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Abstract: The reliability and validity of EEG arousals and other types
of arousal are reviewed. Brief arousals during sleep had been observed
for many years, but the evolution of sleep medicine in the 1980s direct-
ed new attention to these events. Early studies at that time in animals
and humans linked brief EEG arousals and associated fragmentation
of sleep to daytime sleepiness and degraded performance. Increasing
interest in scoring of EEG arousals led the ASDA to publish a scoring
manual in 1992. The current review summarizes numerous studies that
have examined scoring reliability for these EEG arousals. Validity of EEG
arousals was explored by review of studies that empirically varied arous-
als and found deficits similar to those found after total sleep deprivation
depending upon the rate and extent of sleep fragmentation. Additional
data from patients with clinical sleep disorders prior to and after effective
treatment has also shown a continuing relationship between reduction
in pathology-related arousals and improved sleep and daytime function.

Finally, many suggestions have been made to refine arousal scoring to
include additional elements (e.g., CAP), change the time frame, or focus
on other physiological responses such as heart rate or blood pressure
changes. Evidence to support the reliability and validity of these mea-
sures is presented. It was concluded that the scoring of EEG arous-
als has added much to our understanding of the sleep process but that
significant work on the neurophysiology of arousal needs to be done.
Additional refinement of arousal scoring will provide improved insight
into sleep pathology and recovery.
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1.0 HISTORICAL PERSPECTIVE

he earliest systematic characterization of the electroencepha-

logram (EEG) of sleep, published by Loomis and colleagues
in 1938, defined 5 distinct states of sleep, labeled A through E.!
This system recognized that sleep was not a steady state but con-
sisted of cyclic patterns that varied in depth. In addition, Loomis
et al' described the presence of brief alpha arousals that were as-
sociated with increased efforts to breathe and body movements,
but these events were not included with the state scoring. The
discovery of REM sleep and the development of the Dement-
Kleitman criteria, which incorporated REM sleep scoring rules,
led to the formalized Rechtschaffen and Kales (R&K) manual for
scoring human sleep.? The R&K manual made reference to move-
ment arousals, which were intended to aid in scoring stages but
were not an epoch score. However, movement arousal in R&K
was defined as an increase in the electromyogram (EMG) with
no reference to changes in the EEG, and no additional scoring
criteria were provided. No other mention of brief EEG frequency
changes was made in the R&K manual.

The emergence of sleep disorders medicine brought renewed
attention to the significance of the brief arousal as a consequence
of primary sleep disorders and a determinant of the associated
daytime sleepiness. Brief, 3-10 sec increases in EEG frequency
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were categorized by sleep stage and time of night by Halasz et
al in 1979,® and empirical work linking brief arousals, sleepiness
and sleep apnea in dogs was published in 1980.*° In the next 5
years, research showed significant correlations between brief
arousals during sleep and daytime sleepiness,® began to examine
different arousal definitions and their relationship to level of day-
time sleepiness in different sleep disorder groups,” and empiri-
cally confirmed that the production of brief arousals during sleep
produced increased sleepiness in humans.?

2.0 METHODS

The activities of the Arousal Task Force (see page 144) includ-
ed development of this evidence review paper and participation in
a RAND/UCLA Appropriateness Method consensus process for
the development of scoring rules as part of the AASM scoring
manual development project.®°The AASM scoring rules derived
from this review paper and consensus will be published as a sepa-
rate volume.

2.1 Timeline. An initial computer based PubMed literature search
was performed on July 7, 2004, and included articles published
since 1966. The Arousal Task Force met by conference call 7
times between September 2004 and September 2005 for evidence
review and had one face-to-face meeting in June 2005 for consen-
sus balloting.

2.2 Search terms and articles

The following string of search terms was used: Sleep and Arous-
als and EEG or “sleep fragmentation” or “sleep disruption.” This
generated 2415 references. The committee reviewed the abstracts
of these papers for relevance to EEG arousal scoring, reliability, or
validity. As a result, a total of 122 papers were selected, obtained,
and made available to all committee members. Fourteen additional
references were identified by pearling (identification of new refer-
ences from the reference lists of already selected papers).

2.3 Evidence selection and grading

Task force members were assigned review topics (i.e., scoring
reliability, arousal definition validity, clinical studies of arousal,
and new measures of arousal), and committee members were free
to review any of the papers included in their area of review. Pa-
pers reviewed for inclusion were required to present empirical
data relevant to the section. Exclusion criteria included abstracts,
reviews, theoretical papers, editorials, and case studies; these
sources, however, were considered for the general introductory
and discussion sections of the paper.

A data extraction sheet was developed prior to review of the
articles. Each arousal paper was reviewed and summarized on
the extraction sheet for the following information: study design,
number and sex of subjects, types of arousal measures, study out-
comes and outcome measures, significant results, evidence grade,
and miscellaneous notes. Evidence grading was modified from
Sackett!® and is presented in Table 1. An evidence table which
summarizes all the extraction sheets has been provided at the end
of each section of the paper.
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Table 1—Summary of Evidence Grading

Evidence Study Design

Levels
I Randomized well-designed trials with low-alpha &
low-beta errors
II Randomized trials with high-beta errors
11 Nonrandomized controlled or concurrent cohort studies
v Nonrandomized historical cohort studies
\ Case series
3.0 BACKGROUND

As the role of arousals in sleep disorders and sleep restora-
tion became more apparent, numerous studies were published. To
encourage further research and allow consistency of definitions
for arousals, in 1992 the American Sleep Disorders Association
(ASDA, since named the American Academy of Sleep Medicine)
published an arousal scoring manual for EEG arousals. ' At that
time, various methods of scoring arousals were discussed, and
the 6 definitions of arousal that included both EEG and EMG
changes and various duration criteria that had been published by
Stepanski et al” were reviewed. It was concluded that a 3-second
increase in EEG frequency, coupled with an amplitude increase in
EMG, was the best predictor of level of daytime sleepiness. In the
ASDA manual that followed, an EEG arousal was defined as “an
abrupt shift in EEG frequency, which may include theta, alpha
and /or frequencies greater than 16 Hz, but not spindles,” which
is at least 3 seconds in duration. The scoring rules required a con-
current increase in EMG to score arousals in REM sleep. These
rules were consistent with scoring conventions in use by most
labs prior to development of the manual, with the possible excep-
tion of the required EMG increase to score arousals in REM. As
such, the use of the phrase “EEG arousal” in this paper should
be considered similar to the ASDA definition unless otherwise
specified.

Additional research has addressed the basic and clinical sig-
nificance of EEG arousals. It is clear that EEG arousals occur as a
typical feature of normal sleep. However, a good deal still needs
to be known about arousals that may be pathological either by
virtue of sheer number or by being markers for specific events.
In addition, a number of definitional questions have arisen: It is
known that EEG arousals are accompanied by a number of physi-
ological changes. Some studies have found autonomic nervous
system (ANS) signs of arousal (i.e., blood pressure changes, heart
rate changes) in the absence of prominent EEG changes. '* Do
these ANS changes have functional significance by themselves?
And if so, does that significance differ when an EEG arousal is
present? Based upon scoring reliability issues, the ASDA arousal
scoring criteria required that the EEG acceleration last for at least
3 seconds. It has been suggested that arousals of shorter duration
may also be significant. In addition, computer scoring methods
allow identification of arousals that are not visually scorable, and
it is possible that these events may also have significance. '* Fi-
nally, some have suggested that other events such as K-complex-
es or bursts of delta waves may also be forms of arousal that need
to be considered, and there is continuing controversy concerning
whether K-complexes and delta-bursts could reflect a “disrup-
tion” or a “protection” of sleep. '* **If one considers that the R&K
scoring system reflects the macrostructure of sleep, then the brief
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EEG/EMG/ANS arousals, however defined and interpreted, re-
flect the microstructure of sleep. It is the microstructure of sleep
that is the focus of this review. The review is divided into an ini-
tial section that considers reliability and validity data to support
arousals as described by the ASDA in 1992. " The second section
reviews other types of arousal scoring that have been suggested,
along with reliability and validity data when available.

4.0 RELIABILITY
4.1 ASDA arousal reliability

Several studies have addressed the reliability of scoring arous-
als with fewer papers reporting arousal scoring reliability values.
An important determinant of ASDA arousal scoring reliability
was the event duration. The ASDA manual specified a 3-second
duration, but this decision was made on the basis of personal ex-
perience of several of the task members and not on systematic
data. Several more recent studies have verified that decision. As
presented in Table 2 (which can be accessed on the web at www.
aasmnet.org), six level III studies demonstrated reliability using
the standardized ASDA definition.!*?! and one study demonstrat-
ed reliability using the ASDA definition slightly modified for use
with infants.”? One additional level IV study performed prior to
standardization of scoring rules but using similar rules was also
included in the table.” Interscorer reliability for different defini-
tions of arousals was assessed by Loredo et al in 20 subjects with
and without obstructive sleep apnea.!” Arousal scoring that used
the ASDA definition had a 0.84 intraclass correlation coefficient
(ICC) value, but the value dropped to 0.19 to 0.37 when shorter
arousals were also scored. In another study of 20 children with
obstructive sleep apnea syndrome and 16 healthy normals,?! the
ICC was 0.90 when arousals were scored based upon ASDA defi-
nitions and decreased to 0.42 when events of 2 seconds or longer
were included. The ICC decreased further to 0.35 when one-sec-
ond duration arousal events were also included.

Another factor evaluated was the addition of an EMG increase
criterion during all sleep stages to the ASDA criteria. In the previ-
ously cited study by Loredo et al, the addition of the EMG crite-
ria improved the ICC from 0.84 to 0.92.!7 Smurra et al assessed
the addition of an EMG increase to ASDA scoring criteria in 20
patients with obstructive sleep apnea of varying severity.'® They
found the EMG criteria provided no further improvement. How-
ever, their reported ICC was already at 0.98 for the ASDA criteria.
In a study that compared scoring between 14 different sleep cen-
ters on 90 events based upon sleep stage from which the arousal
occurred, a kappa of 0.47 was reported.' On an event-by-event
basis, this means agreement on 74 of 100 events. Comparing the
REM kappa, which was higher, to the light sleep kappa led to the
conclusion that EMG criteria could possibly provide better scor-
ing reliability. Therefore, these studies generally support the use
of an EMG criterion for a small increment in reliability.

