
INTRODUCTION

THE OBSTRUCTIVE SLEEP APNEA SYNDROME (OSAS) IS
ASSOCIATED WITH EPISODIC UPPER-AIRWAY OBSTRUC-
TION THAT CAN BE ASSOCIATED WITH HYPOXEMIA,
HYPERCAPNIA, AND AROUSAL. Although arousals occur
less frequently in children than in adults, apneas in children may
nevertheless terminate in association with electroencephalo-
graphic (EEG) arousals.1 Arousal is believed to be an important
protective mechanism for terminating obstructive apnea, thus re-
establishing the patency of the upper airway and protecting the
body against severe hypoxemia.2 However, increased arousal fre-
quency has been linked to sleep fragmentation, daytime neurobe-
havioral impairment, and autonomic consequences.3-5 It is there-
fore important to quantify arousals accurately in polysomnogra-
phy.

In adults, arousal is defined according to the American Sleep
Disorders Association (ASDA) criteria.6 By these criteria,
arousal is defined as an abrupt shift in EEG frequency, which
may include theta, alpha, and/or frequencies greater than 16 Hz

but not spindles. Other criteria include (1) a minimum of 10 con-
tinuous seconds of preceding sleep, (2) a concurrent increase in
submental electromyogram (EMG) amplitude in rapid eye move-
ment (REM) sleep, and (3) a minimum duration of 3 seconds in
the EEG frequency shift. The 3-second minimal duration was
chosen essentially based on pragmatic methodologic reasons as
opposed to a physiologic basis.6 In practice, arousals shorter than
3 seconds do exist. However, because of the technical difficulty
in scoring such arousals, interscorer variability has been very
large.7,8

There has been no consensus regarding the scoring of arousals
in children. Most investigators have used the adult criteria, some-
times with modifications.1,9-12 Since the sleep EEG pattern
changes significantly with age, the pattern of arousals may be
different in both duration and the frequencies of EEG shift.12

Furthermore, shorter clinical apneas are considered clinically sig-
nificant in children as compared to adults.13 Because of this,
some researchers have chosen to measure EEG arousals as short
as 1 second in duration.9,14 However, the validity of this approach
has not been tested. It is not known how accurately these short
arousals can be measured or what degree of interscorer variabil-
ity exists. In studies of adults, the literature has indicated that
agreement on scoring arousals shorter than 3 seconds is difficult
to achieve.6,7

We hypothesized that interscorer agreement for scoring
arousals shorter than 3 seconds is poor. Thus, the primary aim of
the study was to determine the interscorer agreement between
experienced observers on the scoring of arousals of different
durations in children. The secondary aim was to gather data on
the frequency of arousals shorter than 3 seconds and the frequen-
cy of spontaneous arousals in children.
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METHODS

Study Design

We performed a retrospective review of 36 polysomnographic
studies from children with OSAS and normal children. Two
experienced sleep practitioners independently reviewed the stud-
ies and scored arousals of 1, 2, and 3 seconds in duration.

Subjects

Subjects in the OSAS group were obtained from our
polysomnographic database of children evaluated for clinically
suspected OSAS over a 1-year period from January 1, 2001 to
December 31, 2001. Patients meeting the age and inclusion crite-
ria below were selected. Patients were further screened by a
review of their medical records, according to inclusion and exclu-
sion criteria. Inclusion criteria included (1) age between 3 and 8
years, so as to cover the peak age group for OSAS in children and
(2) OSAS as diagnosed on overnight polysomnography, with an
apnea hypopnea index (AHI) of at least 5 events per hour.
Exclusion criteria included (1) significant neurologic disease, (2)
significant concomitant medical illness, (3) obesity as defined by
a body mass index ≥ 97th percentile,15 (4) on long-term medica-
tion affecting sleep, and (5) total duration of REM sleep during
polysomnography less than 60 minutes or less than 10% of total
sleep time.

The quality of the tracings was screened independently. Only
studies with high-quality EEG tracings throughout the night were
used. Those studies with intermittent electrode popping, loss of
leads, or areas of artifact were excluded.

The normal group comprised of a group of healthy nonsnoring
children aged 3 to 8 years, recruited from the community as con-
trols for other research studies.16-18 Because of the limited num-
ber of subjects in the normal group, the 2 groups were not age-
matched. Therefore, a subgroup analysis was performed for age-
matched comparison between the OSAS group and the normal
group for analysis of the secondary outcomes.

