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Abstract

Arousals from sleep and consequent sleep disruption may be a causal link between sleep-disordered breathing and its sequellae in children.
Quantification of arousals therefore makes an important contribution to the overall assessment of the sleep of a child with suspected
obstructive sleep apnea (OSA) or other sleep disorders. Arousals are classically defined by changes in the electroencephalographic
(EEG) channels, but most arousals in children involve body movement in addition to EEG changes. Several methods of quantifying arousals
without the use of EEG have been proposed, with the aim of simplifying testing in children with suspected OSA so that it can be safely and
efficiently performed in the child’s home. The following paper gives a background to the assessment of arousals from sleep in children, and
describes methods for detecting arousals and their potential application to recordings performed in a child’s home. © 2002 Elsevier Science

B.V. All rights reserved.
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1. Arousal from sleep
1.1. Neurophysiology

The transition from sleep to wakefulness is characterized
by abrupt changes in electroencephalographic (EEG) and
skeletal muscle activity [1]. The neuroanatomic basis of
this response lies in the brainstem reticular activating
system (RAS). The RAS receives input from sensory
systems, and has projections via the thalamus, hypothala-
mus, subthalamus, and basal forebrain to the cortex. It also
influences activity of spinal motor neurons via the caudal
pontine reticular formation.

The moments just after awakening from sleep are asso-
ciated with profound changes in many aspects of autonomic
functioning, particularly stimulatory effects on respiration
and sympathetic activity, and a reduction in vagal activity.
This leads to transient elevations in ventilation, heart rate,
and blood pressure that are in excess of the stable awake
state [2,3] suggesting that arousal from sleep is not just a
return to the awake state, but is associated with a state of
‘hyperarousal.’

1.2. Definitions

Arousal from sleep may take the form of a change in EEG
rhythm to one characteristic of the awake state (often termed
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desynchronization), an increase in muscle activity visible on
electromyography (EMG), and/or a visible behavioral
awakening. For the purposes of polysomnography, arousals
in adults are often defined according to the American Sleep
Disorders Association (ASDA) criteria [4]. The essentials of
the standard ASDA criteria require (1) that the subject is
asleep, (2) that a minimum of 10 s of sleep must intervene
before a second arousal is scored, (3) an abrupt shift in EEG
frequency to theta, alpha, and/or frequencies greater than
16 Hz of 3 s or more in duration, (4) an increase in submen-
tal EMG in rapid eye movement (REM) sleep. Inter-obser-
ver agreement for arousals using this definition is only
moderate [5], and is likely to be even worse for events of
shorter duration, despite the possible physiologic signifi-
cance of these shorter events [4].

Some arousals from sleep occur seemingly ‘sponta-
neously’, usually associated with the end of a sleep cycle
and a change in body position [6]. Few studies have
described the rate of spontaneous arousals in healthy infants
and children. Cortical (EEG) arousals have been reported to
occur in healthy infants an average of 16 times per hour in
non-REM (NREM) sleep and 31 per hour in REM sleep,
plus frequent brief startles that do not proceed to full cortical
arousal [7]. Scholle and Zwacka described a median (inter-
quartile range) of 9.0 (4.1) EEG-arousals per hour of sleep
in 20 normal children with a median age of 7.5 years [8].
This is similar to the finding of McNamara et al. [9], who
described a mean (SD) spontaneous arousal frequency of 6.8
(1.8) per hour in quiet sleep and 7.1 (0.9) per hour in active
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sleep in 15 children who were being evaluated for obstruc-
tive sleep apnea (OSA) but had normal polysomnography
(mean age 4.6, SD 1.1 years). Normal adolescents arouse
approximately three to five times per hour of sleep, rising
slightly to five to six times per hour in young adults [10].
This frequency rises with increasing age in adulthood
[11,12].