The study by Drinnan et al'® is the only study to have assessed
the impact of sleep stage on arousal scoring; sleep stage might
be expected to play a prominent role in reliability. Drinnan et al
found that the highest kappa for arousal scoring was for arous-
als that occurred out of slow wave sleep.!® In terms of signal-to-
noise, the background EEG of slow wave sleep is much different
from that of the low amplitude fast frequency of the arousal. In
contrast, the background EEG in light sleep and REM sleep is of
low amplitude with higher frequencies; these are more difficult
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to distinguish from lower amplitude and fast frequency shifts as-
sociated with arousals.

Another important factor, addressed by only one study, is the
presence of additional cues on the polysomnogram (PSG) being
scored. Many of the previously cited studies included respiratory
tracings and, while not explicitly mentioned, probably also in-
cluded EKGs. Thomas assessed arousal scoring reliability using
ASDA criteria in 17 patients with obstructive sleep apnea syn-
drome." The event-by-event scoring agreement between scorers
was 91%. However, when the respiratory tracings were removed
from the recording, the agreement dropped to 59%.

A final and obvious factor shown to affect scoring reliability is
the experience of the scorers. A multicenter study assessed sleep
stage (R&K) and arousal scoring (ASDA criteria) reliability of 30
unattended home polysomnograms.?’ An ICC of 0.54 was found
for scoring arousals, and this figure improved to 0.76 when an
inexperienced scorer was not included in the data set. In an infant
study using slightly modified arousal scoring rules,? reliability,
as calculated by kappa, was increased from 0.71 to 0.83 after ad-
ditional training and from 0.83 to 0.86 after a month of additional
experience.

4.2 Type of reliability

The majority of the studies discussed above assessed inter-rat-
er reliability. One would expect intra-rater reliability to be higher
than that of inter-rater reliability. The one study that compared
intra- to inter-rater reliability found the event-by-event scoring
agreement was 94% for the intra-rater scoring and 90% for the in-
ter-rater scoring.!® Finally, inter-rater reliability between centers
is much lower than inter-rater reliability within centers. One study
that compared arousal scoring from a set of 40-second samples
sent to 14 laboratories found a kappa of 0.47 across laboratories,
while another study across scorers in the same center found kappa
in the range of 0.81 to 0.83.16:20

4.3 Summary

These studies indicate that EEG arousals can be scored with
relatively high reliability. For ASDA arousals, a 3-second dura-
tion criterion is necessary because reliability drops greatly when
trying to score shorter events. There is no clear evidence to sug-
gest that adopting EMG criteria for NREM sleep would greatly
improve scoring reliability. However, extensive training and ex-
perience is necessary to develop highly reliable arousal scoring.
Further, evidence that scoring reliability was reduced when as-
sessed between centers indicates that additional training experi-
ence (such as provision of a set of “gold standard” scored poly-
somnograms) might provide benefit. Finally, cues from available
tracings, beyond those specified for arousal scoring, could be
used to improve arousal scoring reliability.

5.0 VALIDITY

Although brief arousals had been noted as normal occurrences
during sleep for some time, it is the potential relationship between
increased number of nocturnal arousals and increased sleepiness
that has justified the time-consuming scoring process. Empirical
evidence that supports the relationship between sleep continuity
and sleep restoration will be reviewed in this section as a means
of addressing the validity of arousal scoring. The major means
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of providing evidence for validity has been to vary arousals dur-
ing sleep either empirically or through natural observation and to
measure residual sleepiness. Change in function after sleep frag-
mentation can be compared with function after total sleep depri-
vation to determine the similarity between disturbance of sleep
and complete loss of sleep. To the extent that these conditions
are similar, i.e., to the extent that sleep fragmentation produces
effects similar to that of sleep deprivation, measurement of sleep
fragmentation parameters can provide an estimate of the means
by which sleep restores normal alertness. The sections that follow
will review evidence that arousals during sleep do reduce sleep
restoration, the extent to which the reduction in function is similar
to that seen after total sleep deprivation, and the extent to which
similar arousal effects are seen in patients with sleep disorders
such as sleep apnea syndrome. The extent to which clinical sleepi-
ness resolves in patients when arousals are reduced will also be
considered as evidence for validity.

The initial sections address validity as assessed from empirical
animal and human studies. Twenty-one studies (8 level II % and
13 level II1,33!324333753840) provide evidence for the validity of
arousals and are summarized in Table 3 (which can be accessed
on the web at www.aasmnet.org).

5.1 Animal model

In dog studies published in 1980,*° novel auditory stimulation
produced for 30-sec periods every 2.5 minutes for 2-3 nights re-
sulted in dogs that appeared behaviorally sleepy and fell asleep
significantly faster after being aroused. The dogs also had de-
creased O, and CO, sensitivity during sleep, along with decreased
arousal responses to laryngeal stimulation.

5.2 Human model

The animal observations corresponded with sleepiness found in
patients with fragmented sleep associated with sleep apnea and led
to a number of studies in humans with the specific hypothesis that
fragmentation of sleep by the production of brief, periodic EEG
arousals at a sufficient rate would impair the process of sleep resto-
ration and produce increasing sleepiness. The empirical studies per-
formed in this area will be reviewed in the context of validity; that
is, to what extent do graded changes in brief arousals produce pre-
dictable changes in selected outcome variables? Selected outcome
variables have typically been chosen based upon their previously
demonstrated sensitivity to sleep deprivation. Therefore, it is pos-
sible to compare the effects of various types of sleep fragmentation
to periods of total sleep deprivation using the same measures and to
determine the extent to which outcomes are similar or different.

It is known that the effects of total sleep deprivation are cumu-
lative — that deficits become more extreme as sleep loss contin-
ues. It could therefore be hypothesized that deficits should also
become more extreme as sleep fragmentation continues. Sleep
deprivation is typically an all or none event (one is being sleep
deprived or one is not). Sleep fragmentation differs in that it is a
graded event. Arousals occur as a normal part of the sleep process.
One can imagine arousals increasing in frequency to the point that
they occur immediately after each sleep onset, resulting in total
sleep deprivation and producing the same effects as total sleep
deprivation. Such reasoning would imply that arousals produced
at frequencies between these extremes might produce a wide va-
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riety of outcomes ranging from no effect to those consistent with
no sleep. As such, it is possible to hypothesize that increases in
the frequency of arousals should make effects more profound.
The empirical literature was examined to determine the extent to
which 1) deficits found after total sleep deprivation are also found
in the same outcome measure or physiologic system after sleep
fragmentation; 2) deficits found after sleep fragmentation accu-
mulate with additional nights of fragmentation in the same way
as they accumulate with additional nights of sleep deprivation;
3) deficits increase to approximate total sleep deprivation as the
frequency of arousals within a night increase. To the extent that
empirical studies support these contentions, arousals can be seen
as meaningfully related to sleep restoration.

A number of outcome measures have been examined following
both sleep fragmentation and sleep deprivation. Types of mea-
sures examined include psychomotor performance, sleepiness,
hormones, respiratory function, metabolic rate, arousal threshold,
EEG measures, and mood/subjective report. Sleep fragmentation
studies examining these variables will be reviewed first, and 4
studies that directly compared sleep fragmentation schedules with
sleep deprivation conditions within the same experiment will be
reviewed second.

5.2.1 Psychomotor performance

Many empirical studies of sleep fragmentation have used psy-
chomotor performance measures, often transferred directly from
sleep deprivation studies, to document functional change after
various schedules of fragmentation. Psychomotor performance
changes following sleep fragmentation compared to baseline
have consistently been in the same direction as seen after sleep
deprivation, and significant impairment has been documented
on a number of tasks including vigilance,'®?32631:3230 reaction
time,®313% additions,?*3! digit-symbol substitution,® divided atten-
tion,”” and trail making.*

5.2.2 Sleepiness

Objective sleepiness following sleep fragmentation has been
measured with various sleep latency tests including both the mul-
tiple sleep latency test (MSLT) and maintenance of wakefulness
test (MWT). One sleep fragmentation review paper summarized
changes in sleep latency as a function of different schedules of
sleep fragmentation using data from 8 studies.
Four level 11?2 2830 and 4 level III studies®* *™ % ** assessed the
validity of EEG arousal in relation to objective sleepiness, though
methods in all of these studies preceded the standardized ASDA
arousal definition. Daytime sleepiness increased as the rate of sleep
fragmentation increased, with a significant correlation of r = 0.775
across studies between the interval of undisturbed sleep at night
and sleep latency the next day. In other words, as the period of sleep
allowed between empirically-produced disturbances decreased, la-
tencies on nap tests on the following day became shorter.

5.2.3 Hormones

Spath-Schwalbe® studied cortisol and ACTH throughout base-
line and sleep fragmentation nights (fragmentation after each
minute of sleep). Plasma cortisol increased significantly when the
experimental sleep fragmentation began. However, this burst of
secretion was inhibited after about 80 minutes, and cortisol secre-
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tion dropped below baseline sleep levels before returning to nor-
mal. A similar but less pronounced effect was found for ACTH.
Following total sleep deprivation, patterns of cortisol and ACTH
resembled the pattern seen during sleep fragmentation.*

Other hormones have not been studied in the empirical sleep
fragmentation design. However, one study has shown delay of
the testosterone rhythm in a design that allowed 7-minute sleep
periods followed by 13-minute wake periods around the clock.®
Patients with sleep apnea show decreased growth hormone and
prolactin secretion at night.**** Although this decrease is probably
secondary to sleep fragmentation and reverses after sleep is nor-
malized, changes in these hormones have not been studied after
simple sleep fragmentation.

