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Introduction
Sleep disordered breathing (SDB) continues to be recognized as a significant 

cause of morbidity in children of all ages. The causes of SDB in younger children 
is well established. Obesity in the last decade has impacted the overall incidence 
and prevalence of the disorder, especially in older children, and this disorder now 
closely resembles its adult counterpart.
Definition

Sleep apnea is primarily differentiated in two types; central and obstructive. 
While central sleep apnea (CSA) is mostly due to abnormalities in the central 
nervous system and less frequently to cardiac issues; obstructive sleep apnea 
(OSA) is caused mainly by upper airway narrowing due to a variety of causes 
ranging from overall dimensions to the functioning of the structures responsible 
for air flow during respiration. The obstructive sleep disorders spectrum ranges 
from primary snoring to frank intermittent occlusion of the airway (OSA). In 
between, there are some less clear and less severe entities, such as upper airway 
resistance syndrome and obstructive hypoventilation.

OSA is characterized by recurrent episodes of partial or complete occlusion 
of the airway during sleep resulting in fluctuating hypoxemia or hypercapnia 
which may be associated with arousal due to respiratory effort. The sleep 
fragmentation and gas exchange abnormalities thus produced may lead to serious 
cardiovascular and neurobehavioral impairment.

Upper airway resistance syndrome (UARS) is characterized by recurrent 
respiratory effort related arousals during sleep in the absence of overt apnea, 
hypopnea or gas exchange abnormalities.1 These events have been reported to 
be associated with behavioral and cognitive consequences in children, including 
learning disabilities, attention deficit, hyperactivity and aggressive behavior likely 
as a result of sleep loss.2

Obstructive hypoventilation refers to periods of sustained narrowing of 
the airway lumen leading to hypercapnia but without frank apnea or hypopnea.3  
(Table 1)
Epidemology

OSA is reported to be present in 1 to 3% of the population while a much 
higher number (approx. 3 to 12%) have primary or habitual snoring. Even primary 
snoring is not regarded as benign, as it has been reported to increase the risks for 
untoward neurobehavioral consequences.4, 5 It is important to distinguish primary 
snoring from more serious forms of airway occlusion as the morbidity may 
depend on severity. 
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Table 1. Diagnostic Classification of Sleep Disordered Breathing

Diagnostic Classification of Sleep Disordered Breathing
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Primary snoring
Upper airway resistance 
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Severe OSAS

≤ 1
≤ 1 
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>10
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≤ 53
≤ 53

>53

>60

>65

<10
<10

10-24
24-49

≥ 50

EEG < 11
RERA > 1

EEG > 11

EEG > 11

EEG > 11

*Each diagnosis requires one or more of the measure to its right.
EEG, electroencephalographic arousal; OSAS, obstructive sleep apnea syndrome P  ET CO2, end tidal P  ET CO2; 
RERA. Respiratory-related arousal; SpO2, arterial oxygen saturation; TST, total sleep time.

Early recognition is needed as surgical intervention with adenotonsillectomy 
(AT) is effective at treating the majority of children with the most common type 
of OSA. Use of non-invasive positive pressure ventilation in the form of CPAP 
(continuous positive airway pressure) or others may be tried in non-surgical or 
post-surgical patients. The diagnosis and management of pediatric OSA continues 
to evolve as more precise measures of flow limitation, sympathetic arousals and 
sleep fragmentation are introduced.

The intermittent hypoxemia and sleep fragmentation pose a risk to the 
vulnerable developing brain. Increased recognition of neurocognitive deficits also 
forces clinicians for a prompt diagnosis and therapeutic intervention.
Clinical Presentation
History

Questions about sleep are frequently missed on routine pediatric visits. 
Parental concerns prompt the providers to enquire about sleep. (Table 2)
Table 2. Clinical History in Obstructive Sleep Apnea

Clinical History in Obstructive Sleep Apnea 

Sleep Wakefulness

Snoring 
Witnessed Apnea 
Gasping
Increased work of breathing
Paradoxical breathing
Enuresis
Restless Sleep
Diaphoresis
Hyperextended neck
Frequent awakenings
Dry mouth

Poor schoolperformance
Aggressive behavior
Hyperactivity
Attention deficit disorder
Excessive daytime sleepiness
Monitoring headaches
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The high incidence of OSA in children indicates that sleep disturbances 
should be routinely explored as part of the primary care interview.6 Attention 
should be paid to the conditions known to influence OSA such as neuromuscular 
weakness, craniofacial abnormalities and genetic conditions. Loud snoring 
remains a universal sign however is not always present. A combination of 
snoring, apneic pauses, gasping for air, labored breathing, hyperextension of neck, 
recumbent sleep position and disturbed sleep may be more commonly seen.

