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Summary: This paper is a review of the literature on the use of polysomnography in the diagnosis of sleep 

disorders in the adult. It is based on a search of MEDLINE from January 1966 through April 1996. It has been 

reviewed and approved by the Board of Directors of the American Sleep Disorders Association and provides the 

background for the accompanying ASDA Standards of Practice Committee's Parameters for the Practice of Sleep 

Medicine in North America. The diagnostic categories reviewed are: sleep-related breathing disorders; other respi

ratory disorders; narcolepsy; parasomnias and sleep-related epilepsy; restless legs syndrome and periodic limb 

movement disorders; insomnia; and circadian rhythm sleep disorders, Where appropriate, previously published 

practice parameters papers are cited and discussed, The relevant published peer-reviewed literature used as the basis 

for critical decisions was compiled into accompanying evidence tables and is analyzed in the text. In the section 

on the assessment of sleep apnea syndrome, options for estimating pretest probability to select high risk patients 

are also reviewed, Sleep-testing procedures other than standard polysomnography are also addressed (daytime 

polysomnography, split-night studies, oximetry, limited full respiratory recordings, and less-than-full respiratory 

recording) and treatment-related fulluw-up studies are discussed. Key Words: Practice parameters-practice guide

lines-Standards of practice-Polysomnography-Sleep apnea syndrome-Sleep disorders-Narcolepsy-Parasom

nias-Restless legs syndrome-Periodic limb movement disorder-Insomnia-Circadian rhythm disorders. 

1:0 INTRODUCTION 2.0 HISTORIC INFORMATION 

Polysomnogniphy (PSG) is a recording of multiple 

physiologic parameters relevant to sleep, Traditionally, 

clinical studies have used a typical recording montage 

that includes electroencephalography (EEG), electro

oculography (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 nec

essary data acquisition. Recently, however, sleep-test

ing procedures performed with fewer channels have 

been proposed as adequate to diagnose some sleep dis

orders (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 di

agnosis of a variety of sleep disorders and what the 

necessary recording variables are for each specific di-

PSG and clinical sleep medicine originated in the 

late 1950s and have evolved together. Their beginnings 

were precipitated by the discoveries and characteriza

tions 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 obstruc

tion and disturbed sleep, thereby discovering sleep ap

nea. 

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 disorders and became the accepted standard for 

clinical practice. Efficient clinical use of PSG increas

ingly became an issue in the late 1980s, partly because agnosis. 

Accepted for publication March 1997. 

of concerns over rapidly rising healthcare costs in the 

United States. Because of the simultaneous develop

ment of PSG and sleep medicine, the great majority 
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of sleep experts consider that PSG is the de facto stan

dard for diagnosing sleep disorders. Nevertheless, PSG 

as a clinical tool has not undergone the same evalua

tion of its accuracy, reliability, and validity that is now 

demanded for newer diagnostic tests in all fields of 

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 pri

marily 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 infor

mation was available to recommend any polysomno

graphic techniques other than standard in-laboratory 

PSG and MSLT (35). Since these technology assess

ments were released, new information has become 

available. Therefore, the Board of Directors of the 

American Sleep Disorders Association (ASDA) ap

pointed a task force comprised of the Standards of 
Practice Committee and additional experts, whose mis

sion included reviewing the published, peer-reviewed 

literature regarding PSG and other sleep-testing pro

cedures. Based upon a critical analysis of that litera

ture, the task force forged a set of indications for the 

use of PSG in the more common sleep disorders. 

The diagnostic categories selected for review in

cluded: sleep-related breathing disorders, other respi

ratory disorders, narcolepsy, parasomnias and sleep

related epilepsy, restless legs syndrome (RLS) and pe

riodic limb movement disorder (PLMD), insomnia, 

and circadian rhythm sleep disorders. 

3.0 METHODS 

3.1 MEDLINE search 

MEDLINE searches covered publications from Jan

uary 1966 to April 1996. Each section of this paper 

used the search terms polysomnography, polysomno

gram, and sleep studies; further inclusion and exclu

sion criteria and additional relevant search terms for 

topics are listed in each section. Articles published in 

English that included adult subjects (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, comprehen-

Sleep, Vol. 20, No.6, 1997 

siveness, 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 developed practice parameters and algorithms for 

the use of PSG and some additional sleep-testing pro

cedures (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 

included in the appendix (Appendix A, terms pertinent 

to sleep disorders medicine; Appendix B, terms per

tinent 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) 

consists 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 sleepiness (EDS) and loud snoring. In addi

tion, patients may have cognitive deficits, systemic hy

pertension, and complications of hypoxemia. The pa

tients are typically male, but a substantial number of 

women, particularly postmenopausal women, have 

been diagnosed with the syndrome (37). Most apneas 

and hypopneas are of an obstructive or mixed type, 

but they may also be central in nature (i.e. with ab

sence of or decrease in respiratory effort). An associ

ated sleep-related breathing disorder is the upper air

way resistance syndrome (UARS), in which partial ob

struction of the upper airway during sleep produces 

arousals, snoring, and EDS without apneas or hypo

pneas (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 fail

ure 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 

confirming a diagnosis of sleep-related breathing dis

orders. Recently, a number of studies have examined 

the utility of more limited techniques, i.e. respiratory 

and cardiorespiratory sleep studies with less-than-full 
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PSG montages, unattended studies, or studies per

formed in the patient's home (40). Alternative ap

proaches 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 in

dex (ARI) of at least five events per hour of sleep plus 

reported sleepiness (41). In adults, the prevalence is 
positively correlated with age. 

Treatment strategies include tracheostomy and other 

operations of the upper airway, weight loss, continu

ous positive airway pressure (CPAP), and the use of 

oral appliances (42). Studies have shown that treat

ment of sleep-related breathing disorders improves pa

tients' symptoms of EDS and their survival (37, 42-
47). 

Because recently published practice parameters de

scribe indications for PSG in patients using oral ap

pliances (48) or treated by laser-assisted uvulopalato

pharyngoplasty (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), tracheostomy, multiple sleep latency test, 

wakefulness test, and sleepiness. References from se

lected 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 ac

ceptable (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 ac

cepted for some topics of interest; and 3) studies that 

validated devices other than usual nocturnal polys om

nography, including unattended studies and limited 

studies (i.e. oximetry, full respiratory recording, and 

less-than-full respiratory recording) by comparing the 

devices to attended polysomnography. The initial lit

erature search revealed 91 potential articles. In review

ing these articles, 34 were deleted because they were 

reviews, isolated reports, or case reports, or did not 

include at least 10 subjects. All of the remaining stud

ies were reviewed in detail. An additional 30 studies 

were excluded because they attempted to validate al

ternative 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 validation studies. The final analysis included 27 

studies meeting all three inclusion criteria: three day

time PSG studies, eight oximetry studies, eight less

than-full respiratory studies, 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 Med

icine (51) and the International Classification of Sleep 

Disorders (ICSD) (52) divide SAS into CSA and ob

structive sleep apnea (OSA). Review of the literature, 

however, suggests that except in cases of "pure" cen

tral apnea (as might occur in patients with abnormal 

brainstem function), the causes, significance, and treat

ment of central apneas in most patients are not clearly 

distinct from those of obstructive apneas. 

Evidence suggests a relationship between central ap

neas and upper airway obstruction: central apneic 

events are commonly seen in patients with OSA, and 

patients with predominantly central apnea have symp

toms similar to those of patients with predominantly 

obstructive apneas (53-55); various mixtures of ob

structive, mixed, and central apneas may occur in an 

individual patient (although it is rare for central apneas 

to predominate); CSA may be position dependent (54); 

central apneic events may convert to obstructive events 

with oxygen administration (56); and central apneas 

often improve with the use of nasal CPAP (54). 

Although insomnia has been proposed as a charac

teristic symptom of CSA, this association has been de

scribed 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 re

sults of documented assessments of patients with CSA; 

however, no studies met our inclusion criteria that 

identified specific presenting symptoms that would re

liably differentiate patients with CSA from those with 

OSA. Therefore, the indications for PSG, and the gen

eral monitoring techniques required, are essentially the 

same for both conditions, and these disorders are in

cluded in discussions of SAS in subsequent 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 

Sleep, Vol. 20, No.6, 1997 
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426 A. L. CHESSON ET AL. 

(37). Other findings and associated risk factors include 

obesity, EeG changes, and insomnia. We examined the 

literature to determine the degree to which these fea

tures, individually or in combination, indicate a need 

for PSG. Section 4.3.2.2 will review multivariate anal

yses of symptoms and other factors that assess a pa

tient's pretest probability for having SAS. 

4.3.2.1.1 Snoring and observed apneas. A history 

of snoring and observed apneas (Le. breath holding) 

during sleep is strongly associated with a subsequent 

diagnosis of SAS; a standard text lists these symptoms 

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 multifac

torial analysis of symptoms. One very large study, 

which looked at snoring 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 as

sociated with the diagnosis of SAS in men than in 

women. 

4.3.2.1.2 Excessive daytime sleepiness. Sixteen ar

ticles that address various assessments of EDS in pa

tients with EDS symptoms are listed in Table 1. Re

sults of these studies indicate 1) that there is a high 

prevalence of SAS in patients with EDS who are re

ferred to sleep disorders centers (59); 2) that, in gen

eral, EDS (as measured in a variety of ways) correlates 

well with arousals, AHI, AI, and arterial oxygen de

saturations (60-72); and 3) that CPAP therapy im

proves 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% prev

alence among men and a 60% prevalence among wom

en (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 pa

tients 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 measures of EDS; these studies generally revealed 

correlations of test results with the degree of sleep dis

turbance (as measured by PSG) in patients with SAS. 

In four studies, EDS (as measured by MSLT) corre

lated better with arousals than with decreases in oxy

gen saturation (Sa02) (65,67,68,81). In one study (60), 

MSLT correlated better with Sa02 than with arousals, 

and in another study, EDS (as measured by responses 

to an unvalidated questionnaire) correlated better with 

Sleep. Vol. 20. No.6. 1997 

Sa02 than with arousals. In two other studies, the AHI 

(71) and short arousals (70) correlated with EDS (as 

measured by MSLT); Sa02 was not measured in either 

of these studies. Two additional studies (66,73) found 

that EDS (as measured by the MWT) was significantly 

correlated with various respiratory disturbances during 

sleep. Respiratory arousals and decreases in Sa02 cor

related with the degree of sleepiness (66), whereas the 

use of CPAP was associated with a decrease in sleep

iness (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, in

cluding significant correlation with MSLT in several 

circumstances, that patients' responses to this ques

tionnaire 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 sleepiness 

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 val

ue of EDS for a specific level of SAS severity (based 

on Sa02 changes or specific respiratory-event frequen

cy) is variable. 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 positive 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 indication 

for PSG and whether weight fluctuations, either with 

or without changes in other symptoms, should be an 

indication for repeat PSG or CPAP recalibrations. 

These studies suggest that only in combination with 

other symptoms is obesity an indication for PSG. Var

ious authors (80,83,90-95) have tried to correlate the 

pattern of fat distribution with RDI or number of de

saturations. Results of these studies are mixed, but cor

relation with neck circumference appears to be more 

promising than are correlations with other specific lo

cations of obesity (e.g. abdominal girth). Again, how

ever, 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 
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TABLE 1. Evidence for sleep-related breathing disorders and excessive daytime sleepiness 

Study design/ Monitoring 
Reference location # of patients channels Study parameters Bias Diagnostic value of testing procedure 

App et al. 1990 (59) CoSllab 1,000 SS All presented with EDS, AI not Patient-selection Sleepiness in patients referred to sleep 

CR defined as a number but prob- bias, errors in centers is usually due to sleep apnea, 

EMG2 ably an AI 2 5, 84, I % of men measurement of 

Sa02 and 59,6% of women had outcomes, popula- ~ 
MSLT sleep apnea as a final diagno- tion bias \j 

sis, ...... 

Bedard et al. 1991 (60) NCTllab 20 SS AI > 10, EDS, Sa02 < 80%. Patient-selection bias MSLT correlates with minimum Sa02 Q 
CR during sleep. :::J 
EMG2 a 
Sa02 ~ MSLT 

Guilleminault et al. 1993 NCTllab 48 SS UARS patients, arousal index> Patient-selection MSLT increased from 5.3 :!: 1.5 to ~ 

(45) (l5OSA) CR 10, MSLT < 10 bias, population 13.5 :!: 2.1 with CPAP. ~ 
MSLT bias 

"tl 
Johns 1991 (61) CCS, CoS/ 180 completed SS RDI > 5, mild OSA 5 oS 15, Patient-selection Patients with all levels of RDI had sig-

~ lab questionnaire CR moderate 15 oS 30, severe > bias, population nificant sleepiness compared to con-
150 patients, 30 EMG2 30. ESS used to measure bias trois and primary snorers. Patients ~ 

controls Sa02 sleepiness. with severe OSA were significantly a 
Sound sleepier than those with mild or 

~ Body position moderate OSA. Those with mild and 
moderate OSA were not significantly a 
different from each other. 

~ Johns 1992 (62) NCTllab 308 SS ESS is measured in patients with Patient-selection High level of reliability of ESS, high 
CR RDI 24 (average 27.1) for bias, confounding level of consistency over 5 months. 

~ EMG2 CPAP titration (n = 54), med- factors, population ESS measures reduction in sleepi-

Sa02 ical students (n = 104 with 87 bias ness with CPAP therapy. ""<: 
~ Sound follow-up), and 150 with vari-
§ Body position ous sleep disorders from Johns 

1991. 
~ 

Johns 1993 (63) NCT, CoS/ 273 SS RDI 2 5, stratified into mild Population bias Patients with all levels of RDI were 

~ lab 108 snorers, 165 CR (RDI 5 oS 24.9), moderate sleepy. Snorers were sleepy despite 
OSA EMG2 (RDI 25 oS 49.9), and severe an RDI < 5. ESS level was less in 

t;j Sa02 (RDI ;0, 50). Primary snorers snorers and consistent with level of 
Sound and nonsnoring controls. severity of sleep apnea. \j 

Video ;g 
Body position 

Johns 1994 (64) NCTllab 381 SS RDI ;0, 5; 44 with MSLT had di- Errors in measure- ESS provides a subjective measure of a 
331 patients with CR agnoses of: 8, OSA; 4, PLMD; ment of outcomes, sleepiness that is consistent with an Q 

50 spouses EMG2 10, narcolepsy; 12, idiopathic population bias independent observer (i.e. the \j 
Sa02 hypersomnia; 9, psychophysio- spouse) and an independent objec-

~ 
~ 

Sound logic hypersomnia; I, head tive measure (i.e. MSLT). 

~ ~ 
Body position trauma. MSLT and ESS signif-
MSLT in 44 icantly correlated, explaining 

~ 40% of variance in MSLT. 

N Phillips et al. 1990 (65) Blinded 8 SS AHI 2 5, AHI of 21 at baseline, Random error, popu- Oxygen therapy had no effect on sleep 
5=> 

CR MSLT averages> 10 minutes lation bias latency. The use of CPAP signifi-

~ 
crossover 
RCTllab Sa02 at baseline cantly increased latency. 

?- Poceta et al. 1992 (66) CSS/lab 322 SS RDI Population bias MWT correlates with various measures 
'- CR Sa02 of sleep disturbance from OSA and +>-
~ N 
'-J MWT shows improvement with CPAP. --..) 
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Reference 

Roehrs et al. 1989 (67) 

Sangal et al. 1992 (73) 

Sforza and Lugaresi 1995 
(68) 

Sink et al. 1986 (69) 

Stepanski et al. 1984 (70) 

Valencia-Flores et al. 
1993 (71) 

Zorick et al. 1983 (72) 

Study design! 
location # of patients 

NCTllab 

NCTllab 

NCTllab 

CoS, CCS/ 

lab 

CCS/lab 

CoS/lab 

NCT, CoS/ 
lab 

466 

47 

30 

37 

55 

31 

31 

TABLE 1. Continued 

Monitoring 
channels 

SS 
CR 
Sa02 

MSLT 
SS 
CR 
MSLT 
MWT 
SS 
AF 
RE 
Sa02 

Esophageal bal-
loon 

MSLT 
SS 
EMG2 

CR 
Sa02 

SS 
EMG2 

CR 
Sa02 

MSLT 
SS 
EMG2 

CR 
MSLT 

SS 
AF 
RE 
Sa02 

MSLT 

Study parameters 

AI > 5, AI mean 42, MSLT of 
5.87 minutes 

MWT measure before and after 
treatment in a variety of sleep 

disorders. 

Severe OSA with range of AHI 
of 35.2 to 108.6. Four studies 
with baseline and CPAP and 
with CPAP and off CPAP after 
I year. 

AHI > 10, sleepiness based on 
questionnaire and only those 
with high levels of sleepiness 
were considered positive. 

AI > 5, groups included OS A, 
PLMs, normals, and insomnia 
patients; OSA patients had 
equivalent of 4-minute sleep 
latency on average. 

Women over age 60 unselected 
for sleepiness or likely apnea. 
After PSG and MSLT study, 
groups included AHI :5 5, 

AHI 5-20, AHI > 20, and a 
sleepy group with a low AHI 
(on average of 5.5). 

AI rather than AHI used-AI > 
5. PSG and MSLT performed 
before and after UPPP. Num
ber of arousals and AI nega
tively correlated with MSLT. 
Responders had reduced AT to 
11.7 from 64.4, and sleep la
tency went from 3.4 minutes 
to 9.6 minutes. 

Bias 

Population bias 

Population bias, con
founding factors 

Patient-selection 
bias, population 
bias 

Errors in measure
ment of outcomes, 
population bias 

Population bias 

Random error, popu
lation bias 

Population bias 

Diagnostic value of testing procedure 

Respiratory arousals correlate best with 
MSLT. Sa02 events correlate but 
provide no independent predictive 
information. 

MWT measures improvement with 
CPAP treatment (from 23.4 ± 14 to 
30.0 ± 12). 

MSLT improvement was correlated 
with fewer arousals during sleep 
with CPAP at I-year follow-up. 

Sa02 is best associated with high levels 
of sleepiness in patients with sleep 
apnea. 

Increasing number of short arousals is 
related to increasing sleepiness on 
the MSLT in OSA patients. Normals 
did not have a relationship between 
sleepiness and arousals. 

Elderly women with sleepiness and ap
nea during sleep are more likely to 
have an AHI > 20. However, low 
levels of apnea may also be associat

ed with sleepiness in some patients. 

Measures of sleep fragmentation are 
best predictors of MSLT. MSLT not 
fully normal in responders. 

CoS, cohort study; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG, (chin electromyogram); CR, cardiorespiratory monitoring includes AF 
(airflow), RE (respiratory effort), and heart rate or ECG (electrocardiogram); EMG" anterior tibialis electromyogram; Sa02, arterial oxygen saturation; MSLT, multiple sleep latency test; 
EDS, excessive daytime sleepiness; AI, apnea index; NCT, nonrandomized controlled trial; OS A, obstructive sleep apnea; UARS, upper airway resistance syndrome; CPAP, continuous 
positive airway pressure; CCS, case control study; RDI, respiratory disturbance index; ESS, Epworth sleepiness scale; PLMD, periodic limb movement disorder; RCT, randomized 
controlled trial; AHI, apnea-hypopnea index; CSS, cross-sectional study; MWT, maintenance of wakefulness test; PSG, polysomnography. 
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Table 2. Evidence for predictive questionnaires 

Study design/ Monitoring 

Reference location # of patients channels Study parameters Bias Diagnostic value of testing procedure 

Crocker et al. 1990 (78) CoS/lab 214 SS AHI > 15 for OSA. Developed Population bias Equation may be used to stratify pa-
AF probability equation using ob- tients to a high probability group for 

RE served apnea, BMI, age, hy- AHI> 15. 

