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Introduction
Full-night, in-lab polysomnogram (PSG) is the gold standard for diagnosis 

of obstructive sleep apnea (OSA) in children. PSG reliably measures the presence 
of OSA and provides an objective scale for OSA severity. In addition to reporting 
respiratory events, PSG also provides important information regarding other sleep 
parameters including sleep architecture, neurologic and cardiac events, and limb 
movements. Both the American Academy of Sleep Medicine (AASM) and the 
American Academy of Pediatrics recommend PSG, when available, be performed 
in children with suspected OSA. 

Despite these recommendations, only 10% of patients undergoing 
adenotonsillectomy for suspected OSA have had PSG.1 Several factors have 
contributed to the lack of extensive utilization of PSG in children including: high 
cost, inconvenience for both parents and child spending the night in the laboratory, 
and the relative scarcity of laboratories with expertise in pediatric sleep disorders. 
Even with these limitations, PSG remains the most objective and accurate test 
currently available for the diagnosis of OSA. 
Components of PSG

Parents should discuss with their children what to expect during the PSG. A 
tour of the sleep lab prior to the study can help familiarize children with the equip-
ment that will be used. This may be especially useful in special needs children and 
those who express anxiety about the testing. Ideally, the site of the PSG should be 
a child-friendly environment with an additional bed for a parent. The test should 
be performed by a sleep technician experienced in working with children and 
should begin around the child’s regular bedtime. Prescription sleep aides should 
be avoided if possible.2

Parameters measured during pediatric PSG are similar to those recorded 
in adults. According to the AASM Manual for the Scoring of Sleep and 
Associated Events, the following parameters should be measured during 
PSG: electroencephalogram (EEG), electrocardiogram (ECG), chin and leg 
electromyogram (EMG), electrooculogram (EOG), body position, airflow signals, 
respiratory effort signals, snoring, and oxygen saturation.3 In addition, CO2 
monitoring in children is recommended during PSG. Monitoring CO2 levels 
enables identification of pediatric patients with hypoventilation.  

PSG provides information regarding sleep architecture. Sleep stages, including 
Stage 1 (N1), Stage 2 (N2), Stage 3 (N3), and REM, are scored in 30 second 
intervals known as epochs. EEG, chin EMG, and EOG tracings can be utilized to 
determine the sleep stage. Typically, 8 electrodes are placed on the scalp to record 
EEG tracings from the frontal, central, and occipital regions. If there is concern 
for seizures, additional EEG leads should be added to the montage to detect any 
nocturnal neurologic events. Eye movements are recorded using EOG tracings from 
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2 electrodes placed just above the right outer canthus and just below the left outer 
canthus. Three electrodes are placed on the chin to record EMG. In children, sleep 
stages can be reliably scored after 4 to 6 months of age. A discussion of the specific 
rules used to score sleep stages in children is outside the scope of this chapter. A 
detailed description of these rules can be found in the AASM Manual.3

PSG provides data regarding respiratory events including respiratory effort, 
airflow limitation, oxygen desaturation, and CO2 retention. Respiratory effort is 
most commonly measured by respiratory inductance plethysmography. Inductance 
plethysmography uses an alternating current in belts fastened around the chest 
and abdomen to generate a signal based on changes in the inductance of belts 
during breathing. During obstructive respiratory events, chest and abdominal 
tracings may be out of phase. Less commonly, respiratory effort is measured by 
esophageal manometry. An oronasal thermal sensor is utilized to monitor airflow 
and detect apnea, while a nasal pressure transducer is used to identify hypopneas. 
Apneas can be classified as obstructive, mixed, or central events. Table 1 lists the 
AASM definitions for apneas, hypopneas, and respiratory effort-related arousals 
(RERAs).3 During PSG, pulse oximetry is used to monitor oxygen saturation. The 
pulse oximeter should have a short sampling time of 2 to 3 seconds so that brief 
desaturations can be captured. CO2 levels can be measured by either transcutaneous 
or end-tidal CO2 monitors. If gas exchange abnormalities are suspected, an arterial 
blood gas can be used to confirm abnormalities in CO2 levels.2 Snoring is detected 
by a snore microphone placed on the anterior neck as well as technician observation.

Cardiac events and limb movements are also recorded during PSG. ECG 
monitors heart rate and rhythm through 2 leads placed on the torso. This allows for 
detection of cardiac pathology such as bradycardia and irregular ventricular rhythm.