2. Arousal in obstructive sleep apnea
2.1. Mechanisms and age factors

In adults with OSA, arousal from sleep commonly
follows episodes of upper airway obstruction [11]. Arousal
is induced by a variety of factors including hypoxia, hyper-
capnia, stimulation of upper airway mechano- and sensory
receptors, and increasing ventilatory effort [13—15]. In chil-
dren, the likelihood of arousal from sleep in response to
airway occlusion depends significantly on age, with infants
being less likely to arouse in response to upper airway
obstruction than older children [16,17]. Outside the first
year of life, however, arousal becomes an increasingly
frequent response to episodes of upper airway obstruction
[8,9,18]. Children with OSA have more arousals from sleep
than normal children, but return to a normal arousal
frequency following treatment [8,19].

It has been demonstrated in animal models that exposure
to repeated airway occlusion leads to a delay in arousal
response to subsequent occlusions, with a consequent
worsening in desaturation, and augmentation of negative
pleural pressure swings and changes in blood pressure
[20,21]. Infants habituate to tactile stimuli during sleep,
with progressively diminishing arousal response [22].
While this diminution in response to stimuli during sleep
may be beneficial in terms of sleep quality, it has potentially
adverse effects on the response to life-threatening airway
compromise.

2.2. Consequences of frequent arousals

Arousals associated with sleep-related breathing disor-
ders are particularly important, both as a mechanism of
recovery from respiratory events during sleep, and as one
of the key mediators of the morbidity of these disorders.
Independent of the effects of recurrent hypoxemia, the
surges in heart rate and blood pressure seen with arousal
terminating an obstructive apnea have been implicated in
the cardiovascular morbidity of OSA, such as hypertension
and myocardial infarction [23]. Frequent arousals from a
non-respiratory cause in an experimental setting have also
been demonstrated to lead to excessive daytime sleepiness
and reduced psychomotor functioning [12,24,25].

Indeed, full cortical arousal is not required to produce
daytime sleepiness and impairment of mood. Martin et al.
showed that repeated arousal stimuli is sufficient to lead to
elevations in heart rate or blood pressure without visible

EEG arousals or a reduction in total sleep time leading to
a reduction in slow wave sleep, increased daytime sleepi-
ness, and impaired mood [26]. Fragmentation of sleep by
arousals leads types and levels of impairment similar to
those caused by sleep deprivation [27].

The consequences of frequent arousal from sleep have
been less well studied in children than in adults. OSA in
children is associated with arterial and pulmonary hyper-
tension, failure to thrive, behavioral problems, and neuro-
cognitive deficits [28-32]. However, the relative
contributions to this morbidity of recurrent hypoxemia
versus frequent arousals have not been well defined.
Young adults have been demonstrated to be more sensitive
to sleep disruption than older adults, in terms of effects on
psychomotor performance [12], but experimental sleep
disruption has not been performed in children. It has
been postulated that growth impairment in children with
OSA may be due in part to reduced growth hormone secre-
tion due to sleep disruption, and growth hormone secretion
has been demonstrated to be impaired in children with
OSA [33]. However, the association between growth fail-
ure, impairments in growth hormone secretion, OSA, and
arousals is not clear.

2.3. Arousals in pediatric OSA

Children with OSA have more arousals from sleep than
normal children [19], but the macrostructure of sleep is
usually preserved [8,34-36]. Microdisruption of sleep may
be present however, and arousal may occur following a
respiratory event not associated with significant hypoxia
or hypercapnia [9,18].