Sa02 pertension. Self-administered. If probability is 15% or less, sensitivity ~ 
is 92%, specificity is 51 %. If proba- ti 
bility at least 70%, sensitivity is ..... 
46%, specificity near 100%. Q 

Dealberto et al. 1994 (75) CoS/lab 129 SS AHI 2" 10 for OSA. Age, sex, Population bias Problematic to exclude because of is- ::l 
CR BMI, and snoring used for sue of UARS. a 
SaO, probability. Self-administered. If probability 25% or less, sensitivity is t3 tcPO, 94% and specificity is 62%. 
tcPCO, ~ 

Deegan and McNicholas Blinded 250 SS AHI 2" 15. Observed apneas, use Errors of ascertain- High probability may be used to strati- ~ 
1996 (76) CoS/lab CR of alcohol, BMI 2" 30, and ment of exposure fy to AHI 2" 15. 

'"tl 
Sa02 age used in probability equa- to an intervention, If probability 26% or less, sensitivity a 

tion. Self-administered. population bias for AHI 2" 15 is 100%, specificity t-< 
16%. If probability at least 70%, ~ 
sensitivity is 36%, specificity 90%. a 

Douglass et al. 1994 Preliminary 519 SS AI > 5 probably used for OSA. Patient-selection bias May be useful to stratify to high prob-

~ (112) NCT/ EMG2 Questionnaire for OSA, narco- ability group for AI > 5. Use for ex-
home CR lepsy, PLMD, and psychiatric clusion of patients is problematic be- a 

Sa02 disorders. Twelve items for cause of UARS issue. 

~ OSA used in score. Score> Sensitivity of score for men is about 

36 in men and 32 in women 85%, with a specificity of about 
~ used as cutoff. Administered 93%. For women, it is about 80% 

by staff. and greater than 95%, respectively. ~ 

~ Flemons et al. 1994 (80) CoS 200 SS AHI > 10 for OSA. Used habit- Errors of ascertain- Low posttest probability made prob-

~ Blindllab (180 completed CR ual snoring, neck circumfer- ment of exposure lematic by issue of UARS. High 
PSG) Sa02 ence, reports of choking or to an intervention, posttest probability is lower for AHI 

~ 
gasping during sleep, and hy- population bias > 20 than for > 10, making use for 

~ pertension to develop score. stratification problematic. 

Probably administered by staff. If score :s 5, this substantially decreas-
t;1 es the probability of AHI of 10 or 

20. If score is 2" 15, this substantial- ti 
Iy increases the probability of AHI 

~ of 10 or 20. 

Haraldsson et al. 1992 CoS/lab 42 SS AI > 5 for OSA. Used responses Population bias Low specificity makes use for stratifi- a 
(113) AF to snoring, observed apnea, cation problematic. Use to exclude Q 

RE mid-sleep awakenings, difficul- patients made problematic by issue ti 
Sa02 ty falling asleep initially or af- of UARS. §3 

12 ter awakening, and EDS to If questionnaire positive, sensitivity 

eJ ~ 
determine a high likelihood of and specificity for AI > 5 were 80% 

~ 
sleep apnea. Not clear who ad- and 78%, for AI> 10 were 91% 

,.... ministered. and 74%. 

'" Rauscher et al. 1993 (77) CoSllab 338 SS AHI 2" 10 for OSA. Equation Population bias May be used to stratify to high probabili-
,0 

CR used gender, weight, falling ty group for having AHI 2" 10. 

~ SaO, asleep while reading, observed For probability of 31 % or less, sensitivity 

'" apnea. Self-administered. and specificity were 94% and 49%. 
"- For probability of at least 70%, re- ~ 
\0 tv 
\0 spective values were 38% and 87%. \0 
" 
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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 under

went gastric bypass operations to achieve weight re

duction 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 follow-up of 43 

weeks, 47 patients were found to have a mean reduc

tion 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 ap

neas. However, stepwise multiple regression analysis 

revealed that only 19% of the variance in postoperative 

AI was accounted for by percentage of body weight 

lost, preoperative AI, and time interval between the 

operation and the postoperative PSG. Of the six fol

lowed 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 ap

nea without concomitant weight increase 7.5 years af

ter they had undergone gastric bypass operations and 

vertical-banded gastroplasty. 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 predictor 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 variability 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 available 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 al

together) 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 con

trol, cohort, or nonrandomized controlled trials. In five 

reports covering thousands of patients, the prevalence 

of SAS in patients referred to various sleep disorders 

centers for assessment of insomnia ranged from 0% to 

7% (100-102,104,105). Another study found no dif-
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ference in AHI levels between controls and patients 

with insomnia (103). These studies indicate that in

somnia is not a frequent presenting symptom of SAS. 

Some evidence indicates that women with SAS 

complain more of insomnia than do men, but this ev

idence is insufficient to lead to firm conclusions. In 

one study (100), 14 of 16 patients with SAS and in

somnia were women. An additional case series report 

(106) showed that insomnia usually coexists with oth

er, more typical symptoms of SAS (such as snoring 

and EDS); therefore, the diagnostic work-up for wom

en 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 stud

ies have documented that these changes include pre

mature 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, how

ever, 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 

presence of ECG changes as a general indication for 

PSG. However, if arrhythmias are present and are sec

ondary to sleep apriea, they will usually resolve with 

treatment such as CPAP and tracheostomy (107,110). 

'\) At least one study suggests that tracheostomy should 

, be considered as primary therapy for patients with po

tentially life-threatening arrhythmias caused by SAS 

(107), but this study was undertaken before the advent 

of CPAP. 

If 4.3.2.2 Estimating pretest probability 

!I,' 

'. 

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 deter

mined 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 administered prospec

tively. One study developed a probability formula 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 defi-

nitions of significant sleep apnea, requiring a minimum 

AHI of somewhere between 10 and 20. Some studies 

analyzed sleep apnea at more than one AHI. 

Taken together, these studies came to two conclu

sions 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 re

duces the likelihood that a patient has SAS to between 

0% and 17%. Ten percent to 33% of patients currently 

referred to sleep disorders centers would be classified 

as low probability. The possibility that such low prob

ability patients had UARS was not addressed in these 

studies. Another study (79) compared the pretest pre

dictive capabilities of an expert physician to that of a 

questionnaire and found that the questionnaire was su

perior. 

These same studies also suggest that patients as

signed to a high pretest probability group (compared 

to patients assigned to a low pretest probability group) 

are more likely 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 prob

ability 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 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 (deter

mined 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 proba

bility 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 period (i.e. performed in 

the daytime). Patients had all been referred to sleep 

disorders centers with symptoms of SAS. One nonran

domized controlled study compared 90 or more min

utes of daytime PSG, obtained after 24 hours of sleep 

deprivation, to nocturnal PSG. The AI for each was 

calculated (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 concluded that a patient with a neg

ative 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 con

clusions in this study. 

Sleep, Vol. 20, No.6, 1997 
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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 neg

ative predictive value of 95%. A positive study needed 

to be repeated because of the high ratio of false pos

itives 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 during the day and was excluded 

from the analysis. This randomized, controlled trial in

cluded 25 patients with SAS. The sensitivity was 88%, 

and the specificity was 100%. Apneas and hypopneas 

were highly correlated between the day and night stud

ies; sleep architecture was not well correlated between 

the day and night studies. The three patients whose 

apnea was missed by daytime PSG had mild sleep ap

nea, 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 re

peated. 

4.3.2.3.2 Number of nights required to diagnose 

SAS. Of 11 studies reviewed, seven were nonrandom

ized controlled 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 efficiency, 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 pa

tients with minimal apnea showed no difference in di

agnostic outcome between PSG recordings obtained on 

the first and second nights (41). In a study of middle

aged patients suspected of having a sleep disorder (75), 

Sleep, Vol. 20, No.6, 1997 

no systematic difference was found between nights; 

the diagnosis would have changed for eight of 68 pa

tients (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 reclassified 

(using a cutoff of an AHI of at least 5) on the basis 

of the second night, again without a predictable direc

tion 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 ambulatory blood pressure recording 

study revealed no differences 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 sub

sequently scored the resultant polysomnograms for a 

portion of the night and for the whole night (Table 3). 

Scharf et a1. (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 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 consec

utive 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 pos

itive partial-night study is truly positive and that a neg

ative 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 number 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 respi

ratory disturbance index (RDI)] of more than 20 were 

studied. The authors required that baseline PSG in the 
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TABLE 3. Evidence for split-night studies of diagnosis and CPAP titration 

Study design! Monitoring 
Reference location # of patients channels Study parameters Bias Diagnostic value of testing procedure 

Charbonneau et al. 1994 NCT!lab 66 SS Only patients with an AHI ~ 40. Population bias First quarter of night generally repre-

(126) CR Divided night into quarters sentative of AHI of whole night ex-
~ Sa02 that averaged 100 minutes. cept when AHI is at least 85. At that 

level, AHI increases over the course S2 
of the night. ~ Iber et al. 1991 (127) NCTllab 412 SS Patients with AI ~ 20 proceed to Confounding factors, Diagnosis and CPAP titration can be 

~ CR CPAP titration at 2.5-cm in- population bias carried out in one night in most pa-
0 Sa02 crements. 78% successful, tients with an AI ~ 20. There are 

~ 10% had inadequate sleep, potential cost savings compared to 
12% did not tolerate CPAP on one night of diagnosis and one night 'l'j 
first night. All unsuccessfully of titration. 

~ titrated were repeated as many 
times as necessary, usually 1:l 
one more night. 0 

t'-< 
Sanders et al. 1991 (125) NCTllab 50 SS AHI ~ 5 or ~ 10. Compared Population bias If positive for AHI ~ 5 in about 3 

~ CR first half to whole night. Half hours of recording, then high proba-
0 Sa02 sleep period time was 168 bility of same or higher for full 

~ Body position minutes. night. If negative, then full night 

will lead to some becoming positive. 0 
At an AHI ~ 5, sensitivity and spec-

~ ificity of half sleep time for whole 
night was 93% and 100%; at AI ~ 

~ 10, respective values were 86% and 
95%. There were at most three false ~ 

positives at AHI and AI ~ 5 and 10. ~ 
Sanders et al. 1993 (129) NCTllab 50 SS AHI average of 77. Diagnostic Patient-selection Suggests that partial night titrations are ~ CR period of 120 minutes and bias, errors in accurate in about half of patients who 

Sa02 CPAP titration time of 132 measurement of stay with the same interface and :::tl 
minutes on first night. Pressure outcomes popula- CPAP. Full night needed to determine 

~ increased or decreased in tion bias level of CPAp, interface, or BiPAP" 
2.5-cm changes. Followed by in a number of patients. Thirty-one t;j 
a second full night for titra- patients had CPAP and same inter- tl 
tion. face on both nights. Sixteen had no 

~ difference, I had a decrease of 2.5 
cm, II had an increase of 2.5 cm, 0 
and 3 had an increment of 5 cm. Q 
Nineteen patients changed interface, 

tl mode (CPAP or BiPAP"), or both. 

~ Scharf et al. 1990 (124) NCTllab 40 SS AHI ~ 10, hypertension a re- Population bias If AHI ~ lOin the first 90 minutes, 

~ CR quirement for entry into study. then indicative of AHI ~ 10 for the ~ ~ Sa02 whole night. Sensitivity of first 90 

~ minutes for AHI ~ 10 for whole 
:- night is 42% with a specificity of 
N 
s:> 100%. 
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first part of the night, including both non-REM 

(NREM) and REM sleep, be recorded before institut

ing CPAP titration and that CPAP titration include 

time with the patient in REM sleep in the supine po

sition. The authors' criterion for success was a reduc

tion 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 addi

tional 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 H20 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 H20 greater require

ment on the full night, and five patients required at 

least an additional 3.0 cm H20 on the full night. In the 

69 patients with an AHI of less than 20, final pressures 

were significantly higher by 1.5 cm H20 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 consistency of final pressure levels. 

Eight patients were switched to BiPAP© and were ex

cluded from the analysis of pressure differences. 

I~ a third study of 50 patients with an average AHI 

of 77 (129), CPAP was titrated after an average of 2 

hours of diagnostic PSG. Total CPAP titration time at 

the final combination 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, technicians also made 

changes in the nasal interface and in CPAP versus 

BiPAP. The short lengths of the diagnostic and titration 

periods also may have influenced the pressure level 

obtained on the first night. In addition, pressure was 

changed in increments of 2.5 cm H20, causing diffi

culties 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 
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TABLE 4. Evidence for oximetry 

Study design/ Monitoring 
Reference location # of patients channels Study parameters Bias Diagnostic value of testing procedure 

Cooper et al. 1991 (2) NCT 41 SS AHI 2: 5, two nights in labora- Errors in measure- Value difficult to assess partly because 
blind/lab AF tory, pattern of repetitive 5% ment of outcomes, of un interpretable records. 

RE desaturations to diagnose population bias Sensitivity of 60% and specificity of 
Sa02 OSA. 95% for AHI 2: 5, sensitivity of ~ 

100% and specificity of 80% for tj 
AHI 2: 25, sensitivity of 75% and ..... 
specificity of 86% for AHI 2: 15. Q 

Gyulay et al. 1993 (3) NCT/lab, 98 SS AHI 2: IS, PSG in lab, oximetry Population bias Because of high specificity of 4% de- ::J 
home CR for Sa02 in home. saturations, this may allow strati fica- a 

Sa02 tion to high probability group. Use ~ of saturation time problematic be-

cause of issue of UARS. 4% des a- ~ 

turations at least 15 per hour give ~ 
sensitivity of 40% and specificity of 

"t) 
98% for AHI 2: 15. If more than 1% 

~ of time below 90% saturation used, 
sensitivity is 93% and specificity is ~ 
51%. a 

Levy et al. 1996 (4) CoS/lab 301 SS RDI 2: IS, 12-second intervals Population bias The higher index could be used to 

~ CR of change in Sa02 called a stratify patients with high probability 
Sa02 delta index. of OSA. The lower index used to a 

exclude patients is problematic be-

~ cause of issue of UARS. At delta in-
dex of 0.6, sensitivity of 98%, speci-

~ ficity of 46%. At delta index of 1.8, 
there is 46% sensitivity and 100% >-.::: 

specificity. 

~ Rauscher et al. 1991 (5) CCS, com- 53 SS AHI > 100 per night, compared Population bias Limited because no attempt to deter-
puter CR 3% desaturations to 4% desa- mine sensitivity and specificity for 

:::tl 
blinded/ Sa02 turations in habitual snorers diagnosis of sleep apnea. 

~ lab and patients with sleep apnea. 
Ryan et al. 1995 (6) NCTIPSG, 100 SS Inclusion criteria: AHI 2: IS on Population bias High specificity could be used to strati-

t;i lab; oxi- CR PSG, 4% desaturations at least fy positives to high probability 
metry, Sa02 15 per hour on oximetry, group. Sensitivity of 31 %, specificity tj 

home Body position awake saturation greater than of 100%. ;:g 
by video 90%. 

Series et al. 1993 (7) CoS/oxime- 240 SS AHI 2: 10, pattern recognition of Population bias Issue of UARS makes use problematic a 
try, AF repetitive cyclical desatura- to exclude patients. R 
home; RE tions, 8% needed repeat test- tj 
PSG, lab Sa02 ing. At AHI 2: 10, 98% sensi- §3 

~ 
Esophageal bal- tivity, 48% specificity. At AHI 

~ {; loon 2: 20, sensitivity of 100%, 

~ 
specificity of 39%. 

,.... Williams et al. 1991 (8) NCT/lab 40 SS AHI 2: 10. On oximetry, cyclical Population bias Might be used to stratify to high prob-
N AF desaturations of at least 4%, ability group, but use is problematic 
,0 

RE each to a level of at least 90% because of indeterminate and failed 

~ Sa02 saturation. 10% failure rate recordings. Sensitivity of 58%, spec-
,0, plus 7.5% more indeterminate. ificity 93%. 
.... .J:>. 
'0 VJ '0 
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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 centers (Table 4). Most of the 

studies took place on two separate 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 pat

tern that was consistent with sleep apnea (7). The other 

authors analyzed data as a specific quantitative mea

sure, 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 reasons. Four quantitative studies had sensi

tivities 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 number of desatur

ations per hour divided by total recording time. When 

UARS patients were included, the overall sensitivity 

fell to 90%, and among UARS-only patients, the sen

sitivity was 69% (9). Failure rates, which were re

ported 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 the specificity was 80%. At an AHI of 

more than 5, sensitivity and specificity were 60% and 
95%, respectively. 

Another study, which was computer scored, looked 

at a delta index of absolute 12-second changes in Sa02 

divided by the number of 12-second intervals (4). At 

a delta index of 0.6, sensitivity was 98% and specific

ity was 46%; at 1.8, respective values were 46% and 
100%. 

Those studies that show that oximetry has a high 

sensitivity 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 substantial number of patients with UARS 

(9). The studies also suggest that another group of pa

tients can be classified as having a high probability of 

having SAS by using the same oximetry data but an

alyzing it with different criteria. That is, stratification 

to a high probability group for SAS can be achieved. 

The specificity of this approach is only marginally bet

ter, however, than the use of predictive questionnaires, 

and there is about a 10% failure rate requiring retest

ing. No studies of CPAP titration that use oximetry 

alone have been published. 
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TABLE 5. Evidence for limited study-full respiratory 

Study design! Monitoring 
Reference location # of patients channels Study parameters Bias Diagnostic value of testing procedure 

Douglas et aL 1992 Simultaneous, 200 SS AHI 2: 15, attended in labora- Population bias Sleep staging adds little to determining 
(10) blinded EMG2 tory. Sleep time was time in AHI and diagnosing sleep apnea on 

NCTllab AF bed. that basis. UARS not addressed. 
RE ~ 
Sa02 tl 

Emsellem et aL 1990 Simultaneous 67 SS AHI 2: 5. Desaturation not re- Population bias Attended portable respiratory monitor- ..... 
(II) NCT/lab EMG2 quired on portable system for ing is similar to PSG for diagnosis ~ 

CR an apnea or hypopnea. Sleep of sleep apnea. UARS not addressed. :::l 
Sa02 time was quiet recording time. Sensitivity 93%, specificity 96%. No a 
Four-channel difference in total number of events ~ portable sys- between PSG and portable. All mis-

tern used CR, classifications were at low AHI lev- '"rj 

Sa02 els. ~ 
Gyulay 1987 (17) Simultaneous, 14 SS RDI 2: 5, CPAP applied after 3.6 Patient-selection Not adequate for diagnosis of central 

"'tI 
blinded CR hours in II patients. Records bias, population apneas; diagnostic accuracy for re- O 
NCT/lab Sa02 hand-scored, two records tech- bias spiratory events has poor sensitivity t-< 

Portable used nically lost, apneas and hypo- and specificity not well assessed. ~ 
RE, ECG, pneas on portable and PSG Use of CPAP may have influenced a 
Sa02, actigra- were IS seconds. r for RDI results. Relevance to UARS uncer-

~ phy, tidal vol- was 0.7. tain. Sensitivity for detection of re-
ume, and in- spiratory events was 59%. Sensitivi- a 
ductance ty for diagnosis of RDI 2: 5 was 

~ plethysmogra- 100%. Specificity was 0% (0 of 2). 
phy 

~ Man 1995 (12) Simultaneous, 104 SS Sleep time on portable not de- Intensity bias Stratification to high probability led to 
blinded EMG2 fined. AHI 2: 5 or 2: IS. Strat- selection of patients with AHI aver- -.:: 
NCTllab CR ified by questionnaire and age of 42. Overall diagnostic ability 

~ Sa02 BMI into high, medium, and is excellent, especially at higher 
Portable system low probability. AHIs. UARS not addressed. Sensi-

~ 
used CR, tivity of portable system was 83%, 

~ SaOZ, and specificity of 86% at AHI 2: 5; at 
body position AHI 2: 15, values are 91 % and 95% 

t;j respectively. r values were excellent 
for AI and AHI. tl 

Montserrat 1995 (13) RCT/lab 41 SS Previously diagnosed sleep apnea Population bias CPAP pressures same with PSG and 
~ AF with average AHI of 53. portable system. One patient had a 

RE CPAP applied after I hour. At 5-cm increase on portable system. a 
Sa02 least one prolonged period of UARS not addressed. Q 
Portable system sleep supine. Each patient \j 

used AF, RE, spent one night on PSG and 
~ 

~ and Sa02 one night on portable system 

'" in randomized fashion. ~ ~ 

~ 
Orr 1994 (14) NCT/lab 40 SS RDI 2: 15. Simultaneous moni- Population bias Attended portable system with measure 

EMG2 toring. of sleep comparable to PSG for di-
N AF agnosis of RDI 2: 15. UARS not ad-
_c 

RE dressed. 
:<: 
::> Sa02 RDI 2: IS, sensitivity and specificity of 

50' Portable system portable system is 100% and 93.3%. 
..... used EEG, r values higher than 0.9 for RDI .j::.. 
'0 Vol 
'0 EOG, EMG2, with portable system. ....J 
" 
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Reference 

Redline et al. 

