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Sleep induces changes in the function and control of the respira-
tory system. These changes may result in clinically significant
abnormalities in upper airway function and gas exchange in both
normal children and those with underlying respiratory or cen-
tral nervous system disease (1, 2, 3, 4).

To clarify the state of the art for pediatric breathing and sleep
disorders and to develop recommendations about standards and
indications for cardiopulmonary sleep studies in children, the
Pediatric Assembly of the American Thoracic Society convened
1 consensus conference of individuals with expertise in pediatric
oulmonology, otolaryngology, neonatology, plastic surgery, neu-
 rology, and developmental respiratory physiology. The format
of the conference was similar to that used to develop standards
for adults (5). This summary has been reviewed and revised ex-
tensively by the committee and members of the pediatric as-
sembly.

The conference had several goals:

* todefine the indications forevaluating breathing during sleep
in children and adolescents.

* to develop standards for the indications, techniques, and in-
terpretation of polysomnography (PSG) for evaluating breath
ing disorders during sleep in children and adolescents.

* toidentify areas where the knowledge base is lacking and will
require research in order to establish recommendations.

RESPIRATORY INDICATIONS FOR POLYSOMNOGRAPHY
IN CHILDREN

Obstructive Sleep Apnea Syndrome

Background. Obstructive Sleep Apnea Syndrome (OSAS) in chil-
dren is a disorder of breathing during sleep characterized by
prolonged partial upper airway obstruction and/or intermittent
complete obstruction {obstructive apnea) that disrupt normal ven-
tilation during sieep and normal sleep patterns (6, 7). It has been
estimated that approximately 7 to 9% of children snore regu-
larly (8, 9, 10), with an estimated prevalence of OSAS at 0.7%
in 4- to 5-yr-old children (9). Most affected children breathe nor-
mally while awake. However, a minority with marked upper air-
way obstruction also have noisy, mildly labored brea:hing when
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awake. Clinical manifestations of OSAS in children include
chronic mouth breathing, snoring, and restlessness during sleep,
with or without frequent awakenings (6, 7). Loud snoring that
disturbs and concerns parents is a common indication for evalu-
ation. However, clinical experience suggests that some infants
with clinically significant OSAS may have little or no snoring.
Less frequently, daytime hypersomnolence, failure to thrive, and
cor puimonale may be seen (6, 7, 11-14). The frequency of be-
havioral, personality, and learning problems in children with
OSAS is unknown, but such problems may prove to be common
manifestations as more experience is accumulated (6, 11). An as-
sociation between OSAS and enuresis has been suggested (15,
16). Systemic hypertension secondary to OSAS is uncommon in
children (17).

Major risk factors for OSAS in children include hypertrophy
of the tonsils and adenoids (6, 7, 15), neuromuscular disease in-
cluding conditions associated with both muscular hypotonia and
hypertonia (18, 19), obesity (20), and genetic syndromes, espe-
cially those associated with midface hypoplasia, small naso-
pharynx, or micrognathia, such as Down syndrome and Pierre
Robin sequence (21-23). Less common risk factors for OSAS are
laryngomalacia (24), pharyngeal flap surgery (25), sickle cell dis-
ease (26), structural malformations of the brainstem (27), and
certain metabolic and genetic disorders (28). Viral respiratory
infections and allergic rhinitis are not primary risk factors for
OSAS, but they may exacerbate existing OSAS in affected chil-
dren (29).

Clinjcal experience suggests that the pathophysiology, clini-
cal manifestations, diagnosis, and management of children with
suspected obstructive sleep apnea are different than for aduits
(30, 31).

Consensus recommendations.

e Polysomnography is recommended to differentiate benign or
primary snoring, ie., snoring not associated with apnea,
hypoventilation, or evidence of cardiovascular or central ner-
vous system effects, for which treatment is rarely indicated,
from pathologic snoring (OSAS), i.e., snoring associated with
either partial or complete airway obstruction, hypoxemia, and
sleep disruption (32). A history of loud snoring alone has not
been shown consistently to have sufficient diagnostic sensi-
tivity upon which to base a recommendation for surgery, whether
adenotonsillectomy, uvulopalatopharyngoplasty (UPPP), or
tracheostomy (33-35). Polysomnography findings suggestive
of abnormality are included in the section on interpreting PSG
data.

e DPolysomnography is indicated for evaluating the child with
disturbed sleep patterns, excessive daytime sleepiness, cor pui-
monale, failure to thrive, or polycythemia unexplained by other
factors or conditions, especially if the child also snores.

e In the child who has clinically significant airway obstruction
(apnea, retractions, paradoxical respiration) during sleep as
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observed by medical persornel, or documented by audiovideo
recording, a PSG 1o confirm the clinical diagnosis may be
deferred in order to proceed with therapy expeditiously.

__ Polysomnography is recommended if the physician is uncer-
tain whether the clinical observation of obstructed breathing
is sufficient to warrant surgery or if a child needs intensive
postoperative monitoring following adenotonsillectomy or
other pharyngeal surgery (36). Risk factors for postoperative
complications include age less than 2 yr, those with more than
10 obstructive events per hour of sleep, those with Sag, less
than 70%, and those with underlying neuromuscular disease
or craniofacial abnormalities, specificaily those associated with
midface hvpopiasia and retro- or micrognathia (21, 25, 36, 37).

* Polysomnography is recommended in children with laryn-
gomalacia whose symptoms (stridor and work of breathing)
are worse asleep than awake or who have failure to thrive or
cor pulmonale (24).

e Although obesity is a risk factor for OSAS in children (20,
38), its presence alone is not an indication for PSG unless the
child also exhibits unexplained awake hypercapnia, chronic
snoring, increased work of breathing during sleep, disturbed
sleep, daytime hypersomnolence, polycythemia, or cor pul-
monale (20, 38).

