
1.0 INTRODUCTION

Polysomnography (PSG) is a recording of multiple
physiologic parameters relevant to sleep. Traditionally,
clinical studies have used a typical recording montage that
includes electroencephalography (EEG), electrooculogra-
phy (EOG), chin electromyography (EMG), respiratory
effort, airflow, electrocardiography (ECG), oximetry, and
anterior tibialis EMG (1); one or several channels of each of
these parameters allow for necessary data acquisition.
Recently, however, sleep-testing procedures performed
with fewer channels have been proposed as adequate to
diagnose some sleep disorders (2-25). The purpose of this
background paper is to evaluate the literature to determine
when PSG or other sleep-testing procedures are indicated
for the diagnosis of a variety of sleep disorders and what
the necessary recording variables are for each specific di-
agnosis.

2.0 HISTORIC INFORMATION

PSG and clinical sleep medicine originated in the late
1950s and have evolved together. Their beginnings were

precipitated by the discoveries and characterizations of
rapid eye movement (REM) sleep and sleep apnea. Rapid
eye movement sleep was first described by Kleitman,
Aserinsky, and Dement in Chicago (26,27) and subsequently
by Jouvet, Michel, and Mounier in France (28). In the mid-
1960s, two groups of European researchers (29,30) made
observations about the correlations between upper airway
obstruction and disturbed sleep, thereby discovering sleep
apnea.

During the burgeoning clinical and basic research that
followed the discoveries of REM sleep and sleep apnea,
PSG was the essential tool to investigate sleep and its dis-
orders and became the accepted standard for clinical prac-
tice. Efficient clinical use of PSG increasingly became an
issue in the late 1980s, partly because of concerns over
rapidly rising healthcare costs in the United States. Because
of the simultaneous development of PSG and sleep
medicine, the great majority of sleep experts consider that
PSG is the de facto standard for diagnosing sleep disorders.
Nevertheless, PSG as a clinical tool has not undergone the
same evaluation of its accuracy, reliability, and validity that
is now demanded for newer diagnostic tests in all fields of
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medicine.
Practice guidelines for the use of clinical PSG have been

published by specialty societies, such as the American
Thoracic Society (ATS) (31), the American Academy of
Neurology (AAN) (32), and the American
Electroencephalographic Society (AEEGS) (33), and by the
American Association of Respiratory Care (AARC) and the
Association of Polysomnographic Technologists (APT) (34).
These guidelines used primarily consensus-conference
approaches to determine PSG indications. In 1992, the
Agency of Health Care Policy and Research's (AHCPR)
Office of Technology Assessment performed an evidence-
based assessment of PSG and the multiple sleep latency test
(MSLT) and found that insufficient published, peer-
reviewed information was available to recommend any
polysomnographic techniques other than standard in-labo-
ratory PSG and MSLT (35). Since these technology assess-
ments were released, new information has become avail-
able. Therefore, the Board of Directors of the American
Sleep Disorders Association (ASDA) appointed a task
force comprised of the Standards of Practice Committee
and additional experts, whose mission included reviewing
the published, peer-reviewed literature regarding PSG and
other sleep-testing procedures. Based upon a critical analy-
sis of that literature, the task force forged a set of indica-
tions for the use of PSG in the more common sleep disor-
ders.

The diagnostic categories selected for review included:
sleep-related breathing disorders, other respiratory disor-
ders, narcolepsy, parasomnias and sleep-related epilepsy,
restless legs syndrome (RLS) and periodic limb movement
disorder (PLMD), insomnia, and circadian rhythm sleep
disorders.

3.0 METHODS

3.1 MEDLINE search

MEDLINE searches covered publications from January
1966 to April 1996. Each section of this paper used the
search terms polysomnography, polysomnogram, and sleep
studies; further inclusion and exclusion criteria and addi-
tional relevant search terms for topics are listed in each sec-
tion. Articles published in English that included adult sub-
jects (age greater than 18 years) were retrieved and
reviewed. Reviews, case reports, editorials, abstracts, and
letters were excluded from the evidence-based evaluation.
Reviewers were consulted concerning the thoroughness,
comprehensiveness, and accuracy of the literature review
and of the interpretation. At a national conference and on
multiple conference calls, the PSG task force discussed and
assimilated the evidence-based background data and devel-
oped practice parameters and algorithms for the use of PSG
and some additional sleep-testing procedures (36). The final
document was approved by all authors and the ASDA

Board of Directors.

3.2 Definition of measures

A glossary of the terms referred to in this paper is includ-
ed in the appendix (Appendix A, terms pertinent to sleep
disorders medicine; Appendix B, terms pertinent to biases
and validity).

4.0 SLEEP-RELATED BREATHING DISORDERS (SLEEP
APNEA AND UPPER AIRWAY RESISTANCE SYNDROME)

4.1 Overview

The typical sleep apnea-hypopnea syndrome (SAS) con-
sists of symptoms that affect patients during times of both
wake and sleep. The diagnosis of SAS is based on the
demonstration of apneas or hypopneas or both during sleep.
The symptoms usually include excessive daytime sleepi-
ness (EDS) and loud snoring. In addition, patients may
have cognitive deficits, systemic hypertension, and compli-
cations of hypoxemia. The patients are typically male, but
a substantial number of women, particularly post-
menopausal women, have been diagnosed with the syn-
drome (37). Most apneas and hypopneas are of an obstruc-
tive or mixed type, but they may also be central in nature
(i.e. with absence of or decrease in respiratory effort). An
associated sleep-related breathing disorder is the upper air-
way resistance syndrome (UARS), in which partial
obstruction of the upper airway during sleep produces
arousals, snoring, and EDS without apneas or hypopneas
(37).

The evolution of an understanding of SAS began with
the study of the Pickwickian syndrome, in which patients
have EDS and cardiorespiratory failure (38). Studies of such
patients led to the discovery of apnea and its effects on
sleep (29). It soon became apparent that many obese snorers
without cardiorespiratory failure also had sleep apnea and
EDS and that SAS was much more common than the
Pickwickian syndrome (39).

Attended PSG is the time-honored technique for con-
firming a diagnosis of sleep-related breathing disorders.
Recently, a number of studies have examined the utility of
more limited techniques, i.e. respiratory and cardiorespira-
tory sleep studies with less-than-full PSG montages, unat-
tended studies, or studies performed in the patient's home
(40). Alternative approaches to traditional EEG, EMG, and
EOG staging of sleep also have been examined.

Sleep apnea syndrome is relatively common in adults; it
also occurs in children, but the prevalence has not been
defined. A recent estimate in Wisconsin is that 4% of men
and 2% of women aged 30 to 60 years have SAS, as
defined by an apnea-hypopnea index (AHI) of at least five
events per hour of sleep plus reported sleepiness (41). In
adults, the prevalence is positively correlated with age.
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Treatment strategies include tracheostomy and other
operations of the upper airway, weight loss, continuous
positive airway pressure (CPAP), and the use of oral appli-
ances (42). Studies have shown that treatment of sleep-relat-
ed breathing disorders improves patients' symptoms of
EDS and their survival (37, 42-47).

Because recently published practice parameters describe
indications for PSG in patients using oral appliances (48) or
treated by laser-assisted uvulopalatopharyngoplasty
(LAUP) (49), surgical modifications (50), or other surgical
procedures, those subjects have not been reevaluated for
this paper.

4.2 MEDLINE search terms and review of papers

The additional specific MEDLINE search terms for this
section included sleep apnea, snoring, insomnia, excessive
daytime sleepiness, central sleep apnea (CSA), tracheosto-
my, multiple sleep latency test, wakefulness test, and sleepi-
ness. References from selected articles were also retrieved,
as were references from standard textbooks.

The inclusion criteria for reviewing the literature were as
follows: 1) studies that included 10 or more subjects, unless
the study was a randomized controlled trial, in which case
any number of subjects was acceptable (because the design
of randomized studies makes them interpretable with fewer
subjects); 2) in the absence of better evidence and where
there were several studies with smaller numbers of patients
but similar and consistent results, these studies were
accepted for some topics of interest; and 3) studies that val-
idated devices other than usual nocturnal polysomnogra-
phy, including unattended studies and limited studies (i.e.
oximetry, full respiratory recording, and less-than-full res-
piratory recording) by comparing the devices to attended
polysomnography. The initial literature search revealed 91
potential articles. In reviewing these articles, 34 were delet-
ed because they were reviews, isolated reports, or case
reports, or did not include at least 10 subjects. All of the
remaining studies were reviewed in detail. An additional 30
studies were excluded because they attempted to validate
alternative devices (e.g. unattended or limited studies)
without comparison to attended PSG, or because they used
these devices as the tool of investigation and were not val-
idation studies. The final analysis included 27 studies meet-
ing all three inclusion criteria: three daytime PSG studies,
eight oximetry studies, eight less-than-full respiratory stud-
ies, and eight full respiratory studies.

4.3 Evidence-based literature for PSG and other sleep
medicine procedures

4.3.1 Central sleep apnea

Texts such as Principles and Practice of Sleep Medicine
(51) and the International Classification of Sleep Disorders

(ICSD) (52) divide SAS into CSA and obstructive sleep
apnea (OSA). Review of the literature, however, suggests
that except in cases of "pure" central apnea (as might occur
in patients with abnormal brainstem function), the causes,
significance, and treatment of central apneas in most
patients are not clearly distinct from those of obstructive
apneas.

Evidence suggests a relationship between central apneas
and upper airway obstruction: central apneic events are
commonly seen in patients with OSA, and patients with
predominantly central apnea have symptoms similar to
those of patients with predominantly obstructive apneas (53-

55); various mixtures of obstructive, mixed, and central
apneas may occur in an individual patient (although it is
rare for central apneas to predominate); CSA may be posi-
tion dependent (54); central apneic events may convert to
obstructive events with oxygen administration (56); and cen-
tral apneas often improve with the use of nasal CPAP (54).

Although insomnia has been proposed as a characteristic
symptom of CSA, this association has been described in
only a few cases (54,56,57) and, in fact, the symptom is not
specific for respiratory disturbance of any type.

Case reports have been published that included results of
documented assessments of patients with CSA; however,
no studies met our inclusion criteria that identified specific
presenting symptoms that would reliably differentiate
patients with CSA from those with OSA. Therefore, the
indications for PSG, and the general monitoring techniques
required, are essentially the same for both conditions, and
these disorders are included in discussions of SAS in sub-
sequent sections of this paper.

4.3.2 Sleep apnea syndrome

4.3.2.1 Symptoms and associated risk factors

The main symptoms of SAS are loud snoring and EDS
(37). Other findings and associated risk factors include obe-
sity, ECG changes, and insomnia. We examined the litera-
ture to determine the degree to which these features, indi-
vidually or in combination, indicate a need for PSG.
Section 4.3.2.2 will review multivariate analyses of symp-
toms and other factors that assess a patient's pretest proba-
bility for having SAS.

4.3.2.1.1 Snoring and observed apneas

A history of snoring and observed apneas (i.e. breath
holding) during sleep is strongly associated with a subse-
quent diagnosis of SAS; a standard text lists these symp-
toms as useful initial criteria in determining which patients
are likely to have sleep apnea (37). In most studies looking
at snoring, the data tend to be similar, and the evaluation of
snoring typically is part of a multifactorial analysis of
symptoms. One very large study, which looked at snoring
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and breathing pauses in 1,409 patients, documented that the
greater the frequency of reported snoring or observed
breath holding, the more likely the patient is to have SAS
(58). The symptoms of both snoring and breath holding are
more often associated with the diagnosis of SAS in men
than in women.

4.3.2.1.2 Excessive daytime sleepiness

Sixteen articles that address various assessments of EDS
in patients with EDS symptoms are listed in Table 1.
Results of these studies indicate 1) that there is a high
prevalence of SAS in patients with EDS who are referred to
sleep disorders centers (59); 2) that, in general, EDS (as
measured in a variety of ways) correlates well with
arousals, AHI, AI, and arterial oxygen desaturations (60-72);
and 3) that CPAP therapy improves EDS (45,62,73).

One study specifically examined the prevalence of SAS
among patients with a history of EDS who were referred to
a sleep laboratory and found an 84% prevalence among
men and a 60% prevalence among women (59). In patients
referred to sleep disorders centers with suspected SAS (but
not specifically with EDS), EDS prevalence rates range
from 22% to 73% (4,7,9,10,12,74-80). These reports suggest that,
in patients referred to sleep disorders centers, EDS is a fre-
quent but not specific finding, suggestive of SAS.

Several studies used the multiple sleep latency test
(MSLT), the maintenance of wakefulness test (MWT), and
responses to the Epworth Sleepiness Scale (ESS) as mea-
sures of EDS; these studies generally revealed correlations
of test results with the degree of sleep disturbance (as mea-
sured by PSG) in patients with SAS. In four studies, EDS
(as measured by MSLT) correlated better with arousals
than with decreases in oxygen saturation (SaO2) (65,67,68,81).
In one study (60), MSLT correlated better with SaO2 than
with arousals, and in another study, EDS (as measured by
responses to an unvalidated questionnaire) correlated better
with SaO2 than with arousals. In two other studies, the AHI
(71) and short arousals (70) correlated with EDS (as measured
by MSLT); SaO2 was not measured in either of these stud-
ies. Two additional studies (66,73) found that EDS (as mea-
sured by the MWT) was significantly correlated with vari-
ous respiratory disturbances during sleep. Respiratory
arousals and decreases in SaO2 correlated with the degree
of sleepiness (66), whereas the use of CPAP was associated
with a decrease in sleepiness (73).