Consequences of poor night sleep are felt by older children and observed by 
parents in the subsequent day.

Only 7.5%of the children with PSG proven OSA had a history of daytime 
somnolence.7 Although not considered sleepy by adult standards, children with 
OSA are sleepier than unaffected children.8 Increasing BMI and apnea index 
(>15-20 events / hour) have been correlated with shorter sleep latencies.7 The use 
of standardized screening questionnaires for OSA has not been successful as the 
correlation with polysomnographic (PSG) findings has been poor. 9, 10 Equally, 
clinical history alone is insufficient to diagnose OSA in a population of snoring 
children.6
Physical Examination

The majority of children who are diagnosed with even the most severe OSA 
have physical examination findings confined to upper airway, with adenotonsillar 
hypertrophy being the most frequently encountered.

Many other children show subtle findings with nasal mucosal edema and 
crowded oropharyngeal space due to prominent soft tissue.

More recognizable conditions include neuromuscular weakness, craniofacial 
abnormalities and obesity. Failure to thrive is a less frequent finding.

Findings on evaluation of neurocognitive functioning such as school 
performance, attention and hyperactivity are nonspecific. 2, 11 (Table 3)
Table 3. Physical Examination in Obstructive Sleep Apnea

Physical Examination in Obstructive Sleep Apnea

General Head Cardiovascular Extremities

Sleepiness
Obesity
Failure to thrive

Swollen mucous membranes
Deviated septum
Adenoidal facies
Infraorbital darkening
Elongated faces
Mouth breathing
Tonsillar hypertrophy
High arched palate
Overbite
Crowded oropharynx
Macroglossia
Glossoptosis
Midfacial hypopalsia
Micrognathia/retrognatha

Hypertension
Loud P2 (heart 
sound)

Edema
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Diagnosis
Polysomnography (PSG) is the gold standard for the evaluation of OSA. 6

Other ancillary testing may have a role in understanding the causes and 
consequences of OSA. (Table 4)
Table 4. Ancillary Diagnostic Studies in Obstructive Sleep Apnea

Ancillary Diagnostic Studies in Obstructive Sleep Apnea 

Serum Markers Imaging Sleep Monitoring Miscellaneous

Hematocrit
Serum bicarbonate

Brain magnetic resonance 
imaging (MRI)

Anteroposterior and lateral 
neck radiograph

Multiple sleep  
latency test

Echocardiogram
Neurocognitive testing
Electrocardiogram
Flow-volume loop

Overnight Polysomnography (PSG)
PSG can be performed in children of all ages.
Guidelines for performing laboratory-based PSG in children have been 

established. 12

The sleep laboratory should be a pediatric-friendly comfortable place with 
the environment, equipment and staff geared towards children and their caregivers. 

The staff that greets, records, scores and interprets the studies should be 
pediatric trained.

Use of sedatives and sleep deprivation is not suggested except in special 
situations. Timing and duration of studies should be flexible when possible, to 
adjust to child’s usual sleep period. PSG montage will vary with the patient’s age 
and specific disorder.
Electroencephalogram (EEG)

EEG is used to determine sleep stages, cortical arousals and abnormalities 
such as spike and wave pattern. Sleep stage identification is important to assess 
adequate sleep and to establish that sufficient REM sleep was achieved.

Consensus guidelines for analyzing sleep architecture have been established 
for infants 13 and adults. 14 Standard practice is to use adult EEG criteria for 
children older than 6 months. (Table 5)
Arousal

Children tend to maintain sleep much better than adults, even with significant OSA.
Arousals serve an important function in restoring airway patency through 

dilator muscle activity. However the negative consequence of this function is 
sympathetic activation and sleep fragmentation. By consensus, the EEG arousal is 
defined as an abrupt 3-second shift in EEG frequency. 15

Respiratory Effort
Measures of thoracic and abdominal excursion include piezoelectric belts 

and respiratory inductance plethysmograpghy. The functioning of the belts 
establishes the differentiation between central and obstructive apneas. Although 
esophageal manometry is the gold standard for quantifying respiratory effort, it is 
uncomfortable due to its invasive nature and is used mostly in research laboratories.
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Table 5. Example of a Polysomnogram Montage

