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a suggestion that children can sometimes ~te obStrUctive 
apnea withom a conical arousal (145,163,166). 

Another nourespiratory variable involves measurement of car­
";ac r~ythm. The presence of cardiac arrhYthmias, including 

lUS bradyc:u:dia., and whether they are associated with respiIa­
.ory disturbances should be noted and the number of stIch 
events tabulated. 
Consensus Recommendations for Scoring 

Until more experience is gained 'With children's abnormal breatl1­
ing during sleep, the entire record shouid be scored by a quali­
fied indhidual who know the unique characteristics of breathing 
during sleep in children of different ages. Scoring based on 
sampling techniques must be validated for children (167). 

•	 Given the volume of data accumulated during PSG, lhe use 
or computer-based data acquisition and scoring is amactive. 
Computerized data acquisition appears to be reliable, and a 
paperless polysomnograph can meet the needs of pediatric 
laboratories. However, computerized scoring of respiratory 
events and sleep staging in children requires validation (168, 
169). 

•	 Respiratory variables that should be scored include the num·
 
ber, type, and duration of apneas; episodes of panial aif"\\o-ay
 
obstruction measured as bypopne:a or hypoventilation, whether
 
obstructive or central; and the frequency and duration of para­

doxical inspiratory rib-<:age movements and associated desat­

mation, apnea, hypopnea, or increased end-tidal CO. values.
 

•	 Normative data in children suggest that obstructive apnea is 
rare in normal! children (98, 154, 170, 171). Thus obstructive 
apnea of any length should be scored. Ifan obstructive apnea 
index - the number of events per hour of total sleep time ­
or a combined apneafhypopnea index is used, appropriate 
pediatric normal values must be employed. Nonsigh, non­
movement-associated central apnea> 20 s should be counted, 
regardless of associateei desamration or bradycardia. Shorter 
episodes should also be scored if, associated with desaturation 
> 4% or age-specific bradycardia. 

•	 If end-tidal CO. data is available, the following measurements 
should be scored: the end-tidal COl at sleep onset, the peak 
end-tidal COl, the duration of end-tidal CO. > 50 mm Hg 
expresseQ.as a percent of total sleep time, and the changes iD! 
CO.associated with respiratory events. The end-tidal C02 
values should be correlated with chest wall and abdominal 
recorwngs to loenory me pathopDysioiogy ot the elevated CO•. 
The amount of time dming which a teclmically adequate end­
tidal COl tracing was not obtainable should be recorded in 
order to avoid underestimating the total sleep time spent with 
values > 50 mm Hg. 

•.Maximum and miDimum Sao., the number of desa.turations 
.2. 4%, and the percent of total sleep time spent with Sao. < 
95%, 90'70, 85%, etc., snould be scored. Changes in Sao,vaI­
ues should be correlated with respiratory events. 

•	 Snoring should be noted as present or absent. Then: are cur· 
rently no standardized scoring systems for snoring in pediatric 
patients. Rating or grading the snoring as mild, moderate, or 
severe may be useful for an individual but, until the ratings 
are standardized, should be left to the discretion of each labo­
ratory. 

•	 Respiratory data should be subdivided according to sleeping 
position (prone~ side, or supine) when there is an important 
difference between positions. 

~	 The presence and type of arrhythmias and whether they are 
correlated with respiratory events should be noted. Epoch-by­
epoch scoring of heart rate is not necessary for routine pedi­
atric PSG. 

• There was a consensus that 3~s epochs were adequate for scor­

ing a PSG evaluating respiration, but a minority \ri~ held that 
the epoch length should vary according to the indication for 
the study. More data are needed before establishing an epoch 
length recommendation. 

•	 The following sleep variables should be collected: total sieep 
time, sleep efficiency, distribution of sleep stages as percent 
of total sleep time, sleep latency, number of arousals, body 
movements, body position, and sleep behavior (parasornnias). 

•	 The criteria of Recht.schaffen and Kales (139) can be used to 
stage sleep for children 6 mo and older. For most clinical indi­
cations, identification of active and quiet sleep is adequate for 
infants under 6 mo (141, 142). 

•	 Complete sleep staging may not be necessary for most cardio­
pulmonary studies, unless there are specific questions regard­
ing the impact of tl1e sleep stages on the breathing disturbance. 
At a minimum, sleep should be divided into REM and 
non-REM. If formal sleep staging is performed, the follow­
ing additional parameters should be scored: non-REM stages 
1, 2, 3, and 4 and REM time expressed as percentages of total 
sleep time. 

• A	 statement summarizing body movements during sleep was 
believed sufficient for pediatric polysomnography. Body po­
sition should be recorded to determine if the child slept in his 
or her "usual" sleeping position and if respiratory abnormali­
ties are related to body position. Position should be recorded 
either by video or observation by the technician. 

•	 Arousals as defmed in the Sleep Disorders Atlas Task Force 
of the American Sleep Disorders Association (165) should be 
noted and correlated with respiratory abnormalities. Sponta­
neous nonrespiratory arousal should also be noted as a possi­
ble marker of sleep disturbance (145). Arousals caused by the 
activity of the technician need not be counted. 