The role of arousals in the termination of respiratory
events in children is not entirely clear. Three groups of
investigators have studied this association. Mograss at al.
used a definition that included arousals of greater than 1 s to
increase the sensitivity of detecting an arousal following a
respiratory event [18]. They found that movement arousals
terminated nearly all obstructive apneas and hypopneas in
children (mean age 5.2 years, SD 2.7 years). McNamara et
al. challenged this finding, showing that for children (mean
age 4.7 years), only 39.3% of respiratory events in quiet
sleep and 37.8% of events in active sleep resulted in arousal
[9]. Scholle and Zwacka showed an increase in arousal
frequency in children with OSA that returned to normal
after treatment, but could not detect a direct correlation
between the apnea/hypopnea index and the arousal index
[8]. These different conclusions probably stem from differ-
ences in definition of both arousals and respiratory events,
and differences in the population under study. For example,
McNamara et al. [9] included central apneas longer than 5 s,
whereas Mograss et al. [18] only included central apneas
longer than 10 s or shorter apneas if associated with desa-
turation. More research is needed to clarify the role of arou-
sal in the recovery from respiratory events in children.
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Fig. 1. Example of recordings from a PSG of a child with OSA, showing an obstructive apnea followed by a brief arousal (‘A’; duration indicated by line). The
arousal is accompanied by a change to a fast frequency rhythm and then a large distortion related to artifact on the EEG recording. Note also an increase in
submental EMG activity, a rise in heart rate, and distortion of the respiratory traces secondary to movement.

3. Detecting arousals in the home setting

A polysomnogram (PSG) performed in a sleep laboratory
provides a detailed assessment of respiration during sleep
and its potential consequences such as frequent arousals and
fragmentation of sleep. However, PSG is a complicated and
expensive test, requiring a high staff-to-patient ratio, and is
not widely available. Also, spending a night in the sleep
laboratory is disruptive for families and monitoring may
interfere with normal sleep [37]. For these reasons, less
labor-intensive methods of assessing both breathing and
sleep disturbance have been sought, particularly methods
that can be carried out in a child’s home. One of the key
difficulties with this type of testing lies in quantifying
microdisruption of sleep due to upper airway obstruction
without EEG recordings. Several investigators have evalu-
ated non-EEG methods of quantifying arousals in children,
and these are outlined below.

3.1. Cardiorespiratory sleep studies

Three studies to date have demonstrated that in children,
cortical (EEG) arousals are usually associated with move-
ment. Mograss et al. [18] found that nearly all respiratory
events were associated with a movement arousal, and that
83% of movement arousals detected by PSG could be
detected using only a cardiorespiratory montage (heart
rate, Sa0,, pulse waveform, respiratory movements by
respiratory inductance plethysmography, and EKG). Fig. 1
shows an example of an EEG arousal following a respiratory
event; note the changes on cardiorespiratory channels
consistent with a movement arousal. The movement arousal
index determined from the cardiorespiratory montage aver-
aged 83.6% of that from PSG (Fig. 2) [18]. This slight
underestimation may be explained by the fact that the cardi-
orespiratory montage alone misses small numbers of arou-
sals that are only seen on the EEG or EMG channels, more
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Fig. 2. Movement arousals as calculated from a full polysomnographic
montage and a cardiorespiratory montage in 15 children with OSA. The
mean (SD) movement arousal index was slightly lower using the cardior-
espiratory montage (15.3 = 6.1 events/h) than using the full polysomno-
graphic montage (17.8 £ 7.6 events/h). Overall, 82.9 +7.6 SD% of
movement arousals were detected using only the cardiorespiratory montage

([18]).

subtle movements, and multiple arousals separated by brief
(10-15 s) periods of sleep (the latter often grouped into one
arousal using the cardiorespiratory montage). Scholle and
Zwacka found a similar number of EEG and movement
arousals (Fig. 3) and that 73% of EEG arousals were
combined with body movement as defined by activation
of tibialis anterior EMG, although they did not analyze
specifically what proportion of EEG arousals would have
been identified without the EEG/EOG/EMG channels [8].
Jacob et al. performed polysomnography in the laboratory
and a cardiorespiratory sleep study at home in 21 children
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Fig. 3. The number of EEG- (cortical-) arousals and movement arousals in
20 controls (a), and 20 children with OSA before (b) and after (c) treatment
with adenotonsillectomy, continuous positive airway pressure or nasal bile-
vel ventilation. Adapted from Ref. [8].

aged 2-12 years referred for possible OSAs and found no
significant difference in the respiratory and spontaneous
movement arousal indices determined by the two studies
[37]. Thus, cardiorespiratory sleep studies performed in
the home can provide a reliable assessment of arousal
frequency.