The ESS, a questionnaire-derived measure of EDS, has
been validated in four studies by one investigator (61-64).
These articles provide credible evidence, including signifi-
cant correlation with MSLT in several circumstances, that
patients' responses to this questionnaire could distinguish
excessively sleepy patients from normal subjects and from
patients with insomnia. The ESS could also distinguish
among patients with various severities of SAS, as defined

by AHI. These studies also found that levels of AHI
between 5 and 15 were associated with EDS and that an
AHI less than 5 was still associated with significant sleepi-
ness in primary snorers, a finding that may be relevant to
patients with UARS (as will be described in section 4.3.3).
The ESS also documented improvement after treatment
with CPAP (62).

These combined data suggest that the predictive value of
EDS for a specific level of SAS severity (based on SaO2

changes or specific respiratory-event frequency) is vari-
able. EDS is, however, a reliable predictor of the likelihood
of the presence of SAS and of the need for a diagnostic
sleep study.

4.3.2.1.3 Obesity

Obesity has been identified as a risk factor for sleep
apnea, and a number of authors have reported on the posi-
tive relationship between body weight or body mass index
(BMI) and apnea severity (75,82-90). These reports raise the
questions of whether excess weight alone could be an indi-
cation for PSG and whether weight fluctuations, either with
or without changes in other symptoms, should be an indi-
cation for repeat PSG or CPAP recalibrations.

These studies suggest that only in combination with
other symptoms is obesity an indication for PSG. Various
authors (80,83,90-95) have tried to correlate the pattern of fat
distribution with RDI or number of desaturations. Results
of these studies are mixed, but correlation with neck cir-
cumference appears to be more promising than are correla-
tions with other specific locations of obesity (e.g. abdomi-
nal girth). Again, however, the symptom of obesity alone is
not sufficiently specific to be predictive of which patients
are in need of further evaluation. The combination of BMI
with other features, however, can be used to predict high
pretest probability for SAS (see section 4.3.2.2).

The efficacy of weight reduction as a treatment for SAS
in obese patients is variable, implying that factors other
than weight are involved. Noseda et al. (96) used PSG to
evaluate the effects of weight reduction in 39 patients with
SAS who had used CPAP for 1 year. The decrease in the
AHI at 1 year correlated significantly with reduction in
BMI and was negatively correlated with baseline AHI.

Peiser et al. (97) followed 15 morbidly obese SAS
patients for up to 12 months after the patients underwent
gastric bypass operations to achieve weight reduction and
found no particular correlation between the reduction in
weight and the decrease in the AI. A later study at the same
institution (98), however, showed promising results with
weight reduction for the treatment of SAS. At a mean fol-
low-up of 43 weeks, 47 patients were found to have a mean
reduction in AI from 60 per hour to 8 per hour, with 72.3%
of the patients having a postoperative AI of less than 10 per
hour, and 40.4% of the patients having no apneas.
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However, stepwise multiple regression analysis revealed
that only 19% of the variance in postoperative AI was
accounted for by percentage of body weight lost, preopera-
tive AI, and time interval between the operation and the
postoperative PSG. Of the six followed up long term, three
had regained considerable weight, and these three all had
severe SAS at follow-up.

Pillar et al. (99) reported that five of 14 morbidly obese
patients with SAS had a recurrence of sleep apnea without
concomitant weight increase 7.5 years after they had under-
gone gastric bypass operations and vertical-banded gastro-
plasty. The authors concluded that obesity is not the only
causative factor in SAS in the morbidly obese; aging may
contribute to the later recurrence of SAS.

In summary, obesity alone (without the presence of other
risk factors for, or symptoms of, SAS) is not a good pre-
dictor of SAS. Significant weight loss in obese patients
with SAS can result in improvement or a resolution of the
sleep apnea (factors other than the obesity, however, may
contribute to sleep apnea and the variablilty of weight loss
results, and SAS may recur at a later date even if the patient
does not have a significant weight gain). The limited avail-
able data regarding the use of CPAP and weight changes
suggest that it is not possible to predict a change in pressure
requirement (or elimination of the need for CPAP altogeth-
er) based only on known weight loss or gain.

4.3.2.1.4 Insomnia

Six articles addressed insomnia as a symptom of SAS
(100-105). All were case control, cohort, or nonrandomized
controlled trials. In five reports covering thousands of
patients, the prevalence of SAS in patients referred to vari-
ous sleep disorders centers for assessment of insomnia
ranged from 0% to 7% (100-102,104,105). Another study found
no difference in AHI levels between controls and patients
with insomnia (103). These studies indicate that insomnia is
not a frequent presenting symptom of SAS.

Some evidence indicates that women with SAS com-
plain more of insomnia than do men, but this evidence is
insufficient to lead to firm conclusions. In one study (100),
14 of 16 patients with SAS and insomnia were women. An
additional case series report (106) showed that insomnia usu-
ally coexists with other, more typical symptoms of SAS
(such as snoring and EDS); therefore, the diagnostic work-
up for women should be similar to the work-up for men.

4.3.2.1.5 ECG changes

It is known that ECG changes occur in patients with
SAS. Five cohort studies have documented that these
changes include premature ventricular contractions, atrial
arrhythmias, and manifestations of myocardial infarction
(93,107-110); one randomized controlled trial has documented
the presence of ST-segment depression (111). These changes

do not occur specifically during sleep, however, and they
also occur with regular frequency in the general population.

Conversely, little or no information documents the
prevalence of SAS in patients presenting with ECG
changes. Thus, there is little evidence to support the pres-
ence of ECG changes as a general indication for PSG.
However, if arrhythmias are present and are secondary to
sleep apnea, they will usually resolve with treatment such
as CPAP and tracheostomy (107,110). At least one study sug-
gests that tracheostomy should be considered as primary
therapy for patients with potentially life-threatening
arrhythmias caused by SAS (107), but this study was under-
taken before the advent of CPAP.

4.3.2.2 Estimating pretest probability

Eight published studies used multifactorial analysis to
determine a patient's pretest probability of having SAS (75-

80,112,113) (Table 2). All of the studies were performed in
referral centers. One study determined the accuracy with
which various questions can be used to identify patients
with a variety of diagnoses (112). The questionnaires were
developed in different ways — some prospectively, some
retrospectively, and some retrospectively and then adminis-
tered prospectively. One study developed a probability for-
mula to predict SAS (78) but, in a subsequent study (3), the
formula was found to have less predictive ability than was
originally reported. Studies differed in their definitions of
significant sleep apnea, requiring a minimum AHI of some-
where between 10 and 20. Some studies analyzed sleep
apnea at more than one AHI.

Taken together, these studies came to two conclusions
based on symptoms and questionnaire responses: the
assignment to a high probability group cannot be made
with enough certainty to eliminate the need for PSG; and
assignment to a low probability group reduces the likeli-
hood that a patient has SAS to between 0% and 17%. Ten
percent to 33% of patients currently referred to sleep disor-
ders centers would be classified as low probability. The
possibility that such low probability patients had UARS
was not addressed in these studies. Another study (79) com-
pared the pretest predictive capabilities of an expert physi-
cian to that of a questionnaire and found that the question-
naire was superior.

These same studies also suggest that patients assigned to
a high pretest probability group (compared to patients
assigned to a low pretest probability group) are more like-
ly to have SAS (defined as an AHI of at least 10) and are
more likely to have severe apnea (defined as an AHI of at
least 40). In general, pretest probabilities of at least 70%
(i.e. high probability of having SAS) give a sensitivity of
about 30% and a specificity of about 90%. That is, the high
pretest probability group will include about 30% of all
patients with an AHI of at least 10, most of whom will have
an AHI of at least 40. The high pretest probability group
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will also include about 10% of patients with an AHI of less
than 10.

In another study (12), PSG performed on patients
assigned to a high pretest probability group (determined by
high BMI and a history of observed apneas and habitual
snoring) also revealed a high prevalence of severe SAS
(based on AHI). Two other studies found that although
some patients in the high probability group had an initial
PSG that was negative for a diagnosis of SAS, a repeat
PSG was positive in 50% of cases (114,115).

4.3.2.3 Testing

4.3.2.3.1 Daytime PSG

Three studies used various approaches to assess PSG
performed at times other than the patients' usual sleep peri-
od (i.e. performed in the daytime). Patients had all been
referred to sleep disorders centers with symptoms of SAS.
One nonrandomized controlled study compared 90 or more
minutes of daytime PSG, obtained after 24 hours of sleep
deprivation, to nocturnal PSG. The AI for each was calcu-
lated (hypopneas were not counted) (113). The sensitivity
was 80% for an AI of at least 5 and 100% for an AI of at
least 10; specificities were 67% and 62%, respectively. The
AI was higher on the daytime study. The authors conclud-
ed that a patient with a negative daytime PSG is unlikely to
have sleep apnea, as defined on the nighttime PSG by an
AHI of at least 10. The issue of sleep deprivation may
influence conclusions in this study.

A second nonrandomized controlled study measured 1
hour of morning sleep in 306 non-sleep-deprived patients
(116) and used a finding of more than three apneas on the
daytime PSG as predictive of more than 30 apneas, or an
AHI of at least 5, on nocturnal PSG; 89 patients were found
to have SAS, defined as having an AHI of at least 5. The
negative studies included 31 subjects who did not sleep.
The sensitivity of daytime PSG was 66% for an AHI of at
least 5, 81% for an AHI of at least 10, and 89% for an AHI
of at least 20. Specificities were 88%, 87%, and 83%,
respectively. At an AHI of at least 10, a negative study had
a negative predictive value of 95%. A positive study need-
ed to be repeated because of the high ratio of false positives
to true positives.

The third study compared nocturnal PSG to a 5-hour
(noon to 5:00:p.m.) study in 35 non-sleep-deprived patients
(117), using an AI of at least 5 or an AHI of at least 10 as the
diagnostic criterion. One of these patients did not sleep dur-
ing the day and was excluded from the analysis. This ran-
domized, controlled trial included 25 patients with SAS.
The sensitivity was 88%, and the specificity was 100%.
Apneas and hypopneas were highly correlated between the
day and night studies; sleep architecture was not well cor-
related between the day and night studies. The three

patients whose apnea was missed by daytime PSG had mild
sleep apnea, and REM sleep was not recorded in two of
these patients. This study concludes that 5-hour daytime
PSG can be sensitive and specific, but a negative study that
does not detect REM sleep might need to be repeated.

4.3.2.3.2 Number of nights required to diagnose SAS

Of 11 studies reviewed, seven were nonrandomized con-
trolled trials (41,75,114,115,118-120), and four were cohort studies
(58,121-123). Because such studies cannot be performed in a
randomized manner, the best evidence comes from
prospective studies, when subjects are chosen randomly
and interpretation is blinded. Though the authors of each of
these 11 studies addressed some of these methodologic
issues, they did not all address each issue. In general, there
were no significant group differences between the first and
subsequent nights of study in terms of AHI, and few
patients were reclassified by the use of more than one night
of PSG. Several studies showed a first night effect in sleep
measures, such as a shorter sleep time and poorer efficien-
cy, but this effect did not appear to affect the patients' AHI
or subsequent diagnosis of SAS.

An epidemiologic study of 30- to 60-year-old patients
with minimal apnea showed no difference in diagnostic
outcome between PSG recordings obtained on the first and
second nights (41). In a study of middle-aged patients sus-
pected of having a sleep disorder (75), no systematic differ-
ence was found between nights; the diagnosis would have
changed for eight of 68 patients (using an AHI of at least
10), but the direction of change was unpredictable (i.e.
some had an increase and some had a decrease in AHI). A
study of elderly men (119) showed no systematic difference
in AHI, but five of 14 individuals would have been reclas-
sified (using a cutoff of an AHI of at least 5) on the basis of
the second night, again without a predictable direction of
change. Using an AHI of at least 10, two of 14 studies
would have been negative on the second night, but both
were close to the threshold. A study of middle-aged
African-American women (120) who were part of an ambu-
latory blood pressure recording study revealed no differ-
ences in AHI between nights, but apnea levels were low in
this group (mean AHI, 6). The results of this study were
confounded by the fact that blood pressure recording was
performed only on the second night of study.

