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REPORT IN BRIEF                                                  May 2005 
 
A Review of Guidelines for Referral of Patients to  
Sleep Laboratories  

 

Technology Name  
Examinations performed in sleep laboratories 

Disease or Condition 
Conditions include obstructive sleep apnea in 
adults and in children, other conditions that 
produce sleep disturbances, respiratory disorders, 
sudden infant death syndrome, insomnia, depression 
with insomnia, narcolepsy, parasomnias, restless 
legs syndrome and periodic limb movement 
disorder. 

Technology Description 
Patients who stay overnight in a sleep laboratory 
are monitored while asleep using polysomnography 
(PSG), which measures and records multiple 
physiological parameters. Investigation of 
excessive daytime sleepiness is undertaken in sleep 
laboratories using the multiple sleep latency test or 
the maintenance of wakefulness test.  

The Issue 
Sleep laboratories are specialized facilities and 
demand for their services is increasing. Health care 
providers need assurance that the examinations and 
services in sleep laboratories are clinically 
appropriate. 

Assessment Objectives 
Our aim was to identify recommendations for the 
investigation of individuals in sleep laboratories, as 
made in guidelines prepared by professional bodies; 
and to review the nature, quality and relevance of the 
evidence cited in support of these recommendations. 

Methods 
Using a literature search, we identified the 
guidelines that were prepared by professional 
bodies on the use of sleep laboratory investigations 
for sleep disorders. For each application, pertinent 
guideline recommendations for and against the use 
of sleep laboratory examinations were listed. The 
quality and relevance of evidence from primary 
studies cited in support of the guidelines were 
assessed.  

Conclusions 
• The reviewed guidelines contain detailed 

information for health professionals. Many 
recommendations are supported by studies on 
sleep laboratory applications.  

• The evidence for some applications is of limited 
quality and the cited studies are not always 
directly relevant to the recommendations made. 
Several recommendations reflect consensus 
positions and no evidence is cited in support.   

• Evidence of relatively good quality was 
provided for the use of sleep laboratory 
examinations in obstructive sleep apnea, 
though recommendations on this application 
differed. 

• Evidence supporting recommendations on 
sleep laboratory testing in relation to sudden 
infant death syndrome, insomnia; and 
depression and insomnia is also of reasonable 
quality and relevance. 

• Further good quality studies of many sleep 
laboratory applications are needed. 

 
 
This summary is based on a comprehensive health technology assessment available from CCOHTA’s web site 
(www.ccohta.ca): Hailey D, Tran K, Dales R, Mensinkai S, McGahan L. A review of guidelines for referral of 
patients to sleep laboratories.   
 

Canadian Coordinating Office for Health Technology Assessment (CCOHTA) 
600-865 Carling Avenue, Ottawa, ON, Canada K1S 5S8 Tel: 613-226-2553 Fax: 613-226-5392 www.ccohta.ca 

 
CCOHTA is an independent, not-for-profit organization that supports informed health care decision-making by  

providing unbiased, reliable information about health technologies. 
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EXECUTIVE SUMMARY  
The Issue 
The demand for sleep laboratory services is increasing, with service rates varying among jurisdictions.  
Sleep laboratories are expensive, specialized facilities. Health care providers need assurance that the 
services performed in sleep laboratories are clinically appropriate. 
 
Objective 
Our objective was to review recommendations, made in guidelines prepared by professional bodies, for the 
investigation of individuals in sleep laboratories. The report identifies relevant recommendations and reviews 
the evidence cited in support. 
 
Methods 
Several electronic databases were searched for guidelines and associated reviews that appeared from 1992 
onwards, on the use of sleep laboratory investigations for sleep disorders. The searches were not limited to 
the English language and were updated periodically. Guidelines and associated reviews were selected and 
recommendations related to the selection of patients for examination in sleep laboratories were identified. 
Publications cited in support of the recommendations were reviewed considering the type and design of the 
study; population; and quality and relevance of the evidence. For each sleep laboratory application, pertinent 
guideline recommendations were listed and the studies cited in support were reviewed. The quality and 
relevance of evidence in support of recommendations were rated on three-point scales.   
  
Results 
The 37 guidelines and associated reviews that were identified cover 18 applications of sleep laboratory 
investigation. Of the 81 recommendations identified, 46 are supported by evidence from primary studies. 
Another four are supported by an absence of available evidence. For the other 31, either no evidence is 
provided or there is support by consensus. The cited evidence from the primary studies was judged to be 
highly relevant to the recommendation in 18 cases, of some relevance in 22 and of little or no relevance in 
six. In the following summaries for prominent applications, judgements on evidence quality and relevance 
are given as good, fair or limited. 
 
Obstructive sleep apnea (OSA) diagnosis: Full-night polysomnography (PSG) is recommended for most 
patients (evidence, fair; relevance, good). If there is a high probability of OSA, a cardiorespiratory sleep 
study may be an alternative to full-night PSG, provided repeat PSG is permitted (evidence, limited; 
relevance, fair).  Other guidelines reach different conclusions: limited sleep studies are an adequate first-line 
method of diagnostic assessment for OSA. The mainstay in the assessment of suspected OSA is a careful 
history, including standardized questionnaires (evidence, fair; relevance, good). 
 
Obstructive sleep apnea titration: A full night of PSG with continuous positive airway pressure (CPAP) 
titration is recommended (evidence, limited; relevance, good). Split-night study is an alternative if four 
criteria are met (evidence, limited; relevance, good). Auto-CPAP devices may be used during attended 
titration (evidence, good; relevance, good), but not for those with congestive heart failure (absence of 
evidence for that patient group). 
 
Obstructive sleep apnea follow-up: Follow-up PSG is indicated after a good response to oral appliance 
treatment, surgical treatment or substantial weight change in patients on CPAP (evidence, limited; 
relevance, good). A contrary recommendation is that follow-up PSG is not routinely indicated in patients 
whose symptoms continue to be resolved (supported by consensus). 
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Other respiratory disorders: PSG is indicated for patients with chronic obstructive pulmonary disease and 
for those with neuromuscular disorders (evidence, limited; relevance, fair). PSG is not indicated to diagnose 
chronic lung disease (evidence, fair; relevance, limited). 
 
Obstructive sleep apnea in children: Perform PSG for diagnosis if other techniques give negative results 
(evidence, fair; relevance, good). PSG is not indicated for obese children unless there is chronic snoring or 
disturbed sleep (evidence, limited; relevance, good). 
 
Other conditions in children: PSG is indicated in several conditions (evidence, limited; relevance, 
limited), but not for the routine evaluation of infants with an uncomplicated apparent life-threatening event 
(supported by consensus). 
 
Repeat PSG in children: Retest high risk children for OSA after surgery if snoring persists (evidence, 
limited; relevance, fair). PSG is not needed for children with mild to moderate OSA, who experience a 
complete resolution of symptoms (supported by consensus). 
 
Sudden infant death syndrome: PSG is not indicated as a screening tool (evidence, good; relevance, 
good).  
 
Treatment for snoring: PSG or a cardiorespiratory study is indicated before surgery (evidence, limited; 
relevance, good).  
 
Insomnia: PSG is indicated when sleep-related breathing disorders or periodic limb movement disorder 
(PLMD) are suspected; or for precipitous arousals (evidence, fair; relevance, fair). PSG is not indicated for 
the routine evaluation of insomnia (supported by consensus) or for the evaluation of insomnia due to 
psychiatric disorders (evidence, good; relevance, fair).  
 
Depression with insomnia: PSG and the multiple sleep latency test (MSLT) are not routinely indicated for 
diagnosis (evidence, good; relevance, good). 
 
Narcolepsy: PSG and MSLT are routinely indicated in the evaluation of suspected narcolepsy (evidence, 
fair; relevance, fair).  
 
Restless legs syndrome (RLS) and PLMD: PSG is indicated when the diagnosis of PLMD is considered 
(evidence, fair; relevance, fair). There are differing conclusions about RLS; PSG is not routinely indicated 
for diagnosis (evidence, fair; relevance, fair); and PSG is recommended for RLS in six situations (supported 
by consensus). 
 
Parasomnias: PSG is indicated for seizure cases when the EEG is inconclusive (evidence, limited; 
relevance, limited). PSG is not indicated for uncomplicated cases (evidence, good; relevance, good).  
 
Conclusion 
The clinical guidelines that were reviewed contain detailed information for health professionals. Most 
recommendations are supported by studies on sleep laboratory applications. The level of evidence for many 
applications is of limited quality and some cited studies are not relevant to the recommendations made. 
Many recommendations reflect consensus positions and no evidence is cited in support. There is a need for 
more good quality studies of many sleep laboratory applications. 
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GLOSSARY 
Attended study: A sleep study during which a technician is present to monitor recordings and 
assist the patient, if necessary. 
 
Auto-titrating nasal continuous positive airway pressure (APAP):  A version of CPAP in which 
the positive pressure applied to the patient’s upper airways changes continuously during sleep. 
 
Cardiorespiratory sleep study: A study with a minimum of the following four channels: 
respiratory effort, airflow, arterial oxygen saturation, electrocardiography or heart rate. 
 
Central apnea: Apnea where inspiratory muscle activity fails after an exhalation. 
 
Continuous positive airway pressure (CPAP): A treatment for obstructive sleep apnea syndrome 
in which continuous air pressure is applied to the upper airways while the patient is asleep and 
breathing spontaneously. 
 
Efficacy: Performance of a technology under ideal conditions or conditions of best practice. 
 
Effectiveness: Performance of a technology under “routine” conditions, for example, when it has 
become widely distributed in a health care system. 
 
Laser-assisted uvulopalatoplasty: A technique used as a treatment for snoring. 
 
Limited study: A sleep study in which only some of the parameters of sleep-related disorders are 
monitored. A limited PSG study evaluates only heart rate and rhythm, chest and abdominal 
movement, airflow through the mouth and nose and blood oxygen levels (see Cardiorespiratory 
sleep study). Limited sleep studies, which only record breathing efforts and blood oxygen levels, 
have been performed using portable devices (see Portable monitoring). 
 
Mixed apnea: Apnea in which both central and obstructive apnea occur during the same episode. 
 
Obstructive apnea: Apnea where inspiratory muscle activity is present without airflow. 
 
Portable monitoring: Use of a portable device for monitoring sleep activity outside the sleep 
laboratory.  
 
Sleep laboratory: A facility to investigate sleep disorders during sleep. 
 
Split-night study: A sleep study in which diagnosis of OSA is undertaken during the first part of 
the night and is followed by titration to obtain effective CPAP settings for treatment. 
 
Titration: Adjustment of CPAP settings during sleep to provide optimum values. 
 
Wrist actigraphy: Measurement of wrist movement activity. 



 vii

ABBREVIATIONS  
AARC  American Association of Respiratory Cardiologists 
AASM  American Academy of Sleep Medicine 
AHI   apnea-hypopnea index 
AI   apnea index 
ALTE   apparent life threatening event 
APAP   automatic positive airway pressure 
APT   Association of Polysomnography Technologists 
ASDA   American Sleep Disorders Association 
COPD   chronic obstructive pulmonary disease 
CPAP   continuous positive airway pressure 
CPSO   College of Physicians and Surgeons of Ontario 
CSS   cross-sectional study 
DoA   disorders of arousal 
ECG   electrocardiography 
EDS   excessive daytime sleepiness 
EEG   electroencephalography 
EMG   electromyography 
EOG    electroocculography  
ESS   Epworth Sleepiness Scale 
FEV1   forced expiratory volume in one second 
LAUP   laser-assisted uvulopalatoplasty 
MSLT   multiple sleep latency test 
MWT   maintenance of wakefulness test 
NIH   National Institutes of Health 
NOD   nocturnal oxyhemoglobin desaturation 
NREM  non-rapid eye movement  
NRCT  non-randomized controlled trial 
NSD   no statistically significant difference 
NTRR   night-time respiratory recording  
OSA   obstructive sleep apnea syndrome 
OSAHS  obstructive sleep apnea/hypopnea syndrome 
PaCO2  arterial carbon dioxide pressure 
PaO2   arterial oxygen pressure 
PETCO2  end-tidal carbon dioxide tension 
PLM   periodic limb movement 
PLMD  periodic limb movement disorder 
PM   portable monitor 
PSG   polysomnography  
RAI   respiratory arousal index 
RBD   rapid eye movement behaviour disorder  
RCT   randomized controlled trial 
RCT-C  randomized crossover trial 
RDI   respiratory disturbance index 
REM   rapid eye movement 



 viii

REML  REM latency 
RLS   restless legs syndrome 
SaO2   arterial oxygen saturation 
SAS   sleep apnea-hypopnea syndrome (see OSA) 
SIDS   sudden infant death syndrome 
SOREMP  sleep-onset rapid eye movement period 
SpO2    oxyhemoglobin saturation  
SPT   sleep period time 
SS   statistically significant 
UARS   upper airway resistance syndrome 
VC   vital capacity 
VPSG   video polysomnography 
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1 INTRODUCTION 

1.1 Background 
Sleep disorders are common complaints, particularly among middle-aged and elderly people. 
More than 80 sleep disorders are listed in the International Classification of Sleep Disorders. 
These include sleep-related breathing disorders, neuromuscular disorders with sleep-related 
symptoms, chronic lung disease, narcolepsy, parasomnias (arousal disorders), sleep-related 
epilepsy, restless legs syndrome, periodic limb movement disorder, depression with insomnia 
and circadian rhythm sleep disorders.1 Those who suffer from significant sleep disorders are 
subject to medical risks and reduced quality of life resulting from daytime sleepiness and other 
symptoms. 
 
An analysis of data from the Canadian General Social Survey indicated that 24% of the Canadian 
population older than 15 report suffering from insomnia.2 A survey in the US of middle-aged 
adults found sleep-disordered breathing affects 9% of women and 24% of men when defined by 
abnormal sleep study criteria alone.  Some 2% of women and 4% of men met the diagnostic 
criteria for the most common sleep disorder, obstructive sleep apnea syndrome (OSA), with an 
abnormal sleep study and daytime hypersomnolence.3  Rates in Canada are likely similar.  
 
OSA is a syndrome characterized by recurrent episodes of partial or complete upper airway 
obstruction during sleep. This manifests as a reduction in (hypopnea) or complete cessation 
(apnea) of airflow despite ongoing inspiratory efforts. Overnight monitoring demonstrates five or 
more obstructed breathing events per hour during sleep.4 OSA is associated with excessive 
daytime sleepiness, cognitive and personality problems and hypertension.5  
 
Accurate diagnosis and monitoring of sleep disorders are important in their management. For 
persons with severe symptoms, the approach to diagnosis and management of the sleep disorder 
may involve observation in a sleep laboratory. Sleep laboratory investigations may also be 
needed during the day to monitor wakefulness. 

1.2 Technology Overview 
A key component of sleep laboratories is the availability of physicians, technicians and nurses 
who are expert in the management of sleep disorders.  
 
In many investigations, patients are required to stay overnight in the sleep laboratory where they 
are monitored using polysomnography (PSG). PSG simultaneously monitors and records 
multiple physiological parameters during sleep. A full range of PSG measurements includes 
electroencephalography (EEG), electroocculography (EOG), submental electromyography 
(EMG), electrocardiography (ECG), respiratory movement or respiratory effort, nasal or oral 
airflow, pulse oximetry and limb movement EMG.  PSG must be performed in a hospital or in a 
sleep centre that is equipped with specialized machines and has a qualified technician in constant 
attendance.  
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An area of debate is the extent to which the full range of PSG measurements are required for the 
diagnosis and monitoring of specific sleep disorders. The use of fewer channels has been 
proposed and implemented by some sleep centres.  
 
Portable systems that are intended to assess sleep apnea have been developed for use in settings 
outside the sleep laboratory. Type II devices measure both respiratory and sleep variables, Type 
III devices allow for the assessment of cardiorespiratory variables, but do not include EEG, EOG 
or chin EMG and Type IV devices monitor one or two cardiorespiratory parameters.  
 
A commonly used treatment for moderate to severe OSA is nasal continuous positive airway 
pressure (CPAP), which involves the application of continuous pressure to the upper airways 
through a nose or face mask while the patient is asleep and breathing spontaneously. In addition 
to diagnosing OSA, sleep laboratories undertake adjustment (titration) of CPAP settings to 
provide optimum values for the patient. The adjustment of air pressure is made by a technician in 
response to PSG measurements. The technician also intervenes if the mask leaks or persistent 
hypoxemia occurs after airway patency is restored.    
 
Auto-titrating CPAP devices allow the positive pressure level applied to the patient through the 
mask to continually change during sleep. APAP has the potential to permit unattended titration in 
sleep laboratories or in the patient’s home.   
 
Patients attending sleep laboratories often undergo one or more overnight PSG recordings, 
depending on the type of sleep disorder and the purpose of the investigation.  Shorter 
investigations are also used, such as split-night studies, in which diagnosis and CPAP titration 
are performed on the same night. 
 
The investigation of excessive daytime sleepiness (EDS) is typically undertaken using the 
multiple sleep latency test (MSLT).  This measures the speed of falling asleep under conditions 
that favour sleep, in a series of 20-minute trials undertaken during the day.  The maintenance of 
wakefulness test (MWT), which measures the ability to stay awake when desired, has also been 
used.  This test has been less validated than the MSLT. 
 
Sleep laboratory investigations are expensive because of the length of the examinations, the need 
for a qualified technician to be in attendance and the cost of equipment. For example, the cost 
per study for the diagnosis of OSA and CPAP titration in Alberta is approximately $1,500.6  

1.2.1 Sleep laboratory services in Canada   

In Canada, the number of sleep laboratories and sleep study rates vary among jurisdictions. 
There are also associated differences in waiting times for consultations and PSG examinations.  
According to a recent review by Flemons et al.,7 annual numbers of sleep studies for OSA per 
100,000 population varied from 28 in Newfoundland to 776 in Ontario, which accounted for 
80.5% of all studies. The average for Canada was 370 studies per 100,000. According to 
Flemons et al., comparative rates for other countries are UK 42.5, Belgium 177, Australia 282 
and the US 427.  
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There has been increasing demand for sleep laboratory services. In Canada, the demand for 
services is suggested by the waiting times for sleep specialist consultations, which according to 
Flemons et al., averages four to six months in eastern and western Canada.7 In one US health 
maintenance organization (Group Health Cooperative of Puget Sound), the PSG rate increased 
from 91.7 to 205.3 per 100,000 persons enrolled between 1991 and 1994 − a 124% increase.8 In 
Australia, the number of paid sleep study items in the Medicare Benefits Schedule increased 
from 3,025 to 28,894 between 1990 to 1991 and 1996 to 1997.9 
 
Guidelines on the use of PSG and other approaches for investigating the most common sleep 
disorders have been published by professional organizations, mostly from the US. The College 
of Physicians and Surgeons of Ontario16, as well as the Canadian Sleep Society and the Canadian 
Thoracic Society, developed Canadian guidelines that were published in 1996.10    
 
 
2 THE ISSUE 
Health care providers need assurance that the examinations and services in sleep laboratories  
are clinically appropriate, given that demand is increasing, rates of service vary among 
jurisdictions and sleep laboratories are expensive and specialized.  There is a need to consider  
the recommendations that are included in the guidelines prepared by professional organizations 
and the evidence on which the recommendations are based.  
 
3 OBJECTIVES 
The objective of this report is to review the recommendations for the investigation of individuals 
in sleep laboratories made in guidelines prepared by professional bodies.  The report is intended 
to help decision makers who are involved in the provision of sleep laboratory services and those 
involved in the management of patients with sleep disorders. 

This objective is accomplished by addressing the following questions: 
• What are the recommendations made in guidelines prepared by professional bodies related to 

the investigation of individuals in sleep laboratories? 
• What is the evidence on which the recommendations are based? 
• What is the quality of the evidence? 
• What is the relevance of the evidence to the recommendations?  
 
 
4 METHODS 
A protocol for the review of guidelines was written a priori and was followed throughout the 
project. 
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4.1 Literature Search Strategy 
Published guidelines and associated reviews on the use of sleep laboratory investigations for 
sleep disorders were obtained in October 2002 by cross-searching MEDLINE®, EMBASE®, 
BIOSIS Previews®, PASCAL and PsychINFO® databases on the DIALOG® search system from 
1992 onwards. The search was updated in January 2004. Subject headings and keywords were 
used to search sleep disorders. A guideline filter was used to limit the retrieval to the guidelines 
identified. A language limit was not used. Parallel searches were performed and updated on 
PubMed, CINAHL and the Cochrane Library databases.  PubMed, CINAHL and Cochrane 
searches were last updated in June 2004. Search details are given in Appendix 1. 
 
An extensive search of appropriate web sites was also performed to retrieve clinical practice and 
evidence-based guidelines (Appendix 2). 
 
Grey literature publications were retrieved by searching the web sites of health technology 
assessment and related agencies. Databases, such as those of the University of York NHS Centre 
for Reviews and Dissemination and LILACS, the Latin American and Caribbean Center on 
Health Sciences Information, were searched for additional information. 
 
In addition, reference lists of retrieved guidelines were hand searched to examine the evidence 
on which the guidelines were based. Subject experts were consulted. 
 

4.2 Selection Criteria and Method 
4.2.1 Selection criteria 

Guidelines and associated reviews prepared in support of their provisions were selected when 
they included advice and recommendations on the use of examinations in sleep laboratories for 
persons with sleep disorders. Guidelines that considered only the operation of equipment were 
excluded. Priority was given to the most recent version of updated guidelines.  
 
Reference to previous guidelines was made, where appropriate, with regard to recommendations 
and previously cited literature. 

4.2.2 Selection method 

Selection of the guidelines produced by professional bodies and associated reviews, identified by 
the literature search, was undertaken independently by three reviewers (DH, LM and KT).  

4.3 Data Extraction Strategy 
From preliminary inspection, the applications of sleep laboratories were identified and grouped 
into categories. For each category covered in a guideline, recommendations related to the 
selection of patients for examination in a sleep laboratory were identified. Recommendations 
related to other aspects of managing sleep disorders were not considered. 
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For each recommendation, two reviewers (DH, KT) independently identified studies and other 
publications cited in the guideline as providing support. 
 
If the recommendation referenced a review or a general descriptive article, the publication was 
retrieved and used as background information, but was not reviewed in detail. No attempt was 
made to retrieve and assess earlier information that was cited in these secondary sources. 
 
Where the citation was linked to a primary study, the paper was retrieved and reviewed 
independently by DH and KT with the aid of a structured form (Appendix 3). Consideration was 
given to the type and design of study, study population, quality of evidence and relevance of 
evidence and conclusions to the recommendation made in the guideline.  
 
Recommendations in one of the identified guidelines11 were supported by a comprehensive 
systematic review.12 For that guideline, summaries of evidence given in the review were cited, 
rather than re-appraising the studies it had considered. 
 
For each recommendation in the other guidelines, an indication of the overall quality of the 
evidence provided by the studies cited in support was obtained by assigning ratings on the 
following basis: 
A=Most or all of the cited evidence came from well conducted, prospective controlled 

studies. 
B=The cited evidence was based on both controlled studies and case series; there might 

be minor shortcomings in the way that some studies were conducted. 
C=The cited evidence was based only on case series or on case series plus controlled 

studies that had substantial limitations. 
O=Either no evidence was provided or the recommendation was supported only by a 

consensus statement. 
N=The recommendation was supported by an absence of evidence that was identified by 

the guideline. 
 
For those recommendations where studies were cited in support, judgements were made on the 
relevance of the evidence, as follows: 
A=The cited evidence was highly relevant to the recommendation. 
B=The cited evidence had some relevance to the recommendation. 
C=The cited evidence had little or no relevance to the recommendation. 

 
These ratings of quality and relevance of the cited evidence were made independently by two of 
the authors (DH and KT) and any differences resolved by consensus. 

4.4 Data Analysis Methods 
In view of the range of conditions investigated by sleep laboratories and the diversity of 
supporting data, a series of qualitative reviews was prepared.   
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Retrieved information was synthesized in two ways. First, summaries were prepared for each 
application of the recommendations for and against the use of sleep laboratories, with details on 
the nature of supporting evidence and ratings of its quality and relevance.  
 
In the second approach, a more extensive commentary was prepared for each sleep laboratory 
application, listing all pertinent recommendations from the guidelines and reviewing the studies 
that had been cited in support. For each application, commentaries were prepared on the nature 
of the supporting evidence and of its relevance to the guideline recommendations. 
 
 
5 RESULTS   

5.1 Guidelines Selected for Review 
From the literature search, 37 publications met the selection criteria and were reviewed. These 
publications, comprising guidelines and accompanying reviews are listed in Appendix 4. Details 
of the guidelines and related documents excluded from the review are in Appendix 5. 
 
From inspection of the guidelines, the 18 categories of potential sleep laboratory applications and 
their corresponding guidelines and summaries were identified (Table 1).   
 

Table 1: Sleep laboratory applications 
 

Application Guideline 
References 

Summary of 
Findings 

Obstructive sleep apnea diagnosis 10,13-22 5.3.1, page 10 
Obstructive sleep apnea titration 16,18,23,24 5.3.2, page 13 
Obstructive sleep apnea follow-up 23-25 5.3.3, page 14 
Respiratory disturbances complicated by cardiovascular factors 26 5.3.4, page 18 
Other respiratory disorders 19,23 5.3.5, page 18 
Obstructive sleep apnea in children 27-29 5.3.6, page 21 
Other conditions in children that produce sleep disturbances 28 5.3.7, page 21 
Repeat PSG in children 19,27-29 5.3.8, page 23 
Idiopathic congenital hypoventilation syndrome 30 5.3.9, page 24 
Sudden infant death syndrome (SIDS) 19,31,32 5.3.10, page 25 
Treatment for snoring 17,23,33   5.3.11, page 25 
Insomnia 19,34 5.3.12, page 27 
Depression with insomnia 23 5.3.13, page 27 
Narcolepsy 19,23,35 5.3.14, page 27 
Restless legs syndrome or periodic limb movement disorder 19,23,36-38 5.3.15, page 29 
Parasomnias and sleep-related epilepsy 19,23,39,40 5.3.16, page 32 
Circadian rhythm disorders 19,23,39 5.3.17, page 32 
Chronic fatigue syndrome 41 5.3.18, page 34 

 



 7

5.2 Summary of Recommendations and Supporting 
Evidence 

In all, 81 recommendations in the reviewed guidelines were identified.  Of the recommendations, 
46 were supported by evidence from primary studies. Of these, six recommendations 
corresponded to category A, with most or all of the cited evidence from well conducted, 
prospective controlled studies. For 15 recommendations, cited evidence was based on both 
controlled studies and case series; 25 were supported only by results from case series or from 
case series plus controlled studies that had substantial limitations.  
 
Four of the remaining recommendations were supported by an absence of available evidence 
identified by the guideline. For the other 31, either no evidence was provided or the guideline 
indicated that there was support by consensus. 

 
The cited evidence from primary studies was judged to be highly relevant to the recommendation  
in 18 cases, of some relevance in 22 and of little or no relevance in six. A summary of indications  
and cited evidence for and against the use of sleep laboratory investigations for the applications 
considered is presented in Table 2, which does not refer to other guidelines that have 
recommendations consistent with those cited or to additional details of associated tests and 
descriptive comments.   

5.3 Recommendations and Evidence for Specific Sleep 
Laboratory Applications 

In this section, summaries of recommendations and supporting evidence cited in the reviewed 
guidelines are given for each of the sleep laboratory applications listed in Table 1.  Each 
summary gives a description of the sleep disorder being considered, followed by a table listing 
the recommendations for use of sleep laboratory investigations and for any contra-indications or 
limitations for sleep laboratory use. Ratings are for the quality and relevance of the evidence 
cited in support of each recommendation (Section 4.3). For some applications, individual 
guidelines had different recommendations or emphases on indications for and against the use of 
sleep laboratory investigations. These differing conclusions are identified in the tables by an 
asterisk. For most applications, more complete reviews of the evidence cited in support of 
recommendations made in the guidelines, are provided in the appendices. 



 8

Table 2: Recommendations and evidence for sleep laboratory applications 
 

Application Indications for  
Sleep Laboratory Use 

Limitations to  
Sleep Laboratory Use 

Obstructive 
sleep apnea 
diagnosis 

For most patients, full-night PSG 
recommended for diagnosis of sleep-
related breathing disorders23* (evidence 
quality=B, relevance=A) 
 
Split-night studies and full-night studies 
are not equivalent; full-night PSG 
followed by full-night of CPAP titration 
is recommended16 (evidence quality=B, 
relevance=A) 
 
If there is high probability of OSA,  
cardiorespiratory sleep study may be  
alternative to full-night PSG, provided 
repeat PSG is permitted23 (evidence 
quality=C, relevance=B) 

Limited sleep studies are adequate first-
line method of diagnostic assessment 
for OSA15* (evidence quality=B, 
relevance=A) 
 
Mainstay in assessment of suspected 
OSA is a careful history, including 
standardized questionnaires17*(evidence 
quality=B, relevance=A) 
 
 
 
 
 

Obstructive 
sleep apnea 
titration 

Certain APAP devices may be used 
during attended titration24 (evidence 
quality=A, relevance=A). Full night of 
PSG with CPAP titration is 
recommended1 (evidence=C, 
relevance=A). Split-night study is an 
alternative if four criteria are met1 
(evidence=C, relevance=A) 

Patients with congestive heart failure 
are not candidates for APAP; 
unattended APAP is not established24 
(evidence quality=N) 

Obstructive 
sleep apnea   
follow-up 

Follow-up PSG indicated after good 
response to oral appliance treatment,* 
surgical treatment, substantial weight 
change in patients on CPAP27 (evidence 
quality=C, relevance=A) 

Follow-up PSG not routinely indicated 
in patients whose symptoms continue to 
be resolved23* (evidence quality=O) 

Respiratory 
disturbances 
complicated by 
cardiovascular 
factors  
 

PSG may be indicated in patients with:26  

• COPD with awake PaO2 >55 torr 
(evidence quality=C, relevance=B) 

• Restrictive ventilatory impairment 
secondary to chest wall and 
neuromuscular disturbances 

• Disturbances in respiratory control 
with awake PaCO2 >45 torr cyclic 
arrythmias that appear to increase in 
frequency during sleep (evidence 
quality=O) 

Risk-benefit ratios should be assessed if 
medically unstable inpatients are to be 
transferred from clinical setting to sleep 
laboratory for overnight PSG (evidence 
quality=O) 

Other 
respiratory 
disorders 

PSG indicated for patients with 
neuromuscular disorders to evaluate 
symptoms not adequately diagnosed and 
for patients with COPD23 (evidence 
quality=C, relevance=B) 

PSG not indicated to diagnose chronic 
lung disease or evaluate nocturnal 
hypoxemia23 (evidence quality=B, 
relevance=C) 
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Application Indications for  
Sleep Laboratory Use 

Limitations to  
Sleep Laboratory Use 

Obstructive 
sleep apnea in 
children 

PSG is gold standard for OSA diagnosis; 
perform if other techniques give negative 
results27 (evidence quality =B, relevance=A) 

PSG not indicated for obese child unless 
there is chronic snoring or disturbed sleep28 
(evidence quality=C, relevance =A) 

Other 
conditions in 
children that 
produce sleep 
disturbances 

PSG indicated in neuromuscular disease, 
some patients with bronchopulmonary 
dysplasia, cystic fibrosis, asthma, 
ALTE28 (evidence quality=C, 
relevance=C) 

PSG not recommended for routine 
evaluation of infants with 
uncomplicated ALTE28 (evidence 
quality=O) 
 

Repeat PSG in 
children 

Retest high risk children for OSA after 
surgery if snoring persists27 (evidence 
quality=C, relevance=A) 

Not needed for children with mild to 
moderate OSA with complete resolution 
of symptoms28 (evidence quality=O) 

Idiopathic 
congenital 
hypoventil-
ation syndrome 
 

Each infant should have detailed 
recording in pediatric respiratory 
physiology laboratory to evaluate 
spontaneous breathing during sleep and 
wakefulness30 (evidence quality=O) 

 

Sudden infant 
death 
syndrome  

PSG indicated in investigation of certain 
physical symptoms, e.g., ALTE, cyanotic 
attacks32 (evidence quality=O) 

PSG not indicated as screening tool for 
SIDS32 (evidence quality=A, 
relevance=A) 

Treatment for 
snoring 

Pre-operative PSG or cardiorespiratory 
study23 (evidence quality=C, relevance=A) 

 

Insomnia PSG indicated when sleep-related 
breathing disorders or PLMD suspected; 
initial diagnosis uncertain; precipitous 
arousals34 (evidence quality=B, 
relevance=B) 
 

PSG not indicated for routine evaluation 
of insomnia (evidence quality=O) 
 
Evaluation of insomnia due to 
psychiatric disorders34 (evidence 
quality=A, relevance=B) 

Depression 
with insomnia 

PSG may be useful in identifying early 
response to antidepressants39 (evidence 
quality=A, relevance=C) 

PSG, MSLT not routinely indicated for 
diagnosis23 (evidence quality=A, 
relevance=A) 

Narcolepsy 
 

PSG and MSLT routinely indicated in 
evaluation of suspected narcolepsy35 
(evidence quality=B, relevance=B) 

Debatable whether PSG is required to 
make the diagnosis in every case19 
(evidence quality=O) 

Restless legs 
syndrome or 
periodic limb 
movement 
disorder 

PSG is recommended for RLS in six 
situations36* (evidence quality=O) 
 
Diagnosis of RLS or PLMD is suggested 
by clinical examination, with full-PSG19* 
(evidence quality=O) 
 
PSG is recommended when diagnosis of 
PLMD is considered23,37 (evidence 
quality=B, relevance=B) 

PSG not routinely indicated for 
diagnosis of RLS23* (evidence 
quality=B, relevance=B) 
 
 

Parasomnias   Seizure cases when EEG inconclusive; 
atypical cases23 (evidence quality=C, 
relevance=C) 

PSG not indicated for uncomplicated 
cases23 (evidence quality=A, 
relevance=A) 
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Application Indications for  
Sleep Laboratory Use 

Limitations to  
Sleep Laboratory Use 

Circadian 
rhythm 
disorders 

PSG is useful when diagnosis is 
persistent circadian rhythm disorders, 
such as delayed phase syndrome19 

(evidence quality=O) 

PSG not routinely indicated for 
diagnosis of circadian rhythm sleep 
disorders23 (evidence quality=C, 
relevance=B) 

Chronic fatigue 
syndrome  
 

If specific alternative diagnoses (e.g., 
sleep apnea) suggested by clinical history 
or exam, further investigations may be 
warranted41 (evidence quality=O) 

 

ALTE=apparent life threatening event; APAP=automatic positive airway pressure; COPD=chronic obstructive pulmonary 
disease; CPAP=continuous positive airway pressure; OSA=obstructive sleep apnea; EEG=electroencephalography; 
MSLT=multiple sleep latency test; PLMD=periodic limb movement disorder; PSG=polysomnography; RLS=restless legs 
syndrome;  *recommendations where there appear to be different conclusions or emphases. 

5.3.1 Obstructive sleep apnea diagnosis 

Obstructive sleep apnea syndrome (OSA) is a sleep and breathing disorder characterized by 
recurrent episodes of partial or complete upper airway obstruction during sleep. This manifests 
as a reduction in (hypopnea) or complete cessation (apnea) of airflow, despite ongoing 
inspiratory efforts. Overnight monitoring demonstrates five or more obstructed breathing 
events per hour during sleep. OSA may be associated with excessive daytime sleepiness, 
cognitive and personality problems and high blood pressure. The diagnosis of OSA is 
commonly undertaken in a sleep laboratory using PSG. 
 