3.2. Video recordings

Continuous video recording during the night permits
discrimination of sleep versus wakefulness, but not sleep
state, in infants [38] and older children [39]. In order to
try to quantify movement arousals using video recordings,
Stradling et al. investigated the use of automatic detection of
movement during sleep using photodiodes attached to a
video monitor screen to detect changes in light intensity
[19]. This method demonstrated an increase in time spent
moving during sleep in eight children with OSA compared
to eight controls, and a reduction in movement time after
adenotonsillectomy. No comparison was made between
detection of movement arousals by this method and poly-
somnography-defined arousals, and 12-s epochs were used,
making comparison with arousal indices determined by PSG
impossible. Another report from the same center using the
same methodology in 61 children with OSA and 31 controls
also demonstrated increased movement time in children
with OSA and with a decrease to the same level as control
children after T and A [40].

3.3. Audio recordings

The analysis of sound during sleep has not been widely
studied in children. Potsic reported a good agreement
between sleep sonography (breathing sounds) and PSG find-
ings for detection of apnea in children with OSA, but sono-
graphy was not able to differentiate central from obstructive
apneas [41]. Evaluation of the proportion of respiratory
events associated with arousal, or the quantification of
non-respiratory arousals was not assessed.

3.4. Measurements of movement during sleep

Various devices have been investigated for quantifying
movement during sleep, including accelerometers, EMG
and artifact on the pulse waveform channel of an oximeter.

The use of motion-sensitive recording devices such as
accelerometers (actigraphy) makes long-term recordings
of an individual’s movement patterns possible. The sensor
is worn on the body, frequently, around a limb. Movements
are quantified in various ways, usually averaging activity
over a specified time period such as 1 min. These devices
are able to provide fairly reliable estimates of sleep duration
[42,43], although they tend to overestimate sleep, as lack of
movement is interpreted as sleep. As people with OSA have
been noted to be more restless during sleep than normal
people, actigraphy provides an attractive possibility for
the non-invasive quantification of movement arousals
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during sleep. In adults, studies have yielded conflicting
results with regard to the ability of actigraphy to reliably
differentiate those with OSA from normals [44-46]. Differ-
ences in actigraphy technology and methods of quantifying
respiratory events may be part of the explanation for this
discrepancy. In children with suspected OSA, Suratt et al.
have reported only a weak correlation between actigraphic
indices and AHI, with too much variability to reliably detect
OSA in individual subjects [47].

The ability of actigraphy to quantify arousals depends on
two main factors: its sensitivity for small movements and its
ability to detect movements of short duration. Averaging
movement over 1 min intervals as is commonly practiced
will clearly miss short arousals; however, as averaging time
decreases, memory capacity fills more quickly, decreasing
total recording time. Even given ideal detection of short
movements, actigraphy cannot differentiate between move-
ment arousals related to respiratory events and spontaneous
movement arousals or those from another cause such as
periodic limb movements. In the future, this technology
may have applications for home use in monitoring the
effects of treatment in patients with sleep disorders that
lead to increased movement during sleep.

EMG may be used to detect muscle activity during move-
ment. Abdominal muscle EMG activity is frequently seen
during sleep in children with OSA, but rarely in age-matched
controls [48]. Peaks in abdominal EMG have also been
demonstrated to correspond with arousal following apnea,
in both REM and NREM sleep [49]. While the recording of
limb EMG is part of standard laboratory PSG [50], very low
amplitude biopotentials are recorded and the practical issues
in achieving good recordings probably preclude the wide-
spread use of EMG recordings in the home.