4.3.2.3.3 Split-night studies

The authors of three studies performed PSG over an
entire night and subsequently scored the resultant
polysomnograms for a portion of the night and for the
whole night (Table 3). Scharf et al. (124) showed that scoring
the first 90 minutes of the recording had a low sensitivity
and a high specificity for correctly diagnosing SAS.
Another study of patients with a suspected diagnosis of
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SAS (125) indicated that if the results were positive in first
half of the night (average of 134 minutes), they would
remain positive for whole night; if initially negative, the
results could become positive over last half of the night.
The sensitivity of the first half of the night for a diagnosis
of SAS was about 90%. In the final study (126), only patients
with an AHI of at least 40 were studied, and the AHI was
compared between consecutive quartiles over the course of
the night (i.e. using four periods of about 100 minutes
each). In this group, no major differences were found,
except that the group with the highest AHI had an increase
in AHI over the course of the night. The authors concluded
that a positive partial-night study is truly positive and that
a negative partial-night study requires the whole night to
confirm or exclude the diagnosis. That is, an AHI of at least
40 in the first 2 hours of the night is indicative of at least
that level for the rest of the night. Also, the greatest num-
ber of apneas or hypopneas is likely to occur in the last
quarter of the night in patients with the most severe SAS.

Three studies that examined the efficacy of a partial
night of CPAP titration concluded that CPAP titration can
be successfully carried out during a portion of the night in
some patients. In one study (127), 412 patients with an AI
[not an AHI or what they called a respiratory disturbance
index (RDI)] of more than 20 were studied. The authors
required that baseline PSG in the first part of the night,
including both non-REM (NREM) and REM sleep, be
recorded before instituting CPAP titration and that CPAP
titration include time with the patient in REM sleep in the
supine position. The authors' criterion for success was a
reduction in RDI (apneas and hypopneas) on CPAP to less
than 20 or a reduction of more than 50% in the AI that was
measured before CPAP, whichever value (RDI or AI) was
lower. Seventy-eight percent of patients met the criterion,
and CPAP was successfully titrated. In these patients, the
RDI was reduced to an average of 1 from an average AI of
67. For 10% of patients, time was insufficient to complete
titration; an additional 12% of patients did not tolerate
CPAP. Repeat studies were performed in most of these
patients, most of whom required two studies, but a few of
whom required three or more studies to achieve successful
CPAP titration.

A second study (128) compared a partial night of CPAP
titration to a full night of CPAP titration; during the partial
night, CPAP titration followed 3- to 4-hour diagnostic PSG.
In the 20 patients with an AHI of at least 40, final pressures
were not significantly different on the two nights, being
only 0.4 cm H2O greater on the full night. In the 18 patients
with an AHI of 20 to 40, the final pressures on the two
nights were also not significantly different, but the sample
size was small; the patients averaged a 2.1 cm H2O greater
requirement on the full night, and five patients required at
least an additional 3.0 cm H2O on the full night. In the 69
patients with an AHI of less than 20, final pressures were

significantly higher by 1.5 cm H2O on the second (i.e. full)
night. CPAP titration that occurred for longer than 3 hours
on the partial night resulted in greater night-to-night con-
sistency of final pressure levels. Eight patients were
switched to BiPAP © and were excluded from the analysis
of pressure differences.

In a third study of 50 patients with an average AHI of 77
(129), CPAP was titrated after an average of 2 hours of diag-
nostic PSG. Total CPAP titration time at the final combina-
tion of pressure, interface (i.e. nasal mask), and modality
(CPAP or BiPAP) averaged 2 hours and 12 minutes. Results
were compared to those achieved on a second full night of
CPAP titration, and significant differences were found.
However, besides changing patients' CPAP levels, techni-
cians also made changes in the nasal interface and in CPAP
versus BiPAP. The short lengths of the diagnostic and titra-
tion periods also may have influenced the pressure level
obtained on the first night. In addition, pressure was
changed in increments of 2.5 cm H2O, causing difficulties
when making comparisons with the Yamashiro study, in
which pressures were changed in 1- to 2-cm H20 steps.
Finally, during the second night of study, the CPAP was
begun at the pressure level from the first night so that, in
effect, part of the titration had already been performed.

4.3.2.3.4 Oximetry

Eight oximetry studies were performed at referral cen-
ters (Table 4). Most of the studies took place on two sepa-
rate nights — one night with oximetry alone, often at home,
and one night with PSG. Two of these studies examined the
correlation between rapid desaturations and RDI (5,130). One
study used a qualitative yes or no for an oximetry pattern
that was consistent with sleep apnea (7). The other authors
analyzed data as a specific quantitative measure, such as
number of 3% or 4% desaturations per hour (3,6,9) or as
cyclical 4% (8) or 5% desaturations (2). One study examined
the ability of oximetry alone to make the diagnosis of
UARS as well as of SAS (9).

The sensitivity of the qualitative approach (7) was 98%,
with a specificity of 48%; 8% of the overnight oximetry
studies had to be repeated, presumably for technical rea-
sons. Four quantitative studies had sensitivities of detecting
SAS of 94%, 59%, 40%, and 31% (3,6,8,9); specificities were
74%, 93%, 98%, and 100%, respectively. One study used
computer scoring. All of these oximetry studies used num-
ber of desaturations per hour divided by total recording
time. When UARS patients were included, the overall sen-
sitivity fell to 90%, and among UARS-only patients, the
sensitivity was 69% (9). Failure rates, which were reported
in two studies, were 10% (8,9).

One quantitative study (2) compared several levels of
AHI from PSG to 5% desaturations on oximetry. At an AHI
of more than 25, the sensitivity of oximetry was 100% and
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the specificity was 80%. At an AHI of more than 5, sensi-
tivity and specificity were 60% and 95%, respectively.

Another study, which was computer scored, looked at a
delta index of absolute 12-second changes in SaO2 divided
by the number of 12-second intervals (4). At a delta index of
0.6, sensitivity was 98% and specificity was 46%; at 1.8,
respective values were 46% and 100%.

Those studies that show that oximetry has a high sensi-
tivity suggest that oximetry studies can exclude a minority
of patients (those with negative studies) from further study
for SAS. However, this group appears to include a substan-
tial number of patients with UARS (9). The studies also sug-
gest that another group of patients can be classified as hav-
ing a high probability of having SAS by using the same
oximetry data but analyzing it with different criteria. That
is, stratification to a high probability group for SAS can be
achieved. The specificity of this approach is only marginal-
ly better, however, than the use of predictive question-
naires, and there is about a 10% failure rate requiring
retesting. No studies of CPAP titration that use oximetry
alone have been published.

4.3.2.3.5 Limited studies

Limited studies to diagnose SAS can be divided into
three groups: those with at least full respiratory recording
(Table 5), those with less-than-full respiratory recording
(Table 6), and those that use daytime PSG. None of the
studies addresses UARS.

4.3.2.3.5.1 Full respiratory recording

Eight studies (10-17) assessed the capabilities of at least
full respiratory recording, which includes airflow (or tidal
volume by inductance plethysmography) (17) or tracheal
sounds (14); respiratory effort; arterial oxygen saturation;
and, usually, heart rate. Six studies used manual scoring (10-

13,15,17); one used computer scoring (14); and one used com-
puter scoring that was checked by a technician (16). All of
the authors compared the results of limited studies to PSG.

Most of these studies examined systems designed to be
fully portable and to be used in an unattended fashion (11,

12,14-17), one compared the respiratory channels on PSG to
the PSG as a whole (10), and one used a combination of a
portable system plus a PSG channel (13).

In five studies (10-12,15,17), the validation part of the study
compared simultaneous in-laboratory recordings to PSG; in
all cases, the scoring was blinded, making each the equiva-
lent of a randomized, double-blind, controlled trial. In one
of these five studies (15),there was an unattended in-home
recording that showed excellent reproducibility. It was not
clear if the false negatives in one study were near threshold
(12); they were near threshold in another study (17). The num-
ber of failures of portable systems ranged from 4% to 14%.
When correlations for concordance between PSG and the

portable systems were performed, r values were over 0.9,
except in one study, which showed 0.7 (17).

A sixth full respiratory study used a randomized con-
trolled design to examine CPAP titration (13), finding that
CPAP pressures were essentially the same in 40 of 41
patients when respiratory recording alone was compared to
full PSG.

A seventh study (14) of in-laboratory comparison between
PSG and a limited study using EEG, EOG, EMG, tracheal
sounds, wrist activity, SaO2, and two respiratory-effort
belts had a sensitivity of 100% and a specificity of 93% for
an AHI of at least 15. Correlations between PSG and the
portable device were over 0.9.

The eighth study used an indirect measure of sleep (16)

and had two components. In the first, an in-laboratory com-
parison was run simultaneously with PSG. Sleep parame-
ters were correlated but not highly so, and the portable sys-
tem recorded more sleep time. The sensitivity and speci-
ficity for an AHI of at least 10 were 100% and 64%, respec-
tively; at an AHI of at least 20, they were 77% and 88%.
Some of the misclassification represented recognition of
hypopnea on the portable system that was not seen on PSG,
and some reflected an overestimation of sleep time, which
subsequently reduced the AHI below the diagnostic thresh-
old.

In the second component of this study, in-laboratory
PSG was compared to an in-home study performed within
10 days of the PSG. Though designed as a randomized
study, the randomization protocol was not always followed.
There were two failures out of 70 portable studies, and 57
telephone calls were made to a family member in the home
by a technician who monitored the studies in the laborato-
ry via modem. The correlations for sleep were low but sig-
nificant. The AI was significantly higher on the portable
system. Sensitivity and specificity for an AHI of at least 10
were 91% and 70%, respectively; for an AHI of at least 20,
they were 86% and 83%. At an AHI of at least 10, three of
the false positives had more supine sleep at home, making
it indeed possible that the difference was real. In the other
five false positives, and in all the false negatives, the AHIs
were near the diagnostic threshold. At an AHI of at least 20,
two of the four false negatives were near the threshold, as
were five of the seven false positives. Two false positives
had more supine sleep at home. Two false negatives could
not be explained.

These studies indicate that substituting total in-bed time
(sometimes modified by subtracting artifact time and diary-
indicated awake time) for total sleep time results in a high
degree of concordance between full respiratory recording
and PSG for the diagnosis of SAS. The use of partial or
indirect sleep recording does not appear to add substantial-
ly to the determination of clear-cut respiratory events or to
substantially improve the sensitivity and specificity of this
type of recording.
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4.3.2.3.5.2 Less-than-full respiratory recording

All of the eight studies of less-than-full respiratory
recording had a component of simultaneous recording,
most were scored by clinicians blinded to the results of
PSG, and one (19) used a randomized controlled design for
comparing a portable in-laboratory study to home study.
No study addressed CPAP titration. Four of these systems
were generally of too low a sensitivity or specificity to be
substituted for PSG or full respiratory recording, although
some approaches could be used to stratify patients to a high
probability group (20,23-25)

Ajilore et al. (18) evaluated the same equipment that
White et al. (16) used in their study (an indirect sleep-stag-
ing system), but Ajilore et al. did not include respiratory
recording. The in-laboratory limited study showed good
correlation with the simultaneously recorded PSG study in
the laboratory, but did not show good correlation between
a subsequent home study and PSG in the laboratory in nor-
mal subjects. This difference may have been due to varia-
tion in patients' sleep between the two nights, or it may
have been due to a technical effect of the different record-
ing conditions.

One study of a portable system (19) showed a failure rate
of 25% in the laboratory and 22% at home. Simultaneous
study in the laboratory had a sensitivity of 100% (for recog-
nition of patients with a total number of apneas per night of
more than 30) and a specificity of 95%. This criterion for
an apnea level is no longer realistic. The r value for apnea
was 0.8 with PSG. Night-to-night correlation of apneas
recorded by the portable system in the home compared to
the portable system in the laboratory was r = 0.94.

A second study of a portable system used computer-ana-
lyzed snoring and oximetry to diagnose SAS (21). Total
sleep time was equated with quiet recording time. The sen-
sitivities and specificities of this approach were 84% to
90% and 95% to 98%, respectively, depending on the AHI
or desaturation index (the number of 3% drops in oxygen
saturation per hour of sleep) level for a diagnosis of SAS.
If confirmed, the high correlations between polysomno-
graphic RDI and portable RDI could be used to identify
patients in need of further study or therapy. Of note, oxime-
try alone (without computer scoring) had a lower sensitivi-
ty and specificity, and the reason was unclear.

A third study (22) of a portable system used a combina-
tion of snoring, oximetry, heart rate, and body position;
proprietary computer software analysis was used. To sum-
marize, only oximetry provided acceptable sensitivities
(92%) and specificities (97%) for an AHI of at least 10.
Total sleep time was equated with recording time minus
diary-recorded awake time. This study is essentially an
oximetry study with results superior to those of any other
oximetry study reported. Rauscher et al. (130), using oxime-
try, heart rate and snoring, also confirmed that oximetry

results are the only ones with any diagnostic accuracy.