¢ Polysomnography is recommended during evaluation of the
child with sickle cell disease who has either the typical signs
and symptoms of OSAS or frequent veno-occlusive crises oc-
curring during sleep (26, 39). Oxygen saturation data from
puise oximetry must be interpreted cautiously in this popula-
tion, because sickle hemoglobin may adversely affect the ac-
curacy of oximetry (40).

+ Repeat PSGis recommended for children previously diagnosed
with obstructive sleep apnea who exhibit persistent snoring or

“=  other symptoms of sleep-disordered breathing. If possible,

based on the child's clinical condition, this study sbould be

deferred until at least four weeks postsurgery to allow for reso-
lution of postoperative edema.

If continuous positive airway pressure (CPAP) is used in the
management of OSAS or other respiratory conditions, PSG
should be used to titrate the level of CPAP and to reevaluate
periodically the appropriateness of the settings.

s When weight loss is the primary therapy for OSAS in an obese
child, PSG should be repeated to determine if the weight loss
program has decreased the severity of OSAS.

« Children with mild to moderate OSAS who have complete reso-
lution of snoring and disturbed sleep patterns after therapy
do not need a follow-up PSG. However, in a child under I yr
or a child with severe OSAS based on clinical symptoms, the
number of obstructive events, or severe desaturation episodes,
follow-up PSG should be considered to assure resolution of
clinically significant abnormalities (41). Whether or not a fol-
low-up study is ordered, parents and primary care providers
should be taught the signs and symptoms of a recurrence of
OSAS. The child should also have routine clinical follow-up
to ensure early detection of a recurrence of abnormal breath-
ing during sleep.

o If excessive daytime sleepiness is found not to be due to OSAS

based on the resuits of nocturnal PSG, or if excessive daytime

sleepiness persists after treatment, a multiple sleep latency test

(MSLT) can be used to quantitate excessive daytime sieepiness

and determine if it is secondary to narcolepsy (42). The MSLT

can also be used to monitor the response to treatment of OSAS
or narcolepsy. It should be performed on the day following

a nocturnal PSG, so that nocturnal factors that may contrib-

ute to dayrime sleepiness can be controlled and eliminated.

Age-appropriate reference values should be used (43, 44). A

sieep diary can also be used to confirm adequacy of the sleep
periods.
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¢ Assessment of sieep and breathing in the home using video
and cardiorespiratory recordings with extended oximetry ap-
pears proraising, but recommendations regarding their use re-
quire further chinical trials (45, 46).

¢ Extended oximetry recording alone can be used to identify hvp-
oxemia during sieep in patients with loud snoring. However,
the absence of hyvpoxemiza during sieep does not prectude clin-
ically significant OSAS. Conversely, the presence of hypox-
emia during sleep is not in itself diagnostic of OSAS, as it may
be caused by other respiratory conditions.

Bronchopulmonary Dysplasia

Background. Bronchopulmonary dyspiasia (BPD) is a form of
chronic lung disease that follows an acute lung injury in the neo-
natal period. It is characterized by persistent signs of respiratory
distress (tachypnea and dyspnea), the need for supplemental
oxygen beyond the first month of life to treat hypoxemia, and
characteristic radiographic findings (47, 48).

Some infants and children with BPD have been shown to have
prolonged episodes of hypoxemia during sleep, despite the pres-
ence of adeguate oxygenation while awake (3, 49-54). In addi-
tion, infants with BPD, who are hypoxemic while awake, may
experience worsening of hypoxemia while asleep. Abnormal du-
ration of rib-cage paradox during inspiration while in rapid eye
movement (REM) sleep and abnormal rib-cage paradox during
non-REM sleep have also been reported (51-53). During REM
sleep, intercostal muscles and other accessory muscles of inspi-
raton are inhibited. In infants with BPD, the combination of
abnormal puimonary mechanics and REM-related loss of inspi-
ratory muscle actvity results in rib-cage paradox and hypox-
emia (52-54). These episodes are not always predicted by
awake blood gas measurements and may not be detected by
mounitoring oxygenation during daytime naps, direct observa-
ton, or by recording techniques with sluggish response time,
such as transcutaneous PO, monitoring (50,55).

Consensus recommendations.

¢ Assessment of Sap, when the infant is awake may not ac-
curately predict hypoxemia during feeding and sieep (56).
Oxygen saturation during feeding and sleep should be mea-
sured for an extended period (hours) in these groups: (/) in
fants and children with BPD who are on oxygen, to know that
they have enough oxygen to keep saturation values above 92%
during these periods, and (2) infants and children with BPD
who have recently been weaned to room air when awake. The
latter patients need to have saturation measured for an extend-

ed period during sieep to know that they no longer need oxy-
gen.

Under certain circumstances, patients with BPD who have had
supplemental oxygen discontinued should undergo continu-
ous documentation of Sap, during sleep. These patients in-
clude infants who develop, after supplemental oxygen has been
discontinued, polycythemia, cor pulmonale, failure to thrive
(unexplained by other factors such as nutrition or other meta-

bolic condition), disturbed sleep patterns, or apnea and brady-
cardia during sleep.

If bradycardia without apnea is documented by impedance
monitoring in infants with BPD, PSG may be indicated to de-
tect upper airway obstruction during sleep. Similarly, if the
infant with BPD is suspected of having airway obstruction dur-
ing sleep based on observation of snoring, PSG is required.

An infant who is receiving supplemental oxygen therapy and
develops any of the above complications should have, in ad-
dition to measurements of Sag, while awake, continuous docu-
mentation of Sag, overnight, while asleep, to determine the
adequacy of supplemental oxvgen being delivered. Recording
of the plethysmographic waveform or the pulse amplitude
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modulation signals, in addition to Sao,, is necessary to distin-
guish true drops in saturation from apparent drops due to
movement artifact or a weak pulse signal.

¢ Polysomnography can be used with esophageal pH monitor-
ing 1o document the temporal relationship berween gastro-
esophageal reflux and respiratory events such as obstructive
apnea, cough, or nvpoxemia.