Example of a Polysomwwnogram Montage
Electroencephalography (C3/A2, O1/A2)
Electrooculogram (right/left)
Electrocardiogram
Abdominal and thoracic excursion
Oximetry (3-sec averaging value), waveform
End-tidal PCO2 (peak value, waveform)
Flow: nasal pressure, oronasal thermistor
Snore volume
Body position sensor
Video/Audio taping 
Esophageal pressure (in special circumstances)

Measures of Flow
The two commonly used modalities are oronasal thermistor and nasal 

pressure recording with nasal cannula. Thermistors provide qualitative estimates 
of oronasal flow by measuring the temperature of the expired air. Although 
thermistors accurately detect complete cessation of flow, they are not an accurate 
measure of tidal volume and therefore of hypopnea. Nasal cannula pressure 
recordings provide a minimally invasive measure of airflow.

Limitations of cannula recordings include obstruction of the tubing due to 
secretions, mouth breathing nasal congestion and obstruction. 
Gas Exchange

Pulse oximetry which is based on the absorption spectra of hemoglobin is 
the main technique used in PSG.

The relationship between arterial oxygen tension (PaO2) and oxygen 
saturation (SpO2), on the oxy-hemoglobin dissociation curve is sigmoidal. 
Children with normal PFT’s are on the flat portion of the curve and would require 
a large change in PaO2 to affect their SpO2. In contrast, children with parenchymal 
lung disease lung disease may be operating on the steep portion of the curve and 
may experience a profound desaturation with small decrements in PaO2.

The adequacy of ventilation can be assessed in a noninvasive way during sleep 
by measuring CO2 tension in expired air (ETCO2) called capnography. In order to 
show accurate levels, the expired air should reach a plateau, reflecting alveolar gas. 
In normal subjects the ETCO2 is 2-5 mm Hg below the arterial PaO2 level.

Transcutaneous CO2 (TcCO2) may be another option especially when 
inaccurate ETCO2 is suspected as in patient with parenchymal lung disease and in 
infants with rapid respiratory rates at baseline. TcCO2 has a lag of several minutes 
and is proportional to PaCO2.
Normative Data

Normative data for respiratory parameters in children are shown in Table 1.
An apnea index of greater than 1/hour was determined to be statistically 

abnormal in a group of normal, non-obese children between 1-18 years of age. 
However, the threshold at which the apnea index becomes clinically significant 
has not been established16.
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Attended overnight polysomnography in a designated pediatric sleep 
laboratory is the gold standard for the diagnosis of OSA in children. However, 
such comprehensive testing is expensive, labor intensive, and not widely available.

PSG during a daytime nap has been considered as an option to evaluate 
some children with suspected OSA. However, daytime nap studies are likely to 
underestimate the degree of OSA. 17, 18 REM sleep usually does not occur during 
naps. Although the positive predictive value of an abnormal nap study is 100%, 
the negative predictive value is only 20%.17, 18

Similarly, limited 1-3 channel pulse oximetry studies have been considered 
in special situations where standard PSG is not possible and found to have 
an excellent positive predictive value (97%) compared to full PSG but a poor 
negative predictive value (53%).19

Diagnostic and Event Classification
The PSG criteria for event scoring and clinical diagnosis are summarized in 

Table 6.
There seem to be some disagreements and variations in practice by individual 

pediatric practitioners that highlights a need for well-designed outcome studies to 
validate these criteria.

Finally, the clinical classification of symptomatic children cannot be exclusively 
based on the apnea index alone. Consideration of apnea-hypopnea index, SpO2, CO2, 
arousal indices and respiratory effort also contribute to the diagnosis of OSA.

Therefore the diagnostic interpretation of pediatric PSG will continue to 
require consideration of all respiratory parameters.
Treatment of Obstructive Sleep Apnea

Treatment of sleep apnea in children includes both surgical and medical 
approaches. When adenoid and tonsillar hypertrophy accompany OSA, adenoton-
sillectomy (surgical removal of adenoids and tonsils) is the treatment of choice. 

For children who are not suitable candidates for surgery or have a persistent 
disorder despite surgery, the most effective treatment in both adults and children, 
is continuous positive airway pressure (CPAP) or Bi-level PAP in cases where 
CPAP is not tolerated or effective.