5.2.4 Pulmonary Measures

Changes in pulmonary function related to sleep fragmentation
were first directly studied in dogs.** The initial studies document-
ed decreased O, and CO, sensitivity and decreased arousal re-
sponses to laryngeal stimulation. In a later study designed to study
either sleep fragmentation or sleep apnea in dogs for months,*
it was shown that both the sleep apnea condition and the simple
sleep fragmentation condition produced similar increases in the
length of the time to arousal in response to airway occlusion.**4¢
The study also reported greater tolerated oxygen desaturation,
greater peak inspiratory pressure, and greater tolerated surges in
blood pressure during airway occlusion following both sleep ap-
nea and simple sleep fragmentation. Based upon these results, the
authors concluded that “the changes in the acute responses to air-
way occlusion resulting from obstructive sleep apnea (OSA) are
primarily the result of the associated sleep fragmentation.”*

An increase in the number of apnea/hypopnea events has also
been shown after sleep fragmentation*® in humans. Another study
reported an increase in upper airway collapsibility and apnea/hy-
popnea index in normal subjects after sleep fragmentation.?® Stud-
ies have not found changes in hypercapnic ventilatory respon-
siveness or in arousal responses to external inspiratory resistive
loading after sleep fragmentation.*64’

In comparison to sleep fragmentation, total sleep deprivation
has also been shown to produce longer apnea events in both in-
fants*® and adults.* Series et al?® showed that the increase in ap-
nea/hypopnea index after sleep fragmentation was actually greater
than the increase after a similar amount of total sleep loss.

5.2.5 Metabolic measures

One study recorded whole body metabolic rate (VO, and VCO,)
during baseline, sleep fragmentation, and recovery nights.** Sig-
nificant elevation of VO, was found during the fragmentation
night as compared to baseline. Significant decreases in VO, were
found during the recovery night compared to baseline. Metabolic
rate increases during wake compared to sleep and decreases as
subjects move from stage 1 to stage 4, but changes in metabolic
rate have not not been reported during recovery from total sleep
deprivation.

5.2.6 Arousal threshold

Many sleep fragmentation experiments have used auditory
stimuli to produce fragmentation, and when graded stimuli have
been used, auditory threshold to the production of an arousal
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response has been reported. Studies have shown significant in-
creases in auditory arousal threshold during 2 nights with EEG
arousals placed after each 1 minute or 2 minutes, but not after
60 minutes of sleep.®*?¢ One study® used occasional novel tones
to measure the extent to which the increase in auditory threshold
was secondary to sleep fragmentation as compared to habituation
and concluded that about 67% of the increase in arousal thresh-
old was related to the fragmentation procedure. Increased arousal
threshold of a similar magnitude was found during recovery sleep
following total sleep deprivation®' compared with baseline sleep.

5.2.7 EEG measures

Two studies reported that visual evoked responses had de-
creased amplitude at several sites (frontal, central, and temporal)
after sleep fragmentation, but significant increases in latency were
not found*** In comparison, significantly decreased amplitude
and increased latencies for visual evoked responses have been
reported from a central site after one night of total sleep loss.™

Spectral analysis of EEG showed a decrease in alpha: theta
ratio at central and frontal sites after sleep fragmentation.* This
finding is an agreement with theta findings during total sleep de-
privation.

5.2.8 Mood/subjective measures

A number of measures, including visual activation scales, the
Stanford Sleepiness Scale, and several mood scales such as the
Clyde Mood Scale and the Profile of Mood States (POMS), have
been used to assess sleepiness and mood in both sleep fragmenta-
tion and sleep deprivation studies. Significant increases in subjec-
tive sleepiness have been reported in several studies after sleep
fragmentation.®2*%31:2634 Following sleep fragmentation, mood
measures become more negative,*** including increased irritabil-
ity,** increased tension,*® increased anger,* decreased clear think-
ing,**** and decreased friendliness.? Increased subjective sleepi-
ness is a universal finding in total sleep deprivation studies.**
Other mood changes have been typically linked to the sleepiness
dimension and include increased fatigue and decreased vigor.*

5.2.9 Accumulating deficits

One carly study of sleep fragmentation showed that auditory
thresholds and ratings of depth of sleep increased significantly
both across nights of sleep fragmentation and overall from the
first to second night of disturbance.® Several other studies have
shown greater impairment following a second night of sleep frag-
mentation as compared to the first night on a number of measures
including arousal threshold,’* psychomotor performance,?
spectral EEG parameters,*® and mood.® Other studies that have
not shown significant differences from the first to second distur-
bance night still typically have shown trend increases in sleepi-
ness following the second night as compared to the first night.3%3
Such findings confirm that sleep fragmentation produces cumu-
lative effects across time in a manner that is similar to that seen
after total sleep deprivation.

5.2.10 Sleep fragmentation versus sleep deprivation deficits

Four empirical studies directly compared total sleep depriva-
tion and sleep fragmentation within the same experiment.?’2*3-
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The studies compared total sleep loss for one or two? nights with
similar periods of sleep fragmentation. Sleep fragmentation was
produced following each minute of sleep in 3 studies and at each
onset of stage 2 in the fourth. Levine et al”’ reported that MSLT
was reduced after both total sleep deprivation and 1-min sleep
fragmentation, and these conditions did not differ statistically
(the actual latencies were respectively 2.2 and 4.1min). Bonnet?
reported that performance deficits were significantly greater fol-
lowing total sleep deprivation than following 1-min sleep frag-
mentation on number of addition problems completed and simple
reaction time. However, deficits were similar, i.e., significantly
different from baseline but not different from each other, on vigi-
lance hit rate (25% vs. 25%) and on nap latency (2.2 vs. 3.7 min.)
after total sleep deprivation as compared to sleep fragmentation.
Spath-Schwalbe* showed that cortisol and ACTH peaked shortly
after the initiation of sleep deprivation or sleep fragmentation and
then showed a similar pattern of inhibition followed by a later
peak in both sleep deprivation and sleep fragmentation condi-
tions. This pattern was different from the normal sleep condition.
Series et al® found a significant increase in apnea/hypopnea index
after sleep fragmentation, and this increase was actually greater
than that found after a similar period of total sleep deprivation.
This finding is the single instance in which the effects of sleep
fragmentation have been reported to be more extreme than a com-
parable period of total sleep loss.

5.2.11 Recovery

In early sleep fragmentation studies, the fragmentation proce-
dure typically produced large decreases in SWS and REM.? Re-
covery sleep was also noted to have predominant SWS rebound
that was similar in magnitude to that seen after total sleep depri-
vation.® Three more recent studies have sought to produce less
change in sleep stages by more careful arousal technique.’33630
Unfortunately, only one of these studies also recorded a recovery
night following the fragmentation procedure. Cote et al** showed
significant decreases in mood and in spectral EEG parameters af-
ter sleep fragmentation with no significant changes in TST, SWS,
or REM from baseline to fragmentation nights. However, REM
percent was decreased on the first fragmentation night as com-
pared to the second fragmentation night, and this change was sup-
ported by a significant decrease in REM latency on the second
fragmentation night as compared to baseline. The latency to stage
3 was also significantly decreased on the second fragmentation
night and recovery night as compared to the first fragmentation
night. Such changes indicate that the magnitude of sleep stage re-
covery values may be dependent upon the disturbance paradigm.
However, as all 3 studies that have minimized sleep stage distur-
bance have nonetheless reported significant changes in sleepiness
or mood after the disturbance nights, it is apparent that the sleep
fragmentation continued to produce deficits despite lack of im-
pact on traditionally scored EEG sleep stages. Unfortunately, such
studies have not been done with control groups experiencing total
sleep deprivation or more invasive fragmentation to be able to
determine which part, if any, of the large deficits reported in ear-
lier sleep fragmentation studies were related to decreases in sleep
stage amounts and which were related to fragmentation itself.
This issue of specific sleep stage effects, however, has also been
examined in a design which sought to control the amount of sleep
fragmentation, while at the same time maximizing or minimiz-
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ing SWS. In that study, similar decrements were found after both
(equivalent) fragmentation conditions even though the amount of
SWS was experimentally varied to be significantly greater in one
of the conditions, again supporting the contention that the frag-
mentation rather than sleep stage amounts was determining the
deficits.*

5.3 Summary

Both animal and human studies have shown that empirically
produced brief EEG arousals produce increased sleepiness and
decreased responsiveness to respiratory stimuli. Studies in hu-
mans have reported increased objective and subjective sleepi-
ness, decreased psychomotor performance on a number of tasks,
changes in hormone secretion pattern, decreased upper airway
function, increased whole body metabolic rate, increased sensory
arousal thresholds, and decreased amplitude in evoked responses
following various schedules of sleep fragmentation as compared
to baseline. In all cases, these changes were in the same direction
as those seen after total sleep deprivation. Several studies have
shown that changes in mood, arousal threshold, psychomotor
performance, and spectral EEG parameters, as with sleep depri-
vation, become significantly more extreme as a function of in-
creasing nights of disturbance. Studies directly reporting outcome
measures after high frequency sleep fragmentation as compared
to total sleep deprivation have shown that some psychomotor
performance measures are not affected as strongly by sleep frag-
mentation as by total sleep deprivation but that other measures of
psychomotor performance and objective sleepiness are equally af-
fected by sleep fragmentation and sleep deprivation. One study®
has actually shown a greater increase in apnea/hypopnea index
after sleep fragmentation as compared to total sleep deprivation.
Sleep stage rebounds commonly found after total sleep depriva-
tion are also seen after empirical sleep fragmentation. The extent
of sleep stage rebounds seems to be related to the specific de-
creases in those sleep stages based upon the sleep fragmentation
design. However, at least 3 experiments have shown that empiric
sleep fragmentation continues to produce next-day deficits, even
when total sleep time and sleep stage amounts are preserved in a
sleep fragmentation design.

Taken as a whole, these studies indicate that brief, frequent, pe-
riodic disturbance of the ongoing EEG during sleep as described
by the ASDA!" produces numerous physiological and behavioral
changes similar to those produced by total sleep deprivation.

5.4 Predicted changes in arousals in sleep disorders

Arousals play a prominent role in sleep disorders. A number
of clinical studies have examined the direct relationship between
arousals in patients and functional outcome variables including
changes in function with treatments that decrease arousals. The
16 studies (4 level 11,56574258 3 [evel II1,°*%' and 9 level IV,762)
that provide clinical evidence for the validity of arousals are sum-
marized in Table 4 (which can be accessed on the web at www.
aasmnet.org).