This application is the most widely covered by the publications reviewed. Thirteen guidelines 
give recommendations on the diagnosis of OSA (Appendix 6). Detailed discussion is included 
in the 1997 ASDA guideline23,39 and in the publication of the Scottish Intercollegiate 
Guidelines Network.15  
 
Most recommendations in the guidelines on the diagnosis of OSA focus on the extent to  
which the use of full-night PSG is required to produce a confident diagnosis. Several less 
expensive approaches to OSA diagnosis have been proposed. These include the use of self-
administered sleep questionnaires, overnight pulse oximetry and portable sleep apnea 
monitoring devices.  
 
Three guidelines use the 1997 ASDA publication as their main source of evidence and include 
some additional material. The Connecticut Thoracic Society report16 refers to two additional 
case series and the Swiss Respiratory Society17 cites a non-randomized controlled trial (NRCT) 
on the use of sleep questionnaires.  The Argentine Association of Respiratory Medicine18 does 
not cite specific evidence in support of recommendations on PSG nor on the use of daytime 
studies, but refers to several publications related to lower level studies that may need to be 
considered in situations where more detailed investigations, such as those offered by a sleep 
laboratory, are unavailable. 
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Six guidelines from Canada,10,19 Spain,20  Finland21 and the US22,26 did not cite evidence 
specifically in support of their recommendations, other than referral to other guidelines or 
statements and should be regarded as secondary authorities. Another publication42 includes 
a recommendation on sleep medicine consultation and PSG for snoring patients who have 
poor periodontal health or who are edentulous, but it does not cite appropriate specific  
evidence. 
 
The cited evidence in support of full-night PSG is limited. Four cohort studies and seven case 
series are cited to provide evidence that a single night of PSG is usually sufficient to diagnose 
OSA. Five case series indicated that full-night PSG is desirable for OSA diagnosis as the 
number of apneas varies throughout the night. A further study suggested that PSG during the 
first two hours of sleep is a reliable basis for the diagnosis.   
 
The two additional small studies cited by the Connecticut Thoracic Society report16 provide 
further evidence against the use of split-night studies for the diagnosis of OSA. 
 
The guideline from the Scottish Intercollegiate Guidelines Network15 takes a different 
perspective from that of the ASDA. It recommends that limited sleep studies to assess 
respiratory events are an adequate first-line method of diagnostic assessment for OSA and that 
full PSG with EEG-based sleep staging is unnecessary to diagnose sleep apnea in most 
patients. PSG should be available in regional sleep centres for patients who have typical 
symptoms of excessive day time sleepiness, but no objective evidence of obstructive sleep 
apnea on limited testing. 
 
The highest quality evidence cited is a NRCT, which included follow-up data for patients who 
had been prescribed CPAP after a diagnosis of OSA.  Five other controlled trials and four case 
series are also considered.  The studies indicate the potential for limited sleep studies use, 
leading to judgements on the trade-off between poorer diagnostic performance than full PSG 
and appropriate use of limited resources. The statement that full PSG is not necessary to 
diagnose sleep apnea in most patients is supported by limited evidence.  
 
The findings of the controlled study, cited by the Swiss Respiratory Society guideline,17 were 
relevant to the recommendation that standardized questionnaires such as the Epworth 
Sleepiness Scale (ESS) may be used to assess suspected OSA, particularly to identify severe 
OSA from primary snoring and central sleep apnea. 
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Table 3: Recommendations and supporting evidence for  
obstructive sleep apnea diagnosis 

 
Indications for Sleep Laboratory Use Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
For most patients, 
full-night PSG is 
recommended for 
diagnosis of sleep-
related breathing 
disorders.16,23* 
 
Split-night studies 
and full-night 
studies are not 
equivalent. Full-
night PSG followed 
by full night of 
CPAP titration is 
accepted gold 
standard and is 
recommended.16 

Four cohort studies and 
seven case series 
indicating a single night 
of PSG is usually 
sufficient to diagnose 
OSA (evidence 
quality=B, relevance=A) 
 
One NRCT and five case 
series indicate that full-
night PSG is desirable for 
OSA diagnosis as several 
apneas vary throughout 
night (evidence 
quality=B, relevance=A) 

Limited sleep studies to 
assess respiratory events 
are adequate first-line 
method of diagnostic 
assessment for OSA.15* 
 
Mainstay in assessment 
of patients with suspected 
OSA is careful history, 
including standardized 
questionnaires.17* 
 
No consensus on use of 
split-night studies.18 

6 NRCT and 5 case series 
indicating potential for 
limited studies to identify 
OSA, but not to rule it out  
(evidence quality=B, 
relevance=A) 
 
1 NRCT, reference to other 
guidelines (evidence 
quality=B, relevance=A) 
 
No specific literature cited 
(evidence quality=O) 
 
 

For patients in high-
pretest-probability 
stratification group, 
cardiorespiratory 
sleep study may be 
acceptable 
alternative to full-
night PSG, provided 
repeat testing with 
full-night PSG is 
permitted for 
symptomatic 
patients who have a 
negative cardio-
respiratory sleep 
study.23 

10 case series, 6 with use 
of multifactorial analysis;  
approaches using 
questionnaires to screen 
patients for OSA have 
potential to rule out 
further investigations in 
sleep laboratory, but 
significant proportions of 
persons with OSA would 
be incorrectly excluded 
from referral for PSG 
(evidence quality=C, 
relevance=B) 

Simplified (level III) 
studies reserved for 
situations where there are 
long waiting lists, access 
to PSG is impossible or 
for follow-up or 
re-evaluation18 
 
 

7 series with comparison of 
methods (evidence 
quality=C, relevance=B) 
 
 
 
 
 
 

Some Type 3 
portable monitors 
could be used in  
laboratory to 
decrease or increase 
probability that 
patient has AHI >15. 
Such use would 
require limitations.43 

Studies considered in 
systematic review 
(evidence quality=B, 
relevance=A) 
 

Type 2 portable monitors 
not recommended for 
clinical use to evaluate 
patients with OSA.43 
 
Type 3 portable monitors 
are not recommended for 
unattended use or to rule 
in and rule out OSA.43 
 
 

Studies considered in 
systematic review 
(evidence quality=N) 
 
Studies considered in 
systematic review 
(evidence quality=B, 
relevance=A) 
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Indications for Sleep Laboratory Use Limitations to Sleep Laboratory Use 
Recommendations Evidence Recommendations Evidence 

Type 4 portable monitors 
not recommended for 
attended or unattended 
use to increase 
probability that patient 
has AHI >15.43 
 
Unattended portable 
recording for assessment 
of OSA is acceptable 
only in following 
situations: 
• for patients with 

severe clinical 
symptoms indicative 
of OSA, when 
initiation of treatment 
is urgent and PSG is 
unavailable 

• for patients unable to 
be studied in sleep 
laboratory  

• for follow-up studies 
after diagnosis with 
PSG and therapy 
initiation13 

Studies considered in 
systematic review 
(evidence quality=B,  
relevance=A) 
 
6 small case series, 
subjective assessment of 
some outcomes (evidence 
quality=C, relevance=B) 
 

AHI=apnea-hypopnea index; OSA=obstructive sleep apnea; PSG=polysomnography. 
 

5.3.2 Obstructive sleep apnea titration 

Continuous positive airways pressure (CPAP) is an effective means of treating obstructive sleep 
apnea (OSA). An essential component of the use of CPAP is the establishment of pressure, 
which is applied to the patient’s airways during treatment, to minimize episodes of apnea. This 
process is known as titration.  
 
Guideline recommendations include several points on the extent to which sleep laboratory 
investigations are required for the titration process, rather than the use of home-based 
measurements, including those that use automatic airway pressure (APAP) devices. The 
guidelines also consider the use of split-night studies where initial diagnostic PSG is followed  
by CPAP titration during PSG on the same night, rather than diagnosis and titration being 
undertaken on separate nights (Appendix 7). 
 
The most detailed information on this application is provided by the 1997 ASDA guideline23,39 
and the 2002 report by the American Academy of Sleep Medicine (AASM) on APAP devices.24  
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The ASDA document recommends a full night of PSG with CPAP titration for patients with a 
documented diagnosis of a sleep-related breathing disorder for which CPAP is warranted.  A 
cardiorespiratory sleep study without an EEG recording is not recommended for titration. A 
split-night study is an alternative to one full night of diagnostic PSG followed by a second night 
of titration, if four criteria are met. Six case series and material considered under OSA diagnosis 
are cited in support. 
 
The 2002 AASM report supports the use of certain APAP devices during attended titration.  
Cited evidence in support includes four randomized studies and six non-randomized 
comparisons. APAP is not recommended for split-night titration, for unattended titration or for 
patients with congestive heart failure or chronic obstructive pulmonary disease (COPD).   
 
An earlier guideline from the American Thoracic Society 44  recommends that titration should 
include recordings of sleep, respiration and oxygenation, with various body positions, NREM 
and REM, to determine optimum pressure. Four small case series are cited in support. Two other 
US guidelines16,22  also make recommendations, citing the ASDA and AASM guidelines as 
support. 
 
The findings from small non-controlled studies suggest that certain monitors in sleep recordings, 
including upper airway pressure, sleep staging and body positions (supine versus lateral), are 
essential to obtain optimal CPAP titration. Two small case series support the need for the 
inclusion of an EEG recording in a cardiorespiratory sleep study used for titration.  
 
Four papers on split-night studies, all moderate to large case series, support the recommendation 
that effective CPAP titration can be obtained from partial PSG if certain criteria are met. There 
were definitional or procedural limitations for two of these studies. 
 
5.3.3 Obstructive sleep apnea follow-up 

Use of sleep laboratory investigations may be indicated to follow-up patients who have 
previously been examined and prescribed CPAP for the management of their OSA symptoms. 
 
The most detailed information on this application is provided by the ASDA 1997 and 1995 
publications.23,25,39   Reference to follow-up of OSA in a 2002 AASM publication24 follows from 
these earlier guidelines (Appendix 8). 
 
Three other guidelines make reference to the follow-up of OSA. The Swiss Respiratory Society17 
refers to the 1997 ASDA guideline23 and cites no other evidence. Those from the Group 
Sommeil de la SPLF45 and the American Thoracic Society44 make statements that are not 
supported by cited evidence.   
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Table 4:  Recommendations and supporting evidence for  
obstructive sleep apnea titration 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
Certain APAP devices may 
be used during attended 
titration to identify, by PSG, 
single pressure for use with 
standard CPAP for treatment 
of OSA24 
 

1 RCT, 3 RCT-
crossover and 6 
non-randomized 
comparisons, indicating 
similar results from 
titration with APAP 
and CPAP (evidence 
quality=A, 
relevance=A) 

Patients with conges-
tive heart failure, 
COPD or nocturnal 
arterial oxyhemoglobin 
desaturation due to 
conditions other than 
OSA are not candidates 
for APAP titration.  
 
APAP devices are not 
recommended for split-
night titration.24  
 
Use of unattended 
APAP to determine 
CPAP pressures or for 
self-adjusting APAP 
treatment in CPAP-
naïve patients is not 
established.24  

Persons with such 
conditions have so far  
been excluded from 
APAP trials (evidence 
quality=N) 
 
Absence of studies to 
validate such 
applications (evidence 
quality=N) 
 
 

A full night of PSG with 
CPAP titration is 
recommended for patients 
with documented diagnosis 
of sleep-related breathing 
disorder for which CPAP is 
warranted.23  
 
PSG with CPAP titration is 
appropriate for patients with 
AI ≥20 per hour or AHI ≥30 
per hour; AHI ≥10 per hour 
in patients with EDS; RAI 
≥10 per hour in patients 
with EDS.23 

6 case series and 
material presented 
previously on OSA 
diagnosis (evidence 
quality=C, 
relevance=A) 
 
 
 
 
 
 
 
 
 

  

A cardiorespiratory sleep 
study without EEG is not 
recommended.23  

2 case series indicating 
association of EEG 
changes with UARS 
(evidence quality=C, 
relevance=A) 
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Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 
Recommendations Evidence Recommendations Evidence 

Split-night study is  
alternative to 1 full night of 
diagnostic PSG followed by 
second night of titration if 4 
criteria are met:23 
a) AHI≥40 documented 

during minimum 2 hours 
of diagnostic PSG or 
AHI of 20 to 40 based 
on clinical judgment 

b) CPAP titration 
performed for >3 hours 

c) PSG documents that  
CPAP eliminates or nearly 
eliminates respiratory 
events during REM and 
NREM sleep, including 
REM sleep with patient  
in supine position  

d) Second full-night PSG for 
CPAP titration is perfor-
med if diagnosis of sleep-
related breathing disorder 
is confirmed, but criteria b 
and c are not met  

3 case series comparing 
treatment pressures 
obtained using partial 
and full-night PSG; 
small series indicating 
respiratory events can 
worsen as night 
progresses (evidence 
quality=C, 
relevance=A) 
 

Split-night studies and 
full-night studies are 
not equivalent. Full-
night diagnostic studies 
provide more complete 
assessment of sleep-
disordered breathing 
and are more likely to 
identify possibility and 
relevance of second 
diagnosis.16 
 
No consensus on use of 
split-night studies.18 
 

4 series that showed 
clinical features of 
sleep apnea varied 
during night-time sleep 
(evidence quality=C, 
relevance=A) 
 
 
 
 
 
 
No specific citations; 
studies showing 
variation in apnea 
during night are 
reasons given for lack 
of consensus (evidence 
quality=O) 
 

AHI=apnea hypopnea index; AI=apnea index; APAP=automatic positive airway pressure; COPD=chronic obstructive pulmonary 
disease; CPAP=continuous positive airway pressure; EDS=excessive daytime sleepiness; EEG=electroencephalogram; NREM= 
non-rapid eye movement; OSA=obstructive sleep apnea; PSG=polysomnography; RAI=respiratory arousal index; REM=rapid 
eye movement; UARS=upper airways resistance syndrome. 
 
The 1997 ASDA guideline23 recommends follow-up PSG or a cardiorespiratory study is routinely 
indicated for the assessment of treatment results in six situations. Such a study is not routinely 
indicated in patients whose symptoms continue to be resolved with CPAP treatment. A MSLT is also 
not routinely indicated for most patients with sleep-related breathing disorders. The 1995 ASDA 
publication25 states that follow-up PSG is not indicated for those with primary snoring or mild OSA, 
unless symptoms worsen. Patients with moderate to severe OSA should undergo PSG or another 
objective measure of respiration with the oral appliance in place, after final adjustments for a fit. 
 
Only limited evidence, from studies of poor quality and of partial relevance, is cited in support. 
Recommendations made in the 1997 ASDA guideline regarding patients who have a good 
clinical response seem to be contradictory. One states that a follow-up study is routinely 
indicated for the assessment of treatment results after a good clinical response to oral appliance 
treatment to ensure a therapeutic benefit.   
 
A further recommendation is that follow-up PSG or cardiorespiratory study is not routinely 
indicated in patients whose symptoms continue to resolve with CPAP treatment.  
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Table 5: Recommendations and supporting evidence for  
obstructive sleep apnea follow-up 

 
Indications for Sleep Laboratory Use Limitations for Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
Follow-up PSG or 
cardiorespiratory study is 
indicated for assessment of 
treatment results:23 
a) after good clinical 

response to oral appliance 
treatment*  

b) after surgical treatment of 
patients with moderate to 
severe OSA 

c) after surgical treatment of 
patients with sleep apnea 
or lack of response to 
CPAP 

d) after substantial weight 
loss has occurred in 
patients on CPAP for 
treatment of sleep-related 
breathing disorders 

e) after substantial weight 
gain has occurred in 
patients previously treated 
with CPAP successfully 

f) when clinical response is 
insufficient or when 
symptoms return despite 
good initial response to 
treatment with CPAP 

Previous guidelines are 
cited to support recom-
mendations a to c 
(evidence quality=O) 
 
Recommendations d 
and e: 4 case series 
indicating weight 
variation may be linked 
to sleep disorders in 
some individuals and 
major changes in 
weight may imply 
current treatment with 
CPAP no longer 
effective (evidence 
quality=C, 
relevance=C) 
 
No direct evidence 
cited to support 
recommendation f 
(evidence quality=O) 
 

Follow-up PSG or 
cardiorespiratory 
study not routinely 
indicated in patients 
whose symptoms 
continue to be 
resolved with CPAP 
treatment.*  
 
MSLT not routinely 
indicated for most 
patients with sleep-
related breathing 
disorders. 
 
 
 
 
 
 

No evidence cited 
(evidence quality=O) 
 
Reference made to 
information presented 
elsewhere in guideline 
and to earlier guideline 
(evidence quality=O) 
 
 
 
 
 
 
. 

Patients being treated with 
fixed CPAP on the basis of 
APAP titration or being 
treated with APAP must be 
monitored to determine treat-
ment effectiveness and 
safety.24 

Based on committee 
consensus and 
recommendations given 
in previous guideline23 
(evidence quality=O) 

  

Patients with moderate to 
severe OSA should undergo 
PSG or other objective 
measure of respiration with 
oral appliance in place after 
final adjustments for fit.25 

Cited review paper 
which gives data on 
CPAP use from earlier 
studies (evidence 
quality=O) 
 

Follow-up PSG not 
indicated for those 
with primary snoring 
or mild OSA unless 
symptoms worsen25 
 

No evidence cited 
(evidence quality=O) 
 
 

APAP=automatic positive airway pressure; CPAP=continuous positive airway pressure; OSA=obstructive sleep apnea; 
PSG=polysomnography. 
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5.3.4 Respiratory disturbances complicated by cardiorespiratory factors 

COPD is a disorder that is characterized by reduced maximal expiratory flow and slow forced 
emptying of the lungs; features that do not change markedly in several months. This limitation in 
airflow is only minimally reversible with bronchodilators.  A sleep laboratory application may be 
considered for patients with COPD or other respiratory disturbances, who also have certain 
complications and for those with apparent sleep-related cardiac conditions.  

 
This application was considered in a guideline from the AARC-APT26 (Appendix 9). 
Recommendations support the possible use of PSG in patients with COPD and other respiratory 
conditions, subject to certain criteria. A retrospective cross-sectional study is cited in support and 
indicates the significance of nocturnal oxyhemoglobin desaturation46 as a risk factor, with the 
implication that this condition should be identified using sleep studies. Three narrative reviews 
and two earlier guidelines provide background information. 

5.3.5 Other respiratory disorders 

OSA and upper airway resistance syndrome (UARS) are most commonly evaluated in sleep 
laboratories. Other respiratory disorders known to cause sleep disturbance include COPD, 
neuromuscular diseases, other chronic lung diseases and asthma.  
 
This category of disorders is considered by the 1997 ASDA guideline23,39 (Appendix 10). It 
states that PSG is routinely indicated for patients with neuromuscular disorders and sleep-related 
symptoms that are inadequately diagnosed by sleep history, assessment of sleep hygiene and 
review of sleep diaries. PSG is not indicated to diagnose chronic lung disease and nocturnal 
hypoxemia in patients with lung disease. These are usually adequately evaluated by oximetry. 
 
Five NRCTs and 10 case series are cited selectively in support of PSG use. Most of the cited 
studies had small patient numbers. Most of the studies on neuromuscular diseases are relevant to 
the recommendations, though it is unclear from the cited evidence that PSG is routinely indicated 
for this heterogeneous group of disorders when other approaches such as sleep history are 
insufficient.  
 
Most of the papers dealing with the investigation of persons with lung disease also described 
studies (eight NRCT, eight case series) with small populations.  
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Table 6: Recommendations and supporting evidence for  
respiratory disturbances complicated by cardiorespiratory factors 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
PSG may be indicated in 
patients with the following:26 
• COPD with awake PaO2 

>55 torr, but illness is 
complicated by 
pulmonary hypertension, 
right heart failure, 
polycythemia or EDS 

• Restrictive ventilatory 
impairment secondary to 
chest wall and 
neuromuscular 
disturbances whose 
illness is complicated by 
chronic hypoventilation, 
polycythemia, 
pulmonary hypertension, 
disturbed sleep, morning 
headaches or daytime 
sleepiness and fatigue  

• Disturbances in 
respiratory control with 
awake PaCO2  >45 torr 
or whose illness is 
complicated by factors 
listed above 

• Cyclic arrythmias, 
abnormalities of 
atrioventricular ectopy 
that seem to increase in 
frequency during sleep 

Retrospective CSS 
indicating the 
significance of 
nocturnal 
oxyhemoglobin 
desaturation as a risk 
factor, with the 
implication that this 
condition should be 
identified using sleep 
studies (evidence 
quality=C, 
relevance=B) 
 
3 narrative reviews, 2 
earlier guidelines 
(evidence quality=O) 
 

Risk-benefit ratios 
should be assessed if 
medically unstable 
inpatients are to be 
transferred from 
clinical setting to  
sleep laboratory for 
overnight PSG 

No evidence cited 
(evidence quality=O) 
 

CSS=cross-sectional study; COPD=chronic obstructive pulmonary disease; EDS=excessive daytime sleepiness; PaCO2=arterial 
carbon dioxide pressure; PaO2=arterial oxygen pressure; PSG=polysomnography. 
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Table 7: Recommendations and supporting evidence for 
other respiratory disorders 

 
 Indications for Sleep Laboratory Use Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
PSG routinely indicated 
for patients with 
neuromuscular disorders 
and sleep-related 
symptoms to evaluate 
symptoms inadequately 
diagnosed by sleep 
history, assessment of 
sleep hygiene and review 
of sleep diaries23  
 

5 NRCT and 10 case series 
considering diagnosis and 
monitoring of sleep-related 
variables in myasthenia 
gravis, post-polio syndrome, 
cystic fibrosis, neuromuscular 
disease, kyphoscoliosis, 
amyotrophic lateral sclerosis, 
Duchenne muscular 
dystrophy, myotonic 
dystrophy; several studies 
focused on physiological 
investigations (evidence 
quality=C, relevance=B) 

PSG not indicated to 
diagnose chronic lung 
disease23  
 
 
 
 
 
 

2 NRCT and 2 case 
series; 3 studies showed  
drop in oxygen saturation 
during sleep, 1 indicated 
OSA is uncommon in this 
group (evidence 
quality=B, relevance=B) 
 
 
 
 

If [COPD] patient’s 
symptoms suggest  
diagnosis of OSA or 
periodic limb movement 
disorder, indications for 
PSG are the same as for 
those disorders in patients 
without chronic lung 
disease23 

Reference to other 
guidelines (evidence 
quality=O) 

 

Nocturnal hypoxemia 
in patients with 
chronic obstructive, 
restrictive or reactive 
lung disease is usually 
adequately evaluated 
by oximetry and does 
not require PSG23  
 

Six NRCT and six case 
series, mostly small 
studies, suggesting 
support for use of 
oximetry to assist in 
diagnosis and monitoring 
of COPD (evidence 
quality=B, relevance=C) 

  Sleep disturbance in 
patients with asthma 
should be attributed to 
inadequately 
controlled asthma 
unless more specific 
indications for other 
sleep-related breathing 
disorders exist23 

OSA uncommon in 
several small case series 
of asthmatics; transient 
hypoxemia usually 
modest (evidence 
quality=C, relevance=B) 
 
 

Full-PSG with respiratory 
monitoring including 
pCO2 by transcutaneous 
capnometry warranted in  
patient with unexplained 
persisting or early 
morning hypercapnia19 

Consensus (evidence 
quality=O)   

NRCT=non-randomized controlled trial; COPD=chronic obstructive pulmonary disease; OSA=obstructive sleep apnea; 
PSG=polysomnography. 
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5.3.6 Obstructive sleep apnea in children   

OSA in childhood is a disorder of breathing during sleep, characterized by prolonged partial 
upper airway obstruction or intermittent complete obstruction. Complications may include 
growth abnormalities, neurologic disorders and cor pulmonale. Recommendations relate to 
otherwise healthy children older than one year with OSA secondary to adenotonsillar 
hypertrophy and/or obesity. 
 
This application is covered by guidelines from the  American Academy of Pediatrics (AAP) 
and27,29 the American Thoracic Society.28 It is also mentioned in the CPSO guideline19 
(Appendix 11). 
 
The AAP guideline supports overnight PSG as the gold standard for diagnosis of OSA in 
children having adenotonsillectomy, habitual snoring, behaviour disturbance, hyperactivity and 
excessive daytime sleepiness. Studies cited in support include two NRCTs, two cross-sectional 
studies and seven case series. 
 
The American Thoracic Society document recommends PSG for adenotonsillectomy 
postoperative monitoring, some cases of laryngomalacia and evaluation of children with sickle 
cell disease and OSA.  Six small case series are cited. 
 
The studies cited by the AAP provide indications of appropriate PSG criteria in children, which 
differ from those for adults. It is noted that PSG for children has not been well standardized in its 
performance or its interpretation. Several studies show the limitations of abbreviated methods in 
providing an adequate diagnosis of OSA. Most studies had a limited number of participants, 
often heterogeneous in age. Therefore, the findings are prone to selection bias and have weak 
statistical significance. 
 
Most of the cited references in the American Thoracic Society guideline covered background 
information on a particular disorder, but were not related to indications for PSG in diagnosis or 
evaluation of OSA in children. 

5.3.7 Other conditions in children that produce sleep disturbances  

Several conditions of sleep disturbance in children are covered in an American Thoracic Society 
guideline28 (Appendix 12). The possible use of PSG in children with bronchopulmonary 
dysplasia, cystic fibrosis, asthma, neuromuscular disease or alveolar hypoventilation syndrome 
was examined.28 
 
No specific evidence was cited in support of the recommendations. Background material 
covering physiological or clinical issues that relate to sleep disturbances was provided for each 
condition. 
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Table 8: Recommendations and supporting evidence for 
obstructive sleep apnea in children 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
Overnight PSG is gold 
standard for diagnosis of 
OSA in children having 
adenotonsillectomy, 
habitual snoring, behaviour 
disturbance, hyperactivity, 
and excessive daytime 
sleepiness.27,29  
 
Other techniques, such as 
videotaping, nocturnal 
pulse oximetry and 
daytime nap studies may  
be useful to discriminate 
between primary snoring 
and OSA if PSG results are 
positive. Because of high 
false-negative rates, PSG 
should be performed if 
other diagnostic techniques 
give negative results.27,29 

2 NRCT, 2 CSS and 7 
case series in which PSG 
findings were compared 
to those from alternative 
methods in patients 
referred with sleep 
disordered breathing 
(evidence quality=B, 
relevance=A) 

  

PSG is recommended in:28

• adenotonsillectomy 
postoperative 
monitoring 

• children with 
laryngomalacia whose 
symptoms are worse 
asleep than awake or 
who have failure to 
thrive or cor pulmonale 

• evaluation of child with 
sickle cell disease and 
OSA or frequent veno-
occlusive crises during 
sleep 

2 case series in which 
patients were monitored 
after surgery (evidence 
quality=C, relevance=B) 
 
Small case series, 
description of PSG in 
monitoring pre- and post- 
surgery (evidence 
quality=C, relevance=B) 
 
3 case series (evidence 
quality=C, relevance=C) 

PSG not indicated for 
obese children unless 
there is unexplained 
awake hypercapnia, 
chronic snoring, 
increased work of 
breathing during 
sleep, disturbed sleep, 
daytime 
hypersomnolence, 
polycythemia or cor 
pulmonale28 
 

Case series, PSG showed 
37% were mildly 
abnormal; no correlation 
between weight, age or 
gender and any 
measurement on PSG 
 
Case series in which 
sleep questionnaire, 
weight and presence of 
adenotonsillar tissue 
were predictive of OSA 
(up to 81%) (evidence 
quality=C, relevance=A) 

CSS=cross-sectional study; NRCT=non-randomized controlled trials; OSA=obstructive sleep apnea; PSG=polysomnography. 
 



 23

Table 9: Recommendations and supporting evidence for  
other conditions in children that produce sleep disturbances 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
PSG with CO2 monitoring  
indicated in children with 
neuromuscular disease  
or alveolar hypoventilation 
syndrome with  
complications  

No specific evidence 
cited28 (evidence 
quality=O) 

 
 

 
 
 
 
 
 

Bronchopulmonary dysplasia: 
PSG may be indicated to detect 
upper airway obstruction; can be 
used with pH monitoring to 
document relationship between 
reflux and respiratory events 

   

Cystic fibrosis: patients 
receiving supplemental oxygen 
may require PSG to rule out 
OSA; consider PSG for 
assessing potential adverse 
effects of supplemental oxygen 
during sleep in patients with 
advanced lung disease who are 
hypercapnic when awake 

   

Asthma: Consider PSG with pH 
monitoring if concerned about 
presence of gastroesophageal 
reflux during sleep as a trigger 
for nocturnal symptoms; PSG 
may help in defining frequency 
and type of apnea, cardiac, blood 
gas and sleep alterations in 
certain infants with apnea or 
ALTE28 

 PSG not 
recommended for 
routine evaluation 
of infants with 
uncomplicated 
ALTE.28 

No evidence cited 
(evidence 
quality=O) 
 

ALTE=apparent life threatening event; CO2=carbon dioxide; OSA=obstructive sleep apnea; PSG=polysomnography 

5.3.8 Follow-up PSG in children  

The use of sleep laboratory investigations may be indicated for the follow-up of children who 
had surgery or other interventions to manage OSA symptoms. 
  
This application is covered by guidelines from the  American Academy of Pediatrics,27,29 the 
American Thoracic Society28 and the CPSO19 (Appendix 13).  
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Table 10: Recommendations and supporting evidence for  
follow-up PSG in children 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
Children who have 
adenotonsillectomy should 
have clinical re-evaluation 
postoperatively; high risk 
patients should undergo 
objective testing (be retested 
for OSA if snoring persists and 
possibly if pre-operative AHI 
is high)27 

Prospective study of 30 
children who had 
surgery, 26 with 
follow-up PSG 
(evidence quality=C, 
relevance=B) 

  

Repeat PSG is recommended 
for children previously 
diagnosed with OSA who 
exhibit persistent snoring or 
other symptoms of sleep-
disordered breathing.  
 
If weight loss is primary 
therapy, PSG should be 
repeated to determine if weight 
loss program has delayed 
severity of OSA. 
 
For a child under one year or 
with severe OSA, follow-up 
PSG should be considered.  
 
In children with 
neuromuscular disease, 
reassessment with PSG should 
be scheduled at least annually. 
 
PSG is indicated periodically 
in children with alveolar 
hypoventilation syndrome and 
should occur at least 
annually.28 

Recommendations are 
based on consensus, no 
supporting evidence 
cited (evidence 
quality=O) 
 

Children with mild to 
moderate OSA who 
have complete 
resolution of snoring 
and disturbed sleep 
patterns do not need a 
follow-up PSG28 
 

No evidence is 
cited (evidence 
quality=O) 

 

AHI=apnea hypopnea index; OSA=obstructive sleep apnea; PSG=polysomnography. 

5.3.9 Idiopathic congenital hypoventilation syndrome  

Idiopathic congenital hypoventilation syndrome is a rare condition characterized by generally 
adequate ventilation while the patient is awake, but by alveolar hypoventilation with typically 
normal respiratory rates and shallow breathing during sleep.  
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The American Thoracic Society has recommended that each infant with this condition should 
have a detailed recording in a pediatric respiratory physiology laboratory.30 No literature was 
cited in support.  
 

Table 11: Recommendations and supporting evidence for  
idiopathic congenital hypoventilation syndrome 

 
Indications for Sleep Laboratory Use Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
Each infant should 
have detailed 
recording in pediatric 
respiratory 
physiology laboratory 
to evaluate 
spontaneous  
breathing during  
sleep and 
wakefulness30 

No evidence cited 
(evidence quality=O) 
 

  

5.3.10 Sudden infant death syndrome (SIDS) 

SIDS is the sudden death of an infant under one year of age, which remains unexplained after a 
thorough case investigation, including performance of a complete autopsy, examination of the 
death scene and review of clinical history.  Association with respiratory disorders during sleep 
has been suggested for some SIDS cases. 
 
Two guidelines31,32 recommended against the use of PSG as a screening tool for SIDS, but they 
supported its use in the investigation of certain physical symptoms where infants appear to be at 
risk. The CPSO document19 indicated that there is no test or parameter available with sufficient 
sensitivity to make a formal sleep study of clinical use in children with an ALTE, based on 
findings from a retrospective study of potential markers of patterns of breathing and heart rate 
variability of 10 SIDS cases and 100 age-matched controls47 (Appendix 14). 

5.3.11 Treatment for snoring 

Laser-assisted uvulopalatoplasty (LAUP) is a technique used as a treatment for snoring.  Sleep 
studies are used to identify sleep-related breathing disorders, including OSA, before surgery. 
LAUP is not recommended for the treatment of OSA. 
 
Three guidelines provide advice on this application17,23,33,39 (Appendix 15).  The 2001 AASM 
follows the 1997 ASDA recommendations in supporting the use of PSG or cardiorespiratory 
study for those who are candidates for laser-assisted uvulopalatoplasty as a treatment for snoring. 
Recommendations are based on two relevant case series and earlier standards of practice 
documents. The Swiss Respiratory Society’s 2001 publication makes similar recommendations, 
but does not cite evidence in support. 
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Table 12: Recommendations and supporting evidence for SIDS 
 

Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 
Recommendations Evidence Recommendations Evidence 

PSG is indicated in 
investigation of certain 
physical symptoms,  
ALTE, cyanotic attacks, 
neonates with clinically 
evident increased 
oxygen requirement, 
unclear drop in 
saturation, suspected 
disorders of autonomic 
respiratory control and  
suspected OSA32 

Not supported by 
specific references in 
guideline, but are 
consistent with 
recommendations made 
under sections of other 
guidelines considered 
in this report (evidence 
quality=O) 
 
 
 

PSG not indicated as 
screening tool for 
SIDS31,32 

 

7 prospective studies on 
large cohorts of infants 
who had recordings of 
respiratory and cardiac 
function; either NSD or 
overlapping values for 
apneas for SIDS cases 
and controls (evidence 
quality=A, 
relevance=A) 

Only if there is 
supportive evidence 
(arterial blood gases, 
abnormal EEG, evidence 
of neurologic disease) is 
sleep study indicated to 
evaluate a significant 
sleep-related respiratory 
disorder19 

Consensus (evidence 
quality=O) 

Sleep studies do not 
provide additional 
information in children 
with ALTE in whom 
rigorous clinical 
evaluation has failed to 
reveal underlying cause 
or abnormality19 

(Evidence quality=B, 
relevance=A) 

 ALTE=apparent life threatening event; OSA=obstructive sleep apnea; NSD=no significant difference; PSG=polysomnography;   
 SIDS=sudden infant death syndrome. 
 

Table 13: Recommendations and supporting 
evidence for treatment of snoring 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
A surgical candidate for 
LAUP, as treatment for 
snoring, should undergo  
pre-operative clinical 
evaluation and PSG or 
cardiorespiratory study 
to determine if the 
candidate has a sleep-
related breathing 
disorder, including sleep 
apnea17,23,33   

Guideline on use of 
portable recording in 
assessment of PSG; 2 
case series indicating 
unreliability of clinical 
examination in 
diagnosis of OSA 
(evidence quality=C, 
relevance=A) 

  

LAUP=laser-assisted uvulopalatoplasty; OSA=obstructive sleep apnea; PSG=polysomnography. 
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5.3.12 Insomnia 

Difficulty in initiating or maintaining sleep is common. Potential sleep laboratory involvement is 
related to chronic insomnia, where symptoms have persisted for many weeks and may be 
associated with other sleep-related disorders. 
 
An AASM guideline,34 which updates a 1995 ASDA publication, considers this application. The 
CPSO document19 also discusses the application, drawing mainly on the 1995 ASDA work 
(Appendix 16). 
 
The use of PSG is recommended by the AASM when sleep-related breathing disorders or PLMD 
is suspected, when initial diagnosis is uncertain, treatment fails or precipitous arousals occur. 
PSG is not indicated for routine evaluation of insomnia, including that which is associated with 
psychiatric disorders, fibromyalgia or chronic fatigue syndrome. 
 
The level of support provided by the cited studies varies. Some studies are of limited quality, but 
the bigger issue is the relevance of the findings to the recommendations. Several studies indicate 
areas of unreliability in the potential application of PSG, such as its use in the evaluation of 
persons with psychiatric disorders.  