1991 (15) 

White et al. 
1995 (16) 

Study design! 
location 

Simultaneous 
NCTllab, 

home 

Simultaneous 
NCT in lab 

for portable 
system in 

phase I, par
tial RCT for 

lab-to-home 
for phase 2 

# of patients 

51 

30 in phase 1, 70 

in phase 2 

Monitoring 

channels 

RE, Sa02, wrist 
actigraphy, 

and tracheal 
noise 

SS 
AF 

RE 
Sa02 

Portable system 

used CR and 

Sa02 • Same 
system as 
used by Em

sellem. 
SS 
EMG2 

CR 

Sa02 

Body position 
by video 

Portable system 
used eye sen
sor, body po

sition and 
movement, 

leg move

ment, Sa02, 

CR 

TABLE 5. Continued 

Study parameters 

RDI 2< 10. r values for simulta

neous in-laboratory portable in 

20 studies combined with lab
oratory-to-home in 5 was 0.96 
for RDI; sensitivity and speci

ficity for RDI 2< 10 was 96% 

and 100%. r for night-to-night 
in home was 0.94 with reclas

sification of one subject at an 
RDI 2< 10. 

Sleep staging done by eye and 
movement sensors on portable 

system. 

Bias 

Confounding factors, 
population bias 

Confounding factors, 
population bias 

Diagnostic value of testing procedure 

Attended in-laboratory portable study 

comparable to PSG for RDI 2< 10. 

Unattended home studies have a 
high degree of reproducibility for 

RDI. No independent comparison of 
unattended portable in-home to at

tended PSG in-lab. UARS not ad

dressed. 

Attended in-laboratory system not fully 
comparable to PSG, possibly be

cause of different analysis techniques 
and overestimate of sleep time on 
portable system. Unattended in-home 
system provides different results 

compared to attended in-laboratory, 
possibly because of different analysis 
techniques, more supine sleep at 

home, and overestimate of sleep 
time by portable system. Relevance 

to UARS not certain. Phase I in 
lab-AHI 2< 10. Sensitivity and 

specificity for AHI 2< 10 were 100% 

and 64%, AHI 2< 20 were 77% and 
88%, respectively. AHI and satura

tion r value> 0.94. Phase 2 lab-to
home-AHI 2< 10 with two failures 

and modem monitored by technician 
at remote location. AHI slightly but 

significantly higher on portable sys
tem at home. Sensitivity and speci
ficity for AHI 2< 10 were 90% and 
86%; for AHI 2< 20 were 70% and 
83%, respectively. AHI r at 0.92, 
saturation minimum at 0.78 and 
mean saturation at 0.93. 

NCT, nonrandomized controlled trial; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG 1 (chin electromyogram); EMG2, anterior tibialis 
electromyogram; CR, cardiorespiratory monitoring includes airflow (AF), respiratory effort (RE), and heart rate or ECG (electrocardiogram); Sa02, arterial oxygen saturation; AHI, apnea
hypopnea index; UARS, upperairway resistance syndrome; PSG, polysomnography; RDI, respiratory disturbance index; CPAP, continuous positive airway pressure; BMI, body mass 

index; AI, apnea index; RCT, randomized controlled trial. 
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TABLE 6. Evidence for limited study (less-than-full respiratory) 

Study design/ Monitoring 

Reference location # of patients channels Study parameters Bias Diagnostic value of testing procedure 

Ajilore et al. 1995 NCT/lab-home 10 SS No respiratory monitoring. Patient-selection bias In normals, sleep staging comparable in 
(18) Portable system lab but not in home to PSG. In-lab 

with eye sen- comparison not significantly different. 
sor, body sen- Lab-to-home comparison had signifi- ~ 
sor, and move- cant REM differences with shorter 

~ ment detector REM latency, longer REM time, and 
shorter REM cycle in the home. Q 

Ancoli-Israel et al. Simultaneous 36 SS Sleep apnea at least 30 apneas Confounding factors, Attended portable comparable to PSG ::j 
1981 (19) NCTllab, CR per night. Thirty-six had PSG errors in measure- for 30 apneas per night. However, a 

RCT/home EMG2 and simultaneous portable in ment of outcomes correlation is relatively poor for apne-
~ SaO, lab, 36 had portable in home. as between portable and PSG. Porta-

Portable system There were eight lab portable ble reproducibility from night to night "lj 

used thorax failures and nine in-home por- is excellent. Relevance to UARS un- ~ 
and abdomen table failures. certain. r for lab portable to PSG was 

~ RE, leg, and 0.68 for apnea. r for home portable to a wrist actigra- lab portable was 0.94. Sensitivity and t-< 
phy specificity for 30 apneas per night ~ 

were 100% and 95% on lab portable a 
and 78% and 86% on home portable 

~ compared to PSG. 
Hida et al. 1993 (20) CoS/lab 520 Not well de- Al > 5, no correlations given for Population bias Uncertain, but specificities at higher AI a 

scribed. Porta- respiratory events between sys- are low and failure rate not given. 

~ ble system terns. Sensiti vity varied between 91 % and 
used tracheal 94% and specificity between 68% 

~ sounds, AF, and 88% for varying AI from 5 to 
ECG 20 for 170 patients. r for portable in- '"-.:: 

home on two nights was 0.81 in 182 

~ patients. 
Issa et al. 1993 (21) Simultaneous 129 SS Portable used snoring to deter- Population bias High specificity may be useful in strati-

NCTllab CR mine which 3% desaturations fying patients to high probability ~ 

SaO, were respiratory. RDI 2: 7. group possible. No full explanation ~ Portable system for difference between portable sys-

used tracheal tern and oximetry. Relevance to t;J 
sounds, oxi- UARS uncertain. Sensitivity and \j 
metry, and specificity at RDI 2: 7 were 89% and ;g computer 95%, at 2: 10 were 84% and 97%, at 

scoring 2: 15 were 87% and 96%, at 2: 20 a 
were 90% and 98%. r between porta- R ble and PSG RDI was 0.94. Oxime- \j 
try had a much lower sensitivity and 

~ VJ 
specificity. 

" Stoohs and Guillemin- Simultaneous 56 SS RDI 2: 10. Population bias Highly sensitive and specific but is es- ~ -;; ault 1992 (22) NCT/lab CR senti ally performing as an oximeter 

c:: EMG, -' with better results than other studies. 
:-- SaO, Only oximetry had reasonable sensi-

'" s::> Portable system tivity and specificity of 92% and 

~ 
used heart 97%. Three percent desaturations per 

S>-
rate, breathing hour of sleep vs. RDI was r of 0.8'. 

-- sounds, SaO,. .j::. 
\Q and body po- w 
\Q 

\0 
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Reference 

Svanborg et al. 1990 
(23) 

Van Surell et al. 1995 
(24) 

White et al. 1994 (25) 

Study design! 

location 

Simultaneous 

NCTllab 

Simultaneous 
blinded 

NCTllab 

Simultaneous 

blinded 

NCT/lab 

# of patients 

94 

50 

37 

TABLE 6. Continued 

Monitoring 
channels 

SS 
CR 

Sa02 

Portable system 
used oximetry 
and static-

charge sensi
tive bed for 

movements 

SS 
CR 

Diaphragmatic 
EMG 

SaOz 
Portable system 

used tracheal 
sounds, body 

position, 

Sa02, and 
computer 
scoring 

SS 
AF 

RE 
SaOz 
Portable system 

used Sa02 and 
snoring 

Study parameters Bias 

AI 2: 5, diamond-shaped move- Population bias 
ments for respiratory move-
ment. No diamond-shaped 

movements in controls. Use of 

combination of movements 
and desaturations to define 
sleep apnea. 

Used AHI 2: 5, 2: 10, 2: 15, and Population bias 
2: 20. RDI from ambulatory 

compared to PSG. 

AHI 2: 10, oximetry scored by 
pattern, many equivocal rec

ords on oximetry alone. Addi
tion of snoring decreased num
ber of equivocal records. 

Population bias 

Diagnostic value of testing procedure 

Uncertain, but specificity of 86% at AI 

> 20 may allow for stratification to 
high probability group. Relevance to 
UARS uncertain. Se:nsitivity and 

specificity dependant on criteria 
used; for AI 2: 5 were 67% and 
100%; for AI > 20 were 94% and 

86%. Use of different criteria for 
this AI gave sensitivity and specifici
ty of 100% and 67%. r value of 

0.64 for AI and oxygen desatura

tions. 
May be useful for stratifying to high 

probability group for sleep apnea. 

Sensitivities too low for general di
agnostic purposes. Relevance to 
UARS uncertain. Using a threshold 

of RDI 2: 5 for portable system, sen

sitivity and specificity at AHI of 5, 
10, 15, and 20 generally less than 
75% except for a specificity of 88% 

at AHI of 5 and a sensitivity of 83% 
at an AHI of 20. Using a threshold 
of portable RDI 2: 15, sensitivities 

were 41 % or less and specificities 

were 94% to 100% for AHI of at 

least 10, 15, or 20. r value for apne
as between portable device and PSG 

was 0.68. 
Lack of standardization makes useful

ness uncertain. Relevance to UARS 

uncertain. Sensitivity and specificity 
of oximetry were 30% and 100% at 
AHI2: 10,71% and 94% at AHI 2: 

15, and 100% and 94% at AHI 2: 
20. With snoring added, sensitivity 
at AHI at 10 and 15 increased, but 
specificity decreased at 15 and 20. 

NCT, nonrandomized controlled trial; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG, (chin electromyogram); PSG, polysomnography; 
REM, rapid eye movement; RCT, randomized controlled trial; CR, cardiorespiratory monitoring includes airflow (AF), respiratory effort (RE), and heart rate or ECG (electrocardiogram); 
EMGz, anterior tibialis electromyogram; Sa02, arterial oxygen saturation; UARS, upperairway resistance syndrome; CoS, cohort study; AHI, apnea-hypopnea index; AI, apnea index. 
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INDICATIONS FOR POLYSOMNOGRAPHY AND RELATED PROCEDURES 441 

4.3.2.3.5 Limited studies. Limited studies to diag

nose 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 ad

dresses UARS. 

4.3.2.3.5.1 Full respiratory recording. Eight studies 

(10-17) assessed the capabilities of at least full respi

ratory recording, which includes airflow (or tidal vol

ume by inductance plethysmography) (17) or tracheal 

sounds (14); respiratory effort; arterial oxygen satu

ration; and, usually, heart rate. Six studies used manual 

scoring (10-13,15,17); one used computer scoring 

(14); and one used computer 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 fash

ion (11,12,14-17), one compared the respiratory chan

nels 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 record

ings to PSG; in all cases, the scoring was blinded, 

making each the equivalent 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 

number of failures of portable systems ranged from 

4% to 14%. When correlations for concordance be

tween 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 

controlled design to examine CPAP titration (13), find

ing 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, Sa02 , and two 

respiratory-effort belts had a sensitivity of 100% and 

a specificity of 93% for an AHI of at least 15. Cor

relations 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-la

boratory comparison was run simultaneously with 

PSG. Sleep parameters were correlated but not highly 

so, and the portable system recorded more sleep time. 

The sensitivity and specificity for an AHI of at least 

10 were 100% and 64%, respectively; at an AHI of at 

least 20, they were 77% and 88%. Some of the mis

classification 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 

threshold. 

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 ran

domized study, the randomization protocol was not al

ways followed. There were two failures out of 70 por

table studies, and 57 telephone calls were made to a 

family member in the home by a technician who mon

itored the studies in the laboratory via modem. The 

correlations for sleep were low but significant. The 

AHI 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 dif

ference was real. In the other five false positives, and 

in all the false negatives, the AHIs were near the di

agnostic 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 pos

itives had more supine sleep at home. Two false neg

atives 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 substantially to the determi

nation of clear-cut respiratory events or to substantially 

improve the sensitivity and specificity of this type of 

recording. 

4.3.2.3.5.2 Less-than-full respiratory recording. All 

of the eight studies of less-than-full respiratory re

cording 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 Iowa sensitivity 

or specificity to be substituted for PSG or full respi

ratory recording, although some approaches could be 

uscd 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

staging system), but Ajilore et al. did not include re

spiratory recording. The in-laboratory limited study 

showed good correlation with the simultaneously re-
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corded PSG study in the laboratory, but did not show 

good correlation between a subsequent home study 

and PSG in the laboratory in normal subjects. This 

difference may have been due to variation in patients' 

sleep between the two nights, or it may have been due 

to a technical effect of the different recording condi

tions. 
One study of a portable system (19) showed a fail

ure rate of 25% in the laboratory and 22% at home. 

Simultaneous study in the laboratory had a sensitivity 

of 100% (for recognition of patients with a total num

ber of apneas per night of more than 30) and a spec

ificity 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 por

table system in the laboratory was r = 0.94. 

A second study of a portable system used computer

analyzed snoring and oximetry to diagnose SAS (21). 

Total sleep time was equated with quiet recording 

time. The sensitivities and specificities of this ap

proach were 84% to 90% and 95% to 98%, respec

tively, depending on the ARI 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 polysomnographic RDI 

and portable RDI could be used to identify patients in 
need of further study or therapy. Of note, oximetry 

alone (without computer scoring) had a lower sensitiv

ity and specificity, and the reason was unclear. 

A third study (22) of a portable system used a com

bination of snoring, oximetry, heart rate, and body po

sition; proprietary computer software analysis was 

used. To summarize, only oximetry provided accept

able sensitivities (92%) and specificities (97%) for an 

ARI 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 su

perior to those of any other oximetry study reported. 

Rauscher et a1. (130), using oximetry, 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 de

scribe UARS (Table 7). In these studies, patients were 

classified as having UARS if they had EDS and re

spiratory disturbances during sleep that could not be 

classified as either apneas or hypopneas; therefore, the 

patients had an ARI of less than 5. These studies did 

not address the issue of patients who have mild SAS 

but also have additional symptoms caused by upper 

airway resistance. The initial definition of UARS re-

Sleep, Vol. 20, No.6, 1997 

quired that the patient have EDS and flow limitation 

and increased respiratory efforts with arousal just fol

lowing peak negative inspiratory esophageal pressure, 

documented by esophageal pressure recording (46). A 

subsequent description in women did not include 

arousals as part of the definition (47). The studies cor

related MSLT and ESS information with CPAP treat

ment and showed a highly significant 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 pa

tients with an initial diagnosis of idiopathic hypersom

nia were found to have UARS (45,47). Eleven of the 

38 women with UARS did not have an increased num

ber 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 

spectrum of ARIs, the Stanford Sleepiness Scale cor

related with the number of apneas and hypopneas even 

in patients with an ARI of less than 5 (131). 

In a study of 257 patients with suspected sleep ap

nea, 139 had an ARI of at least 5, and 118 habitual 

snorers had an ARI of less than 5 (74). Fifty-nine of 

the 118 snorers had a symptom score on a scale similar 

to the ESS that indicated sleepiness, giving a possible 

prevalence of 50% for snoring causing EDS. Forty

eight of these patients refused CP AP treatment. Eleven 

of those who refused CPAP treatment underwent uvu

lopalatopharyngoplasty. 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 

sleepiness, 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 ap

nea, 106 had ARIs 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 prevalence of UARS of 61 % in 

patients who have suspected sleep apnea and an AHI 

of less than 5. 

In another study looking at the ESS scores of pri

mary 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 
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TABLE 7. Evidence for upper airway resistance syndrome 

Study design/ Monitoring 
Reference location # of patients channels Study parameters Bias Diagnostic value of testing 

Berry et al. 1986 CoS/lab 46 SS AHI classified into 0, < 5, and Random error, popu- Suggests that there is no readily de-

(131 ) AF ;0, 5. Sleepiness measured with lation bias fined threshold for sleepiness based 

RE SSS. on AHI. Desaturations and AHI cor-

Sa02 relate with number of naps during ~ 
the day. AI and AHI correlate with Ij 
SSS even when AHI < 5_ ..... 

Guilleminault et aL Blinded 15 SS Male heavy snorers, RDI < 5, Patient-selection Respiratory arousals are related to mild Q 
1991 (46) NCTllab EMG2 measured short respiratory- bias, population sleepiness, which can be improved :::l 

CR event arousals_ Measured PSG bias with nasal CPAP. Respiratory arous- a 
Sa02 and MSLT before and after als went from 17 to one per hour. ti Pneumotacho- treatment with CPAP for two MSLT went from 11.3 to 14.5 min-

graph for tidal nights. utes. Both were statistically signifi- "lj 

volume cant. ~ 
Esophageal bal-

~ 
loon for RE, 

~ MESAM 4 for 
snoring, ~ 
MSLT a 

Guilleminault et aL NCT for CPAP 48 SS 48 patients with diagnosis of id- Patient-selection Respiratory arousals are related to 

~ 1993 (45) CoS for diag- EMG2 iopathic hypersomnia. 15 fit bias, population moderate to severe sleepiness that 
nosisllab CR criteria for UARS of respira- bias can be reversed with CPAP. Final a 
three nights, Sa02 tory-related arousals including MSLT after 4 weeks of CPAP. 

~ home one Esophageal bal- RDI < 5 and more than 10 Arousals went from 31 to eight with 

loon arousals per hour. MSLT less CPAP. MSLT went from 5.3 to 13.5 
~ Pneumotacho- than 10 minutes. All patients minutes with CPAP. Both are statisti-

graph had at least 14 respiratory cally significant. "'0::: 

~ MSLT arousals before and 10 or less 

~ MESAM 4 at after CPAP. 
home for 

::tl 
snoring 

~ Guilleminault et aL Retrospective 334 SS 38 women had UARS with respi- Patient-selection bias UARS prevalence among females with 

1995 (47) CoSllab EMG2 ratory disturbances not quali- sleep-related breathing disorders was 
t;l CR fying as apnea or hypopnea II %. Respiratory arousals ranged 

Sa02 and an RDI < 5. Sleepiness from four to 30 per hour, with a sub- Ij 

Body position measured with either MSLT or group of II of the 38 having mini- ;g 
Pneumotacho- ESS. Clinical improvement mal arousals despite MSLT of 7.7 

graph with lCPAP or BiPAp© re- minutes and response to CPAP. a 
Esophageal bal- quired to make diagnosis of Q 

loon and UARS. Ij 
MSLT in 

~ 
~ 

many 

~ 
~ 

Johns 1991 (61) CCS, CoS/lab 180 completed SS RDI > 5, mild OSA 5 ,,; 15, Patient-selection Patients with all levels of RDI had sig-

questionnaires CR moderate 15 ,,; 30, severe> bias, population nificant sleepiness compared to con-
~ 150 patients, 30 EMG2 30. ESS used to measure bias troIs and primary snorers. Patients ,.... 
"- controls Sa02 sleepiness. with severe OSA were significantly 
5'" 

Sound sleepier than those with mild or 

~ Body position moderate OSA. Those with mild and 
.0- moderate OSA were not significantly 
--. different from each other. +>-
IQ +>-IQ VJ 

" 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
le

e
p
/a

rtic
le

/2
0
/6

/4
2
3
/2

7
3
2
1
3
6
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



~ 
~ 

~ ,.. 