3.5. Pulse transit time

Pulse transit time (PTT) measures the time taken for the
pulse pressure wave to travel from the heart to the periphery,
usually recorded as the time from the electrocardiographic
R wave to detection of the corresponding pulse wave at the
finger using a photoplethysmograph. The PTT is inversely
correlated with blood pressure and reflects beat-to-beat
changes in blood pressure. It has been demonstrated to
mirror the fluctuations in pleural and blood pressure that
occur during respiration against a partly occluded upper
airway. Rapid dips in PTT are also seen after respiratory
events as a result of the surge in blood pressure that occurs
with an arousal [51-54].

Pitson et al. examined the correlation between conven-
tional indices of sleep disruption (EEG-defined arousals, the
apnealhypopnea index and the oxygen desaturation index)
and two autonomic indices (heart rate and blood pressure
rises defined by PTT) [55]. Blood pressure rises were highly
correlated with SaO, dips (r = 0.71) and EEG microarou-
sals (r = 0.65). Thus, PTT looks promising as a non-inva-
sive method of detecting increased respiratory effort and

arousal in adults with OSA, both in the laboratory [55]
and in the home environment [56].

Investigation of the use of this technique in children has
recently been presented in abstract form. Pagani et al. found
a relationship between the change in PTT during a single
inspiratory effort (APTT) and the degree of applied inspira-
tory resistance in awake children [57]. Delavie et al.
reported an increase in the number of detected arousals
when PTT was added to analysis of other signals (ASDA
criteria) [58]. Further investigation of this technique is
required to determine the reliability of PTT in detecting
arousals in children, and the clinical significance of the
arousals that are detected.

3.6. Heart rate variability

Acute rises in heart rate are often seen in conjunction with
arousals following respiratory events in adults [55].
Mograss et al. described a rise in heart rate in 74% of move-
ment arousals following respiratory events in children [18].
Pitson et al. reported an association between arousal
frequency and acute rises in heart rate in adults [55], but
this technique has not been evaluated in children.

Evaluation of beat-to-beat changes in heart rate over the
night has been proposed as a non-invasive method of detect-
ing children with OSA. Baharav et al. evaluated this method
in ten children with OSA and ten controls [59]. They found a
greater low frequency power in the OSA group, consistent
with increased sympathetic activity during the night in chil-
dren with OSA. The principal difficulty with this method is
that periods containing artifact have to be removed prior to
analysis (comprising 60% of the test time in the paper by
Baharav et al.). Thus longer movement arousals are likely to
be removed prior to analysis, and shorter arousals will also
not be detected as this fast Fourier transform method
analysed time intervals of 256 s each.

4. Summary and conclusions

Arousals from sleep are potentially an important link
between sleep-disordered breathing and its consequences
in children. As access to PSG is limited, methods of quanti-
fying and characterizing these arousals in the home setting
have been sought. Using a definition based on movement
artifact on respiratory channels in conjunction with an
increase in heart rate and movement on video recordings
detects the majority of arousals secondary to respiratory
events in children [18]. The use of movement detectors
such as accelerometers and evaluation of PTT also show
promise in providing reliable quantification of arousals
from sleep in the home. However, further assessment of
these and other devices is needed before they can be recom-
mended for the quantification and characterization of arou-
sals from sleep in childhood.
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5.

Future research directions

Establish normative data for the frequency of arousals
from sleep, with emphasis on the effects of age and state.
Investigate the presence of a link between arousal from
sleep and the sequelae of OSA in childhood. In particular,
researchers should focus on the potential link between
frequency of arousals of any cause and neurocognitive
sequelae such as learning and behavioral problems.
Clarify the effect of age on the frequency of arousal as a
mechanism of apnea termination.

Further evaluate practical methods of quantifying arou-
sals and awakenings without using EEG, so that reliable
portable diagnostic systems can be developed for use in
children in the home environment.

References

[1] Rechtschaffen A, Kales AE. A manual of standardized terminology,

techniques and scoring system for sleep stages of human subjects..
Los Angeles, CA: Brain Information Service/Brain Research Insti-
tute, UCLA, 1968.