•	 Videotaping children during sleep may be used to help distin­

guish sleep from wakefulness, to help determine the cause of
 
arousals, and to document body position and snoring (45,46,
 
145). The tape can be useful for interpreting unusual behavioral
 
events and assessing respiratory effon during sleep.
 

Reporting the Results 

Quantitative data summarizing results of the study should be 
reported in a standardized format similar to that used for adults 
(5, 72), as follows: 

L	 Patient identification - age, sex. race, height, weight, indi­
cation for study, other medical conditions, and foods or medi­
cations that may affect study results. 

2. Techniques used and variables measured. 
3.	 The accompanying caregiver's opinion whether the child's 

sleep and breathing patterns in the laboratory were repre­
sentative of the child's sleep at home. 

4.	 The presence and quality of snoring during the study. 
5_ Sleep staging parameters, if staging is used: total sleep time, 

sleep latency, sleep efficiency, body movements, awakenings, 
time awake after sleep onset, number of arousals and their 
association with respiratory events, and any noteworthy sleep 
behavior. The presence and number of REM periods and the 
dmation of all sleep stages, expressed as a percent of total 
sleep time, should be recorded. U complete sleep staging is 
not performed, the number of REM periods and the percen­
tages of the total sleep time spent in REM and non-REM 
sleep should be recorded. 

6.	 Respiratory rate during non-REM sleep. Apnea and hypop­
nea or hypoventilation should be reponed by type, total num­
ber, average duration, longest event of each type, lowest~, 

and heart rate associated with the event. 
7.	 Oxygen saturation as maximum Sao,; niinlmum Sao2 ; per­



cent total sleep time spent with Sao, <950/0, 90010, 85%, etc.; 
and the association between episodes of desaturation and 
apnea, hypopnea, or hypoventilation noted during the smdy. 
The relationship of desaturation episodes to sleep stage and 
body position should be noted. 

8.	 End-ridal CO, dara reponed as time spent above 50 and 60 
mID Hg expressed as a percent of total sleep time that Co,data 
was available. Correlation of elevated Co, with respiratory 
events should be included in the reDon. 

9.	 Cardiac arrhythmias (including sinus bradycardia) and their
 
rdationship to respiratory abnormalities.
 

10.	 If therapy (oxygen, CPAP, or iBiPAPR) was administered 
during the study, the Sao, on room air and at each level of 
oxygen supplementation, pressure, or ventilator rate should be 
recorded... Effects of the therapeutic intervention of PETca: or 
sleep quality should be reponed if pertinent. 

11.	 techruClan's comments. 
12.	 Interpretation. The indi....idual responsible for the fInal in­

terpretation of PSG performed on children to evaluate re­
spiratory function during sleep should have expenise in sleep 
disorders in children, understand developmental cardio­
respiratory physiology, and be certified in the medical evalu­
ation of pediatric palients. 

Before evaluating the study, the interpreter must ascertain if 
the child's sleep and/or breathing during the night of the PSG 
was representative for that child at home. The medical history 
should also be reviewed to determine if the results answer the 
question that prompted the study. 

To determine if the results of a sleep study are abnormal, the 
interpreter should know the baseline awake values for respira­
tory rate, Sao" and end-tidal CO2 to determine if sleep itself 
is associated with changes in these values. Cardiac arr.hythmia., 
adequacy of sleep, and the degree of sleep disruption should also 
be factored into the decision-making process. Sleep stages should 
be interpreted in light of published age-appropriate normative 
values (139-142). Unfortunately, normal values for variables such 
as the number of arousals or body movements., movement time, 
or other indicators of disturbed sleep are not available for chil­
dren. More data are needed. 

Some broad guidelines can be used to determine abnormality 
for the respiratory events: 

Central apnea ~ 20 s has been shown to occur in normal chil­
dren and adolescents, especially following a sigh or movement 
(156, 157, 173, 174). The clinical significance of these 
episodes must be interpreted in light of the indications for the 
stlldy. If they are not associated with any physiologic abnor­
malities (bradycardia. hypoxemia), they may be considered 
within the broad range or normal values. AIl event of any dora­
tion associated with a ~ 4% drop in Sa02 should be considered 
abnormal if the frequency of these events exceeds three per hoor 
(175) or if it is associated with a ~ 25% change in hean rate. 

After the f1rst month of life, normal infants and children do 
not exhibit more th.a.fi one obstructive apnea per hour of sleep 
time (99, 170, 171). Studies of infants 1-6 mo old (174) and chil­
dren 1-17 yr (153, 173) found obstructive apnea indices of 0.04 
± 0.13 apneaslh and 0.1 ± 0.5 apneaslh, respectively. These 
observations suggest that, in children, obstructive apnea of any 
duration exceeding 1 apnealh should be noted and considered 
abnormal Nonetheless, the clinical significance of isolated or 
infrequent obstructive events without desaturation or arousal is 
yet to be determiIled.. 