5.4.1 Arousals on baseline and recovery sleep nights

There are significant changes in sleep stages and arousal
threshold during recovery sleep following sleep deprivation. If
EEG arousals are related to the sleep restoration process, it could
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be hypothesized that the number of brief arousals should also be
reduced in recovery sleep after sleep deprivation. Two studies
have examined this hypothesis. In one,” arousal index was sig-
nificantly decreased from 16.2 to 8.3 during recovery sleep fol-
lowing 64 hours of total sleep deprivation in normal adults. In a
second study,”! arousal index was significantly reduced from 12.3
during baseline sleep to approximately 11 after 2 nights of SWS
deprivation and to approximately 8.5 after one night of total sleep
deprivation.

5.4.2 Arousals in patients with sleep associated respiratory prob-
lems

The above sections examined evidence regarding the impact of
arousals on human and animal functioning following experimen-
tally induced sleep fragmentation. In this section, the evidence for
a relationship between arousals and other measures of impairment
will be examined. The primary questions being asked are: 1) to
what extent do arousals predict daytime impairment, and 2) to
what extent would the dissipation of arousals following treatment
result in a diminution of this impairment?

Stepanski and colleagues’ performed the first systematic exam-
ination of the relationship between sleep fragmentation and day-
time sleepiness in various conditions. They utilized correlational
techniques to evaluate this relationship in patients complaining of
excessive daytime somnolence (EDS) associated with sleep ap-
nea (n = 15), periodic leg movements in sleep (PLMS) (n = 15),
patients complaining of insomnia (n = 15), and healthy volunteers
with no sleep complaints (n = 10). One night of PSG followed by
an MSLT was obtained for each subject. Across all subjects, the
total number of arousals was related to the MSLT-based sleepi-
ness index (MSLT sum of latencies to stage 1 sleep on 4 nap tests
multiplied by 1.25 and subtracted from 100; r = 0.48, p < 0.001).
Martin et al* performed both objective (MSLT) and subjective
(ESS) measures on 63 OSAS patients and examined arousals per
hour of sleep by 3 different criteria (ASDA, mASDA [minimum
duration of 1.5 sec], and Cheshire®?) and R&K awakenings. They
found significant relationships between arousals scored by any
definition and mean sleep latency on MSLT. However, no rela-
tionship existed between arousals or awakenings and ESS. There-
fore, the connection between arousals and objective measures of
daytime somnolence appears to be supported.

In sleep related breathing disorders, an important question is the
relative contribution of EEG arousals, as opposed to the variety of
other measures of illness severity such as hypoxemia, AHI, etc. to
daytime impairment. In the study by Martin et al,* arousals did
predict the degree of objective daytime somnolence, and there was
no relationship between R&K awakenings and MSLT mean sleep
latency. However, the best predictor of MSLT sleep latency was
the AHI. Roehrs et al®’ examined this question by performing PSG
and MSLT in 466 patients with obstructive sleep apnea syndrome
(OSAS). Multiple regression analyses indicated that the respiratory
arousal index (RAI) produced higher correlation with MSLT scores
than measures of hypoxemia. The best predictor of MSLT was RAL
However, many measures were interrelated. Cheshire et al® extend-
ed these findings by examining the relationship between arousals
and psychomotor functioning and mood in 29 OSA patients (AHI
>15). For the former, they administered the Paced Auditory Serial
Addition Test, Trailmaking A and B, Inspection Time, Simple Reac-
tion Time, Auditory Verbal Learning Test, National Adult Reading
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Test, Weschler Adult Intelligence Scale; for the latter they utilized
the Hospital Anxiety and Depression Scale. They noted that the
arousal frequency was associated only with Block Design subtest
of the WAIS but with no other measure of cognitive functioning or
MSLT sleep latency. AHI and SpO, measures were associated with
different cognitive variables. More recently, Sforza et al' com-
pared 152 patients with OSA or primary snoring to 45 healthy con-
trols by administering various measures of daytime sleepiness and
psychomotor impairment including the Stanford Sleepiness Scale
(SSS), Psychomotor Vigilance Task (PVT), MWT, and Epworth
Sleepiness Scale (ESS). They noted that the number of arousals
was lowest in snorers and increased with increasing AHI. There
was no relationship between arousal frequency and reaction time
(RT), yet there was a positive relationship between arousals and
false responses, and arousals and lapses, on PVT. However, other
measures of sleep related breathing disorder severity, such as AHI,
SpO,, and sleep architectural impairment, such as total sleep time
(TST) were also related to measures of daytime impairment. Pitson
et al® also examined 40 OSAS patients and noted a good correla-
tion between EEG arousals and various other measures of apnea
severity such as SpO, dips (r=0.69) and AHI (r=0.68). However,
the relationship between all types of arousals (in addition to EEG
arousals, the authors examined pulse transit time and heart rate
arousals) and ESS was poor, being significant only for SpO, dips.
Non-EEG arousals, such as autonomic arousals, pulse transit time
swings, and heart rate rises’hour have been less promising predic-
tors of EDS.%®

Other investigators have extended these findings by examining
the relationship between arousals and other disease-associated im-
pairments. Lafoso et al,* for example, studied 105 subjects with
the complaint of snoring but not meeting polysomnographic crite-
ria for OSAS (AHI<10, AI<5, duration of episodes of SpO, <90%
of less than 1 min). Nonapneic snorers were classified as sleep
disrupted or not sleep disrupted based on arousal index threshold
of 10. The group was assessed for the presence or absence of a
history of hypertension (previous diagnosis of hypertension and
treatment with antihypertensives, diastolic BP >95 and/or systolic
BP >160 within 3 months of the onset of the study). They noted
that hypertension was more prevalent in the group with sleep
fragmentation and suggested that sleep fragmentation in snorers
may play a role in genesis of systemic hypertension. In a separate
investigation, Noda et al®® examined 26 OSAS patients by sepa-
rating them on the basis of presence or absence of hypertension
(BP >140/90). They then assessed possible differences between
the 2 groups on various polysomnographic variables such as AHI,
total time with SpO, below 90%, SpO, nadir, EEG arousals, and
movement arousals, as well as 24-hr systolic and diastolic BP
measured at 30-min intervals. They noted that the frequency of
movement arousals and decrements in SpO,, in that order, made
the most significant contributions to increased 24-hr systolic and
diastolic BP. The hypertensive group had a higher frequency of
EEG and movement arousals.

Taken collectively, the data suggest that sleep fragmentation
is an important predictor of daytime impairment in areas such
as alertness/wakefulness and psychomotor functioning, and pos-
sibly even hypertension. The relationship is better noted in ob-
jective, rather than subjective, measures of EDS. However, other
measures of apnea severity, such as the extent of hypoxemia and
AHI, are also related to daytime function, and the studies cannot
conclusively answer the fundamental question of how these pro-
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cesses are related to one another and to arousals. That is, they do
not answer the question of whether these changes produce their
effects on daytime function independently or through their effects
on arousals. Also, although EEG arousals are important predictors
of EDS in OSA and PLMS, their relative position in the hierarchy
of all contributory variables is unclear.

If arousals cause daytime impairment, then their diminution
should lead to an improvement in daytime function. Bennett et al*®
assessed daytime somnolence utilizing the ESS and OSLER test
in 41 subjects who were comprised of nonsnorers, simple snorers,
and OSA patients undergoing treatment with CPAP. In addition to
ASDA arousals, they examined autonomic arousals and movement
events. All markers of sleep fragmentation (arousals) had signifi-
cant associations with baseline EDS and its improvement with nC-
PAP at similar magnitudes. AHI was also correlated closely with
sleepiness and its response to treatment. However, no significant
relationships could be found between any of the sleep fragmenta-
tion indices and post-nCPAP objective sleepiness measures. Mul-
tiple regression analysis indicated that the best predictor of the pre-
treatment objective sleepiness was the movement event index. In a
separate investigation, Bennett et al® also examined SF-36 health
status and noted that it improved following CPAP treatment in 51
OSA patients, and noted a significant, yet weak, relationship be-
tween change in health status following CPAP treatment and sleep
fragmentation indices. Colt and colleagues’ examined the relative
contribution of arousals and other measures of apnea severity such
as hypoxemia and AHI, to EDS in 7 OSA patients undergoing treat-
ment with nCPAP. In this crossover design, patients were exposed
to either nCPAP, or nCPAP plus induced hypoxemia for 2 nights.
Both conditions resulted in improved MSLT sleep latency to the
same extent. Therefore, the induction of hypoxemia did not dimin-
ish the improvement in objective measures of daytime somnolence,
and this gavefurther support to the relationship between sleep frag-
mentation and EDS.

The presence of EEG arousals helps to identify upper airway
resistance (UARS). One study has specifically examined differ-
ences in arousal variables in patients with mild sleep apnea as
compared to patients with UARS.® The notable finding was that,
in terms of EEG arousals, there were almost no differences be-
tween the groups. Significant differences in the study were pri-
marily based upon group selection; that is, apnea patients had
significantly increased respiratory events associated with visually
scored EEG arousals as would be expected by selection.