'" ~a 

~ 
? 
.... 
10 
10 

" 
Reference 

Johns 1993 (63) 

Rauscher et al. 1995 
(74) 

Yamashiro and Kryger 
1995 (9) 

Study design! 
location 

NCT, CoS!lab 

CoSllab 

NCT blinded! 
lab 

# of patients 

273 
\OS snorers, 165 

OSA 

265 

300 

Monitoring 
channels 

SS 
CR 
EMG2 

Sa02 

Sound 
Video 
Body position 

SS 
CR 
Sa02 

Video 

SS 
AF 
RE 
Sa02 

TABLE 7. Continued 

Study parameters 

RDI 2: 5, stratified into mild 
(RDI 5 :5 24.9), moderate 
(RDI 25 :5 49.9), and severe 
(RDI 2: 50). Primary snorers 
and nonsnoring controls. 

257 had suspected sleep apnea, 
all were probably snorers. liS 
had an AHl < 5, and 591118 
had a sleepiness score that was 
greater than normal. 

Oximetry desaturation index of 
greater than five 3% desatura
tions per hour for diagnosis of 
OSA. UARS by cyclical desa
turations of less than 3% on 
oximetry and by respiratory 
arousals of greater than \0 per 
hour with less than 3% desa
turations on PSG. AHI on 
PSG for diagnosis of OSA is 
greater than five per hour. 

Bias 

Population bias 

Patient-selection 
bias, population 
bias 

Population bias 

Diagnostic value of testing 

Patients with all levels of RDI were 
sleepy. Snorers were sleepy despite 
an RDI < 5. ESS level was less in 
snorers and consistent with level of 
severity of sleep apnea. 

In this study, about 50% of habitual 
snorers with AHI < 5 are mild to 
severely sleepy, and those who ac
cept CPAP and are compliant re
verse the sleepiness to near nonnal 
or normal levels. 

Oximetry is of low sensitivity for 
UARS and of borderline specificity 
for OSA with AHI 2: 20. 

Sensitivity for OSA is 94.2% and spec
ificity is 90.2% (includes UARS cri
teria on oximetry as normal). Sensi
tivity for UARS is 69%, with 
specificity of 73.2%. Sensitivity for 
AHI 2: 20 identified by greater than 
20 de saturations per hour on oxime
try is sensitivity of 100%, specificity 
of S1.5%. SRBD has a sensitivity of 
100%, a specificity of 75%, a PPV 
of 92.6%, and an NPV of 45.5%. 
OSA has a sensitivity of 94.2%, a 
specificity of 73.5%, a PPV of 
7S.7%, and an NPV of 92.4%. 

CoS, cohort study; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG\(chin electromyogram); CR, cardiorespiratory monitoring includes airflow 
(AF), respiratory effort (RE), and heart rate or ECG (electrocardiogram); Sa02, arterial oxygen saturation; AHI, apnea-hypopnea index; SSS, Stanford sleepiness scale; AI, apnea index; 
NCT, nonrandomized controlled trial; EMG2, anterior tibialis electromyogram; MSLT, multiple sleep latency test; RDI, respiratory disturbance index; PSG, polysomnography; CPAP, 
continuous positive airway pressure; UARS, upper airway resistance syndrome; ESS, Epworth sleepiness scale; BiPAP" bi-Ievel positive airway pressure; CCS, case control study; OSA, 
obstructive sleep apnea; PPV, positive predicitive value; NPV, negative predictive value; SRBD, sleep-related breathing disorder. 
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sleepiness in habitual snorers presenting for medical 

care who do not have obvious apneas or hypopneas. 

These individuals may have partial upper airway ob

struction with arousals, as indicated by increased re

spiratory effort (i.e. abdominal-thoracic paradox or a 

cyclical decrease in esophageal pressure) 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 treat

ment 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. Re

finement of the approach to diagnosis needs to be de

lineated in those cases that do not cause obvious arous

als but still produce sleepiness that is reversed by 

CPAP therapy. Understanding more about relation

ships between arousals and apneas will also be key to 

further exploring the utility of cardiorespiratory re

cording without sleep staging to titrate CPAP. Study 

of the possibility of a split-night diagnosis and CPAP 

titration with cardiorespiratory recording needs to be 

further addressed to explore the success of this ap

proach before economic impact can be assessed. 

The current approaches to the diagnosis of EDS by 

questionnaire should be refined; predictive question

naires should be developed that take into account not 

only SAS, but also UARS and nonrespiratory diag

noses such as narcolepsy. Ideally, we will have a 

screening questionnaire that provides pretest probabil

ities for a variety of diagnoses and triages these pa

tients 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 complex cases. 
Home recording needs to be better defined and val

idated. 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 ob

tain reproducible data that can diagnose obvious SAS 

from unattended respiratory 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 

respiratory disorders are also known to cause sleep 

disturbance. Studies with PSG have produced signifi

cant insights into the pathophysiology of sleep disor

ders related to chronic obstructive pulmonary disease 

(COPD), asthma, and a variety of chronic restrictive 

lung diseases. These studies suggest that any condition 

causing substantial impairment of lung function will 

be associated with sleep disturbance. 
The modem study of sleep-related breathing disor

ders began with the study of arterial blood gases dur

ing sleep in normal subjects and in patients with 

COPD (132,133). Following the development of reli

able oximeters, Flick and Block (134) demonstrated a 

characteristic nocturnal pattern of oxyhemoglobin de

saturation in patients with COPD, consisting of mod

erate reduction in saturation after sleep onset and se

vere intermittent drops in oxygen saturation. Polysom
nography was used to relate the severe "dips" in ox
ygen saturation to REM sleep in patients with COPD, 

emphysema, and cystic fibrosis (135-138); to define 

the mechanisms of hypoxemia during sleep (139,140); 

to study respiratory factors contributing to arousal 

(140); and to study the relationship of COPD to SAS 
(141-143). 

The modem study of nocturnal asthma began with 

the demonstration of an abnormal decrease of expira

tory lung function during the sleep period (144). Po

lysomnography has been used to investigate the rela

tionship of nocturnal asthma 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 com

mon; COPD occurs in 3% of adults, and asthma occurs 

in 5% (159). Interstitial lung diseases such as pulmo

nary fibrosis occur in 0.1% of the population (160), 

and neuromuscular diseases occur in 0.5% of the pop
ulation (161). 

5.2 MEDLINE search terms and review of papers 

The additional MEDLINE search terms for this sec

tion included chronic obstructive lung disease, asthma, 

Sleep, Vol. 20, No.6, 1997 
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interstitial lung disease, restrictive lung disease, neu

romuscular disease, diagnosis, and oxygen desatura

tion. 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 iden

tified by the literature search that included a well-de

fined diagnosis of lung disease and PSG were re

viewed. 

5.3 Evidence-based PSG literature 

The diagnosis of respiratory disorders other than 

sleep apnea is based on clinical examination, radio

graphic studies, and pulmonary function tests. Al

though PSG has produced 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 ma

jor 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 de

cisions about oxygen treatment; 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 pa

tients with other respiratory disorders are more limited 

than are the studies of patients with COPD; the studies 

that are available have not identified a diagnostic strat

egy 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 respiratory insufficiency, i.e. hy

poxemia, hypercapnia, increased respiratory resistance 

and effort, or cough (140,166-168). The routine clin

ical examination often provides sufficient clues to at

tribute the sleep disturbance to the underlying respi

ratory condition. The severity of nocturnal oxygen de

saturation has been correlated with the degree of day

time hypoxemia (140,167,169), but nocturnal 

desaturations also occur in patients with relatively nor

mal awake Sa02 (170). Sleep apnea is uncommon in 

un selected patients with COPD (141). When the ex

amination suggests concomitant SAS, however, PSG 

is required to diagnose the cause of the sleep distur

bance and to plan the correct treatment (see sections 

Sleep, Vol. 20, No.6, 1997 

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 accurately distinguish upper airway dis

orders from other types of respiratory effects on sleep. 

5.3.2 Asthma 

In patients with asthma, sleep disturbance is prev

alent, principally because patients frequently awaken 

with attacks of bronchospasm (165); PSG has dem

onstrated that these attacks occur in all sleep stages 

(145,171). Transient hypoxemia does occur in patients 

with asthma but is usually modest 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 au

thors. These studies indicate that sleep disturbance in 

patients with asthma should be attributed to inade

quately controlled asthma unless more specific indi

cations for other sleep-related breathing disorders ex

ist. 

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 significant insights in the 

diagnosis of these diseases (Table 10). 

5.3.4 Neuromuscular diseases 

Patients with various types of neuromuscular dis

ease often develop respiratory insufficiency and, by 

this mechanism, may have disturbed sleep. A relatively 

large amount of literature, examples of which are cited 

selectively in this paper, has described sleep distur

bance and sleep-disturbed breathing in samples of pa

tients with neuromuscular diseases in general (151) 

and with specific diagnoses, including muscular dys

trophy (156), myotonic dystrophy (152), myasthenia 

gravis (155), amyotrophic lateral sclerosis (153), and 
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Reference 

Calverley et al. 
1982 (166) 

Catterall et al. 
1983 (141) 

Chaouat et al. 1995 (143) 

Coccagna and Lugaresi 1978 (135) 

Cormick et al. 1986 (167) 

Douglas et al. 1979 (136) 

Fleetham et al. 1982 (140) 

Fletcher et al. 1983 (139) 

Fletcher et al. 1987 (170) 

Guilleminault et al. 1980 (142) 

Littner et al. 1980 (168) 

Wynne et al. 1979 (137) 
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TABLE 8. Evidence for other respiratory disorders and COPD 

Study design/ 
location # of patients 

CCSllab 29 

CCS/lab 40 

CISllab 265 

CCS/lab 33 

CCS/lab 90 

CCSllab 16 

CCS/lab 24 

CISllab 7 

CISllab 152 (135 PSG; 
17 had OSA 
or no sleep) 

CISllab 26 

CIS/lab 14 

CISllab 7 

Monitoring 
channels Bias 

SS Patient-selection bias, pop-
AF ulation bias 

RE 

Sa02 

SS 
AF 

RE 

Sa02 

SS 

AF 

RE 
Sa02 

SS 
AF 
RE 
SVP 
PVP 

SS 
AF 
RE 

SaOz 
SS 
AF 

RE 

Sa02 

SS 
CR 

Sa02 

SS 
RE 

SaOz 
AF 
SS 
CR 

Sa02 

SS 
CR 

Sa02 

SS 
CR 
Sa02 

SS 
CR 

Sa02 

Patient-selection bias 

Patient-selection bias 

Patient-selection bias 

Population bias, confound
ing factors 

Patient-selection bias, pop
ulation bias 

Patient-selection bias, in

tensity bias, ascertain

ment bias 
Patient-selection bias 

Patient-selection bias 

Patient-selection bias 

Patient-selection bias 

Patient-selection bias 

Diagnostic value of testing procedure 

In COPD, sleep disruption is related to arousal. Failure to 
arouse may account for severe hypoxemia in "blue and 
bloated" patients. 

Sleep apnea is uncommon in COPD and does not account for 

hypoxemia. 

In a case series of OS A, II % of patients had obstructive spi

rometry and relatively lower Pa02 and higher PaC02 and 
pulmonary artery pressure. 

In COPD, alveolar hypoventilation and pulmon'ary hypertension 

worsen with sleep and are worst in REM sleep. 

Symptoms of poor sleep more prevalent in COPD. Sleep char
acterized by hypoxemia and arousals. 

Transient hypoxemia during sleep occurs in "blue bloaters" and 
is worst during REM sleep. 

Poor sleep (arousals) is not corrected with oxygen therapy. 

Decreased tidal volume in REM sleep. 

Oxygen desaturation occurs in patients with Pa02 > 60 awake 
and can be detected with continuous oximetry during sleep. 

Obstructive sleep apnea is a frequent occurrence (81 %) in 

sleepy patients with COPO. 

During REM, partial upper airway obstruction contributes to 
oxygen desaturation. 

Hypopneas and oxygen de saturation prevalent in COPO. 

CSS, cross-sectional study; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG, (chin electromyogram); CR, cardiorespiratory monitoring 
includes AF (airflow), RE (respiratory effort), and heart rate or ECG (electrocardiogram); Sa02 , arterial oxygen saturation; COPD, chronic obstructive pulmonary disease; CIS, clinical 
series; OSA, obstructive sleep apnea; Pa02, arterial oxygen tension; PaC02, arterial carbon dioxide tension; SVP, systemic vascular pressures; PVP, pulmonary vascular pressure; REM, 

rapid eye movement; PSG, polysomnography. 
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Reference 

Ballard et al. 

1989 (146) 

Bellia et al. 

1989 (172) 

Chan et al. 
1988 (173) 

Issa and Sullivan 

1985 (171) 

Montplaisir et al. 1982 
(145) 

Study design! 

location 

CCS/lab 

CCS/lab 

CISllab 

CIS/lab 

CIS/lab 

TABLE 9. Evidence for other respiratory disorders and asthma 

# of patients 

10 

12 

9 

10 

16 

Monitoring 

channels Bias 

SS Patient-selection bias 

AF 
RE 

SaO, 

SS 
AF 

RE 

SS 
CR 

Sa02 

SS 

CR 

Sa02 

SS 
AF 

RE 

Sa02 

Patient-selection bias 

Patient-selection bias, intensity bias 

Patient-selection bias 

Population bias, patient-selection bias, con

founding factors, intensity bias 

Diagnostic value of testing procedure 

In patients with asthma with nocturnal attacks, nocturnal broncho

constriction occurs without sleep, but is worse with sleep. 

Airway resistance is highest in stages 3 and 4 sleep. 

Nasal CPAP improves asthma, especially nocturnal attacks. 

Nocturnal asthma attacks are not stage specific. 

Asthmatics have lower sleep efficiency. Nocturnal attacks are not 

stage specific. 

CCS, case control study; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG, (chin electromyogram); CR, cardiorespiratory monitoring includes 

AF (airflow), RE (respiratory effort), and heart rate or ECG (electrocardiogram); SaO" arterial oxygen saturation; CIS, clinical series; CPAP, continuous positive airway pressure. 
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Reference 

Bye et al. 
1984 (148) 

Guilleminault et al. 
1981 (147) 

McNicholas et al. 1986 (149) 

Muller et al. 
1980 (138) 

Perez-Padilla et al. 1985 (150) 

TABLE 10. Evidence for other respiratory disorders and diseases 

Study design/ 
location 

CoS/lab 

CIS/lab 

CIS/lab 

CCS/lab 

CCS/lab 

# of patients 

13 

5 

7 

25 

22 

Monitoring 
channels Bias Diagnostic value of testing procedure 

SS Population bias, patient-se- Hypoxemia during sleep is prevalent in ILD. 
AF lection bias 

RE 

Sa02 

SS 

CR 
Sa02 

SS 

AF 
RE 
SaO, 

SS 
AF 
RE 

Sa02 

SS 
CR 

Sound 
Sa02 

Patient-selection bias 

Patient-selection bias 

Patient-selection bias, in
tensity bias 

Patient-selection bias 

Oxygen desaturation is worst during REM sleep. 

Oxygen desaturation in ILD is moderate even in REM sleep. 

Oxygen desaturation during REM sleep is greater than in 

healthy subjects. 

Oxygen desaturation during REM sleep is increased in fLD. 

CoS, cohort study; SS, sleep staging includes EEG (electroencephalogram), EOG (electroculogram), and EMG, (chin electromyogram); CR, cardiorespiratory monitoring includes airflow 
(AF), respiratory effort (RE), and heart rate or ECG (electrocardiogram); SaO" arterial oxygen saturation; ILD, interstitial lung disease; CIS, clinical series; REM, rapid eye movement; 

CCS, case control study. 
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450 A. L. CHESSON ET AL. 

postpolio syndrome (157). Polysomnography has been 

used in many of these investigations (Table 11). 

Although some features of sleep disturbance in pa

tients with neuromuscular diseases may be specific to 

certain diseases, several general observations can be 

made in this context of respiratory disorders. As in 

other respiratory conditions, hypoxemia, especially 

during REM sleep, is commonly found. Nighttime ab

normalities may be difficult to predict based on waking 

observations. Nocturnal oxygen desaturation was cor

related to the degree of spirometric restriction in one 

study (151). Hypoventilation is frequently the cause of 

hypoxemia (153,156). Increased frequencies of apnea 

and hypopnea, usually of the nonobstructive type, have 

been prevalent in several series (152). Steljes et al. 

(157) found sleep fragmentation, hypoventilation, or 

obstructive apnea in 13 patients with postpolio syn

drome, and these patients improved with the use of 

nasal ventilation or CPAP. Sleep disturbance and hy

poxemia are not always explained by respiratory ab

normalities, 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 neuromus

cular disease (162). In patients with complaints of dis

turbed 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 fragmentation. Further

more, these findings can lead to significant therapeutic 

interventions (157,174). Ventilation during sleep by 

means of a nasal airway and a bi-Ievel pressure-sup

port 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 

evaluation and diagnosis of patients with respiratory 

insufficiency of any cause, with special focus on 

whether treatment interventions affect outcome vari
ables. 

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 

Sleep, Vol. 20, No.6, 1997 

REM sleep and the identification of the abnormalities 

in its control that the electrophysiologic features of 

narcolepsy became recognized. The first international 

symposium on narcolepsy was held in 1975 and de

fined the clinical syndrome (176). Narcolepsy is a neu

rologic disorder characterized predominantly by ab

normalities 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 

dissociated and appear independently of one another. 

This dissociation accounts for the clinical tetrad of nar

colepsy: sleep attacks, cataplexy, sleep paralysis, and 

hallucinations. Narcoleptic patients often report broken 

sleep, and fragmented sleep patterns are typically seen 

when narcoleptics' sleep is studied. The onset of 

symptoms of narcolepsy typically occurs between ad

olescence and young adulthood, but the range is very 

broad. The associated features of narcolepsy generally 

begin when the hypersomnolence begins but may de

velop years before or after the primary symptom of 

hypersomnolence. The ICSD (178) defines narcolepsy 

as: 1) a complaint of EDS or sudden muscle weakness 

(cataplexy) that has associated features such as sleep 

paralysis, hypnagogic hallucinations, automatic behav

ior, and disrupted major sleep episode; in which 2) 
polygraphic findings frequently include a sleep latency 

less than 10 minutes, with an early onset REM period, 

and the MSLT typically shows a mean sleep latency 

less than 5 minutes and two or more sleep-onset REM 

periods (SOREMPs); and in which 3) no other medi

cal, 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 no

menclature: 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 hypothala

mus (180). 

There is little disagreement among sleep clinicians 

concerning the diagnosis of classic narcolepsy when 

the history of hypersomnolence, cataplexy, sleep pa

ralysis, and hallucinations 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 findings are present only 

50% of the time (181). It is often a diagnostic chal

lenge to identify the disease in patients with some but 

not all of these findings. 

The prevalence of narcolepsy varies worldwide 
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1991 (162) 
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1987 (152) 
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TABLE 11. Evidence for other respiratory disorders and neuromuscular diseases 

Study design! 
location # of patients 

CISllab 20 

CISllab IO 

CIS/lab 8 

CSSllab 21 

CIS/lab 8 

CIS/lab 20 

RCTllab 6 

CSSllab 13 

CISllab 32 

Monitoring 
channels 

SS 
ECG 
SaO, 
SS 
AF 
RE 
SaO, 
SS 
CR 
SaO, 
SS 
AF 
RE 
SaO, 
SS 
AF 
RE 
SaO, 
SS 
CR 
SaO, 
Esopha-

geal 
pressure 

SS 
CR 
SaO, 
SS 
AF 
RE 
SaO, 
SS 
AF 
RE 
tcPO, 

Bias 

Patient-selection bias 

Patient-selection bias, pop
ulation bias, intensity 
bias 

Patient -selection bias, pop
ulation bias 

Patient-selection bias 

Patient-selection bias, pop

ulation bias, intensity 
bias 

Patient-selection bias, in
tensity bias 

Population bias 

Patient-selection bias, pop
ulation bias, intensity 
bias 

Patient-selection bias 

Diagnostic value of testing procedure 

REM sleep oxygen de saturation correlates with vital capacity 
and arterial blood gases. 