Frequent complaints about using a PAP device include feeling too much 
pressure, dryness of mouth and eyes, pressure effect on the face, suffocation, 
inadvertent removal of nasal mask during sleep, increased or decreased humidity 
or temperature of air and nasal congestion.

The compliance for using CPAP has been low especially in children with 
neurocognitive issues.

Use of positive pressure devices in otherwise normal children has been noted 
to have mixed results with reduced compliance in many adolescents.

A team approach with teaching of the child and caregiver, as well as detailed 
training of the use of the equipment results in better long term compliance. 
Regular clinic follow ups and access to sleep center expertise for questions and 
concerns are likely to keep compliance at higher rates. 

Treatment of nasal allergies with antihistamines, leukotriene receptor 
blockers and nasal steroids are frequently needed and are helpful.
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Table 6. Respiratory Pattern Scoring

Respiratory Pattern Scoring

Obstructive

Apnea 

Absence of oronasal airflow for any duration,  
with persistent respiratory effort

 Thermistor: Reduction of oronasal flow > 50% for a 2-breath 
duration or longer, with the persistent effort accompanied by  
a desaturation of 3% or greater, or by an arousal

 Nasal pressure: Discernible change in flow shape or amplitude for 
a 2 breath duration or longer, with persistent respiratory effort 
accompanied by a desaturation of 3% or greater, or by and arousal

Respiratory effort - related 
arousal                 

Evidence of increased respiratory effort or flow limitation leading to 
an arousal, followed by normalization of effort and flow

Flow limitation  Flattening if the inspiratory limb of the nasal pressure channel

Snoring Coarse, low-pitched inspiratory sound

Hypoventilation
PET CO2 > 50 mm Hg for > 10% TST, or PET CO2 peak > 53 mm Hg

Acc ompanied by paradoxical breathing or obstructive events

Central

Apnea  

 Absence of oronasal airflow for 20 sec or longer without respiratory 
effort

Shorter events are scored if associated with arousal desaturation, or 
bradycardia  

Hypoventilation 
 PET CO2 > 50 mm Hg for > 10% TST, or PET CO2 peak > 53mm    
Hg

Accompanied by decreased respiratory effort

Periodic breathing Succession of 3 or more central apneas of 3-sec duration separated by 
< 20 sec or normal breathing

Miscellaneous 

Mixed apneas Cessation of flow with a central and obstructive component

Central Sleep Apnea
Central sleep apnea (CSA) in children is defined as cessation of airflow 

as well as effort of breathing for more than 2-breath durations, associated with 
hypoxemia or an arousal. 

Previously it has been defined as an episode that lasts for a duration of 20 
seconds or greater.

The American Academy of Pediatrics defines CSA as “an unexplained 
episode of cessation of breathing for 20 seconds or longer, or a shorter respiratory 
pause associated with bradycardia, cyanosis, pallor, and/or marked hypotonia.20

In CSA there is cessation of output from the central respiratory centers or 
the inability of the efferent peripheral nerves and respiratory muscles required 
for oxygenation and ventilation to receive or process the signals from the brain. 
Idiopathic apnea remains the most common reason for central apnea in children 
and occurs due to immaturity of the respiratory centers as is also seen in apnea of 
prematurity.
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Gastroesophageal reflux is the second most frequent cause of CSA21, 22, while 
head trauma, seizure disorder, cerebral palsy, cardiac causes, chiari malformation 
and metabolic abnormalities are encountered with varying frequency.

Medications that depress the central nervous system can cause iatrogenic 
central apnea. 

After an abnormal PSG showing significant central sleep apnea it is 
imperative to investigate for  underlying causes. Studies such as EEG, EKG, 
Echocardiogram and CT or MRI scans of brain, pH probe, metabolic screening or 
endoscopic evaluation of the airway may be needed. The underlying cause should 
be treated accordingly.Apnea of prematurity is usually treated with caffeine 
citrate. The specific mechanism is not known, but caffeine citrate has been shown 
to act as a respiratory stimulant and allow infants to overcome the developmental 
immaturity that causes apnea or periodic breathing. In other cases where CSA 
persists after treatment of the underlying cause, non-invasive positive pressure 
ventilation (PAP) such as continuous (CPAP) or Bi-level PAP may be considered.
Outcome of Adenotonsillectomy (T&A) for OSA
Polysomngraphy