Polysomnography

All polysomnographic studies were performed overnight at the
Johns Hopkins Pediatric Sleep Center.13 Each subject was moni-
tored with EEG (C3/A2, C4/A1 and O1/A2), right and left elec-
trooculogram, and submental EMG. Electrocardiogram was mon-
itored continuously. Arterial oxygen saturation and oximeter
pulse waveform were monitored continuously with a pulse
oximeter (Nellcor N-1000, Van Nuys, Calif). End-tidal PCO2 was
measured continuously at the nose by infrared capnometry
(Nellcor N-1000). These studies were performed before mea-
surement of nasal pressure started being used in children. Thus,
oronasal airflow was measured using a 3-pronged thermistor.
Chest and abdominal wall movements were measured using
piezoelectric belts or respiratory inductance plethysmography.
Leg movements were monitored with EMGs. The subject was
also videotaped.

All signals were amplified, filtered, and recorded using an
Alice 3 polysomnographic recorder (Respironics, Murrysville,
Penn). The study commenced at approximately 8:00 PM to 9:00
PM and was terminated at approximately 6:00 AM. All subjects
were monitored continuously throughout the study by a

polysomnography technician who marked observations and all
interventions in the Alice 3.

Data Analysis

The polysomnographic record was scored for sleep stages
according to the standard Rechtschaffen and Kales criteria, using
30-second epochs.19 Respiratory events were scored according to
standard criteria for children.13,20 Obstructive apnea was defined
as cessation of airflow lasting for 2 breaths or longer, in the pres-
ence of paradoxical rib cage and abdominal movements.
Hypopnea was defined as a clear amplitude reduction of the ther-
mistor signal by more than 50% and accompanied by either oxy-
gen desaturation or arousal.21 Central apnea was defined as
absence of airflow at both the nose and mouth and movements of
chest wall and abdomen, lasting 20 seconds or more, or accom-
panied by oxygen desaturation. Mixed apnea was defined as
apnea with both central and obstructive components. Oxygen
desaturation was defined as a drop in SaO2 of 3% or more, or sus-
tained values of less than 92%.20 The obstructive apnea index was
defined as the number of obstructive and mixed apneas, with a
duration of at least 2 respiratory cycles, per hour of total sleep
time.13,22 The apnea-hypopnea index was defined as the number
of obstructive and mixed apneas and hypopneas per hour of total
sleep time.

Each study was then scored independently by 2 investigators
(TKW and PG) after completion of sleep staging and scoring of
respiratory events. Both investigators were experienced with
reading and scoring pediatric sleep studies. One scorer was a
pediatric pulmonologist with expertise in sleep medicine; the
other was a registered polysomnographic technologist with more
than 10 years experience in scoring pediatric sleep studies.
Arousal scoring was performed using a standardized screen reso-
lution of 1600 × 1200 pixels using the Alice polysomnography
system. Scoring was done on both the central and occipital EEG
leads, with full visualization of respiratory channels, using 30-
second epochs. Scorers were allowed to change to 10-second
epochs for verification, where appropriate.

Each study was scored to include all arousals meeting the
ASDA criteria but lasting for longer than 1 second. Arousals were
then counted and classified into 3 types according to their dura-
tion: (1) arousals meeting all the ASDA criteria except that they
were at least 1 second but less than 2 seconds in duration (1-sec-
ond arousal); (2) arousals meeting all the ASDA criteria except
that they were at least 2 seconds but less than 3 seconds in dura-
tion (2-second arousal); (3) arousals meeting the standard ASDA
criteria (ASDA arousal).6

Arousals were further classified into 3 subtypes according to
their relationship to obstructive events: (1) arousals occurring
within 2 seconds of the termination of an obstructive apnea or
hypopnea (respiratory-related arousal); (2) arousals not associat-
ed with or occurring 2 or more seconds after termination of an
obstructive apnea or hypopnea (spontaneous arousal); (3)
arousals that occurred while the technician was in the room or
manipulating the leads, as indicated in the comments by the tech-
nician (technician-related arousal).