4.3.3 Evidence for upper airway resistance syndrome

Three articles from one group of researchers describe
UARS (Table 7). In these studies, patients were classified
as having UARS if they had EDS and respiratory distur-
bances during sleep that could not be classified as either
apneas or hypopneas; therefore, the patients had an AHI of
less than 5. These studies did not address the issue of
patients who have mild SAS but also have additional symp-
toms caused by upper airway resistance. The initial defini-
tion of UARS required that the patient have EDS and flow
limitation and increased respiratory efforts with arousal just
following peak negative inspiratory esophageal pressure,
documented by esophageal pressure recording (46). A subse-
quent description in women did not include arousals as part
of the definition (47). The studies correlated MSLT and ESS
information with CPAP treatment and showed a highly sig-
nificant lengthening of the MSLT sleep latency or decrease
in the ESS score after treatment. The UARS tended to
occur in patients who weighed less and were younger than
the usual SAS patient. The prevalence was 11% of the
female patients with suspected sleep apnea, and 15 of 48
patients with an initial diagnosis of idiopathic hypersomnia
were found to have UARS (45,47). Eleven of the 38 women
with UARS did not have an increased number of arousals
despite their being sleepy and showing improvement with
CPAP therapy (47).

In a study of 46 men who snored and had a wide spec-
trum of AHIs, the Stanford Sleepiness Scale correlated with
the number of apneas and hypopneas even in patients with
an AHI of less than 5 (131).

In a study of 257 patients with suspected sleep apnea,
139 had an AHI of at least 5, and 118 habitual snorers had
an AHI of less than 5 (74). Fifty-nine of the 118 snorers had
a symptom score on a scale similar to the ESS that indicat-
ed sleepiness, giving a possible prevalence of 50% for
snoring causing EDS. Forty-eight of these patients refused
CPAP treatment. Eleven of those who refused CPAP treat-
ment underwent uvulopalatopharyngoplasty. In the 11 who
accepted CPAP treatment, the symptom score improved
significantly in the group as a whole, and in eight of the 11,
the number of arousals per hour of sleep declined from 20
to five; of the three for whom CPAP did not improve sleepi-
ness, two had very poor compliance with CPAP. This study
suggests that for those patients who are habitual snorers,
are sleepy, and comply with therapy, CPAP is effective for
treating EDS; however, fewer than 40% of those patients
with possible UARS desire therapy, including fewer than
20% who will accept treatment with CPAP.

In a study of 300 patients with suspected sleep apnea,
106 had AHIs below the threshold for SAS (9). Of these, 65
snored or had disordered breathing with at least 10 arousals
per hour and with desaturations of less than 3%, giving a
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prevalence of UARS of 61% in patients who have suspect-
ed sleep apnea and an AHI of less than 5.

In another study looking at the ESS scores of primary
snorers, 26% of patients had scores indicating sleepiness
(63). In another study from the same author, however, the
highest ESS score of any primary snorer was only slightly
higher than that of controls (61).

In conclusion, there is a substantial prevalence of sleepi-
ness in habitual snorers presenting for medical care who do
not have obvious apneas or hypopneas. These individuals
may have partial upper airway obstruction with arousals, as
indicated by increased respiratory effort (i.e. abdominal-
thoracic paradox or a cyclical decrease in esophageal pres-
sure) followed by arousals. A sleep latency on MSLT of
less than or equal to 10 minutes or an ESS score of at least
9 (47), or a symptom score similar to an ESS score of at least
10 (74), is associated with a respiratory-arousal index of at
least 10 per hour of sleep (45-47,74). Another study used at
least 10 respiratory arousals per hour (9) to define UARS
but did not specifically report on sleepiness. Patients with
UARS can benefit from treatment with CPAP (45-47,74), with
a reduction in arousals to 10 or less (45,74).

4.4 Future research

We now recognize that respiratory events other than
obvious apneas and hypopneas can produce arousals during
sleep and concomitant daytime sleepiness. Refinement of
the approach to diagnosis needs to be delineated in those
cases that do not cause obvious arousals but still produce
sleepiness that is reversed by CPAP therapy. Understanding
more about relationships between arousals and apneas will
also be key to further exploring the utility of cardiorespira-
tory recording without sleep staging to titrate CPAP. Study
of the possibility of a split-night diagnosis and CPAP titra-
tion with cardiorespiratory recording needs to be further
addressed to explore the success of this approach before
economic impact can be assessed.

The current approaches to the diagnosis of EDS by ques-
tionnaire should be refined; predictive questionnaires
should be developed that take into account not only SAS,
but also UARS and nonrespiratory diagnoses such as nar-
colepsy. Ideally, we will have a screening questionnaire
that provides pretest probabilities for a variety of diagnoses
and triages these patients to the type of confirmatory study
needed. If the questionnaire could be time effective to
administer and interpret, it could become part of each
patient's initial work-up by primary care physicians. Use of
such a questionnaire could lead to more awareness of sleep
disorders and appropriate therapy at the primary care level
and referral to sleep disorders specialists of the more com-
plex cases.

Home recording needs to be better defined and validat-
ed. Such a natural environment may actually lead to better
diagnostic clarity, but insufficient numbers of studies have

addressed this issue. In addition, the use of unattended
recording needs to be addressed with more studies.
Intuitively, it should be possible to obtain reproducible data
that can diagnose obvious SAS from unattended respirato-
ry recording in the home or other environments; however,
sufficient evidence to fully support this concept is lacking.

5.0 OTHER RESPIRATORY DISORDERS

5.1 Overview

While SAS and UARS are the respiratory disorders most
commonly evaluated in sleep laboratories, other respirato-
ry disorders are also known to cause sleep disturbance.
Studies with PSG have produced significant insights into
the pathophysiology of sleep disorders related to chronic
obstructive pulmonary disease (COPD), asthma, and a vari-
ety of chronic restrictive lung diseases. These studies sug-
gest that any condition causing substantial impairment of
lung function will be associated with sleep disturbance.

The modem study of sleep-related breathing disorders
began with the study of arterial blood gases during sleep in
normal subjects and in patients with COPD (132,133).
Following the development of reliable oximeters, Flick and
Block (134) demonstrated a characteristic nocturnal pattern
of oxyhemoglobin desaturation in patients with COPD,
consisting of moderate reduction in saturation after sleep
onset and severe intermittent drops in oxygen saturation.
Polysomnography was used to relate the severe "dips" in
oxygen saturation to REM sleep in patients with COPD,
emphysema, and cystic fibrosis (135-138); to define the mech-
anisms of hypoxemia during sleep (139,140); to study respira-
tory factors contributing to arousal (140); and to study the
relationship of COPD to SAS (141-143).

The modern study of nocturnal asthma began with the
demonstration of an abnormal decrease of expiratory lung
function during the sleep period (144). Polysomnography has
been used to investigate the relationship of nocturnal asth-
ma attacks and lung function changes to sleep stage (145,146).
Other chronic lung disorders that have been investigated
with PSG include those associated with kyphoscoliosis,
interstitial lung disease, and pulmonary fibrosis (147-150).
Patients with neuromuscular diseases, including patients
with substantial restriction of lung function due to weak
muscles, have also been studied with PSG (151-158).

Obstructive and restrictive lung diseases are common;
COPD occurs in 3% of adults, and asthma occurs in 5%
(159). Interstitial lung diseases such as pulmonary fibrosis
occur in 0.1% of the population (160), and neuromuscular
diseases occur in 0.5% of the population (161).

5.2 MEDLINE search terms and review of papers

The additional MEDLINE search terms for this section
included chronic obstructive lung disease, asthma, intersti-
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tial lung disease, restrictive lung disease, neuromuscular
disease, diagnosis, and oxygen desaturation. The inclusion
criteria for selection of literature required that a minimum
of five patients be studied and that at least sleep staging and
a cardiorespiratory sleep study be used for evaluation. All
articles identified by the literature search that included a
well-defined diagnosis of lung disease and PSG were
reviewed.

5.3 Evidence-based PSG literature

The diagnosis of respiratory disorders other than sleep
apnea is based on clinical examination, radiographic stud-
ies, and pulmonary function tests. Although PSG has pro-
duced insights into the interaction between sleep and
breathing in these disorders, PSG is not essential to the
diagnosis of these conditions.

5.3.1 Chronic obstructive pulmonary disease

In many chronic lung disorders, hypoxemia is a major
abnormality during sleep, especially during REM sleep (135-

137). The investigation of this specific complication in
COPD does not require a definition of sleep stage or other
parameters of sleep to make decisions about oxygen treat-
ment; oximetry during sleep can be used to adequately
characterize oxygenation without specific measurement of
sleep stage (162). The treatment of hypoxemia that occurs
only during sleep has not been shown to have a significant
impact on mortality (163). Investigations of the hypoxemia
of patients with other respiratory disorders are more limit-
ed than are the studies of patients with COPD; the studies
that are available have not identified a diagnostic strategy
that includes sleep staging to be of benefit.

Sleep complaints are common in patients with chronic
lung disease and occur more frequently in this group of
patients than in control populations (164,165). In COPD,
symptoms of sleep disturbance are usually related to respi-
ratory insufficiency, i.e. hypoxemia, hypercapnia,
increased respiratory resistance and effort, or cough (140,166-

168). The routine clinical examination often provides suffi-
cient clues to attribute the sleep disturbance to the underly-
ing respiratory condition. The severity of nocturnal oxygen
desaturation has been correlated with the degree of daytime
hypoxemia (140,167,169), but nocturnal desaturations also
occur in patients with relatively normal awake SaO2 (170).
Sleep apnea is uncommon in unselected patients with
COPD (141). When the examination suggests concomitant
SAS, however, PSG is required to diagnose the cause of the
sleep disturbance and to plan the correct treatment (see sec-
tions 4.0-4.4 of this paper) (Table 8). Because chronic lung
disease can cause hypopneas with oxygen desaturation
(137,139,140,168,169), oximetry is not a reliable tool to distinguish
SAS from COPD. For this reason, PSG is required to accu-
rately distinguish upper airway disorders from other types

of respiratory effects on sleep.

5.3.2 Asthma

In patients with asthma, sleep disturbance is prevalent,
principally because patients frequently awaken with attacks
of bronchospasm (165); PSG has demonstrated that these
attacks occur in all sleep stages (145,171). Transient hypox-
emia does occur in patients with asthma but is usually mod-
est compared to the hypoxemia that occurs in patients with
COPD (145,171). Obstructive sleep apnea has not been a fea-
ture in the several small case series of asthmatics that have
been studied for other reasons (145,146,171,172) (Table 9). The
author of one report suggests that the nocturnal asthma of
patients who have concomitant SAS improves when the
SAS is treated with nasal CPAP (173). These observations
are uncontrolled, however, and have not been confirmed by
other authors. These studies indicate that sleep disturbance
in patients with asthma should be attributed to inadequate-
ly controlled asthma unless more specific indications for
other sleep-related breathing disorders exist.

5.3.3 Other chronic lung diseases

Polysomnography has been used to investigate breathing
during sleep in other chronic lung disorders, including
those associated with cystic fibrosis (138), kyphoscoliosis
(147), and interstitial lung disease and fibrosis (148-150). All
studies show that the patients have hypoxemia during sleep
and that the hypoxemia is worse during REM sleep.
Polysomnography has not been shown to offer other signif-
icant insights in the diagnosis of these diseases (Table 10).

5.3.4 Neuromuscular diseases

Patients with various types of neuromuscular disease
often develop respiratory insufficiency and, by this mecha-
nism, may have disturbed sleep. A relatively large amount
of literature, examples of which are cited selectively in this
paper, has described sleep disturbance and sleep-disturbed
breathing in samples of patients with neuromuscular dis-
eases in general (151) and with specific diagnoses, including
muscular dystrophy (156), myotonic dystrophy (152), myas-
thenia gravis (155), amyotrophic lateral sclerosis (153), and
postpolio syndrome (157). Polysomnography has been used
in many of these investigations (Table 11).

Although some features of sleep disturbance in patients
with neuromuscular diseases may be specific to certain dis-
eases, several general observations can be made in this con-
text of respiratory disorders. As in other respiratory condi-
tions, hypoxemia, especially during REM sleep, is com-
monly found. Nighttime abnormalities may be difficult to
predict based on waking observations. Nocturnal oxygen
desaturation was correlated to the degree of spirometric
restriction in one study (151). Hypoventilation is frequently
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the cause of hypoxemia (153,156). Increased frequencies of
apnea and hypopnea, usually of the nonobstructive type,
have been prevalent in several series (152). Steljas et al. (157)

found sleep fragmentation, hypoventilation, or obstructive
apnea in 13 patients with postpolio syndrome, and these
patients improved with the use of nasal ventilation or
CPAP. Sleep disturbance and hypoxemia are not always
explained by respiratory abnormalities, as for example in
patients with myotonic dystrophy, in whom a condition
similar to idiopathic hypersomnia has been described (158).

It has been argued that oximetry alone is sufficient to
investigate hypoxemia in patients with neuromuscular dis-
ease (162). In patients with complaints of disturbed sleep or
hypersomnolence or both, however, PSG can be used to
investigate sleep apnea of either the central or obstructive
type and to identify other factors contributing to sleep frag-
mentation. Furthermore, these findings can lead to signifi-
cant therapeutic interventions (157,174). Ventilation during
sleep by means of a nasal airway and a bi-level pressure-
support ventilator can be an effective intervention (174). The
combined evidence of three case series (151,152,157) suggests
that the diagnostic yield of PSG in these circumstances is
high and may offer a significant therapeutic opportunity.