Table 1. Definitions of Pediatric Respiratory Events.
Obstructive Apnea

 Drop in peak signal of oronasal thermal sensor by  90  of pre-event baseline
 Duration of event lasts for at least 2 breaths
 Respiratory effort persists during the apneic event

Central Apnea
 Drop in peak signal of oronasal thermal sensor by  90  of pre-event baseline
 Duration of event: a) lasts for at least 2 breaths and is associated with an arousal or a 3  

arterial oxygen desaturation OR b) lasts for  20 seconds
 Respiratory effort is absent throughout the apneic event

Mixed Apnea
 Drop in peak signal of oronasal thermal sensor by  90  of pre-event baseline
 Duration of event lasts for at least 2 breaths
 Respiratory effort present during a portion of the apneic event but absent for another portion

Hypopnea
 The nasal pressure signal drops by  30  of pre-event baseline
 The duration of the signal drop is at least 2 breaths
 The event is associated with a 3  oxygen saturation or an arousal

Respiratory effort-related arousals (RERAs)
 Event last greater than 2 breaths
 Event characterized by 1 of the following: 

° increased respiratory effort
° flattening of the inspiratory nasal pressure waveform
° an elevation of CO2 leading to an arousal. 
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To score limb movements, the AASM recommends 
that an electrode be placed on the anterior tibialis of the 
right and left legs and that the EMG be recorded via 2 
separate channels. Digital video is used to document 
patient positioning and any unusual sleep behaviors 
such as parasomnias. 
PSG Interpretation

The AASM Manual for the Scoring of Sleep and 
Associated Events is a comprehensive resource that 
provides rules for scoring sleep stages, arousals, cardiac 
events, leg movements, and respiratory events. Since 
the performance of PSG has become more common in 
children, pediatric normative data for many of these 
parameters is now available. Providers treating children 
with sleep disordered breathing should be able to 
interpret a PSG report to make the diagnosis of OSA 
and also identify other co-morbid sleep disorders. 
Sleep Architecture

Ideally, PSGs should have a sleep efficiency 
(ratio of total sleep time to total time in bed) of 85% or 
better. Sleep latency, the time from lights out to sleep 
onset, is typically 15 to 30 minutes. The average REM 
sleep latency (the time from lights out until the first 
REM sleep period) is 60 to 90 minutes in children. 
Abnormal sleep latency can be associated with sleep 
disorders such as hypersomnia. For example, patients 
with narcolepsy typically have a short REM latency. 

A hypnogram provides an excellent graphic 
summary of the different stages of sleep that the 
patient exhibits during PSG. Figure 1 depicts a typical 
pediatric hypongram. The amount of time spent in 
each sleep stage varies according to age, with younger 
children exhibiting more deep sleep. The nightly 
average percentiles for each of the sleep stages are 
as follows: N1 - 5 to 8%; N2 – 45 to 55%; N3 (Deep 
Sleep) – 5 to 20%; REM – 20 to 25%. N3 sleep is 
usually concentrated in the first part of the night, while 
there is an increased amount of REM sleep in the 
second part of the night (Figure 1). A PSG that features 
a decreased amount of REM sleep may underestimate 
the severity of OSA owing to the fact that the majority 
of obstructive respiratory events in children occur 
during REM sleep.

Figure 1 depicts a typical 
pediatric hypongram.
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Respiratory Events 
The obstructive apnea – hypopnea index (AHI) is the most widely 

utilized PSG parameter to determine the severity of OSA. This value is calculated 
by adding the total number of obstructive and mixed apneas and hypopneas 
and dividing this sum by the total sleep time in hours. The REM AHI is also 
commonly included in PSG reports. However, conclusive data linking the REM 
AHI to outcomes and QOL data in either children or adults is lacking.4,5 PSG 
reports may also contain the Respiratory Disturbance Index (RDI). In addition 
to obstructive and mixed apneas and hypopneas, the RDI also includes RERAS. 
The central apnea index is the total number of central apneas divided by the total 
sleep time. The mean and nadir oxygen saturation should also be included in 
the PSG report. Of particular interest is the type of respiratory event associated 
with the nadir oxygen saturation. Finally, pediatric PSGs will typically include 
CO2 measurements. CO2 levels above 50 for greater than 25% of the PSG are 
concerning for alveolar hypoventilation.  

The classification system for OSA in children continues to be debated and 
has yet to be standardized. For example, the diagnostic criteria for pediatric OSA 
differ between sleep centers. Some providers diagnose OSA in children with an 
AHI greater than 1, while others consider an AHI of greater than 5 to be clinically 
significant. A conservative definition for pediatric OSA proposed by Katz and 
Marcus6 is as follows: 

•	 AH 	 	 	 	normal
•	 AH 	 - . 	 	mild
•	 AH 	 . - . 	 	moderate	
•	 AH 	 	 	 	severe.
Large observational studies of healthy children have been conducted in 

an attempt to define reference values for respiratory parameters during sleep.7,8 
Interestingly, however, reference values for common PSG parameters such as 
AHI do not follow a normal distribution. This may be one explanation why both 
quality of life and outcomes measures in children with sleep disordered breathing 
correlate poorly with AHI.  