All arousal subtypes were included in the primary analysis, ie,
the analysis of interscorer agreement. However, the technician-
related arousals were excluded from the secondary analysis, ie,
the comparison between the OSAS and control groups.
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Statistical Analysis

Arousal indexes, expressed as the number of arousals per hour
of total sleep time, were calculated for each subtype of arousal.
Data are displayed as mean ± SD where appropriate. We com-
pared continuous data using the unpaired t tests, and discrete data
using the χ2 test. The degree of agreement between results from
the 2 investigators was analyzed using the intraclass correlation
coefficient (ICC).23 The definitions of poor agreement (ICC <
0.4), fair to good agreement (0.4 ≤ ICC < 0.75), and excellent
agreement (ICC ≥ 0.75) were proposed by Fleiss.24 Statistical
analysis was performed using the SPSS statistical software pack-
age (SPSS for Windows 9.0, SPSS Inc, Chicago, Ill). A P value
of < .05 was considered statistically significant.

RESULTS

A total of 29 children matched the inclusion and exclusion cri-
teria for the OSAS group and 16 for the normal group. In the
OSAS group, 9 studies were excluded. Eight were excluded
because of the presence of artifact in the EEG tracing. The ninth
study was excluded because of prolonged episodes of alpha intru-
sion throughout the night. Thus, a total of 36 polysomnographic
studies were available for arousal scoring. The demographic data
and polysomnographic index are shown in Table 1. The distribu-
tion of AHI is shown in Figure 1. The OSAS in this group of chil-
dren represented a range from normal to severe.

Arousals

When evaluating all arousals ≥ 1 second for the 36
polysomnographic studies, TKW scored 1875 (74%) sponta-
neous arousals, 541 (21%) respiratory-related arousals, and 131
(5%) technician-related arousals. PG scored 1620 (69%) sponta-
neous arousals, 630 (27%) respiratory-related arousals, and 107
(5%) technician-related arousals. The arousal indexes are shown
in Table 2. The ASDA arousals were far more common than 1-

and 2-second arousals.
The interscorer agreement was poor for scoring 1-second

arousals, as shown in the scatter diagram (Figure 2A), with a low
ICC (0.35; 95% confidence interval [CI]: 0.02, 0.61). Similarly,
the interscorer agreement was only fair for scoring 2-second
arousals (Figure 2B), with a low ICC (0.42; 95%CI: 0.12, 0.65).
In contrast, the interscorer agreement was excellent for ASDA
arousals (Figure 2C), with an ICC of 0.90 (95%CI: 0.81, 0.95)
(Table 2).

We found similar results when we evaluated the normal group
alone (n = 16). The interscorer agreement was poor for 1-second
arousals, with an ICC of 0.21 (95%CI:-0.21, 0.56); poor to fair
for 2-second arousals, with an ICC of 0.40 (95%CI:-0.10, 0.75);
and excellent for ASDA arousals, with an ICC of 0.88
(95%CI:0.69, 0.96).

Comparison Between the Normal and OSAS Groups

To look at the secondary outcome, we compared arousal data
between the normal and the OSAS groups scored by PG alone. A
total of 22 children were included in the age-matched subgroup
analysis, with 11 subjects in each group. The baseline demo-
graphic data and sleep architecture were similar between the 2
groups. As expected, the OSAS group had higher apnea indexes
and lower arterial SaO2 (Table 3).

For the ASDA arousals, the arousal index was 9.2 ± 3.7 per
hour in the OSAS group versus 7.6 ± 3.4 per hour in the normal
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Table 1—Demographic and Polysomnographic Data of All Children

Number 36  
Age, y 5.3 ± 1.4  
Sex, boys/girls 18/18  
Race, Caucasian/African American 16/20  
Body mass index, kg/m2 17.0 ±3.3 
TST, min 399 ± 48  
Sleep efficiency, % 87 ± 9  
Wake after sleep onset, min 32 ± 39  
Awakenings, no./h 1.1 ± 0.7  
Sleep-stage duration, as a percentage of TST

Stage 1  4 ± 3  
Stage 2  45 ± 8  
Slow-wave sleep  30 ± 6  
REM  21 ± 6  

REM episodes, no. 5 ± 3  
Central apnea, no./h 0.3 ± 0.5  
Apnea index, no./h 6.0 ± 11.4  
Apnea hypopnea index, no./h 7.8 ± 14.5  
Nadir SaO2, % 87 ± 14  
Maximum end-tidal PCO2, mmHg 50 ± 5  

Data are shown as mean ± SD where appropriate.
TST refers to total sleep time; REM, rapid eye movement.