5.4 Future research

Future studies should address the use of PSG in the eval-
uation and diagnosis of patients with respiratory insuffi-
ciency of any cause, with special focus on whether treat-
ment interventions affect outcome variables.

6.0 NARCOLEPSY AND IDIOPATHIC HYPERSOMNIA

6.1 Overview

6.1.1 Narcolepsy

A clinical description of narcolepsy first appeared in
1880 (175), but it was not until the discovery of REM sleep
and the identification of the abnormalities in its control that
the electrophysiologic features of narcolepsy became rec-
ognized. The first international symposium on narcolepsy
was held in 1975 and defined the clinical syndrome (176).
Narcolepsy is a neurologic disorder characterized predom-
inantly by abnormalities of REM sleep and by excessive
sleepiness that cannot be fully relieved by any amount of
sleep (177).

In narcolepsy, the individual components of REM sleep
(sleep, motor inhibition, and dreams) can become dissoci-
ated and appear independently of one another. This disso-
ciation accounts for the clinical tetrad of narcolepsy: sleep
attacks, cataplexy, sleep paralysis, and hallucinations.
Narcoleptic patients often report broken sleep, and frag-
mented sleep patterns are typically seen when narcoleptics'
sleep is studied. The onset of symptoms of narcolepsy typ-
ically occurs between adolescence and young adulthood,

but the range is very broad. The associated features of nar-
colepsy generally begin when the hypersomnolence begins
but may develop years before or after the primary symptom
of hypersomnolence. The ICSD (178) defines narcolepsy as:
1) a complaint of EDS or sudden muscle weakness (cata-
plexy) that has associated features such as sleep paralysis,
hypnagogic hallucinations, automatic behavior, and dis-
rupted major sleep episode; in which 2) polygraphic find-
ings frequently include a sleep latency less than 10 min-
utes, with an early onset REM period, and the MSLT typi-
cally shows a mean sleep latency less than 5 minutes and
two or more sleep-onset REM periods (SOREMPs); and in
which 3) no other medical, psychiatric, or sleep disorders
are the primary cause of the symptoms. Genetic factors
have been shown to play an important but not well-defined
role in the development of narcolepsy. There is a strong
association (up to >95%) between narcolepsy and HLA
(human leukocyte antigen) DR2 DQw1 (new nomencla-
ture: DRw15 DQw6) in people of Caucasian and
Mongolian descent (179). Narcolepsy occasionally develops
at a time of emotional stress or after an acute brain trauma
or tumor, often involving the hypothalamus (180).

There is little disagreement among sleep clinicians con-
cerning the diagnosis of classic narcolepsy when the histo-
ry of hypersomnolence, cataplexy, sleep paralysis, and hal-
lucinations is present and when PSG shows short sleep
latencies and early onset of REM sleep and the MSLT
shows a short sleep latency and the presence of REM sleep
on two or more daytime naps; however, all of these find-
ings are present only 50% of the time (181). It is often a diag-
nostic challenge to identify the disease in patients with
some but not all of these findings.

The prevalence of narcolepsy varies worldwide from as
little as 0.0002% in Israel to 0.16% in Japan. In North
America and Europe, the prevalence varies from 0.03% to
0.06% (182).

6.1.2 Idiopathic hypersomnia

Idiopathic hypersonmia is a disorder of presumed central
nervous system (CNS) cause that is associated with a nor-
mal or prolonged major sleep episode and EDS (183). The
indications for PSG and MSLT for the evaluation of idio-
pathic hypersomnia are the same as for narcolepsy. Aldrich
(184) found that apart from the REM sleep measure, there
were no major differences in clinical or polygraphic fea-
tures between subjects with narcolepsy without cataplexy
and those patients with idiopathic hypersomnia. Care must
be taken to exclude UARS or any CNS structural anomaly
as the cause of hypersomnia in patients for whom the diag-
nosis of idiopathic hypersomnia is being considered (45,183).

In a patient with EDS, the following findings are consis-
tent with the diagnosis of idiopathic hypersomnia: an
MSLT demonstrating a sleep latency of less than 10 min-
utes (typically less than 5 minutes) and fewer than two
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SOREMPs; polysomnographic testing performed on the
night preceding the MSLT not demonstrating sleep frag-
mentation; and no other medical or psychiatric disorder
accounting for the patient's EDS. Treatment generally
requires stimulant medication.

6.2 MEDLINE search terms and review of papers

The additional MEDLINE search terms for this section
included narcolepsy, hypersomnolence, multiple sleep
latency test, wakefulness, and excessive daytime sleepiness.
The inclusion criteria for selection of literature included
studies that evaluated a minimum of eight patients and that
used at least cardiorespiratory recording, sleep staging, and
MSLT for the evaluation. Few case-controlled PSG studies
of patients with narcolepsy have been published.

6.3 Evidence-based literature for PSG and other sleep
medicine procedures

The most pervasive and sometimes initially the only
symptom of narcolepsy is EDS. However, narcolepsy is
only one of many causes of hypersomnolence. Other sleep
disorders that affect quality of sleep (SAS and periodic
limb movement disorder [PLMD]), quantity of sleep
(insufficient sleep syndrome), or the circadian phase of
sleep (circadian rhythm disorder) may also result in EDS
(72,185).

The presence and severity of these other disorders can-
not always be reliably evaluated by clinical history or phys-
ical examination alone. The treatment of many of these dis-
orders is entirely different from the treatment of narcolep-
sy. Narcolepsy, as well as some of the other causes of EDS
such as idiopathic hypersomnia, once diagnosed, require
long-term intervention with stimulant medication. Because
of all these issues, it is incumbent on the clinician to first
accurately assess the severity of the EDS and to diagnosis
its cause before proceeding to treatment. For this assess-
ment, it has become accepted procedure to objectively
evaluate the nighttime sleep by all-night PSG the night
before a daytime MSLT (Table 12). The diagnosis and man-
agement of narcolepsy is further complicated by the fact
that patients with narcolepsy often have increased periodic
leg movements (PLMs), sleep-disordered breathing, and
unexplained arousals, although none of these findings is
generally severe enough to explain the patient's level of
EDS (186,187).

Historically, PSG and MSLT have been used together to
evaluate suspected narcolepsy (188): PSG to assess for
appropriate quantity and quality of nighttime sleep (and to
exclude other disorders that might disrupt sleep and create
EDS), and MSLT the following day to quantify EDS and to
document the presence of SOREMPs.

A finding on MSLT of a mean sleep latency of less than
5 minutes and two or more SOREMPs is considered diag-

nostic for narcolepsy when the clinical history is indicative
of a diagnosis of narcolepsy and sleep fragmentation due to
other sleep disorders is not present on all-night PSG (72,189).
In up to 30% to 50% of patients with severe narcolepsy, one
or more of the classic findings of narcolepsy is absent —
e.g. there may be no symptoms of cataplexy; or, despite the
presence of short sleep latencies, there may be no
SOREMPs on MSLT (184,186); or the sleep latency may not
be as severely shortened as to the level of less than 5 min-
utes. Furthermore, other sleep disorders that cause hyper-
somnolence by fragmenting nighttime sleep may lead to a
mean sleep latency of less than 5 minutes with two or more
SOREMPs on MSLT (72). In such cases, clinical judgment
is important in establishing the diagnosis and in planning
treatment.

Mitler et al. (189) reported that 40 of 40 patients with nar-
colepsy had two or more SOREMPs in a five-nap protocol
on the MSLT. None of 14 controls had any SOREMPs.
Moscovitch et al. (186) reported that two or more SOREMPs
were more likely in patients with narcolepsy with cataplexy
than in patients with narcolepsy without cataplexy. Amira
et al. (185) noted that two or more SOREMPs on MSLT had
a specificity of 99% and a sensitivity of 84% for the diag-
nosis of narcolepsy.

No body of accumulated data has validated MWT, limit-
ed or partial PSG, portable recording, isolated MSLT, or
separately performed PSG and MSLT as an alternative to
the “gold standard” of nocturnal PSG with an MSLT on the
following day for the diagnosis of narcolepsy. While MSLT
measures a patient’s sleep propensity, the MWT performed
under conditions similar to those of the MSLT, i.e. in a
quiet, sleep-inducing environment, measures the patient’s
ability to remain awake. Therefore, because this test allows
for the determination of sleep latency, MWT does offer the
ability to measure treatment effects and has been validated
for this use (190-192). However, the MWT has not been vali-
dated as an alternative for the diagnosis of narcolepsy (192)

because, though MWT does record REM sleep, no scoring
mechanism of SOREMPs has been established for use in
the MWT. Both MSLT (193) and MWT (190) may have some
usefulness in documenting response to stimulant medicine
in narcoleptic patients with an established diagnosis.
Pupilography and 24-hour ambulatory EEG have been
evaluated in the past as possible alternative tests, but nei-
ther is in current clinical use.

The PSG and MSLT findings of narcolepsy can be
obscured by psychiatric disease, insufficient sleep, or sleep
apnea; and sleep apnea, depression, insufficient sleep syn-
drome, and circadian rhythm disturbances can masquerade
as narcolepsy (184,194,195). Before the full syndrome of nar-
colepsy develops, partial symptoms may occur before char-
acteristic PSG or MSLT findings can be seen, particularly
in children or adolescents (196). A careful medical and sleep
history, sleep diary, and physical and neurologic examina-
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tion can help minimize misdiagnosis.

6.4 Future research

MWT, limited or partial PSG, ambulatory recording, iso-
lated MSLT, or separately performed PSG and MSLT
should be validated by comparison to the traditional “gold
standard” of nocturnal PSG with MSLT the following day
for diagnosing narcolepsy.

The MWT is an alternative tool for which some data are
available for evaluating daytime alertness, but MWT has
not been validated for diagnosing narcolepsy or for identi-
fying SOREMPs. How the MWT data differ from the
MSLT data needs to be clarified.

7.0 PARASOMNIAS AND SLEEP-RELATED EPILEPSY

7.1 Overview

Parasomnias are undesirable physiologic phenomena
that occur predominatly during sleep and can be associated
with a number of sleep disorder diagnoses described in the
ICSD (201). This section primarily concerns those parasom-
nias (principally the arousal disorders, such as sleepwalk-
ing and sleep terrors, and REM sleep behavior disorder
[RBD]) that are potentially violent, can be injurious to the
patient and others, and can produce serious disruption of
sleep and family functioning. Although not classified in the
ICSD as parasomnias, sleep-related epilepsy (202,203) and
sleep-related psychiatric disorders (such as panic and dis-
sociative disorders) also must be considered in the differ-
ential diagnosis (204-206). Polysomnographic studies of sleep-
walking first appeared in 1963 (207), and studies of the sleep
of patients with panic and dissociative disorders initially
were reported in 1984 and 1989 (206,208). The first systemat-
ic report of RBD was published in 1986 (209). Sleep-related
violence, including sleep-related homicide, also has been
described (210,211).

Sleepwalking occurs in up to 30% of healthy children,
peaking at 11 to 12 years of age, and 2% to 3% of these
children may have frequent episodes; sleepwalking also
occurs in 2.5% of adults (212-215). Sleep terrors occur in 1%
to 6% of prepubertal children and in 1% of adults (216). The
prevalence of RBD is not known; at least 290 cases have
been reported in the world's literature (217).

Epilepsy is a common disorder, affecting nearly 4% of
the population at some time in their lives (218). In 15% to
20% of epileptics, seizures occur mostly or exclusively at
night, a condition termed "sleep-related epilepsy" (202,203).
Sleep-related epilepsy, however, is a heterogeneous catego-
ry. In fact, EEG abnormalities increase during sleep in
almost every subtype of epilepsy (219,220). Except for the
preponderance of seizures during the usual sleeping peri-
ods, there are no distinctive biologic characteristics of
sleep-related epilepsy that distinguish it from a diurnal

seizure disorder or that require specialized diagnostic tech-
niques or unique types of therapy.

Between 6% and 14% of people in college and commu-
nity populations will report at least one uncued panic
attack. Panic disorder has a prevalence of 2.5% of the gen-
eral population. Approximately 18% of panic attacks begin
during the sleeping state; 2.5% of these attacks occur
exclusively at night. In a group of patients with panic dis-
order, 71% experience at least one nocturnal panic attack
(221,222). A number of PSG studies have reported on the sleep
of patients with panic disorder. Panic attacks tend to arise
from NREM sleep stages 2 and 3; they occur occasionally
at sleep onset (208,223-228). Sleep-related dissociative disor-
ders, although not classified as parasomnias in the ICSD,
may mimic parasomnias. Nocturnal dissociative behaviors
generally occur in patients already carrying the diagnosis of
a diurnal dissociative disorder. Although these patients
appear behaviorally to be asleep when these events occur,
PSG recording demonstrates wakefulness (206). The preva-
lence of sleep-related dissociative disorders is unknown
(206).