Home oximetry is satisfactory for defining sleep-related oxygen 
desaturation. 

Central apneas are prevalent in MD. 

Oxygen desaturation is caused by hypoventilation, not OSA. 

Polysomnography demonstrates hypoxemia plans sleep frag
mentation, which are reverted with nocturnal nasal ventila
tion. 

Patients with MG may have sleep-related breathing disorders 
even if properly treated. 

Hyperventilation is prevalent during sleep in DMD. Diaphrag
matic dysfunction predicts REM desaturation. 

Poor sleep may be due to OSA and can be improved with 
CPAP. 

Polysomnography perfonned on 17122 patients, IO controls. 
OSA explains sleepiness in only three of 17 patients with 
myotonic dystrophy. 

CIS, clinical series; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG, (chin electromyogram); CR, cardiorespiratory monitoring includes 
airflow (AF), respiratory effort (RE), and heart rate or ECG (electrocardiogram); SaO" arterial oxygen saturation; MD, muscular dystrophy; CSS, cross-sectional study; OSA, obstructive 
sleep apnea; MG, myasthenia gravis; RCT, randomized controlled trial; DMD, Duchenne's muscular dystrophy; REM, rapid eye movement; CPAP, continuous positive airway pressure; 

tcPO" transcutaneous oxygen tension. 
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452 A. L. CHESSON ET AL. 

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 hypersomnia is a disorder of presumed 

central nervous system (CNS) cause that is associated 

with a normal or prolonged major sleep episode and 

EDS (183). The indications for PSG and MSLT for the 

evaluation of idiopathic 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 features 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 

consistent with the diagnosis of idiopathic hypersom

nia: an MSLT demonstrating a sleep latency of less 

than 10 minutes (typically less than 5 minutes) and 

fewer than two SOREMPs; polysomnographic testing 

performed on the night preceding the MSLT not dem

onstrating sleep fragmentation; and no other medical 

or psychiatric disorder accounting for the patient's 

EDS. Treatment generally requires stimulant medica
tion. 

6.2 MEDLINE search terms and review of papers 

The additional MEDLINE search terms for this sec

tion included narcolepsy, hypersomnoience, multiple 

sleep latency test, wakefulness, and excessive daytime 

sleepiness. The inclusion criteria for selection of lit

erature 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 nar

colepsy 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 [PLMDJ), quantity 

of sleep (insufficient sleep syndrome), or the circadian 

phase of sleep (circadian rhythm disorder) may also 
result in EDS (72,185). 

Sleep, Vol. 20, No, 6, 1997 

The presence and severity of these other disorders 

cannot always be reliably evaluated by clinical history 

or physical examination alone. The treatment of many 

of these disorders is entirely different from the treat

ment of narcolepsy. Narcolepsy, as well as some of 

the other causes of EDS such as idiopathic hypersom

nia, once diagnosed, require long-term intervention 

with stimulant medication. Because of all these issues, 

it is incumbent on the clinician to first accurately as

sess the severity of the EDS and to diagnosis its cause 

before proceeding to treatment. For this assessment, 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 to

gether 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 SO

REMPs. 

A finding on MSLT of a mean sleep latency of less 

than 5 minutes and two or more SOREMPs is consid

ered diagnostic for narcolepsy when the clinical his

tory 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 minutes. Furthermore, other sleep disorders that 

cause hypersomnolence 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 estab

lishing the diagnosis and in planning treatment. 

Mitler et aI. (189) reported that 40 of 40 patients 

with narcolepsy 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 diagnosis of 

narcolepsy. 
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TABLE 12. Evidence for narcolepsy 

Study design/ Monitoring 
Reference location # of patients channels Bias Diagnostic value of testing procedure 

Aldrich and Chervin 1995 (197) Data review 1,602 SS In patients with clinical narcolepsy, :2: two SOREMs, sensitivity 
176 narcolepsy, CR is 76% and predictive value is 57%. With> three SOREMs, 
1,426 other sleep MSLT sensitivity is 41% and predictive value is 79%. Specificity is 

disorders 98.8% and negative predictive value is 94%. Seven percent ~ 
of OSA patients and 5% of other sleep disorders patients had 

SZ two SOREMs on MSLT; leads to low predictive value for 

&? narcolepsy. 
Amira et al. 1985 (185) CIS/lab 144 CR Patient-selection bias, pop- Three different groups of EDS patients: ~ 

MSLT and PSG, SS ulation bias I) less than or equal to two SOREMs, MSLT of less than 5 a 
64 PSG MSLT minutes, 51 narcolepsy, one apnea ti 2) one SOREMs, MSLT mean of 8 minutes, nine narcolepsy, 

one apnea, one idiopathic hypersomnolence ~ 
a 3) 0 SOREMs, mean MSLT of 11.5 minutes, one narcolepsy ::t:I 

Sensitivity :2: two or more SOREMs, 84%; specificity :2: two or 
"'tl 

more SOREMs, 99%. ~ 
Broughton et al. 1988 (198) CCS/ 20 CR Patient-selection bias, pop- Night sleep in narcolepsy has increased sleep fragmentation and ~ 

home SS ulation bias decreased sleep efficiency. a 
MSLT Daytime sleep has increase in amount, increase in number of 

~ SOREMs, number of SOREMs variable in day. 

Both narcolepsy patients and controls had likelihood of sleep in a 
midafternoon. 

~ Mitler et al. 1979 (189) CIS/lab 40 CR Patient-selection bias, pop- Documented SOREMs in clinical narcolepsy. 11140 had two 
SS ulation bias SOREMs, 5/40 had three SOREMs, 11140 had four SO-

~ MSLT REMs, 13/40 had live SOREMs. 
Mitler et al. 1993 (193) RCT/lab 16 CR Used PSG as assessment of placebo and stimulant medication. 0..::: 

). 
SS Narcoleptic patients have short sleep latency at night, and dur-

~ MSLT ing MSLT, the latencies increase in both groups with treat-
ment in a dose-dependent manner. Performance improves as 

::t:I 
latencies decrease. 

~ Moscovitch et al. 1993 (186) Data review 306 SS Cataplexy present in 92% of patients with EDS. In patients 
CR with narcolepsy based on clinical criteria (cataplexy) and two 

~ MSLT SOREMs, sensitivity is 83% and specificity is 49%. Sub-
group of patients with two or more SOREMs was older tj 

women with PLMs. EDS and cataplexy and two SOREMs 
~ had the greatest likelihood of DR2 DQwl-positive narcolep- a sy. 

R Richardson et al. 1978 (199) CCS/lab 41 CR Patient-selection bias, pop- Narcolepsy patients: shorter sleep latency, shorter TST, less 
SS ulation bias REM sleep, increased WASO, increased body movements tj 
MSLT and arousals. 

~ S:2 MSLT: allowing 10 minutes of sleep after sleep onsets did not 

" affect sleep latencies compared to I minute of sleep. ~ ~ 

~ 
Rosenthal et al. 1990 (181) CIS/lab 119 CR Patient-selection bias, pop- Clinical symptoms in narcolepsy: 

,... SS ulation bias 79.3% of patients had cataplexy. 
N MSLT 67% had hypnogogic hallucinations. 
~ 

64% had sleep paralysis. 
~ 48% had entire tetrad. 
_0, 10% had isolated EDS. 

-- .j::.. 
\Q U\ \Q 

UJ " 
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No body of accumulated data has validated MWT, 

limited 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 sim

ilar 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 de

termination of sleep latency, MWT does offer the abil

ity to measure treatment effects and has been validated 

for this use (190-192). However, the MWT has not 

been validated 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 MWT. Both MSLT (193) 

and MWT (190) may have some usefulness in docu

menting response to stimulant medicine in narcoleptic 

patients with an established diagnosis. Pupillography 

and 24-hour ambulatory EEG have been evaluated in 

the past as possible alternative tests, but neither 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 syndrome, and circadian rhythm disturbances 

can masquerade as narcolepsy (184,194,195). Before 

the full syndrome of narcolepsy develops, partial 

symptoms may occur before characteristic 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 examination 

can help minimize misdiagnosis. 

6.4 Future research 

MWT, limited or partial PSG, ambulatory recording, 

isolated MSLT, or separately performed PSG and 

MSLT should be validated by comparison to the tra

ditional "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 narcolep

sy or for identifying 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 phenome

na that occur predominantly during sleep and can be 

\11 
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INDICATIONS FOR POLYSOMNOGRAPHY AND RELATED PROCEDURES 455 

associated with a number of sleep disorder diagnoses 

described in the ICSD (201). This section primarily 

concerns those parasomnias (principally the arousal 

disorders, such as sleepwalking and sleep terrors, and 

REM sleep behavior disorder [RBD)) that are poten

tially 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 

dissociative disordcrs) also must be considered in the 

differential diagnosis (204-206). Polysomnographic 

studies of sleepwalking 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 systematic report of 

RBD was published in 1986 (209). Sleep-related vio

lence, including sleep-related homicide, also has been 

described (210,211). 

Sleepwalking occurs in up to 30% of healthy chil

dren, peaking at 11 to 12 years of age, and 2% to 3% 

of these children may have frequent episodes; sleep

walking also occurs in 2.5% of adults (212-215). 

Sleep terrors occur in 1% to 6% of prepubertal chil

dren and in 1% of adults (216). The prevalence of 

RBD is not known; at least 290 cases have been re

ported 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 category. In fact, EEG abnormali

ties increase during sleep in almost every SUbtype of 

epilepsy (219,220). Except for the preponderance of 

seizures during the usual sleeping periods, there are no 

distinctive biologic characteristics of sleep-related ep

ilepsy that distinguish it from a diurnal seizure disor

der or that require specialized diagnostic techniques or 

unique types of therapy. 

Between 6% and 14% of people in college and com

munity populations will report at least one uncued pan

ic attack. Panic disorder has a prevalence of 2.5% of 

the general population. Approximately 18% of panic 

attacks begin during the sleeping state; 2.5% of these 

attacks occur exclusively at night. In a group of pa

tients with panic disorder, 71 % experience at least one 

nocturnal panic attack (221,222). A number of PSG 

studies have reported on the sleep of patients with pan

ic 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. Al

though these patients appear behaviorally to be asleep 

when these events occur, PSG recording demonstrates 

wakefulness (206). The prevalence 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; atti

tudes toward health; cost-benefit; cost-effectiveness; 

economics; electroencephalography; epilepsy; out

comes; processes; parasomnias; pavor nocturnus; 

REM sleep behavior disorder; reproducibility of re

sults; sleep-related violence; sleep terrors; and sleep

walking. For inclusion in this literature review, papers 

had to report the study of at least four subjects and the 

measurement of at least the basic sleep-staging chan

nels of EEG, EOG, and EMG. Abstracts, review arti

cles, and case reports (even with documented PSG) 

were excluded from the evidence tables for decision

making concerning indications for sleep-testing pro

cedures. 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 parasom

nias 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 making or excluding the diagnosis. In such 

cases, ancillary findings still may be helpful [e.g. the 

characteristic augmentation of the EMG tone, or ex

cessive phasic twitching, that occurs during REM 

sleep in RBD (201,209,231-234) or the presence of 

interictal paroxysmal abnormalities that commonly oc

cur in patients with sleep-related epilepsy]. Seizure

induced behaviors may closely resemble other para

somnias and make differential diagnosis difficult 

(235,236). "Episodic nocturnal wandering" is a term 

often used for disorders of suspected ictal etiology that 

mayor may not be accompanied by epileptiform EEG 

activity during events and may be clinically indistin

guishable from disorders of arousal (237-242). One 

group uses this term for sleep-related ambulatory be

haviors 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 common

ly, they arise from stage 2 sleep (237,246-250). Pa-

Sleep. Vol. 20, No.6, 1997 
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tients may have unremarkable PSG studies, and the 

ICSD does not list any particular interspell PSG mark

ers that are pathognomonic of disorders of arousal. 

When recorded by PSG, these events appear as abrupt 

arousals with EEG admixtures of sleep and wakeful

ness. These arousals may be manifested only electro

physiologically or may include movement, vocaliza

tion, or more complex behavior. They often fail to ap

pear during recorded sleep in the laboratory 

(229,235,237,243,244,247-255). The likelihood that 

the arousals will be recorded correlates with the pa

tient's reported frequency of symptomatic spells (235). 

Difficulty establishing a diagnosis is greater when sev

eral syndromes or findings coexist, such as sleep ter

rors and seizures, RBD, SAS, or PLMD 

(236,247,250,256). 

7.3.1 Seizures, disorders of arousal, REM-sleep 

behavior disorder, dissociative disorders 

Polysomnographic findings can serve to identify ob

vious seizures, sleepwalking, sleep terrors, RBD, or 

dissociative disorders (235,237,247,250) (Table 13). 

Typical sleepwalking or sleep terrors-with onset in 

childhood, a positive family history, occurrence during 

the first third of the night, amnesia for the events, 

prompt return to sleep following the events, and rela

tively benign automatistic behaviors-may be diag

nosed on the basis of their historic clinical features. 

This conclusion is based upon very consistent descrip

tive literature (205,207,212,230,243,245,253). Poly

somnographic evaluation becomes important in any of 

the following circumstances (when the events are not 

typical of benign partial arousals and where other di

agnoses, prognoses, and interventions must be consid

ered): 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 du

ration or at an unusual time of night, or seriously dis

turb 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 manifestation 

of a psychiatric disorder and to recognize other pre

disposing sleep disorders such as OSA or PLMs. Pre

cise diagnosis is important because the significance 

and treatment 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 di

agnosis of sleep-related epilepsy by PSG. In a retro-

Sleep, Vol. 20, No.6, 1997 

spective study of nocturnal arousals of uncertain eti

ology, the PSG format that was used emphasized video 

recording and an expanded EEG montage (235). (The 

study did include a spectrum of patients who turned 

out to have various parasomnias and nocturnal sei

zures.) Of 122 reported cases, 41 % of a subgroup with 

minor motor manifestations, and 69% with prominent 

motor activity, had recordings that demonstrated epi

lepsy. Some of the epilepsy diagnoses were based on 

findings of increased amounts of interictal EEG ab

normality despite the absence of other physiologic ab

normalities 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 reliability information regarding 

PSG, limited consideration of the effect of the prere

cording attack frequency on the success of PSG re

cording, and lack of information about outcomes. 

The lack of data from PSG studies on sleep-related 

epilepsy may be partially addressed by referring to 

published information about a related recording meth

od, video-EEG telemetry. Video-EEG telemetry does 

not record sleep staging, respiratory, or limb move

ment channels, but its EEG coverage and video ca

pability are similar to those of PSG with video re

cording. A prospective evaluation using video-EEG te

lemetry recorded ictal events in 57 of 64 patients 

(89%) with intractable seizures. As a result of the vid

eo-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 

parasomnias is summarized in the evidence tables (Ta

bles 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 ar

ticles supporting the utility of PSG are limited by bi

ases inherent in uncontrolled clinical reports. Clinical 

series and cohort studies all share patient-selection bi

ases due to differing laboratory sites (i.e. research, 

clinical, neurology, or psychiatry settings) and sever

ities of the disorders selected. Standard PSG scoring 

is based upon the criteria of Rechtschaffen and Kales 

(261), but there are no assessments of interrater reli

ability across studies. Furthermore, although the dif

ferences between sleep in the laboratory and sleep in 

the home may influence the findings, this issue is ad

dressed in only one report {which indicates that full 

parasomnia events are more likely to be recorded at 

home) (237). PSG performed in the laboratory re

vealed no episodes of sleepwalking, but somniloquy 
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TABLE 13. Evidence for seizures, generally noninjurious parasomnias, and disorders of arousal 

Study design/ Monitoring 
Reference location # of patients channels Bias Diagnostic value of testing procedure 

Aldrich and Jahnke 1991 (235) CIS/lab 122 SS a PSG with concurrent video and capability for increased paper 
AF speed yielded diagnostic (35%) or supportive studies in two 
RE thirds of cases, multiple diagnoses. 
Sa02 Expanded, bilateral EEG montage and concurrent video in- ~ 
EMG2 crease diagnostic value. ti 
Expanded EEG .... 
Video Q 

Blatt et aL 1991 (251) Blinded 36 SS Patient-selection bias No full parasomnia events in lab. ~ 
CCS/lab (24 patients, 12 AF Behavioral events in bed in 29% of DoA patients, not controls. a 

controls) RE Increased hypersynchronous delta in patients, not controls. t3 EMG2 Interruptions of stages 3 and 4 greater in patients. 
Video 

~ Crisp et al. 1990 (252) CISllab 12 SS a Behavioral events recorded in 70% of patients with DoA. 
10 had-PSG Video Signs (behavioral events) recorded in 50%. 

"t:I Fisher et al. 1973 (229) NCT, single 6 SS Population bias 5/6 patients had more than I DoA event per study night off 

~ blindllab CR drug. 
PSG demonstrates decreased frequency of events on diazepam. ~ 

Fisher et al. 1973 (230) CoS/lab II SS Patient-selection bias Unspecified number of events on specific nights of study for a 
CR DoA. 

~ Events rarely emerged from stage 2 sleep. 
More awakenings from all stages of sleep in patients with DoA a 

compared to patients with REM nightmare. 

~ Guilleminault et al. 1995 CoSllab 41 Lab Patient-selection bias, con- No full parasomnia events recorded in lab. 
(237) and SS founding factors PSG made presumptive diagnoses of associated sleep disorders 

~ home CR in 7/41 cases; somniloquy::': movement in another 11141 
Sa02 cases. "0::: 

;J:. 
Sound Events were demonstrated in all of the 37 cases studied in the 

~ Pes in some home after a mean of 6.5 nights. 
Paper speed 10 

~ 
mm/sec 

~ Home 

SS 

~ Halasz et al. 1985 (260) CSS/lab 17 SS Patient-selection bias No DoA events recorded by PSG. 
9 patients, ECG Microarousals preceded by synchronous slow-wave activity in ti 
8 controls Expanded EEG patients greater than controls. ;g 

Video 
Jacobson et aL 1965 (244) CSS/lab 9 SS Patient-selection bias 74 DoA events recorded in SWS during 47 study nights. a 
Kales et aL 1966 (243) CSSllab 9 SS Patient-selection bias 15 DoA events recorded from SWS during 12 study nights in Q 

4 child patients four child patients, none from adults or controls. ti 
1 adult patient 

~ 
~ 

4 child controls 

~ ~ 
Kavey et aL 1990 (247) CIS/lab \0 SS a DoA events recorded in 80% of patients. 

RE Three patients had multiple events in single night. 
~ ECG ,.... 
w Expanded EEG 
S" 

Video 
~ Llorente et al. 1992 (254) CIS/lab II SS a All DoA patients demonstrated EEG arousals with motor activi-
$J\ \0 had PSG CR ty. 
"- Sa02 Sleep-terror events recorded in 60%. oj:. 

~ VI 
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Reference 

Moldofsky et al. 1995 (248) 

Popoviciu et al. 1990 (249) 

Schenck et al. 1989 (250) 

Vela et al. 1982 (255) 

Study design/ 

location 

CISllab 

ClSllab 

CISllab 

CoSllab 

# of patients 

64 

27 

100 

6 

TABLE 13. Continued. 

Monitoring 
channels 

SS 
ECG 

RE in some 

Sa02 in some 
EMG2 in some 
Paper speed 

IS mm/sec 
Video 

SS 
ECG 

AF 
Actigraphy 
Video 

SS 
AF 

ECG 
RE in some 
EMG2 

Expanded EEG 

Paper speed 

IS mm/sec 
(30 mm/sec 
intervals) 

Video 

SS 
ECG 

Bias 

a 

a 

a 

Patient-selection bias 

Diagnostic value of testing procedure 

Behavioral events recorded 31 % of cases during NREM sleep. 

Two patients also demonstrated arousals with vocalization from 
REM sleep. 

At least two events with motor and verbal behaviors recorded 
in all patients. 

Over multiple diagnoses, PSG was diagnostic in 65% of cases 
and supportive in 26% of cases. 