Figure 1—Distribution of apnea-hypopnea indexes (AHI) of all chil-
dren (n = 36)

Table 2—Comparison of Arousal Indexes Scored by 2 Investigators
and the Intraclass Correlation Coefficients

Mean ± SD Arousal Index, no./h   
TKW PG   ICC (95%CI)

1-second arousal 1.1 ± 0.9 0.6  ± 0.5 0.35 (0.02, 0.61)  
2-second arousal 0.9 ± 0.6 0.7  ± 0.5 0.42 (0.12, 0.65)  
ASDA arousal 8.5 ± 4.0 8.5  ± 3.6 0.90 (0.81, 0.95)  

ICC refers to intraclass correlation coefficient; 95%CI, 95% confi-
dence interval. TKW and PG are the 2 investigators.

A 1-second arousal is defined as an arousal meeting the American
Sleep Disorders Association (ASDA) criteria but lasting only 1 to 2
seconds; a 2-second arousal is defined as an arousal meeting the ASDA
criteria but lasting only 2 to 3 seconds.
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group (NS). The spontaneous ASDA arousal index was 4.4 ± 2.0
per hour in the OSAS group versus 7.0 ± 3.9 per hour in the nor-
mal group (NS) (Figure 3). The respiratory-related ASDA arousal
index was 4.8 ± 4.8 per hour in the OSAS group, as compared
with 0.2 ± 0.2 per hour in the normal group (P < .01). Data for
REM versus non-REM sleep are shown in Table 4. During both
REM and non-REM sleep, children with OSAS had a higher res-
piratory arousal index than children in the normal group.
Surprisingly, the normal group had a higher spontaneous ASDA
arousal index than the OSAS group during REM sleep.

Arousals (both spontaneous and respiratory-related) lasting at
least 1 second and less than 3 seconds accounted for 15% of all

arousals lasting 1 second or longer in the OSAS group, and 8.5%
in the normal group. In the OSAS subgroup, 63% of all obstruc-
tive events were not followed by arousal, 6% of all obstructive
events were followed by arousals lasting 1 second or more but
less than 3 seconds, and 31% all obstructive events were fol-
lowed by ASDA arousals (Figure 4).

DISCUSSION

Arousals from sleep are important clinically because of their
link to sleep fragmentation and daytime neurobehavioral distur-
bances. However, further delineation of the relationship between
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Figure 2—Relationship between arousal indexes scored by 2 investigators (TKW and PG). A: 1-second arousal; B: 2-second arousal; C: American
Sleep Disorders Association arousal. The line of identity and intraclass correlation coefficient (ICC) with 95% confidence intervals are shown..

ICC = 0.35 (0.02-0.61)

ICC = 0.90 (0.81-0.95)

ICC = 0.42 (0.12-0.56)
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the frequency of arousals and their physiologic consequences in
children has been limited by lack of standardization and difficul-
ty accurately quantifying arousals. To our knowledge, our study
is the first study designed to systematically look at the repro-
ducibility of scoring ASDA arousals versus shorter arousals in
children.

The ASDA criteria for scoring arousals have been adopted as
the standard for assessment of arousal in adults.6 In adults,
Drinnan8 reported moderate interscorer agreement with κ of 0.47.
A high interscorer reliability was reported by Loredo7 and
Smurra,25 with an ICC of 0.84 and 0.96, respectively. In all 3

studies, the scorers were allowed to visualize the relevant EEG
and EMG tracings only. In another study, Whitney26 reported
moderate agreement with an ICC of 0.54 based on scoring of
unattended studies using only central EEGs. The results from the
current study showed strong interscorer agreement with an ICC
of 0.90, thus providing further support for the validity of appli-
cation of the ASDA criteria. Although visualization of respirato-
ry tracings may provide clues to arousal scoring, it is not the
major determining factor, as we also found a strong interscorer
agreement (ICC = 0.88) in scoring ASDA arousals in the normal
group.

Several studies in children have included analysis of arousals
shorter than 3 seconds.1,9,11,27 This approach may sound reason-
able because shorter apneas are believed to be clinically signifi-
cant in children. However, even if there is a theoretical reason for
scoring short arousals, if the scoring cannot be accurate with the
available technology, then the data will be meaningless. We
found that interscorer agreement for short arousals was only poor
to fair, with ICCs of 0.35 and 0.42 for 1-second and 2-second
arousals, respectively. This was in strong contrast with the good
interscorer agreement for ASDA arousals in the same study.
Similar results have been reported by other authors evaluating
adults. Loredo7 reported ICCs of 0.19 to 0.37 for arousals lasting
at least 1.5 seconds but less than 3 seconds. Thus, we did find evi-
dence to support the finding that duration of arousal is an impor-
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Table 3—Demographic and Polysomnographic Data of age-Matched
Group with Obstructive Sleep Apnea Syndrome and Normal Group