The only investigation of the relationship between sleep frag-
mentation and EDS in central sleep apnea (CSA) syndrome was
performed by Bonnet et al,”” who treated 5 male CSA patients
with placebo and triazolam (0.125 and 0.25 mg) in a double-
blind crossover design. Daytime function was assessed by MSLT,
POMS, short-term memory, Wilkinson Addition, Wilkinson Vigi-
lance, and SSS. The triazolam condition was associated with a
decrease in arousal and central apnea indices, as well as an im-
provement in next day psychomotor performance and a reduction
in subjective sleepiness on SSS. MSLT sleep latency increased,
but the change was not statistically significant. The medication
was also associated with an increased total sleep time. The lack of
improvement in objective EDS measures, despite improvement in
subjective EDS measures and other performance measures in the
face of diminished arousals may have been related to the small
sample size.
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5.4.3 Arousals in patients with periodic limb movements

A number of investigations have examined the relationship of
arousals to EDS in patients suffering from periodic limb movement
disorder (PLMD) prior to and following treatment. Doghramji et
al,*® in a placebo-controlled crossover design, assessed the effects
of triazolam 0.25-0.5 mg in 15 PLMD patients with EDS. At end
of the treatment period (4-7 days), triazolam was associated with
a significant increase in MSLT mean sleep latency score, yet there
was no change in SSS score. Treatment was associated with no
change in the PLM index, despite a decrease in the PLM arousal
index and total arousal index. Other measures of sleep architecture,
such as TST, TWT, and percentage of stage 1 sleep, also revealed
improvement. This study showed that improved sleep is associ-
ated with improved daytime function, yet it is unclear whether that
benefit should be attributed to changes in the arousal frequency
alone or to changes in other sleep architectural factors as well. The
possibility that arousals are not important contributors to EDS was
apparent in an investigation by Bonnet et al* in another placebo-
controlled crossover investigation of the effects of triazolam 0.125
mg and 0.25 mg in 11 sleepy PLMD patients. They assessed day-
time function via auditory vigilance tests, POMS, and short-term
memory testing. They noted no change in total leg movements or
arousals, yet there was an increase in TST and SE and a decrease
in the number of stage changes. A parallel improvement in MSLT
sleep latency and cognitive measures was also noted. Therefore,
the improvement of daytime performance and alertness appeared to
be independent of the medication’s effects on arousals. In a similar
investigation of 9 PLMD sufferers, which was followed by a 12-
week open-label phase, Bonnet and Arand* noted that triazolam
0.25 mg did not decrease the arousal index; in fact, the medica-
tion was associated with an increase in EEG arousals in the late
drug-treatment phase. Nevertheless, daytime function improved as
assessed by vigilance performance, short-term memory, and some
MSLT results. Sleep continuity variables and TST improved. When
EEG arousals were corrected for both the increase in total sleep
time and the associated increase in limb movements, there was a
significant decrease during early medication administration. How-
ever, the fact that EDS and sleep variables improved more than
arousals improved suggests that EDS may be based on a variety of
nocturnal factors in addition to arousals.

These treatment data yield mixed results. On the one hand,
they suggest that arousals are linked, at least at baseline, to sever-
ity of EDS and other psychomotor function indicators. However,
whether the changes noted in daytime measures during and after
treatment are due to changes in arousals is not altogether clear,
possibly owing to the complex effects that medications have on a
variety of measures of sleep architecture.

6.0 ONTOGENY

EEG arousals are ubiquitous throughout the human life span
during sleep. Because failure of arousal has been considered an
important issue in sudden infant death, a number of studies have
examined the process of arousal in infants. These studies general-
ly do not apply to the current examination of reliability and valid-
ity of arousal scoring in adults with the exception that the ASDA
scoring criteria have been used in several studies. One study? has
shown high arousal scoring reliability in infants with only minor
scoring modifications, specified word for word in the publica-
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tion. In a study of 5-year-old children, arousal reliability was also
shown to be high using the standard ASDA criteria.”!

Specific studies of the reliability or validity of arousals are
also uncommon in older adults. Three papers have examined
EEG arousals across broad age bands. One study found no sig-
nificant difference in arousal index when comparing groups of
young (20-35 years) and older (50—-65 years) normal sleepers.”
However, 2 other studies have both reported significant positive
correlations of EEG arousals with age.”” This correlation was
associated with a significant increase in arousal index from 13.8
(SD 2.2) in teenage subjects to 27.1 (SD 3.3) in 60- to 80-year-old
subjects in one study.”™

7.0 OTHER MEASURES OF AROUSAL

It is recognized that visual scoring of EEG arousals according
to ASDA criteria is just one approach to characterizing the degree
of sleep fragmentation. Scoring EEG arousals is the best-validat-
ed approach and has replaced earlier measures used to quantify
sleep fragmentation (e.g. amount of stage one sleep, number of
awakenings). However, the number of EEG arousals does not al-
ways have a high correlation with subsequent daytime sleepiness.
New measures may be developed that quantify sleep fragmen-
taion more precisely and provide more accurate prediction of sub-
sequent daytime impairment. Attempts to improve this measure
of sleep fragmentation have primarily involved other measures of
EEG activity or measures of autonomic activity. Other approaches
to quantifying sleep fragmentation are described below.

7.1 Cyclic alternating pattern

In 1985 the cyclic alternating pattern (CAP) was described as
a physiological component of normal NREM sleep.”® CAP also
addressed periodic arousals occurring during sleep and described
3 different types of EEG arousal that occurred spontaneously in
cycles as a normal characteristic of sleep. This system focused on
NREM sleep alone, viewing these arousals as a characteristic of
normal NREM sleep. The role of arousals, according to the theo-
ry underlying CAP, differs markedly from that underlying ASDA
EEG arousals. CAP researchers believe that arousals occur either
as increases or decreases in EEG frequency and that some of these
events may protect sleep from disruption. Therefore, these arous-
als do not necessarily signal decreased sleep quality. As such, the
use of the term “arousal” may be confusing.

A CAP scoring manual was published in 2002."" It defined 3 sub-
types of arousal that constitute the A phase of the CAP pattern which
is followed by the B phase of the pattern, a period without arousals.
The EEG of the Al subtype is characterized by a predominance
of delta wave bursts, K-complex sequences, and vertex sharp tran-
sients. The A2 subtype is an admixture of slow and fast rhythms,
while the A3 subtype is a predominance of fast rhythms.

Arousal-related phasic events occur in CAP, interrupting tonic
NREM (or NCAP). It is hypothesized that understanding the in-
terplay between CAP and NCAP states is important in appreciat-
ing the role of microarousals as normative phenomenon versus
signs of pathology. However, the research in this area is at an
early stage, and the significance of CAP is unclear. Investigations
of CAP have primarily focused on viewing arousal as an oscillat-
ing phenomenon with an adaptive function, rather than a measure
of the degree of sleep disturbance.

Three studies from those summarized in Table 5 (which can
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be accessed on the web at www.aasmnet.org), have measured
both ASDA arousals and CAP.”#”7° One evidence level IV study
showed a statistically significant relation between the occurrence
of ASDA arousals and certain subtypes of CAP activity.” In par-
ticular, subtypes A2 and A3 of CAP had a significant correlation
of 0.84 (p<.0001) with ASDA-scored arousals. Two evidence level
III studies examined the effect of sleep deprivation on CAP activ-
ity.””’® DeGennaro et al” found that CAP and ASDA arousals were
both decreased during recovery sleep following a night of sleep de-
privation.” Subtype A3 of CAP correlated 0.79 with ASDA arous-
als on the baseline night and 0.95 on the recovery night. Another
study” reported a significant decrease in ASDA arousals during
sleep following 64 hours of total sleep deprivation but did not find
a significant change in either delta bursts or K-complexes (corre-
sponding to the A1 phase of CAP) on the recovery night.

7.1.2 Evidence for validity/reliability of CAP arousals

One level I1I study has been done assessing CAP interrater reli-
ability in a group of 11 normal adults, and it reported a Kendell
W coefficient of concordance value of 0.90 for the various CAP
parameters.®® A standard approach to computing CAP with com-
puter assistance has been recently published,*® and this should
lead to additional systematic studies.

7.1.3 Evidence for relation of CAP to sleep restoration independent
of ASDA arousals

There are no data relating CAP measures to severity of daytime
impairment. The studies comparing CAP to ASDA arousals have
not included measures of daytime function. As a result, there are
no validity data available.

7.1.4 Advantages/Disadvantages of CAP Compared with ASDA
arousals

In summary, studies measuring CAP have not shown superior-
ity of this approach in the measurement of sleep disruption or
as a predictor of daytime impairment, compared with the ASDA
arousal measure. Measurement of CAP is more time consuming
than scoring of ASDA arousals. It can be argued that the high
correlation between the A2 and A3 subtypes of CAP with ASDA
arousals makes those measures similar (differing perhaps only in
that ASDA arousals are scored during REM while CAP is not).
The major theoretical question is whether the CAP A1 subtype,
correlated with delta and K-complex activity, is actually an arous-
al event that might increase the predictive ability of ASDA arous-
als to identify nonrestorative sleep or a sleep protective event that
does not inhibit sleep restoration. Direct tests of the role of K-
complexes or evoked delta in limiting sleep restoration have not
been published, but one study that actually produced consistent
K-complex type responses during sleep at a periodicity of 22 sec
for 30 consecutive nights did not report any signs of decreased
function or increased sleepiness.®! This finding, in conjunction
with the finding of Sforza et al of no change in these delta events
after sleep deprivation supports the contention that these evoked
delta and K-complex events are inherently different from ASDA
arousals and should not be included with them in traditional
arousal scoring. Overall, there is insufficient evidence at this time
to use CAP in the routine assessment of arousals during sleep for
the purpose of quantifying sleep fragmentation.
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7.2 Measures of autonomic arousals

A number of studies have explored the utility of measuring au-
tonomic events, usually blood pressure or heart rate changes, as
a way to quantify arousals during sleep. This work is based on
the observation that changes in measures of autonomic function,
such as increases in arterial blood pressure, occur in response to
acoustic stimuli'? and at the conclusion of obstructive respiratory
events.®? Studies of autonomic arousals have generally addressed
one of the following 3 areas: 1) the utility of using autonomic
arousals as a screen for sleep disordered breathing, 2) use of au-
tonomic arousals as a more easily scored proxy for EEG arousals,
or 3) autonomic arousals as a predictor of daytime sleepiness as
compared to EEG arousals. The first of these questions is beyond
the scope of this paper and will not be addressed. The other 2
questions are related to the goals of this paper, and relevant stud-
ies are reviewed below. Twelve studies, including 6 level I1I stud-
ies,3283:12368281 5 Jevel TV studies,’*85666%%8 and 1 level V® study
are summarized in Table 6 (which can be accessed on the web at
www.aasmnet.org).