5.3.13 Depression with insomnia 

Depression with insomnia is a complaint of difficulty with sleep associated with a psychiatric 
diagnosis of depression, either unipolar or the depressive phase of a bipolar illness. This 
application is considered by the 1997 ASDA guideline23,39 (Appendix 16). Recommendations 
indicate neither PSG nor MSLT is routinely indicated in establishing the diagnosis of depression, 
but PSG may be useful in identifying an early response to antidepressant medication.  
 
Cited evidence consists of one meta-analysis on sleep and psychiatric disorders and 13 primary 
studies, some of which seem to be not directly relevant to the recommendations. None of the 
studies were concerned with the diagnosis of depression. The meta-analysis indicated reduction 
in REML was not a specific marker for depression and the findings in three small studies show 
sleep characteristics are not specifically associated with psychiatric status. The use of PSG in 
identifying early response to antidepressants is not supported by the two studies cited.  

5.3.14 Narcolepsy 

Narcolepsy is a condition characterized by irresistible sleepiness and untimely occurrences of 
partial REM sleep, such as cataplexy or sleep paralysis. Assessment of the severity and cause of 
the condition is important before proceeding to treatment with medication. 
 
The AASM35 considered narcolepsy in a guideline that follows material in the 1997 ASDA 
publication.23,39 Both recommend the use of PSG and MSLT to evaluate suspected narcolepsy, 
with repeat testing where necessary, to investigate new symptoms. The 1996 CPSO guideline19 
also referenced narcolepsy (Appendix 18). 
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Both prospective and retrospective observational studies have established the usefulness of 
MSLT in improving the certainty of diagnosis of narcolepsy and of PSG in identifying or 
excluding other sleep disturbance conditions.  
 

Table 14: Recommendations and supporting evidence for insomnia 
  

Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 
Recommendations Evidence Recommendations Evidence 

PSG is indicated 
when sleep-related 
breathing disorders or 
PLMD is suspected 
 

6 case series indicating 
diagnostic gains through 
PSG for patients with 
OSA or PLMD; 2 large 
NRCTs measuring 
prevalence of OSA and 
nocturnal myoclonus in 
insomniacs (evidence 
quality=B, 
relevance=B) 

PSG not indicated for 
routine evaluation of 
transient or chronic 
insomnia;  
 
PSG not indicated for 
routine evaluation of 
insomnia due to 
psychiatric disorders 

Based on committee 
consensus (evidence 
quality=O) 
 
10 NRCTs indicate PSG 
is unreliable for such 
assessment (evidence 
quality=A, relevance=B) 
 

PSG is indicated 
when initial diagnosis 
is uncertain, treatment 
fails (behavioural or 
pharmacologic) or 
precipitous arousals 
occur with violent or 
injurious behaviour34  

7 case series and 1 chart 
review; level of support 
for recommendations 
provided by cited 
studies varies 
considerably 
(evidence quality=C, 
relevance=B) 
 

PSG not clinically 
useful in 
differentiating 
insomnia associated 
with dementia from 
other forms of 
insomnia, including 
insomnia associated 
with depression 

2 NRCTs, 2 case series 
and committee 
consensus (evidence 
quality=B, 
relevance=B) 
 

  PSG not useful in 
establishing diagnosis 
of insomnia 
associated with 
fibromyalgia or 
chronic fatigue 
syndrome, because 
alpha-delta sleep 
pattern described in 
fibromyalgia 
syndrome is non-
specific finding34 

3 small case series and 
committee consensus 
(evidence quality=C, 
relevance=B) 
 
 

NRCT=non-randomized controlled trial; OSA=obstructive sleep apnea; PLMD=periodic limb movement disorder; 
PSG=polysomnography. 
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Table 15: Recommendations and supporting evidence for  
depression with insomnia 

 
Indications for Sleep Laboratory Use Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
PSG may be useful in 
identifying early 
response to 
antidepressant 
medication39  

 

1 RCT and 1 NRCT  
on PSG measures and  
the use of tricyclic 
antidepressants; neither 
provide convincing 
support for this use of 
PSG (evidence 
quality=A, 
relevance=C) 

Neither PSG nor 
MSLT is routinely 
indicated in 
establishing diagnosis 
of depression23 
 

1 meta-analysis and 3 
NRCTs indicating 
neither PSG nor MSLT 
is useful in diagnosis of 
depression (evidence 
quality=A, 
relevance=A); 8 other 
studies indicate sleep 
characteristics not 
specifically associated 
with psychiatric status 
(evidence quality=B, 
relevance=B) 

MSLT=multiple sleep latency test; NRCT=non-randomized controlled trial;  PSG=polysomnography; RCT=randomized 
controlled trial. 

5.3.15 Restless legs syndrome and periodic limb movement disorder  

Restless legs syndrome (RLS) is a disorder characterized by disagreeable leg sensations that 
usually occur before sleep onset and cause an almost irresistible urge to move the legs. Periodic 
limb movement disorder (PLMD) is characterized by periodic episodes of repetitive and highly 
stereotyped limb movements that occur during sleep. 
 
A German Sleep Society36 guideline considers adult patients with probable or definite RLS. The 
AASM 1999 guideline,37,38 the ASDA 1997 publication23,39 and the CPSO guideline19 cover RLS 
and PLMD (Appendix 19). 
 
The AASM37,38 and ASDA publications39 recommend that PSG is not routinely indicated in the 
management of RLS, but that it is indicated in the diagnosis of PLMD. The German Sleep 
Society36  guideline recommends the use of PSG in adult patients with probable or definite RLS 
in six situations. 
 
The US guideline recommendations on RLS are supported by a small NRCT and three small 
case series. The cited material provides reasonable indications that the diagnosis of RLS can be 
adequately undertaken outside the sleep laboratory and that PSG may underestimate or miss RLS 
in some patients. No evidence is cited to support recommendations on the wider use of PSG 
given in the other guideline. 
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Recommendations on PLMD are supported by studies of generally modest quality and power  
(five comparing clinical assessment with PSG; one series with clinical interviews and no 
comparison with PSG; and two studies that identified additional symptoms detected by PSG in 
some patients). 
 

Table 16: Recommendations and supporting evidence for narcolepsy 
 

Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 
Recommendations Evidence Recommendations Evidence 

PSG and an MSLT 
performed on the day 
after PSG evaluation are 
routinely indicated in 
evaluation of suspected 
narcolepsy;  
repeat testing is 
necessary when initial 
results are negative or 
ambiguous and when 
clinical history strongly 
indicates diagnosis of 
narcolepsy23,35 

2 NRCT and 7 case 
series; diagnosis of 
narcolepsy may be 
complex, as typical 
clinical diagnostic 
features will not always 
be present (evidence 
quality=B, 
relevance=B) 
 
 

Debatable whether 
PSG is required to 
make diagnosis in 
every case19 

Review article, 
consensus (evidence 
quality=O)    

PSG re-evaluation 
should be considered if 
symptoms of sleepiness 
increase significantly or 
if specific symptoms 
develop that suggest new 
or increased sleep 
abnormalities35 

Committee consensus 
(evidence quality=O)    

Follow-up sleep studies 
indicated to evaluate 
objective reponse of 
daytime sleepiness to 
treatment and if 
symptoms deteriorate or 
where there is suspicion 
another sleep disorder 
may co-exist; MWT is 
helpful in evaluating 
response to treatment of 
narcolepsy and related 
conditions19 

Consensus 
(evidence quality=O)   

MSLT=multiple sleep latency test; MWT=maintenance of wakefulness test; NRCT=non-randomized controlled trial; 
PSG=polysomnography. 
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Table 17: Recommendations and supporting evidence for  
restless legs syndrome and periodic limb movement disorder 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
Diagnosis of RLS or 
PLMD suggested by 
clinical examination by full 
PSG; 2 nights of 
monitoring may be required 
to avoid false-negative 
findings19 * 

Consensus position 
(evidence quality=O) 
 

PSG not routinely 
indicated to diagnose 
or treat RLS23* 
 
Diagnostic criteria are 
based on patient’s 
history or bed partner 
observations for 
RLS37* 
 
  
 

2 consensus statements 
from many sleep 
disorders centres 
(evidence quality=O);  
1 small NRCT and 3 
case series indicating 
PSG findings may 
confirm clinical 
diagnosis, but may 
underestimate or miss 
RLS in some patients 
(evidence quality=B, 
relevance=B) 

PSG  recommended in 
adults with probable or 
definite RLS when:36 
• symptoms atypical or 

affected by other 
disorders 

• ongoing severe 
insomnia or lack of 
drug efficacy  

• daily sleepiness as 
leading symptom; 
patient not impaired by 
RLS symptoms  

• severe RLS treated 
daily with drugs  

• additional sleep-related 
respiratory disorder, 
continuing RLS 
symptoms under 
pharmacotherapy 

• expert’s report needed 
for judicial purposes 

No evidence is cited. 
(evidence quality=O) 
 

  

Diagnostic criteria for 
PLMD based on patient’s 
history combined with 
PSG.37 
 
 
 
 

2 NRCT and 6 case 
series comparing 
clinical assessment 
with PSG (evidence 
quality=B, 
relevance=B) 

  



 32

Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 
Recommendations Evidence Recommendations Evidence 

PSG indicated when 
diagnosis of PLMD 
considered because of 
complaints of repetitive limb 
movements during sleep and 
frequent awakenings, 
fragmented sleep, difficulty 
main-taining sleep or EDS23 

EDS=excessive day time sleepiness; NRCT=non-randomized controlled trial; PLMD=periodic limb movement disorder; 
PSG=polysomnography; RLS=restless legs syndrome. 

5.3.16 Parasomnias and sleep-related epilepsy 

Parasomnias are undesirable physiological phenomena that occur predominantly during sleep 
and may be associated with sleep disorder diagnoses such as arousal disorders, sleepwalking, 
sleep terrors and REM sleep behaviour disorder (RBD). Sleep-related epilepsy and sleep-related 
psychiatric disorders are considered in the differential diagnosis.39 
 
The main source of information for this application is the 1997 ASDA guideline.23,39  The CPSO 
guideline19 includes suggested indications for full PSG and refererence is also made to PSG in a 
publication from the International League Against Epilepsy40 (Appendix 20). 
 
The findings of most studies cited in the ASDA publication provided some indication that PSG 
can assist in the diagnosis of parasomnias. PSG diagnostic criteria for each of these sleep 
disorders appear to be established and distinct. Drug treatment of parasomnias often give 
favourable results and PSG confirmation of the diagnosis is needed before treatment.  
 
The quality of the cited evidence is limited. There are five small non-randomized comparative 
studies, not all with well matched controls and 22 case series, most with few patients.  

5.3.17 Circadian rhythm disorders  

Circadian rhythm disorders include time zone change (jet lag) disorder, shift-work disorder, 
irregular sleep-wake patterns, delayed sleep-phase syndrome, advanced sleep-phase syndrome 
and non-24-hour sleep-wake disorder. 
 
The 1997 ASDA guideline23,39 recommended that PSG not be routinely indicated for the 
diagnosis of circadian rhythm sleep disorders. The three studies cited in support did not relate to 
the use of sleep laboratories for routine diagnosis and did not demonstrate a value for PSG in 
recognizing specific circadian rhythm sleep disorders or in directing treatment. The CPSO 
guideline states that PSG is useful when the diagnosis is persistent circadian rhythm disorders, 
such as delayed phase syndrome.19 This reflects a consensus position (Appendix 21). 
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Table 18: Recommendations and supporting evidence for  
parasomnias and sleep-related epilepsy 

 
Indications for Sleep Laboratory Use Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
PSG, including video 
recording and additional 
EEG channels, routinely 
indicated to assist with 
diagnosis of paroxysmal 
arousals or other sleep 
disruptions thought to be 
seizure-related when 
clinical evaluation and 
EEG are inconclusive 
 

3 case series on 
diagnosis of 
parasomnias with sleep-
related injuries 
(evidence quality=C, 
relevance=B) 
 

PSG not routinely 
indicated: 
• in cases of typical, 

uncomplicated and 
non-injurious 
parasomnias when 
diagnosis is clearly 
delineated. 

• for patients with 
epilepsy who have no 
specific complaints 
consistent with sleep 
disorder   

2 reviews and 5 studies 
cited as “very consistent 
descriptive literature” 
(evidence quality=A, 
relevance=A); absence 
of direct evidence;  
limitations of 1 clinical 
series noted;  
consideration of other 
diagnostic options for 
epilepsy (evidence 
quality=N)  

PSG indicated when 
evaluating patients with 
sleep behaviours 
suggestive of unusual or 
atypical parasomnias  

3 small NRCT                    
and 10 mostly small case 
series on investigation of 
sleepwalking (evidence 
quality=C, relevance=C) 

  

PSG may be indicated in 
situations with forensic 
considerations; PSG may 
be indicated when 
presumed parasomnia 
does not respond to 
conventional therapy23 

2 small NRCT and 6 
case series on 
investigation of rapid 
eye movement 
behaviour disorder 
(evidence quality=C, 
relevance=B); 3 case 
series on investigation of 
other parasomnias, some 
associated with epilepsy 
(evidence quality=C, 
relevance=C) 

  
. 

Sleep recordings can 
increase accuracy of 
epilepsy diagnosis when 
EEG fails to show 
epileptiform activity and 
level of clinical suspicion 
justifies investigation; 
PSG should always be 
used for all-night 
recordings to record 
epileptic nocturnal 
activity40  

No supporting evidence 
cited (evidence 
quality=O) 
 

  

EEG=electroencephalography; NRCT=non-randomized controlled trial; PSG=polysomnography. 
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Table 19: Recommendations and supporting evidence for  
circadian rhythm disorders 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
PSG useful when 
diagnosis is persistent 
circadian rhythm 
disorders, such as 
delayed phase 
syndrome19 

 

Earlier guideline from 
ASDA48,49and 
consensus (evidence 
quality=O) 
 
 
 
 

PSG not routinely 
indicated for 
diagnosis of circadian 
rhythm sleep 
disorders23 
 

3 small studies, NRCT, 
CSS and case series with 
consideration of testing 
procedure’s diagnostic 
value (evidence 
quality=C, relevance=B) 

CSS=cross-sectional study; NRCT=non-randomized controlled trial; PSG=polysomnography. 

5.3.18 Chronic fatigue syndrome 

Chronic fatigue syndrome is a recognizable pattern of fatigue-related symptoms. If fatigue is 
prolonged beyond six months, is disabling and is accompanied by other characteristic constitutional 
and neuropsychiatric symptoms, then chronic fatigue syndrome should be considered. 
 
A Royal Australasian College of Physicians41 publication mentions that if specific alternative 
diagnoses (e.g., sleep apnea or multiple sclerosis) are suggested by clinical history or examination, 
further investigations may be warranted. No evidence is cited in relation to sleep apnea.   
 
As noted under Section 5.3.12, the CPSO document19 concludes that PSG anomalies provide 
objective physiologic evidence for the non-restorative sleep symptoms of fibromyalgia and chronic 
fatigue syndrome. These anomalies, however, may not be specific in patients with these 
conditions. 

Table 20: Recommendations and supporting evidence for 
chronic fatigue syndrome 

 
Indications for Sleep Laboratory Use  Limitations to Sleep Laboratory Use 

Recommendations Evidence Recommendations Evidence 
Only 7 types of laboratory 
tests are recommended 
for routine evaluation of 
chronic fatigue syndrome; 
if specific alternative 
diagnoses (e.g., sleep 
apnea) are suggested by 
clinical history or 
examination, further 
investigations may be 
warranted.41 

No evidence cited in 
relation to sleep apnea 
(evidence quality=0) 
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6 DISCUSSION  
This report about guidelines that provide advice on the referral of patients to sleep laboratories is 
focused on their recommendations and on the evidence cited in support of the recommendations.  
 
The guidelines and reviews contain much valuable information for those who are responsible for 
the clinical management of persons with sleep-related disorders.  The scope and detail of these 
publications vary. Some of the more detailed guidelines and reviews, such as those issued by the 
American Academy of Sleep Medicine and the American Academy of Pediatrics, include details 
of systematic approaches to the identification and review of pertinent literature during their 
preparation. The 1997 American Sleep Disorders Association23,39 guideline and review cover  
several sleep disorders and have been used as reference sources by other publications. The less 
detailed guidelines tend to reflect consensus positions or summaries in secondary sources, rather 
than basing the recommendations on primary studies.  

6.1 Evidence in Support of Guideline Recommendations 
The level of evidence cited in support of recommendations on many sleep laboratory 
applications appears to be limited, as indicated in the quality of evidence ratings given in Section 
5.3. In all, 81 recommendations included in the reviewed guidelines are mentioned. Of the 81 
recommendations, 46 were supported by evidence from primary studies. Of these, six 
corresponded to category A, with most or all of the cited evidence from well conducted, 
prospective controlled studies. For 15 recommendations, cited evidence was based on both 
controlled studies and case series and 25 recommendations were supported only by results from 
case series or from case series plus controlled studies that had substantial limitations. 
Four of the remaining recommendations were supported by an absence of available evidence 
identified by the guideline. For the other 31, either no evidence was provided or the guideline 
indicated that there was support by consensus. 
 
Judgements on the relevance of the cited evidence from primary studies suggested that it was 
highly relevant to the recommendation in 18 cases, of some relevance in 22 and of little or no 
relevance in six. 

6.2 Context of the Guidelines and Supporting Evidence 
The publications from professional bodies that have been reviewed are clinical guidelines. The 
recommendations made may reflect best clinical practice and draw on broader background 
material related to the conditions they address. However, they often have weak support from the 
evidence cited.  
 
Much of the cited evidence is of limited quality and some of the recommendations on indications 
are contradictory. Studies cited in the guidelines in support of recommendations are mostly small 
and often non-comparative. They rarely relate to the routine use of sleep laboratories.  
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Sometimes, approaches that are used, for example multi variate analysis, would not be used in 
routine sleep laboratory operation. In some cases, the cited studies may be providing some 
evidence of the associations between sleep characteristics and a disorder, but they do not address 
the practical clinical use of such information.  
 
In most cases, guidelines are not specific about the proportions of patients with particular 
conditions who will require sleep laboratory studies. Some selection rules have been developed, 
but may require further validation or may not be applicable in a routine situation. Also, as 
clinical guidelines, appropriate discretion is allowed for the individual professional’s clinical 
judgement.  In some areas, approaches and technologies are still developing and in almost all 
areas, good quality studies are needed to strengthen and clarify the evidence on efficacy, 
effectiveness and safety. 
 
The information in the guidelines provides guidance for policy makers and others who are 
concerned about the planning of sleep laboratory facilities, because details are provided about the 
recommended approaches to the management of sleep-related disorders. They leave, however, 
many questions unanswered. Of the publications reviewed, only the Scottish guideline15 gave 
any consideration of how recommendations on sleep studies might relate to the practicalities of 
the health system in terms of available sleep laboratories and appropriately trained personnel. 
Recommendations likely to be associated with additional resource use by the health service are 
listed with details about sleep centres and the management of OSA in Scotland.  
 
Appropriate application of the principles outlined in many of the guidelines will help to achieve 
efficient and effective use of sleep laboratory resources by ensuring the use of clinically 
appropriate investigations for those who require them. As indicated by Flemons et al.7 in their 
discussion of Canadian services for the diagnosis and treatment of suspected sleep apnea,  
the potential requirements for PSG investigations of OSA, if guideline recommendations are 
followed, are not matched by available resources.  
 
The Canadian guidelines considered in this review appeared in 1996.  An update to the guideline 
published by the College of Physicians and Surgeons of Ontario is in preparation.This report may 
prove helpful as a source of information for the development of further Canadian guidelines.  

6.3 Scope and Limitations of the Review 
The first objective for this report was to identify the recommendations on the investigation of 
individuals in sleep laboratories made in guidelines prepared by professional bodies. The second 
was to review the evidence cited by the guidelines in support of the recommendations. 
 
Pertinent guidelines were identified through a detailed literature search. Recommendations 
related to the use of sleep laboratories were listed and attention drawn to instances where there 
were differences in emphasis between guidelines. 
 
The review of the evidence in support of the recommendations was subject to several limitations. 
Only those studies cited by the guidelines in support of their recommendations were reviewed. A 
systematic review of all pertinent literature was not undertaken.  In view of the range of sleep 
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disorders covered by the guidelines, the diversity of supporting publications and data they cite, a 
series of qualitative reviews was prepared.  Details related to the quality of the cited studies and 
of their relevance to recommendations are provided, but no attempt has been made to quantify 
these attributes for individual studies. However, ratings of the overall quality and relevance of 
evidence cited in support of each recommendation have been given.  
 
The information provided gives an indication of the extent of evidence available with respect to 
the sleep laboratory applications considered.   In some cases, additional information will have 
emerged from studies that were published since the guidelines were completed. No attempt has 
been made to review such literature for this report. 
  
 
7 CONCLUSIONS    
The publications on the use of sleep laboratory investigations prepared by professional organizations 
are clinical guidelines. They contain detailed information for health professionals who are involved 
in the management of sleep disorders. The recommendations made in the guidelines are generally 
supported by the results from studies in the literature. The level of evidence for many applications, 
however, is of limited quality and some cited studies are not directly relevant to the 
recommendations made. Many recommendations reflect consensus positions and no evidence is 
cited.  There is a need for additional studies of many sleep laboratory applications.  
 
The appropriate application of principles outlined in many of the guidelines will help to achieve 
the effective use of sleep laboratory resources. The resolution of clinical uncertainties and 
resource dilemmas will require additional studies and further assessments that are beyond the 
scope of this report. 
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DT=Consensus Development Conference OR DT= 
Consensus Development Conference, NIH) 
[MEDLINE®] 
 
OR 
 
(guideline? OR recommend? OR consensus OR 
standard? OR parameter? OR position()paper? OR 
position()statement? OR treatment()outcome?)/ti,ab 
 
Performed  15 Oct 2002 
Total hits = 408 records 
Update performed 09 Jan 2004 
Total hits = 239 records 

PubMed 
Cochrane Library 

1992 - 
present 

Same MeSH headings and keywords as the origingal 
DIALOG®  MEDLINE search. 
 
Searches performed 10  October 2002; last update June 
2004 

CINAHL Direct 1992 – 
present 
 
Human 
 
 
 
 
 
 
 
 
 
 
 
 

EXP sleep-disorders.mjx.mnx. OR 
polysomnography.mjx.mnx  OR 
 

AND 
 
Same keywords  as DIALOG® search 
 

AND 
 
practice guidelines.mjx.mnx. OR Practice guidelines.pt. 
OR nursing interventions.pt OR 
Same keywords as DIALOG® search will be used. 
Performed 30 Nov 2002 
Total hits = 57 records 
Update performed 14 January 2004 
Total hits = 6 records 

Search of HTA, 
near-HTA web sites 
for published, in-
progress and  
planned reports 

 e.g., INAHTA, NZHTA; AHRQ; University of York 
NHS Centre for Reviews and Dissemination – CRD 
databases, etc. 
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APPENDIX 2: Web Sites of Professional Associations Checked 
Professional Association URL 

American Academy of Family Physicians http://www.aafp.org/ 
American Academy of Pediatrics http://www.aap.org/ 
American Academy of Sleep Medicine http://www.aasmnet.org 
American Association of Respiratory Care http://www.aarc.org/ 
American College of Chest Physicians http://www.chestnet.org/ 
American Sleep Apnea Association  http://www.sleepapnea.org/ 
American Thoracic Society http://www.thoracic.org/ 
The Association of Polysomnographic Technologists http://www.aptweb.org/ 
Australasian Sleep Association http://www.sleepaus.on.net/ 
Austrian Sleep Research Association http://www.schlafmedizin.at/schlaf/english/inhalt/

allgemeines.html 
Belgian Association for the Study of Sleep http://www.belsleep.org/_home.htm 
CMA Infobase. Canadian Medical Association http://mdm.ca/cpgsnew/cpgs/index.asp 
Canadian Paediatric Society http://www.cps.ca/ 
Canadian Sleep Society http://www.css.to/ 
Canadian Task Force on Preventive Health Care http://www.ctfphc.org/ 
European Respiratory Society http://www.ersnet.org/ers/ 
European Sleep Research Society http://www.esrs.org/ 
European Society of Sleep Technologists http://www.esst.org/ 
Federation of Latin American Sleep Societies http://www.flass.icb.usp.br/index2.html 
Finnish Sleep Research Society http://www.sus.fi/index-en.html? 
French Society of Sleep Research http://sommeil.univ-lyon1.fr/SFRS/ 
German Sleep Society http://www.uni-

marburg.de/sleep/dgsm/welcome_.html 
Institute for Clinical Systems Improvement http://www.icsi.org/index.asp 
National Center on Sleep Disorders Research - NIH http://rover.nhlbi.nih.gov/about/ncsdr/ 
National Guideline Clearinghouse (USA) http://www.guideline.gov 
National Sleep Foundation http://www.sleepfoundation.org/ 
New Zealand Guidelines Group http://www.nzgg.org.nz/index.cfm 
Ontario Guidelines Advisory Committee (GAC) http://gacguidelines.ca/ 
Ontario Program for Optimal Therapeutics http://www.opot.org/ 
Restless Legs Syndrome Foundation http://www.rls.org/ 
Scandinavian Sleep Research Society http://www.ssrs.org/ 
Scottish Intercollegiate Guidelines Network (SIGN) http://www.show.scot.nhs.uk/sign/index.html 
Sleep Research Society http://www.sleepresearchsociety.org/site/ 
Swiss Society of Sleep Research http://www.swiss-sleep.ch/home.html 
The Sleep Apnoea Trust (United Kingdom) http://www.sleepmatters.org/ 
World Federation of Sleep Research Societies http://www.wfsrs.org/homepage.html 
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APPENDIX 3: Primary Study Review Form 
Cited Studies  
  
Sleep Laboratory Application 
  
Guideline  
  
Recommendation  
 
Study (give reference) 
 
Review Study Yes:    No:  (give reasons why not) 
Study Objective  
  
Study Population and Setting  
  
Study Design and Approach 
 

 

Study Quality (consider briefly) 
 

 

Study Findings  
  
Relevance of Findings to Guideline Recommendation 
  
Comments  
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 APPENDIX 4: Selected Guidelines and Associated Reviews  
 

Title Organization Year 
Management of obstructive sleep apnoea/ hypopnoea in 
adults. A national clinical guideline15 

Scottish Intercollegiate Guidelines 
Network 

2003 

Practice parameters for using polysomnography to evaluate 
insomnia: an update34 

American Academy of Sleep 
Medicine 

2003 

Practice parameters for the use of portable monitoring 
devices in the investigation of suspected sleep apnea in 
adults11,43 

American Thoracic Society/ American 
College of Chest Physicians and 
American Academy of Sleep Medicine 

2003 

Sleep apnoea : Finnish national guidelines for prevention 
and treatment21 

Finnish Lung Health Association 2003 

Indications for performing polysomnography in the 
diagnosis and treatment of restless legs syndrome36 

German Sleep Society 2002 

Parasomnias and sleep-related epilepsy40 International League Against Epilepsy 2002 
Practice parameters for the use of auto-titrating continuous 
positive airway pressure devices for titrating pressures and 
treating adult patients with obstructive sleep apnea syndrome24 

American Academy of Sleep 
Medicine 

2002 

Clinical practice guideline: diagnosis and management of 
childhood obstructive sleep apnea syndrome29 

American Academy of Pediatrics 2002 

Technical report: diagnosis and management of childhood 
obstructive sleep apnea syndrome27 

American Academy of Pediatrics. 2002 

Chronic fatigue syndrome. Clinical practice guidelines41 Royal Australasian College of 
Physicians 

2002 

Practice parameters for the treatment of narcolepsy: an 
update for 200035 

American Academy of Sleep 
Medicine 

2001 

Practice parameters for the use of laser-assisted 
uvulopalatoplasty: an update for 200033 

American Academy of Sleep 
Medicine 

2001 

Care of patients with obstructive sleep apnea syndrome in 
Switzerland17 

Swiss Respiratory Society 2001 

Argentine consensus on sleep-related breathing disorders18 Argentine Association of Respiratory 
Medicine 

2001 

Diagnosing sleep apnea in dental patients42 Raphaelson M & Hakim TS 2001 
Surveillance of patients treated with continuous positive 
pressure45 

Groupe Sommeil de la SPLF (France) 2000 

Obstructive sleep apnea, polysomnography and split-night 
studies: consensus statement16 

Connecticut Thoracic Society and 
Connecticut Neurological Society 

2000 

Practice parameters for the evaluation of chronic 
insomnia50 

American Academy of Sleep 
Medicine 

2000 

Evaluation of chronic insomnia51 American Academy of Sleep Medicine 2000 
SIDS und polygraphie31 
(SIDS and polygraphic recordings) 

German Association for Sleep 
Medicine 

2000 
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Title Organization Year 
Osterreichisches SIDS – consensus – gespräch anlässlich 
der Wiener SIDS – präventionskampagne ‘Sicheres 
Schlafen’32 
(4th Austrian SIDS – Consensus Meeting and Viennese 
SIDS prevention campaign “Safe Sleep”) 

Austrian SIDS consensus meeting 2000 

Idiopathic congenital central hypoventilation syndrome. 
Diagnosis and management30 

American Thoracic Society 1999 

Practice parameters in the treatment of restless legs 
syndrome and periodic limb movement disorder37  

American Academy of Sleep 
Medicine 

1999 

The treatment of restless legs syndrome and periodic limb 
movement disorder38 

American Academy of Sleep 
Medicine 

1999 
 

Indications for positive airway pressure treatment of adult 
obstructive sleep apnea patients22 

Loube DI et al. [consensus statement 
from six institutions] 

1999 

Practice parameters for the indications for 
polysomnography and related procedures23 

American Sleep Disorders 
Association 

1997 

The indications for polysomnography and related 
procedures39 

American Sleep Disorders 
Association 

1997 

Clinical practice parameters and facility standards for sleep 
medicine19 

College of Physicians and Surgeons 
of Ontario 

1996 

Standards and indications for cardiopulmonary sleep 
studies in children28 

American Thoracic Society 1996 

Standards for polysomnography in Canada10 Canadian Sleep Society/Canadian 
Thoracic Society  

1996 

Practice parameters for the treatment of snoring and 
obstructive sleep apnea with oral appliances25 

American Sleep Disorders 
Association 

1995 

Practice parameters for the use of polysomnography in the 
evaluation of insomnia52 

American Sleep Disorders 
Association 

1995 

Diagnosis of obstructive sleep apnea syndrome20 Respiratory Insufficiency and Sleep 
Disorders Group  (Spain) 

1995 

AARC-APT clinical practice guideline Polysomnography26 American Association of Respiratory 
Cardiologists – Association of  
Polysomnography Technologists 

1995 

Indications and standards for use of nasal continuous positive 
airway pressure (CPAP) in sleep apnea syndromes44 

American Thoracic Society 1994 

Practice parameters for the use of portable recording in the 
assessment of obstructive sleep apnea13 

American Sleep Disorders 
Association 

1994 

Portable recording in the assessment of obstructive sleep 
apnea14 

American Sleep Disorders 
Association 

1994 

Two publications from the AASM on the use of the MSLT and MWT53,54 were expected to be 
published in 2004, but were unavailable for this review.  A recent Italian publication on 
diagnosis of OSA in children 55 was noted during revision of the report, but was excluded in the 
review. 
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APPENDIX 5: Guideline and Publications Excluded from Review 
Organization or Authors Publication Description 
Littner M, Kushida CA, 
Anderson WM, Bailey D, 
Berry RB, Hirshkowitz M, 
et al.56 
 

Practice parameters for the 
dopaminergic treatment of 
Restless Legs Syndrome and 
Periodic Limb Movement 
Disorder 

Sleep 2004; 
27(3):557-559 

Treatment with 
dopinergic agonists 

Hening WA, Allen RP, 
Earley CJ, Picchietti DL, 
Silber MH; Restless Legs 
Syndrome Task Force of 
the Standards of Practice 
Committee of the 
American Academy of 
Sleep Medicine57 

An update on the 
dopaminergic treatment of 
restless legs syndrome and 
periodic limb movement 
disorder 

Sleep 2004; 
27(3):560-83  

Treatment with 
dopinergic agonists 

Allen RP, Picchietti D, 
Hening WA, Trenkwalder 
C, Walters AS, 
Montplaisir J58 

Restless legs syndrome: 
diagnostic criteria, special 
considerations and 
epidemiology 

Sleep Medicine 
2003; 4:101-119 

Report from 
workshop 

Rombaux Ph, Bertrand B, 
Boudewyns A, Deron Ph, 
Goffart Y, Hassid S, et 
al.59 

Standard ENT clinical 
evaluation of the sleep-
disordered breathing patient: a 
consensus report 

Acta oto-rhino- 
laryngologica 
belg 2002; 56: 
127-137 

Consensus report 
and statement on 
clinical ENT 
examination 

AASM4 Sleep-related breathing 
disorders in adults: 
recommendations for 
syndrome definition and 
measurement techniques in 
clinical research 

Sleep 1999;  
22: 667-689 

Definitional and 
technical material 

AASM60 Practice parameters for the 
use of light therapy in the 
treatment of sleep disorders 

Sleep 1999; 
22(5): 641-660 

Treatment 
approach 

ASDA61 Practice parameters for the 
use of actigraphy in the 
clinical assessment of sleep 
disorders 

Sleep 1995; 
18(4): 285-287 

Details of 
adjunctive 
technique 

ASDA62  The role of actigraphy in the 
evaluation of sleep disorders 

Sleep 1995; 
18(4): 288-302 

Details of 
adjunctive 
technique 

American 
Electroencephalographic 
Society63  

Guideline 15: guidelines for 
polygraphic assessment of 
sleep-related disorders 
(polysomnography) 
 
 
 

J Clin 
Neurophysiol 
1994;11:116-124 

Technical aspects 
of PSG 
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Organization or Authors Publication Description 
American 
Electroencephalographic 
Society64  

Guideline twelve: guidelines 
for long-term monitoring for 
epilepsy  

J Clin 
Neurophysiol 
1994; 11:88-110 

Unrelated to sleep 
laboratories 

American 
Electroencephalographic 
Society65 

American 
Electroencephalographic 
Society guidelines for 
polygraphic assessment of 
sleep-related disorders 
(polysomnography) 

J Clin 
Neurophysiol 
1992; 9:88-96 

Technical 
guidelines on 
measurement 

European Sleep Research 
Society, Committee on 
hypnotics and sleep 
physiology66 

Hypnotics and sleep 
physiology: a consensus 
report 

Eur Arch 
Psychiatry Clin 
Neurosci 1991; 
241:13-21 

Effects of 
hypnotics on EEG 
sleep parameters 
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APPENDIX 6:  Identified Guidelines and Recommendations for 
Obstructive Sleep Apnea Diagnosis  

1.  ASDA, 199723,39  
 
Recommendations  
• PSG is routinely indicated for the diagnosis of sleep-related breathing disorders. 
• For most patients, full-night PSG is recommended for the diagnosis of sleep-related 

breathing disorders. 
• For patients in the high-pretest-probability stratification group, a cardiorespiratory sleep 

study may be an acceptable alternative to full-night PSG, provided that repeat testing with 
full-night PSG is permitted for symptomatic patients who have a negative cardiorespiratory 
sleep study. (By using a cardiorespiratory sleep study to test only those patients who are in 
the high-pretest-probability group, the clinician will reduce the probability of false-negative 
studies so that the need for PSG is lessened) 

 
Evidence  
The ASDA Review39 summarizes the characteristics of sleep apnea syndrome, including central 
sleep apnea and OSA. Areas covered include symptoms and associated risk factors, snoring and 
observed sleep apneas, excessive daytime sleepiness (EDS), obesity, insomnia and 
electrocardiography (ECG) changes. Cited literature on these sections was not reviewed for this 
report, nor was literature on the treatment of OSA considered.  
 