OSAS group Normal group 

Number 11 11  
Age, y 5.5 ± 0.7 5.6 ± 1.1  
Sex, boys/girls 5/6 7/4  
Race, Caucasian/African American 4/7 6/5  
Body mass index, kg/m2 18 ± 5 16 ± 1  
TST, min 396 ± 51 418 ± 50  
Sleep efficiency, % 87 ± 6 89 ± 7  
Wake after sleep onset, min 18 ± 13 23 ± 31  
Awakenings, no./h 1.0 ± 0.6 0.9 ± 0.7  
Sleep-stage duration, as a percentage of TST

Stage 1  3 ± 3 5 ± 3  
Stage 2  43 ± 8 49 ± 7  
Slow-wave sleep 32 ± 6 27 ± 8  
REM  23 ± 8 20 ± 4  

REM episodes, no. 5 ± 3 6 ± 3  
Central apnea, no./h 0.3 ± 0.5 0.1 ± 0.1  
Apnea index, no./h 13.6 ± 17.9 0.0 ± 0.0*  
Apnea hypopnea index, no./h 17.9 ± 22.7 0.0 ± 0.1*  
Nadir SaO2, % 74 ± 20 95 ± 3 **  
Maximum end-tidal PCO2, mmHg 54 ± 5 47 ± 4 **  

Data are shown as mean ± SD where appropriate.
OSAS refers to obstructive sleep apnea syndrome; TST, total sleep
time; REM, rapid eye movement. 
*P < .05
**P < .01

Table 4—Arousal Indexes During Non-Rapid Eye Movement and
Rapid Eye Movement Sleep in Age-Matched Obstructive Sleep Apnea
Syndrome Group and Normal Group

Arousal Index, no./h 
Normal group OSAS group 

Non-REM Sleep     
Total 6.0 ± 2.4 8.0 ± 3.2*   
Spontaneous arousal 5.8 ± 2.4 5.5 ± 2.8   
Respiratory-related arousal 0.2 ± 0.3 2.4 ± 1.7**  

REM Sleep     
Total 10.8 ± 7.9 11.6 ± 9.4   
Spontaneous arousal 10.1 ± 8.0 4.2 ± 2.4**   
Respiratory-related arousal 0.7 ± 0.9 7.4 ± 9.2**   

Data are shown as mean ± SD.
OSAS refers to obstructive sleep apnea syndrome; REM, rapid eye
movement.
*P < .05 for OSAS group vs normal group.
**P < .01 for OSAS group vs normal group.

Figure 3—Arousal indexes in the group with obstructive sleep apnea
syndrome (OSAS) and the group of age-matched normal controls.
ASDA refers to American Sleep Disorders Association.

Figure 4—Percentage of obstructive events followed by arousals in the
group with obstructive sleep apnea syndrome. ASDA refers to
American Sleep Disorders Association.
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tant factor in interscorer agreement. Practically, we found it
impossible to confidently distinguish short arousals from EEG
artifact and incomplete sleep spindles in the absence of accom-
panying EMG changes. Therefore, at the present moment, scor-
ing arousals shorter than 3 seconds based on EEG and EMG cri-
teria alone is impractical even in the research setting. In contrast
to the current study, Drinnan et al8 did not find a relationship
between arousal duration and interobserver variability. However,
this publication evaluated arousals as long as 20 seconds and did
not state the minimum duration of events evaluated; the mean
duration of evaluated events was 7 ± 3 seconds. Thus, it is not
clear whether this study evaluated brief events of less than 3 sec-
onds in duration, although it may suggest that extending the dura-
tion of a defined event even longer than 3 seconds may not result
in further improvements in interscorer variability.

The present study evaluated only normal children and children
with OSAS. Thus, it is possible that these results may not be gen-
eralizable to children with other types of sleep disorders.
However, this is unlikely, as it is not expected that the cause for
arousal would alter the gross EEG morphology of the ASDA-
type arousal. Furthermore, similar results were found for normal
children and children with OSAS. Scoring of arousals was per-
formed without blinding to the respiratory channels. However,
this was unlikely to have affected the results, as similar results
were found for normal children and children with OSAS. 