7.2.1 Autonomic arousals and daytime sleepiness

Autonomic arousals occur with obstructive respiratory events
and with snoring, even in the absence of EEG arousals.?® Au-
tonomic arousals have also been detected in normal sleepers in
response to experimental stimuli when EEG arousals did not oc-
cur.®® In contrast, EEG arousals were always accompanied by an
autonomic arousal in those studies. These results suggest that au-
tonomic arousals have a lower threshold and are more sensitive to
perturbations in the CNS during sleep. Therefore, it is theoretically
possible that these events may be a more accurate indicator than
EEG arousals of CNS changes sufficient to cause daytime impair-
ment. However, research investigating this topic has not shown a
convincing relation between autonomic arousals and sleepiness that
is independent of the co-occurrence of EEG arousals.

Pitson and Stradling®® correlated standard EEG arousals with 2
measures of autonomic arousals (blood pressure arousals and heart
rate arousals) in patients undergoing screening for OSA. They
found significant correlations between all the arousal measures
(0.51-0.67). All arousal measures were also significantly correlated
with AHI and SpO, dips. No arousal measure was significantly cor-
related with the ESS, but there was a low significant correlation
with SpO, dips (r=0.36). Another study investigated the importance
of autonomic arousals associated with snoring or sleep-disordered
breathing in causing sleepiness.®® The investigators obtained a large
sample (n=473) from the general community and found no relation
between blood pressure changes using pulse transit time (PTT) and
sleepiness measured by the ESS. One criticism of these studies is
the use of a self-report measure of sleepiness that has a low correla-
tion with objective measures of sleepiness.

Experimentally induced autonomic arousals administered to
normal sleepers have been reported to increase daytime sleepi-
ness.*® In this study, tones were presented in a manner to pro-
duce increases in blood pressure or heart rate while attempting to
avoid producing ASDA arousals; MSLT and MWT were used as
outcome measures. It was concluded that events associated with
the autonomic arousals, but not EEG arousals, were sufficient to
decrease the restorative value of sleep (i.e., a significant decrease
was found for MSLT and MWT). However, about 20% of the
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tones administered in this study caused EEG arousals, and these
arousals may have played a role in the increased sleepiness ob-
served in these subjects. The authors argue that because the over-
all number of EEG arousals did not differ between baseline and
disrupted nights, the change in MSLT is solely attributable to the
autonomic arousals. This rationale assumes that induced arousals
and spontaneous arousals are equal in their distribution and like-
lihood of contributing to daytime sleepiness. It is commonly ob-
served in studies utilizing experimental sleep fragmentation pro-
cedures that spontaneous arousals are decreased on nights when
sleep is experimentally fragmented.®! It has also been shown that
longer arousals have a greater physiological impact than shorter
arousals.* Therefore, the effects of the induced autonomic arous-
als are confounded by an increase in the number of longer experi-
mentally induced EEG arousals in this study.

7.2.2 Predicting EEG arousals from autonomic arousals

Another area of interest related to autonomic arousals is the pos-
sibility that these events can be used to estimate the number of EEG
arousals. Scoring EEG arousals is time-consuming and requires a
well-trained staff to achieve acceptable reliability. Since autonom-
ic arousals can be computed by online analysis, this approach to
quantification of sleep fragmentation is potentially much faster.
Catcheside et al® found that PTT and skin blood flow (SBF) are
superior to HR in predicting EEG arousals. In that study, auditory
stimuli administered to normal sleepers produced 85% agreement
(measured as ROC area) between EEG arousals and PTT, as well
as between blood pressure changes and EEG arousals. However,
PTT has not been shown to be a reliable predictor of EEG arousals
in patients with sleep disordered breathing.®® Poyares et al® found
that PTT predicted EEG arousals with a sensitivity of 90.4% but a
specificity of only 16.8%. Adachi et al® used various autonomic
arousal indices in an attempt to identify patients with frequent EEG
arousals (>30 arousals per hour of sleep). They found that auto-
nomic arousal measures tended to overestimate the frequency of
EEG arousals, and the greatest mismatch occurred in mild cases
with a low number of EEG arousals.

Another aspect of this area of research that requires further as-
sessment is the association between autonomic arousals and EEG
changes that do not meet traditional criteria for EEG arousal. The
term “subcortical arousal” has been used to describe autonom-
ic measures and differentiate them from traditional EEG-based
measures of arousals. However, it may not be accurate to char-
acterize these events as purely “subcortical” since investigators
have noted changes in the power density of the EEG in conjunc-
tion with autonomic arousals even in the absence of traditionally
defined EEG arousals.®**¢ Quantification of the changes in power
density of the EEG may be useful in further understanding what
types of events are predictive of sleepiness.’?3¢

7.2.3 Summary

Studies comparing autonomic measures with standard EEG
measures of arousal consistently show that EEG arousals are as-
sociated with reliable changes in autonomic measures. Further, it
has been shown that autonomic arousals may be caused by exter-
nal stimuli as well as obstructive breathing events in the absence
of EEG arousals. However, the significance of autonomic arous-
als that are not associated with EEG arousals in contributing to
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daytime impairment is uncertain. Studies have not shown that au-
tonomic arousals without EEG arousals are predictive of daytime
sleepiness.

8.0 OVERALL SUMMARY

8.1 Utility of arousal scoring

Several studies have reported that arousals, as defined by the
ASDA in 1992, can be scored reliably. A number of variables,
such as training and additional recording channels, have been
shown to increase scoring reliability. Other variables, such as de-
creasing the length of time required to score an arousal, have been
shown to decrease measure reliability.

A number of empirical studies in animals, humans, and clini-
cal populations have shown links between the frequency of
EEG arousals and daytime sleepiness. Increasing the frequency
of arousals and the number of nights during which arousals are
induced increases residual sleepiness, and this effect is indepen-
dent from reduction in EEG sleep stage amounts. In addition to
sleepiness, sleep fragmentation produces numerous effects such
as decreased psychomotor performance, degraded mood, altered
hormone secretions, decreased pulmonary function, altered met-
abolic rate, increased arousal thresholds, and alteration in EEG
evoked responses similar to that seen after total sleep deprivation.
Sleep fragmentation may also result in sleep stage rebounds or
decreased arousals during recovery sleep. Finally, patients with
sleep fragmented by respiratory or movement disorders have
been shown to have improved alertness and psychomotor func-
tion when arousals during sleep have been reduced.

These findings continue to support EEG arousals as an impor-
tant component of the sleep process. As such, the scoring of EEG
arousals is essential in clinical PSGs as a means of determining
the extent to which daytime compromise is specifically related to
sleep disturbance and to give treatment and treatment response
guidelines to practitioners.

8.2 Potential for integration with new measures

Despite the empirical data that link arousals with daytime func-
tion, important questions remain. In clinical studies, the correlation
between sleep fragmentation measures and daytime sleepiness fre-
quently accounts for only a small part of the total variance. Reli-
able scoring of arousals is a difficult and time-consuming process.
A number of new measures have been proposed to deal with these
issues. Investigators have shown that several new measures are
correlated at a relatively high level with ASDA arousals and with
outcome variables such as sleepiness at a level similar to that seen
with ASDA arousals. Unfortunately, because these are correlation
studies, the independent effect of these new measures beyond the
known effect of ASDA arousals on daytime outcome measures is
unknown. For example, automated measures of heart rate or PTT
are easy to make and are related to EEG arousals in patients. Un-
fortunately, no study has effectively produced periodic increases in
heart rate or PTT without producing EEG arousals and shown an
independent relationship to outcome variables. One study of “non-
visible” arousals*® did show significant decreases in function on the
following day, but 20% of the arousals actually produced tradition-
al EEG arousals. Another study that used tones every 22 seconds
for 30 days to produce consistent EEG, heart rate, and finger pulse
volume responses did not find signs of sleepiness or performance
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decline.®’ Additional empirical studies are needed to explore the
relationship between repetitive physiological arousal without EEG
arousal during sleep and residual function to understand if this is a
graded effect (less sleep restoration as sleep disturbance increases),
a threshold effect (physiological activation above a certain level
produces decreased restoration), or an interaction between physi-
ological systems. Such studies are also important because they will
inform about both the process of sleep restoration and perhaps the
key physiological requirements. Finally, this work is required to
support a broader definition of arousal. There is currently no com-
pelling evidence to support the scoring evoked delta or K-complex
activity as being similar to ASDA arousals. There is insufficient
evidence to support the scoring of increases in physiological mea-
sures such as heart rate in the absence of EEG changes as compro-
mising restoration during sleep.

8.3 Practical considerations and technical implications

A number of suggestions have been made to improve the
ability to score arousals. Perhaps the major issue is training and
experience. Because EEG arousals are short, they can be easily
confused with artifact or overlooked during scoring. Scorers need
directed training on gold-standard sleep recordings; this training
should be repeated periodically. Other important issues include
whether an occipital channel is included in the recording and
which EEG channels are used to score arousals (the number of
arousals scored would be expected to be larger if 2 occipital and
2 central channels are recorded and events can be selected from
any of the 4 channels compared to a single central EEG channel).
Arousal reliability might be further increased if EEG changes
were required to be accompanied by a heart rate change.

Another issue that might improve reliability is calibration mea-
surements. Although it is not possible for patients to produce an
arousal from sleep response during calibrations, knowing whether
the patient produces alpha is important. Production of eyes-closed
alpha at a given amplitude could be linked to specific alpha crite-
ria to be used for arousals, while inability to produce such an al-
pha response could be used to justify less stringent requirements.
Such rules might be particularly helpful in patients with very low
levels of alpha or with alpha-delta patterns. More specific alpha
and EMG requirements would also improve computer scoring of
arousals. EMG increases scored for arousals related to REM sleep
are usually derived from the submental lead. Typically, the dura-
tion of increased EMG is for a minimum of one second. Standard-
ized submental derivations for EMG and specifications for dura-
tion of EMG increase would improve arousal scoring, especially
in REM where EMG increase is required.

9.0 Unresolved issues and future research

Understanding of the role of brief arousal in the sleep process
has the potential to provide much information about the time
course and function of sleep. Despite a fairly clear behavioral
understanding of the impact of these brief events on the sleep
process, little neurophysiological data exist to help understand
the mechanism of arousal. Such work may provide more specific
suggestions for new measures of arousal or more precise defini-
tions for arousal events.