Oxygenation status must be interpreted in light of changes 
in saturation from both the awake values and the stable baseline 
reading preceeding any respiratory event. Some normal children 
have brief desaturations of ~ 4% occurring at a rate of .$. 3 
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events/h (175). Desaturation episodes to < 90% are rare, and 
their frequency decreases with age (119). Any change in satura­
tion must be interpreted in light of the preceeding baseline vaiue. 
Sustained saturation values < 90% are abnormal. 

Partial airway obstruction associated with paradoxical inspira­
tory rib-aige movements, labored breathing, disturbed sleep, and 
heavy sweating, yet without desaturation, has been linked to ex­
cessive daytime sleepiness and beha....ioral disturbances (122, 128). 
This breathing pattern has been associated with significanl ele­
vations in esophageal pressure swings during tidal breathing (176). 
This pattern of breathing may also be idemified by re....iewing 
both the audio....ideo recording and respiratory channels of the 
PSG. Its presence should be considered abnormal (176). 

Hypopneic events (~ 50% reduction in the RIP sum signal, 
and/or in the thermistor signal associated with arousal, and/or 
desanuration of> 40io or sustained values < 900io) should also 
be considered abnormal (128, 177). 

Hypoventilation events indicated by elevation of end-tidal C01 

to > 53 nun Hg or > 50 mm Hg for> 80ia of total sleep time, 
or a change in end-tidal CO2 of> 13 mm Hg from baseline, in­
dicates alveolar hypoventilation (154). 

The etiology of the desaturation, apnea, hypopnea., or 
hypoventilation events can be detennined by correlating the 
changes in airflow or end-tidal CO, with the respiratory patterns 
obtained from the chest wall and abdominal recordings. For ex­
ample, reduced airflow or desaturation associated with paradox­
ical inspiratory rib-cage movement and/or snoring suggests par­
tial airway obstruction. 

Arousals terminating respiratory events indicate a clinically 
significant event (145, 171). Although the absence of a cortical 
(EEG) arousal following a severe episode of desatunUion or an 
extended period of airway obstruction is not uncommon in chil­
dren (163, 166), lack Or an arousal (EEG, or movement) to an 
episode of sustained airway Obstruction, hypoventilation., or 
hypoxemia suggests a compromise in the child's respiratory 
defenses and should be considered abnormal (163, 177). 

Deviations from normal sleep patterns (139-142) and frequent 
spontaneous arousals must be interpreted cautiously in light of 
the impact on sleep quality of the fIrst night in the sleep lab (107, 
108). However, disturbed, resdesssleep can mark a signifIcant 
disruption of respiration during sleep (6,7). 

RESEARCH RECOMMENDATIONS 

The coIIlIUittee found that the following areas needed additional 
investigation to refme current recommendations. 

•	 Age-specific normal values for respiratory events, S~, end­
tidal CO~, sleep effIciency, arousals, and sleep disruption need 
to be generated. Additionally, more data are needed to define 
thresholds of clinical signifIcance for PSG parameters in 
children. 

•	 Which PSG abnormalities (number of respiratory events., cu­
mulative hypercapnia, severity of desaturation, and degree of 
sleep disruption) in infants and children with OSAS correlate 
with morbidity? How do severity and duration of events such 
as desaturation.. airway obstruction, and CO~ interact to pro­
duce morbidity'? 

•	 What are the neuropsychological and cognitive consequences 
of OSAS in children? Are these a consequence of disturbed 
sleep, chronic/recurrent hypoxemia during ~l=p, or both? 

•	 What is the natural history of OSAS in children? What is the 
link between OSAS in children and in adults? 

•	 What are the risks that a child who bas been treated for OSAS 
will develop recurrent symptoms of OSAS as an older child 
or aduh? 
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• Wr,at is the sensitivity and reproducibility of a single night's 
Sao, recording or PSG? Do they change with age, puberty, 
or minor illness? 

•	 What constitutes a clinically significant episode or period of
 
desaturation in an infant, child, and adolescent?
 

•	 What is the most accurate and meaningful way of document­

in!:': desaturation during sleep?
 

•	 W-hat is the role of formal sleep staging in PSG performed
 
to assess cardiorespiratory function?
 

•	 \\:hat is the role of end-tidal CO 2 recording? What are age­

appropriate reference values?
 

•	 How well do qualitative airflow measures such as thermistors
 
and ehanges in ventilation, or semiquantitative measurements
 
such as RIP, track changes in gas exchange?
 

•	 What are indications and limitations of unattended PSG in
 
the home or hospital?
 

•	 What is the prevalence of OSAS in infants, children, and 
adolescen ts? 

•	 What severity of illness or what degree of PSG warrants 
therapy? 

•	 What is the role of nasal CPAP or BiPAPR in treating OSAS 
in children? 

•	 What medical therapies are useful in treating obstructive sleep 
apnea in children? 

•	 What is the best method of documenting partial airway ob­
struction? What is the role of esophageal pressure measure­
ments in documenting partial airway obstruction? 

This statement was prepared by an ad hoc Committee of the Sci­
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