The ASDA review cites 11 studies (four cohort and seven case series) that indicate one night of 
PSG is usually sufficient to diagnose OSA. For example, when 50 suspected OSA patients in the 
study of Mendelson et al.67 were subjected to two consecutive nights of PSG, 46 patients were 
diagnosed with OSA on the first night and 49 on the second, for apnea-hypopnea index (AHI) 
≥5; and 42 on the first night and 46 on the second night, for AHI≥10. The authors concluded that 
one night of PSG should generally suffice. A second positive recording might be expected in a 
small group of patients who have a negative first study.  
 
Six of 11 patients prospectively studied by Meyer et al.68 who were suspected of having OSA, 
had a negative PSG result on the first night, but a positive second study with a significant rise of 
AHI from 3.1±1.0 to 19.8±4.7. Thus, a negative first-night study is insufficient to exclude OSA 
in patients with one or more clinical markers of the disease.  
 
Split-night studies: In the ASDA review,39 six  references were cited in support of the second 
recommendation. Three of these evaluated split-night PSG in the determination of effective 
continous positive airway pressures (CPAP) for OSA patients.69-71 The other three compared 
PSG findings for the entire night with those for a portion of the night. 
 
Scharf et al.72 studied sleep patterns in 40 hypertensive men who were recruited from a general 
medical clinic. The subjects underwent overnight PSG, in which the AHI and percent of the time 
during which arterial oxygen saturation (SaO2) was <90% (T90) were evaluated. The first 90 
minutes of the overnight study was evaluated separately. Scoring for the first 90 minutes had a 
low sensitivity for correctly diagnosing OSA (42%) and a specificity of 100%.   
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A late afternoon nap study was conducted for subjects with an AHI ≥10 with the intention of 
assessing the efficacy of short studies performed in the afternoon. The sensitivity of these studies 
was found to be low (60%) and they failed to detect a number of subjects with increased AHI.   
 
While evaluating the severity of OSA in 66 patients with an AHI of 40 to 125 events per hour, 
Charbonneau et al.,73 showed that as the night progressed, the mean apnea duration significantly 
increased from 27.2 s to 34.6 s, mainly from increases during non-rapid eye movement (NREM) 
sleep. The proportion of time spent in apnea also increased because of increases in mean apnea 
duration and the proportion of REM sleep. Thus, for a selected population with severe OSA, 
diagnosis should require full-night PSG. This was a retrospective analysis of PSG records. 
 
However, in a population with a wider range of severity of sleep-disordered breathing, including 
inappropriate sleepiness, snoring, putatively observed apnea or a combination of these signs and 
symptoms, Sanders et al.74 found that partial PSG was as accurate as full-night PSG for the 
diagnosis of sleep-disordered breathing. Analyses were undertaken of the polysomnograms from 
48 of 50 consecutive patients who were referred for evaluation of sleep-disordered breathing. 
Breathing and oxygenation data collected during the first half of the PSG examination (PSG - ½) 
were correlated with those collected during full-PSG. At a cut-off frequency of 10 events per 
hour, the sensitivity, specificity and predictive values of all parameters were high (around 90%) 
in identifying patients with sleep-disordered breathing during PSG - ½. Similar results were 
attained with a cut-off frequency of five per hour. The findings appear contradictory to the 
recommendation.  
 
Because of the time consuming nature and the high cost of full-night PSG, alternative 
approaches for the diagnosis of OSA have been suggested. These have included the use of sleep 
questionnaires,75-77 statistical models,78-82 home oximetry,83 portable monitoring devices,84-89 
limited PSG recording90 and cardiorespiratory recording for CPAP titration.91  
 
Use of sleep questionnaires: Dealberto et al.75 assessed the use of a self-administered sleep 
questionnaire as a tool for OSA diagnosis in 129 patients with different subcategorized sleep 
disorders. It was found that snoring and breathing arrest during sleep could be used to predict 
AHI≥10, taking into account age, gender and body mass index (BMI). Among subjective sleep 
questionnaire items, however, only daytime sleepiness was related to drops of transcutaneous 
oxygen tension and this item was not related to AHI≥10. Only limited details on the 
questionnaire and its use are presented.  
 
Scharf et al.72 also evaluated the use of self-administered questionnaires and short sleep studies 
in screening for sleep-disordered breathing. Each subject completed a self-administered 
questionnaire, which included items related to the frequency of occurrence of disordered sleep. 
Using a linear regression approach, it was found that no features of the symptom questionnaire 
strongly predicted AHI and only self-reported snoring strongly predicted T90 (the percentage of  
sleep time during which the saturation was <90%). The results of the study showed that the self-
administered symptom questionnaire was not useful for predicting sleep-disordered breathing in 
a small cohort unselected for sleep-related symptoms.                                                                                              
 



 69

A  Swedish study in which the use of a self report questionnaire and day time PSG was compared 
to the nocturnal PSG of 42 habitual snorers gave positive predictive values of about  
60% and 20% to 30% false-positives.76 
 
Douglas et al.77 describe the development of a sleep disorders questionnaire and diagnostic scales, 
using an earlier instrument from Stanford University and data from patients with different 
catagories of sleep disorder. Responses to the questionnaire were obtained from 519 persons, 435 
of whom were clinical sleep disorder patients. It was shown that the sleep apnea scale 
discriminated between the patient and control groups (sensitivity 81%, specificity 85%). The 
authors comment on the limitations of the study, including population size for some groups and 
characteristics of the control group. Also, the questionnaire was too long to be used as a general-
population epidemiological screening tool and future work would be based on five to 10 items 
selected from the full questionnaire, which would be studied for the purpose of general-population 
screening. The authors caution that the questionnaire scales are not a replacement for a clinical 
assessment by a trained sleep clinician, plus PSG.  
 
Statistical models: Five other studies used multifactorial analysis developed from clinical data and 
questionnaire responses to predict disturbance of breathing during sleep in populations of 100 to 
410 patients.78-82 The predictors for OSA included male gender, habitual snoring, neck 
circumference, hypertension, sleep supine, waking with heartburn and dozing while driving.78,82  
 
The approach used by Crocker et al.80 correctly classified 33 of 36 patients with AHI>15 
(sensitivity 92%) and 35 of 69 with AHI≤15 (specificity 51%). Poorer performance was obtained 
during a subsequent study of 98 patients referred for snoring or daytime sleepiness (sensitivity 
79%, specificity 50%).83 
 
Deegan and McNicholas78 reported results for 250 consecutive patients who had clinical 
assessment, PSG and completed a self-assessment questionnaire. No single factor was a useful 
predictor of OSA. Using an AHI threshold of 15, about a third of patients could have been 
correctly classified as having OSA or not, on the basis of clinical features and oximetry data. Other 
patients would still have required full-PSG to provide a confident diagnosis. Rauscher et al.79 used 
a regression model based on questionnaire responses from habitual snorers and patients with OSA, 
plus overnight pulse oximetry in a study of 116 patients referred for investigation of heavy snoring. 
All patients with an AHI of <10 could be identified from the regression model, plus oximetry data 
and the authors suggest that snorers with negative results from oximetry do not need PSG. 
 
Flemons et al.82 developed a clinical prediction rule based on the examination of 180 patients 
referred to a sleep disorder centre. Clinical variables associated with the AHI were based on 
anthropomorphic measures and responses to a questionnaire. Clinical scores of <5 or >15 were 
associated with a high probability of an absence or presence of an AHI of 10 or 20. The ASDA 
review notes that the high post-test probability reported in this paper was lower for AHI >20 than 
for AHI >10.  Viner et al.81 compared predictive models based on subjective clinical impressions 
or clinical and anthropomorphic features with PSG findings in 410 patients referred for suspected 
OSA. For patients with a low predicted probability of sleep apnea, the model based on clinical data 
correctly excludes about 30% of patients without OSA, which could result in a reduction in those 
sent for PSG. 
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The ASDA review notes the possibility that low probability patients had upper airways 
resistance syndrome (UARS) was not addressed in the studies.  
 
Home and portable device studies: Gyulay et al.83 compared clinical assessment to home 
oximetry in the diagnosis of OSA in 14 patients, who were referred for assessment of snoring or 
daytime sleepiness. They showed that analysis of oximetry data by counting desaturations alone 
gave sensitivity not superior to that of clinical assessment. Clinical assessment identified patients 
with AHI ≥15 with a sensitivity of 79% and specificity of 50%. The likelihood of AHI ≥15 using 
the regression equation of Crocker et al.80 (68% sensitivity and 55% specificity) was not superior 
to the global clinical impression of the physicians. 
 
Five out of six studies assessing the use of portable sleep apnea monitoring devices in a laboratory 
have shown that data from the devices and those of PSG were highly correlated (correlation 
coefficients for apnea index (AI) or AHI >0.90).84-87,89   
 
Sensitivity and specificity varied from study to study. High sensitivity and specificity (95% and 
96%) were found by Emsellem et al.85 in 67 patients referred with a tentative diagnosis of OSA. 
They suggested that each patient identified as having sleep apnea, using a portable system, 
should be completely studied in a sleep laboratory. They also noted that a negative result with a 
portable device will exclude only sleep apnea and further assessment would be needed for other 
types of sleep-related complaints.  
 
Orr et al. found a sensitivity of 93% and specificity of 89% for a respiratory disturbance index 
(RDI) value of 15.86 Man and Kang84 reported lower sensitivity (85.7%), but a specificity of 
94.7% at a cut-off value of AHI ≥15 and suggested that the monitoring device would be useful in 
identifying patients without significant sleep apnea. White et al.89 reported high sensitivity, but 
only moderate specificity (90.7% and 70.4%) at an AHI threshold of 10. There was poor 
correlation (r=0.33) between the two systems when the portable monitor was used at home.89 
Redline et al.87 considered the study findings in the context of use in epidemiologic studies of 
general populations. 
 
In a small study of 14 subjects with sleep apnea,88 the correlation coefficient for RDI was 0.70 
with a significant difference in findings (p<0.01) between the portable monitor and PSG. 
Sensitivity in detecting apneic episodes was 78% using the manufacturer’s criteria in 12 subjects.  
 
The portable systems are designed for the detection of sleep apnea only, particularly in high 
probability groups and are not intend to replace PSG in the diagnosis of a wide spectrum of sleep 
disorders. A negative result with a portable screening device only rules out sleep apnea. Thus, a 
full PSG to investigate other causes of sleepiness should still be considered for patients with a 
negative portable monitor study result who have significant symptoms of excessive daytime 
sleepiness.  
 
Cardiorespiratory recording:  Douglas et al.90 prospectively examined the value of 
electrophysiological and respiratory monitoring in 200 consecutive adults who had been referred 
to a sleep laboratory and who were considered to need further study. PSG showed that 15 
patients had OSA and 11 had PLMD. OS-A could be accurately diagnosed by recording only the 
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breathing pattern (AHI) and time in bed. Recording sleep electrophysiologically was of no 
diagnostic value.  Of those with OSA, 66% could be diagnosed with oximetry alone, but many of 
the patients not diagnosed by oximetry had moderately severe OSA and benefited from 
treatment. 
 
Relevance to recommendations 
Two of three small observational studies and one retrospective study indicated that full-night 
PSG is desirable for OSA diagnosis. One of these, however, reported partial-night findings for 
only the first 90 minutes of sleep. The third study had contrary findings and suggested PSG 
during the first two hours of sleep is a reliable basis for diagnosis. 
 
Approaches using questionnaires to screen patients for OSA appear to have some potential to 
rule out further investigations in a sleep laboratory, for those with a low probability of OSA, 
though the robustness and applicability in routine practice would need consideration. From the 
data reported for the cited studies, even with the more elaborate approaches, significant 
proportions of persons with OSA would be incorrectly excluded from referral for PSG. 
 
Several studies provided indications of the potential usefulness of portable monitors, though the 
predictive value of these varied and their scope of application should be kept in perspective. 
 
2.  Scottish Intercollegiate Guidelines Network, 200315  
 
Recommendations 
• Limited sleep studies to assess respiratory events are an adequate first-line method of 

diagnostic assessment for OSAHS. 
• Individual sleep centres should examine the balance of benefits associated with using a 

specific sleep study against their resources, geographical catchment, equipment available and 
the diagnostic algorithm used. 

• Full PSG with EEG-based sleep staging is unnecessary to diagnose sleep apnea in most 
patients. It should be available in regional sleep centres for patients who have typical 
symptoms of excessive daytime sleepiness, but no objective evidence of obstructive sleep 
apnea on limited testing. 

• Oximetry studies cannot exclude OSAHS. Studies using oximetry alone may have a role in 
the initial assessment of OSAHS, but their limitations must be fully appreciated before using 
them to make diagnostic and therapeutic decisions. 

• The technology used to make the diagnosis is less important than the level of experience and 
training available to interpret the result. 

 
(The first statement is presented in the guideline as a recommendation and the others as good 
practice points, which are recommended best practice based on the clinical experience of the 
guideline development group). 
 
Evidence 
The guideline cited the 1997 ASDA review,39 Bradley et al.92 and a narrative review93 to support 
the observations that although PSG is accepted in North America as the gold standard for the 
diagnosis of sleep apnea, it has never been independently validated. Observational studies indicate 
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that PSG may be useful in the diagnosis of sleep apnea, although there is night-to-night variation in 
reproducibility; and different centres use different thresholds in the diagnosis of  OSA. 
 
The Douglas et al.90 study is used to support the statement that the clinical value of performing 
PSGs on all patients with daytime sleepiness has been questioned. No reference is made to the 
diagnosis of PLMD in that study or the proportions of patients diagnosed by PSG alone. 
 
Limited sleep studies, using a reduced combination of the range of variables in full PSG, are 
introduced in the guideline with reference to three studies.92,94,95  
 
Whittle et al.94 compared outcomes for 149 patients with suspected OSA who had a home study 
as an initial investigation with 75 individuals who were investigated with PSG. The home study 
included airflow recording, ECG, measurement of chest wall movement and pulse oximetry.  
 
On the basis of findings from a previous validation study, home studies showing >30 apneas plus 
hypopneas per hour were regarded as diagnostic of OSA and the subjects proceeded to treatment 
(usually CPAP). Those with values of <30 apneas plus hypopneas per hour who did not have 
daytime sleepiness were not investigated further. The remaining subjects, including those whose 
home study was unsuccessful, were then given full PSG. 
 
Of the 149 subjects, 29% were diagnosed with OSA and were offered treatment. Twenty-seven 
(18%) had an unsuccessful home study and proceeded to PSG.  Of the 80 with <30 apneas plus 
hypopneas per hour, 18 had low Epworth Sleepiness Scale (ESS) scores or refused further 
investigations. Of the 58 individuals who proceeded to PSG, 18 with severe OSA on PSG (>30) 
had home studies showing <30 and four of those <15.   The authors indicate that their results 
suggest home studies alone cannot exclude a diagnosis of OSA in those with daytime sleepiness. 
 
Under the local financial and administrative arrangements, use of the home study protocol 
resulted in faster diagnosis for the patients and lower costs for the provider than an approach 
based on PSG. 
 
The two earlier studies by the same group92,95 were case series in which PSG recordings were 
made in parallel with a limited sleep system (Autoset). All apneas were scored by both systems, 
but 41% more hypopneas on PSG, which were clinically significant. 
 
The guideline refers to the Bennett et al. study,96 which measured the improvement in symptoms 
after CPAP and used a regression analysis to identify the best predictors of improvement.  PSG 
was said not to have been the best predictor, though it appears investigators reported only those 
variables in PSG [body movement and electroencephalographic (EEG) sleep depth] that 
contributed to the model.  The guideline also refers to a study by Engleman et al.97 in suggesting 
PSG derivatives such as AHI or EEG arousals were no better at predicting improvement than the 
simpler indices. That study, however, appears to have involved only home monitoring in a 
comparison of treatments. 
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Three studies are cited in which there was comparison of hospital-based partial channel PSG and 
full PSG.98-100  Two of these are from the same group98,100 and compare partially attended night-
time time respiratory recording (NTRR) and full PSG in patients with suspected OSA using a 
randomized crossover (RCT-C) design (76 and 36 individuals). Sensitivity and specificity of 
NTRR versus PSG were 82% and 90%. Mean values for AHI using NTRR were lower than 
those obtained with full PSG (22.7±2.4 versus 32.2±3.0 events per hour), because of the under-
recognition of hypopneas.  
 
The third study99 compared respiratory polygraphy with previously obtained PSG findings in 101 
patients. The criteria for diagnosis of OSA with polygraphy were that AHI and the desaturation 
index were both ≥10.  When data for both indices are considered, overall sensitivity was 90% 
and specificity 85%. 
 
The guideline draws attention to the possible decrease in diagnostic certainty as a disadvantage 
of limited home studies, which do not allow assessment of sleep presence, quality or duration, or 
the diagnosis of conditions other than OSA.  The guideline cites the systematic review published 
by AHCPR101 in noting that reported sensitivity and specificity ranges are 32% to 100% 
compared to full PSG and are dependent on the equipment and definitions of events used. 
 
The guideline cites contrasting results on the issue of whether patients diagnosed with OSA in 
limited sleep studies have poorer CPAP use afterwards. A study from France by Krieger et al.102 
in which there was follow-up for two years after the prescription of CPAP,  found patients who 
were diagnosed with an ambulatory procedure had higher drop-out rates than those in two groups 
diagnosed with PSG (21.7% versus 10.0% and 6.25%; p<0.05). They also had lower rates of use 
of their CPAP. In the Scottish study by Whittle et al.,94 however, there was no difference 
between the home study diagnosis group and controls in the proportions offered CPAP, 
continuing to use CPAP or in nightly use of CPAP (follow-up four months to 20 months after 
diagnosis). 
 
The statement on oximetry is supported by reference to the study by Douglas et al.90, the 
AHCPR review 101 and other publications that report high false-negative rates and diverging 
conclusions on the usefulness of this method. 
 
The guideline states that sleep questionnaires may be useful in the initial assessment of OSA, but 
not for diagnosis. The statement is supported by three studies103-105 showing a mean sensitivity 
and specificity of 42% and 68% respectively, when comparing questionnaire sampling to full 
PSG.  
 
The guideline draws attention to the importance of well trained staff at sleep centres, but no 
evidence is cited in support. 
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Relevance to recommendations 
The guideline recommends use of limited sleep studies as a first-line approach to the diagnosis of 
OSA. It is unclear whether home-based or laboratory-based studies are preferred, but the 
information provided in the cited studies from Scotland might suggest the former. The strongest 
evidence comes from a controlled trial, which included the useful feature of long-term follow-up 
data for patients who had been prescribed CPAP after a diagnosis of OSA.  Five other controlled 
trials and four case series are also considered, some of which relate to earlier studies by the same 
group.  Overall, the studies indicate the potential for use of limited sleep studies, leading to 
judgements on the trade-off between poorer diagnostic performance than PSG and appropriate 
use of limited resources. The statement that full PSG is unnecessary to diagnose sleep apnea in 
most patients seems to be poorly supported, given the need for follow-up PSG in a large 
proportion of those who receive limited sleep studies. 
 
3.  Connecticut Thoracic Society, 200016  
 
Recommendations 
• Split-night studies and full-night studies are not equivalent. Full-night diagnostic studies 

provide a more complete assessment of sleep-disordered breathing and are more likely to 
benefit from the possibility and relevance of a second diagnosis. 

• Full-night PSG followed by a full-night of CPAP titration is the accepted gold standard and 
is the recommended method of evaluation and treatment of sleep-disordered breathing. 

 
Evidence 
The recommendations are supported by reference to the 1997 ASDA publications,23,39 a short 
commentary106 and six studies.69-71,73,107,108  
 
Four studies showed clinical features of sleep apnea varied during night-time sleep.71,73,107,108 
That by Charbonneau et al.73 has already been considered on page 68 in review of the evidence 
cited in the 1997 ASDA publication. A small study by Findley et al.108 also found significant 
differences in apnea duration and the frequency of arterial oxyhemoglobin saturation (SaO2) 
during REM and NREM sleep of 12 OSA patients (AHI >5) and 12 normal subjects. Apneas 
were longer during REM sleep than NREM sleep for all patients. 
 
Fanfulla et al.107 studied 29 consecutive OSA patients and evaluated the first part (PSG1) and 
second part (PSG2) of a standard PSG examination for the ability to diagnose OSA. PSG1 had 
low sensitivity value (66%). It was representative of full PSG and similar to PSG2 only in those 
patients with REM phase sleep in the first part of the night. They concluded that split-night 
studies were inappropriate for evaluating sleep-disordered breathing in OSA patients when REM 
phase sleep does not occur in the first part of the night. 
 
Studies with larger populations have concluded that split-night studies may be appropriate for a 
specific population of OSA patients.69-71 The commentary by Jamieson106 suggests that split-
night studies done with the dual objective of diagnosis and therapy represent a compromise in 
the standard of care and often fall short of accomplishing either goal. 
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Relevance to recommendations 
The additional information cited refers to two small studies that provide further evidence against 
the use of split-night studies for the diagnosis of OSA. 
 
American Thoracic Society/American College of Chest Physicians/AASM, 2003, 200411,43 
Recommendations 
• Type 2 portable monitors (comprehensive portable PSG, both attended and unattended 

setting) are not recommended for clinical use to evaluate patients with sleep apnea. 
• Type 3 portable monitors (modified portable sleep apnea testing in attended setting) appear 

capable of being used to decrease or increase the probability that the patient has an AHI >15. 
• Type 3 portable monitors (modified portable sleep apnea testing in unattended setting) are 

not recommended for use to decrease the probability that the patient has an AHI <15 or to 
increase the probability that the patient has an AHI >15. 

• Type 4 portable monitors (continuous single or dual bioparameter recording in attended 
setting) with oximetry and at least one other airflow parameter are not recommended for 
routine use to increase, decrease or both increase and decrease the probability that a patient 
has an AHI >15. 

• Type 4 portable monitors (continuous single or dual bioparameter recording in unattended 
setting) with oximetry and at least one other airflow parameter are not recommended for use 
in the diagnosis of sleep apnea or confirming that a patient has an AHI >15 or AHI <15.  

 
Evidence 
The recommendations from the practice parameters for portable monitoring devices (PMs) are 
based on the findings of a comprehensive systematic review by Flemons et al.12 The following 
details are taken from summaries given in that publication.  
 
The review covered studies published in English of patients ≥18 years with any diagnosis of 
OSA, with a PM used for diagnosis and PSG or other acceptable objective test used for the 
diagnosis of sleep apnea. After completion of the study, each analysis group was ≥10 subjects.  
In assessment of the studies, evidence levels used were defined as: 
 
• level I: blinded comparison, consecutive patients, reference standard performed on all patients  
• level II: blinded comparison, non-consecutive patients, reference standard performed on all 

patients  
• level III: blinded comparison, consecutive patients, reference standard not performed on all 

patients 
• level IV: reference standard was not applied blindly or independently.  
 

In addition, seven other aspects of the study’s methods were scored and a quality rating (from a 
to d) was assigned based on the number of indicators for which the study met the criteria. 
 

A total of 51 studies were selected for review and a non-quantitative synthesis performed. 
 
Type 2 PMs:  There were four studies describing five groups of patients published about Type 2 
monitors (comprehensive PSG). Three were rated as having level IV evidence and one study  
was rated as having level II evidence.   The summary to the practice parameters document43 
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comments that Type 2 PMs did not have adequate available data to recommend their use based 
on the small number of published studies, absence of sensitivity or specificity data and the low 
level of evidence. 
 
Type 3 PMs: There were 12 published studies, describing 14 groups of patients.  Of the nine 
undertaken in sleep laboratories, three were level II, five level III and one level IV.  Of the 
assessments of use at home, two were level II and two level IV.   
 
Twelve studies reported 13 comparisons between PM and PSG. Eight of nine attended monitor 
studies were of higher evidence level and quality rating (three studies had level I evidence and a 
quality rating of a) and all had a low likelihood ratio (< 0.2). Seven of the eight studies had a low 
percentage of false-negative results. In contrast, two of the four unattended studies had a higher 
level of evidence and higher quality rating (both had level II evidence and a quality rating of a or 
b). Both studies had low likelihood ratios, but a relatively high percentage of false-negative 
results.  
 

In a concluding synopsis, the review states that Type 3 monitors have utility to both reduce and 
to increase the probability that a patient may have sleep apnea in the attended setting. The utility 
in the unattended setting is not as well-established.  
 

The summary to the practice parameters document43 comments that Type 3 PMs may be 
acceptable in an attended in-laboratory setting, both to rule in and rule out OSA. Such use would 
require several limitations. These include application to a sleep clinic population without 
significant comorbidities, tendency for Type 3 devices to underestimate PSG-defined AHI, a 
need for patients with a negative or non-diagnostic Type 3 study to undergo a definitive 
evaluation to determine the cause of symptoms, a need for a subsequent PSG if CPAP titration is 
required and consideration that Type 3 PMs are not recommended for split-night studies.  Use in 
an unattended setting is not recommended. 
 
Type 4 PMs: There were 35 studies using Type 4 monitors on 38 populations.  Of 29 reports of 
patients studied in the sleep laboratory, 17 had level I or II evidence and 12 were level IV.  Four 
of nine studies in the home setting gave level I or II evidence and five were level IV. Synopses of 
findings of the review were as follows: 
• Oximetry alone can reduce and can increase the probability of sleep apnea both in an 

attended and unattended setting. In the latter situation, however, the results should be 
considered preliminary. The addition of a second signal showed results similar to those using 
oximetry alone and similar conclusions can be drawn. Nasal pressure may be useful in an 
attended setting, but no conclusions can be made about its use in an unattended setting. 
(Based on results of seven comparisons that combined oximetry with at least one other 
parameter, five in an attended setting; 19 comparisons evaluating the use of oximetry alone as 
a reference, 13 of which were attended; and seven studies of nasal pressure). 

• Oximetry alone can increase the probability of sleep apnea both in an attended and 
unattended setting. In the latter situation, however, the utility appears to be less compared 

with the attended setting. The addition of a second signal showed results similar to those 
using oximetry alone. The evidence is lacking, however, to suggest this type of signal 
combination can be used in an unattended setting. The results for nasal pressure in the 
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attended setting should be considered preliminary, but suggest the utility of this approach is 
still in question. No conclusions can be made about its use in an unattended setting (based on 
the results of six comparisons using oximetry and a second parameter, eight studies of 
oximetry alone in the attended setting and three studies on nasal pressure, all attended). 

• The utility of using oximetry alone to both increase and reduce the probability of sleep apnea 
is not well established in the attended or unattended setting, with or without an additional 

channel. Results should be considered preliminary. The utility of nasal pressure as a signal 
for increasing and decreasing the probability of sleep apnea has not been established in the 
attended or unattended setting [based on results of four studies with oximetry and at least one 
other sensor, all in the attended setting, 10 studies using oximetry alone (nine attended, one 
unattended home study) and two studies of nasal pressure, both in the attended setting].  

 
Relevance to recommendations 
The guideline gives a perspective on the place of PMs in sleep studies, based on an analysis of 
recent literature. Judgements on the applicability of PMs follow available data on their sensitivity 
and specificity and on the reliability or in some cases, the absence of evidence. The 
recommendations indicate an emerging role for Type 3 PMs in the attended sleep laboratory 
setting, subject to several limitations. Use of Type 2 and Type 4 monitors, and of all types of 
PMs in unattended settings, is not supported. 
 
4.  Argentine Association of Respiratory Medicine18 
 
Recommendations 
• PSG is the reference method for the diagnosis of respiratory sleep disorders. 
• Daytime studies are indicated for patients with inverted rest or wakefulness times or if night-

time studies are impossible. A negative daytime study in a patient with clinical suspicion will 
require a night-time study. 

• Simplified (level III) studies are reserved for situations where there are long waiting lists, 
access to PSG is impossible or for follow-up of previously diagnosed patients to evaluate 
response to treatment or for re-evaluation if symptoms recur. 

• Pulse oximetry is not recommended. 
• There is no consensus on the use of split-night studies. 
 
Evidence 
No references are cited in regard to the recommendations on PSG and on the use of daytime 
studies. 
 
Of seven studies cited regarding OSA diagnosis using portable devices (Type III), five84,85,87-89 
were included in the ASDA guideline, 1997.23,39 Salmi et al.109 assessed sleep-related apneas 
using an automated device to record respiratory and body movements, oxygen saturation (SaO2) 
and airflow in 55 patients with clinically suspected OSA. Data from automatic analysis were 
compared with those obtained during simultaneous daytime PSG during naps. The automated 
device had high sensitivity in that the periodic breathing pattern was found in all patients with 
apnea index (AI) >5 and had high sensitivity in detecting periodic movement. The AI was 
comparable between manual and automated analysis. In patients with AI >5, the mean SaO2 was 
92.4±2.2% lower than in patients without apneas. The duration of apneas was slightly shorter 
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than in manual analysis, but was sufficient for screening purposes. The difference between the 
manual and automated methods was clinically significant in three patients. The findings of the 
study may have limited validity as full PSG was not used as a control.  
 
A digital recording device (MESAM 4) was used in the Stoohs et al.110 study to screen 56 
patients for OSA by monitoring oxygen saturation, heart rate, snoring and body position. The 
patients were referred with complaints of disrupted sleep or EDS, including narcolepsy, isolated 
daytime sleepiness, OSA and PLMD. All patients were subjected simultaneously to nocturnal 
PSG and MESAM 4 recordings. PSG identified 26 patients with OSA, while MESAM 4 
identified 25 subjects with OSA using the oxygen algorithm; all had a respiratory disturbance 
index (RDI) ≥10 with PSG. The sensitivity and specificity for SaO2 measured by MESAM 4 as 
compared with PSG were 97% and 92% respectively. Heart rate and snoring were less accurate. 
The authors that suggest the device can be helpful to clinicians and epidemiologists as a low-cost 
screening device for subjects with OSA and habitual snoring.  
 
The guideline also considers the use of Type IV studies (continuous recording of one or two 
variables) where more comprehensive diagnostic approaches are unvailable. The guideline cites 
a publication by Levy et al.111 in stating that the sensitivity and specificity of night-time pulse 
oximetry in the diagnosis of OSA varied in different studies from 40% to 100% and from 39%  
to 100% respectively. The main reason for this wide variation has been the method used in 
analyzing the pulsed oxygen saturation (SpO2) level. Studies with low sensitivity and high 
specificity used a decrease of >3%83,111-115 as an abnormality criterion, while studies with  
high sensitivity and low specificity did not take the magnitude of the decrease into 
consideration.83,111,114,116,117 The guideline indicates that the use of pulse oximetry should be 
reserved for situations where a more appropriate technology is unavailable. Operator expertise  
is also important. 
 
No specific citations are made in respect to recommendations on split-night studies; studies 
showing variation in apnea during the night are the reasons given for the lack of consensus. The 
guideline cites a study by Martin et al.118 indicating that the observation of >80 apneas-
hypopneas during the first two hours of diagnostic PSG is an indication to proceed with a split-
night study. 
 
Relevance to recommendations 
Much of the evidence cited in this guideline relates to lower level studies that may need to be 
considered in situations where more detailed investigations are unavailable. The cited studies 
were of limited quality because of a lack of appropriate controls or small populations. The 
potential variability of different portable device models makes it difficult to reach firm 
conclusions.  
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5.  ASDA, 199413 
 
Recommendations 
Standard PSG is the accepted test for the diagnosis and assessment of OSA. Unattended portable 
recording for assessment of OSA is acceptable only: 
• for patients with severe clinical symptoms indicative of OSA when the initiation of treatment 

is urgent and PSG is unavailable 
• for patients unable to be studied in a sleep laboratory  
• for follow-up studies after diagnosis with PSG and therapy initiation. 
 
Evidence 
The Cohen-Mansfield et al.119 study was intended to validate sleep observations as tools in the 
assessment of sleep in the nursing home. Night-shift staff were trained to perform sleep 
observations on 20 elderly nursing-home residents. The observational sleep assessment 
instrument (OSAI) documented the occurrence of sleep, disruptions in sleep, breathing, snoring, 
myoclonic movements and body restlessness. The results of the OSAI were compared with those 
of portable sleep monitors (four-channel sleep respiratory monitor and wrist activity monitor). It 
was found that detection of sleep patterns using the OSAI method yields high sensitivity and 
specificity. Although it was concluded that the OSAI is reliable and valid for examining sleep 
and sleep pathology in this elderly population, the study population was small and there was a 
lack of inter-rater assessment. The external validity of this instrument remains to be tested on a 
larger population.  
 
In a similar fashion, Lord et al.120 examined the inter-rater reliability of a portable monitoring 
system, scoring records of breathing during sleep of 26 elderly subjects. The raters were a 
medical student, a nurse practitioner and a family physician. The unweighted kappa statistic was 
used to measure agreement among raters. Agreement was found to be better for variables 
describing breathing (kappa 0.71 to 0.87) than for those describing sleep (kappa 0.34 to 0.57). 
Complete agreement among the three raters occurred in 17 cases.  
 
Wrist actigraphy was used to record sleep patterns in 19 elderly nursing-home residents during a 
24-hour period.121 On average, the data showed subjects woke up three or four times per hour 
and some woke up as many as 11 to 12 times per hour. Men awoke more often than women 
between 12:00 a.m. and 1:00 a.m. Sleep fragmentation might be associated with compensation 
for lost sleep, increased total time in bed, wakening of social constraints and deterioration of the 
circadian sleep-wake rhythm. The findings were limited to a small and distinct population and 
had limited relevance to the recommendation, as the portable system was not used to diagnose or 
assess OSA. 
 
The Rasche et al.122 study evaluated an alternative system to PSG (the MESAM-system) in the 
diagnosis of rhonchopathy in 94 patients with a history of snoring. OSA was diagnosed in 19 
patients and confirmed in 10 of those individuals who were re-examined in a sleep laboratory. 
 
Two studies used PMs to determine the prevalence of sleep-disordered breathing in the elderly 
population, to examine whether sleep apnea is a predictor of mortality and to determine if gender 
has any effect on survival rate.123,124 Using the PM with a questionnaire, Ancoli-Israel et al.123 
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found that 24% of 427 elderly volunteers had AI ≥5. Women showed significantly less sleep-
disordered breathing than men (20% of women versus 28% of men). For hypopnea among 384 
people, 81%, 62% and 44% had RDI ≥5, RDI ≥10 and RDI ≥20 respectively. A previous study 
from the same group of investigators showed that 43% of 233 nursing-home residents had AI ≥5 
and 70% had RDI ≥5.  
 
Lord et al.125 concluded that portable monitoring systems could be used to monitor and classify 
sleep breathing disorders in the elderly population, although night-to-night variability of certain 
subjects may result in diagnostic misclassification. Thirty retirees having a variety of health 
problems, but none having clinical features to suggest OSA, underwent two pairs of consecutive 
night studies, separated by four to six months. Night-to-night agreement appeared better for 
measures of RDI and oxygenation than for estimates of sleep quality. Twenty-eight subjects had 
at least two nights of satisfactory recordings. The variation in RDI in some subjects had little 
overall effect on their classification into normal and abnormal groups, using a cut-off RDI value 
of 15. The study, however, is prone to selection and detection bias for its small and distinct 
population of elderly subjects with mild disturbance of breathing during sleep.  
 
Reference is also made to reviews by Richards126on the advantages and disadvantages of sleep 
measurement techniques in critical care and by Ancoli-Israel127 on the advantages and 
disadvantages of the ambulatory cassette recording of sleep apnea.  
 
Relevance to recommendations 
The cited studies provide support for the use of portable systems to assess sleep-related breathing 
disorders in specific cases such as in critical care and care of elderly patients. The studies have 
limitations and may be prone to selection and detection bias because of small and specific study 
populations and subjective assessments.  
 
6.  Raphaelson and Hakim, 200142 
 
Recommendation 
• Snoring patients with poor periodontal health or who are edentulous should be referred for 

sleep medicine evaluation. If there is moderate or severe subjective sleepiness, consider 
referral for sleep medicine consultation and PSG. 