7.2 MEDLINE search terms and review of papers

The additional MEDLINE and Psychinfo search terms
for this section included aggressiveness; attitudes toward
health; cost-benefit; cost-effectiveness; economics; elec-
troencephalography; epilepsy; outcomes; processes; para-
somnias; pavor nocturnus; REM sleep behavior disorder,
reproducibility of results; sleep-related violence; sleep ter-
rors; and sleepwalking. For inclusion in this literature
review, papers had to report the study of at least four sub-
jects and the measurement of at least the basic sleep-stag-
ing channels of EEG, EOG, and EMG. Abstracts, review
articles, and case reports (even with documented PSG)
were excluded from the evidence tables for decision-mak-
ing concerning indications for sleep-testing procedures.
However, two articles without full EMG data are included
because of their historic importance (229,230).

7.3 Evidence-based literature for PSG and other sleep
medicine procedures

Polysomnography can be diagnostic for parasomnias
and epilepsy if the event occurs during the study. However,
because events often do not occur nightly, the failure to
record an event per se does not assist the clinician in mak-
ing or excluding the diagnosis. In such cases, ancillary
findings still may be helpful [e.g. the characteristic aug-
mentation of the EMG tone, or excessive phasic twitching,
that occurs during REM sleep in RBD (201,209,231-234) or the
presence of interictal paroxysmal abnormalities that com-
monly occur in patients with sleep-related epilepsy].
Seizure-induced behaviors may closely resemble other
parasomnias and make differential diagnosis difficult
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(235,236). "Episodic nocturnal wandering" is a term often
used for disorders of suspected ictal etiology that may or
may not be accompanied by epileptiform EEG activity dur-
ing events and may be clinically indistinguishable from
disorders of arousal (237-242). One group uses this term for
sleep-related ambulatory behaviors when the etiology is
not conclusively epileptic (237).

Disorders of arousal occur during partial arousals from
sleep. Typically, they occur from the deeper stages of
NREM sleep (230,243-245). Less commonly, they arise from
stage 2 sleep (237,246-250). Patients may have unremarkable
PSG studies, and the ICSD does not list any particular
interspell PSG markers that are pathognomonic of disor-
ders of arousal. When recorded by PSG, these events
appear as abrupt arousals with EEG admixtures of sleep
and wakefulness. These arousals may be manifested only
electrophysiologically or may include movement, vocaliza-
tion, or more complex behavior. They often fail to appear
during recorded sleep in the laboratory (229,235,237,243,244,247-

255). The likelihood that the arousals will be recorded corre-
lates with the patient's reported frequency of symptomatic
spells (235). Difficulty establishing a diagnosis is greater
when several syndromes or findings coexist, such as sleep
terrors and seizures, RBD, SAS, or PLMD (236,247,250,256).

7.3.1 Seizures, disorders of arousal, REM-sleep behavior dis-
order, dissociative disorders

Polysonmographic findings can serve to identify obvi-
ous seizures, sleepwalking, sleep terrors, RBD, or dissocia-
tive disorders (235,237,247,250) (Table 13). Typical sleepwalking
or sleep terrors — with onset in childhood, a positive fam-
ily history, occurrence during the first third of the night,
amnesia for the events, prompt return to sleep following the
events, and relatively benign automatistic behaviors —
may be diagnosed on the basis of their historic clinical fea-
tures. This conclusion is based upon very consistent
descriptive literature (205,207,212,230,243,245,253).
Polysomnographic evaluation becomes important in any of
the following circumstances (when the events are not typi-
cal of benign partial arousals and where other diagnoses,
prognoses, and interventions must be considered): when
the behaviors are injurious to the patient or others, began at
an unusual age, are repetitive and stereotypical, occur with
an unusual frequency or duration or at an unusual time of
night, or seriously disturb the patient's home life; when
EDS is present; or when there are forensic concerns.
Polysomnography is then performed to help document the
presence of a disorder of arousal, sleep-associated seizure
disorder, REM sleep parasomnia, or sleep-related manifes-
tation of a psychiatric disorder and to recognize other pre-
disposing sleep disorders such as OSA or PLMs. Precise
diagnosis is important because the significance and treat-
ment of these various disorders are often quite different
(205,210,211,217,237,238,241,247,250, 255,257,258).

7.3.2 Sleep-related epilepsy

There is limited direct evidence supporting the diagnosis
of sleep-related epilepsy by PSG. In a retrospective study of
nocturnal arousals of uncertain etiology, the PSG format
that was used emphasized video recording and an expand-
ed EEG montage (235). (The study did include a spectrum of
patients who turned out to have various parasomnias and
nocturnal seizures.) Of 122 reported cases, 41% of a sub-
group with minor motor manifestations, and 69% with
prominent motor activity, had recordings that demonstrated
epilepsy. Some of the epilepsy diagnoses were based on
findings of increased amounts of interictal EEG abnormal-
ity despite the absence of other physiologic abnormalities
on PSG. The limitations of this study are lack of detail
about the clinical "gold standard" for diagnosis, lack of
blind interpretation of the PSGs, lack of validity and relia-
bility information regarding PSG, limited consideration of
the effect of the prerecording attack frequency on the suc-
cess of PSG recording, and lack of information about out-
comes.

The lack of data from PSG studies on sleep-related
epilepsy may be partially addressed by referring to pub-
lished information about a related recording method, video-
EEG telemetry. Video-EEG telemetry does not record sleep
staging, respiratory, or limb movement channels, but its
EEG coverage and video capability are similar to those of
PSG with video recording. A prospective evaluation using
video-EEG telemetry recorded ictal events in 57 of 64
patients (89%) with intractable seizures. As a result of the
video-EEG recording, these patients had marked improve-
ment of seizure control and a reduction in the number of
anticonvulsant medications used during a 2-year follow-up
period (259).

7.3.3 Other parasomnias

The literature supporting the use of PSG for other para-
somnias is summarized in the evidence tables (Tables 13-
15). Only three articles dealing with disorders of arousal
(243,251,260) and two for RBD (232,234) include comparison data
for normal controls. Most articles supporting the utility of
PSG are limited by biases inherent in uncontrolled clinical
reports. Clinical series and cohort studies all share patient-
selection biases due to differing laboratory sites (i.e.
research, clinical, neurology, or psychiatry settings) and
severities of the disorders selected. Standard PSG scoring
is based upon the criteria of Rechtschaffen and Kales (261),
but there are no assessments of interrater reliability across
studies. Furthermore, although the differences between
sleep in the laboratory and sleep in the home may influence
the findings, this issue is addressed in only one report
(which indicates that full parasomnia events are more like-
ly to be recorded at home) (237). PSG performed in the lab-
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oratory revealed no episodes of sleepwalking, but somnilo-
quy was recorded in 11 cases, eight of which included
motor activity; four cases of sleep-disordered breathing
were identified, with sleep terrors precipitated by respirato-
ry events in two cases; and RBD was identified in three
PSGs. In summary, laboratory-based PSG yielded support-
ive diagnostic information in 20 of 41 cases, but none of
the laboratory studies yielded definitive results, i.e. there
were no recordings of full events as described in the
patient's history. In contrast, all of the studies performed in
the home-recorded somnambulistic parasomnias after 4 to
10 nights (mean of 6.5). Two other discrepancies were
noted between ambulatory and laboratory recordings — in
one case, events occurred from REM sleep in the laborato-
ry and from stage 2 sleep at home; in the other case, differ-
ent stages of NREM sleep immediately preceded the
events.

7.3.4 Technical considerations

Distinguishing sleep-related epilepsy from other para-
somnias is a crucial and difficult problem clinically; there-
fore, PSG technical requirements must be suitable for con-
fident identification of seizures. The requirements include
an expanded, bilateral scalp montage (as opposed to the
usual three-channel EEG used for sleep staging). Although
standard PSG may be nearly as sensitive as PSG with an
expanded bilateral EEG montage, it will be considerably
less specific for detecting epileptic attacks (if conclusions
from research on ambulatory EEG apply to PSG) (262).

A second important issue about both PSG and video-
EEG telemetry is the frequent failure of scalp recordings to
detect subtle seizures and simple partial seizures. In some
of these cases, video recording demonstrates the stereo-
typed nature of the behavior, suggesting that the events are
ictal in origin and not pseudoseizures or nonepileptic para-
somnias (263). The improvement in detection rate gained
from video recording has not been quantified.

Third, recording speed, pen responses, and digital sam-
pling rate must be sufficient to detect spike and wave activ-
ity, paroxysmal fast activity, and electro-decremental
events that signal seizures or show interictal paroxysmal
abnormalities. The technical requirements are spelled out
in publications from the AEEGS and generally include a
paper speed of 30 mm per second (264) or a sampling rate of
200 Hz (265).

Fourth, the presence of a technician capable of testing
the responsiveness of the patient, adjusting the equipment
settings, and replacing PSG connections disrupted by
movement is essential for adequate seizure diagnosis (235).

Finally, the record must be interpreted by a clinician
skilled in recognizing paroxysmal discharges, identifying
recorded seizures and other sleep events, and staging sleep
(235).

These technical factors lead directly to the question of

whether diagnostic methods other than PSG will be suffi-
cient for the diagnosis of complex parasomnias. Daytime
video-EEG telemetry is irrelevant for use in diagnosing
sleep disorders, and nighttime video-EEG telemetry would
not be expected to be as useful as PSG with video record-
ing for differentiating epilepsy from other parasomnias.
Another alternative, ambulatory recording, would not
allow simultaneous video-physiologic recording, techni-
cian interaction with the patient, or correction of artifacts
from movements that displace leads. Because much of the
diagnostic capability of PSG and video-EEG telemetry
arise from viewing the behavior and associated physiolog-
ic events together and having an opportunity for the techni-
cian to interact with the patient, it is unlikely that portable
sleep studies, ambulatory EEG, or daytime video-EEG
telemetry will be effective alternatives to PSG with video
recording (235,259,263,266-273).

It is also important to know how often spells or attacks
must occur to be reasonably detectable by recording,
whether by PSG or by video-EEG telemetry. Two case
series of video-EEG recording for epilepsy (266,268) demand-
ed event frequencies of two per week before recording was
considered. Other investigators have correlated prerecord-
ing event frequencies with recording success. Success rates
for 6- to 8-hour sessions of daytime recording ranged from
33% to 74%, depending on whether the patient's spells
occurred weekly or daily (274). In another center, sponta-
neous seizures were recorded within 48 hours in 85% of
patients whose prerecording seizure frequency was at least
one per week (259).

A number of PSG studies have provided ample descrip-
tion of disorders of arousal in laboratory settings. These
studies document that the percentage of patients whose
PSG recorded the behavioral events varied widely and
ranged from 0% to 80% (235,237,244,247, 250-252,254); in addition,
the events recorded were often milder than were those
reported by history and often occurred without the patient
leaving the bed. Milder events, such as vocalizations, limb
movement, and sitting up in bed are often designated as
supportive rather than diagnostic findings, although they do
not occur in normal controls (243,251,260). Six studies describe
increased frequency of arousals from NREM sleep
(230,235,249,250,251,254), and one study demonstrated no differ-
ence from control values for microarousals unless the
arousals were associated with slow-wave synchronization,
in which case the microarousals occurred significantly
more frequently in patients than in controls (260). The pres-
ence of hypersynchronous high-voltage delta activity in the
EEG of patients with arousal disorders is often described
and may reflect cerebral immaturity (237,243,244,247,251,260).
There is no consistent pattern of sleep-architecture alter-
ation reported in the arousal-disorder literature. One study
reports diminution of percentage of slow-wave sleep (250),
and another shows a trend toward an elevation (251). Fisher
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et al. (230) reported that arousal-disorder events are more
severe after longer preceding periods of slow-wave sleep.
There are no consistent quantitative criteria or sensitivity
and specificity data yet established for severity of events,
frequency of microarousals or hypersynchronous delta
EEG activity, or specific sleep-architecture alterations in
disorders of arousal.

The reported studies of RBD clearly indicate that the
diagnosis is based upon polygraphic findings of variably
elevated EMG tone and increased phasic EMG activity dur-
ing REM sleep. Inasmuch as the concordance of extremity
movement and dream mentation is documented by report-
ed descriptions, the recording of EMG from the extremities
is important (209,217,231-234,275,276).

With regard to diagnostic usefulness, the two clinical
series (each including over 100 cases of patients with vari-
ous parasomnias) indicate that PSG was diagnostic in 35%
and 65% and supportive in another 26% and 30% of cases,
for an overall yield of clinical utility in 65% and 91% of
cases (235,250).

7.3.5 Alternative tools

The clinical interview and physical examination are the
primary tools for the diagnosis of epilepsy. Standard EEG,
preferably including a daytime nap, is performed in nearly
all epileptics. Imaging studies may show an area of altered
structure or brain metabolism that can be correlated with
partial epileptic attacks, but imaging studies do not provide
direct diagnostic evidence of epilepsy (277). These initial
investigations are sufficient to establish the diagnosis of
sleep-related epilepsy in the vast majority of instances.