Events recorded in 50% of patients but none before third night 

of study. 
No events recorded in three patients during 10 nights of study. 

CIS, clinical series; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG, (chin electromyogram); CR, cardiorespiratory sleep study includes AF 
(airflow), RE (respiratory effort), and heart rate or ECG (electrocardiogram); Sa02, arterial oxygen saturation; EMG2 • anterior tibialis electromyogram; CCS, case control study; DoA, 

disorders of arousal; PSG, polysomnography; NCT, nonrandomized controlled trial; REM, rapid eye movement; CoS, cohort study; CSS, cross sectional study; SWS, slow-wave sleep; 
NREM, nonrapid eye movement. 

a Several biases are common to clinical series: patient-selection bias, lack of blinding, lack of controls/comparison data, errors in measurement of outcomes, bias to external validity. 
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Reference 

Cu\ebras and Moore 1989 (231) 

Lapierre and Montplaisir 1992 
(232) 

Schenck et al. 1986 (209) 

Schenck and Mahowald I 990 
(233) 

Schenck and Mahowald 1991 
(275) 

Schenck et al. 1993 (217) 

',..' v-

Study design/ 

location 

CIS/lab 

CCS/lab 

CIS/lab 

CIS/lab 

CIS/lab 

CISllab 

""" 
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TABLE 14. Evidence for parasomnias for REM-sleep behavior disorders 

# of patients 

6 

10 
5 patients 
5 controls 

5 

70 

20 

96 

Monitoring channels Bias 

SS a 

ECG 
EMG2 

Video 

SS Patient-selection bias 
ECG 
EMG2 

AF 
SS a 

AF 

ECG 
RE in some 

EMG, 
Expanded EEG in some 
Paper speed 10 mm/sec 

(15 and 30 in one case) 

Video 

SS a 

ECG 
EMG, 
AF 
RE in some 
SaO, in some 
Expanded EEG 

Paper speed 15 mm/sec 
(30 mm/second inter
vals) 

Video 

SS a 

CR 
EMG2 

SaO, 

Expanded EEG 
Paper speed 15 mm/sec 

(30 mm/second inter
vals) 

Video 

SS a 

CR 
EMG, 

SaO, 
Expanded EEG 
Paper speed 15 mm/sec 

(30 mm/second inter

vals) 
Video 

Diagnostic value of testing procedure 

All PSGs demonstrated tonic and phasic EMG elevations 
during REM sleep. 

Aperiodic twitching and motor restlessness during REM 
sleep. 

Periodic and aperiodic EMG activity during NREM sleep. 
Complex behaviors recorded during REM sleep in 50% of 

patients. 
Elevation of tonic and phasic EMG activity during REM 

in all patients. 
Quantitative scoring of phasic EMG activity presented. 
Phasic activity decreased with use of clonazepam. 
Fluctuating augmentation of EMG tone during REM sleep 

in all patients. 
Jerky movements and some complex behaviors during 

REM sleep. 

REM-related behaviors represent dream enactment. 

All PSGs diagnostic of RBD. 

17/20 PSGs diagnostic of RBD; 3120 diagnostic of DoA. 

Review paper. 
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Study design/ 
Reference location # of patients 

Sforza et al. 1988 (276) CIS/lab 6 

Tachibana et al. 1991 (234) CCS/lab 21 
7 patients 

14 controls 

TABLE 14. 

Monitoring channels 

SS 
EMG, 

CR 
SaO, 

SS 
ECG 
EMG, 

Video 

Continued 

Bias 

a 

Patient-selection bias 

Diagnostic value of testing procedure 

All PSGs diagnostic of RBD. 

RBD events recorded in 86% of patients. 
All patients had elevated tonic and phasic EMG activity 

during REM sleep. 

CIS, clinical series; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG 1 (chin electromyogram); CR, cardiorespiratory sleep study includes AF 
(airflow), RE (respiratory effort), and heart rate or ECG (electrocardiogram); EMG" anterior tibialis electromyogram; PSG, polysomnography; REM, rapid eye movement; NREM, 

nonrapid eye movement; CCS, case control study; SaO" arterial oxygen saturation; RBD, REM sleep behavior disorder; DoA, disorders of arousal. 
a Several biases are common to clinical series: patient-selection bias, lack of blinding, lack of controls/comparison data, errors in measurement of outcomes, bias to external validity. 

Reference 

Maselli et al. 1988 (238) 

Montagna et al. 1990 (239) 

Pedley and Guilleminault 1977 
(241) 

Plazzi et al. 1995 (242) 

TABLE 15. 

Study design! 
location 

CIS/lab 

CIS/lab 

CIS/lab 

Crpt/lab 

Evidence for parasomnias for episodic nocturnal wandering and paroxysmal arousals 

# of patients 

12 

6 

6 

4 

Monitoring channels 

SS 
ECG 

RE 
Expanded EEG 

SS 
ECG 
EMG2 

RE 
Video 

Expanded EEG 

SS 
Video 

SS 
Expanded EEG 

Video 

Bias 

a 

a 

a 

Population bias 

Diagnostic value of testing procedure 

Events unaccompanied by epileptiform EEG changes re
corded in two cases. 

Interictal epileptiform activity recorded in four cases. 

Brief paroxysmal arousals with motor activation recorded 

during NREM in all patients. 
Epileptiform EEG activity recorded in one patient during 

an event. 

Behavioral events were recorded during NREM sleep in 

two patients. 
No EEG abnormality detected on PSG. 
Behavioral events were recorded in all cases with associ

ated ictal epileptiform EEG activity. 

CIS, clinical series; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG 1 (chin electromyogram); CR, cardiorespiratory sleep study includes AF 
(airflow), RE (respiratory effort), and heart rate or ECG (electrocardiogram); EMG2, anterior tibialis electromyogram; NREM, nonrapid eye movement; PSG, polysomnography; Crpt, 

case report. 
a Several biases are common to clinical series: patient-selection bias, lack of blinding, lack of controls/comparison data, errors in measurement of outcomes, bias to external validity. 
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INDICATIONS FOR POLYSOMNOGRAPHY AND RELATED PROCEDURES 461 

was recorded in 11 cases, eight of which included mo

tor activity; four cases of sleep-disordered breathing 

were identified, with sleep terrors precipitated by re

spiratory events in two cases; and RBD was identified 

in three PSGs. In summary, laboratory-based PSG 

yielded supportive diagnostic information in 20 of 41 

cases, but none of the laboratory studies yielded de

finitive 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 som

nambulistic parasornnias after 4 to 10 nights (mean of 

6.5). Two other discrepancies were noted between am

bulatory and laboratory recordings-in one case, 

events occurred from REM sleep in the laboratory and 

from stage 2 sleep at home; in the other case, different 

stages of NREM sleep immediately preceded the 

events. 

7.3.4 Technical considerations 

Distinguishing sleep-related epilepsy from other 

parasomnias is a crucial and difficult problem clini

cally; therefore, PSG technical requirements must be 

suitable for confident 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 bilat

eral EEG montage, it will be considerably less specific 

for detecting epileptic attacks (if conclusions from re

search on ambulatory EEG apply to PSG) (262). 

A second important issue about both PSG and vid

eo-EEG telemetry is the frequent failure of scalp re

cordings to detect subtle seizures and simple partial 

seizures. In some of these cases, video recording dem

onstrates the stereotyped nature of the behavior, sug

gesting that the events are ictal in origin and not pseu

doseizures or nonepileptic parasomnias (263). The im

provement in detection rate gained from video record

ing has not been quantified. 

Third, recording speed, pen responses, and digital 

sampling rate must be sufficient to detect spike and 

wave activity, paroxysmal fast activity, and electro

decremental events that signal seizures or show inter

ictal paroxysmal abnormalities. The technical require

ments 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 test

ing the responsiveness of the patient, adjusting the 

equipment settings, and replacing PSG connections 

disrupted by movement is essential for adequate sei

zure diagnosis (235). 

Finally, the record must be interpreted by a clinician 

skilled in recognizing paroxysmal discharges, identi-

fying 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 

sufficient 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 recording for differentiating epilepsy 

from other parasornnias. Another alternative, ambula

tory recording, would not allow simultaneous video

physiologic recording, technician interaction with the 

patient, or correction of artifacts from movements that 

displace leads. Because much of the diagnostic capa

bility of PSG and video-EEG telemetry arise from 

viewing the behavior and associated physiologic 

events together and having an opportunity for the tech

nician 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 re

cording, whether by PSG or by video-EEG telemetry. 

Two case series of video-EEG recording for epilepsy 

(266,268) demanded event frequencies of two per 

week before recording was considered. Other investi
gators have correlated prerecording 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 oc

curred weekly or daily (274). In another center, spon

taneous 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 de

scription 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 dem

onstrated no difference from control values for mi

croarousals unless the arousals were associated with 

slow-wave synchronization, in which case the rnicroar

ousals occurred significantly more frequently in pa

tients than in controls (260). The presence of 

hypersynchronous high-voltage delta activity in the 
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EEG of patients with arousal disorders is often de

scribed and may reflect cerebral immaturity 

(237,243,244,247,251,260). There is no consistent pat

tern of sleep-architecture alteration reported in the 

arousal-disorder literature. One study reports diminu

tion of percentage of slow-wave sleep (250), and an

other shows a trend toward an elevation (251). Fisher 

et al. (230) reported that arousal-disorder events are 

more severe after longer preceding periods of slow

wave sleep. There are no consistent quantitative cri

teria 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 during REM sleep. Inasmuch as the con

cordance of extremity movement and dream mentation 

is documented by reported descriptions, the recording 

of EMG from the extremities is important 

(209,217,231-234,275,276). 

With regard to diagnostic usefulness, the two clini

cal series (each including over 100 cases of patients 

with various parasomnias) indicate that PSG was di

agnostic 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. Stan

dard EEG, preferably including a daytime nap, is per

formed 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 evi

dence 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 systemat

ically and polysomnographically in a prospective man

ner to better understand the utility and limitations of 

PSG. Controlled studies can evaluate the actual sig

nificance of hypersynchronous delta EEG activity and 

microarousals in disorders of arousal. 

Likewise, a multicenter prospective evaluation of 

outcomes could address the health benefits of treating 

Sleep, Vol. 20, No.6, 1997 

parasomnias. 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 parasomnias. Treatment has not been addressed by 

randomized, controlled clinical trials. The extent of 

overlapping parasomnias 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 charac

terized by disagreeable leg sensations that usually oc

cur prior to sleep onset and cause an irresistible urge 

to move the legs (278). Willis (279) provided the ear

liest description of restless legs in 1685. In 1945, Ek

bom (280) proposed the term "restless 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 sug

gested 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 symp

toms worse in the evening or at night. Additional but 

not required symptoms include involuntary 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 movements of sleep can be an in

cidental 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 insom

nia, frequent awakenings, unrefreshing sleep, or EDS, 

and have no other sleep-related medical or psychiatric 

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 
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INDICATIONS FOR POLYSOMNOGRAPHY AND RELATED PROCEDURES 463 

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 pro

portion of patients with PLMs complain of RLS symp

toms (284,288). Lugaresi et a1. (288,289) were the first 

to polygraphically record the sleep and EMG activity 

of patients with PLMs. 

Restless legs syndrome and PLMs have been re

ported 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 as

sociations in the peer-reviewed literature are for RLS 

with anemia (290-292), diabetic neuropathy (293), 

impotence (294), Parkinson's disease (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 sec

tion included restless legs, sleep myoclonus, nocturnal 

myoclonus, periodic limb movements, periodic move

ments in sleep, and periodic limb movement disorder. 

The inclusion criteria for selection of evidence-based 

literature included studies of at least six patients and 

those that provided sufficient detail concerning the pa

tients, recording techniques, polysomnographic record

ing techniques, scoring 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 clinician with knowledge of the disorder 

can often make the diagnosis of RLS by obtaining a 

clinical history and performing a physical examina

tion. Actual observation of the RLS patient sitting or 

lying, particularly while simultaneously 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 oc

cur. 
In patients with RLS, PSG can document the pres

ence and severity of the sleep disturbances, document 

the presence 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 pa-

tients with RLS show that anterior tibial EMG activity 

may increase before sleep onset, may occur as aperi

odic or periodic bursts lasting longer than 5 to 10 sec

onds, and may be accompanied by excessive muscle 

activity or high-amplitude 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 record

ed 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 pe

riodic intervals, usually 20 to 40 seconds (range, 5 to 

120 seconds) (104,283,288,308) (Table 17). The an

terior 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 movements 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 a1. (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 neg

atively 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-Is

rael et a1. (320) found that seniors with sleep-wake 

complaints and PLMs had significantly more awak

enings 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 a1. (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 dis

turbed sleep) (320). These authors also found that the 

historic factor that correlated most strongly with PSG 

changes was the patient's estimate of the number of 

awakenings. One study demonstrated 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 
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Reference 

Coccagna and Lugaresi 
1981 (304) 

Pelletier et al. 
1992 (306) 

Walters et al. 1991 (309) 

Study design! 
location 

CCSllab 

CCSllab 

CIS/lab 

# of patients 

40 
32 RLS patients 

and 8 NM pa
tients 

10 

RLS patients 

20 
II RLS patients 

and 9 NIA pa-

tients 

TABLE 16. Evidence for restless legs syndrome 

Monitoring 

channels 

SS 

EMG2 

RE 

RE 
AF 
Bilateral EMG, 

SS 

CR 
Bilateral EMG, 

PLMslRLS scoring criteria 

Criteria for PLMs not specified. 

2:4 consecutive movements sepa-
rated by at least 4 but no more 
than 90 seconds. PLM index 

= number of PLMsITST. 

2:5 consecutive LMs 

Bias Diagnostic value of testing procedure 

Patient-selection bias RLS patients compared to controls had 
reduced TST, reduced sleep efficien
cy, prolonged sleep latencies, in

creased stage I sleep, decreased 
stages 3 and 4 sleep, and increased 
nocturnal awakenings. Among eight 

NM patients, slight insignificant in-

Patient-selection 
bias, errors of 

measurement of 
outcomes, popula-
tion bias, intensity 
bias 

Patient-selection bias 

crease in stage I sleep. 

10 RLS patients had mean PLMs index 
of 32.1 /h of sleep with mean lEI 

28.0 seconds. 9110 had PLMs index 
> 5/h on their nocturnal PSG; 1110 

had < 5/h, and 511 0 had < 15/h. 
The PLM index may not correlate 
with the severity of RLS symptoms! 
movements. 

Compared to the mean for age and sex, 

RLS patients showed significant in
creases in number of awakenings (p 

< 0.05), decreases in sleep efficien
cy (p < 0.01), prolongations in sleep 

onset latencies (p < 0.05) and REM 

sleep onset latencies (p < 0.05), and 

decreased percent REM sleep (p < 
0.01). All II RLS patients had 

PLMs. 

CCS, case control study; RLS, restless legs syndrome; NM, nocturnal myoclonus; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG, (chin 
electromyogram); EMG2, anterior tibialis electromyogram; CR, cardiorespiratory sleep study includes AF (airflow), RE (respiratory effort), and heart rate or ECG (electrocardiogram); 
PLMs, periodic limb movements during sleep; TST, total sleep time; lEI, intermittent event interval; PSG, polysomnography; CIS, clinical series; NIA, neuroleptic-induced akathisia; 

LMs, limb movements; REM, rapid eye movement. 
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INDICATIONS FOR POLYSOMNOGRAPHY AND RELATED PROCEDURES 465 

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 di

agnosis was not suspected until found on PSG in 10 

of these 15 patients (67%) with PLMD. Edinger et al. 

(323) found 25 of 100 consecutive patients with chron

ic 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' re

sponses to a sleep questionnaire. The PLMD scale on 

the patients' responses to a sleep questionnaire showed 

the poorest sensitivity and specificity and lowest pos

itive predictive value and negative predictive value. A 

final PSG-based diagnosis of PLMD correlated best 

with frequent awakenings at night and disturbing rest

less legs symptoms during the night and while trying 

to fall asleep. 

Periodic limb movement disorder was the primary 

diagnosis and sole sleep diagnosis in 67 of 1,171 pa

tients (6%) who had a polysomnogram at one sleep 

disorders center (325) and 68 of 456 (16%) at another 

(111). In order to qualify as having primary PLMD in 

the study by Mendelson (326), patients were required 

to have a PLM-associated arousal index [(PLM-Ar-I) 

or the number of periodic limb movement events that 

were associated with arousals per hour of sleep] of at 

least five per hour and no other sleep or medical dis

orders 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 not

ed 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 associ

ation between the PLM-Ar-I 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) com

pared the number of PLMs and the PLM-Ar-I of 40 

patients with RLS and 16 patients with PLMD. The 

authors found no significant 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 associated with arousals in 

patients with RLS than in patients with PLMD (58% 

vs. 28%). Patients with PLMD, as it is currently de-

fined, may actually represent a heterogeneous group. 

They are often difficult to recognize prior to obtaining 

the findings from PSG. 

Night-to-night variability can be seen in PSG stud

ies of patients with PLMs and PLMD. Edinger et aI. 

(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 dif

ferences in the PLM-Ar-I 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 variability 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 significant first-night effect but did show night

to-night variability, which was higher for PLMs than 

for RDI. The authors' various analysis techniques and 

predictive formulae failed to show a predictable mag

nitude 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 

tibialis 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 movements related to respiratory 

events (332). 

Applying additional EMG electrodes (e.g. gastroc

nemius, quadriceps, biceps, triceps, wrist flexors, or 

sternomastoid) 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 pa

tients with idiopathic RLS will have affected relatives, 

a pattern suggestive of autosomal-dominant inheri

tance (280,285-287,308-310,332,333). The neurolog

ic examination in patients with idiopathic RLS typi

cally is normal. Only those patients whose complaints 

or neurologic findings suggest neuropathy, radiculo

pathy, or motor neuron disease should undergo EMG 

and nerve conduction studies (286,334). 

Sleep, Vol. 20, No.6, 1997 
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~ TABLE 17. Evidence for periodic limb movement during sleep 
.j::.. 

~ 
0\ 
0\ 

~ Study designl Monitoring ,.... 
Reference location # of patients channels PLMsJRLS scoring criteria Bias Diagnostic value of testing procedure N 

,0 

~ 
Allen and Earley 1996 CCS/lab 46 SS ~4 consecutive LMs lasting 0.5- Patient-selection bias There were no significant differences 

(327) 30 RLS, 16 AF 5 seconds with LEIs 5-120 between the mean PLM rate 

"" PLMD Thoracic and ab- seconds. Clinical and PSG di- (PLMslh of NREM) between the pa-
'-
\Q dominal RE agnosis of PLMD = clinically tients with RLS and those with idio-
\Q 

" Bilateral EMG2 significant complaints of both pathic PLMD (mean 72.5 vs. 65.81h, 

sleep disruption and daytime NM). However, the patients with 
consequences associated with RLS had higher percentages of their 
the sleep disturbance and PSG PLMs associated with arousal than 
with a PLM-index of ~151h of did the PLMD patients (58% vs. 
sleep and ~ I 0% associated 28% m, p < 0.001). 
with arousal. 