[2] Davies RJO, Belt PJ, Roberts SJ, et al. Arterial blood pressure

responses to graded transient arousal from sleep in normal humans.
J Appl Physiol 1993;74(3):1123-1130.

[3] Horner RL. Arousal mechanisms and autonomic consequences. In: Al

Pack, editor. Sleep apnea: pathogenesis, diagnosis and treatment,
New York, NY: Marcel Dekker, 2002. pp. 179-216.

[4] Atlas Task Force of the American Sleep Disorders Association. EEG

arousals: scoring rules and examples. Sleep 1992;15(2):174-184.

[5] Drinnan MJ, Murray A, Griffiths CJ, Gibson GJ. Interobserver varia-

bility in recognizing arousal in respiratory sleep disorders. Am J
Respir Crit Care Med 1998;158:358-362.

[6] Hobson JA, Spagna T, Malenka R. Ethology of sleep studied with

time-lapse photography: postural immobility and sleep-cycle phase in
humans. Science 1978;201:1251-1253.

[7] McNamara F, Lijowska AS, Thach BT. Spontaneous arousal activity

in infants during NREM and REM sleep. J Physiol 2002;538(Pt
1):263-269.

[8] Scholle S, Zwacka G. Arousals and obstructive sleep apnea syndrome

in children. Clin Neurophysiol 2001;112(6):984-991.

[9] McNamara F, Issa FG, Sullivan CE. Arousal pattern following central

and obstructive breathing abnormalities in infants and children. J
Appl Physiol 1996;81(6):2651-2657.

[10] Acebo C, Millman RP, Rosenberg C, et al. Sleep, breathing, and

cephalometrics in older children and young adults. Chest

1996;109:664-672.

[11] Collard P, Dury M, Delguste P, et al. Movement arousals and sleep-

related disordered breathing in adults. Am J Resp Crit Care Med
1996;154:454-459.

[12] Bonnet MH. The effect of sleep fragmentation on sleep and perfor-

mance in younger and older subjects. Neurobiol Aging 1989;10:21—
25.

[13] Gugger M, Molloy J, Gould GA, et al. Ventilatory and arousal

responses to added inspiratory resistance during sleep. Am Rev Respir
Dis 1989;140(5):1301-1307.

[14] Gleeson K, Zwillich CW, White DP. The influence of increasing

ventilatory effort on arousal from sleep. Am Rev Respir Dis
1990;142(2):295-300.

[15] Kimoff RJ, Sforza E, Champagne V, et al. Upper airway sensation in

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

G.M. Nixon, R.T. Brouillette / Sleep Medicine 3 (2002) S21-S27

snoring and obstructive sleep apnea. Am J Respir Crit Care Med
2001;164(2):250-255.

Thoppil CK, Belan MA, Cowen CP, Mathew OP. Behavioral arousal
in newborn infants and its association with termination of apnea. J
Appl Physiol 1991;70(6):2479-2484.

Stark AR, Thach BT. Recovery of airway patency after obstruction in
normal infants. Am Rev Respir Dis 1981;123:691-693.

Mograss MA, Ducharme FM, Brouillette RT. Movement/arousals.
Description classification and relationship to sleep apnea in children.
Am J Respir Crit Care Med 1994;150(6 Pt 1):1690-1696.

Stradling JR, Thomas G, Belcher R. Analysis of overnight sleep
patterns by automatic detection of movement on video recordings. J
Ambul Monitor 1988;1:217-222.

Brooks D, Horner RL, Kimoff RJ, et al. Effect of obstructive sleep
apnea versus sleep fragmentation on responses to airway occlusion.
Am J Respir Crit Care Med 1997;155(5):1609-1617.

Fewell SE, Williams BJ, Szabo JS, Taylor BJ. Influence of repeated
upper airway obstruction on the arousal and cardiopulmonary
response to upper airway obstruction in lambs. Pediatr Res
1988;23:191-195.