 
Evidence 
The Raphaelson and Hakim42 review covered mostly the background of clinical features of OSA, 
PSG, split-night studies, oximetry and portable studies. One study was cited to support its 
recommendations.128 Four published prediction formulas were evaluated on 370 patients with 
sleep-disordered breathing who were referred to a sleep laboratory for PSG. PSG analysis 
showed that of 370 patients, 248 (67%) had an AHI≥10 and 180 (49%) had an AHI≥20. Analysis 
of the models for predicting the presence of OSA indicated that for AHI≥10, sensitivity ranged 
from 76% to 96% and specificity 13% to 54%. For AHI≥20, sensitivity ranged from 33% to 39% 
and specificity 87% to 93%. All models performed better for men. It was concluded that the 
clinical prediction models tested are insufficiently accurate to discriminate between patients with 
or without OSA, but could be useful in prioritizing patients for split-night PSG. 
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Relevance to recommendations 
There was no appropriate cited evidence related to the use of PSG in snoring patients with poor 
periodontal health. The cited references were either background information or generally applied 
to OSA patients. 
 
7.  Swiss Respiratory Society, 200117 
 
Recommendations 
• PSG is indicated to evaluate patients with a recurrence of symptoms during treatment with 

CPAP, oral appliances or after upper airway surgery.  
• PSG is not indicated for routine follow-up if patients report the sustained optimal treatment 

effects of CPAP. 
• The mainstay in the assessment of patients with suspected OSA is a careful history, including 

standardized questionnaires. 
 
Evidence 
The main support for the recommendations of this guideline is the ASDA’s23,39 1997 
publications.  
 
The Bloch et al.129 study was cited for the use of questionnaires to assess suspected OSA 
patients. The Epworth sleepiness scale (ESS), a questionnaire for the assessment of subjective 
daytime sleepiness, was translated and validated for use in German-speaking countries. Patients 
with sleep disorders (n=174) and normal subjects (n=159) received the ESS by mail and brought 
the filled-out questionnaire to their first appointment. A complete medical and sleep-related 
history was taken and a physical examination was performed. If the suspicion of a sleep-related 
breathing disorder was high, a level IV study was performed. If the level IV study was non-
diagnostic, a full PSG was performed. If the likelihood of a sleep-related breathing disorder was 
low or another sleep disorder suspected, then a PSG was performed first.  
 
The results showed that the mean ESS score of normal subjects (5.7±3.0) was significantly lower 
than that of the patients (13.0±5.1). Among patients, there was no significant correlation between 
gender or age and the ESS score. In patients with primary snoring and sleep apnea, the ESS score 
correlated significantly, but weakly, with both the RDI (r=0.26) and the percentage of time spent 
at an oxygen saturation <90% (r=0.35). Patients with severe OSA had significantly higher ESS 
scores than patients with primary snoring or with central sleep apnea.     
 
Relevance to recommendations 
The findings of this controlled study were relevant to the recommendation that standardized 
questionnaires such as the ESS can be used to assess suspected OSA, particularly to identify 
severe OSA from primary snoring and central sleep apnea. 
 
Other guidelines 
The following guideline documents did not cite evidence in support of their recommendations, 
other than the referral to other guidelines or statements.  
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8.  Canadian Sleep Society and Canadian Thoracic Society, 199610 
 
Recommendations 
• Indications [for PSG] can be considered under four headings of disorders, which may occur 

in isolation or in combination: insomnia; excessive sleepiness; behavioural or arousal 
disorders (parasomnias); and circadian sleep disorders. 

• A patient with symptoms related to disrupted sleep or waking can be referred for PSG by any 
physician. 

• The diagnosis of OSA and the prescription of nasal CPAP may be adequately performed 
during an afternoon sleep study. However, an afternoon study should be performed only in 
cases of obvious severe apnea or if the waiting list is excessively long. For all other cases, 
overnight PSG is required. 

 
9.  College of Physicians and Surgeons of Ontario (CPSO), 199619  
 
Recommendation 
Full overnight sleep study is the standard for those individuals in whom OSA is expected, 
particularly if CPAP or surgical therapy is considered. 
 
10. Sociedad Española de Neumología y Cirugía Torácica, 199520 
[Respiratory Insufficiency and Sleep Disorders Group (Spain)] 
 
Recommendations 
• Definitive diagnosis of OSA should be made in a setting where full PSG can be undertaken. 
• In centres without such facilities, OSA diagnosis should be regarded as provisional, pending 

confirmation by a reference centre. 
• Diagnosis of OSA by oximetry is not recommended. 
 
11. Loube et al. 199922 
 
Recommendations 
• PSG is indicated for the diagnosis of possible OSA; a six-hour minimum duration is 

preferred for a full-night study and at least a two-hour duration for a split-night study. 
• Standard diagnostic PSG may be performed in a health care facility or in the patient’s home 

if a trained technologist is in attendance. Unattended PSG is not validated. 
• Patients with a respiratory disturbance index of >40 events per hour during the first two 

hours of a diagnostic PSG receive a split-night study. 
• Limited channel PSG may be indicated for patients with high pre-test probability of OSA, 

based on validated screening algorithms. 
 

12. Finnish national guidelines for prevention and treatment 2002 to 201221 
 
Recommendations 
If a patient has typical indications of sleep apnea from basic evaluations, the diagnosis is 
primarily made on the basis of sleep registration. Limited sleep registration versus extensive 
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sleep registration indication depends on symptoms and findings (extensive would correspond to 
full-PSG): 
• highly probable sleep apnea on the basis of symptoms and findings (limited) 
• snoring patients lacking other symptoms suggesting sleep apnea (limited) 
• probable sleep apnea on the basis of symptoms and findings (limited) 
• possibly other than sleep apnea, atypical symptoms and findings (extensive) 
• results from extensive sleep registration are unclear or no treatment results are reached 

despite good treatment compliance (extensive). 
 

For patients under two years of age, extensive sleep registration is always recommended. 
 
13. AARC–APT, 199526 
 
Recommendations 
PSG may be indicated for patients: 
• with excessive daytime sleepiness or insomnia 
• with snoring associated with observed apneas or excessive daytime sleepiness 
• with other symptoms of sleep-disordered breathing as described in the International 

Classification of Sleep Disorders. 
 
Other recommendations from this guideline are considered in section 5.3.4. 
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APPENDIX 7:  Identified Guidelines and Recommendations for 
Obstructive Sleep Apnea Titration  

Guideline 
 
1. AASM, 200224 
 
Recommendations 
• Patients with congestive heart failure, COPD or nocturnal arterial oxyhemoglobin 

desaturation due to conditions other than OSA are not candidates for APAP titration.  
• Patients who do not snore should not be titrated with an APAP device that relies on vibration 

or sound in the device’s algorithm. 
• APAP devices are not recommended for split-night titration. 
• Certain APAP devices may be used during attended titration to identify, by PSG, one 

pressure for use with standard CPAP for the treatment of OSA. 
• The use of unattended APAP to either initially determine pressures for fixed CPAP or for 

self-adjusting APAP treatment in CPAP-naïve patients is not established. 
• Treatment of OSA or the use of APAP must be based on a prior diagnosis of OSA. 
 
Evidence  
This guideline and a supporting review on the use of APAP for titration and treatment were 
considered in a 2003 assessment by CCOHTA.6 Conclusions in the CCOHTA assessment were 
consistent with points made in the guideline. There is some evidence, primarily from small 
studies [one RCT, three randomized crossover trials (RCT-C) and six non-randomized 
comparisons], supporting the efficacy of APAP in attended titration in a sleep laboratory.  Its use 
in unattended titration is not established. The CCOHTA report noted that in most studies, 
patients suffering from cardiac, pulmonary and other medical conditions were excluded. There 
are potential safety issues with the use of APAP for such individuals if the technology is used in 
particular settings, without prompt access to technical support. A separate review of literature 
cited to support the recommendations in the AASM guideline was not undertaken for this report. 
 
2.  ASDA, 199723,39 
 
Recommendations 
• PSG is indicated for CPAP titration in patients with sleep-related breathing disorders. 
• A full night of PSG with CPAP titration is recommended for patients with a documented 

diagnosis of sleep-related breathing disorder for whom CPAP is warranted.  
• PSG with CPAP titration is appropriate for patients with AI >20 per hour or AHI >30 per 

hour, regardless of symptoms; AHI >10 hour in patients with excessive daytime sleepiness; a 
respiratory arousal index of >10 per hour in those with excessive daytime sleepiness. 

• A cardiorespiratory sleep study without EEG recording is not recommended for CPAP 
titration. CPAP titration should include the ability to perform sleep staging and to identify 
and treat arousals. 
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For CPAP titration, a split-night study (initial diagnostic PSG followed by titration during PSG 
on the same night) is an alternative to one full night of diagnostic PSG followed by a second 
night of titration if four criteria are met: 

a) an AHI of >40, documented during a minimum of two hours of diagnostic PSG; or AHI 
of 20 to 40 based on clinical judgment 

b) CPAP titration is carried out for >3 hours (because respiratory events can worsen as the 
night progresses)  

c) PSG documents that CPAP eliminates or nearly eliminates the respiratory events during 
REM and NREM sleep, including REM sleep with the patient in the supine position  

d) a second full-night PSG for CPAP titration is performed if the diagnosis of a sleep-related 
breathing disorder is confirmed, but criteria b and c are not met.    

 
Evidence 
Use of PSG for titration: The position taken in the guideline on PSG and titration follows in part 
from discussion and material on the diagnosis of OSA given in the accompanying review.39  
 
The overview in the review from ASDA39 includes reference to a book chapter on clinical 
features and evaluation of obstructive sleep apnea.130  The chapter is a narrative review with 49 
references, bringing together studies and commentaries from the mid-1960s to 1990. Clinical 
symptoms in OSA and clinical evaluations of patients with OSA including cardiovascular 
changes are presented. PSG is regarded as an objective evaluation of OSA syndrome and 
standard PSG recordings are detailed.  
 
The clinical features of OSA are presented in a second cited book chapter.131 A rationale for why 
PSG must be done if OSA is suspected clinically is included. PSG is used to confirm the 
diagnosis, to ascertain the severity of the physiological disturbances, which will then act as a 
guide to further therapy and to evaluate the response to nasal CPAP. Monitoring should include 
all sleep stages. Ideally, PSG should include an entire night to indicate the patient’s usual sleep 
and a second night to evaluate the response to CPAP therapy. Patients with upper airway 
resistance syndrome may require the measurement of pleural pressure.  
 
Cardiorespiratory sleep studies: The ASDA guideline mentions that residual hypopneas and 
upper airways resistance syndrome (UARS) with arousals may require additional titration to 
determine optimal therapeutic pressures and that these additional adjustments require EEG 
recording.  
 
In a prospective study of 41 subjects with moderate to severe OSA, who had CPAP titration 
performed both in a sleep laboratory using full PSG and in the respiratory ward using night-time 
respiratory recordings only, it was found that night-time respiratory recording allowed a 
reasonable choice of CPAP pressure levels to abolish all the night-time respiratory  
disturbances.91 Respiratory equipment was used, which continuously recorded and displayed 
arterial oxygen saturation (SaO2 ), airflow, chest and abdominal motion and body position. 
UARS, however, was not addressed in this study. 
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The requirement for electroencephalography (EEG) in cardiorespiratory sleep study before 
CPAP titration is supported by two studies132,133 showing the number of transient alpha EEG 
arousals, usually >10 arousals per hour of sleep, is one of the main characteristics in the 
identification of UARS. These patients are middle-aged, relatively slim, snorers and nonapneic.  
Also, EEG may provide an indication of disturbed sleep with corresponding sleep fragmentation 
that is not easily recognizable by visual scoring.  
 
Guilleminault et al.132 found that 15 of 48 patients who had reported excessive daytime 
sleepiness had frequent (≥10 per hour) transient alpha EEG arousals. The mean transient alpha 
EEG arousal was 31.3±12.4 arousals per hour of sleep. The arousals were directly related to an 
abnormal increase in respiratory efforts during sleep. Therapeutic trials using nasal CPAP 
showed no change in rapid eye movement (REM) sleep, a significant increase in the percentaage 
of stages 3 and 4 NREM sleep, elimination of daytime sleepiness (mean sleep latency changed 
from 5.1±1.0 min to 13.5±2.1 min) and a decrease of mean alpha EEG arousal index to 8±2 per 
hour of sleep.  
 
A small study by the same group133 investigated the relationship between short EEG arousals 
during nocturnal sleep, the esophageal pressure (Pes) nadir and airflow decrease in 15 men who 
were heavy snorers.  Monitoring indicated some individuals in this group of snorers may present 
significant increases in Pes nadir, with an abrupt decrease in the flow, leading to EEG arousals. 
CPAP treatment decreased the mean respiratory disturbance index (RDI) (2.66±1.45 versus 
0.53±0.51), eliminated short EEG arousal index (16.38±11.87 versus 0.91±0.88) improved 
MSLT scores (10.77±2.47 versus 14.59±1.20) and lowered SaO2 (90.7±2.46 versus 93.8±0.86). 
Thus, the score of transient alpha EEG arousals and monitoring of esophageal pressure (indicator 
of respiratory effort) would help detect this particular breathing disorder.  A further study by this 
group that found 38 of 334 women (11%) had UARS.134    
 
Split-night studies: Three studies are cited in the accompanying review39 in support of the 
recommendation on split-night studies.  
  
Iber et al.69 found that effective CPAP could be documented on single-night studies in 320 (78%) 
of 412 OSA patients with an apnea index (AI) ≥20 who underwent trials between 1984 and 1989. 
Baseline PSG was performed in the first part of the night before beginning titration, which 
included time with the patient in REM sleep in the supine position. For those in whom the single-
night studies were successful, there was a 99% reduction in frequency of obstructive events and 
improvement in the lowest oxygen saturation to 94±5%.  For 10% of this series of patients, there 
was inadequate sleep time to permit titration and 12% did not tolerate CPAP on the first night. 
 
Sanders et al.71 noted the definitions of effective CPAP and effective pressure used by Iber et al. 
would have permitted persistent mild to moderate sleep-disordered breathing and no 
confirmatory data were presented in that study on the adequacy of CPAP levels and of patient 
acceptance on subsequent nights.  
 
Sanders et al. examined 50 consecutive patients diagnosed with non-body position-dependent 
OSA. Abbreviated diagnostic PSG was followed by CPAP titration. The patients then returned to 
the sleep laboratory on a subsequent night for titration for a full night. It was found that of 50 
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patients, 31 were satisfactorily treated with CPAP during partial and full PSG without a change 
in the interface. However, 45% of these patients required an alteration in pressure. Average 
CPAP pressure while receiving full PSG was significantly higher than during partial PSG, 
though the authors note the clinical significance of the difference is arguable. All AI-related 
variables were lower after full-night PSG than after partial PSG, though the differences were not 
SS.  Fifteen patients changed the interface and eight patients changed modality, seven from 
CPAP to bilevel positive airway pressure (BiPAP), during the trial. The ASDA39 review noted 
that there were some errors in measurement of outcomes in this study. 
 
A similar study design was used by Yamashiro and Kryger.70 With 107 patients newly diagnosed 
with OSA, a split-night protocol was found to be sufficient to determine effective CPAP. For 
patients with an AHI<20 (n=69), CPAP pressure was SS lower using the split-night protocol. For 
patients with higher apnea-hypopnea index (AHI) values (n=38), the pressure following split-
night study was also lower than that with full-night titration, but the difference was not SS. 
 
The Charbonneau et al.73 study showed that respiratory events can worsen as the night 
progresses, providing support for the recommendation that CPAP titration should be carried out 
for >3 hours in a split-night study. 
 
3. Connecticut Thoracic Society, 200016  
 
Recommendations 
• PSG is routinely indicated for the diagnosis of sleep-related breathing disorders. Split-night 

studies and full-night studies are not equivalent. Full-night PSG followed by a full night of 
CPAP titration is the accepted gold standard and recommended for most patients.   

 
Evidence 
The two studies on split-night protocols that were cited70,71 have been discussed in the review of 
the ASDA 1997 guideline. 
 
This guideline reaches more conservative conclusions than those of the earlier ASDA document, 
in part from consideration of some of the same evidence. 
 
4.  American Thoracic Society, 199444  
 
Recommendations 
• Titration of CPAP should include recordings of sleep, respiration and oxygenation. The nasal 

pressure should be raised to a level that eliminates apneas, hypopneas, desaturation and sleep 
fragmentation. Various body positions and NREM and REM sleep need to be recorded to 
determine optimum pressure. If oxyhemoglobin desaturation persists, supplemental oxygen 
or ventilatory assistance can be administered through a nose mask. 

 
Evidence  
Four prospective studies135-138 were cited in support of the recommendation. In the Smith et al.135 
study, the pressure relationships were examined in six men with moderate or severe OSA who had 
significant hypersomnolence, loud snoring and demonstrated OSA in all-night PSG recording. 
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These patients underwent all-night PSG recordings followed by separate sleep studies to examine 
the pressure-flow relationship of the upper airway during non-rapid eye movement (NREM) sleep. 
Pressure-flow relationships were monitored under two conditions:  with a tight-fitting nasal mask 
and with a face mask after completion of the nasal CPAP flow curves. It was proposed that a major 
defect in patients with OSA is an elevation of critical pressure surrounding the upper airway rather 
than changes in the resistive properties of the upper airway. Thus, thorough recordings of sleep 
studies should be undertaken to determine the upper airway pressure-flow relationships in OSA.  
 
Issa and Sullivan138 used the upper airway closing pressures to examine the influence of sleep state, 
posture and level of airway pressure on the stability of the upper airway in patients with OSA. 
Eighteen patients with moderate to severe OSA, selected on the basis of all-night PSG, underwent 
a five-day in-hospital treatment program with nasal CPAP, followed by long-term home treatment. 
It was found that the upper airway closing pressure was lowered (i.e., airway was more collapsible) 
in stage I-II NREM and REM sleep, compared with that during stage III-IV NREM. In all three 
sleep stages, the upper airway closing pressure was lower in the supine position than in the lateral 
position. In stage I-II NREM and REM sleep, the elevation of nasal CPAP did not influence the 
upper airway closing pressure. In stage III-IV NREM sleep, however, the upper airway became 
progressively more stable as CPAP was elevated. Low levels of CPAP abolished OSA in all 
patients.  
 
In a later study by the same group,136 nasal CPAP applied to 12 patients with moderate to severe 
OSA, abolished OSA symptoms in all individuals, who were studied in a sleep laboratory for four 
consecutive nights. Stage I-II NREM sleep was significantly decreased and stage III-IV NREM 
sleep was increased on the first treatment night. The REM sleep and REM density were also 
increased. Sleep stages were still significantly different to the control on the third treatment night.  
 
Liistro et al.137 measured respiratory characteristics during sleep in five nonapneic, heavy snorers 
and in five OSA patients. The data showed that the pattern of snoring, hysteresis and temporal 
relationship between supraglottic pressure and flow rate were different in nonapneic and OSA 
patients. There appears to be limited relevance to the recommendation. 
 
Different measurement techniques of cardiopulmonary sleep studies were described in a guideline 
prepared by the American Thoracic Society.139 The guideline had limited discussion on CPAP 
titration, although it suggested that in patients with severe and unambiguous OSA, initiation of 
treatment with nasal CPAP may be incorporated into the diagnostic study night. 
 
5.  Loube DL et al. 199922  
 
Recommendations 
• CPAP titration on night subsequent to diagnostic PSG. Specific parameters to be monitored 

include EEG, EOG, EMG, oronasal airflow, chest wall effort, body position, snore 
microphone, ECG, and oxyhemoglobin saturation. 

• Some APAP systems are effective in determining the optimal CPAP setting for most OSA 
patients.  
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Evidence 
In this consensus statement, the indications for CPAP titration, including minimum parameters to 
be monitored and analyzed, were mostly based on material in the publications prepared by 
ASDA23 and AASM24. An additional cited reference was a Sanders and Stiller140 book chapter 
reviewing the application of positive airway pressure in the treatment of sleep-related breathing 
disorders. Its emphasis was on the authors’ results and experiences with their patients.  
 
Relevance to recommendations 
On the basis of earlier studies on the diagnosis and treatment of OSA, first-night PSG diagnosis 
followed by a second night for CPAP titration using PSG, remains the gold standard.  
 
The findings from small non-controlled studies suggest that monitors in sleep recordings, 
including upper airway pressure, sleep staging and body positions (supine versus lateral), are 
essential to obtain optimal CPAP titration. These studies, however, might be prone to selection 
and detection bias. 
 
Two small case series support the need for the inclusion of EEG recording in cardiorespiratory 
sleep study used for titration.  
 
Four papers on split-night studies, all on moderate to large case series, support the 
recommendation that effective CPAP titration can be obtained from partial PSG, if certain 
criteria are met. Definitional or procedural limitations were noted for two of these studies. 
 
The evidence from several small studies using randomized crossover designs supports a role for 
APAP in titration in a sleep laboratory. The absence of studies in CPAP-naïve patients, the need 
for attendant interventions in some patients and the exclusion of certain categories of patients 
from the studies were reasons for not supporting the use of APAP for unattended titration. 
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APPENDIX 8: Identified Guidelines and Recommendations for 
Obstructive Sleep Apnea Follow-up  

1.  ASDA, 199723,39 

Recommendations 
Follow-up PSG or a cardiorespiratory study is routinely indicated for the assessment of treatment 
results: 
1. after a good clinical response to oral appliance treatment in patients with moderate-to-severe 

OSA, to ensure therapeutic benefit 
2. after the surgical treatment of patients with moderate to severe OSA, to ensure satisfactory 

response 
3. after the surgical treatment of patients with sleep apnea whose symptoms return despite a 

good initial response; a lack of response to CPAP may require a repeat PSG evaluation 
4. after substantial weight loss has occurred in patients on CPAP for the treatment of sleep-

related breathing disorders, to ascertain whether CPAP is still needed at the previously 
titrated pressure 

5. after substantial weight gain has occurred in patients previously treated with CPAP 
successfully, who are again symptomatic despite the continued use of CPAP, to ascertain 
whether pressure adjustments are needed 

6. when clinical response is insufficient or when symptoms return despite a good initial 
response to CPAP treatment. 
 

Follow-up PSG or cardiorespiratory study is not routinely indicated in patients whose symptoms 
continue to be resolved with CPAP treatment.  
 
A MSLT is not routinely indicated for most patients with sleep-related breathing disorders. 
 
Evidence 
Cited evidence for recommendation 1 is the 1995 ASDA guideline,25 which in turn refers to a   
Schmidt-Nowara et al. review.141 The review concluded that snoring and OSA are consistently 
improved in most patients who used oral appliances. Limited follow-up data indicated that oral 
discomfort caused by oral appliances is a common, but tolerable side effect. Dental and 
mandibular complications appear to be uncommon. The long-term risk of these complications 
and other adverse effects on breathing are poorly defined.  Also, data on long-term compliance 
were limited and all were based on patients’ reports, which may overestimate actual use. The 
1995 ASDA guideline specifies follow-up for persons with moderate to severe OSA in terms of 
office visits to the referring clinician and the dentist. There is no cited reference to the use of 
PSG. 
 
Recommendations 2 and 3 are supported by a 1996 ASDA guideline,142 which states, “Once the 
surgical site has adequately healed, patients with pre-operatively symptomatic or moderate-to-
severe sleep apnea should undergo a follow-up evaluation to assess the presence of residual 
disease. This evaluation includes an objective measure of the presence and severity of 
obstructive sleep apnea and of the sleep disruption.”  
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Recommendations 4 and 5 follow from observations in the review supporting the guideline39 that 
efficacy of weight reduction as a treatment for OSA in obese patients is variable. Four studies143-146 
reported the long-term follow-up of patients after weight reduction. In the first, Noseda et al.143 
followed-up 39 individuals after one year of CPAP use and attempted weight loss through 
counselling (n=36) or gastroplasty. There was a significant improvement in breathing during sleep 
and in sleep fragmentation, with a correlation between a drop in apnea hypopnea index (AHI) and 
the reduction in body mass index (BMI). Four patients were successfully weaned from CPAP, 
three of whom had a substantial decrease in weight. 
 
The other three studies followed morbidly obese individuals who had undergone weight 
reduction surgery. In two studies,144,145 in the short term, weight loss after surgery was associated 
with a decrease in AHI. The regression analysis indicated that 19% of variance in the AHI was 
accounted for by body weight loss, pre-operative AHI and time between surgery and the time 
study. Longer-term follow-up at about seven years in six individuals suggested that subsequent 
weight gain might be associated with increased AHI. Pillar et al.146 found a poor correlation 
between BMI and AHI in 14 individuals followed to 7.5 years and concluded that morbid obesity 
was not the only causative factor of OSA for these patients. 
 
The recommendations appear to follow from the perception that weight variation may be linked 
to sleep disorders in some individuals and that changes in weight may imply current treatment 
with CPAP is no longer effective.  There is no direct evidence supporting either 
recommendation, nor is any evidence cited specifically in support of recommendation 6. 
 
No evidence is cited in support of the recommendation that follow-up PSG or cardiorespiratory 
study is not routinely indicated in patients whose symptoms continue to be resolved with CPAP 
treatment. This recommendation appears to be contrary to what is said in recommendation 1. 
 
The recommendation regarding the use of the MSLT is not supported by a reference to the 
literature. Reference is made to information presented elsewhere in the guideline and to a 1992 
ASDA guideline147 on the use of this test in relation to obtaining an objective measurement of 
daytime sleepiness where this is required. 
 
2.  AASM, 200224 
 
Recommendation 
• Patients being treated with fixed CPAP on the basis of APAP titration or being treated with 

APAP must be followed to determine treatment effectiveness and safety. 
 
Evidence 
The guideline states that this recommendation is based on committee consensus and previous 
recommendations given in the 1997 guideline.23  
 
Methods for following patients may include questionnaires for sleepiness and continued snoring, 
follow-up PSG or cardiorespiratory studies, assessment of physical conditions such as an 
increase in weight, and capturing information stored on the automatic positive airway pressure 
(APAP) or CPAP devices. 
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3. ASDA, 199525  
 
Recommendations 
• Follow-up PSG is not indicated for those with primary snoring or mild OSA unless 

symptoms worsen.  
• Patients with moderate to severe OSA should undergo PSG or another objective measure of 

respiration with oral appliance in place after final adjustments for fit. 
 
Evidence 
No evidence is cited in support of the first recommendation. 
 
The Schmidt-Nowara et al.141 review was cited to support the second recommendation. All 
reports reviewed showed improvement in the average AHI with oral appliances. The degree of 
improvement varied, however, as some patients did not improve or became worse. Up to 40% of 
patients with an initial AHI>20 remained above that level with treatment. In addition, no 
available treatment for OSA provides the ideal combination of a high rate of success and 
patients’ acceptance without complications. These observations might form the basis for the 
guideline to recommend that follow-up PSG be given to patients with moderate to severe OSA 
during treatment, to ensure satisfactory therapeutic benefit. 
 
4. Swiss Respiratory Society, 200117 
 
Recommendations 
• PSG is indicated to evaluate patients with recurrence of symptoms during treatment with 

CPAP, oral appliances or after upper airway surgery.  
• PSG or respiratory polygraphy is not indicated for routine follow-up if patients report  

sustained optimal treatment effects of CPAP. 
 
Evidence 
Reference is made to the 1997 ASDA guideline; no other evidence is cited. 
 
5. Group Sommeil de la SPLF, 200045 
 
Recommendation 
• The use of polygraphy or PSG for verifying the efficacy of treatment pressure should be 

reserved for particular clinical situations. 
 
Evidence 
No supporting evidence is cited in the document. 
 
6.  American Thoracic Society, 199444 
 
Recommendation 
• A lack of clinical response to CPAP may require a repeat CPAP evaluation by PSG to verify 

proper equipment function and to exclude alternative concomitant sleep disorders. 
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Evidence 
No evidence is cited for this recommendation. Recommendations regarding clinical follow-up in 
this consensus statement are supported by reference to studies on the longer term effects of 
CPAP, pattern of CPAP use and effect of weight loss.148-151 
 
7. CPSO, 199619  
 
Recommendations 
• Overall, most patients require a single-night diagnostic study and after treatment 

intervention, a single-night follow-up study. 
• Follow-up PSG may be required if sleep-disordered breathing, periodic limb movement or 

parasomnia disorder are identified at the time of the initial study and treatment is undertaken. 
A follow-up may be indicated if there is a significant change in the patient’s original 
symptoms. 

• Follow-up PSG and MSLT are generally required to evaluate the objective response of 
idiopathic hypersomnia to therapy. Follow-up studies may be needed if symptoms change. 

• Follow-up studies such as overnight PSG and MSLT or MWT are indicated to evaluate the 
objective response of the daytime sleepiness (narcolepsy) to treatment or if symptoms 
deteriorate. They are also indicated when there is suspicion that another sleep disorder such 
as PLMD or OSA may coexist and cause daytime fatigue and hypersomnolence. 

• A repeat sleep study may be indicated to objectively evaluate the response of PLMD to 
treatment particularly in a patient in whom symptoms persist or in whom symptoms 
deteriorate. 

• There are no indications for follow-up sleep studies to evaluate the response of snoring to 
treatment. A follow-up sleep study may be indicated in patients with simple snoring if their 
clinical condition changes (e.g., weight gain, onset of day time sleepiness) 

• Follow-up PSG is not indicated for patients with either primary snoring or mild OSA, unless 
symptoms worsen or do not resolve.  

 
Evidence 
The recommendations are based on consensus. 
 
Relevance to recommendations 
Several recommendations may reflect the expected standards of prudent clinical practice. 
However, only limited evidence from studies of generally poor quality and that are of partial 
relevance, are cited in support. Recommendations made in the 1997 ASDA guideline regarding 
the follow-up of patients who have a good clinical response appear to be contradictory. 
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APPENDIX 9:  Identified Guidelines and Recommendations for 
Regulatory Disturbances Complicated by 
Cardiorespiratory Factors    

1.  AARC-APT, 199526 
 
Recommendations 
PSG may be indicated in patients with: 
• COPD whose awake PaO2 is >55 torr, but whose illness is complicated by pulmonary 

hypertension, right heart failure, polycythemia or excessive daytime sleepiness 
• restrictive ventilatory impairment, secondary to chest wall and neuromuscular disturbances, 

whose illness is complicated by chronic hypoventilation, polycythemia, pulmonary 
hypertension, disturbed sleep, morning headaches or daytime sleepiness and fatigue 

• disturbances in respiratory control with awake PaCO2>45 torr or whose illness is complicated 
by pulmonary hypertension, polycythemia, disturbed sleep, morning headaches or daytime 
sleepiness and fatigue 

• nocturnal cyclic bradyarrhythmia or tachyarrythmias; nocturnal abnormalities of 
atrioventricular ectopy that appear to increase in frequency during sleep. 

 
Risk-benefit ratios should be assessed if medically unstable inpatients are to be transferred from 
the clinical setting to a sleep laboratory for overnight PSG. 
 
Evidence 
Publications cited in support of the recommendations in this guideline included the 1989 
American Thoracic Society consensus statement,139 the 1994 ASDA standards of practice,14 
three reviews152-154 and a retrospective study.46 
 
Strohl and Chester153 reviewed the techniques of PSG available to monitor cardiopulmonary 
variables in adult human subjects during sleep. The review also discussed the classification of 
breathing disorders in sleep, based on clinical history and PSG data.  
 
A Strohl et al.152 review considered the clinical presentation and causes of sleep apnea. The 
treatments for sleep apnea that were evaluated included tracheostomy, positive pressure, 
nocturnal oxygen therapy, surgical procedures on the upper airway, medical treatment to increase 
upper airway size and medical devices to treat central apnea.  
 
Sullivan et al.154 reviewed the treatment of cardiorespiratory disturbances during sleep and the 
pathophysiologic mechanisms of sleep apnea, with reference to the authors’ studies. The review 
includes anecdotal comments on the occurrence of nocturnal oxyhemoglobin desaturation (NOD) 
in patients with COPD and the use of nocturnal oxygen therapy. 
 
The retrospective study46 compared survival in COPD patients with or without NOD.  Data on 
169 individuals from five centres were used. Actuarial survival (Kaplan-Meier) was significantly 
longer in patients who did not have NOD (five-year survival 69% versus 52%). In patients with 
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NOD, there was a trend towards shorter survival in those who did not receive nocturnal oxygen 
treatment, but the difference was not SS. Data selection by the five centres for submission is a 
potential source of bias. 
 
Relevance to recommendations 
The retrospective study gives an indication of the significance of NOD as a risk factor, with the 
implication that this condition should be identified using sleep studies. The reviews essentially 
provide background information, including suggestions on some practicalities of PSG testing. 
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APPENDIX 10: Identified Guidelines and Recommendations for 
Other Respiratory Disorders  

1. ASDA, 199723,39 
 
Recommendations 
• PSG is routinely indicated for patients with neuromuscular disorders and sleep-related 

symptoms to evaluate symptoms inadequately diagnosed by sleep history, assessment of 
sleep hygiene and review of sleep diaries.  

• PSG is not indicated to diagnose chronic lung disease.  
• Nocturnal hypoxemia in patients with chronic obstructive, restrictive or reactive lung disease 

is usually adequately evaluated by oximetry and does not require PSG.  
• If a patient's symptoms suggest a diagnosis of OSA or PLMD, then indications for PSG are 

the same as for those disorders in patients without chronic lung disease. 
• Sleep disturbance in patients with asthma should be attributed to inadequately controlled 

asthma, unless more specific indications for other sleep-related breathing disorders exist. 
 
Evidence 
Myasthenia gravis: Quera-Salva et al.155 assessed the presence of breathing disorders during 
sleep and determined whether a correlation existed between daytime pulmonary function and any 
sleep-related breathing disorder in 20 patients with myasthenia gravis. All patients underwent 
daytime pulmonary function tests and PSG recordings during sleep and had evidence of daytime 
diaphragmatic weakness. In older patients, moderately increased BMI, abnormal total lung 
capacity and abnormal blood gas concentrations were indicators of oxygen desaturation of  
<90% during sleep. These clear indicators were not found in all patients who had sleep-
disordered breathing. Of the 20 patients, 11 had sleep disordered breathing [respiratory 
disturbance index (RDI) >5]; one of these had OSA, the remainder had central apneas-
hypopneas. 
 
Post-polio syndrome: Steljes et al.156 determined whether sleep studies are helpful in detecting 
patients with remote poliomyelitis whose respiratory insufficiency was undetected or 
undertreated. Of 13 patients, five (group 1) patients had respiratory assistance from rocking beds 
at night; and eight (group 2) had no respiratory assistance. PSG was performed on all patients. 
Significant oxygen desaturations occurred in all patients in group 1; nasal continuous positive 
airway pressure (CPAP) was ineffective in this group, but four of the five showed dramatic 
improvement in sleep quality and gas exchange when placed on a mechanical ventilator. Five of 
eight patients in group 2 had sleep apnea and hypopnea with poor sleep quality. CPAP was 
helpful in three of the patients and nasal mask ventilation in one.  The authors suggest that sleep 
studies should be performed on post-polio patients who have excessive daytime sleepiness and 
respiratory complaints.  
 
Cystic fibrosis: Muller et al.157 determined when the largest decreases in SaO2 occurred in a 
group of non-obese, normal young adults and in patients with cystic fibrosis. The study consisted 
of 20 patients with cystic fibrosis and five controls. The largest decrease in oxygen saturation 
occurred during REM sleep in normal subjects (mean difference 2±0.31%) and patients (mean 
difference 7.4±1.3%). During the transition from NREM to REM, there was a decrease in tonic 
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intercostal and diaphragmatic tonic muscle activity. In general, there was less tonic activity 
throughout REM sleep than NREM sleep. There appears to be no direct implication from these 
findings for the use of sleep laboratory investigations. (Cystic fibrosis is also considered in 
section 5.3.7.) 
 