Cystic Fibrosis

Background. Episodes of desaturation unrelated to apnea have
been observed in some patients with cystic fibrosis (57-60). Pa-
tients with an awake Pag, < 60 mm Hg spend > 80% of sieep
time with O; saturations < 90%, while those with an awake
Pag, > 70 mm Hg spend < 20% of their :ime asieep with Sao,
< 90% (61). In an individual patient, clinical scores, awake oxy-
genation status, pulmonary function, and the response to exer-
cise have not been shown to predict hypoxic events during sleep
(60, 61).
Consensus recommendarions.

e Patients with cystic fibrosis who have an awake Pag, <70 mm
Hg or an equivalent Sap, (< 953%) during a period of disease
stability are at risk for worsening hvpoxemia during sleep and
should have continuous documentation of Sap, during noctur-
nal sleep. This study should be performed during a period of
disease stability (generallv at least 2 wk following treatment
for an acute pulmonary exacerbation) in order to determine
the extent and severity of sleep-associated hypoxemia and con-
firm the adequacy of prescribed supplemental oxygen. Ran-
dom, brief checks of saturation (< 5 min recording) or visual
observation of the patient during sleep are not adequate to
identify desaturation episodes and will not detect OSAS (62).

* Patients with cystic fibrosis who develop polycythemia, cor
pulmonale unexplained by awake blood gas or Sag, measure-
ments, or who complain of headaches upon awakening, exces-
sive daytime sleepiness, or disturbed sleep patterns should also
undergo continuous documentation of Sag, for at least 8 h
overnight during sleep.

¢ Patients with cystic fibrosis receiving supplemental oxygen may
require PSG to rule out OSAS, if there is a history of snoring,
desaturaton episodes during sleep, cor pulmonale, poly-
cythemia, or disturbed sleep. Polysomnographby should also
be comsidered for assessing the potential adverse effects of
supplementat oxygen during sleep in patients with advanced
lung disease who are hypercapnic when awake.

Asthma

Background. Early morning worsening of asthma 1s seen in chil-
dren and adolescents (63, 64). The circadian variation in airway
caliber seen in normal children is amplified in patients with
asthma and may produce as much as a 50% decrease in peak
flow rate {64). These changes in flow rates do not appear to be
caused by sleep per se, but rather to be due to diurnal variations
in pulmonary function (64, 65). Patients with asthma, including
those suboptimally controlled, tend to have small changes in Sao,
during sleep (66, 67).

Consensus recommendations.

* In children with asthma symptoms during sleep, a thorough
clinical investigation including an assessment of the environ-
ment and the appropriateness of nocturnal therapy is indicated
to identify factors that may contribute to these symptoms. I
there is concern about the presence of gastroesophageal reflux
during sleep as a trigger for nocturnal symptoms, PSG with
esophageal pH monitoring should be considered. Continuous
documentation of oxygenation during sleep is infrequently
needed in routine management of children with asthma, but

should be considered for children with poorly controlled aoc-
turnal asthma who exhibit disturbed sleep, morning headaches,
or cor pulmonale.

Neuromuscular Disease

Background. Children and young adults with a variety of pedi-
atric neurornuscular disorders are at risk of developing both cen-
tral and obstructive apnea/hypoventilation during sieep. These
disorders include Duchenne muscular dvstrophy (68), myotonic
dystrophy (69), spinal muscle atrophy (70), diaphragmatic
paralysis (71), cerebral palsy, poliomyelitis (72), and congenital
muscle diseases (73-76). Abnormal breathing during sleep in
these disorders is often not predicted by awake puimonary func-
tion testing, arterial blood gases, or the degree of muscle
involvement (68, 70, 75-85).

Children with cerebrai paisy and other static encephalopa-
thies often experience bulbar involvement and glottic muscle dys-
function. If pharyvngeal muscles are more severely affected than
the diaphragm or other inspiratory muscles, the usual reduction
of upper airway muscle tone that occurs during sleep can precipi-
tate obstructive sieep apnea (71). This vulnerability to respira-
tory abnormalities is most pronounced during REM sleep, when
innhibition of accessory muscles of respiration requires the dia-
phragm to assume more of the work of breathing. Children with
central nervous system disease and evidence of pharyngeal dys-
function should be considered at risk for obstructive sleep ap-
nea and obstructive hypoventilation (86, 87).

Consensus. recommendations.

Polysomnography, including either end-tidal or transcutaneous
CO: monitoring, is indicated in evaluating children with
neuromuscular disease who demonstrate impaired respira-
tory muscle function evidenced by a FVC < 40%, a peak
inspiratory pressure < 15 cm H:O, and/or phyaryngeal dys-
function (snoring or swallowing abnormalities).

e Polvsommnography, including some measurement of CO,, is in-
dicated in children with neuromuscular disease who develop
snoring, cor pulmonale, morning headaches, personality or be-
havioral changes, failure to thrive, or developmental delay dis-
proportionate to the degree of neurologic impairment or the
typical course of the disease

* Polysomnography with CO, monitoring is indicated for plan-
ning and implementing elective nocturnal assisted ventilation
for patients with ventilatory muscle weakness.

* Polysomnography with CO, monitoring is indicated in chil-
dren with neuromuscular disease to assess the adequacy of
ongoing home respiratory support, including supplemental
oxygen, CPAP, or assisted ventilation. Periodic reassessment
should be scheduled according to the child’s growth rate and
degree of clinical stability, but generally it should be at least
annually (88).

e Polysomnography with CO, monitoring should be used dur-
ing preoperative and postoperative assessment of children with
neuromuscular disease before major upper airway, thoracic,
abdominal, or orthopedic surgery, to detect unsuspected
hypoventilation that could be aggravated by sedation, analge-
sia, and anesthetics.