More precise definition of arousal events and improved com-
puter scoring algorithms will improve automated scoring of
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arousals. However, to the extent that computer scored arousal
events differ from visually scored events, it will again be impor-
tant to repeat validity studies to ensure that such computer scored
events are the same as visually scored events in their impact upon
sleep restoration. In addition, it is likely that EEG arousals vary
with some diseases and medications. Additional research will be
required to fully define many arousal parameters.

AROUSAL TASK FORCE MEMBERS

The Arousal Task Force members participating in consensus decisions to
derive arousal scoring rules included: Michael H. Bonnet (chair), Karl
Doghramji, Timothy Roehrs, Steven Sheldon, Edward J. Stepanski, Ar-
thur S. Walters, Merrill S. Wise, and Andrew L. Chesson.
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Table 2—Evidence Table for Reliability Studies

Author/Year/ Evidence Study Design/ Subjects (N/age Outcome Measures Conclusions
Citation # Level Type /sex (mean, SD)
Crowell, D./ 1 Observational 10 records from 415  arousal scoring reliability improved from arousal scoring in infants can be
2002/ infants 0.71 to 0.83 (kappa) with training reliable
Drinnan, M. 1 Observational 10/NS/8M2F Level of agreement showed no significant Only moderate agreement
J./1998/° (Excessive snorers  difference between sleep stage and only
and/or daytime moderate agreement between scorers.
sleepiness
Loredo, J. I Observational ~ 20/45.6+/16M4F Interscorer reliability varied with the NS
S./1999/ 10 definition of arousal and ranged with an

Smurra, M.

V/2001/ "

Thomas, R.

J/2003/ 12

Whitney, C.

W/1998/ 13

Wong, T.
K./2004/ 14

Stepanski,
E/1984/7

1

11

III

II

v

ICC 0.19 and 0.92. Greatest reliability
associated with respiratory events ICC 0.76
to 0.92. ASDA arousal had high interscorer

reliability of 0.84. Reliability lowest for
arousals consisting of EEG changes lasting <
3 seconds ICC 0.19 to 0.37.

Observational ~ 20/49+14/M17F3 There was no difference in the arousal NS
indices compared between readers and
between definitions by 2-way ANOVA.
No difference in the relationship between
readers and between definitions by 2-way
ANOVA. No difference in the relationship
between arousal index scored according to

the 2 protocols.
Retrospective  17/46.3+6.2/17M  Event by event agreement 93.8% for the Scoring arousals with the 3-second
review of PSGs repeat scoring by the author and 90.5% for rule may falsely minimize the
the technologist. Agreement dropped to  apparent impact of abnormal breathing
67.3% to 58.7% when EEG signal alone was on sleep.

used t score arousals as the “cue” effect of
respiratory recovery was absent.

Observational NA Moderately reliable with ICC 0.54% in SHHS achieved high agreement of
and blinded arousal index and scorer experience ICC+  interscorer reliability for the scoring
0.76 with 2 experienced scorers of sleep stage and RDI in unattended

in home PSG studies

8 hour PSGs  36/5.3£1.4/18M18F ICC for scoring ASDA arousals was 0.90% Poorer agreement for scoring arousals

standard indicating excellent interscorer agreement. shorter than 3 seconds when compared
scoring by The ICC for scoring method 1-sec and 2- to the standard ASDA criteria.
Rechtschaffen seconds were 0.35 and 0.42 indicating poor
and Kales to fair agreement.
criteria
Patient chart 15 apnea pts EEG arousals, MSLT EEG arousals related to EDS

review by sleep (43+10), 15
disorder group PLMS pts 55+8),
15 insomnia pts
38+12), 10 normals
49+14)
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Table 3—Evidence Table for Validity Studies

Author/Year/ Evidence Study Design/Type Subjects (N/age  Outcome Measures Conclusions
Citation # Level /sex (mean, SD)
Bonnet, M. H./ 111 Repeated measures 12, 18-28 Nap Lat, additions, Vig, Frequent fragmentation increases EDS,
1991/% rt. , mood but infrequent does not
Bonnet, M. H./ 11 1-ADAPT, then 5 nt protocol, 8 M Ss, 18-28  Perf battery, Single nap Perf decreased after TSD and SF; in some
1986A/'¢ repeated x3: 1-BSL, 2-FRAG, latency cases SF reductions as great as TSD (Hit
2-REC Repeated measures 20 Rate, Nap Lat) and in some cases not
lab nights/S (BSL, 2 SF or TSD (RT, Adds)

nights, 2 recovery nights * 4
conditions). Conditions = TSD,
SF 1 min, SF each 10 min, 2.5
hrs sleep followed by SF at
each sleep onset. Ss awakened
(verbal response) by audiometer

Bonnet, M. II 1-ADAPT, then 4 nt protocol, 11 young adults Perf battery, Single nap, EDS the same regardless of condition,
H./1987/'% repeated x3: 1-BSL, 2-FRAG, Mood, SSS but Ss felt sleepier after the awakening
1-REC condition
Bonnet, M. 111 6 nt protocol: 1-ADAPT, 1- 11 young adults WA, DSST, SRT, SSS, Decreased perf and increased threshold
H/1985/8 BSL, 2-FRAG, 2-REC Mood, threshold after frag
Bonnet, M. II 5 nt protocol: 1-ADAPT, 1- 12 young adults  Perf battery, single nap Both frag conditions showed significant
H/1986B" BSL, 2-FRAG, 1-REC latency, SSS and equal decreases in performance
Bonnet, M. 11 5 nt protocol: 1-ADAPT, 1- 24/ 12 young (18- Perf battery, Single nap, Older subjects were less affected by frag
H/1989A/% BSL, 2-FRAG, 1-REC 28 yrs); 12 older Mood, SSS
measures: Awakening: 10 mins (55-70 yrs)
solid sleep, then 20 mins FRAG
(1 per min)
Bonnet, M. II Repeated measures; Study #1 12 young adults; ~ Nap lat, Adds, Vig, SF increased nocturnal metabolic rate and
H/1989B" & #2: 5 nt protocol: 1-ADAPT, #2: 7 young adults mood, metabolic rate daytime EDS
1-BSL, 2-FRAG, 1-REC 18-28
Bowes, G./1980/4 111 Repeated measures 5 dogs Return to sleep latency, Frag affects sleepiness and respiratory
respiratory variables parameters
Brooks, D/ 1997/% Il repeated measures animal study does airway pressure, Sa0,; sleep apnea and control sleep
not meet usual (4  BP, time to arousal fragmentation produced similar effects
dogs)
Cote, K. A./2003/% 11 Repeated measure; bl, SF1, 8/33/4M4F EEG spect, ERP, mood, EEG measures more sensitive than the
SF2, REC 10 min RT, 5 min perf measures used
serial additions, 4 min
discrimination
Kingshott, R. 1II 1- ADAPT, 1-FRAG; 1- 8 young adults MSLT, Mood, SSS, No change in MWT or P300 latency
N./2000/7 ADAPT, 1-BSL: 2 nt sequences Cognitive function,  with FRAG. Decreased P300 amplitude.
counterbalanced Evoked potentials Increased sleepiness on SSS. Decreased
mood with FRAG
Levine, B../1987/% I Single 3 hour nap given after 40/18-35/20M20F MSLT Lat after fragl similar to that seen after
night of sleep; between Ss, 8 no sleep

Ss in each of 5 groups (no nap,
or naps with frag each 1, 3 or
5 min or no frag) following a

night of TSD. Frag started after

10 min of normal sleep. (1-sec

tone every 10 sec at 90 dB)

Magee, J./1987/*! II Parallel groups 24/22 yrs/24 M MSLTBL4=9.1se= Frequent disturbance causes EDS
2.3, BL5 =9.6; 4-min
BL4 =8.8se=2.2, BL5
=9.4; 1-min BL4 =4.0
se=0.8, BL5=4.3

Martin, S. E., 111 Repeated measures; 1-ADPAT, 16/ 24+3 yrs/ MSLT; MWT, mood, SF increases EDS
Engleman,/1996/ 1-BSL, 1- ADAPT, 1-FRAG 8MS8F Epworth  dsst, trailmaking, steer
=4 clear, PASAT
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Martin, S./1997/% I Prospective, repeated measures MSLT, MWT, SSS

study

12,25+ 6 yrs;
7™, 5F

Philip, P./1994/* m Baseline and fragmentation
in normals; 1-BSL, 1-Frag,
not consecutive nts, counter-

balanced

8 (24,5 +3.5) Ss,
BMI = 25.4

MSLT, tapping, dsst,
adds, memory

Phillipson, E.
A.,/1980/°

Roehrs, T./1994/!

I1I Repeated measures 5 dogs Return to sleep latency,

respiratory variables
111 36/ NS/21-35

8/20-27 yrs/SM3f
BMI =24.1

3 nt protocol: 1-BSL, 2-FRAG MSLT, divided attention

Series, F./1994/% II Repeated measures, emp AHI, Pcrit
sleep fragmentation and TSD;

Base, SF, Sfrec, TSD, TSDrec;
Frag: aud — 1 min after each
appearance of K-complex or

REM until EEG arousal

Spath-Schwalbe, 111 10/23/28

E./1991/*

Repeated measures: baseline, ACTH, cortisol
sleep deprivation (Ss awakened
at onset of 2nd REM and kept
awake), slp frag (Ss awakened
at onset of 2nd REM and then
after ‘a few’ min st 1 or onset
of st 2) via a tone (intensity and
other parameters not included)

11 MSLT, aud threshold;

RT, VIG

Stepanski,
E./1987/%

Repeated measures; 3 nt
protocol: 1-BSL, 2-Frag

6/26 yrs/6M/ (18-
32)
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One night of induced autonomic arousals

cause increased daytime sleepiness on
objective testing

MSLT reduced

Fag affects sleepiness and respiratory
parameters

Significant impact on alertness

Sleep fragmentation results in greater
airway collapsibility than does TSD

Awakening (TSD) or SF produces a burst

then inhibition of cortisol and ACTH not
seen in normal sleep

Differences for frag but could not
differentiate conditions



Downloaded from jesm.aasm.org by 37.19.200.2 on March 25, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