The success rate of T&A for OSA ranges from 25 – 92% as measured on 
the basis of objective criteria using polysomnography.23  Mitchell24 reported on 79 
children with OSA who all had pre- and postoperative polysomnography. Children 
with obesity, allergies, craniofacial, neuromuscular and genetic problems, were 
excluded.  All children had an improvement in sleep parameters as measured by 
polysomnography and between 80 - 90% of children normalized after surgery.  
The success rate is lower when children at high-risk for persistent postoperative 
OSA are included in the study population. For example, Tauman et al25 , reported 
normalization of sleep parameters after T&A for SDB in only 25% of children 
but over 50% of the children were obese and 71% had allergies. These groups of 
children are known to be at high risk for persistent OSA after T&A, and this factor 
probably contributed to the lower resolution rate. 
Behavior, Quality Of Life and Healthcare Utilization

Mitchell & Kelly26-27 reported a significant improvement after T&A for OSA 
in a high proportion of children with externalizing behavioral problems such as 
hyperactivity or aggression, or internalizing problems such as anxiety, depression 
and somatization.  The improvement occurred in about 50% of children with 
abnormal scores preoperatively and was maintained for up to 18-months after 
surgery28 and was seen regardless of severity of OSA.29 Therefore, it is worthwhile 
to identify children whose behavior is affected adversely by OSA as documentation 
of their behavior may affect the decision to undertake surgical therapy. Dramatic 
improvements in quality-of-life scores after T&A for OSA have also been shown 
in a number of studies.26 Mitchell et al30 showed that caregivers perceive a distinct 
improvement in quality of life after T&A for OSA and these improvements were 
maintained up to 18-months after surgery.31  Again the dramatic improvements in 
quality of life occurred regardless of the severity of OSA.32

Tarasiuk et al33 compared healthcare costs in children with OSA who had a 
T&A to children with OSA that were untreated and with healthy controls.  They 
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reported that total healthcare costs were reduced by one third in the treated group 
and this change was not seen in the control or untreated group. The reduction in 
healthcare utilization was related to a decrease in outpatient and emergency room 
visits, hospitalizations and pharmacy costs. 
Childhood Obesity and OSA 

The prevalence of obesity in children in the USA has increased markedly 
in the last two decades, and there is evidence that this trend is likely to continue. 
Approximately 30% of children in the USA are overweight and 16% of them are 
considered obese.34 The prevalence of OSA in obese children is between 30 - 40%, 
while in the general pediatric population, it is approximately 2%.35

The increasing prevalence of obesity in children, and thus rising cases of 
OSA, implies that more children will present for treatment of OSA. Therapeutic 
options such as behavioral therapy leading to weight reduction and CPAP, are 
known to be very challenging in children. Furthermore, a much lower percentage 
of these children have resolution of OSA after T&A.36, 37 Since there is compelling 
evidence that OSA affects educational performance negatively, there is a pressing 
need to develop comprehensive therapy for obese children with OSA so that they 
can progress through their education free from the disadvantages of excessive 
weight and sleep disturbance.
Other ‘High-Risk’ Children for OSA

Surgical management of SDB is more complex in children that are considered 
high-risk.  High-risk children are those affected by neuromuscular or craniofacial 
disorders, Down syndrome, and mucopolysaccharidoses as well as a number of 
other disorders such as cerebral palsy, Prader-Willi syndrome, achondroplasia, 
Arnold-Chiari malformations and sickle-cell disease.  

Such children are more likely to have both an upper airway obstruction that 
is multifactorial in etiology and peri-operative complications.  In these cases, 
T&A may only lead to partial resolution of OSA. Surgical management in these 
cases requires a multidisciplinary approach.   
Conclusions

OSA can affect children of all ages. The diagnosis and management of OSA 
in children is best delivered in a multidisciplinary environment with access to a 
pediatric sleep laboratory.  There is evidence that OSA in children is associated 
with behavioral problems, reduced quality of life and increased healthcare costs. 
Fortunately, the evidence available to date indicates that T&A is helpful in the 
treatment of children with SDB.  In addition to improvements in sleep, T&A for 
OSA is associated with improvements in behavior, quality of life, improvements 
in school performance, and decreased healthcare costs. The management of 
OSA in ‘high-risk’ children, particularly obese children, is more challenging and 
requires further study. The high prevalence of OSA in children makes this a public 
health priority.
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