Alveolar Hypoventilation Syndromes

Background. Alveolar hypoventilation in the avsence of under-
lying primary pulmonary disease or respiratory muscle dysfunc-
tion is usually the result of abnormal central integration of
chemoreceptor signals. This process may be primary, as in idio-
pathic congenital central hypoventilation syndrome, or it may
be secondary to diseases of the spinal cord or brainstem, such
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as Arnold-Chiari malformation. The respiratory deficit is typi-

cally more severe during sleep as is characterized by alveolar

hypoventilation resulting is hypoxemiadn hypercarbia (89-92).
Consensus recommendations.

Polvsomnography including assessment of CO; is indicated
to determine the nature and severity of the ventilatory deficit
in children with alveolar hypoventilation syndrome.

e Polysomnography is indicated periodically to determine the
adequacy of ventilation and oxygenaiion provided by artifi-
cial ventilatory support, inciuding diaphragmatic pacing (52).
The frequency of follow-up study will vary depending on the
clinical stability of the child, but such studies should occur
at least annually. Polysomnography should be used to deter-
mine the effects of any pharmacologic trials.

¢ Polysomnography is recommended for any patient with a clin-

ically stable central hvpoveniilation syndrome who develops

cor pulmonale, polycythemia, morning headaches, deteriora-
tion in mental status, or altered growth patterns.

Apnea/Bradycardia in Infants

Background. Infants, especially those born prematurely, fre-
quently experience apnea or bradycardia during sleep and feed-
ing during the first several weeks of life (93). Virtually all
infants under 1000 g will experience apnea (54). Apnea may be
mixed. central, or obstructive (94. 95).

An apparent life-threatening event (ALTE) is an episode of
apnea, color change (pallor, cyanosis, or erythema), and hypoto-
nia that the observer believes to be life-threatening to the infant
and for which some intervention (stimulation, shaking, and/or
cardiopulmonary resuscitation) is feit to be required. The major
concerns following one of these episodes relate to the risk of recur-
rent events and death. Because this topic was discussed in detail
at a National Institutes of Health-sponsored consensus confer-
ence (96), this ATS committee decided to limit present discus-
sion of this topic to how PSG should be used for evaluating these
patients.

Consensus recommendations.

e Polysomnography is not indicated for routine evaiuation oi
infants with an uncomplicated ALTE.

e Polysomnography may be helpful in defining the frequency
and type of apnea and the extent of cardiac, blood gas, and
sleep alterations in certain infants with apnea or ALTE. These
patients include infants with suspected obstructive apnea, those
with recurrent isolated bradycardia without central apnea, and
those suspected of having abnormal respiratory control.

GUIDELINES FOR PERFORMING POLYSOMNOGRAPHY
IN CHILDREN

Pediatric sleep and breathing disorders affect patients from in-
fancy through adolescence. Consequently, the pediatric sleep lab-
oratory must be able to accommodate a wide range of physical,
developmental, and behaviorai challenges. Children may be eas-
ily frightened by sleeping in a strange environment, attached to
a variety of monitoring devices. Success in studying children re-
quires a comprehensive approach including recognition of the
unique needs of children. Polysomnography for cardiopulmo-
ntary indications simultaneously records physiologic variables in-
cluding sleep state, respiration, cardiac rhythm, muscle activity,
gas exchange, and snoring. Behavioral aspects of sleep, such as
the quality of the child’s sleep, may also be assessed. This assess-
ment should be accomplished in 2 manner that is minimally in-
vasive or disruptive to the child’s usual sleep patterns.
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Laboratory Conditions

Supervision of the laboratory. The individual responsible for over-
all supervision of a laboratory whose primary activity is perform-
ing PSG in infants and children with cardiorespiratory disorders
should be a pediatrician with training and experience in pedi-
atric respiratory disorders and/or sleep medicine.

We recognize that due to limited availability of PSG resources,
pediatric patients may be studied in facilities that predominantly
study adults. In this setting, it is strongly recommended that a
pediatrician with expertise in pediatric puimonology, neonaiol-
ogy, neurology, or pediatric sleep medicine oversee laboratory
operations reiated to children. The pediatric specialist can as-
sure that the PSG is performed, scored, and interpreted appropri-
ately for the age and condition of the child. ;

If such personmel are not actively invoived in the daily
supervision of the laboratory, formal consultation should be
obtained from physicians with expertise in pediatric pulmonolo-
gy, otolaryngology, cardiology, neonatology, neuroiogy, and
behavioral medicine.

Serting. Children should be studied in a dedicated pediatric
facility with a laboratory decor that is both age-appropriate and
nonthreatening. If a separate pediatric laboratory is not avail-
able, an area should be designated for children. The setting should
accommodate a parent comfortably during the study. A place
for the parent or guardian to sleep near the child while the study
is in progress is recommended. Immediate parental access to the
child is often necessary to reduce fear and anxiety, especially in
the younger child, and to provide ordinary child care.

Personnel. Staffing by personnel skilled in dealing with in-
fants, children, and adolescents is required. All clinical person-
nel should be certified in pediatric cardiopulmonary resuscita-
tion. They should also demonstrate knowledge of childhood
behavior and the ability to deal with children of varying ages
and developmental stages. Procedures should be explained to the
patient and parent or guardian by someone skilled in presenting
medical information to children. Audiovisual aids may be useful.

Timing of the Study

Background. Polysomnography for evaluating respiratory dis-
orders should be performed under conditions that most closely
approximate the child’s usual sieep habits. Overnight sieep studies
should begin at the child’s usual bedtime. Although there are
limited data on the usefulness of nap studies for diagnosing ab-
normal breathing during sleep in adults (97, 98), one study in
children demonstrated that a positive nap study for obstructive
sieep apnea correlated well with the findings of an overnight study
(99). However, a negative nap study did not exclude the presence
of obstructive apnea occurring during a nocturnal study (99).
Nap studies are limited in that daytime sleep periods are shorter
than overnight sleep periods, may not include REM periods, do
not incorporate circadian variability, and are unusuai daytime
behaviors for children older than 4 yrs. In many instances, the
only way nap studies can be accomplished reliably is by sieep
deprivation or the use of sedatives. Both measures may
increase the amount of obstructive apnea (100-104). The use of
sedation can be associated with severe worsening of obstructive
sleep apnea and its use is contraindicated (104).
Poiysomnography (including a nap study) cannot be consid-
ered normal uniess it assesses breathing during at least one
REM period. There was aiso concern, based on clinical experi-
ence, that a single REM episode may not be sufficient, since it
is not clear that all REM episodes are equivalent. More data are
needed to answer this question.
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Consensus recommendqtions.

s Whenever possible, PSG should be performed as an overnight
study. 1t should be performed without the use of sedatives or
sleep deprivation.