Table 4—Evidence Table for Sleep Disorder Arousal Validity Studies

Author/Year Evidence Study Design/Type Subjects (N/age /sex Outcome Measures Conclusions
Level (mean, SD)
Bennett, L. I  Uncontrolled treatment 41/49/36M 5F EDS on OSLER and ESS, Sleep fragmentation indices are
S./1998/% trial (active treatment ASDA arousals, neural strongly related to sleepiness on
=nCPAP, 4 weeks), network EEG analysis, OSAS, particularly movement number
comparison of pre- and sleep descent index, of body movements per hour.
post-treatment data standard deviation of sleep

depth, autonomic arousal
index, movement event

index
Bennett, L. 11 Uncontrolled treatment 51/49/46M 5F SF-36 dimensions, arousal Arousals and other measures of OSA
S./1999/%3 trial (active treatment index, respiratory arousal severity are related to health status, yet
= CPAP), comparison index, PTT (autonomic relationships are weak
of per- to post- events), AHI
treatment values
Bonnet, M. II RCT/ DB, placebo 11/65 (57-74)/TM 4F  Sleep architecture, EEG Medication changed daytime
H./1990/% controlled, repeated arousals, subjective sleep  performance and alertness measures
measures, Crossover. measures, No. of leg despite lack of change in arousals
movements, cognitive
measures
Bonnet, M. II RCT/ DB, placebo 9/66(59-76)/7M 2F Sleep architecture, EEG ~ Triazolam improved sleep continuity
H./1991/% controlled, crossover, arousals, subjective sleep variables with no tolerance evident at
followed by 12-week measures, No. of leg 12 weeks. However, given the negative
open-label. movements, cognitive effect on arousals, no conclusions
measures can be made regarding relationship
between arousals and EDS. The fact
that EDS and sleep variables improved
independently of arousals suggests that
EDS is based on a variety of nocturnal
factors in addition to arousals.
Bonnet, M. I Repeated Measures 5/70/5M Sleep, performance and Triazolam consolidation sleep and
H/1990/%° arousals decreased apnea and arousal
Cheshire, v Study of a group of  29/50/(35-74)/25M 4F NS Arousals are related to one measure of
K./1992/% patients with OSAS cognitive function in OSA patients, but
not to many others. Significance of this
finding is unclear
11. Biases: Psychometric tests
performed on day other than MSLT.
Were patients medication-free?
Doghramyji, II RCT/ DB, placebo 15/45.8/9M6F/10.7 Indexes and arousal Following treatment, reduction in
K/1991/°! controlled, crossover. indexes of PLMs, 1 arousal frequency is associated with
Multicenter (isolated) LMs, PSG sleep  a decrease in objective measures of
architectural variables, daytime somnolence.
MSLT sleep latency, SSS
score
Lofaso, v Study of a group of pts  105/unclear/82M 33F  Presence or absence of  Sleep fragmentation in snorers may
F/1996/%¢ with snoring hypertension (previous play a role in genesis of systemic
dx of HTN and treatment hypertension

with antihypertensives,
diastolic BP > 95 and/or
systolic BP > 160 within 3

months).
Martin, v Survey of group of  63/49 SD 10/55M 8F  Microarousals per hour  Arousals are predictive of degree of
S/1997/7 patients of sleep by 3 different  objective, but not subjective, daytime

criteria (ASDA, mASDA somnolence. Awakenings are not.
[minimum duration of 1.5
sec], Cheshire) and R&K
awakenings, MSLT sleep
latency, ESS score
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Noda, A/2000/% v Survey of group of ~ 26/51.8 + 7.8/All male ~ AHI, Total time SpO,
patients separated into below 90%, SpO, nadir,
2 groups on basis of EEG arousals, movement
presence or absence arousals, 24-hr systolic
of hypertension (BP > and diastolic BP measured
140/90, Gps I and II) at 30-min intervals
Pitson, D. v Convenience sample; 40/ 48 yrs/34M 6F (no ESS
J./1998/% cross-sectional study SD; range 23-66)
Poyares, v convenience sample; 20, 15 male, 5 female, = ASDA arousals, 1.5-3
D/2002/% cross-sectional study age range 18-50 sec ‘micro’arousals, PTT
10 with UARS, 10 with changes
OSA
Roehrs, v Survey of a group of  466/52.5 +12.2/415M MSLT mean sleep latency,
T/1989/% patients with OSAS 51F respiratory arousals,
various PSG measures
Stepanski, IV Patient chart review by 15 apnea pts (43+10), EEG arousals, MSLT
E/1984/7 sleep disorder group 15 PLMS pts 55+8), 15
insomnia pts 38+12), 10
normals 49+14)
Sforza, 111 Correlational control 35 M, 43+13; MWT, PVT
E./2004/%* 152 apnea pts 99M
53+11
Stradling, J. v Cross-sectional 473 adults, age: median ESS

R/2000°' 52 for males, 48 for

females
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Movement arousals may play in
important role in increase in 24-hr BP
in OSAS patients

Since BP arousals appear as reasonable
estimate of EEG arousals, suggest that
because these are easier to score they
might be used in patients undergoing
study for OSA.

No diff between UARS and apnea pts
in arousals except that apnea pts had
more respiratory events with arousals

Sleep fragmentation is an important
predictor of daytime sleepiness in
OSAS

EEG arousals related to EDS

arousals, SpO,, ESS, MSLT all
correlated about the same with lapses

Autonomic arousals associated with
snoring or SDB are not a major cause
of sleepiness in the community
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Table 5—Evidence Table for CAP Studies

Author/Year Evidence Study Design/Type Subjects (N/age /sex Outcome Measures Conclusions
Level (mean, SD)
De Gennaro, 1 Repeated measures 9/23.3 (SEM: 0.4) No measures of daytime CAP is sensitive to effects of SD; this
L/20027 function measure may be redundant with ASDA
arousals, or may be sensitive to different
factors
Ferri, R/2005/ I Observational 11/20-32/4AM7F CAP quantified by Kendall CAP scoring shows interrater reliability

with coefficient values above and might be compared in different labs
0.9 for total CAP time; CAP
rate showed high value 0.829

Parrino, v Within subject 40/ 38 (20) No measures of daytime CAP scoring encompasses both sleep
L/2001/™ function fragmentation (A2/A3) and sleep
maintenance components (A1) of NREM
sleep
Sforza, 111 64 hours TSD; repeated 12/27.4+7.9/12M NS SD reduces arousals
E/2004% measures
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Table 6—Evidence Table for Autonomic Studies

Author/Year Evidence
Level
Adachi, v
H./2003/7
Bonnet, 111
M./1991/%
Catcheside, P. 111
G./2002/7
Davies, R. 11T
J./1993/ 12

Lofaso, F./1998/ A\

79

Martin, S. 111
E./1997/ %
Pitson, D. v
J./1998/ %

Pitson, D./1994/ v
78

Poyares, v
D./2002/ %

Rees, K./1995/ 7 111

Stradling, J. v
R./2000/ ¢!

Townsend, R. 111
E./1973/ 7

Study Design/Type

Survey of group of
patients

repeated measures

Convenience sample

Cross-sectional study

Cross-sectional study

Prospective, repeated
measures study

Convenience sample;
cross-sectional study

Random sample;
normal sleepers

Convenience sample;
cross-sectional study

Cross-sectional study

Cross-sectional

Repeated measures; Ss

dB tones every 22 sec
for 30 days

Subjects (N/age /sex
(mean, SD)

33/49.1+ 13.1/29M 4F

12M, 18-28

5/18-29/3M2F

6/45 + 11/6M

12/25 + 6 yrs/7TMSF

40/ 48 yrs/34M6F/ (no
SD; range 23-66)

8/19-30/8M/(mean: 22
yrs, no SD

20/18-50/ 15MSF

15 /43.8 +2.66 (SEM)/

13M 2F

473 adults/age:

median/52 for Males, 48

for females

20/18-33 y/o/20M/

exposed to 80, 85, & 90 (physio monitoring only

in 10)

Outcome Measures

AHI, breathing-related

EEG arousals, pulse rate

rise index (PRRI)

Nap Lat, adds, vig, rt. ,
mood

11/20.3 + 0.5 SEM/11M No measures of daytime

function

No measures of daytime

function

ESS

MSLT, MWT, SSS

ESS

No measures of daytime

function

No measures of daytime

function

function

ESS

Sleep stages, subjective
report, heart rate, finger
pulse, evoked responses

Conclusions

EEG arousals are closely associated
with transient increases in pulse rate
during sleep in suspected OSAHS
patients

frequent fragmentation increases
EDS, but infrequent does not

Autonomic measures can be proxies
for EEG arousals

There is a lower threshold for BP
change (i.e. autonomic arousal) than
for EEG arousal.

Nonapneic snoring leads to BP
increases, and these may occur
without EEG arousal

One night of induced autonomic
arousals cause increased daytime
sleepiness on objective testing

Since BP arousals appear as
reasonable estimate of EEG arousals,
suggest that because these are easier
to score they might be used in patients
undergoing study for OSA.

PTT changes may be more easily
detected indicator of CNS arousal
during sleep; authors acknowledge
that utility of this depends on relation
of symptomatic change to arousals as
measured by PTT change

PTT alone is insufficient as a marker
of arousals or respiratory events

No measures of daytime The hierarchy of arousal is that events

are seen in the autonomic system
prior to being seen in the EEG

Autonomic arousals associated with
snoring or SDB are not a major cause
of sleepiness in the community

Individual physiologic response
without adaptation and without
residual consequences

Abbreviations: ADAPT=adaptation, BSL=baseline, BP=blood pressure, CAP=cyclic alternating pattern, dx=diagnosis, frag=fragmentation,
GPs=groups, ICC= intraclass correlation coefficient, LMs=leg movement, MSLT=multiple sleep latency test, Nap Lat=nap latency, nt=night,
perf=performance, PLMs=periodic leg movements, PSG=polysomnography, PTT=pulse transit time, RCT=randomized controlled trial,

REC=recovery, SF=sleep fragmentation, Ss= subjects, SSS=Stanford Sleepiness Score, TSD=total sleep deprivation, UARS=upper airway resistance
syndrome, Vig=vigilance
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