Amyotrophic lateral sclerosis (ALS): Gay et al.158 determined the relationship of pulmonary 
funcion test abnormalities with quality of sleep and survival in 21 patients with ALS. Thirteen 
patients survived until the end of the 18-month study. Breathing abnormalities and nocturnal 
hypoventilation occurred in all patients. Maximal inspiratory pressure was 86% sensitive for 
predicting the presence of minimal nocturnal oxygen saturation of <80% and 100% sensitive for 
predicting 18-month survival. Sleep was less altered in patients with ALS than was expected. 
These investigators put in place a screening process for patients with ALS using a sleep 
questionnaire, spirometry, determination of maximal respiratory pressure and outpatient 
overnight oximetry. Those patients with a substantial reduction in oxygen saturation should 
undergo a determination of arterial blood gases, after which PSG may be performed. 
 
Kyphoscoliosis: Guilleminault et al.159conducted sleep studies on five patients with severe 
kyphoscoliosis, four of whom had a history of daytime sleepiness or disrupted sleep. The patients 
underwent all-night PSG and monitoring of respiration and oxygen saturation. In all subjects, the 
lowest oxygen saturation occurred during REM sleep, which was associated with an increase in 
the mean duration of apneic events. There may be limited significance in the results of this small 
series for sleep laboratory use. 
 
Neuromuscular disease: There were two studies on neuromuscular disease, one on adult 
patients160 and one on children.161 A commentary162 was also cited discussing the use of non-
invasive ventilation in patients with muscular disorders.  
 
Bye et al.160 examined the arterial oxygenation and the breathing pattern during sleep in 20 
patients with neuromuscular disorders. Such patients may maintain oxygenation during NREM 
sleep, but develop oxygen desaturation during REM sleep. Eleven of the 13 patients with vital 
capacity <55% predicted and eight of the 11 with a maximum inspiratory mouth pressure <30% 
predicted had hypercapnia (arterial carbon dioxide pressure PaCO2 of 6 kPa). There was a direct 
relation between minimum arterial oxygen saturation (SaO2) during REM sleep and vital 
capacity and daytime arterial oxygen pressure (PaO2), PaCO2 and percentage fall in vital 
capacity, from the erect to supine position. Diaphragm weakness was a likely determinant of the 
fall in SaO2 during REM sleep when intercostal and accessory muscle activity was inhibited. The 
authors recommend serial measurements of vital capacity and daytime blood gas tensions for the 
initial evaluation of patients with neuromuscular disorders and respiratory muscle weakness. As 
there are limitations in the predictive value of these methods, a sleep study with the measurement 
of SaO2 and transcutaneous carbon dioxide tension is necessary to assess the extent of nocturnal 
respiratory failure.  
 
Khan et al.161 used PSG to confirm nocturnal hypoxemia due to hypoventilation in eight 
ambulant children with congenital muscle disorders. PSG showed that the presence of nocturnal 
hypoxemia with SaO2 was on average <90% for 49% of sleep and 80% for 19% of sleep 
accompanied by severe hypoventilation. Sleep was well preserved despite profound hypoxemia. 
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Nasal ventilation was effective in correcting sleep hypoxemia. (Neuromuscular disease in 
children is also discussed in section 5.3.7.) 
 
Interstitial lung disease: McNicholas et al.163 determined whether oxygen desaturation during 
sleep is a common feature in seven non-snoring patients with severe interstitial lung disease and 
whether supplemental nocturnal oxygen treatment is needed. All patients had episodes of oxygen 
desaturation (mean awake SaO2 was 92.9±0.3% versus mean SaO2 during sleep 83.2±2.1%). 
These episodes were transient, however, and mean SaO2 showed a slight fall between 
wakefulness and sleep (NREM, 91.5% and REM, 90.4%). The study suggests that nocturnal 
oxygen treatment need not be considered in patients with interstitial lung disease, unless the level 
of oxygenation while they are awake indicates the need for such treatment.  
 
Perez-Padilla et al.164 compared sleep study results for 11 patients with interstitial lung disease 
and those of 11 controls. They found that SaO2 was lower in patients with interstitial lung 
disease during wakefulness and sleep. The mean SaO2 dropped in REM sleep in the patients, but 
not in the control subjects. Minimum SaO2 was also lower in patients (80.0±4.0%) than in the 
controls (89.5±1.4%). The maximal oxygen desaturation during sleep was inversely correlated 
with awake SaO2. The incidence of apnea and hypopnea in patients was low (AHI of 1.3±0.45 
versus 2.9±0.82 in control subjects).  
 
Bye et al.165 showed that 13 patients with interstitial lung disease often developed falls in SaO2 
during REM sleep. The occurrence of hypoxemia in sleep was not confined to patients with 
predominant airways obstruction, but also occurred in patients with interstitial lung disease who 
had restrictive ventilatory impairment. The authors suggested that a sleep study should be 
considered as part of the overall assessment in managing patients with severe interstitial lung 
disease, even if awake blood gas tensions are normal. Nocturnal oxygen therapy might be a 
valuable form of treatment in such patients.  
 
Duchenne muscular dystrophy: Two small studies on Duchenne muscular dystrophy were cited. 
One investigated overnight oxygenation in 10 patients using home oximetry in comparison with 
PSG for four individuals.166 The other167 study examined overnight PSG in six patients using a 
crossover design with patients breathing air or oxygen on consecutive nights. Both studies found 
that hypoventilation and associated oxygen desaturation occurred in REM sleep in these patients. 
In the study by Smith et al.,167 however, none of the patients desaturated while breathing oxygen, 
suggesting an approach to alleviating episodic nocturnal hypoventilation. 
 
Carroll et al.166 suggested that home oximetry is an adequate method comparable to PSG to 
investigate sleep-related hypoxemia in Duchenne muscular dystrophy. The small number of 
subjects in this study suggests the need for further work. 
 
Myotonic dystrophy: The results of both studies cited for myotonic dystrophy168,169 showed that 
daytime sleepiness in myotonic dystrophy is usually caused by the dysfunction of central sleep 
regulation (central apneas) and not by disturbed nocturnal breathing. The sleep pattern showed a 
normal ratio between REM and NREM sleep. From these studies, the indication of PSG for these 
patients is inconclusive. 
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COPD: Twelve studies on COPD were cited.170-181 It appears that EEG recording in association 
with oximetry is sufficient to monitor patients with COPD, as the falls of SaO2 were more 
common during periods of REM sleep, which is a vulnerable period in subjects with COPD for 
prolonged nonapneic oxygen desaturation. Although short apneic episodes might occur in a few 
instances during REM sleep, they did not appear to cause a reduction in SaO2. A group of OSA 
patients with associated COPD had been identified through SaO2 that was lower than that for the 
remainder, while PSG data (i.e., AI, AHI and time spent in apnea) could not differentiate.172 The 
reported efficacy of oxygen therapy given to COPD patients differed between studies. Details of 
the studies appear in Table 1. 
 

Table 1: Studies on COPD 
 

Studies Population Findings Comments 
Calverly170 20 patients with chronic 

bronchitis and 
emphysema (13 of whom 
had low arterial PO2 and 
elevated PCO2 “blue and 
bloated,” 7 of whom had 
relatively normal PO2 and 
PCO2 “pink and 
puffing”); 9 control 
subjects 

Both groups of patients differed 
significantly from controls in 
that they had lower stable level 
of oxygen saturation during 
sleep, transient hypoxemic 
episodes and a greater fall in 
SaO2 during these episodes; 
transient falls in SaO2 were 
more common during periods of 
REM sleep than during NREM 
sleep in all subjects; when 
breathing oxygen, all patients 
showed an improvement in level 
of nocturnal oxygen saturation 
and sleep pattern 

Same patient group as 
Catterall et al.171 

Catterall171 20 patients with severe 
chronic bronchitis and 
emphysema (13 of whom 
had hypoxemia and 
hypercapnia, 7 normal 
arterial gas tension); 20 
control subjects 

NSD between groups in total 
duration of irregular breathing 
or number of apneic episodes;  
hypoxic episodes (SaO2 falls of 
>10%) occurred more 
frequently during sleep in all 
subjects of hypoxemic and 
hypercapnic group 

 

Chaouat172 265 patients (22 female, 
243 male, mean age 
54±10 years) with OSA, 
having AHI >20 events/h 

30 of 265 patients (11%) 
identified as having COPD 
(obstructive spirographic pattern 
defined by FEV1/VC 
ratio≤60%); PaO2 was lower, 
PaCO2 was higher and 
pulmonary arterial pressure was 
higher in the overlap group; 
hypoxemia (PaO2  ≤65 mm Hg) 
and hypercapnia (PaCO2   
≥45 mm Hg) were observed in 
17 and 8 of 30 overlap patients 
respectively; nocturnal SaO2 

Direct relevance to 
routine sleep laboratory 
investigations unclear. 
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Studies Population Findings Comments 
was lower in the overlap 
patients. >10% of patients with 
OSA have associated COPD; 
risk of respiratory insufficiency 
and cor pulmonale higher in 
these patients 

Coccagna173 12 male patients with 
COPD; 8 controls 

Sleep parameters of both patient 
and control groups were similar. 
In patients with COPD, alveolar 
hypoventilation worsened 
progressively through stages of 
slow-wave sleep and was 
aggravated during REM sleep. 
The same phenomenon was seen 
for pulmonary arterial pressure. 
Maximum increase of PaCO2 
value and maximum decrease in 
PaO2 value during sleep were 
greater on COPD than in control 
group. 

Establishing 
physiological 
association, direct 
relevance to routine 
sleep laboratory 
investigations unclear 

Cormick174 50 patients with chronic 
bronchitis or emphysema; 
40 control patients (30 
men, 10 women, mean 
age 63±8 years) without 
symptomatic lung disease 
interviewed during 
attendance at clinic; sleep 
studies on subgroup of 16 
COPD patients 

COPD patients reported more 
difficulty in getting to sleep, 
staying asleep and more daytime 
sleepiness than controls; sleep 
studies of 16 patients showed 6 
had hypercapnia (PaCO2 >45 
mm Hg) and 7 had hypoxia 
(PaO2 <60 mm Hg) while 
awake. 11 of 16 patients spent 
4% to 98% of sleeping time 
with SaO2 >4% less the baseline 
level;  desaturation was worse 
during REM sleep than during 
NREM sleep; patients with 
lower SaO2 and higher PaCO2 
when awake spent sleeping time 
at lower level of arterial 
oxygenation and had greater 
arterial hypoxemia during 
episodes of disordered breathing 

Direct relevance to 
routine sleep laboratory 
investigations unclear 

Douglas175 12 patients with chronic 
bronchitis and 
emphysema and 4 healthy 
subjects as controls 

Transient hypoxemia 
(desaturation >10%), occurred 
in all 10 “blue and bloated” 
patients; hypoxemic period, 
usually associated with 
reduction in chest movement 
and gas flow, occurred during 
REM sleep 

Identification of 
hypoxemic episodes in 
REM sleep 
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Studies Population Findings Comments 
Fleetham176 24 patients  

(19 males, 6 females, 
mean age 65.1±1.8 years) 
with COPD (FEV1/FVC 
ratio after inhaled 
bronchodilators <70%); 
control group taken from 
different study; PSG 
given to all subjects. 

All patients desaturated during 
sleep (SaO2 during sleep drops 
>5% below awake SaO2); 
lowest mean SaO2 (maximum 
oxygen desaturation) was during 
REM sleep; apneic episodes 
uncommon among patients; 
oxygen therapy had no apparent 
affect on sleep quality; relief of 
hypoxemia with supplemental 
oxygen had no affect on arousal 
frequency 

Data suggested 
associated phenomenon 
such as hypercapnia 
causes arousals 

Fletcher177 7 non-obese male subjects 
(53 to 68 years) with 
COPD documented by 
spirometry and clinical 
history 

Alveolar hypoventilation and 
gas exchange abnormalities 
contributed to observed 
hypoxemia; mean minute 
ventilation decreased during 
episodes of REM sleep, because 
of decreased tidal volume with 
reduction in inspiratory 
pressure; short apneas occurred 
in a few instances during REM 
sleep, but did not appear to 
cause reductions in SaO2 of 
>4%; arterial oxygen 
desaturation occurred during 
REM sleep 

Investigation of non-
apneic mechanisms for 
desaturation during 
REM sleep; 
direct relevance to 
routine sleep laboratory 
investigations unclear 

Fletcher182 152 patients from medical 
chest clinic with diagnosis 
of COPD using nocturnal 
PSG to detect 
oxyhemoglobin 
desaturation; 17 subjects 
disqualified because of 
discovery of sleep apnea 
or inability to sleep in 
laboratory 

37 (27%) of 135 subjects 
showed nocturnal 
oxyhemoglobin desaturation; 
anthropomorphic, pulmonary 
function and historic factors 
failed to separate desaturators 
from non-desaturators; 
desaturators had significantly 
higher PaCO2 and lower PaO2 
levels than non-desaturators.; 
continuous oxyhemoglobin 
monitoring during sleep remains 
the only reliable tool for 
detecting nocturnal desaturation 

PSG with EEG 
monitoring needed to 
rule out desaturation; 
authors note clinical 
relevance of data to 
treatment of COPD 
patients is unknown 

Guilleminault179 26 patients (21 men, 5 
women; age range 27 to 
76 years) with COPD 
referred to the sleep 
disorders clinic to rule out 
obstructive component 
during sleep; COPD 

Most extreme O2 desaturations 
in all COPD patients with sleep 
apnea syndrome were observed 
with OSA during REM sleep; 
REM periods during which 
lowest O2 saturations were 
recorded contained recurrent 

Limited direct relevance 
to COPD cases without 
OSA 
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Studies Population Findings Comments 
population was apneic long apneic events with 

decrease in O2 saturation;  
patients’ history or daytime 
studies are not reliable tools 

Littner180 9 male patients with 
COPD, but without apnea, 
recruited from chest clinic 
patient population; 5 
healthy control subjects. 

In 6 of 9 patients, acute arterial 
oxygen desaturation of >11% 
occurred during REM sleep 

Unclear relevance to 
routine sleep laboratory 
use 

Wynne181 7 patients with COPD. Disordered breathing caused 
42% of episodes of desaturation, 
all of which were <1 minute; all 
episodes of desaturation lasting 
>5 minutes occurred in REM 
sleep and were not caused by 
disordered breathing; mean 
maximal desaturation was 22% 

No direct relevance to 
routine sleep laboratory 
use 

AHI=apnea hypopnea index; COPD=chronic obstructive pulmonary disease; FEV1=forced expiratory volume in one second; 
NREM=non-rapid eye movement; NSD=no significant difference; OSA=obstructive sleep apnea; PaCO2=arterial carbon dioxide 
pressure; PaO2=arterial oxygen pressure; PSG=polysomnography; REM=rapid eye movement; SaO2=arterial oxygen saturation; 
VC=vital capacity. 

 
Relevance to recommendations 
The ASDA review39 states that a large amount of literature has described sleep disturbances and 
sleep-related breathing disorders in patients with neuromuscular diseases; and that examples in it 
are cited selectively. Most of the cited studies had small patient numbers. Several focused on 
physiological investigations and their immediate relevance to the routine use of sleep laboratory 
investigations was not always clear. Despite these limitations, most of the studies on 
neuromuscular diseases are relevant to the recommendations, though it is unclear from the cited 
evidence that PSG is routinely indicated for all in this heterogeneous group of disorders when 
other approaches such as sleep history are insufficient.  
 
Most of the papers dealing with the investigation of persons with COPD also describe studies 
with small populations. There is support for the use of oximetry to assist in diagnosis and 
monitoring of COPD.  The ASDA review39 noted that oximetry is not a reliable tool to 
distinguish OSA from COPD and PSG is required to accurately distinguish upper airway 
disorders from other types of respiratory affects on sleep. 
 
The ASDA review commented that OSA has not been a feature in several case series of 
asthmatics that have been studied for other reasons and also transient hypoxemia is usually 
modest compared to that which occurs in persons with COPD. 
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APPENDIX 11: Identified Guidelines and Recommendations for 
Obstructive Sleep Apnea in Children   

 
1. American Academy of Pediatrics, 200227,29 
Recommendations 
• Overnight PSG is the gold standard for the diagnosis of OSA in children (1<age<18) having 

adenotonsillectomy, habitual snoring, behaviour disturbance, hyperactivity and excessive 
daytime sleepiness. PSG is the only method that quantifies ventilatory and sleep 
abnormalities and is recommended as the diagnostic test of choice.  

• Other diagnostic techniques, such as videotaping, nocturnal pulse oximetry and daytime nap 
studies may be useful in discriminating between primary snoring and OSA if the results of 
PSG are positive. Because of the high rate of false-negative results of other diagnostic 
techniques, PSG should be performed. 

 
Evidence 
There are marked differences between OSA in children and OSA in adults. Adult criteria for 
OSA cannot be used to identify children with OSA. Key features pertaining to childhood OSA 
considered in a workshop, convened by the American Thoracic Society,183 are summarized here.  
• The clinical manifestations of OSA in children can include snoring, laboured breathing 

during sleep, nocturnal enuresis, hyperactivity and attention deficit. 
• Childhood OSA can result in pulmonary hypertension, systemic hypertension, growth failure, 

excessive daytime sleepiness, behavioural problems and impaired academic performance.  
• On the basis of normative data, an AI=1 is often chosen as a cut-off for normality.  
• Childhood OSA is often associated with pulmonary hypertension, resulting from nocturnal 

hypoxemia, hypercarbia and respiratory acidosis. This can lead to cor pulmonale and 
congestive heart failure. Children with OSA may develop marked sinus arrhythmia and 
bradycardia, but other types of arrhythmias seem to be rare. 

• Hypertension is less common in children than in adults and therefore would be less expected 
in children with OSA. 

• Failure to thrive (growth less than the fifth percentile for age) is a complication of childhood 
OSA. 

• Sleep fragmentation and hypoxemia would affect the neuropsychological and cognitive 
performance of children, as in adults. 

• Daytime sleepiness occurs less frequently in children with OSA than in adults with OSA. 
• Empirical evidence showed the deleterious consequences of OSA on neurocognitive function 

and behaviour.  
• Tonsillectomy and adenoidectomy are the standard first-line treatment for childhood OSA. 

However, children with OSA are at greater postoperative risk for respiratory compromise 
than children undergoing tonsillectomy and adenotonsillectomy for other indications.  

• Children with severe OSA (RDI>19), with contributing factors to OSA, such as obesity and  
cerebral palsy, may be incompletely cured by surgery.  

• More studies are required to determine which clinical and polysomnographic parameters are 
predictors of OSA and to establish definitive normative data on breathing during sleep.  
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PSG values for children: Marcus et al.184 established normal PSG values for children and 
adolescents, which are different from those of adults. Overnight PSG was given to 50 healthy 
children and adolescents (28 males, 22 females, mean age 9.7±4.6 years, range 1.1 to 17.4 years) 
who were recruited from families of hospital employees. A standard questionnaire was given to 
the parents of each child. In this study population, the mean AI was 0.1±0.5 (range 0.0 to 3.1) 
events per hour of total sleep time. No child had obstructive apneas >10 seconds in duration; 
30% of children had central apneas ≥10 seconds in duration and one child had a central apnea 
associated with SaO2 <90%. OSA >10 seconds in duration. Maximum end-tidal carbon dioxide 
(PETCO2) was 46±4 (range 38 to 53) mm Hg, and hypoventilation (PETCO2 >45 mm Hg) was 
7.0±19% (range 0.0% to to 91%) of total sleep time. The arterial oxygen saturation (SaO2) nadir 
was 96±2% (range 89 to 98). These authors recommended that the following values for PSG 
measures should be considered abnormal for the pediatric age group:  AI >1; central apneas 
associated with desaturation <90%; peak PETCO2 >53 mm Hg or PETCO2 >45 mm Hg for >60% 
of total sleep time; and SaO2 values <92%. 
 
Rosen et al.185 studied 20 children with suspected OSA (10 males; 10 females; average age five 
years, range eight months to 16 years) who had loud snoring and laboured breathing and cyclic 
oscillations of oxyhemoglobin desaturation during sleep.  Episodes of complete obstructive 
apnea were generally absent [mean apnea index (AI) 1.9±3.2 events per hour]. Three of 20 
(15%) children had AI ≥5. Baseline awake SaO2 was 98% and during sleep, the value was 
66±13%. Of the 194 episodes of severe desaturation (defined as a decrease in SaO2 >15% for 
≥30 seconds), 17 (9%) occurred in association with obstructive apnea events. PETCO2 values as 
high as 58±6 mm Hg were recorded in children whose waking values were 35 mm Hg to 45 mm 
Hg. It was concluded that adult criteria for OSA will fail to identify most children with sleep-
related upper airway obstruction. Criteria based on quantitative SaO2, PETCO2 values and 
possible paradoxical respiratory efforts may be better indices of the presence and severity of the 
upper airway obstruction in children.  
 
Rosen186 evaluated 326 children (5.8 years, range one to 12 years old) referred because of 
snoring and difficult breathing.  OSA was diagnosed in 59% of the children, using PSG criteria 
for children (abnormal values PSG AI ≥1; 4% desaturation episodes of >1.5 events per hour; or 
SpO2 nadir <92%; hypoventilation as indicated by end tidal carbon dioxide tension (EtCO2) 
values ≥50 mm Hg for >9% of total sleep time or peak EtCO2 values ≥55 mm Hg).  Diagnoses 
for other children in this cohort were primary snoring (25% of 326 individuals), no snoring 
(10%) or upper airway resistance syndrome (UARS) (6%).   
 
Primary snoring and OSA:  Marcus et al.187 compared blood pressures in 41 children with OSA 
(mean age five years) and 26 primary snorers (mean age eight years). The diagnostic category for 
each child was established by PSG. It was found that children with OSA had significantly higher 
diastolic blood pressure during wakefulness and sleep, compared with those with primary 
snoring. There were NSD in the systolic blood pressure indices during either sleep or 
wakefulness between the two groups.  
 
A retrospective study of 83 children with snoring and/or sleep-disordered breathing, who were 
referred for PSG, evaluated the ability of a clinical OSA score and other questions about sleep, 
breathing and daytime symptoms to distinguish primary snoring from OSA.188 Based on PSG 
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results, 48 patients were classified as having primary snoring and 35 as OSA. Peak end-tidal CO2 
(49±3.2 versus 55±8.2 mm Hg); lowest arterial oxygen saturation measured by pulse oximetry 
(95±1.9 versus 82±14%); and AHI (0.27±0.3 versus 8.4±6 events per hour) indicated that the 
diagnosis of primary snoring versus OSA was reasonable. As compared with PSG, the OSA 
score misclassified about one of four patients. It was concluded that primary snoring in children 
cannot be reliably distinguished from OSA by clinical history alone. 
 
Reliability of abbreviated studies:  In a large cross-sectional study, Brouillette et al.189 assessed 
data for each of 349 patients (six months to 18 years of age) who were referred to a pediatric 
sleep laboratory for possible OSA. A comparison was made of information from a parental 
questionnaire, PSG results and a simultaneously obtained pulse oximetry trend and event 
graphics. Of 349 patients, 210 (60%) had OSA as defined by PSG (AHI ≥1). Oximetry trend 
graphs were classified as positive for OSA in 93 patients and negative or inconclusive in 256. Of 
the 93 oximetry results read as positive, PSG confirmed OSA in 90 patients. A positive oximetry 
result might be a good predictor of an abnormal PSG, but a negative result cannot be used to rule 
out OSA (sensitivity 42.9%, specificity 97.8%, positive predictive value 97%).  A limitation with 
this study was that 89 PSGs were done in a sleep laboratory and the remainder at home. 
 
All three studies190-192 assessing the utility of home audio or video clinical history and physical 
examination in the diagnosis of childhood OSA, on a limited number of participants, concluded 
that these abbreviated methods can be suggestive of OSA, but PSG remains the gold standard.  
 
In a group of children (two to six years old) with suspected OSA, PSG and video test results 
corresponded for 49 of 58 individuals (84%). PSG detected 36 abnormals, while video tests 
detected 41 abnormals.190 Comparing with PSG, the overall interpretation of the video test 
yielded a sensitivity of 94% and a specificity of 68%. All patients with video test scores ≤5 had 
normal PSG and patients with scores ≥11 had abnormal PSG. The authors suggested that patients 
having test scores from six to 10 require PSG. It was concluded that 30 minutes of home video 
recording during sleep is a reliable screening method for OSA in children.  A limitation of the 
study was the small number of individuals in each test-score group. 
 
Lamm et al.192 evaluated whether home audiotape could accurately distinguish children with 
OSA from those who had primary snoring in a broader age range population (mean age 5.7, 
range 1.8 to 18).  Fifteen patients in a primary snoring group (AHI<5) and 14 in an OSA group 
(AHI ≥5) were assessed using a sleep questionnaire, 15-minute home audio-video tape and 
overnight PSG. There were NSDs between the two groups for physical characteristics or 
questionnaire responses. The sensitivity of audiotape as a predictor of OSA was 43% and the 
specificity was 80%. It was concluded that home audiotape can be suggestive of OSA, but is 
unable to reliably distinguish primary snoring from OSA.  
 
The findings in the Goldstein et al.191 study, which examined the accuracy of clinical diagnosis 
(clinical history, physical examination and video recording) of OSA in 30 children who had 
habitual snoring (1 to 14 years), showed that clinical diagnosis was sensitive (92.3%), but not 
specific (29.4%) as compared with PSG. The AAP review27 draws attention to several  
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qualifications regarding this study, including use of a more restrictive PSG criterion for 
diagnosing OSA (AHI >15) , possibility of spectrum bias and undocumented reproducibility of 
the tape evaluation. 
 
Nap PSG was found to be of limited reliability in the diagnosis of childhood OSA as compared 
with nocturnal PSG. Marcus et al.193 compared one hour of daytime PSG to overnight PSG in 40 
children suspected of sleep-disordered breathing. Significantly more children demonstrated OSA 
during overnight studies than during nap studies (38 versus 28). The duration of the longest 
apnea was also longer during overnight PSG. There were no false-positive results in nap studies. 
It was concluded that nap PSG may be effective for screening purposes, but overnight PSG 
should be performed if nap PSG is inconclusive.  
 
Saeed et al.194 found that in a retrospective chart review of 143 children (mean age 5.6) referred 
for the evaluation of OSA, secondary to isolated adenotonsillar hypertrophy, 59% of nap studies 
were mildly abnormal, while 66% of the overnight studies were abnormal. No individual nap 
study parameter had good sensitivity at predicting abnormal overnight PSG, but most had good 
specificity. It was concluded that nap study parameters are not sensitive in predicting abnormal 
overnight findings.  
 
2. American Thoracic Society, 199628 
 
Recommendations    
• PSG is recommended: 

 to differentiate benign or primary snoring from pathologic snoring (OSAS) 
 to evaluate the child with disturbed sleep patterns, excessive daytime sleepiness, cor 

pulmonale, failure to thrive or polycythemia unexplained by other factors or 
conditions, especially if the child also snores 

 if the physician is uncertain whether clinical observation of obstructed breathing is 
sufficient to warrant surgery or if a child needs intensive postoperative monitoring 
after adenotonsillectomy or other pharangeal surgery 

 in children with laryngomalacia whose symptoms are worse asleep than awake or 
who have failure to thrive or cor pulmonale 

 during evaluation of the child with sickle cell disease having either OSA or frequent 
veno-occlusive crises during sleep 

 for CPAP titration and re-evaluation of the settings 
 
PSG is not indicated for the obese child unless there is unexplained awake hypercapnia, chronic 
snoring, increased work of breathing during sleep, disturbed sleep, daytime hypersomnolence, 
polycythemia or cor pulmonale. If excess daytime sleepiness is found not to be due to OSA, 
based on the results of PSG; or if excessive daytime sleepiness persists after treatment, an MSLT 
can be used to quantitate and determine if excess daytime sleepiness is secondary to narcolepsy.  
 
Evidence 
PSG criteria are discussed in the Rosen et al.185 study and in an editorial comment on the 
problems and limitations of the OSA criteria in children.195 Both articles note that the adult 
criteria for OSA are not applicable to children. 
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Attention should be paid to OSA children who underwent surgical treatment of the adenoids 
and/or the tonsils. The McColley et al.196 study determined the frequency of postoperative 
respiratory compromise in 69 patients (age <18 years) who had PSG-documented OSA and were 
observed postoperatively in the pediatric intensive care unit. The findings showed that 16 (23%) 
of these patients had severe respiratory compromise, defined as intermittent or continuous 
oxygen saturation of <70% or hypercapnia, requiring intervention.  
 
Postoperative respiratory complications after tonsillectomy or adenoidectomy in children with 
OSA were also described by Rosen et al.197 This was a retrospective study, which paid attention 
to factors contributing to OSA, postoperative respiratory complications and intervention 
strategies. The study dealt with complications in 37 children (age ≤15) with OSA, proven by 
PSG, who underwent adenotonsillectomy. It was found that 10 of the 37 children had 
postoperative respiratory compromise. They had more severe apnea on their postoperative PSG 
(mean RDI, 67±44 versus 32±19). Nasal CPAP and bilevel CPAP were used successfully to 
manage the pre-operative or postoperative upper airway obstruction in five of these 10 children.  
 
Silvestri et al.198 evaluated 32 obese children who were referred for snoring and difficulty 
breathing during sleep, using a sleep history questionnaire, airway radiographs, ECG and PSG. 
PSG abnormalities could be predicted with up to 81% reliability using the percent ideal body 
weight, presence of adenotonsillar tissue and presence of ≥5 symptoms from the questionnaire. 
 
In a retrospective study,  Mallory et al.199 determined the incidence of OSA in 41 obese patients 
of the age range of three to 20 years, mean age 10.4 years, who were referred from a pediatric 
obesity clinic for PSG and showed histories of abnormal breathing during sleep. Sleep 
questionnaires were given to parents and pulmonary function tests to 17 of the patients who were 
old enough to perform maximal respiratory manoeuvers. The pulmonary function tests showed 
that 18% (three of 17) with a restrictive defect and 47% (eight of 17) with obstructive changes. 
PSG results showed that 37% (15 of 41) of the patients were mildly abnormal due to apnea, 
hypopnea, excessive arousals or abnormalities in gas exchange. There was no correlation 
between weight, age or gender and any measurement on the PSG. The authors suggested that 
children with morbid obesity are at risk for sleep-associated breathing disorders and that their 
PSG abnormalities are usually mild. The results of this study may underestimate OSA in obese 
children because of the limited number and wide range of age of participants. The population in 
this study did not have obesity-hypoventilation syndrome, with hypercapnia throughout the PSG. 
The findings are inconclusive as to whether PSG is indicated for obese children. 
 
Marcus et al.200 evaluated the effectiveness of epiglottoplasty in the treatment of six infants with 
severe laryngomalacia, monitored by daytime nap PSG. Before epiglottoplasty, all patients had 
abnormal PSG. They all had obstructive apneas; four had hypoxemia and four had 
hypoventilation. Follow-up PSG showed that all patients improved after the operation.  
 
Of three references for sickle cell disease, one evaluated the use of PSG in the diagnosis and 
follow-up of patients who underwent adenotonsillectomy.201 The other two used pulse oximetry 
to study the incidence of OSA and hypoxia in sickle cell disease202 and to evaluate the efficacy 
of pulse oximetry in estimating O2 saturation in children during sickle cell crises.203 The findings 
of the latter two studies have limited relevance for the recommendations. 
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The Maddern et al.201 study evaluated OSA in 21 children and adolescents (mean age 8.75 years, 
range two to 21 years) with sickle cell disease. Clinical history and physical examination were 
taken and pre-and post-PSG were given to all subjects who underwent adenotonsillectomy. 
Thirteen patients had adenotonsillectomy and all had improvement in subjective complaints 
(snoring, sleep disturbance, restlessness, school attendance and performance) and objective sleep 
study parameters. Increased end-tidal CO2 during sleep was a significant predictor of disease, 
while O2 saturation monitoring was shown to be unreliable. The study suggested that PSG is 
valuable in diagnosis and in the identification of severely affected patients before and after 
adenotonsillectomy, because surgery in sickle cell disease patients carries a substantial risk.The 
conclusion should be taken with caution, however, because of the limited population and the lack 
of appropriate control (i.e., sickle cell patients without OSA) in this study. 
 
3.  CPSO, 199619  
 
The CPSO guideline takes a position consistent with that of the AAP. PSG is indicated for any 
child in whom OSA is clinically suspected, particularly if CPAP or surgery is being considered. 
PSG is not required in every child with uncomplicated snoring. Two reviews are cited in support. 
 
Relevance to recommendations 
The cited studies provide indications of appropriate PSG criteria in children, which differ from 
those for adults. Further context is provided by the AAP review27 in its discussion of PSG for 
children. PSG in this application has been poorly standardized in its performance and its 
interpretation. For example, an AI value=1 as a cut-off for normality is statistically significant, 
but it is unknown what level is clinically significant. Also, the test-retest reliability of overnight 
PSG has never been evaluated in children.  
 
Several studies show the limitations of abbreviated methods in providing an adequate diagnosis 
of OSA. Abbreviated diagnostic techniques often yielded a high proportion of false-negatives. 
Claims in some of these reports that abbreviated methods would be useful in a screening role 
need to be qualified by the post-hoc nature of the analyses. 
 
Most studies had a limited number of participants who often were heterogeneous in age (ranging 
from few months to 18 years). The findings are therefore prone to selection bias and have weak 
statistical significance. 
 
Most of the cited references in the American Thoracic Society guideline covered background 
information on a particular disorder, but were unrelated to the indications for PSG in the 
diagnosis or evaluation of OSA in children. There was no evidence cited regarding PSG in CPAP 
titration or in the investigation of excessive daytime sleepiness (EDS). A guideline was cited in 
support of the use of MSLT to quantitate EDS and determine if it is secondary to narcolepsy.  
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APPENDIX 12: Identified Guidelines and Recommendations for 
Other Conditions in Children that Produce Sleep 
Disturbances   

1.  American Thoracic Society, 199628 
 
Recommendations 
• Bronchopulmonary dysplasia: PSG may be indicated to detect upper airway obstruction 

during sleep. PSG can be used with esophageal pH monitoring to document the temporal 
relationship between gastroesophageal reflux and respiratory events. 

• Cystic fibrosis: patients receiving supplemental oxygen may require PSG to rule out OSA if 
there is a history of snoring, desaturation episodes during sleep, cor pulmonale, polycythemia 
or disturbed sleep. PSG should also be considered for assessing the potential adverse effects 
of supplemental oxygen during sleep in patients with advanced lung disease who are 
hypercapnic when awake. 

• Asthma: PSG with esophageal pH monitoring should be considered if there is concern about 
the presence of gastroesophageal reflux during sleep as a trigger for nocturnal symptoms. 

• Neuromuscular disease: PSG with CO2 monitoring is indicated in patients with sleep-related 
respiratory disturbances associated with neurological diseases. 

• Alveolar hypoventilation syndrome: PSG with CO2 assessment is indicated in children with 
hypoventilation syndrome. PSG is recommended for any patients with clinically stable 
hypoventilation syndrome who develop cor pulmonale, polycythemia, morning headache, 
deterioration in mental status or altered growth patterns.  

• Respiratory problems in newborn infants: PSG is not recommended for the routine evaluation 
of infants with uncomplicated ALTE.  

• PSG may be helpful in defining frequency and type of apnea and the extent of cardiac, blood 
gas and sleep alterations in certain infants with apnea or ALTE. 

 
Evidence 
No specific evidence was cited in support of these recommendations. For each condition, the 
guideline provides a background covering physiological or clinical issues that relate to sleep 
disturbances. 
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APPENDIX 13: Identified Guidelines and Recommendations for 
Follow-up PSG in Children   

1.  American Academy of Pediatrics, 200227,29 
 
Recommendations 
• Children who have adenotonsillectomy should have clinical re-evaluation postoperatively; 

high risk patients should undergo objective testing, be retested for OSA if snoring persisted 
and possibly if pre-operative AHI is high. 