Daytime nap studies may be useful as a screening technique
to identify disordered breathing during sleep. To be consid-
ered reliable, the nap must last ar least 2 h and include ar least
one period of REM sieep. A normal nap study is not suffi-
cient to exclude a diagnosis of obstructive sleep apnea in a
patient with clinical manifestations suggesting OSAS or to ex-
clude abnormal ventilation and oxygenation during noctur-
nal sleep in partients with obstructive lung disease.

Number of Studies

Background. Sleep during the first night in the sleep laboratory
may differ from sleep on subseguent nights. Data from children
and young adults demonstrates the so-called “first-night effect,”
marked by decreased total sieep time and percent of REM time
(105-107). However, this first-night effect is not believed o alter
the respiratory patterns in adults with clinically significant sleep-
disordered breathing (5, 107). The consequences of the first-night
effect in children with mild OSAS are not known. The night-to-
night variability of respiratory patterns is also not felt to be clin-
ically significant in adults with OSAS (108); thus, a single-night
study is thought sufficient to exclude clinically important sleep-
disordered breathing in aduits (5). However, in children, data on
the magnitude and nature of the first-night effect on respiratory
patterns is limited, and at this time, there are no data on the
reproducibility, sensitivity, and specificity of a single-night PSG
for children of different ages.

Consensus recommendations. Until more data are gathered,
for most indications, a single-night study is believed sufficient
to rule out a clinically significant disorder of respiration during
sleep. However, if the child does not experience at least one REM
period or the parents report that what was observed during the
study did not reflect a rypical night’s sleep or the chief complaint,
consideration should be given to repeating the study. 1f the first
study was clinically indicated and it is found to be technically
inadequate, then it should be repeated.

Measurement Techniques

Respiratory variables. These measurements are obtained to as-
sess the adeguacy of ventilation, to identify and differentiate be-
tween central and obstructive apnea, and to evaluate the severity
and physiologic consequences of the breathing disturbance. Re-
spiratory parameters recorded include movements of the chest
wall and abdomen, detection of airflow at the nose and mouth,
and assessment of the effectiveness of respiration using oxygen-
ation and CO, retention measures (109, 110). Currently, there are
no noninvasive techniques that provide a comprehensive quan-
tification of breathing during sleep. However, noninvasive qualita-
tive or semiquantitative techniques are adeguate for most clini-
cal purposes.

Respiratory movements. A cardiopulmonary sleep study
should permit the clinician to distinguish between normal re-
spiratory effort; decreased respiratory effort, as in central hypo-
ventilation; and increased respiratory effort, as in OSAS. In older
children, paradoxical inspiratory movement of chest and abdo-
men is a sensitive indicator of increased airway resistance. It can
be recorded usirg strain gauges (111, 112), respiratory inductive
plethysmography (113-116), or magnetometers (117, 118). In in-
fants, paradoxical movements are also seen during normal REM
sleep, and the presence of paradoxical breathing does not neces-
sarily indicate abnormality (119). Electromyography of the di-
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aphragm and accessory muscles of respiration can provide addi-
tional information about activity of specific muscle groups
(diaphragm, upper airway dilators, expiratory muscles, etc.).
Esophageal pressure recording provides the most accurate, quan-
titative measurement of respiratory effort, but routine use of this
invasive technique is noi necessary {or most clinical purposes
(120-123).

Airflow measurements. Airflow can be measured by a pneu-
motachograph connected to nasal prongs, an oronasal mask, or
tracheostomy tube. Quantitarive measurements of airflow and
tidal volume are most useful in research sertings and assessment
of central hypoventilation. Such measurements have little if anv
role in routine clinical studies because the mask may be uncom-
fortable, may frighten the child, and may alter the pattern of
breathing (124). Measurement of airflow can be accomplished
in a variety of ways. Oronasal thermistors and/or nasal CO,
catherers are used most commonly in clinical laboratories. They
provide qualitative airflow signals and require attachment to the
face (109, 125). Thermistors may not reliably derect episodes of
partial airway obstruction with reduced tida! volume (hypopneas).
The laryngeal microphone has been recommended to detecr air-
flow or its absence in patients with OSAS (126, 127). However,
this technique is limited because it can only derect complete ob-
struction. Recording sound will only vield information on the
degree and quality of snoring, neither of which has been shown
to correlate with the severity of the ventilatory disturbance (33, 34).

Respiratory inductive plethysmography (R1P) provides both
an assessment of the chest/abdominal asynchrony and a semi-
quantitative measurement of airflow and tidal volume (113-116).
The method uses bauds around the chest and abdomen and may
detect airway obstruction without the need to attach thermis-
tors or end-tida! CO, sampling catheters to the face. Calibration
can be performed automatically to set the abdominal and tho-
racic sum signal proportional to tidal volume. This system worked
well for detecting obstructive apnea as well as partial airway ob-
struction in children and adults (128-130) and in measuring tidal
volume in infants (114).

Caution is warranted when using RIP in infants and in chil-
dren with increased work of breathing. In infants, especially pre-
term neonates, chest/abdominal asynchrony is common as REM-
sleep-related hypotopia permits inward chest motion during in-
spiration (119). To avoid overdiagnosing apnea/hypopnea when
using REP inn infants, confirmatory channels such as thermistors
or end tidal CO2 readings should be used. In patients with in-
creased work of breathing, use of accessory muscles of breathing
may lead to complex chest/abdomen movements, violating the
assumption underlying RIP that the respiratory system moves only
two degrees of freedom (111). As with other methods, careful
attention to positioning of the RIP bands is mandatory.

