








cent total sieep time spent with Sag, < 95%, 90%, 85%, etc.;
and the association berween episodes of desaturation and
apnea, hypopnea, or hypoventilation noted during the study.
The relationship of desaturation episodes to sleep stage and
body position should be noted.

8. End-tidal CO, data reported as time spent above 50 and 60
mm 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 report.

9. Cardiac arrhythmias (including sinus bradycardia) and their

relationship to respiratory abnormalities.

If therapy (oxygen, CPAP, or BiPAPR) was administered

during the study, the Sagp, on room air and at each level of

oxygen supplementation, pressure, or ventilator rate should be
recorded Effects of the therapeutic intervention of PETCo, or
sleep quality should be reported if pertinent

11. lechmcian’s comments.

12. Interpretation. The individual responsible for the final in-
terpretation of PSG performed on children to evaluate re-
spiratory function during sleep should have expertise in sleep
disorders in children, understand developmental cardio-
respiratory physiology, and be certified in the medical evalu-
ation of pediatric patients.

10.

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, Sag,, and end-tidal CO, to determine if sleep itself
is associated with changes in these values. Cardiac arrhythmia,
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 indicanions for the
smdy. If they are not associated with any physiologic abnor-
malities (bradycardia, hypoxemia), they may be considered
within the broad range or normal values. An event of any dura-
fon 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 heart rate.

After the first month of life, normal infants and children do
not exhibit more than one obstructive apnea per hour of sieep
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 apneas/h and 0.1 + 0.5 apneas/h, respectively. These
observations suggest that, in children, obstructive apnea of any
duration exceeding 1 apnea/h should be noted and considered
abnormal. Nonetheless, the clinical significance of isolated or
infrequent obstructive events without desaturation or arousal is
vet to be determined.

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 normali children
have brief desamrations 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-cage movements, labored breathing, disturbed sleep, and
heavy sweating, vet without desaturation, has been linked to ex-
cessive daytime sleepiness and behavioral disturbances (122, 128).
This breathing pattern has been associated with significant ele-
vations in esophageal pressure swings during tidal breathing (176).
This partern of breathing may also be identified by reviewing
both the audiovideo 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
desaturation of > 4% or sustained values < 90%) should also
be considered abnormal (128, 177).

Hypoventilation events indicated by elevation of end-tidal CO,
to > 53 mm Hg or > 50 mm Hg for > 8% of total sleep time,
or a change in end-tidal CO, of > 13 mm Hg from baseline, in-
dicates alveolar bypoventilation (154).

The etiology of the desaturation, apnea, hypopnea, or
hypoventilation events can be determined by correlating the
changes in airflow or end-tidal CQ, 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, 177). Although the absence of a cortical
(EEG) arousal following a severe episode of desaturation 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, hypoventlation, or
hypoxemia suggests a compromise in the child’s respiratory
defenses and should be considered abnormal (163, 177).

Deviations from normal sleep parterns (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, restless-sleep can mark a significant
disruption of respiration during sleep (6,7).

RESEARCH RECOMMENDATIONS

The committee found that the following areas needed additional
investigation to refire current recommendations.

* Age-specific normal values for respiratory events, Sag,, end-
tidal CO,, sleep efficiency, arousais, and sleep disruption need
to be generated. Additionally, more data are needed to define
thresholds of clinical significance for PSG parameters in
children.

e 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?

e Whart are the neuropsychological and cognitive conseguences
of OSAS in children? Are these a consequence of disturbed
sleep, chronic/recurrent hvpexemia during sieep, or both?

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

e Whart are the risks that a child who has been treated for OSAS

will develop recurrent symptoms of OSAS as an older child
or adult?
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e What is the sensitivity and reproducibility of a single night’s
Sao, recording or PSG? Do they change with age, puberty,
or minor illness?

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

e What is the most accurate and meaningful way of document-
ing desaturation during sleep?

e What is the role of formal sleep staging in PSG performed
10 assess cardiorespiratory function?

e What is the role of end-tidal CO, recording? What are age-
appropriate reference values?

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

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

e What is the prevalence of OSAS in infants, children, and
adolescents?

e Whar severity of illness or what degree of PSG warrants
therapy?

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

« What medical therapies are useful in treating obstructive sieep
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?
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