIX (b): INFORMED CONSENT - TAMIL
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APPENDIX (b): ASSENT FORM

STUDY TITLE: A CROSS SECTIONAL STUDY ON RELATIONSHIP BETWEEN
SNORING AND CHANGES IN BEHAVIOUR AND INTELLIGENCE IN CHILDREN

Assent FormMy name is [-----------------------------------------]. I want to tell you about a research studywe are doing. A research study is a way to learn more about something I am trying tolearn about correlation between snoring and changes in behavior and intelligence inchildren of your age group.  You are being asked to join the study because you havecomplaints of snoring.If you agree to join this study, we will examine your ear, nose and throat. In addition wewill also do an X ray of your back of nose and nasal endoscopy (Examining back of yournose with a thin instrument passed through your nose) You may experience milddiscomfort during the procedure. These tests are routinely done in children of your agegroup presenting with similar complaints. Then you will be asked few questions andwill be asked to do some activities in order to assess your intelligence, memory andbehavior.This study will help us in understanding the illness better which may occur inother children of your age group and you may also get appropriate treatment at earlystage itself if required.Your parents or guardian have agreed for you to be in the study, and now it is upto you to join this study. You can say okay now and change your mind later. All you haveto do is tell us you want to stop. No one will be mad at you if you don’t want to be in thestudy or if you join the study and change your mind later and stop.Before you say yes or no to being in this study, we will answer any questionsyou have. If you join the study, you can ask questions at any time. Just tell the researcherthat you have a question.
AGREEMENT

I have decided to be in the study even though I know that I don’t have to do it.[-----------------------------------------------] has answered all my questions.
______________________________ ________________Signature of Study Participant Date______________________________ ________________Signature of Researcher Date
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APPENDIX(c): CLINICAL RESEARCH FORM
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APPENDIX (d): OSA 18 QUESTIONNAIRE
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APPENDIX (d): OSA 18 QUESTIONNAIRE (TAMIL)
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APPENDIX (e): Connor’s Parent Rating Scale Questionnaire
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APPENDIX (e): Connor’s Parent Rating Scale Questionnaire (TAMIL)
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APPENDIX (f): PHOTOGRAPHS

Child undergoing IQ and behavioral assessment

Child undergoing overnight pulse oximetry
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APPENDIX (g): EXCEL DATA SHEET
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