Ancoli-Israel et al. 1981 NCT 26 SS NM diagnosed when ~three sep- Patient-selection 25% (6/24) had NM (~~three epochs of 
(315) (of 50 seniors) CR arate episodes of 30 LMs each bias, errors of ~30 LMs) and >five arousallh of 

Thermocouple and the arousal index was measurement of sleep; additionally, two had sleep ap-
legs linked > 5/h. Arousal = subject outcomes nea and NM. The patients with NM 

Sa02 awoke ~20 seconds. had 145-621 LMs/night but ArI 5.3-
Il.91h. NM group had significantly 

~ 
more aWakenings per hour of sleep 
than elderly patients without sleep r 
apnea or NM (mean 7.6 vs. 5.0, P < 

Q 0.05), more stage I sleeplh (mean 
9.4 vs. 5.9, P < 0.01) and less REM 

~ sleep (mean 42 vs. 67 mins, p < 
0.05). Only 9/24 had ~3 episodes of 

~ ~30 LMs as well as ArI ~51h with 
mean ArI of 8.5 :±: 2.5. ~ 

Ancoli-Israel et al. 1985 Observa- 200 4-channel modi- ~three consecutive LMs :5120 Patient-selection Of the 145 seniors ~6.s years of age ""'3 

(320) tional! Seniors telephone fied Oxford seconds apart. NM if ~30 bias, confounding who agreed to PSG, 50 (34%) had > 
home interviewed, Medilog/Res- LMs in reported sleep period factors, errors of MI ~ 51h of sleep. The sleep of the r 

145 had PSG pitrace and MI ~51h. measurement of seniors with MI ~ 5/h was about 

Wrist actigraphy outcomes, popula- 100 minutes shorter than those with 
EMG2 bilateral tion bias no sleep disturbance. 
RE 

Ancoli-Israel et al. 1991 RCTlhome 427 Four-channel NM data available only on 420 Patient-selection 189/420 (45%) of community dwelling 
(316) (23% of 1,865 modified Ox- patients; seven lost data. bias, confounding elderly had ~5 PLMs/h of sleep ob-

telephone in- ford Medilogl ~three consecutive LMs 0.5-5 factors served in 45% (n = 189/247) of elder-

terviewed) had Respitrace seconds with LEIs 5-120 sec- Iy. Small positive corTelation between 

PSGs Wrist activity onds; MI (= PLM index) age and MI. Subjects with PLMs re-

Bilateral EMG2 ~51h considered abnormal. ported being less satisfied with their 
RE Correlation between PSGs and sleep, sleeping alone, kicking at night, 

Medilog for determining MI breathing problems (other than snor-
was r = 0.64 (p < 0.005). ing, breath-holding, or shortness of 

breath), and a history of leg jerks (p 
< 0.009). No significant differences in 
TST, sleep onset latency in those with 
and without PLMs. 34% had MI ~ 
10; 20% had MI ~ 20. The patient's 
estimate of the number of awakenings 
was the strongest correlate of MI (r, 

0.23; p < 0.001). 
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~ 
~ 

~ ,... 
N 

s::> 

~ 

"" ..... 
~ 

" 

"t- ~ ~ 4Zf: T ? ~~ '? .~, ..... ~-~ 

Reference 

Bixler et aL 
1982 (313) 

Bliwise et aL 1985 (317) 

Coleman et aL 1980 
(283) 

Study design/ 
location 

CIS/lab 

CISllab 

CIS/lab 

# of patients 

100 

63 

elderly patients 
with insomnia 

53 
PLMD (sleep

wake com

plaints and > 
40 PLMs/night 
on PSG) com

pared with 53 
patients with

out PLMD but 
matched to the 

PLMD patients 
for age, sex, 

and final diag

nosis 

TABLE 17. Continued 

Monitoring 
channels 

Grass model 
78C 

SS 
Bilateral EMG2 

SS 

EMG2 

SS 
Bilateral EMG2 

ECG 
RE 

PLMslRLS scoring criteria 

0.5 to <5 seconds with lEI of > 
5 but <120 seconds. NMA = 

1-2 epochs of ~30 LMs/night. 

NM = ~3 epochs of ~30 
LMs/night. 

~four consecutive LMs lasting 

0.5-5 seconds with lEIs >4 
and <90 seconds. Discarded 
PLMs related to respiratory 
events. 

LM burst 0.5-4 seconds, ~5 
consecutive L, IEl 2-60 sec
onds, scored 20 second ep
ochs; PLMs defined as ~40 

PLMs in one night. 

- ~ $> ~ 

Bias 

Patient-selection 
bias, errors of 
measurement of 
outcomes 

Confounding factors 

Patient-selection bias 

~ ~ v 'r 

Diagnostic value of testing procedure 

6/100 (6%) subjects had NM with ~3 
epochs of ~30 LMs in a night. 
None of the subjects who had NM 

or NMA complained of disturbed 
sleep. The six subjects with NM 
spent 9.2 ± 2.7 minutes of PSG 
night with NM activity; < 10 percent 

of episodes during REM sleep; 79.8 
± 4.5 percent during stage 2 sleep. 

Only 12.1 ± 4.1 % of PLMs were 
associated with arousals. PLMs were 
strongly related to NREM sleep; ap

proximately 80% occurred during 
stage 2 sleep, least common during 
REM sleep. PLMs usually did not 

cause arousals. 
Of the 23 subjects with ~40 PLMs, 

only 5/23 (22%) complained of RLS 
symptoms. 8/23 (35%) with ~40 

PLMs/night complained of leg 
twitching. Only the symptom of leg 
twitching could discriminate the high 
PLMs (~40/night) group. RLS co
meplaints among 63 elderly insomni

acs were not always associated with 
PLMs on PSG. Found higher inci
dence of NMINMA in older subjects 
(p < 0.01), during NREM sleep. 

Analysis of variance demonstrated sig

nificantly lower sleep efficiency 
(69% vs. 74%, P < 0.05). Signifi
cant negative correlation found for 
TST (r = 0.31) and minutes of REM 

sleep (r = -0.25) in relation to 
movement index (p < 0.05) suggest
ing patients with many PLMs have 

decreased TST and REM sleep and 
chronic sleep complaints. PLMs less 

disturbed the patient's sleep. Major 
subjective complaints among PLMs 

patients: nocturnal (45%) or early 

morning (11%) awakenings, daytime 
sleepiness (42%), sleep-onset diffi

culty (43%). 
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~ 
S>-
..... 
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10 
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Reference 

Dickel and Mosko 1990 

(318) 

Douglass et al. 1994 
(112) 

Edinger et al. 1991 (323) 

Study design! 

location 

CSSnab 

CCSnab 

ClS/home 

I ,~# "'~ 

# of patients 

100 

519 
435 sleep disor

ders patients, 
84 controls 

20 
DIMS patients, 

II of 20 had 

PLMD 

..b.- ~ Po. 

TABLE 17. Continued 

Monitoring 

channels 

SS 
Bilateral EMG2 

AF (oronasal 

thermistor) 

Sa02 

RE (abdominal 

wall excur· 
sions) 

SS 
CR 

EMG2 

Sa02 

MSLT in some 

SS 
AF (oronasal) 

Bilateral EMG2 

~. 

PLMs/RLS scoring criteria 

2four consecutive LMs lasting 

0.5-5 seconds with lEIs 5-120 
seconds. Respiratory related 

PLMs not counted. MI = av
erage number of PLMs~h of 

sleep; PLMs were averaged 

across three nights. 

2four consecutive LMs lasting 
0.5-5 seconds with lEIs 5-90 

seconds used to diagnose 
PLMD. 

2four consecutive LMs lasting 

0.5-5 seconds at lEIs 5-90 

seconds. 
PLM patients with mean PLM 

arousal index 2 5/h across 3 

nights. 

,r .. ....... ~ ;t;~ 

Bias 

Population bias 

Confounding factors, 

population bias 

Confounding factors, 
errors of measure
ment of outcomes 

.~~ .~ 

Diagnostic value of testing procedure 

58% (58/100) elderly subjects had 25 
PLMs/h with a mean PLM index of 
30.5/h. Authors studied whether el

derly with high PLM indices of 
220/h or 240/h could be identified. 

Subjects with PLM index 240/h vs. 
<40/h reported a lower percentage 

of days rested on their sleep logs (p 
< 0.007). Increased number of stage 
shifts, higher percent stage I sleep, 

lower percent stage 2 sleep among 
those with PLM index 2 40th. TIB, 

TST, sleep latency, percent of stages 
3 and 4 sleep, and percent of REM 
sleep remained stable at all PLM in

dex cutoffs. 
PLMD established by PSG in 96/435 

(22%) patients; PLMD was the sole 

sleep disorder in 68/456 (15.6%) and 
a secondary diagnosis in 27/158 
(17%) OSA patients and 24/39 
(62%) narcoleptics. PLMD scale on 

the sleep questionnaire showed the 

poorest sensitivity, specificity. posi
tive predictive value. and negative 
predictive value. PLM scale persis
tently showed the highest correlation 

with other scales. PLMD symptoms 
proved the least powerful scale. Low 

diagnostic yield of sleep question· 
naire to identify PLMD. 

Of the 20 patients complaining of 

chronic insomnia. PLMs were ob· 
served in the PSG in 11120 (55%). 
Four or more first night effects were 

observed in 6/11 PLMD patients. 
Many DIMS patients manifest first 

night effects even when studied at 
home with ambulatory PSG moni

tors. 
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TABLE 17. Continued 

Study design/ Monitoring 
Reference location # of patients channels PLMslRLS scoring criteria Bias Diagnostic value of testing procedure 

Edinger et aL 1992 (329) CIS/home 15 SS ;o"four consecutive LMs lasting Patient-selection Internight correlations conducted on 
17 had PSGs but Bilateral EMG2 0.5-5 seconds at IEIs 5-90 bias, errors of group data suggested minimal differ-

~ two lost data AF (oronasal seconds. Arousal = increase in measurement of ences in MIs across nights. Correla-
thermistor) EEG frequency lasting ;0,,3 outcomes, loss to tions for MIs were 0.81 night I ver- tj 

...... 
seconds within 2 seconds of follow-up sus night 3, 0.86 for night 2 versus Q PLM, could include K com- night 3, and 0.74 night 2 versus 
plex in the burst of the arous- night 3. However, for individual sub- ~ 
al; 10 seconds before the next jects (within subjects), night-to-night a 
arousal could be counted. variability in MIs and selected sleep ~ 

parameters were observed. Subjects 
~ 

had 12.4 (range 5.7-35.2) more 

~ movement-related arousals/h of 
sleep, slept 95.6 more mins., had "'tl 
16.9% higher sleep efficiency, and a 
had 3.3% less stage I sleep on their t'-< 

best night than on their worst night. ~ 
All subjects had MI ;0" 5 on two of a 
three nights, but two subjects had ~ MI < 5 (false negative) on one night a (one of these the first night). Clinical 

~ judgments from the first night were 
representative of the other nights. 

Fry et aL 1989 (322) CIS/lab 33 Expanded EEG ;o"four LMs lasting 0.5 to <5 Confounding factors, On baseline PSG, 9/33 (27%) patients ~ Expanded EMG seconds with IEIs of 5-90 sec- errors of measure- had PLMs index of ;o,,5/h of sleep; '"<:: 
AF onds. PLMs occurring within ment during CPAP trial and repeat PSG ;J:. 
Sa02 5 seconds of termination of re- after using CPAP 2-7 months, 14/33 

~ spiratory events were scored (42%) had >5 PLMs/h of sleep. Pa-
as PLMs. PLM arousals = ap- tients with OSA and ;0,,5 PLMs/h of :::z::, 

pearance of alpha frequencies. sleep had higher percent stage I 

~ sleep (p < 0.05) and lower percent 
REM sleep (p < 0.00 I) than OSA 

~ patients without PLMs. The number 
tj 

of PLMs increased significantly be-
tween baseline and two CPAP stud- ;J5 
ies but a nonsignificant increase in a 
number of arousing PLMs noted re-

~ peat CPAP comparcd with initial 
CPAP trial. tj 

Jacobs et aL 1988 (324) CIS/lab 123 EEG NM syndrome required ;0,,3 peri- Population bias RLS found in 4/123 (3.3%) and NM in ~ 
~ RE ods lasting few minutes to > I 15/123 (2.2%) patients with chronic 

~ ~ Bilateral EMG2 h of ;0,,30 LMs followed by insomnia who had PSG as part of 

2f arousal or partial awakening. their evaluation. The diagnosis of 
:- DIMS associated with NM was a 
w 

new, unsuspected diagnosis in 10/15 ~ 

~ 
(67%) insomniacs who had NM on 
their PSG . 
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TABLE 17. Continued 
.j:o.. 
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o 

Reference 

Mendelson 1996 
(326) 

Mosko et al. 1988 (319) 

Pollmacher and Schulz 
1993 (314) 

Wittig et al. 1983 (321) 

Study design/ 
location 

CIS/lab 

CIS/lab 

CCS/lab 

CCS/lab 

# of patients 

1,171 

46 seniors 

13 
9 RLS, 4 PLMD 

77 

57 consecutive 
narcoleptics, 
20 controls. 

Monitoring 

channels 

EMG2 

SS 

EMG2 

AF (orona sal 
thermistor) 

RE (chest and 
abdominal 

wall strain 
gauges) 

Sa02 in 33/46 

SS 
Bilateral EMG2 

SS 

ECG 
AF (nasal and 

oral) 

Bilateral EMG2 

MSLT 

-"> ~ ~ ~r" ~ ~ ~ r~ .}~ 

PLMslRLS scoring criteria 

0.5-5 seconds with lEIs 4-90 
seconds; PLM index ~ S/h 

considered abnormal. 

PLMs = rhythmic trains of ~ 

four LMs on eitherlboth EMG 
channels each lasting 0.5-5 
seconds with lEIs of 5-120 

second. PLMs > 120 seconds, 
lEIs established separate bouts. 

Bouts separated by > 15 min
utes considered a major epoch. 

Total number of PLMs 
summed to determine the MI 
= average number of PLMs/h 
of sleep. MI 2: S/h considered 

abnormal. 
Three consecutive LMs lasting 

0.5-5 seconds at lEIs of 2-

120 seconds. PLMs index = 

mean number of PLMs/h of 
time in bed (includes PLMs 

during wakefulness). 
PLM arousal index = mean 

number of PLMs causing par
tial « IS seconds) or full (2: 

15 seconds) arousals/h of 

sleep. 

NM = at least three series of 30 

PLMs each or a shorter series 
of PLMs but causing arousals 
and awakenings. 

Bias 

Patient-selection bias 

Patient-selection 
bias, population 
bias 

Confounding factors 

Confounding factors, 
loss to follow-up 

Diagnostic value of testing procedure 

Among the 67 patients with primary 

PLMD, 73.1 % complained of difficul
ty sleeping with disturbed sleep (a 
mean of 3.9 nights per week for a 

mean of 6.9 years). Daytime sleepi
ness was reported by 59.7%. Patients 

with PLMD had poor sleep efficiency 
(mean, 53.1%), a relatively long sleep 

latency (mean, 28.3 minutes), and a 
significant positive association between 

the PLM Ar Index and the amount of 
WASO (r, 0.32; p < 0.05) 

22/46 (48%) community based low-in

come seniors had MI 2: 5/h. Few 
subjects had sleep-wake complaints. 
Average PLM index among com

plainers was 13/h compared to 20/h 
among the noncomplainers (p < 
0.05). However, patients with PLM 
index ~ 5/h had significantly more 
W ASO, more stage changes, higher 

ratios of number of stage changes to 
TST, more awakenings longer than I 
minute, higher percent stage I sleep, 

and lower percent stage 2 sleep. 

PLM occur not only during sleep but 
also during wakefulness. PLM dur
ing stage I sleep more likely to pro

voke an arousal than during deeper 
NREM sleep. PLM arousal also de

pends on duration of LM, and the 

percentage of PLM causing arousal 
increases with increasing PLM dura

tion. Duration and frequency of 
PLMs decrease across NREM sleep 
stages, maximally suppressed during 

REM sleep. 
Narcolepsy with PLMs in comparison 

to narcolepsy only had more awak
enings (p < 0.001), increased stage 
1 sleep (p < 0.001), and increased 

WASO (p < 0.01). Patients with 
narcolepsy who had PLMs had sig

nificantly more disturbed sleep archi
tecture but were not significantly 

sleepier on the MSLT Narcolepsy 
and PLMs compared to normal sub
jects had significantly more waking 

during sleep (p < 0.0 I) and higher 
percent stage 1 sleep (p < 0.0 I). 
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INDICATIONS FOR POLYSOMNOGRAPHY AND RElATED PROCEDURES 471 

Sleep questionnaires have not yet been devised that 

will accurately identify patients with PLMD (112). 

Sleep diaries and sleep logs may be helpful in evalu

ating the frequency and severity of sleep disorders and 

the patients' subjective responses to treatment. Actig

raphy does not show any advantage over subjective 

sleep logs in studying PLMs (335,336). Simultaneous 

time-locked infrared videotape recording can be help

ful in analyzing and interpreting leg movements, par

ticularly those obscured by movement artifact (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 utility. 

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 protocols. Further study is needed to eluci

date the relationship between the arousals caused by 

periodic limb movements and the symptoms of insom

nia or EDS. Outcomes research will assist in estab

lishing treatment effects and associations with a qual

ity-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 prac

tice parameters (339) and a review paper (340), and 

will not be repeated here. 

9.2 Depression with insomnia 

Depression with insomnia is a complaint of diffi

culty with sleep that is associated with a psychiatric 

diagnosis of depression, either unipolar (major depres

sion only) or the depressive phase of a bipolar illness 

(in which there are some periods of depression and 

others of hypomania or mania) (341). Difficulty with 

sleep maintenance, rather than difficulty with sleep on

set, is typically the chief complaint, particularly in old

er patients, and the hallmark feature of disturbed sleep 

in depression is early-morning awakening. Daytime fa

tigue and exhaustion may also be presenting com

plaints, although true physiologic sleepiness may not 

be present (342). During the manic phase of a bipolar 

disorder, sleep may be markedly reduced in amount 

without the patient having a concurrent complaint of 

insomnia. 

Interest in the relationship between sleep and de-

Sleep, Vol. 20, No.6, 1997 
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472 A. L. CHESSON ET AL. 

pression grew out of the observations in the late 1960s 

and 1970s that antidepressant medications had marked 

REM-suppressing effects and that REM sleep depri

vation in depressed individuals mimicked antidepres

sant medication effects. These findings suggest that 

features of REM sleep may provide diagnostic clues 

to the biologic basis of depression. Decreased latency 

to REM sleep, increased number of eye movements 

during REM, and alterations in the temporal distribu

tion of REM sleep across the sleep cycle were asso

ciated with depression. Amelioration of the depressive 

symptoms was associated with normalization of these 

characteristics of REM sleep. Whether these features 

of REM sleep are specific and sensitive for the diag

nosis of depression is an issue that continues to gen

erate debate. 

The complaint of insomnia-difficulty in either fall

ing 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). Dif

ficulty with sleep, particularly early morning awak

enings, is an almost universal complaint in depression. 

A 1982 national cooperative case series study of pa

tients evaluated in sleep disorders 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 in

dividuals, insomnia complaints are common in both 

the general 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 moderate 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 depression 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 sec

tion included insomnia, sleep disturbance, and depres

sion. The inclusion criteria for selection of the litera

ture 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 Re

chtschaffen and Kales criteria (263)] used for evalua

tion criteria. One metanalysis was included because all 

of the studies included in the analysis required formal 

diagnostic criteria and scoring of sleep stages (350). 

Sleep, Vol. 20, No.6, 1997 

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. Af

fective disorders, particularly depression, have been 

studied most extensively. A number of distinctive find

ings have been reported that are characteristic of sleep 

in depression, including a shortened REM latency, in

creased REM density, 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 har

bingers of depression, however, and may help identify 

persons who are at risk for developing major depres

sion, particularly those with a family history of de

pression (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 de

pressed patients who have never sought treatment and 

normal controls (355). 