Measurement of ventilation. In patients with normal lungs
and unobstructed breathing, the CO, value measured at the nose
or mouth over the last one-fifth of expiration is presumed to re-
flect alveolar CO.. This value is thought to be a reliable estimate
of arterial CO; and thus of alveolar ventilation (125, 131). Care-
ful positioning of probes at the mouth and nose is essential to
obtaining reliable recordings from both thermistors and CO; mo-
nitors. Although not an absolute guarantee, au end-tidal pla-
teau of the CO, value usually indicates a good signal for CO;
readings. Caution must be advised when using end-tidal CO, trac-
ings. Underestimation of the actual alveolar CO, value can be
seen in patients with obstructive lung disease or rapid respira-
tory rates. This error should be obvious from inspection of the
end-tidal tracing. End-tidal CO, recording is effective in detect-
ing apnea and prolonged hypoventilation (131, 132). The techni-
cian’s vigilance is essential to ensuring that the catheter is posi-
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tioned properly, that it is kept patent, and that the waveform
is appropriate

At rimes, the nasal sampling catheter required for the CO,

scording may be difficult to maintain, especially in voung chil-
uren. In these situations, transcutaneous Pco. (Picco,) monitor-
ing may be useful (132, 133). These measurements are more reli-
able when corrected to the Paco, values (132). The Picco,
measurements will not reflect transient changes in Paco,, but
only a trend (132, 133). In older or obese patients, Ptcco, does
not necessarily reflect arterial values, although the difference be-
tween the transcutaneous value and the arterial value is usually
stable.

Measurement of oxygenation. Blood oxygen levels can be mea-
sured by pulse oximetry (131, 134-~136) or by transcutaneous oxv-
gen electrodes (34, 55, 137). Pulse oximetry has a rapid response
time, bur the result is affected by the lung-to-probe circulation
time and the averaging algorithm used by the equipment. [t uses
a comforiable sensor that can be left on the patient for extended
periods. The Sag, values obtained with pulse oximetry have been
shown to correlate well with measured arterial oxygenation values
> 70%, as long as there is an adequate arterial pulse waveform
and absence of motion artifact (131, 134-136). The accuracy and
reliability of continuously documented oximetry can be improved
by also recording the pulse amplitude signal (56). Individuals
using pulse oximetry should be familiar with factors that affect
the accuracy and reliability of its readings. Understanding the
relationship between saturation and partial pressure of oxygen,
as well as the imporiance of oxygen delivery is essential to using
these measurements effectively (131, 135).

Transcutaneous oxygen tension measurements (Ptco,) are less
useful because the response time of these electrodes to changes
in Pag, is often too slow to follow the rapid and transient changes

n oxygenation that may occur following apnea (54, 55, 131, 133).

Furthermore, patient age and the temperature of the probe re-
quire repositioning the heated probe to prevent skin damage in
infants and young children (138). These factors make these moni-
tors less desirable for studies designed to be minimally disrup-
tive to natural sleep. If transcutaneous measurements are used, the
location of the sensor should be changed approximately every 4 h
to prevent skin damage. Depending on the temperature of the
probe and the characteristics of the equipment, this interval can be
extended in older patients, but it may need to be shorter in
premature infants. Alternatively, several sensor rings should be
placed at the beginning of the study and the sampling location

rotated every 4 h. This technique minimizes disturbances during
the study.

Nonrespiratory variables.

Sleep staging. Staging sleep involves the combined measure-
ment of the electroencephalogram (EEG), electrooculogram
(EOG) 1o record rapid eye movements, and the electromyograrm
(EMG) to record submental and tibial muscle activity. Well-
defined sleep stages similar to those in adults are easily identifi-
able in children > 6 mo old, although differences in the charac-
teristics of the voltage and waveforms of the EEG occur with
maturation beyond this age (139, 140). Special criteria have been
used to define sleep states in infants < 6 mo old (141, 142).

Electrocardiogram (ECG). Monitoring cardiac rate and
rhythm is useful in assessing consequences of the breathing dis-
turbance.

Tibialis muscie activity. Monitoring of peripheral muscle tone
is useful in documenting excessive movements and arousals dur-
ing sleep (143). Although rare in pediatrics, the diagnosis of peri-
odic leg movement can be detected with anterior tibialis EMG
(143). Motion sensors for the extremities can also be used to de-
tect excessive leg movements.

Esophageal pH. The measurement of esophageal pH using

standard methodotogy (144) in conjunction with PSG can be used
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1o document the presence and cardiorespiratory conseguences
of gastroesophageal reflux.

Audiovisual recording. Because the physician is not present
overnight to observe the child during sleep, videotaping using
infrared or low-light cameras can provide invaluable informa-
tion on sleep behavior, snoring, respiratory effort, and sleep po-
sitions associated with a particular respiratory pattern. Prelimi-
naryv work has suggested that videotape analysis may prove useful
as a poninvasive approach to discriminate sleep and wakeful-
ness and to help assess movement arousals (43, 46, 145).

Consensus recommendations. Comprehensive evaluation of
respiration during sleep requires a combination of measurements
that at a minimum should include the following techniques:

« Both respiratory effort and airflow should be assessed. Simul-
taneous recording of movement of the chest wall and abdo-
men is required to detect paradoxical inspiratory rib cage move-
ment and identify obstructive apnea and/or hypoventilation.
Magnetometers, strain gauges, or RIP may be used. Intercostal
EMG recordings cannot be used alone to monitor respiration,
since the signal may be reduced or absent during REM sleep.
Calibrated RIP can detect both apnea and hypopnea (128,
129, 130). Esophageal pressure catheters are not required for
routine clinical studies, because placement of the catheters
can be upsetting to both the child and parent. The presence of
the catheter may contribute to sleep disruption, leading to a
less-than-optimal study.