In this study, we evaluated only those polysomnograms that
were totally free of EEG artifact. Thus, it is probable that in gen-
eral clinical practice, the scoring of short arousals would be even
less reliable.

We found that the frequency of short arousals accounted for
only 15% of all arousals. Although similar data have not been
published in the pediatric population, Mathur et al28 reported an
arousal index of 26 per hour for modified 1.5-second criteria (ie
all arousals ≥ 1.5 second) as compared with 21 per hour for stan-
dard ASDA criteria in their adult series. This gives rise to a rough
estimation of the frequency of arousals lasting at least 1.5 second
but less than 3 seconds, which would thereby account for approx-
imately 20% of all the arousals scored. A similar trend was also
seen in the arousals following obstructive events in the current
study (6% of obstructive events terminated by 1-second or 2-sec-
ond arousals versus 31% of obstructive events terminated by
ASDA arousals). Given the relatively small proportion of these
short EEG arousals, it is likely that the clinical significance of
scoring them is limited.

A consensus on the definition of arousal in children has impor-
tant implications on the quantification of respiratory events.
Since hypopnea is defined based on a reduction of airflow and the
presence of oxygen desaturation and/or arousal, extending the
definition of arousal would result in increased scoring of hypop-
neas. Therefore, it would be advisable to use the ASDA criteria
until any modification has been properly validated.

In the current study, the ASDA arousal index in the normal
group was 7.6 ± 3.4 per hour. Similar data have been reported in
the literature. Tasali et al29 reported a mean arousal index of 7.2
per hour in children aged 0 to 5 years and 7.7 per hour in children
aged 5 to 11 years. Bruni et al30 reported a mean arousal index of
7.7 per hour in children aged 6 to 10 years. Stores et al31 report-
ed a mean arousal index of 9.3 per hour in children aged 5 to 7
years and 8.5 per hour in children aged 8 to 9 years. These results
are higher than those reported by Acebo et al32 (3.2 per hour in

boys and 4.6 per hour in girls). 
In the OSAS group, we found a mean ASDA arousal index of

9.2 ± 3.7 per hour. Different studies have shown a wide range of
arousal indexes in children with OSAS.1,9,11,33,34 Differences
between studies are probably due to a number of factors, includ-
ing the wide range of interindividual variability,1,9 the different
definitions of arousal used, differing severity of OSAS, different
ages studied (as older children are more likely to arouse1), differ-
ent sleep laboratory settings (eg, ambient noise level), and differ-
ing degree of instrumentation during polysomnography.

In both the OSAS and the normal groups, ASDA arousals
occurred more frequently during REM than non-REM sleep. We
found a lower frequency of spontaneous arousal in the OSAS
group than in the age-matched normal group during REM sleep.
The reason for this is unclear, but similar findings have also been
reported in infants with OSAS.1

We realized the shortcoming of defining a respiratory arousal
by its proximity to a respiratory event, as proximity does not nec-
essarily imply a causal relationship. The use of more sophisticat-
ed techniques would be advantageous in future studies. We
defined a respiratory arousal as one that occurred within 2 sec-
onds of the termination of an apnea or hypopnea. There is no con-
sensus definition on respiratory arousal. Some investigators have
used 2 to 3 seconds as a cutoff point for adults.26,35 In the acous-
tic stimulation model, arousals frequently occurred within 3 sec-
onds of the initial acoustic stimuli.36 We somewhat arbitrarily
chose 2 seconds from the end of the obstructive event as the cut-
off point, as children have a faster respiratory rate than do adults.

In the current study, airflow was measured using a combination
of end-tidal PCO2 and thermistry13 rather than nasal pressure
measurements. Although nasal pressure is now measured fre-
quently during polysomnography in adults, several studies have
shown that mouth breathing and nasal secretions limit its effec-
tiveness in children.37,38 Esophageal pressure measurements are
invasive and are not used often.39 However, it is possible that
some arousals that were classified as spontaneous would have
been determined to be respiratory in nature if more invasive mea-
suring techniques had been used.