A major issue that arises is whether PSG can, in 

fact, identify features of sleep that are specific to de

pression. The REM latency, for example, in individual 

studies is not particularly useful in discriminating be

tween 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 con

trast, may be of greater utility in identifying 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 antide

pressant medication (e.g. by demonstrating an increase 

in the REM 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 
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TABLE 18. Evidence for depression with insomnia 

# of patients 

Monitoring 
channels 

7,151 SS 

5,642 patients, 
1,509 controls 

33 SS 
18 patients, 15 

controls 

70 SS 

100 SS 
DIMS patients AF 

123 

Limb movement 

(ambulatory 
oxford medi
log) 

EEG 

chronic insomni- RE 
acs EMG2 

27 
unipolar de

pressed pa
tients 

EEG 

EOG 

Bias 

Errors of measurement of 
outcomes, ascertainment 
of exposure to an inter
vention, loss to follow

up, intensity bias, pa
tient-selection bias 

Patient selection, con
founding factors 

Patient-selection bias, loss 
to follow-up, exclusion 
criteria 

Patient-selection bias 

Patient-selection bias 

Patient-selection bias, con
founding factors 

Diagnostic value of testing procedure 

Affective disorders were significantly different from controls for 
the largest number of variables in comparison to other diag

nostic categories. A reduction in REM latency occurred not 
only in affective disorders, but also in other categories of 
psychiatric illness. No sleep variable reliably discriminated 
affective disorders from other categories of psychiatric ill

ness. This meta-analysis of PSG findings suggests that no in

dividual sleep variable is either sensitive or specific for the 
diagnosis of either affective disorders or any other specific 
psychiatric disorder. However, some variables are helpful in 

distinguishing patient groups from controls. 
REM latency (both strict and lenient), REM percent, minutes of 

REM, and lowest REM latency (both strict and lenient) did 
not discriminate between borderlines with or without affec

tive disorders or from normal controls. 
I) Married couples have significantly longer sleep latency and 

higher delta percent than do divorcing subjects. 

2) Depression subject had a significantly shorter REM latency 

than nondepressed subjects. Depressed patients have signifi
cantly higher delta percent awaiting divorce. 

3) I-year follow-up, finalized-divorce patients had significantly 
higher delta percent than those awaiting completion of di
vorce. 

4) Predictive value of poor sleep for a later diagnosis of depres
sion. 

In 65% of subjects, sleep studies yielded important diagnostic 
information for PLMSIRLS, sleep apnea, and subjective in
somnia. Almost half (46%) of the age 40+ subjects received 

one of these three diagnoses. Less than half of these three di
agnoses were predicted by clinical impression alone. PSG 
yields important diagnostic information in elaborating causes 

of chronic insomnia and may be most useful in those patients 
who have failed initial treatment for insomnia or who are in 
older age groups. 

Prior to PSG, 63% (781123) subjects were diagnosed as having 

past or present mental illness. Following PSG, 49% (601123) 
received a substantial modification of the initial diagnosis. 

PSG can improve the specificity of diagnosis in chronic in
somnia. 

During 3 years of drug maintenance, there were no significant 

differences over time in sleep-continuity measures. Percent
age of delta sleep declined. A reduction in number of REM 
periods, REM percent, and REM time, as well as an increase 
in REM latency and REM density, were maintained across 3 

years as compared to pretreatment. PSG data show that alter
ations in sleep architecture during imipramine treatment are 
associated with sustained clinical improvement. 
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Reference 

Lauer et al. 1991 (353) 

Lauer et al. 1992 (357) 

Lauer et al. 1995 (354) 

Nofzinger et al. 1991 (342) 

Reynolds et al. 1993 (358) 

Vitiello et al. 1990 (355) 
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Study design/ 
location 

CCS/lab 

CCS/lab 

CCS/lab 

CoS/lab 

CCS/lab 

CCS/ 

lab 

.... 'J 

# of patients 

125 

73 depressed pa
tients, 51 nor
mal 

46 
22 panic patients, 

12 depressed 
patients, 12 

normals 

92 
54 high risk pro

band patients, 

20 control pro

bands, 18 de
pressed pa
tients 

48 
25 depressed bi

polar patients 
with hyper

somnia,23 
narcoleptic pa
tients 

54 

27 bereaved 
without major 
depression, 27 

normal 

48 
24 depressed 
24 normals 

, .. .~ 
~ • 
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TABLE 18. Continued 

Monitoring 
channels 

SS 

EEG 

SS 

SS 
MSLT 

SS 
EMG2 

CR 

SS 
AF 
Bilateral EMG2 

Sa02 

-!. 
~ 

Bias 

Population bias 

Patient-selection bias 

Patient-selection bias, con
founding factors 

Patient-selection bias 

Patient-selection bias, con

founding factors 

Patient-selection bias 

~ ,~; 

Diagnostic value of testing procedure 

Similar age-related changes in PSG-defined sleep architecture 

were observed in both patients and controls. A decrease in 
REM latency between depressed and normal subjects first 
occurred in the 35-44 year age group. There was a signifi
cant increase in REM density between depressed and con
trol subjects for all age groups except the 18-24 year age 

group. PSG findings suggest that REM density may be a 
more reliable indicator for depression than REM latency. 

REM latencies of both panic disorder and depressed patients 
were similar to one another. Both were significantly shorter 

than REM latencies in normals. REM density index was 
significantly increased only in depressed patients. There 

were no significant PSG differences between the two cate
gories of panic disorder patients. PSG may be of benefit in 

determining physiologic differences or similarities in differ

ent groups of psychiatric patients. 
High risk probands of patients spent less S\VS time in the 

first NREM period, and REM density index for the first 
REM period was increased. SWS latency was not pro
longed, REM latency was not shortened, and mean REM 

density was not increased compared to control probands of 
patients. Eighteen percent of high risk probands of patients 

were classified as having depression-like sleep patterns. 

PSG evaluation of sleep in high risk probands of depressed 
patients may be of benefit in identifying vulnerability for 

development of future depression. 
Nocturnal REM latency was significantly longer, REM density 

was significantly lower, and REM percent was similar in 
depressed as compared to narcoleptic patients. No sleep-on

set REM periods were present in the nocturnal recordings 

of depressed patients. PSG monitoring of daytime naps was 

essentialIy within normal limits in depressed patients. PSG 
nap monitoring may be of benefit in depressed patients in 
discriminating between physiologic and subjective sleepi

ness. 
Phasic REM density was significantly eleva1ed in the bereav

ed subjects over the 2-year study period. Grief intensity or 
severity of depression did not correlate with REM density. 
REM latency, delta sleep ratio, and sleep efficiency did not 

differ between the two groups. PSG reveals that REM den
sity may be a biologic correlate of bereavement in the ab

sence of major depression. Bereavement is not associated 
with other features of sleep in depression,. including short
ened REM latency, up to 2 years after the loss of a spouse. 

All sleep-wake parameters, with the exception of a significant 

decrease in sleep latency in depression, were similar be
tween the two groups. REM latency, REM percent, and cu

mulative REM time were not significantly different between 
the two groups. PSG did not reveal characteristics of sleep 
disturbance associated with major depression in the de
pressed elderly who have not sought heal1th care. 
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Reference 

Ware et al. 1989 (360) 

Study design! 
location 

NCTI 

lab 

TABLE 18. Evidence for depression with insomnia 

# of patients 

30 

all insomniacs, 
14 on trimipra
mine, 16 on 
imipramine 

Monitoring 
channels 

SS 
ECG 
CR 
EMG2 

Bias 

Loss to follow-up, patient
selection bias 

Diagnostic value of testing procedure 

The antidepressant efficacy for patients taking trimipramine 
versus patients taking imipramine was similar. PSG im
provement in sleep quality occurred with patients taking tri
mipramine but not with patients taking imipramine. REM 
latency increased in patients taking imipramine but not in 
patients taking trimipramine. PSG reveals that improvement 
in clinical features of depression is not necessarily associat
ed with changes in sleep architecture. 

SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG 1 (chin electromyogram); REM, rapid eye movement; PSG, polysomnography; CCS, case 
control study; CSS, cross-sectional study; CIS, clinical series; DIMS, disorders in initiating and maintaining sleep; CR, cardiorespiratory monitoring includes airflow (AF), respiratory 
effort (RE), and heart rate or ECG (electrocardiogram); PLMS, periodic limb movements in sleep; RLS, restless legs syndrome; EMG2 , anterior tibialis electromyogram; RCT, randomized 
controlled trial; SWS, slow-wave sleep; NREM, nonrapid eye movement; Sa02 , arterial oxygen saturation; CoS, cohort study; MSLT, muliple sleep latency test; NCT, nonrandomized 
controlled trial. 

Reference 

Alvarez et al. 

1992 (370) 

Rotenberg 1991 (372) 

Sasaki et al. 
1986 (369) 

Study design! 
location 

CISllab 

CSS/lab 

NCTllab 

# of patients 

14 

45 

12 

TABLE 19. Evidence for circadian rhythms 

SS 

SS 

Monitoring 
channels 

Questionnaire 

Bias 

Confounding factors, errors 
of measurement of out
comes, errors in ascer
tainment of exposure to 
an intervention, intensity 
bias 

Population bias, intensity 
bias 

Diagnostic value of testing procedure 

No correlation of delayed sleep-phase syndrome to psychiatric 
illness; success of progressive delay of sleep treatment de
pends on motivation; melatonin results in a partial phase ad
vance. 

Slow-wave sleep recovery first night, and in the day, sleep is a 
good adaptation to shift work; food adaptation correlates with 
less somatic complaints; better rest before recovery correlates 
with subjective reports of restful day sleep; REM recovery 
comes in the second recovery night. 

CR Errors of measurement of Decrease in REM after flight may be secondary to sleep at an 
SS outcomes, population offtime from primary time zone; daytime sleepiness increases 
EMG2 bias layover sleep; subjective and objective sleepiness did not cor-
Questionnaire relate; morning type had more daytime sleepiness than eve-
MSLT ning type shift workers. 

CIS, clinical series; SS, sleep staging includes EEG (electroencephalogram), EOG (electrooculogram), and EMG 1 (chin electromyogram); CSS, cross-sectional study; REM, rapid eye 
movement; NCT, nonrandomized controlled trial; CR, cardiorespiratory monitoring includes AF (airflow), RE (respiratory effort), and heart rate or ECG (electrocardiogram); EMG2, 

anterior tibialis electromyogram; MSLT, multiple sleep latency test. 
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476 A. L. CHESSON ET AL. 

wrist actigraphy. Formal diagnostic criteria based upon 

patient interviews are used to establish the diagnosis 

of depression. Although Kales et al. (101) have sug

gested that PSG is not necessary for the evaluation of 

insomnia, other studies claim that greater specificity of 

diagnosis and treatment is obtained with a polysom

nographic 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 iden

tifying 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 dis

turbance could conceivably forestall the development 

of depression. For example, implementation of behav

ior 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 depression. Polysomnographic and psychologic 

studies that compare early versus no intervention for 

insomnia and the s\lbsequent development of depres

sion would help clarify the relationship between these 

disorders. 

10.0 CIRCADIAN RHYTHM SLEEP 

DISORDERS 

10.1 Overview 

Circadian rhythm sleep disorders are disorders of 

mismatch 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 stud

ies of human circadian 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 insomnia 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 cir

cadian 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 disor-

Sleep, Vol, 20, No, 6, 1997 

ders aids in establishing the patient's treatment and 

improving the prognosis. 

Shift workers comprise 20% of the United States 

population (365), and circadian rhythm sleep disorders 

likely affect a substantial portion of those workers; 

however, the prevalence of circadian rhythm sleep dis

orders is unknown. Reports by Coleman et al. (104) 

and Coleman (366) attempted to ascertain the preva

lence of circadian rhythm sleep disorders; 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 dis

orders: time zone change (jet lag) syndrome, shift

work sleep disorder, irregular sleep-wake pattern, de

layed sleep-phase syndrome, advanced sleep-phase 

syndrome, and non-24-hour sleep-wake syndrome 

(367). Circadian rhythm sleep disorders may be asso

ciated with varying degrees of insomnia or EDS. 

Time zone change syndrome occurs following rapid 

travel across multiple time zones and consists of vary

ing degrees of difficulty in initiating or maintaining 

sleep, EDS, decrements in subjective daytime alertness 

and performance, and somatic symptoms (largely re

lated to gastrointestinal function) (367). Shift-work 

sleep disorder consists of symptoms of insomnia or 

EDS that occur as transient phenomena in relation to 

work schedules (367). Individual patient tolerance to 

a changing work schedule is multifactorial and in

cludes 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 wak

ing behavior (367). The pattern is associated with 

complaints of both insomnia and EDS, and the pa

tient's normal temperature rhythm is lost. The char

acteristics of irregular sleep-wake pattern are short 

sleep periods or prolonged naps, and the patient's ma

jor sleep period is lost. Delayed sleep-phase syndrome 

is a disorder in which the major sleep episode is de

layed in relation to the desired clock time, resulting in 

symptoms of sleep-onset insomnia and difficulty 

awakening at the desired time (367). Advanced 

sleep-phase syndrome is a disorder in which the major 

sleep episode is advanced in relation to the desired 

clock time, resulting in symptoms of compelling eve

ning sleepiness, an early sleep onset, and an awaken

ing that is earlier than desired (367). Non-24-hour 

sleep-wake syndrome consists of a chronic steady pat

tern comprising 1- to 2-hour daily delays in sleep onset 

and wake times in an individual living in society (367). 
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10.2 MEDLINE search terms and review of 

papers 

The additional MEDLINE search terms for this sec

tion included circadian rhythm disruption; sleep-wake 

cycle; human biologic rhythms; shift work; delayed 

sleep-phase syndrome; 24-hour EEG recording, en

cephalopathy, brain tumors, drug dependency and 

withdrawal, and delirium tremens. Because the ICSD 

(367) lists neurologic causes for circadian rhythm 

sleep disorders, neurologic conditions potentially af

fecting 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 liter

ature to be reviewed required the study of a minimum 

of six patients and that sleep staging be used for eval

uation. 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 conducted in a sleep laboratory. 

10.3 Evidence-based PSG literature 

Only three studies of circadian rhythm sleep disor

ders 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 alert

ness, and job performance (Table 19). Akerstedt et al. 

(368) reviewed the literature pertaining to shift-work 

disorder with the emphasis on EEG and EOG record

ing, and concluded that EEG is a good measure of 

sleepiness. Sasaki et al. (369) designed a study to rec

ord sleep in transpacific airline crew members before 

and after a scheduled flight. They made several obser

vations: the crew members' daytime sleepiness in

creased during the layover period; subjective and ob

jective 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 layover period, 

as compared to the subject's primary time zone. Al

varez 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 psychiat

ric 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 I-thyroxine therapy demonstrated a 

free-running sleep-wake rhythm. Rotenberg (372) 

used PSG and questionnaire responses to evaluate sub-

jects' 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 adapted and 

those who were not. The maladapted subjects dem

onstrated 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 single night of sleep deprivation. 

The studies that have used PSG to evaluate circa

dian rhythm sleep disorders found PSG to be useful in 

identifying sleep-structure changes in subjects with 

circadian rhythm disorders; however, none of the stud

ies demonstrate a value for PSG in recognizing spe

cific circadian rhythm sleep disorders or in directing 

treatment. Thus, PSG is not useful in the clinical di

agnosis or treatment of circadian rhythm sleep disor

ders. 

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 assessment of circadian rhythm sleep disorders 

are areas in need of further study. 

! 
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Term 

Ambulatory EEG: 

Apnea index (AI) 
Apnea-hypopnea index (AHI) 

Apnea 
Attended 

Body mass index (BMI) 

Electrooculogram (EOG) 

Electrocardiogram (ECG) 

Electroencephalogram (EEG) 

Electromyogram (EMG) 

APPENDIX A. 

Excessive daytime sleepiness (EDS) 
Hypopnea 

Maintenance of wakefulness test (MWT) 

Monitoring 

Multiple sleep latency test (MSLT) 

Non-rapid eye movement (NREM) 

Polysomnography (PSG) 

Portable polysomnography 

Rapid-eye movement sleep (REM) 

Recording 
Respiratory-disturbance index (RDI) 

Unattended 

Sleep, Vol. 20, No.6, 1997 

Definition of sleep medicine terms 

Definition 

Portable EEG recorded on computer disk or magnetic tape, that allows up to 16 
channels of brain electrical activity to be recorded while the patient engages 
in normal activity. 

The number of apneas per hour of sieep. 
The number of apneas plus hypopneas (obstructive, central, and mixed) per 

hour of sleep; also referred to as the respiratory-disturbance index. 
A cessation of breathing at least \0 seconds in duration. 
The presence of a technician (at the same location) who monitors the patient's 

testing procedure. 
The body weight in kilograms divided by the square of fhe height in meters 

[wt/(ht)2]. 
A recording of voltage changes resulting from shifts in position of the eye. 

Along with the EEG and the EMG, EOG is one of the three basic variables 
used to score wake and sleep and to identify sleep stages. 

A recording of cardiac electrical activity. In sleep testing, this channel is used 
for assessment of heart rate and rhythm. 

A recording of brain electrical activity. With the EMG and EOG, the EEG is 
one of the three basic variables used to score wake and sleep and to identify 
sleep stages. The EEG is the primary variable for sleep staging. 

A recording of muscle electrical activity. The chin EMG measured by surface 
electrodes, along with EEG and EOG, is one of the three basic variables used 
to score wake and sleep and to identify sleep stages. 

Sleepiness that interferes with activities of daily living. 
A reduction in airflow (without complete cessation) of at least to seconds' du

ration, frequently accompanied by oxygen desaturation, arousal, or both. 
A test of the ability to resist sleep in a sleep-inducing environment. The test 

consists of a series of sleep recordings under standardized conditions while 
the patient attempts to stay awake. 

Recording of physiologic and behavior events with continuous data observation 
by trained personnel present either at the recording site or at a remote loca
tion. 

A test of the ability to fall asleep in a sleep-inducing environment. The test 
consists of a series of sleep recordings under standardized conditions that 
measure the latency of sleep onset and the occurrence of REM sleep. The 
test provides an objective measure of sleepiness and the propensity for REM 

sleep. 
All sleep, except for REM sleep; is categorized further into stages I through 4, 

reflecting different patterns of brain electrical activity during sleep. 
The continuous and simultaneous recording during sleep of at least EEG, EOG, 

EMG is necessary to stage sleep. Additional physiologic channels are usually 
recorded, including ECG, airflow, respiratory effort, limb movements, and 
other electrophysiologic variables. 

A PSG recording that uses moveable equipment that is easily transported for 
use outside of the sleep laboratory. 

The stage of sleep with the highest brain activity, characterized by enhanced 
brain metabolism and vivid hallucinations, imagery, and dreams. During stage 
REM, resting muscle activity is suppressed and there is a high awakening 
threshold to nonsignificant stimuli. REM sleep usually accounts for 20% to 
25% of total sleep time. 

The collection and storage of physiologic and behavior signals. 
The number of apneas plus hypopneas (obstructive, central, or mixed) per hour 

of sleep; also referred to as the apnea-hypopnea index. 
Trained personnel are not physically present throughout recording session (data 

observation via modern link is still considered unattended). 
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APPENDIX B. Definition of bias and validity terms 

Term Definition 

Bias 

Confounding factors 

Crossover bias 

Evidence-based approach 

Intensity bias 

Loss to follow-up 

Patient-selection bias 

Population bias 

Sensitivity 

Specificity 

The distortion of a study effect or outcome by a factor separate from the studied exposure or 
treatment. 

A bias that occurs when the group that is offered the intervention (treated group) and the 
group that is not offered the intervention (control group) differ by some factor that can 

affect the outcomes of interest. 
A bias that occurs in a controlled study when some of the subjects in either the intervention 

or control group receive the treatment intended for the other group. 
An approach that explicitly and systematically describes all the relevant evidence and then 

uses this evidence as the basis for drawing conclusions and making recommendations. This 

approach is opposed, for example, to those based on consensus or personal opinion. 
A bias that occurs if any differences exist between thc circumstances of investigation and 

interest that could alter the intervention's effectiveness; these differences may be due to the 
intervention (dose, frequency), the provider (skill, training), or the setting (inpatient, outpa

tient, urban, rural). 
A bias caused by failure to keep track of all subjects and record their outcomes for the entire 

duration of the study. 
A bias that can affect the internal validity of a study if the participants are selected in such a 

way that those in the treated group differ from those in the control group in a way that 
distorts outcomes. 

A bias that occurs if differences exist between the subjects studied and the subjects of inter
est (i.e. age, gender, compliance to treatment) that could affect the outcomes, irrespective 

of the intervention. 
The probability that the test result will be positive if the patient actually has the disease (the 

true-positive rate). 

The probability that the test result for a particular disease will be negative if the patient actu
ally does not have the disease (a high value implies few false-positive results). 
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