McNamara F, Wulbrand H, Thach BT. Habituation of the infant
arousal response. Sleep 1999;22(3):320-326.

Shepard Jr JW. Hypertension, cardiac arrhythmias, myocardial infarc-
tion, and stroke in relation to obstructive sleep apnea. Clin Chest Med
1992;13(3):437-458.

Bonnet MH. Performance and sleepiness as a function of frequency
and placement of sleep disruption.  Psychophysiology
1986;23(3):263-271.

Bedard MA, Montplaisir J, Richer F, et al. Obstructive sleep apnea
syndrome: pathogenesis of neuropsychological deficits. J Clin Exp
Neuropsychol 1991;13(6):950-964.

Martin SE, Wraith PK, Deary 1J, Douglas NJ. The effect of nonvisible
sleep fragmentation on daytime function. Am J Respir Crit Care Med
1997;155(5):1596-1601.

Bonnet MH. Performance and sleepiness following moderate sleep
disruption and slow wave sleep deprivation. Physiol Behav
1986;37(6):915-918.

Brouillette RT, Fernbach SK, Hunt CE. Obstructive sleep apnea in
infants and children. J Pediatr 1982;100(1):31-40.

Guilleminault C, Elridge FL, Simmons FB, Dement WC. Sleep apnea
in eight children. Pediatrics 1976;58:23-30.

Ali NJ, Pitson D, Stradling JR. Natural history of snoring and related
behaviour problems between the ages of 4 and 7 years. Arch Dis Child
1994;71(1):74-76.

Guilleminault C, Winkle R, Korobkin R, Simmons B. Children and
nocturnal snoring: evaluation of the effects of sleep related respiratory
resistive load and daytime functioning. Eur J Pediatr
1982;139(3):165-171.

Marcus CL, Carroll JL, Koerner CB, et al. Determinants of growth in
children with the obstructive sleep apnea syndrome. J Pediatr
1994;125(4):556-562.

Nieminen P, Lopponen T, Tolonen U. Growth and biochemical
markers of growth in children with snoring and obstructive sleep
apnea. Pediatrics 2002;109(4):e55.

Goh DYT, Galster P, Marcus CL. Sleep architecture and respiratory
disturbances in children with obstructive sleep apnea. Am J Resp Crit
Care Med 2000;162:682-686.

Yamadera W, Chiba S, Itoh H, et al. Sleep architectures of obstructive
sleep apnea syndrome in the young child. Psychiatry Clin Neurosci
2000;54:330-331.

Suen JS, Arnold SE, Brooks U. Adenotonsillectomy for treatment of
obstructive sleep apnea in children. Arch Otolaryngol Head Neck
Surg 1995;121:525-530.

Jacob SV, Morielli A, Mograss MA, et al. Home testing for pediatric
obstructive sleep apnea syndrome secondary to adenotonsillar hyper-
trophy. Pediatr Pulmonol 1995;20(4):241-252.

Anders TF, Sostek AM. The use of time-lapse video recording of



[39]

[40]

[41

[42]

[43]

[44]

[45]

[46

[47]

[48]

[49]

G.M. Nixon, R.T. Brouillette / Sleep Medicine 3 (2002) S21-S27

sleep—wake behavior in human infants. Psychophysiology 1976;13:
155-158.

Morielli A, Ladan S, Ducharme FM, Brouillette RT. Can sleep and
wakefulness be distinguished in children by cardiorespiratory and
videotape recordings? Chest 1996;109(3):680-687.

Stradling JR, Thomas G, Warley ARH, et al. Effect of adenotonsil-
lectomy on nocturnal hypoxaemia, sleep disturbance, and symptoms
in snoring children. Lancet 1990;335:249-253.

Potsic WP. Comparison of polysomnography and sonography for
assessing regularity of respiration during sleep in adenotonsillar
hypertrophy. Laryngoscope 1987;97(12):1430-1437.