Since its publication, the ASDA arousal index has become the
most widely accepted and applied index for scoring arousals.
Recently, it has been realized that brainstem activation may play
an important role in sleep-disordered breathing.34,40-42 Thus, it is
possible that the ASDA arousal index underestimates the true
degree of arousal. Given the relatively small proportion of respi-
ratory-related arousals as compared to spontaneous arousals, it is
hard to believe that quantification of EEG arousals alone can ade-
quately represent the degree of sleep fragmentation in children
with OSAS. In the future, newer techniques, such as measure-
ment of the cyclic alternating pattern, pulse transit time or sleep
pressure score, may have greater potential in representing sleep
fragmentation.30,34,43,44

Lastly, we did not analyze arousals related to central apnea
because they were only present in a very small proportion of
records. Technician-related arousal accounted for only 5% of all
the arousals. This might be an underestimation because we relied
on technician documentation for this determination.

In conclusion, we have shown that there is much poorer inter-
scorer agreement for scoring arousals shorter than 3 seconds in
children, when compared to the standard ASDA criteria. We pro-
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pose that scoring of arousals in children should follow the stan-
dard ASDA criteria.

REFERENCES

1. McNamara F, Issa FG, Sullivan CE. Arousal pattern following cen-
tral and obstructive breathing abnormalities in infants and children.
J Appl Physiol 1996;81:2651-7.

2. Phillipson EA, Sullivan CE. Arousal: the forgotten response to res-
piratory stimuli. Am Rev Respir Dis 1978;118:807-9.

3. Stepanski E, Lamphere J, Badia P, Zorick F, Roth T. Sleep frag-
mentation and daytime sleepiness. Sleep 1984;7:18-26.

4. Chugh DK, Weaver TE, Dinges DF. Neurobehavioral consequences
of arousals. Sleep 1996;19:S198-201.

5. Horner RL. Autonomic consequences of arousal from sleep: mech-
anisms and implications. Sleep 1996;19:S193-5.

6. EEG arousals: scoring rules and examples: a preliminary report
from the Sleep Disorders Atlas Task Force of the American Sleep
Disorders Association. Sleep 1992;15:173-84.

7. Loredo JS, Clausen JL, Ancoli-Israel S, Dimsdale JE. Night-to-
night arousal variability and interscorer reliability of arousal mea-
surements. Sleep 1999;22:916-20.

8. Drinnan MJ, Murray A, Griffiths CJ, Gibson GJ. Interobserver vari-
ability in recognizing arousal in respiratory sleep disorders. Am J
Respir Crit Care Med 1998;158:358-62.

9. Mograss MA, Ducharme FM, Brouillette RT. Movement/arousals.
Description, classification, and relationship to sleep apnea in chil-
dren. Am J Respir Crit Care Med 1994;150:1690-6.

10. Crowell DH, Kulp TD, Kapuniai LE, et al. Infant polysomnogra-
phy: reliability and validity of infant arousal assessment. J Clin
Neurophysiol 2002;19:469-83.

11. Scholle S, Zwacka G. Arousals and obstructive sleep apnea syn-
drome in children. Clin Neurophysiol 2001;112:984-91.

12. Scholle S, Schafer T. Atlas of States of Sleep and Wakefulness in
Infants and Children. Somnologie 3 1999;163-241.

13. Standards and indications for cardiopulmonary sleep studies in
children. American Thoracic Society. Am J Respir Crit Care Med
1996;153:866-78.

14. McNamara F, Lijowska AS, Thach BT. Spontaneous arousal activ-
ity in infants during NREM and REM sleep. J Physiol
2002;538:263-9.

15. Rosner B, Prineas R, Loggie J, Daniels SR. Percentiles for body
mass index in U.S. children 5 to 17 years of age. J Pediatr
1998;132:211-22.

16. Marcus CL, Carroll JL, Koerner CB, Hamer A, Lutz J, Loughlin
GM. Determinants of growth in children with the obstructive sleep
apnea syndrome. J Pediatr 1994;125:556-62.

17. Marcus CL, Lutz J, Hamer A, Smith PL, Schwartz A.
Developmental changes in response to subatmospheric pressure
loading of the upper airway. J Appl Physiol 1999;87:626-33.

18. Marcus CL, Moreira GA, Bamford O, Lutz J. Response to inspira-
tory resistive loading during sleep in normal children and children
with obstructive apnea. J Appl Physiol 1999;87:1448-54.

19. Rechtschaffen A, Kales A. A Manual of Standardized Terminology,
Techniques and Scoring System for Sleep Stages of Human
Subjects. Los Angeles: Brain Information Service; 1968.

20. Marcus CL. Sleep-disordered breathing in children. Am J Respir
Crit Care Med 2001;164:16-30.

21. Sleep-related breathing disorders in adults: recommendations for
syndrome definition and measurement techniques in clinical
research. The Report of an American Academy of Sleep Medicine
Task Force. Sleep 1999;22:667-89.