 
Evidence 
Suen et al.204 reported a prospective study of 69 children aged one to 14 who were referred for 
evaluation of suspected OSA.  Based on PSG results, 35 children (51%) had a respiratory 
disturbance index (RDI) >5 and 30 of them underwent adenotonsillectomy. Of the 30 who had 
surgery, 26 had follow-up PSG. All had a lower RDI after surgery, though four individuals still 
had RDI >5. A pre-operative RDI≤19.1 was the major predictor of a postoperative RDI ≤5. 
History and physical examination alone were not sufficient to assess the severity of OSA or the 
likelihood of an adequate response to surgical treatment. 
 
These authors recommend postoperative PSG for all patients whose initial RDI is >19 and also 
for those with persistent snoring after surgery to ensure normalization of respiratory function.   
 
2.  American Thoracic Society, 199628 
 
Recommendations 
• Repeat PSG is recommended for children previously diagnosed with OSA who exhibit 

persistent snoring or other symptoms of sleep-disordered breathing. If possible, the study 
should be deferred until at least four weeks post-surgery. 

• When weight loss is the primary therapy for OSA, PSG should be repeated to determine if 
the weight loss program has delayed the severity of the OSA. 

• Children with mild to moderate OSA, who have complete resolution of snoring and disturbed 
sleep patterns, do not need a follow-up PSG. 

• PSG is recommended if a child needs intensive postoperative monitoring after 
adenotonsillectomy or other pharangeal surgery. 

• For a child under one year or a child with severe OSA, follow-up PSG should be considered. 
The child should have a routine clinical follow-up for early detection of a recurrence. 

• In children with neuromuscular disease, periodic reassessment with PSG should be scheduled 
at least annually. 

• PSG is indicated periodically in children with alveolar hypoventilation syndrome. The 
frequency of a follow-up study will vary depending on the clinical stability of the child, but 
should occur at least annually. PSG should be used to determine the effects of any 
pharmacologic trials. 
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Evidence 
The recommendations are based on consensus. The only cited reference specific to these is the 
McColley et al.196 study in relation to the recommendation for repeat PSG in OSA children who 
have adenotonsillectomy.  
 
3. CPSO, 199619  
 
Recommendations 
• Children with OSA must have follow-up PSG (regardless of surgical therapy) to assess the 

response to treatment and to ensure that the AHI is reduced to the normal range. 
• Most children require only clinical follow-up to manage simple snoring. If the child’s clinical 

condition deteriorates, (e.g., increased daytime sleepiness, secondary enuresis, observed 
obstructive events, failure to thrive), then follow-up sleep studies are indicated. 

 
Evidence 
This was a consensus position. 
 
Relevance to recommendations  
There was no evidence cited for repeat PSG in children with indicated disorders, other than for 
OSA at post-adenotonsillectomy. 
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APPENDIX 14: Identified Guidelines and Recommendations for 
Sudden Infant Death Syndrome   

1.  German Association for Sleep Medicine, Pediatric Workgroup; Austrian SIDS 
consensus meeting31,32 

Recommendations 
• PSG is not indicated as a screening tool for SIDS. 
• PSG is indicated in the investigation of certain physical symptoms, e.g., ALTE, cyanotic 

attacks, neonates with clinically evident increased oxygen requirement, unclear drop in 
saturation, suspected disorders of autonomic respiratory control and suspected OSA. 

 
Evidence 
Early papers cited by the guidelines included a PSG comparison of 29 near-miss SIDS cases with 
30 normal controls205 and two case reports included at the end of a review.178 In the first of these, 
there were a few differences between the groups, though between three weeks and four and a 
half months, the number of mixed and obstructive apneas of >3 seconds during total sleep time 
was greater for the near-miss group. In the two case reports, a death from SIDS and a near miss 
were preceded by apneic episodes.                     
        
A series of studies from the Cardiothoracic Institute in London and other centres206-210 
established that measurement of apnea and cardiac disorders in infants was unable to predict 
increased risk for SIDS. Most of this work involved prospective studies on large cohorts of 
infants who had recordings of respiratory and cardiac function. Recordings for those individuals 
who subsequently suffered SIDS were compared with those for matched controls. Results are 
summarized in Table 1. 
 
A Belgian study,211 using a similar approach, reviewed recordings for 11 SIDS cases and 22 
controls, from a cohort of 2,000. In this series, central apneas were longer in all sleep states for 
SIDS victims compared with controls, but none exceeded 14 seconds. Obstructive and mixed 
apneas were seen in eight of 11 SIDS infants compared to three of 22 controls, which were SS 
more frequent and lasted longer. The authors, however, did not consider such associations to be 
of value for population screening, noting an absence of markers in some future SIDS victims and 
an overlap in values between the SIDS and control groups.  
 
Monod et al.212 studied 1,000 infants during a 10-year period with PSG recordings for SIDS 
siblings, near-miss SIDS and controls. They found NSD in breathing characteristics between the 
groups. Three infants diagnosed as SIDS at autopsy had no significant abnormalities in their 
recordings. 
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Table 1: Studies of apnea and cardiac disorders in infants and risk for SIDS 
 

Studies Population Findings 
Southall206 1,157 pre-term after 

discharge from NICU; n=40 
with prolonged apnea or 
extreme bradycardia, 40 
controls; 5 SIDS, (6 other 
deaths) 

No SIDS victim had apnea >20 seconds or abnormal 
bradycardia or arrhythmia 

Southall207 6,194 full-term, 2,337 pre-
term, recordings in first 
week and at home after 6 
weeks; 211 controls; 29 
SIDS (10 other unexpected 
deaths) 

No recordings for SIDS victims showed prolonged 
apnea or abnormal cardiac rhythm or conduction 

Southall209 Recordings of 16 SIDS 
victims compared with those 
of 127 controls 

No differences between groups in breathing patterns, 
heart rate or respiratory rate could be demonstrated; 
these measurements unable to identify majority of full-
term infants at risk for SIDS (authors noted that highly 
skewed distribution of periodic breathing patterns and 
apneic pauses in normals means a large number of 
controls needed to define normal range – a deficiency in 
many published reports) 

Waggener210 9,856 infants (from Southall 
et al. studies); recordings 
from 10 SIDS victims and 
10 matched controls 

NSD between groups in breathing patterns 
(small numbers) 
 

Schechtman208 6,914 (from Southall); 22 
recordings of 16 SIDS 
victims compared with 66 
recordings from surviving 
infants; included quiet sleep 
and REM sleep 

In second month of life (7 SIDS, 21 controls), SIDS 
infants showed fewer respiratory pauses than other 
infants, mostly associated with fewer short respiratory 
pauses. NSD between the groups during first month of 
life (authors note only central and mixed apnea detected, 
obstructive apnea might follow different pattern) 

NICU=neonatal intensive care unit; REM=rapid eye movement; SIDS=sudden infant death syndrome. 
 
A review by Bentele and Albani213 brings together research in this area up to the mid-1980s.  
They noted different methods have been applied to detect functional abnormalities of 
cardiorespiratory control during sleep with the aim of obtaining more specific and sensitive 
predictors of subsequent severe apnea and SIDS. They found that the results of numerous studies 
were at variance and often controversial. None of the tests improved the ability to predict the risk 
for SIDS. One reason for this may be a lack of standardization of methods with study groups and 
conditions for testing infants.  
 
The issue of standardization is also addressed by Hunt et al.,214 who found that there were 
significant differences between results from pneumograms, for which different definitions for 
apnea onset and apnea termination had been used. Normative standards for comparison should 
use the same scoring definition. 
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The recommendations on indications for PSG are not supported by specific references in the 
guidelines. 
 
Relevance to recommendations  
The cited studies indicate that PSG and other monitoring methods cannot provide a useful 
measure of risk for SIDS.  
 
Recommendations on the use of PSG in selected infants to investigate symptoms, such as 
suspected OSA, are consistent with recommendations made under sections of other guidelines 
considered in this report. 
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APPENDIX 15: Identified Guidelines and Recommendations for 
Treatment of Snoring   

Recommendations 
 
AASM, 200133 
• Surgical candidates for LAUP as a treatment for snoring should undergo a pre-operative 

clinical evaluation and a PSG or cardiorespiratory study to determine if the candidate has a 
sleep-related breathing disorder, including sleep apnea.   

 
ASDA, 199723,39 
• A pre-operative clinical evaluation that includes PSG or a cardiorespiratory sleep study is 

routinely indicated to evaluate for the presence of obstructive sleep apnea in patients before 
they undergo LAUP. 

 
Swiss Respiratory Society, 200117 
• Pre-operative PSG or respiratory polygraphy is indicated before surgical interventions for the 

treatment of snoring and OSA. 
 
Evidence 
LAUP is a technique used as a treatment for snoring. The principal references cited to support 
the recommendations are guidelines.13,14 One of these13 deals with portable recording in the 
assessment of OSA and includes details on the scope and application, including use in 
cardiorespiratory studies.  
 
The 2001 AASM document makes reference to the Viner et al.81 study, which documented the 
unreliability of clinical examination in diagnosing OSA. Also, an abstract cited by the AASM215 
reported that of 73 patients seeking LAUP treatment, 69 (95%) had OSA by PSG, even though 
41% presented with a complaint of snoring.  
 
The AASM guideline33 states that LAUP is not recommended for the treatment of sleep-related 
breathing disorders, including OSA. The Swiss guideline also refers to surgery for OSA, but 
does not cite any specific evidence.  
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APPENDIX 16: Identified Guidelines and Recommendations for 
Insomnia   

1. AASM, 200334 
 
Recommendations 
1. PSG is indicated when sleep-related breathing disorders or PLMD are suspected. 
2. PSG is indicated when initial diagnosis is uncertain, treatment fails (behavioural or 

pharmacologic) or precipitous arousals occur with violent or injurious behaviour.  
3. PSG is not indicated for the routine evaluation of transient or chronic insomnia. 
4. PSG is not indicated for the routine evaluation of insomnia due to psychiatric disorders. 
5. PSG is not clinically useful in differentiating insomnia associated with dementia from other 

forms of insomnia, including insomnia associated with depression. 
6. PSG is not useful in establishing the diagnosis of insomnia associated with fibromyalgia or 

chronic fatigue syndrome, because the alpha-delta sleep pattern described in fibromyalgia 
syndrome is a non-specific finding. 

 
Evidence 
This guideline was prepared as an update to a document published in 1995.49 The six 
recommendations given in the guideline that relate to PSG in the evaluation of insomnia are 
supported by 27 cited studies and by committee consensus.34 Some of the studies were 
considered in preparing the 1995 guideline. 
 
Recommendation 1: Of eight references cited in relation to the first recommendation, five showed 
support for the use of PSG in the evaluation of elderly patients with persistent insomnia associated 
with sleep apnea and PLM.216-220 Three appeared to have more limited relevance.221-223  
 
In a large prospective study, Coleman et al.216 used PSG data for 4,689 subjects from 11 clinics 
to classify nine types of insomnia. Other categories were insomnia associated with 
psychophysiological factors (15.3%), substance dependence (12.4%) and RLS-PLMD (12.2%). 
The authors suggested that complaints from patients with persistent insomnia (>4 weeks) or 
sleep apnea and PLM, particularly in the elderly, should be investigated with PSG before sleep 
medication is prescribed.  
 
In one study,217 PSG testing of 80 adult volunteers (age ≥59 years) with insomnia of mean 
duration eight years, but with no clinical diagnosis of OSA was conducted. It was found that 
29% to 43% of the subjects, depending on the AHI used, had undiagnosed sleep apnea. As the 
rate of occult sleep apnea increases with age and clinical diagnosis cannot detect this condition in 
a large proportion of older adults presenting with insomnia, the authors suggested that the use of 
PSG in research on older adults with insomnia is needed to preclude substantial representation of 
occult sleep apnea. 
 
Roehrs et al.218 evaluated the relationship of sleep-wake complaints and sleep-related respiratory 
disturbances. They found that patients with insomnia had fewer and shorter apneas with little 
hypoxemic effect, while patients with excessive sleepiness had more and longer primarily 
obstructive apneas that produced significant hypoxemia. There was potentially selection bias as 
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the study population consisted of 16 patients with insomnia (14 women and two men) and 65 
patients with excessive daytime sleepiness (63 men and two women). The authors considered 
that it was important to differentiate insomnia with a respiratory disturbance from other insomnia 
conditions and suggested that PSG be used to evaluate patients with complaints of insomnia that 
persist for several months. 
 
The Zorick et al.219 and Edinger et al.220 studies found that patient diagnoses associated with 
insomnia are heterogeneous and can be subcategorized by PSG.  
 
Zorick et al.219 assigned 84 patients with chronic insomnia to 10 diagnostic categories on the 
basis of medical, psychiatric and PSG examinations. Twenty normal subjects, who were paid 
volunteers, acted as controls.  Patients in the psychiatric disorder, RLS and respiratory 
impairment categories had sleep patterns that were SS different to those of normals. Those in the 
diagnostic categories of nocturnal myoclonus, subjective complaint, atypical PSG features and 
circadian rhythm disturbance showed NSD from controls. The potential practical significance of 
such differences is unclear. There were small numbers in each diagnostic group and there was 
substantial variance for sleep parameter values. 
 
Edinger et al.220 performed medical, psychiatric, behavioural and PSG evaluations on 100 
outpatients presenting with chronic insomnia. PSG gave important diagnostic information in 
65% of the sample (34% primary sleep disorder diagnosis, 15% secondary diagnosis, 16% rule 
out sleep disorders). The predictive performance of the clinical examination for periodic 
movements of sleep and sleep apnea, was significantly poorer than the evaluation that included 
PSG. Patients >40 years had a SS higher rate of positive PSG findings than younger patients. 
The authors suggest that PSG be used routinely with older insomniacs and with younger patients 
who have failed initial treatment. Such conclusions appear contrary to the recommendation. 
 
Two large prospective controlled studies by the same group estimated the prevalence of sleep 
apnea and nocturnal myoclonus in patients with insomnia and normal controls. They showed that 
sleep apnea and nocturnal myoclonus were not common causes of insomnia. 
 
Kales et al.223 found that the prevalence of these conditions were similar in 200 insomniac 
patients and 100 normal controls. Similar findings were reported by Vgontzas et al.221 for 375 
insomniacs and 150 normal controls. Eight patients and two controls presented with ≥30 apneic 
events per night and of these, only one met the criteria for recommending treatment. Also, small 
proportions of insomniacs and controls (11.5% and 8.5%) displayed nocturnal myoclonus.  
 
The Reynolds et al.222 study, where sleep patterns were assessed in 27 elderly patients, is of little 
relevance to the recommendation. Of 19 chronic insomniacs, two-thirds had depression or 
psychophysiologic disturbance. Six of seven patients with excessive sleepiness had a primary 
sleep disorder such as sleep apnea or narcolepsy-cataplexy. The study dealt with a highly 
selected population and was prone to selection bias and incorrect subcategorization. 
 
Recommendation 2: This recommendation is the same as that included in the previous 
guideline.49 It is based on eight publications cited in the previous document. 
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Two of the cited references appear to be particularly relevant to the use of sleep laboratories.  
 
Jacobs et al.224 examined the accuracy of the differential diagnosis of 123 patients with chronic 
insomnia with or without PSG. This was a retrospective study based on chart review with 
independent scoring by two raters. In this series of patients, who had been evaluated during a 
period of five years, 63% had been diagnosed before PSG as having present or past mental 
illness. In 49% of the cases,  the sleep laboratory findings resulted in substantial modification of 
the initial face to face diagnosis through providing information not previously suspected from 
clinical evaluation as important to the patient’s chronic insomnia. The authors suggested that 
PSG is indicated for patients with insomnia who have failed to respond to “routine” clinical 
intervention. 
 
Hauri et al.225 evaluated the presence of sleep abnormalities in 24 drug-free panic patients (there 
were 14 drop-outs from 38 selected patients for various reasons). Each panic patient was 
matched by gender and age with a normal sleeper. Because of the limited and select population, 
this study was prone to selection bias. PSG findings for panic patients were comparable to those 
for normal sleepers, though movement time (amount of large body movement during sleep) was 
increased in panic patients. The authors comment that the SS of the findings on movement time 
is marginal. Panic patients spent about three times as much time in large body movements as 
normal sleepers in all stages except delta sleep. Eight panic attacks arising out of sleep were 
recorded. The findings seemed to support the recommendation for PSG diagnosis of a subgroup 
of patients suffering from panic attacks. 
 
A previous ASDA review cites an overview that indicates spontaneous movement disorders can 
occur during sleep and may have specific PSG findings that are useful in diagnosis.226 Three 
studies cited indicate Alzheimer’s disease is associated with a loss of rapid eye movement 
(REM) sleep and slow-wave sleep that is proportional to the degree of cognitive impairment.227-229 
In one study,230 changes in sleep architecture were sufficient to distinguish elderly patients with 
dementia from those with depression with 80% accuracy, though diagnosis of dementia for such 
patients is established clinically.227 One group considered sleep impairment to be “a rather non-
specific concomitant of each dementing condition and [it] does not easily differentiate the 
various causes of dementia.”231 These publications appear to provide background to the 
recommendation, rather than direct support. 
 
Recommendation 3: The recommendation on the lack of usefulness in the routine evaluation of 
transient or chronic insomnia is the same as noted in the 2000 AASM publication50 on practice 
parameters for the evaluation of chronic insomnia and in a 1992 ASDA report232 on scoring rules 
and examples of EEG arousals. The recommendation is based on committee consensus. 
 
The AASM review published in association with the 2000 practice parameters51 noted that there 
has been controversy about the diagnostic use of PSG in insomnia and cites specific 
recommendations on this topic provided in earlier AASM-ASDA guidelines.22,39,49  
 
Recommendation 4: Ten references are cited in support of this recommendation, though not all 
of them appear to be of direct relevance.233-242   
 



 119

Gillin et al.233 assessed the all-night EEG sleep patterns of 41 normal subjects, 56 patients with 
depression and 18 insomniacs.  The study showed that the EEG data of the three groups were 
distinct and could distinguish between patients with primary depression, primary insomnia and 
normal controls, using multivariate analysis.  However, only 77% of the insomniacs were correctly 
classified using this approach. Though shortened REML was associated with insomnia, seven of 
the 18 insomniacs had sleep latency within one standard deviation of the normal mean. 
 
Haynes et al.234 compared the sleep patterns, anxiety level and muscle tension of insomniacs and 
non-insomniacs. The study population was college students: 76 insomniacs and 208 non-
insomniacs in study I; and 101 individuals in study II, which was undertaken to replicate the 
findings of the first study (number of insomniacs not reported). Assessment was based on the use 
of a sleep behaviour questionnaire. The self-reported sleep pattern results indicated that insomniacs 
had a  general disruption of sleep patterns, high manifest anxiety and high muscle tension, but did 
not differ from non-insomniacs in the frequency of sleep-incompatible behaviours. The study does 
not seem to be relevant for the recommendation regarding the use of PSG. 
 
The Merica et al.235 study, which is irrelevant for the recommendation, investigated the use of 
proposed new variables for defining sleep continuity. The new variables were able to 
differentiate between patients suffering from depression, dysthymia and insomnia.  
 
Thase et al.236 performed a series of analyses to identify an abnormal EEG sleep profile used to 
characterize major depressive disorders. Sleep studies were undertaken on 44 depressed 
inpatients, 181 depressed outpatients and 44 healthy controls. An index score based on reduced 
REML, increased REM density and decreased sleep efficiency was able to discriminate between 
the groups. However, 55% of the depressed outpatients had “normal” sleep profiles. 
 
Five similar studies compared the EEG sleep patterns of panic patients or depressed patients with 
those of normal controls.237,238,240-242 In the first three, the studied population sizes were small, 
though the studies were controlled with matching age and gender. The study findings are 
summarized here. 
 
• Although patients with panic disorder had lower sleep efficiency and a higher percent of 

wake time based on total sleep period, REM sleep characteristics were identical to those of 
controls (n=14 in each group).237 

• Patients with panic disorder had normal sleep with a modest reduction in total sleep time and 
delta sleep; no impairment in sleep maintenance and continuity was found (n=16 in each 
group).242 

• Sleep efficiency was SS lower and wake % SPT higher among patients with obsessive- 
compulsive disorder, compared to controls (n=22 in each group). Sleep architecture did not 
differ between the groups.238 No positive correlation was found between sleep variables and 
rating inventories for obsession-compulsions, depression and anxiety.  

• When compared to 12 controls, patients with panic disorder (n=22) and those with major 
depression (n=12) had shortened REML, which is a feature of depression-like sleep. However, 
PSG findings showed more differences than similarities between these disorders, suggesting that 
REML is a common final pathway of different alterations in sleep regulation. The architecture of 
the first NREM period in the panic disorder patients was similar to that of control subjects.240  
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Pecknold and Luthe241 found that there was no correlation for sleep patterns of a group of 44 
panic patients with reported parameters of sleep architecture in endogenous depression as 
reported in the literature. A comparison group of 11 patients with generalized anxiety disorder 
and insomnia was included in the sleep studies. Compared to the literature control values, these 
individuals had more stage 3 and less stage 4 sleep and increased total sleep time  
 
Utilizing conventional PSG, Hurwitz et al.239 evaluated the sleep of 18 Vietnam combat veterans 
with post-traumatic stress disorder and 10 healthy non-combat-exposed Vietnam era veterans. 
Although many symptoms of disturbed sleep and daytime sleepiness were reported by post-
traumatic stress disorder subjects, no significant differences for any PSG variable between the 
two groups appeared on two successive nights.  
 
Recommendation 5: The recommendation is based on two recent studies, work cited in the 
previous practice parameter considered under recommendation 2 above227-230 and committee 
consensus. 
 
Allen et al.243 evaluated the sleep patterns of 30 hospitalized patients with dementia and of 14 
non-demented patients used as controls.  Both groups had a mean age of >80 years. Continuous 
PSG recordings were undertaken during 72 hours. Although patients with dementia had less total 
sleep time than control subjects, no differences were noted between dementia subgroups. There 
were no differences between controls and demented patients in terms of NREM-REM cycle and 
no association between the severity of the clinical condition and any of the sleep parameters in 
demented patients. 
 
The Evans et al.244 study focused on the prediction of outcome in severe head injury patients and 
appears to be of limited relevance to the recommendation. The sleep activity of 138 of 154 
unselected patients with head injury, who were admitted to a neurosurgical unit, was determined. 
Sixteen seizure patients were excluded. It was found that the continuing presence of EEG-EEG 
polygraph activity, similar to that for normal sleep, correlated well with the severity of brain 
damage after head injury and could be used to predict outcome.  
 
Recommendation 6:  This recommendation is the same as in the previous guideline and is based 
on three cited studies,245-247 a description of alpha-delta sleep248 and committee consensus.  
Although the studies seem to support the notion that the alpha-delta sleep pattern described in 
fibromyalgia syndrome is a non-specific finding, the results should be interpreted with caution 
because of the lack of appropriate controls and the small sample sizes that may be insufficient to 
permit subclassification.  
 
Manu et al.245 assessed the presence of alpha wave intrusions during NREM (alpha-delta sleep) 
and its relationship to fibromyalgia, major depression and chronic fatigue syndrome in 30 
consecutive patients who had experienced persistent tiredness for >6 months and had not been 
hospitalized during the three months before evaluation. The study found that NREM sleep was 
not significantly correlated with fibromyalgia, chronic fatigue syndrome, major depression or 
primary sleep disorders, but was significantly more common among patients who had chronic 
fatigue without major depression.  
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Mahowald et al.246 investigated the sleep patterns in 16 patients with chronic, active rheumatoid 
arthritis and found that although none had normal sleep physiology (two of 16 had sleep apnea, 
all 16 had frequent PLM and frequent arousal), there was no evidence of any type of sleep 
deprivation. The alpha-delta sleep pattern was present in 13 of 16 and hyper-somnolence in 
seven of 16. None of the patients accurately recognized the degree of their sleep disruption. 
 
Moldofsky et al.247 found that in separate small studies, the alpha-delta sleep patterns were 
present in a fibrositis syndrome group (seven out of 10 patients) and in six paid volunteers who 
did not have this condition. 
 
2.  CPSO, 199619  
The CPSO document concludes that PSG anomalies provide objective physiologic evidence for 
the non-restorative sleep symptoms of fibromyalgia and chronic fatigue syndrome. These sleep 
physiological anomalies, however, may not be specific for these syndromes. 
 
Relevance to recommendations 
The level of support for the recommendations provided by the cited studies varies. Many of the 
papers seem to provide essentially background information and the link between this and the 
recommendation, informed also by committee consensus, is not always clear. Some of the 
studies are of limited quality, but the bigger issue for this series of recommendations on sleep 
laboratory applications is the relevance of the findings. Several studies indicate areas of 
unreliability in the potential application of PSG, such as use in the evaluation of persons with 
psychiatric disorders. Some difficulties in this field are well summarized by Reite et al. in the 
earlier review from ASDA.49 “Therefore, published evidence suggests that patients with different 
types of chronic insomnia might be distinguishable on the basis of EEG sleep findings. However, 
closer consideration of these findings reveals further questions and problems. For instance, 
several studies use multivariate statistical techniques to distinguish patient groups. Such 
techniques cannot be generalised readily to other laboratories and other populations. On the other 
hand, most studies report group differences, but do not indicate any criterion values for 
evaluating the sensitivity and specificity of particular parameters. One reason is that group 
differences tend to be small in magnitude and inconsistent from one study to the next. 
Furthermore, most studies have defined different groups on clinical grounds, and even if group 
differences can be demonstrated polysomnographically, it is not clear whether this information 
helps in elucidating pathophysiology or treatment course.” 
 
PSG remains a valuable tool to diagnose insomnia associated with sleep-related breathing 
disorders such as sleep apnea and PLMD.  
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APPENDIX 17:  Identified Guidelines and Recommendations for 
Depression with Insomnia   

1. ASDA, 199723,39   
 
Recommendations 
• Neither a PSG nor a MSLT is routinely indicated in establishing the diagnosis of depression. 
• PSG may be useful in identifying early response to antidepressant medication.  
 
Evidence 
Cited evidence consists of one meta-analysis on sleep and psychiatric disorders249 and 13 
primary studies.220,223,224,240,250-258 Not all of these reports appear to be directly relevant to the 
recommendations. 
 
The meta-analysis by Benca et al.249 reviewed 177 studies with data from 7,151 patients. 
Reduction in REML, which had been suggested as a specific marker for depression, was found in 
persons with affective disorders, but also occurred in other categories.  Also, significant 
differences in REML from controls could not be demonstrated in some affective disorder 
subgroups. The meta-analysis appeared to be of reasonable quality. The authors draw attention to 
limitations in the literature they reviewed and to a number of assumptions made in undertaking 
their analysis. 
 
Benson et al.250 studied the sleep patterns of 18 male veterans who met DSM-III criteria for 
borderline personality disorder, who were further grouped into those with or without an affective 
disorder (eight and 10 patients respectively). The data were compared with those of 15 normal 
controls. All-night PSG recordings showed that the normal controls had better quality of sleep 
(as judged by measurements of sleep continuity, stage 1 and stage 4 sleep) than the two 
borderline groups, which could not be differentiated using any measure of sleep continuity or 
staging. No group differences were found for REM sleep variables. The authors concluded that 
REML does not distinguish between those in this patient group with or without a history of 
affective disorder, nor does it discriminate between those with borderline personality disorder 
and normal subjects. For all the borderline patients, REML was not clearly related to self-rated 
or clinician-related depression. The small size of the study is a limitation. 
 
Vitiello et al.256 found that there was no difference in all types of sleep measures between a 
group of 24 with geriatric-onset major depressive disorder who had a minimum history of 
seeking treatment for depression and 24 gender and age-matched controls. They suggested that 
elderly individuals who have a diagnosed major depression, but who have not sought health care, 
do not necessarily manifest sleep disturbances thought to be characteristic of major depression. 
The authors suggest that the degree of severity of major depressive disorders and the 
heterogeneous nature of this condition as possible factors that might account for the differences 
between their results and those from earlier studies. 
 
Nofzinger et al.254 compared PSG and MSLT findings for 25 hypersomniacs with bipolar 
depression with those for 23 non-depressed narcoleptic patients. No abnormalities were noted for 
the bipolar depression group in the results from the MSLT. REM sleep was absent during 
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daytime naps in the depressed patients. The depressed patients seemed to have adequate 
nocturnal sleep duration and quality.  
 
These studies suggested that neither PSG nor MSLT is useful in the diagnosis of depression.  
 
Three studies on the use of PSG in evaluation of chronic insomnia220,223,224 are also cited in the 
guideline. Their findings have limited relevance to the recommendation regarding diagnosis of 
depression. Two studies223,224 showed that among the insomniac patients, a group could be 
identified as having psychopathological factors.  
 
Four studies240,252,253,255 compared the EEG sleep studies of patients with major depression of 
different etiology to those of normal controls. From these studies, two characteristics seem to 
differentiate the two groups; the increased REM density and the reduced REML in patients with 
major depression.  
 
Lauer et al.252 suggested that REM density is more likely a biological marker for major 
depression than REML, because the latter showed NSD between patients and controls until they 
were older than 34 years. Their study, however, was based on a comparison of 76 patients with 
depression and 51 healthy controls, so the specificity of REM density as a marker for depression 
in relation to other psychiatric disorders was not addressed. 
 
A small PSG study comparing the sleep patterns of 22 persons with panic disorder with those of 
12 persons with major depression and 12 controls found that both groups of patients had 
shortened REML.240 The authors suggested that shortened REML is “merely a common final 
pathway of different alterations in sleep regulation.”  REM density patterns were normal in those 
with panic disorder, but increased in those with depression.  
 
In another study,253 this research team found that a group of 54 healthy subjects with close 
relatives suffering from depression or other psychiatric disorders, had reduced slow-wave sleep 
and increasing REM density in the first sleep cycle.  As a psychiatric disorder would develop in a 
minority of these persons, however, a more individualized approach was needed in looking for 
biological markers. Follow-up was undertaken on 18 individuals who had shown a sleep pattern 
resembling those of depressed patients.  This study seems to be of no practical significance for 
sleep laboratory referral and the use of PSG characteristics to help identify persons at risk for 
depression was not established. 
 
Another study cited255 examined sleep patterns in bereaved persons who were not suffering from 
depression and did not appear relevant to the diagnosis of depression. 
 
Two studies are cited in the supporting review39 in respect to whether PSG is useful in 
identifying an early response to antidepressant medication.  Kupfer et al.251 used EEG sleep 
studies rather than full PSG, to monitor the effect of imipramine during the maintenance 
treatment of 27 patients, with a median follow-up of 34 months. REM sleep parameters including 
REML were affected immediately after the start of treatment and remained unchanged 
throughout follow-up.  It is concluded that sustained clinical improvement is accompanied by 
persistent sleep alterations. The authors noted that observed changes may not be specific for 
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depressed patients, as they may represent alterations related to chronic imipramine. This study 
showed an association in a non-controlled case series with treatment by a specific antidepressant.  
 
Ware et al.257 examined the sleep of depressed insomniac patients, who were treated with either 
trimipramine or imipramine, in a double-blind randomized group design (n=14 and 16), during a 
30-day period. Despite the fact that imipramine and trimipramine appeared equal in their 
antidepressant efficacy, there were pronounced differences in PSG parameters. Most PSG 
variables indicated a normalization of sleep for the trimipramine condition, with the elimination 
of objective evidence of sleep disturbance, whereas the imipramine condition showed no 
improvement from the baseline data and a worsening for some variables, such as the percent of 
time awake and percent of deep sleep. Depression improved similarly in each group of patients. 
The authors concluded that antidepressants may vary in their effects on sleep, even if they have 
similar affects on depression. Also REM sleep suppression does not necessarily accompany 
clinical improvement in depression. 
 
Relevance to recommendations 
The findings in some of the cited references support the recommendation of using routine PSG 
or MSLT in the diagnosis of depression, in that sleep characteristics are not specifically 
associated with psychiatric status. None of the studies were concerned with the diagnosis of 
depression. 
 
The use of PSG in identifying an early response to antidepressants is not supported by the cited 
evidence. Nor is it clear how sleep studies would be clinically useful in this application. 
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APPENDIX 18:  Identified Guidelines and Recommendations for 
Narcolepsy   

1. AASM, 200135 
 
Recommendations 
• For patients suspected of having narcolepsy, an all-night PSG is done primarily to ascertain 

the presence of concurrent sleep disorders. It is followed immediately by a MSLT to help 
confirm the diagnosis.  

• PSG re-evaluation should be considered if the symptoms of sleepiness increase or if specific 
symptoms develop that suggest new or increased sleep abnormalities, as might occur in 
disorders such as sleep apnea or PLMD. 

 
2. ASDA, 199723,39 
 
Recommendations 
• PSG and a MSLT performed on the day after PSG evaluation are routinely indicated in the 

evaluation of suspected narcolepsy. 
• Initial PSG and MSLT occasionally fail to identify narcolepsy. Repeat testing is necessary 

when the initial results are negative or ambiguous and the clinical history strongly indicates a 
diagnosis of narcolepsy.   

 
Evidence 
The 2001 AASM publication35 cites two earlier guidelines (ASDA 1992147 and ASDA 199739) in 
support of the first recommendation. The second recommendation is indicated as being the same 
as in the previous guideline39 and is based on committee consensus. 
 
Characteristics of narcolepsy and its diagnosis:  The most pervasive and sometimes the only 
symptom of narcolepsy initially is EDS. Narcolepsy, however, is one of many causes of 
hypersomnolence and the presence and severity of other disorders causing this cannot always be 
reliably evaluated by the clinical history or physical examination.39 As treatment for narcolepsy 
requires long-term medication, assessment of the severity and cause of the condition is important 
before proceeding to treatment. 
 
The diagnostic features of narcolepsy include a history of hypersomnolence, cataplexy, sleep 
paralysis, hallucinations, short sleep latencies, early onset of REM sleep shown by PSG and 
short sleep latency and presence of REM sleep on two or more daytime naps shown by MSLT. 
However, all of these findings are only present 50% of the time.39  The ASDA review cites the 
Rosenthal et al.259 study, which retrospectively compared PSG and MSLT data of those with 
narcolepsy to follow-up questionnaires reported by these patients. Of the 119 patients (50%) who 
returned questionnaires, only 48% had the tetrad of narcolepsy symptoms.   
 
In a large retrospective study, Aldrich260 reviewed the clinical findings, questionnaire results and 
sleep studies in 3,618 patients with narcolepsy, idiopathic hypersomnia, mild sleep apnea and 
EDS not otherwise specified.  Of the 67 individuals diagnosed with narcolepsy, 42% did not 
have a history of cataplexy. 
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Reliability of the MSLT: The ASDA review cites two studies to support its statement that a 
finding on MSLT of a mean sleep latency of <5 minutes and >2 sleep onset REM periods 
(SOREMPs) is considered diagnostic for narcolepsy when clinical history is indicative of this 
and sleep fragmentation due to other sleep disorders is absent on all-night PSG. In the first of 
these studies,261 40 patients with narcolepsy, who had respiratory abnormalities and nocturnal 
myoclonus ruled out by PSG  all had >2 SOREMPs in a five-nap protocol on the MSLT. 
Fourteen control subjects, who were reported in a companion article,262 had no REM sleep 
episodes on the MSLT. That article described two small studies that compared all-night PSG and 
MSLT data of pre-selected narcoleptic and control subjects (totals 27 and 14 respectively). 
Although those with narcolepsy fell asleep more readily, had less total REM sleep, more wake 
time after sleep onset and more body movements than controls, they did not differ from the 
controls in terms of latency to nocturnal REM sleep. No reliable parameters of nocturnal sleep 
presented that could be used to unambiguously diagnose narcolepsy.  
 