In children, a central apnea index greater than 1 is considered abnormal. 
Central sleep apnea can be associated with neuromuscular disorders, Chiari 
malformation, and congenital central hypoventilation. Hypoventilation should 
be suspected in children with an elevated central apnea index and CO2 retention. 
Elevated central apnea indexes have also been reported in children with sleep 
disordered breathing. A recent study demonstrated improvement in the central 
apnea index in children with OSA that underwent adenotonsillectomy.9 
Arousals

An arousal is defined as an abrupt change in the EEG tracing lasting at 
least 3 seconds with at least 10 seconds of stable sleep preceding the change. 
Arousals may be associated with respiratory events or leg movements or may 
occur spontaneously. The arousal index is the number of arousals divided by the 
total sleep time. This value can provide information regarding sleep fragmentation 
and sleep disturbance. The normal arousal index for children is less than 10 to 15. 
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Leg	movements
PSG reports typically contain mention of periodic limb movements. Most 

commonly, sleep providers will report the Periodic Limb Movement Index 
(PLMI), which is the number of PLM series divided by the total sleep time. 
Normal PLMI in children is less than 5. Elevated PLMI can be associated with 
anemia, periodic limb movement disorder, and attention deficit hyperactivity 
disorder. In children with ferritin levels less than 50 micrograms per liter, ferrous 
sulfate supplementation for 3 months improves the PLMI.10 An elevated PLMI 
may also be noted in patients with restless leg syndrome. Restless leg syndrome, 
however, is a clinical diagnosis made in children with extremity pain that is 
exacerbated by inactivity and improves with movement. 
EEG and ECG events 

PSG reports typically contain a brief description of the EEG findings. 
Spike and wave discharges noted on EEG tracings during the PSG may raise 
concern for seizures. For example, the diagnosis of benign rolandic epilepsy 
should be considered in children with spikes in the centrotemporal EEG leads. 
Clinically, children with this type of partial epilepsy will have seizures during 
sleep characterized by twitching or tingling of the face or tongue. Referral to a 
neurologist for further evaluation may be indicated in such patients. 

ECG abnormalities that may be noted on PSG in children include premature 
ventricular contractions and arrhythmias. A recent study by Baldassari et al.11 
found that approximately 10% of children with abnormal ECG tracings on 
their PSG had significant cardiac pathology after further evaluation. Thus, such 
children warrant referral to a cardiologist for further work-up. 
PSG Alternatives

Due to full-night, in-lab PSG shortcomings such as expense and lack of 
availability, alternative testing modalities for pediatric OSA are being developed. 
Such alternatives include unattended home-based overnight oximetry studies, 
home-based multi-channel studies, and nap (abbreviated) polysomnography. 
However, these modalities have not been widely utilized due to several significant 
limitations. Overnight oximetry studies can detect children with severe sleep 
apnea. However, children with milder forms of the disease in whom marked 
oxygen desaturation does not occur are not identified. Home-based multichannel 
studies are being performed more frequently in adults, but high quality studies 
regarding their utility in children are lacking. In the Practice Parameters published 
by the AASM, nap polysomnography is not recommended for the evaluation 
of OSA in children. This statement is based on data from several studies that 
demonstrated that nap polysomnography underestimated the prevalence and 
severity of OSA.2

Biomarkers
Researchers are working to develop novel diagnostic tests for pediatric OSA 

with improved specificity and sensitivity. Ideally, such modalities would be inex-
pensive, convenient, and correlate with quality of life and treatment outcomes. 
Recent advances in the arena of biomarkers are promising. Simply defined, bio-
markers are measurable factors that reflect the presence or absence of disease.
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Researchers theorize that OSA will lead to specific signatures in the expres-
sion of biomarkers such as genes or proteins. Transcriptomics and proteomics are 
being utilized to try to identify these biomarkers in readily available samples such 
as blood, urine, and exhaled condensates. For example, Gozal recently identified 
16 unique proteins that were differentially expressed in the urine of children with 
OSA compared to controls.12 If reliable biomarkers can be identified to diag-
nose OSA in children, the field would be revolutionized. This technology would 
expand screening and significantly reduce the health burden of pediatric OSA. 
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