22. Marcus CL, Omlin KJ, Basinki DJ et al. Normal polysomnograph-
ic values for children and adolescents. Am Rev Respir Dis
1992;146:1235-9.

23. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater

reliability. Psychol Bull 1979;2:420-8.
24. Fleiss JL. The Design and Analysis of Clinical Experiments. New

York: Wiley; 1986.
25. Smurra MV, Dury M, Aubert G, Rodenstein DO, Liistro G. Sleep

fragmentation: comparison of two definitions of short arousals dur-
ing sleep in OSAS patients. Eur Respir J 2001;17:723-7.

26. Whitney CW, Gottlieb DJ, Redline S, et al. Reliability of scoring
respiratory disturbance indices and sleep staging. Sleep
1998;21:749-57.

27. Scholle S, Scholle HC, Kemper, A et al. First night effect in chil-
dren and adolescents undergoing polysomnography for sleep-disor-
dered breathing. Clin Neurophysiol 2003;114:2138-45.

28. Mathur R, Douglas NJ. Frequency of EEG arousals from nocturnal
sleep in normal subjects. Sleep 1995;18:330-3.

29. Tasali EF, Mendelson WB, Spire JP, Kohrman MH. Arousal index
in 100 Children: normative data. Sleep 2001;24:A217.

30. Bruni O, Ferri R, Miano S, et al. Sleep cyclic alternating pattern in
normal school-age children. Clin Neurophysiol 2002;113:1806-14.

31. Stores G, Crawford C. Arousal norms for children age 5-16 years
based on home polysomnography. Technol Health Care
2000;8:285-90.

32. Acebo C, Millman RP, Rosenberg C, Cavallo A, Carskadon MA.
Sleep, breathing, and cephalometrics in older children and young
adults. Part I-normative values. Chest 1996;109:664-72.

33. Guilleminault C, Pelayo R, Leger D, Clerk A, Bocian RC.
Recognition of sleep-disordered breathing in children. Pediatrics
1996;98:871-82.

34. Katz ES, Lutz J, Black C, Marcus CL. Pulse transit time as a mea-
sure of arousal and respiratory effort in children with sleep-disor-
dered breathing. Pediatr Res 2003;53:580-8.

35. Thomas RJ. Arousals in sleep-disordered breathing: patterns and
implications. Sleep 2003;26:1042-7.

36. Carley DW, Applebaum R, Basner RC, Onal E, Lopata M.
Respiratory and arousal responses to acoustic stimulation. Chest
1997;112:1567-71.

37. Trang H, Leske V, Gaultier C. Use of nasal cannula for detecting
sleep apneas and hypopneas in infants and children. Am J Respir
Crit Care Med 2002;166:464-8.

38. Serebrisky D, Cordero R, Mandeli J, Kattan M, Lamm C.
Assessment of inspiratory flow limitation in children with sleep-
disordered breathing by a nasal cannula pressure transducer system.
Pediatr Pulmonol 2002;33:380-7.

39. Chervin RD, Ruzicka DL, Wiebelhaus JL, et al. Tolerance of
esophageal pressure monitoring during polysomnography in chil-
dren. Sleep 2003;26:1022-6.

40. Pitson D, Chhina N, Knijn S, van Herwaaden M, Stradling J.
Changes in pulse transit time and pulse rate as markers of arousal
from sleep in normal subjects. Clin Sci 1994;87:269-23.

41. Davies RJ, Vardi-Visy K, Clarke M, Stradling JR. Identification of
sleep disruption and sleep disordered breathing from the systolic
blood pressure profile. Thorax 1993;48:1242-7.

42. 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
sleepiness. J Sleep Res 1998;7:53-9.

43. Terzano MG, Parrino L, Sherieri A, et al. Atlas, rules, and recording
techniques for the scoring of cyclic alternating pattern (CAP) in
human sleep. Sleep Med 2001;2:537-53.

44. Tauman R, O'Brien LM, Holbrook CR, Gozal D. Sleep pressure
score: a new index of sleep disruption in snoring children. Sleep
2004;27(2):274-8.

Scoring Arousals in Normal Children and Children with OSAS—Wong et alSLEEP, Vol. 27, No. 6, 2004 1145

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/27/6/1139/2696741 by guest on 20 August 2022