7.4 Future research

A multicenter cooperative effort could identify a large
population of individuals with histories of sleep-related
violence and describe the behaviors systematically and
polysomnographically in a prospective manner to better
understand the utility and limitations of PSG. Controlled
studies can evaluate the actual significance of hypersyn-
chronous delta EEG activity and microarousals in disorders
of arousal.

Likewise, a multicenter prospective evaluation of out-
comes could address the health benefits of treating para-
somnias. Extensive clinical experience documents the
long-term efficacy of clonazepam for the treatment of
RBD, anticonvulsants for the treatment of sleep-related
epilepsy, and benzodiazepines for the treatment of para-
somnias. Treatment has not been addressed by randomized,
controlled clinical trials. The extent of overlapping para-
somnias in individual patients has not yet been clarified,
and it will be important to learn whether any common
thread of motor or autonomic dysregulation can be found.

8.0 RESTLESS LEGS SYNDROME AND PERIODIC LIMB
MOVEMENT DISORDER

8.1 Overview

Restless legs syndrome (RLS) is a disorder characterized
by disagreeable leg sensations that usually occur prior to
sleep onset and cause an irresistible urge to move the legs
(278). Willis (279) provided the earliest description of restless
legs in 1685. In 1945, Ekbom (280) proposed the term "rest-
less legs syndrome" and gave the first modern description
of the disorder. A recent large-scale telephone survey (281)

found that 15% of respondents complained of restless legs,
with the prevalence significantly increasing with age —
9% in the group between 18 and 29 years of age versus
23% in those over 60 years of age.

The minimum criteria for the diagnosis of RLS suggest-
ed by the International RLS Study Group (282) include: the
desire to move the limbs, often associated with paresthesias
or dysesthesias; motor restlessness while awake; symptoms
present only or especially at rest; symptoms alleviated by
motor activity; and symptoms worse in the evening or at
night. Additional but not required symptoms include invol-
untary periodic or aperiodic leg jerks or leg twitches while
awake, sleep disturbances, and periodic limb movements
(PLMs) occurring during sleep (282). These PLMs are peri-
odic, repetitive, and stereotypic limb movements that occur
during sleep; the movements usually involve both of the
legs and occasionally the arms, and may shift from side to
side or may be asymmetrical (282-287). Periodic limb move-
ments of sleep can be an incidental finding without RLS in
individuals without sleep-wake complaints. Patients with
periodic limb movement disorder (PLMD) are those who
have PLMs that cause arousals and who have symptoms of
insomnia, frequent awakenings, unrefreshing sleep, or
EDS, and have no other sleep-related medical or psychi-
atric disorder that is significant enough to account for their
symptoms (278).

In PLMD, the limb movements are often associated with
arousals or awakenings, although the patient may be
unaware of the limb movements or the associated sleep
fragmentation. A clear association between RLS and PLMs
has been described. Most patients (70% to 80%) with RLS
have PLMs, but a much smaller proportion of patients with
PLMs complain of RLS symptoms (284,288). Lugaresi et al.
(288,289) were the first to polygraphically record the sleep and
EMG activity of patients with PLMs.

Restless legs syndrome and PLMs have been reported to
be associated with a variety of other medical, neurologic,
and sleep disorders and with the use of, or withdrawal
from, some medications. However, few of these studies
were controlled, and many were based only on case reports
or small series. The strongest associations in the peer-
reviewed literature are for RLS with anemia (290-292), dia-
betic neuropathy (293), impotence (294), Parkinson's disease
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(295), pregnancy (296,297), and uremia (298-301), or occurring
post-gastrectomy (302,303).

8.2 MEDLINE search terms and review of papers

The additional MEDLINE search terms in this section
included restless legs, sleep myoclonus, nocturnal
myoclonits, periodic limb movements, periodic movements
in sleep, and periodic limb movement disorder. The inclu-
sion criteria for selection of evidence-based literature
included studies of at least six patients and those that pro-
vided sufficient detail concerning the patients, recording
techniques, polysomnographic recording techniques, scor-
ing criteria, and results to allow comparison with other
studies.

8.3 Evidence-based PSG literature

8.3.1 Restless legs syndrome

Because the principal symptoms of RLS occur while the
patient is awake (104,284,285,290,304-308), an experienced clini-
cian with knowledge of the disorder can often make the
diagnosis of RLS by obtaining a clinical history and per-
forming a physical examination. Actual observation of the
RLS patient sitting or lying, particularly while simultane-
ously recording time-locked videotape EMG recording, can
be useful (282,286,309,310), but these observations cannot mea-
sure the impact of the RLS activity on the patient's sleep,
nor can they diagnose or define PLMs that occur.

In patients with RLS, PSG can document the presence
and severity of the sleep disturbances, document the pres-
ence of PLMs, and exclude other treatable sleep disorders,
but PSG is not required to diagnose RLS (104,284,285,304,306-308)

(Table 16).
Polysomnographic studies of limb activity in patients

with RLS show that anterior tibial EMG activity may
increase before sleep onset, may occur as aperiodic or peri-
odic bursts lasting longer than 5 to 10 seconds, and may be
accompanied by excessive muscle activity or high-ampli-
tude tonic activity, or both (285,287,310). Polysomnography
demonstrates that patients with moderate-to-severe RLS
often have a prolonged sleep latency (285,304,308), decreased
sleep efficiency, increased number of awakenings
(305,311,312), increased amounts of stage 1 sleep, and
decreased amounts of stages 3 and 4 sleep (304,308).

8.3.2 Periodic limb movement disorder

Investigators have found that PLMs are best recorded in
the PSG from anterior tibialis muscles (104,283,285,308).
Movements typically last 2 to 3 seconds (range, 0.5 to 5.0
seconds) and occur at periodic intervals, usually 20 to 40
seconds (range, 5 to 120 seconds) (104,283,288,308) (Table 17).
The anterior tibialis EMG activity of PLMs can vary from
a sustained tonic contraction to a polyclonic burst with a

frequency of approximately 5 Hz (284). Periodic limb move-
ments of sleep occur most frequently during stages 1 and 2
sleep, decrease in stages 3 and 4 sleep, and are usually
absent in REM sleep (285,288,289,313,314). Coleman et al. (283)

reported that patients with PLMs have significantly lower
sleep efficiencies than do controls, and they found that the
total sleep time and minutes of REM sleep were negatively
correlated with the patient's PLM index (the number of
periodic limb movements per hour of sleep).

Several studies have focused on the prevalence and
impact of PLMs in the elderly (315-319). Ancoli-Israel et al.
(320) found that seniors with sleep-wake complaints and
PLMs had significantly more awakenings per hour of sleep,
more stage 1 sleep, and less REM sleep than did those
patients with sleep-wake complaints but no PLMs. Mosko
et al. (319) found that seniors with PLMs had significantly
more time awake after sleep onset, more sleep-stage
changes, more awakenings, a higher percentage of stage 1
sleep, and a lower percentage of stage 2 sleep when com-
pared to those without PLMs, and the seniors with PLMs
reported less satisfaction with their sleep (being troubled
by kicking at night and leg jerks that disturbed sleep) (320).
These authors also found that the historic factor that corre-
lated most strongly with PSG changes was the patient's
estimate of the number of awakenings. One study demon-
strated that patients with narcolepsy and PLMs had more
awakenings, increased stage 1 sleep, and increased wake
after sleep onset than had patients with narcolepsy alone
(321). Patients with OSA treated with nasal CPAP who had
PLMs were compared to similar patients who did not have
PLMs; the authors found that the presence of PLMs was
associated with a higher percentage of stage 1 sleep and a
lower percentage of REM sleep (322).

Several studies report the difficulty of recognizing
PLMD without a polysomnogram (112,317,323-325). Jacobs et
al. (324) found PLMD in 15 of 123 patients (12%) evaluated
for chronic insomnia; the PLMD diagnosis was not sus-
pected until found on PSG in 10 of these 15 patients (67%)
with PLMD. Edinger et al. (323) found 25 of 100 consecutive
patients with chronic refractory insomnia had PLMD, but
the diagnosis was predicted before PSG in only 14 of 25
patients (56%). Douglass et al. (112) reported the difficulty
of recognizing PLMD based solely upon patients' respons-
es to a sleep questionnaire. The PLMD scale on the
patients' responses to a sleep questionnaire showed the
poorest sensitivity and specificity and lowest positive pre-
dictive value and negative predictive value. A final PSG-
based diagnosis of PLMD correlated best with frequent
awakenings at night and disturbing restless legs symptoms
during the night and while trying to fall asleep.

Periodic limb movement disorder was the primary diag-
nosis and sole sleep diagnosis in 67 of 1,171 patients (6%)
who had a polysomnogram at one sleep disorders center
(325) and 68 of 456 (16%) at another (111). In order to qualify
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as having primary PLMD in the study by Mendelson (326),
patients were required to have a PLM-associated arousal
index [(PLM-Ar-1) or the number of periodic limb move-
ment events that were associated with arousals per hour of
sleep] of at least five per hour and no other sleep or medi-
cal disorders that would account for the patient's sleep-
wake complaint. The authors found that 73% of the patients
with PLMD complained of difficulty sleeping and noted
that the patients, as a group, had disturbed sleep during a
mean of 4 nights per week for a mean of 7 years. Daytime
sleepiness was reported by 60% of the cohort. These
patients with PLMD had reduced sleep efficiencies (mean
53%), relatively long sleep latencies (mean 28 minutes),
and a significant positive association between the PLM-Ar-
1 and the amount of wake after sleep onset.

Identification of PLMD is important because PLMD has
been shown to respond to pharmacologic treatment
(283,327,328). Recently, Allen and Earley (327) compared the
number of PLMs and the PLM-Ar-1 of 40 patients with
RLS and 16 patients with PLMD. The authors found no sig-
nificant differences between these indexes in patients with
RLS compared to those with PLMD (mean 73/h vs. 66/h),
but a significantly higher percentage of PLMs were associ-
ated with arousals in patients with RLS than in patients
with PLMD (58% vs. 28%). Patients with PLMD, as it is
currently defined, may actually represent a heterogeneous
group. They are often difficult to recognize prior to obtain-
ing the findings from PSG.

Night-to-night variability can be seen in PSG studies of
patients with PLMs and PLMD. Edinger et al. (323,329)

looked at this issue and, in one study with 15 patients (329),
recorded three consecutive nights of in-home PSG. Group
data showed no significant differences in the PLM-Ar-1
across the nights, but marked night-to-night intraindividual
variability was observed between worst and best nights in
a number of subjects. For most patients, however, this vari-
ability had little effect on clinical decision.

A large study of 46 elderly volunteer subjects (not
selected because of a sleep disorder) used three nights of
in-laboratory PSG (319); 28 subjects had PLMs on one or
more nights. The recording of PLMs did not show a signif-
icant first-night effect but did show night-to-night variabil-
ity, which was higher for PLMs than for RDI. The authors'
various analysis techniques and predictive formulae failed
to show a predictable magnitude or direction of the night-
to-night variability.

8.3.3 Polysomnographic techniques

The Atlas Task Force (331) recommends that the
polysomnographic technique for studying patients with
suspected RLS or PLMD should include EEG (central,
occipital), bilateral EOG, chin EMG, and surface EMG
recorded independently from the left and right anterior tib-
ialis muscles. Additionally, recording respiration (oral-

nasal airflow, thoracic and abdominal respiratory effort,
finger or ear oximetry, or snoring sounds by microphone) is
necessary to permit distinction of PLMs from limb move-
ments related to respiratory events (332).

Applying additional EMG electrodes (e.g. gastrocne-
mius, quadriceps, biceps, triceps, wrist flexors, or ster-
nomastoid) has been used in some research studies (331).
However, there are no studies to suggest that the ability to
identify PLMD increases when muscles other than the
anterior tibialis are recorded.

8.3.4 Alternative tools

Clinicians should question patients about similarly
affected relatives because more than one-third of patients
with idiopathic RLS will have affected relatives, a pattern
suggestive of autosomal-dominant inheritance (280,285-287,308-

310,332,333). The neurologic examination in patients with idio-
pathic RLS typically is normal. Only those patients whose
complaints or neurologic findings suggest neuropathy,
radiculopathy, or motor neuron disease should undergo
EMG and nerve conduction studies (286,334).

Sleep questionnaires have not yet been devised that will
accurately identify patients with PLMD (112). Sleep diaries
and sleep logs may be helpful in evaluating the frequency
and severity of sleep disorders and the patients’ subjective
responses to treatment. Actigraphy does not show any
advantage over subjective sleep logs in studying PLMs
(335,336). Simultaneous time-locked infrared videotape
recording can be helpful in analyzing and interpreting leg
movements, particularly those obscured by movement arti-
fact (308). Evoked potentials (337) and blink reflexes (338) have
been studied in patients with RLS and PLMD and have
been found to have little or no diagnostic specificity or util-
ity.

8.4 Future research

The identification of causative factors of RLS, PLMs,
and PLMD, including specific genetic defects, will assist
researchers in designing more effective treatment proto-
cols. Further study is needed to elucidate the relationship
between the arousals caused by periodic limb movements
and the syptoms of insomnia or EDS. Outcomes research
will assist in establishing treatment effects and associations
with a quality-of-life index.