Airflow at the nose and mouth ¢an be measured either by ther-
mistors or by capnography. It is important to identify mouth and
nasal breathing separately, because absence of nasal airflow or
exclusive mouth breathing are both associated with clinical ab-
normalities (146, 147). Capnography is recommended because
it can assess both airflow and ventilation simultaneously.

* Measurement of Saop, by pulse oximetry should be performed
in all studies. In addition, we strongly recommend that the
oximeter’s pulse waveform be recorded on a separate channel
adjacent to the electrocardiogram (ECG) signal, so that the
accuracy of the saturation reading can be determined and ar-
tifacts due to movement or low signal strength easily identi-
fied. Although the software used to calculate saturation may
vary, the algorithm calculating the saturation vaiue shouid use
the mode with the shortest averaging time.

e An ECG is recorded using a standard three-lead placement.

e An EMG is recorded from electrodes placed over the anterior
tibial region. Motion sensors can aiso be used. Recording move-
ments of an extremity is recommended in studies focused on
excessive leg movements or in children with excessive daytime
sleepiness; it can help quantitate movement arousals during
PSG assessment of cardiopulmonary function.

¢ Electrode placement for sleep staging in children is based on
the International 10-20 system and is similar to that used in
adults (148). Electrodes are placed at Al, A2, C3, and C4, and
sleep stage is derermined by the monopolar derivation C3/A2
or C3/A, or C4/Al or C4/A;. The EOG is recorded by placing
electrodes adjacent to the outer canthus of each eye. The right
electrode is placed 1 cm above the horizontal axis while the
left is placed 1 cm below. An EMG is recorded by placing one
electrode in the center of the chin and two electrodes on op-
posite sides under the chin. Onty two of these are required for
recording purposes; the third is for backup. If a paper poly-
graph is used, the data should be recorded at a rate of 10 mm/s.
Although this may reduce the sensitivity of EEG patterns, it
has been found 10 be sufficient for accurate sleep staging and
assessing breathing patterns.

* Audiovideo recording during sleep is recommended but not
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required. Infrared or low-light equipment should be used so
that ambient light can be minimized. If available, simultane-
ous recording of the patient and PSG variables can be helpful
in correlating pnysioiogic disturbances with clinical or be-
havioral findings.

Supervision by a trained technician is required to assure the
quality of the study. This individual should make notations
regarding unusual events or behavior during the study. Al-
though unattended PSG in children appears promising, its role
in either the laboratory or home setting has not been fully es-
tabiished (45, 46). Additional research is needed to determine
reliability and limitations of this approach before it is adopted
for routine use in children.

SCORING AND REPORTING POLYSOMNOGRAPHY DATA
Respiratory Variables

Physiologic differences between adults and children, as well as
differences in the clinical manifestations of sleep-related upper
airway obstruction, demand that interpretation of PSG in chil-
dren recognize their uniqueness and the influences of develop-
ment (30, 33).

The presence or absence of snoring should be noted. Although
limnited data suggest a clinically significant correlation between
the quality or loudness of snoring and severity of upper airway
obstruction (149, 150), there are no studies quantifying snoring
on a PSG in children, nor are there widely accepted and vali-
dated scales for assessing the quality and severity of snoring in
children.

The number of obstructive events (compiete or partial) of any
duration should be scored in ali studies. Obstructive apnea is de-
fined as cessation of airflow at the nose and mouth associated
with out-of-phase movements of the rib cage and abdomen. Sev-
eral investigators have demonstrated that children with OSAS
may present fewer and generally shorter episodes of complete
obstruction, but prolonged periods of partial upper airway ob-
struction (7, 30, 31).

Partial airway obstruction has traditionally been described
by the term “hypopnea” (breathing that is shallower or slower
than normal). Hypopnea is defined by a 50% or greater decrease

m the amphtud_e of the nasal/oral airflow. 51gnal often accom-.

'nar"M [} ;", oxemia or arousal (128, 123, 153 ). I a cailbrated

“RTPis used, hypopnea can be identified by a decrease in the RIP
sum signal (128-130). However, in young infants, rib-cage para-
dox characteristic of REM sleep can produce a similar decrease
in the signal. 1f RIP is used in children < 1 yr who may normally
experience paradoxical inspiratory rib~cage movements during
REM sleep, then hypopnea should be defined using other sup-
portive data such as changes in nasal/oral flow, oxygenation, or
end-tidal CO,. Hypopnea may be further characterized as either
obstructive, if the reduction in airflow is associated with para-
doxical chest and abdominal movements, or central, if associated
with an in-phase reduction in the amplitude of the chest and ab-
dominal signals.

Defining and identifying hypopnea consistently by this ap-
proach may sometimes be difficult (153). Scoring hypopnea as
discrete events also may be difficult, because the degree of par-
tial obstruction often changes continuously, without clear points
of onset or termination. An alternative approach based on meas-
uring end-tidal Pco, was considered by many committee mem-
bers to be a more sensitive method for assessing partial airway
obstruction. If end-tidal CO, data is used, the effects of extended
partial airway obstruction or reduced respiratory effort can be
assessed by measuring changes in end-tidal CO-, associated with
going to sleep, as well as with respiratory events. By using end-
tidal Pco, data, hypoventilation can be identified as obstructive
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or central based on the associated changes in chest and abdomi-

=] wall movements. Reference data on the range of normal end-
tidal CO, values is limited 1o a recent study of 50 children, 1-17
yr old (154). This study demonstrated that no normal child hat
an end-tidal CO, > 45 mm Hg for > 60% of total sleep time,
end-tidal CO; > 50 mm Hg for > 8% of total sleep time, or peak
end-tidal CO, {on two consecutive breaths during or after up-
per airway obstruction) > 53 mm Hg (154). The same study
showed that the increases in Peico, rarely exceeded 13 mm Hg
during overnight PSG. The committee believed thar these data
may be used conservatively to identify patients with elevation
of CO, during sleep, assuming that a high-quality CO. reading
is obtained.