Mullaney DJ, Kripke DF, Messin S. Wrist-actigraphic estimation of
sleep time. Sleep 1980;3(1):83-92.

Sadeh A, Lavie P, Scher A, et al. Actigraphic home-monitoring sleep-
disturbed and control infants and young children: a new method for
pediatric ~ assessment of sleep—wake patterns. Pediatrics
1991;87(4):494-499.

Sadeh A, Alster J, Urbach D, Lavie P. Actigraphically based auto-
matic bedtime sleep—wake scoring: validity and clinical applications.
J Ambul Monitor 1989;2(3):209-216.

Aubert-Tulkens G, Culée C, Harmant-van Rijckevorsel K, Rodenstein
DO. Ambulatory evaluation of sleep disturbance and therapeutic
effects in sleep apnea syndrome by wrist activity monitoring. Am
Rev Respir Dis 1987;136:851-856.

Middelkoop HA, Knuistingh NA, van Hilten JJ, et al. Wrist acti-
graphic assessment of sleep in 116 community based subjects
suspected of obstructive sleep apnoea syndrome. Thorax
1995;50(3):284-289.

Suratt PM, Nikova MM, D’Andrea U. Actigraphic measurements of
sleep and activity during sleep in children with sleep disordered
breathing. Am J Respir Crit Care Med 2002;165(8):A263.

Jeftries B, Brouillette RT, Hunt CE. Electromyographic study of some
accessory muscles of respiration in children with obstructive sleep
apnea. Am Rev Respir Dis 1984;129(5):696-702.

Praud JP, D’ Allest AM, Nedelcoux H, et al. Sleep-related abdominal

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[591

S27

muscle behavior during partial or complete obstructed breathing in
prepubertal children. Pediatr Res 1989;26(4):347-350.

American Thoracic Society. Standards and indications for cardiopul-
monary sleep studies in children. Am J Respir Crit Care Med
1996;153(2):866-878.

Argod J, Pepin JL, Smith RP, Levy P. Comparison of esophageal
pressure with pulse transit time as a measure of respiratory effort
for scoring obstructive nonapneic respiratory events. Am J Respir
Crit Care Med 2000;162(1):87-93.

Argod J, Pepin JL, Levy P. Differentiating obstructive and central
sleep respiratory events through pulse transit time. Am J Respir Crit
Care Med 1998;158(6):1778-1783.

Pitson DJ, Sandell A, van den HR, Stradling JR. Use of pulse transit
time as a measure of inspiratory effort in patients with obstructive
sleep apnoea. Eur Respir J 1995;8(10):1669-1674.

Rees K, Spence DP, Earis JE, Calverley PM. Arousal responses from
apneic events during non-rapid-eye-movement sleep. Am J Respir
Crit Care Med 1995;152(3):1016-1021.

Pitson DJ, Stradling JR. Autonomic markers of arousal during sleep in
patients undergoing investigation for obstructive sleep apnoea, their
relationship to EEG arousals, respiratory events and subjective slee-
piness. J Sleep Res 1998;7:53-59.

Pitson DJ, Stradling JR. Value of beat-to-beat blood pressure changes,
detected by pulse transit time, in the management of the obstructive sleep
apnoea/hypopnoea syndrome. Eur Respir J 1998;12(3):685-692.
Pagani J, Villa MP, Lombardozzi E, et al. Pulse transit time (PTT) as a
measure of inspiratory effort (IE) in children. Am J Respir Crit Care
Med 2002;165(8):A262.

Delavie N, Pepin JL, Pin I, et al. The use of pulse transit itme (PTT)
significantly improves detection of sleep respiratory events and recog-
nition of micro-arousals in children. Am J Respir Crit Care Med
2002;1 65(8):A262.

Baharav A, Kotagal S, Rubin BK, et al. Autonomic cardiovascular
control in children with obstructive sleep apnea. Clin Auton Res
1999;9(6):345-351.