9.0 INSOMNIA

9.1 General insomnia

The indications for PSG in the general evaluation of
insomnia have been covered in recent ASDA practice
parameters (339) and a review paper (340), and will not be
repeated here.
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9.2 Depression with insomnia

Depression with insomnia is a complaint of difficulty
with sleep that is associated with a psychiatric diagnosis of
depression, either unipolar (major depression only) or the
depressive phase of bipolar illness (in which there are some
periods of depression and others of hypomania or mania)
(341). Difficulty with sleep maintenance, rather than difficul-
ty with sleep onset, is typically the chief complaint, partic-
ularly in older patients, and the hallmark feature of dis-
turbed sleep in depression is early-morning awakening.
Daytime fatigue and exhaustion may also be presenting
complaints, although true physiologic sleepiness may not
be present (342). During the manic phase of a bipolar disor-
der, sleep may be markedly reduced in amount without the
patient having a concurrent complaint of insomnia. Interest
in the relationship between sleep and depression grew out
of the observations in the late 1960s and 1970s that antide-
pressant medications had marked REM-suppressing effects
and that REM sleep deprivation in depressed individuals
mimicked antidepressant medication effects. These find-
ings suggest that features of REM sleep may provide diag-
nostic clues to the biologic basis of depression. Decreased
latency to REM sleep, increased number of eye movements
during REM, and alterations in the temporal distribution of
REM sleep across the sleep cycle were associated with
depression. Amelioration of the depressive symptoms was
associated with normalization of these characteristics of
REM sleep. Whether these features of REM sleep are spe-
cific and sensitive for the diagnosis of depression is an
issue that continues to generate debate.

The complaint of insomnia — difficulty in either falling
or staying asleep — is the most commonly reported sleep
problem in the general population; most studies report a
prevalence of about 30% (212,343-346). Difficulty with sleep,
particularly early morning awakenings, is an almost uni-
versal complaint in depression. A 1982 national coopera-
tive case series study of patients evaluated in sleep disor-
ders centers found that within the diagnostic category of
insomnia, insomnia associated with psychiatric disorders
was the most prevalent type of insomnia (35%) (104). A
recent study reported that 20% to 40% of insomniac outpa-
tients meet the diagnostic criteria for depression (347).
Conversely, among depressed community-dwelling indi-
viduals, insomnia complaints are common in both the gen-
eral population (78%) (348) and the elderly. In the group of
elderly individuals, 69% had insomnia that ranged from
mild to severe, with over half of this subgroup having mod-
erate to severe insomnia (347). Indeed, the ICSD states that
"at least 90% of patients with mood disorders have sleep
disturbances at some time" (349). The prevalence of depres-
sion in persons who complain of insomnia is high, as is the
prevalence of insomnia in persons who are depressed.

9.3 MEDLINE search terms and review of papers

The additional MEDLINE search terms for this section
included insomnia, sleep disturbance, and depression. The
inclusion criteria for selection of the literature included: 1)
at least 10 patients with depression evaluated; 2) structured
interviews used to establish a diagnosis of depression; and
3) at least sleep staging [EEG, EMG, and EOG channels
scored by Rechtschaffen and Kales criteria (263)] used for
evaluation criteria. One metanalysis was included because
all of the studies included in the analysis required formal
diagnostic criteria and scoring of sleep stages (350).

9.4 Evidence-based PSG literature

9.4.1 General insomnia

The relevant literature for the general evaluation of
insomnia has recently been reviewed (340).

9.4.2 Depression with insomnia

A large body of literature describes changes in sleep that
occur in patients with psychiatric disorders. Affective dis-
orders, particularly depression, have been studied most
extensively. A number of distinctive findings have been
reported that are characteristic of sleep in depression,
including a shortened REM latency, increased REM densi-
ty, increased amounts of REM sleep early in the night,
decreased amounts of delta (stage 3 and 4) sleep, and
decreased sleep continuity (Table 18). These findings are
not universal across all age groups (351,352), and decreased
REM latencies have been shown to appear more quickly in
depressed older patients than in younger depressed patients
(353). Changes in PSG characteristics may be the harbingers
of depression, however, and may help identify persons who
are at risk for developing major depression, particularly
those with a family history of depression (354). At least one
study of elderly subjects demonstrates that REM latency
and cumulative REM time, as well as other measures of
sleep continuity, do not discriminate between community-
dwelling depressed patients who have never sought treat-
ment and normal controls (355).

A major issue that arises is whether PSG can, in fact,
identify features of sleep that are specific to depression.
The REM latency, for example, in individual studies is not
particularly useful in discriminating between patients with
depression and those with other psychiatric disorders
(356,357). A recent metanalysis demonstrated that reduced
REM latencies were present not only in depression, but
also in a variety of other psychiatric illnesses (350). The
REM density, in contrast, may be of greater utility in iden-
tifying affective states (353,357,358). The body of evidence
suggests that PSG is neither sensitive nor specific enough
to diagnose depression. PSG may be useful, however, in
identifying early response to treatment with antidepressant
medication (e.g. by demonstrating an increase in the REM
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latency) (359,360).

9.4.3 Alternative tools

The alternative diagnostic tools for the evaluation of the
sleep characteristics in depression are those that may be
used in the evaluation of other sleep disorders and include
sleep diaries, ambulatory recording, and wrist actigraphy.
Formal diagnostic criteria based upon patient interviews
are used to establish the diagnosis of depression. Although
Kales et al. (101) have suggested that PSG is not necessary
for the evaluation of insomnia, other studies claim that
greater specificity of diagnosis and treatment is obtained
with a polysomnographic evaluation of chronic insomniacs
(105,324).

9.5 Future research

Survey studies suggest that complaints of insomnia are
associated with the development of depression (362,363).
Long-term familial studies examining the predictive value
of sleep architecture changes for identifying individuals at
risk of developing depression, and to determine subsequent
treatment interventions for depression, may be of value.
Conversely, studies could examine whether early treatment
of sleep disturbance could conceivably forestall the devel-
opment of depression. For example, implementation of
behavior treatments and the polysomnographic evaluation
of the effectiveness of these treatments in the early stages
of sleep disturbance may prevent the emergence of a severe
sleep disturbance and subsequent development of depres-
sion. Polysomnographic and psychologic studies that com-
pare early versus no intervention for insomnia and the sub-
sequent development of depression would help clarify the
relationship between these disorders.

10.0 CIRCADIAN RHYTHM SLEEP DISORDERS

10.1 Overview

Circadian rhythm sleep disorders are disorders of mis-
match between an individual's actual sleep pattern and the
timing and amount of sleep that person desires, requires, or
expects. Recognition of circadian rhythm sleep disorders
originated at the time of the early studies of human circadi-
an physiology in the 1950s. A better understanding of these
disorders has developed since the identification of the
suprachiasmatic nucleus as the biologic clock and the
recognition of its control by light. Patients suffering from
circadian rhythm sleep disorders may complain of insom-
nia or EDS, depending on the time of their sleep and wake
periods in relationship to the societal norm and the patient's
desires. This group of disorders can be precipitated or
influenced by either extrinsic or intrinsic factors or by both.
Distinction between intrinsic and extrinsic circadian
rhythm sleep disorders is established by history, physical

examination, and multiple-week sleep logs (364).
Establishing the difference between intrinsic and extrinsic
causes for circadian rhythm sleep disorders aids in estab-
lishing the patient's treatment and improving the prognosis.

Shift workers comprise 20% of the United States popu-
lation (365), and circadian rhythm sleep disorders likely
affect a substantial portion of those workers; however, the
prevalence of circadian rhythm sleep disorders is unknown.
Reports by Coleman et al. (104) and Coleman (366) attempted
to ascertain the prevalence of circadian rhythm sleep disor-
ders; both studies cited 2% as the frequency of circadian
rhythm sleep disorders as a diagnosis. One of the studies
(104) had a strong referral bias that likely influenced the data
and clouds the use of this study as a current inference of the
population prevalences.

There are six types of circadian rhythm sleep disorders:
time zone change (jet lag) syndrome, shift-work sleep dis-
order, irregular sleep-wake pattern, delayed sleep-phase
syndrome, advanced sleep-phase syndrome, and non-24-
hour sleep-wake syndrome (367). Circadian rhythm sleep
disorders may be associated with varying degrees of
insomnia or EDS.

Time zone change syndrome occurs following rapid
travel across multiple time zones and consists of varying
degrees of difficulty in initiating or maintaining sleep,
EDS, decrements in subjective daytime alertness and per-
formance, and somatic symptoms (largely related to gas-
trointestinal function) (367). Shift-work sleep disorder con-
sists of symptoms of insomnia or EDS that occur as tran-
sient phenomena in relation to work schedules (367).
Individual patient tolerance to a changing work schedule is
multifactorial and includes morning-evening type, age,
degree of sleep loss, and the patient's sleep needs and habits
(368). Irregular sleep-wake pattern consists of temporarily
disorganized and variable episodes of sleep and waking
behavior (367). The pattern is associated with complaints of
both insomnia and EDS, and the patient's normal tempera-
ture rhythm is lost. The characteristics of irregular sleep-
wake pattern are short sleep periods or prolonged naps, and
the patient's major sleep period is lost. Delayed sleep-phase
syndrome is a disorder in which the major sleep episode is
delayed in relation to the desired clock time, resulting in
symptoms of sleep-onset insomnia and difficulty awaken-
ing at the desired time (367). Advanced sleep-phase syn-
drome is a disorder in which the major sleep episode is
advanced in relation to the desired clock time, resulting in
symptoms of compelling evening sleepiness, an early sleep
onset, and an awakening that is earlier than desired (367).
Non-24-hour sleep-wake syndrome consists of a chronic
steady pattern comprising l- to 2-hour daily delays in sleep
onset and wake times in an individual living in society (367).

10.2 MEDLINE search terms and review of papers

The additional MEDLINE search terms for this section
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included circadian rhythm disruption; sleep-wake cycle;
human biologic rhythms; shift work; delayed sleep-phase
syndrome; 24-hour EEG recording, encephalopathy, brain
tumors, drug dependency and withdrawal, and delirium
tremens. Because the ICSD (367) lists neurologic causes for
circadian rhythm sleep disorders, neurologic conditions
potentially affecting the function of the hypothalamus were
used in an attempt to retrieve references to PSG studies that
might otherwise be missed.

The inclusion criteria for the selection of the literature to
be reviewed required the study of a minimum of six
patients and that sleep staging be used for evaluation. Few
studies of patients with circadian rhythm sleep disorders
evaluated by PSG have been published. All the articles that
appear in the evidence table were reports of studies con-
ducted in a sleep laboratory.

10.3 Evidence-based PSG literature

Only three studies of circadian rhythm sleep disorders
met our inclusion criteria, and all of these studies had small
sample sizes, such that population biases were inherent.
Studies were performed mostly on night-shift workers in
research settings to determine the long- and short-term
effects of circadian rhythm sleep disorders on daytime
sleepiness, nighttime alertness, and job performance (Table
19). Akerstedt et al. (368) reviewed the literature pertaining
to shift-work disorder with the emphasis on EEG and EOG
recording, and concluded that EEG is a good measure of
sleepiness. Sasaki et al. (369) designed a study to record
sleep in transpacific airline crew members before and after
a scheduled flight. They made several observations: the
crew members' daytime sleepiness increased during the
layover period; subjective and objective sleepiness did not
correlate; morning types had more daytime sleepiness than
did evening types; and REM sleep was decreased, possibly
secondary to the altered clock time of sleep during the lay-
over period, as compared to the subject's primary time
zone. Alvarez et al. (370) addressed delayed sleep-phase syn-
drome and confirmed features of chronicity and timing of
the major sleep period. They found no correlation between
delayed sleep-phase syndrome and psychiatric diagnoses.
Kubota et al. (371) cited irregular sleep in a patient with an
excised hypothalamic tumor in the absence of thyroxine-
replacement therapy. Recordings performed after 1-thyrox-
ine therapy demonstrated a free-running sleep-wake
rhythm. Rotenberg (372) used PSG and questionnaire
responses to evaluate subjects' sleep on the first night after
they worked the night shift. He subsequently assigned the
subjects to one of two groups: those who were well adapt-
ed and those who were not. The maladapted subjects
demonstrated more REM than NREM sleep on the day and
first night of recovery. These changes were similar to those
changes that occur in subjects who are studied after a sin-
gle night of sleep deprivation.

The studies that have used PSG to evaluate circadian
rhythm sleep disorders found PSG to be useful in identify-
ing sleep-structure changes in subjects with circadian
rhythm disorders; however, none of the studies demon-
strate a value for PSG in recognizing specific circadian
rhythm sleep disorders or in directing treatment. Thus, PSG
is not useful in the clinical diagnosis or treatment of circa-
dian rhythm sleep disorders.

10.4 Future research

Epidemiologic studies of prevalence, the incidence of
subjects' health problems secondary to shift-work disorder,
and evaluation of the relative value of PSG in the assess-
ment of circadian rhythm sleep disorders are areas in need
of further study.
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