Limited data are available on the occurrence of paradoxical
inspiratory rib-cage movements in normal chikdren. In infants
up to &€ mo old, these movements occur throughout REM time
(155). From 7 mo to 3 yr there are no paradoxical inspiratory
rib-cage movements during non-REM sleep, and the duration of
paradoxical inspiratory rib-cage movements decreases with age
during REM (119). In adolescents, paradoxical inspiratory
movements are not seen normally, even during REM (156).

Central apnea is an absence of both airflow at the nose and
mouth and movements of the chest wall and abdomen. Central
apnea without physiologic consequence is found in normal chil-
dren of all ages. In general, these episodes are <20 s, although

some normal children have been found to have central apneas
longer than that (157).

Reference data on oxygenation come from several studies of
normal infants and children (154, 157-160). These data demon-
strate that after the first several months of life, Sao, usually re-
mains > 94% during sleep, and desaturation events of > 4% are

uncommon. If they occur, they are typically brief: < 10 s (154
157-160).

Nonrespiratory Variables

If there are clearcur abnormalities on the respiratory portion of
the PSG, the study may be interpreted without performing com-
plete sleep staging. However, the commuittee believed that the abil-
ity 10 stage sleep is important to documenting the sleep-state de-
pendence of breathing. Breathing abnormalities, including
obstructive apnea, may be exacerbated or only seen during REM
sleep (161-163). Sleep staging is also important to determining
that the quality and quantity of sleep during the study is within
normal limits.

In children older than 6 mo, it is standard practice to stage
sleep on PSG in 30-s epochs, according to the guidelines of Recht-
schaffen and Kales (139). Some committee members recom-
mended that the length of epochs for sleep staging vary accord-
ing to the age of the child, but there is a need for more data before
this approach can be recommended. Sleep in infants less than
6 mo old should be scored as active, quiet, or indeterminate (141,
142).

Although detailed sleep staging beyond simply identifying the
occurrence of REM periods is not always necessary, arousals
should be scored because these may be important conseguences
of abnormal breathing events during sleep. Quantifying mini-
or micro-arousals in children to obtain a measure of sleep dis-
turbance has been recommended (164), but needs more study.
New guidelines for scoring arousals on PSG have recently been
published by the American Sleep Disorders Association (16
and a2 modification of this system for children has been pr.
posed. Arousal should be classified as respiratory if it occurs at
the end of a respiratory event (apnea or hypopnea), technician-
induced, or spontaneous. The frequency of movement arousals

terminating obstructive apnea in children is unclear, but there 1s
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a suggestion that children can sometimes terminate obstructive
apnea without a corncal arousal (145, 163, 166).

Another noiirespiratory variable involves measurement of car-

“iac raythm. The presence of cardiac arrhythmias, including

s bradycardia, and whether they are associated with respira-

torv disturbances should be noted and the number of such
events tabulated.

Consensus Recommendations for Scoring

Until more experience is gained with children’s abnormal breath-~
ing during sleep, the entire record shouid be scored by a quali-
fied individual 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).

L ]

Given the volume of data accumulated during PSG, the use
of computer-based data acquisition and scoring is attractive.
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 reguires validation (168,
169).

Respiratory variables that should be scored include the num-
ber, type, and duration of apneas; episodes of partial airway
obstruction measured as bypopnea or hypoventilation, whether
obstructive or central; and the freguency and duration of para-
doxical inspiratory rib-cage movements and associated desat-
uration, 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. If an obstructive apnea
index — the number of events per hour of total sleep time —
or a combined apnea/hypopnea index is used, appropriate
pediatric normal vaiues must be employed. Nopsigh, non-
movement-associated central apnea > 20 s should be counted,
regardless of associated desaturation 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 CO; at sleep onset, the peak
end-tidal CO,, the duration of end-tidal CO; > 50 mm Hg
expressed.as a percent of total sleep time, and the changes in
CO:associated with respiratory events. The end-tidal CO:
values should be correlated with chest wall and abdominal
recoraings to xlenury the pathophysiology ot the elevated CO,.
The amount of rime during which a technically adequate end-
tidal CO, tracing was not obtainabie should be recorded in
order to avoid underestimating the total sleep time spent with
values > SO0 mm Hg.

Maximum and minimum Sag,, the number of desaturations
> 4%, and the percent of total sleep tme spent with Sao, <
Q5%, 90%. 85%. etc., should be scored. Changes in Sao vai-
ves should be correlated with respiratory events.

Snoring should be noted as present or absent. There are cur-
rently no standardized scoring systems for snoring in pediatric
patients. Rating or grading the snoring as miid, 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 30-s epochs were adequate for scor-
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ing a PSG evaluating respiration, but a2 minority view held that
the epoch length should vary according to the indication for
the studv. 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 (parasomnias).

* The criteriz of Rechrschaffen and Kales (139) can be used to

stage sieep 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 sieep staging may not be necessary for most cardio-
pulmonary studies, unless there are specific questions regard-
ing the impact of the 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 foliow-
ing additional parameters should be scored: non-REM stages
1, 2, 3, and 4 and REM time expressed as percentages of total
sieep 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 “usuai” sleeping position and if respiratory abnormaii-
ties are reiated to body position. Position should be recorded
either by video or observation by the technician.

Arousals as defined 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 effort during sleep.

Reporting the Resuits

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

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

. Technigues used and variables measured.

. 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 guality 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 sieep onset, number of arousals and their
association with respiratory events, and amy noteworthy sleep
behavior. The presence and number of REM periods and the
duration of all sleep stages, expressed as a percent of total
sleep time, should be recorded. If compiete 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
sieep should be recorded.

6. Respiratory rate during non-REM sleep. Apnea and hypop-
nea or hypoventilation should be reported by type, total num-
ber, average duration, longest event of each type, lowest Sao,,
and heart rate associated with the event.

7. Oxygen saturation as maximum Sao,; minimum Sao,; per-



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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