The MSLT, on the other hand, differentiated those with narcolepsy from controls (mean sleep 
latency 2.0 to 3.2 minutes for narcoleptics versus 7.0 to 12.1 minutes for controls). This small 
study established the basis for a diagnostic approach. 
 
In the second study263 cited in the ASDA review, 161 patients referred because of excessive 
sleepiness were evaluated with PSG and MSLT. In the MSLT, the 50 patients with narcolepsy 
had a higher proportion of naps with REM sleep than other diagnostic groups and SS shorter 
latency to REM. 
 
Amira et al.264 examined retrospectively the MSLT data for 144 of a consecutive series of 157 
patients presenting with EDS or other symptoms suggesting narcolepsy. All but one of 52 
patients who exhibited ≥2 SOREMPs on the MSLT had clinically apparent narcolepsy. There 
was one person with narcolepsy among the 80 individuals who had no SOREMPs and nine from 
the 12 with one SOREMP.  From these data, the criterion for diagnosis of narcolepsy of ≥2 
SOREMPs had a sensitivity of 84% and a specificity of 99%. The criterion of a sleep latency of 
<5 minutes had a sensitivity of 57% and specificity of 94% (35 of 40 individuals had 
narcolepsy). 
 
Moscovitch et al.265 suggested that a history of cataplexy was a stronger discriminant of 
narcolepsy than the presence of >2 SOREMPs on MSLT. Their data indicated that MSLT with 
the ≥2 SOREMP criterion identified 72% of the patient population as having narcolepsy whereas 
a history of cataplexy identified only 65%. As indicated in the ASDA review,39 >2 SOREMPs 
were more likely in patients with narcolepsy with cataplexy than in those without.  Their findings 
were based on the retrospective evaluation of the records of 306 subjects with ESD unrelated to 
obstructive sleep apnea or other known syndromes.  
 
In a series of 100 patients with EDS described by van den Hoed et al.,266 41 of 46 individuals 
with narcolepsy (89%) had a history of cataplexy and 39 had >2 SOREMs on the MSLT. 
 
Nocturnal PSG and subsequent MSLT can be used to differentially diagnose patients with 
insufficient sleep from patients with narcolepsy. Roehrs et al.267 retrospectively compared data 
from sleep questionnaires, nocturnal PSG and MSLT of 59 consecutive, unselected patients 
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receiving an insufficient sleep diagnosis and 66 selected patients with narcolepsy. Narcolepsy 
patients having disturbed nocturnal sleep were excluded. The study showed that as compared 
with narcolepsy, patients with insufficient sleep had atypically high sleep efficiency at night, 
prolonged sleep time, elevated percentage of stage 3 to 4 and REM sleep, displayed moderate 
sleepiness and no SOREMPs on MSLT.  Results from the study suggested that PSG and MSLT 
could distinguish between the two patient groups. 
 
Narcolepsy in childhood and early adolescence is often misdiagnosed or undiagnosed, although 
it can be indicated by nocturnal PSG followed by MSLT. Dahl et al.268 presented 16 consecutive 
cases of children and adolescents having proven narcolepsy with onset of symptoms by age 13 
years or younger. Only one of the 16 had the classical clinical tetrad of symptoms. Four patients 
were initially misdiagnosed with psychiatric disorder before the detection of narcolepsy. The 
study suggests that irritability, mood disturbances, non-specific personality changes, social and 
academic impairment and obesity should raise the suspicion of narcolepsy.  PSG studies are 
required to confirm the diagnosis. 
 
Rosenthal et al.269 presented three cases of subjects with MSLT as evidence of narcolepsy, but 
no overt clinical symptoms. The data for these subjects displayed >2 or more SOREMPs and 
short mean sleep latency (<5 minutes).  
 
Three studies lack direct relevance to the recommendations. Broughton et al.270 monitored 24-
hour sleep-wake patterns in 10 persons with narcolepsy-cataplexy and 10 controls by ambulant 
EEG polygraphy. They suggested that ambulatory monitoring was useful in evaluating the nature 
of the sleep disturbance under “real life” conditions and in analyzing response to treatment, but it 
remained uncertain whether the results obtained had diagnostic specificity. Mitler et al.271 used 
PSG and MSLT to assess the treatment of narcolepsy using methamphetamine. Uchiyama et 
al.272 investigated the effects of extended night sleep on subsequent daytime sleep propensity.  
 
Idiopathic hypersomnia: The ASDA review39 states indications for the evaluation of idiopathic 
hypersomnia, a disorder of presumed central nervous system cause, are the same as for 
narcolepsy. 
 
3. CPSO, 199619 
 
Recommendations 
• Supportive evidence may be provided by MSLT or PSG. 
• Follow-up sleep studies such as PSG, MLST or MWT are indicated to evaluate the objective 

response of daytime sleepiness to treatment and if symptoms deteriorate or where there is 
suspicion another sleep disorder may co-exist and cause day time fatigue and sleepiness. 

• It is debatable whether PSG is required to make the diagnosis in every case.  
 
Evidence 
For narcolepsy diagnosis, the guideline cites a review article and a case series to support its 
position on whether PSG is needed in every case. Reference to the use of MWT in evaluating 
response to treatment is supported by a narrative review. Otherwise, the recommendations reflect 
a consensus. 
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Relevance to recommendations 
Several observational studies of fair quality have indicated that the diagnosis of narcolepsy may 
be complex, as typical clinical diagnostic features will not always be present. Both prospective 
and retrospective observational studies have established the usefulness of MSLT in improving 
the certainty of diagnosis of narcolepsy and of PSG in identifying or ruling out other sleep 
disturbance conditions. 
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APPENDIX 19:  Identified Guidelines and Recommendations for 
Restless Legs Syndrome (RLS) and Periodic 
Limb Movement Disorder (PLMD)   

1.  AASM, 199937,38 
Recommendations 
• Diagnostic criteria are available and are based on a patient’s history and/or bed partner’s 

observations for RLS; and the patient’s history combined with PSG for PLMD.  
 
2.  ASDA, 199723,39  
 
Recommendations 
• PSG is not routinely indicated to diagnose or treat RLS. 
• PSG is indicated when a diagnosis of PLMD is considered because of complaints by the 

patient or an observer of repetitive limb movements during sleep and frequent awakenings, 
fragmented sleep, difficulty maintaining sleep or excessive daytime sleepiness.  

 
3.  German Sleep Society, 200236  
 
Recommendations 
PSG is recommended in adult patients with probable or definite RLS in the following situations: 
• based on the patient’s history and clinical symptoms, RLS is probable, but symptoms may 

appear atypical or are affected by other disorders 
• ongoing severe insomnia and/or lack of efficacy in patients with typical RLS symptoms 

treated with sufficient dosages of dopaminergic drugs 
• the patient complains about daily sleepiness as leading symptoms; RLS symptoms are 

present, but patient does not feel impaired by them 
• the patient (<30 years old) suffers from severe RLS (severity scale >25) and should be 

treated daily with dopaminergic drugs or opioid medication 
• the patient is diagnosed with RLS and additional sleep-related respiratory disorder and 

complains about continuing symptoms of RLS under pharmacotherapy 
• an expert’s report is needed for judicial purposes. 
  
4.  CPSO, 199619  
 
Recommendations 
• The diagnosis of RLS or PLMD is suggested by clinical examination. It is confirmed by full 

PSG. Because of night-to-night variability, two nights of monitoring may be required to 
avoid false-negative findings. Unattended monitoring of limb movements with bilateral 
sensors or EMGs may be a cost-effective method when clinical history suggests the disorder. 
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Restless legs syndrome: The AASM review38 cites lists of minimal criteria for the diagnosis of 
RLS proposed through consensus between many sleep disorders centres.273,274  Both lists refer to 
symptoms that can be considered through clinical history and observation outside the sleep 
laboratory.  
 
The review makes the following points regarding the possible use of PSG for an assessment of 
RLS. Not all patients with RLS have demonstrated a periodic limb movement index (PLMI) >5 
on PSG, so not all can be evaluated with PSG.274 The most thorough PSG study published at the 
time that the review was prepared had shown 80% of a series of 133 RLS patients had a 
PLMI>5. For a group of 49 patients who had PSG for two consecutive nights, 82% had a 
PLMI>5 on each night and this proportion rose to 88% if the worst night for each patient was 
used.275 According to a review article,276 not all patients with PLMs have RLS symptoms.  
 
The review also cites a study by Montplaisir et al.277 in stating the correlation between RLS 
symptoms and PSG findings has been inadequately studied. That study assessed the use of 
immobilization tests with EMG recordings, made either while the patient is sitting on the bed 
with legs outstretched with instructions not to move (SIT test) or with the legs immobilized on a 
stretcher (FIT test). Sixteen patients with RLS and 16 age-matched controls were studied in a 
sleep laboratory for two consecutive nights with the SIT and FIT tests being administered before 
PSG in a crossover design. There were no differences between patients and control subjects in 
terms of sleep latency, total sleep time and the percent of sleep stages; though patients woke 
more frequently and had lower sleep efficiency. The SIT test was found to discriminate between 
patients and controls better than the FIT test or the PLMI, but the authors noted that further 
validation would be needed. The AASM review makes the same point and notes that the test is 
limited by the need to perform it in a laboratory. 
 
The 1997 ASDA review39 cites three publications as evidence for RLS. The Coccagna and 
Lugaresi278 paper is primarily a review, but reference is made to polygraphic recordings made on 
the authors’ patients, 32 of whom had RLS and eight nocturnal myoclonus. For the RLS cases, 
the motor phenomena recorded by polygraphy confirmed the patients’ descriptions of their 
symptoms. When compared with 21 recordings for a population of young normal adults, those 
for RLS patients showed reduced total sleep time and sleep efficiency, prolonged sleep latencies, 
increased stage 1 sleep, decreased stage 3 and 4 sleep and increased awakenings. 
 
The Pelletier et al.279 paper described the use of the FIT test in 10 patients with RLS, all of 
whom also had PSG. The PLMI index (PLMs/total sleep time) was normal in one patient, low in 
five and provided an underestimation of the severity of RLS.  
 
The Walters et al.280 study included PSG and EMG measurements on 11 RLS patients, all of 
whom had PLMs and showed significant increases in awakenings and decreases in sleep 
efficiency compared with historical values for age and gender. 
 
Some studies cited in the ASDA review provided background relating to the condition and were 
not directly relevant to the recommendations. Coleman et al. included the numbers of PSG 
investigations involving sleep-related myoclonus and RLS as part of a survey of patients’ records 
from sleep-wake disorders clinics.216 Reports by Walters et al.281,282 described a trial of 
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dopamine agonist bromocriptine in RLS patients and case studies on two individuals whose 
symptoms were abolished by opiates. 
 
One study275 was cited to suggest that repeated PSGs seem to improve the specificity of PLM in 
sleep recordings. A correlation between clinical symptoms and PSG findings was seen and most 
RLS patients had PLM (index >5) in sleep. Multiple PSG appeared to increase the sensitivity of 
PLM in sleep. The authors comment that although RLS is often associated with PLMs, PLM in 
sleep is not mandatory for the diagnosis of RLS.  
 
In the six situations listed in the German Sleep Society consensus statement, no evidence is cited 
in support of the recommendations on the use of PSG for adult patients with RLS. The 
conclusions of the CPSO guideline seem to be based on consensus. 
 
Periodic limb movement disorder: In PLMD, the limb movements occur during sleep and are 
often associated with arousals or awakenings. PSG has been included in its diagnosis in part to 
determine the number or frequency of PLMs and to distinguish it from other sleep disorders. 
Minimal diagnostic criteria given by International Classification of Sleep Disorders273 do not 
include a reference to PSG.  
 
The ASDA review39 lists 18 publications as providing evidence for PLMs during sleep. Some of 
these, such as a report and earlier papers by Ancoli-Israel et al.123 Bixler et al.283 Coleman et 
al.284 and Mendelson285 are concerned with the prevalence and impact of PLMs, particularly in 
older persons. In several studies, persons with PLMD reported being less satisfied with their 
sleep and had PSG evidence of sleep disturbances.  
 
Dickel and Mosko286 studied 100 community residents >60 years of age who underwent three 
consecutive nights of PSG and also completed sleep questionnaires, sleep logs and sleep 
interviews.  Based on the five per hour cut-off, 58% had PLM, but the frequency of subjective 
sleep-wake and mood disturbance was low across the methods of assessment. Higher cut-offs 
also proved to be weak or ineffective in predicting subjective sleep-wake and mood disturbance. 
In a small series (n=15) studied by Edinger et al.,287 using PSG variability in either movement 
indices or movement-related arousal indices seemed to have little effect on PLMD severity 
classification or clinical treatment decisions derived from the blind examinations of PSG.  
 
In a group of 46 community resident seniors studied by Mosko et al.,288 subjects with PLMs had 
evidence of objective sleep disturbance, but only one quarter of them admitted to subjective 
sleep complaints or daytime sleepiness. The severity of PLM failed to predict sleep-wake 
complaints and vice versa.  Wittig et al.289 found, in a series of 57 individuals with narcolepsy, 
that those with PLM had SS more awakenings, stage 1 sleep, wake after sleep onset and 
disturbed sleep architecture than those who did not. There was NSD in MSLT results. 
 
Several studies provide support for the use of PSG in the diagnosis of PLMD through 
documenting the poor performance of alternative methods. Douglass et al.77 developed a sleep 
disorder questionnaire to accomplish multiple goals, one of which was to estimate the chance of 
a waiting-list patient having a sleep disorder diagnosable by PSG. Their study included 519 
individuals, 435 of whom were clinical sleep-disorder patients.  The controlled trial included five 
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groups: persons with sleep apnea, narcolepsy, psychiatric conditions or PLMD and normal 
controls. The PLMD patients scored lowest on the PLM scale in the questionnaire, which also 
showed the poorest sensitivity and specificity. PLMD was poorly identified by the questionnaire. 
The mean age of the control group (25 to 28 years) was lower than that of the patients (e.g., 50 
years in sleep apnea), so that there was a population bias.   
 
A retrospective study, based on a chart review of 123 patients, assessed the accuracy of 
differential diagnosis of chronic insomnia with or without sleep laboratory findings. Sleep 
laboratory studies modified the clinical findings in 49% of the patients, including 10 of the 15 
persons with a final diagnosis of nocturnal myoclonus.224 
 
Bliwise et al.290 measured PLMs in a group of 63 elderly patients and related these to renal 
function and symptoms of RLS and disturbed sleep. Few individuals with >40 PLMs had 
symptoms characteristic of RLS (13 of 23).  Individuals with high and low numbers of PLMs 
could not be distinguished by difficulties in staying asleep, daytime sleepiness or fatigue. 
 
Edinger et al.291 studied 20 patients who had complaints of insomnia. Using ambulatory PSG 
recording during three consecutive nights, they found that 11 were suffering from PLMs. Ten of 
the 20 patients experienced four or more first-night effects and there was intrasubject variability 
for sleep parameters, suggesting the need for >1 night of PSG tests.  
 
Also cited in the ASDA review is a study by Buysse et al. that focused on the classification of 
clinical diagnoses in 216 patients with insomnia.292 On the basis of interviews by sleep 
specialists, before PSG, there was one primary diagnosis of PLMD, but 56 instances where 
PLMD was given as a secondary or rule-out diagnosis.  
 
Allan and Early293 found NSD between the number of PLMs of 30 patients with RLS (given as 
40 in the text ASDA text39) and 16 patients with PLMD, though those with RLS had a 
significantly higher percentage of PLMs associated with arousals. This study is cited as an 
example of the response of PLMD to pharmacologic treatment, though in this case, augmentation 
of RLS with carbidopa-levodopa presented an adverse effect. Finally, a paper by Yamashiro and 
Kryger294 reported on the use of CPAP in 15 patients with sleep-disordered breathing and PLMs. 
The PLMI decreased significantly in this group after CPAP treatment (baseline, 17.8±10.1; 
CPAP, 9.2±5.7; p<0.05). 
 
Relevance to recommendations 
The cited material provides reasonable indications that the diagnosis of RLS can be adequately 
undertaken outside the sleep laboratory. There is also evidence, from case series, of the 
unreliability of sleep studies for diagnosing RLS. No evidence is available to support 
recommendations on the wider use of PSG given in one guideline. 
 
There are indications of the diagnostic increment provided by PSG in the investigation of 
PLMD, though from studies of generally modest quality and power. 
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APPENDIX 20: Identified Guidelines and Recommendations for 
Parasomnias and Sleep-related Epilepsy   

1.  International League against Epilepsy, 200240 
 
Recommendations 
• Sleep recordings can increase the accuracy of epilepsy diagnoses when standard EEG fails to 

show any epileptiform activity and the level of clinical suspicion justifies this investigation. 
• PSG should always be used for all-night recordings to record epileptic nocturnal activity and 

to differentiate this activity from non-epileptic events.   
 
Evidence 
No supporting evidence is cited in the document. 
 
2.  ASDA, 199723,39 
 
Recommendations 
• PSG, including video recording and additional EEG channels in an extended bilateral 

montage, is routinely indicated to assist with the diagnosis of paroxysmal arousals or other 
sleep disruptions thought to be seizure-related, when the initial clinical evaluation and results 
of a standard EEG are inconclusive. 

• PSG is indicated when evaluating patients with sleep behaviours suggestive of parasomnias 
that are unusual or atypical. 

• PSG may be indicated in situations with forensic considerations, (e.g., if onset follows 
trauma or if the events themselves have been associated with personal injury). 

• PSG may be indicated when the presumed parasomnias or sleep-related epilepsy does not 
respond to conventional therapy. 

• PSG is not routinely indicated in cases of typical, uncomplicated and non-injurious 
parasomnias when the diagnosis is clearly delineated or for patients with epilepsy who have 
no specific complaints consistent with a sleep disorder.   

 
Evidence 
Twenty-seven references cited to support the use of PSG, including electroencephalography 
(EEG), equipped with or without video recording, to diagnose and monitor parasomnias and 
sleep-related epilepsy are summarized below.  In addition, the ASDA publication cites two 
reviews and five primary studies to support the diagnosis of uncomplicated parasomnias on the 
basis of historic clinical features and a retrospective study commenting on the limited direct 
evidence supporting diagnosis of sleep-related epilepsy by PSG. These publications have not 
been reviewed in detail for this report. 
 
Sleep-related injury: The review of three studies on PSG diagnosis of parasomnias and sleep-
related injury295-297 is summarized in Table 1.  
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Table 1: Studies on sleep-related injury 
 

Study Population Approach Findings Comments 
Schenck295 100 consecutive 

adults (seen 
during 6 years) 
complaining of 
repeated 
nocturnal injury 
to themselves or 
their bed 
partners 

PSG and clinical 
evaluation using  
questionnaire, 
psychiatric 
interviews before 
PSG, MSLT for 
patients with 
suspected EDS 

PSG identified 5 
diagnostic categories in 
91 patients: night 
terrors and 
sleepwalking (n=54), 
REM sleep behaviour 
disorders (n=36), 
dissociative disorders 
(n=7), nocturnal 
seizures (n=2) and sleep 
apnea (n=1) 

PSG studies 
established 
diagnosis in 65 
patients and 
strongly supported 
clinical diagnosis 
in 26  
 

Aldrich296 122 patients (65 
children, 57 
adults) with 
suspected 
parasomnias 

Video-EEG 
polysomnography 
(VPSG) for 1 
(n=106) or 2 
(n=16) nights 

VPSG provided 43 
(35%) studies leading to 
definite diagnosis,  
37 (30%) studies 
supporting specific 
diagnosis and 42 (34%) 
inconclusive studies, 
VPSG was useful 
diagnostically in 28 of 
36 patients who had 
known epilepsy 

VPSG, with 
capability for EEG 
analysis at 30 mm/s, 
can provide useful 
diagnostic 
information in up 
to 2/3 of patients 
with variety of 
unexplained 
nocturnal 
movements or 
behaviours 

Guilleminault297 41 subjects with 
complaint of 
nocturnal 
wandering; 29 
(19 men) 
classified as 
“violent group” 
and 12 (5 men)   
as non-violent 
group  

PSG, wake and 
sleep EEGs, 
ambulatory EEG in 
home environment; 
clinical interviews, 
psychiatric 
evaluations 

PSG was useful in 
making presumptive 
diagnosis of sleep 
disordered breathing 
(4/41), REM behaviour 
disorder (3/41), 
somniloquy (11/41), 
limb movements (4/41) 
and abrupt sitting up in 
bed (4/41) occurred in 
stages 3 to 4 NREM 
sleep; several subjects 
had normal PSG 
monitoring; no full 
parasomnia events in 
the laboratory 

Study suggests 
nocturnal PSG 
alone not helpful in 
defining nocturnal 
wandering; 
repeated 
ambulatory 
monitoring, in 
home environment 
if possible, is 
helpful diagnostic 
tool 

EDS=excessive day time sleepiness; EEG=electroencephalography; MSLT=multiple sleep latency test; NREM=non-rapid eye 
movement; PSG=polysomnography; REM=rapid eye movement; VPSG=video polysomnography. 
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Somnambulism: Somnambulism (sleepwalking) and sleep night terrors are defined as “disorder 
of arousal, not of sleep, arising out of slow-wave sleep (stages 3 and 4), associated with body 
movement, intense autonomic activation, mental confusion and disorientation, autonomic 
behaviour, relative non-reactivity to external stimuli, poor response to efforts to provoke 
behavioural wakefulness, retrograde amnesia for many intercurrent events and fragmentary or no 
recall of apparent dreams.”298 
 
Table 2 summarizes 12 studies on sleepwalking cited by the ASDA review.39 
 

Table 2: Studies on somnambulism (sleepwalking) 
 

Studies Population Approach Findings Comments 
Jacobson299 9 subjects who 

had most 
frequent sleep 
walking, 
selected from 
40 purported 
sleepwalkers 

Prospective 
study using 
continuous 
EEG recording 

Sleepwalking incidents 
occurred during slow-
wave sleep and were 
unrelated temporally to 
REM periods; 
typically, incidents 
began during stages 3 
or 4 of sleep.  

Indicated assumed 
association 
between dreaming 
and sleepwalking 
is questionable  

Kales300 4 sleepwalkers 
(age 9 to 11 
years) and 4 
normal children 
(age 7 to 11 
years)  

All-night EEG 
recordings 

All sleepwalking 
incidents occurred in 
slow-wave sleep 
(NREM), typically 
stages 3 and 4, and not 
during REM sleep;  
abundant occurrence of 
paroxysmal, high-
voltage bursts of delta-
frequencies during 
slow-wave 
sleepwalkers, but not in 
normal controls  

Overlap population 
from Jacobson;299 
small number of 
participants 

Fisher301 11 subjects 
suffering from 
stage 4 night 
terrors.  

EEG, EKG, 
respiration, eye 
movements 
observed for 
periods varying 
from 4 to 19 
nights, for total 
of 101 nights 

11 subjects had 12 
spontaneous stage 3 to 
4 night terrors during 
101 nights (range 1 to 
38); stage 4 arousals 
designated as night 
terrors are preceded by 
longer periods of stage 
4 than arousals of 
lesser intensity; about 
2/3 of stage 4 and night 
terrors occur in first 
NREM period 
 
 

Considered 
physiological 
aspects of night 
terrors; about 2/3 
night terrors arose 
in first NREM 
period; little direct 
relevance to 
recommendations 
on sleep laboratory 
use 
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Studies Population Approach Findings Comments 
Fisher302 Case series of 6 

patients 
suffering from 
night terrors, 
age 27 to 34 
years  

EEG, EKG, 
respiration, eye 
movements 
observed  

Diazepam treatment 
decreased stage 4 more 
rapidly and steeply than 
decline in incidence of 
night terrors  

Small series; 
concerned with 
suppression of 
night terrors using 
pharmaceuticals; 
little relevance for 
recommendations 
on sleep 
laboratories 

Vela303 Study on 6 
children 
suffering from 
night terrors  

PSG during 
several nights 
while being 
treated with 
bromazepam 

PSG recordings 
showed slow-wave 
sleep (stages 3 and 4) 
reduced on third night 
of drug’s 
administration and was 
maintained after drug 
was discontinued; other 
sleep parameters not 
significantly affected 

Effect of drug 
therapy on night 
terror episodes 
inconclusive 
because of small 
number of 
participants and 
short duration of 
study; no relevance 
to recommenda-
tions on sleep 
laboratory use 

Halasz304 9 persons (age 
15 to 35 years, 
mean age 23.4 
years) suffering 
from 
sleepwalking or 
night terrors 
and 8 age- and 
gender-matched 
healthy subjects 
as controls 

PSG during 
first night of 
sleep in sleep 
laboratory 

Number of 
microarousals 
significantly larger in 
patient group than in 
controls, owing to 
elevation of the number 
of micro-arousals 
preceded by EEG slow-
wave synchronization 
(MAS)  in NREM sleep 
(stages 3 to 4) 

No DoA events 
recorded by PSG; 
high frequency of 
MAS a potential 
marker for 
confusional 
awakenings 

Crisp305 12 patients 
referred 
consecutively 
to a clinic; 6 
diagnosed with 
sleepwalking 
and 6 with 
night terrors  

10 of 12 
patients 
subjected to 
psychological 
measurement 
through 
questionnaires 
and experien-
tial index; also 
underwent all-
night PSG 

Of 5 sleepwalkers 
studied, 4 showed  shift 
from stage 4 sleep to 
arousal; 3 of 5 patients 
with night terrors 
showed a shift from 
stage 4 to arousal 

Use of PSG in 
diagnosis is 
secondary; 
findings are 
therefore of 
limited relevance 

Whyte306 10 adults with 
complaints of 
sleep walking  

All subjects 
completed 
sleep 
questionnaires 
and underwent 

Sleepwalking observed 
almost exclusively in 
deep NREM sleep;  41 
events (86%) initiated 
from stage 4 sleep, 2 

Sleepwalking not 
confined to first 
third of night, as 
reported by others; 
small number of 
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Studies Population Approach Findings Comments 
PSG studies from stage 3 (5%) and 

4 from stage 2 (9%); no 
unusual activity seen 
with REM 

participants 

Popoviciu307 27 patients with 
parasomnias 
(night terrors, 
nocturnal motor 
automatisms, 
nocturnal 
verbal 
automatisms 
and bruxisms) 
associated with 
magnesium 
deficiency 

PSG and video 
during one 
night 

EEG abnormalities 
occurring in slow-wave 
sleep (especially in the 
stages 1b, 2 and 3) with 
disappearance in REM 
sleep  

Selected cases of 
patients with 
magnesium 
deficiency; control 
values for PSG 
from earlier 
studies, little 
relevance to 
recommendations 
on sleep 
laboratories 

Montagna308 6 patients 
complaining of 
troublesome 
awakenings 
during night 
resulting in 
poor sleep and 
daytime 
tiredness 

PSG  PSG showed 
paroxysmal short-
lasting arousals slow-
wave (NREM) sleep, 
associated with 
complex movements 
and autonomic 
activation; no tonic 
discharges shown on 
ictal and interictal 
EEG, except 1 patient 
had tonic-clonic seizure 
during sleep  

Authors suggested 
these paroxysmal 
arousals resemble 
other NREM 
parasomnias such 
as pavor nocturnus 

Blatt309 24 sleep 
walkers, mean 
age 19.5 years 
and 12 controls 
who had 
normal sleep, 
mean age 26.1 
years 

All-night PSG; 
those analyzing 
records blinded 
to patients’ 
classification 

As compared with 
controls, sleepwalkers 
had more epochs 
containing 
hypersynchronous delta 
wave (HSD) 
(59.6±60.1 versus 
1.7±3.2), higher 
proportion of HSD to 
total time spent in stage 
3 to 4 (24.9±21.1% 
versus 1.1±2.0%), more 
stage 3 to 4 sleep 
interruptions (8.4±5.7 
versus 3.7±1.7) and 
larger proportion of 
sleep time in stage 3 to 
4 (30.6±11.7% versus 
22.6±6.8%).  

Sensitivity and 
specificity of PSG 
recordings remain 
to be investigated; 
suggested as easy 
to use variables to 
characterize adult 
sleepwalking 



 138

Studies Population Approach Findings Comments 
Llorente310 11 patients 

from medically 
affiliated sleep 
disorders 
program who 
were identified 
with night 
terrors 

Retrospective 
chart review 
and structured 
clinical 
interview; 
10 patients had 
PSG 
evaluation, 6 
agreed to 
interview 

PSG documented EEG 
arousals in 10 patients, 
9 of these from slow-
wave (NREM) sleep; 
none met criteria for 
panic disorders and 
night terror events 
typically dissociated 
from psychiatric 
disorders 

Events that occur 
in NREM sleep 
can be detected by 
PSG; small 
number of 
participants; 
limited 
generalizability 

Moldofsky311 64 consecutive 
patients (63 
adults) referred 
for investigation 
of sleepwalking 
or sleep terrors;  
categorized 
according to 
clinical history 
into three 
groups: serious 
violence during 
sleep to other, 
property or self; 
harmful, but not 
destructive 
behaviour; non-
violent 
behaviour  

PSG for 1 night 
and medical-
psychiatric 
examination 

During PSG, 20 
patients showed sudden 
behavioural arousal 
from stage 2 or slow- 
wave (stages 3 and 4) 
sleep. 2 patients 
showed arousal with 
vocalizations from 
REM sleep, but both 
also showed arousals 
from stage 2 or 4 
NREM sleep on the 
same night  

Being male and 
having <2% stage 
4 sleep in 
overnight PSG 
yielded 89% 
sensitivity, 80% 
specificity for 
identifying 
individuals who 
were violent to 
others 

DoA=disorders of arousal; EEG=electroencephalography; EKG=electrocardiogram; HSD=hysynchronous delta wave; MAS= 
microarousals preceeded by EEG slow-wave synchronization; NREM=non-rapid eye movement; PSG=polysomnography;  
REM= rapid eye movement. 
 
Rapid eye movement behaviour disorder: The minimum criteria for rapid eye movement 
behaviour disorder (RBD) are elevated submental electromyography (EMG) tone and/or 
excessive phasic submental and/or limb EMG twitching; abnormal REM sleep behaviours during 
PSG (prominent limbs or truncal jerking; complex, vigorous or violent behaviours) or a history 
of injurious or disruptive sleep behaviours; and absence of EEG epileptiform activity during 
REM sleep. The findings of eight cited studies are summarized in Table 3. 
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Table 3: Studies on rapid eye movement behaviour disorder 
 

Studies Population Approach Findings Comments 
Schenck312 Case series of 4 

men and 1 woman 
having aggressive 
behaviour during 
sleep 

Overnight 
PSG 

PSG did not detect 
seizures, but did show 
REM sleep pathology 
with variable loss of 
chin atonia, 
extraordinary increased 
limb-twitch activity  
and increased REM 
ocular activity and 
density  

Authors 
suggested these 
REM sleep 
behavioural 
disorders 
constitute another 
category of 
parasomnias 

Sforza313 6 patients with 
characteristic 
episodes of 
behavioural 
disorders during 
REM sleep 

VPSG PSG data showed a 
decrease in first REM 
latency, an absence of 
stage 4 of NREM, 
altered phasic motor 
activity and behavioural 
episodes during REM 
sleep, even with normal 
chin muscle atonia, 
which appears to be a 
special case of RBD  

PSG diagnostic 
in all cases 

Culebras314 6 patients with 
characteristics of 
RBD, referred 
during 2 years. 

Overnight 
PSG, plus 
head MRI 

PSG recordings revealed 
no muscle atonia and 
intermittent surges of 
muscle tone during 
segments of REM sleep 
in all patients. Aperiodic 
clonic activity of limb 
muscles and motor 
restlessness was 
prevalent during REM 
stages in all patients 
although periodic (leg 
myoclonus) and 
aperiodic muscle activity 
(twitches, jerks) were 
also observed in NREM 
sleep  

PSG indicated 
EMG elevations 
in all patients 

Schenck315 Retrospective 
study, 70 
consecutive 
patients 
previously 
diagnosed with 
RBD during a 6.5 
year period  

PSG, sleep-
wake 
interview, 
MSLT (in 
some 
cases), 
neurologic 
evaluation, 

Both sleep architecture 
and customary cycling 
among sleep stages were 
generally well 
preserved; REM sleep 
percentage was elevated 
and REM sleep latency 
was reduced in 43% and 

All PSGs 
demonstrated 
EMG elevation 
during REM 
sleep; EMG 
activity during 
NREM sleep;  
authors suggested 
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Studies Population Approach Findings Comments 
psychiatric 
evaluation 

66% of the patients, 
respectively; REM 
atonia was lost in RBD 
patients; slow-wave 
(stage 3/4) sleep 
percentage was  
elevated in most  
patients  

PSG 
confirmation of 
diagnosis RBD is 
required before 
treatment 

Tachibana316 7 healthy elderly 
people, 
complaining of 
nocturnal 
sleepwalking 
behaviours; 14 
controls.  

PSG PSG data revealed 
presence of “stage 1-
REM with tonic EMG 
activity” (equivalent to 
REM sleep without 
muscle atonia), 
sometimes accompanied 
with abnormal behaviour 
in first group; NSD of 
sleep architecture and 
parameters between two 
groups, except presence 
of higher REM density 
in group of elders 
complaining of 
nocturnal sleepwalking-
like behaviours 

Small number of 
participants. 

Schenck317 Retrospective 
study of 20 
patients with 
complaints of 
injurious, sleep- 
related behaviours 
who were 
admitted to ICU 
while their 
parasomnias were 
active 

PSG PSG studies diagnosed 
17 of 20 patients (85%) 
with REM sleep 
behaviour disorder 
(vigorous dream 
enactment during REM 
sleep and lack of 
evidence of seizure 
activity on EEG) and 3 
of 20 patients (15%) 
with night terrors or 
sleepwalking (complex 
behaviour or abrupt 
arousals arising from 
NREM sleep) 

Selected and 
specific 
population. 
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Studies Population Approach Findings Comments 
Lapierre318 5 adult RBD 

patients and 5 
normal controls  

PSG; 
recorded 
tonic and 
phasic EMG 
events  

PSG recordings showed 
tonic EMG activity 
occurred during >94% of 
total REM time in RBD 
patients while normal 
controls had no tonic 
EMG activity during 
REM sleep; REM 
density in RBD patients 
was similar to controls; 
sleep variables not 
statistically different 
between RBD patients 
and normal controls; 
clonazepam treatment 
reduced stage 3 and 4 of 
NREM sleep, increased 
REM sleep, reduced 
REM density and phasic 
submental EMG  
density 

Controlled 
prospective 
study; small 
number of 
participants; 
quantitative 
scoring of EMG 
activity 

Schenck319 96 patients 
diagnosed with 
RBD during 9 
year period 

Review of 
PSG and 
other 
findings, 
comparison 
with 
reported 
data from 
other 
centres 

80% prevalence of 
elevated percentage of 
stage 3/4 (slow-wave) 
sleep; 61.4% periodic 
and 37.5% aperiodic 
limb movements during 
NREM sleep 

Review updating 
number of RBD 
cases diagnosed 
at the sleep 
disorders center 
of authors 

EMG=electromyography; ICU=intensive care unit; MRI=magnetic resonance imaging; MSLT=multiple sleep latency test; 
NREM=non-rapid eye movement; NSD=no significant difference; PSG=polysomnography; RBD=rapid eye movement 
behaviour disorder; REM=rapid eye movement; VPSG=video polysomnography. 
 
Other parasomnias: There were three studies on other parasomnias, some associated with 
epilepsy, which are summarized in Table 4.  
 
Video-EEG telemetry: The ASDA review also refers to the use of video-EEG telemetry, which 
gives similar EEG coverage and video capability to VPSG, without being able to record sleep 
staging, respiratory movements or limb movements. One study is referred to as an example in 
Table 5. 
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Table 4: Studies on other parasomnias 
 

Studies Population Approach Findings Comments 
Pedley320 6 patients between 17 

and 32 years with 
unusual sleepwalking 
episodes characterized 
by screaming or 
unintelligible 
vocalizations 

>1 night 
polygraphic 
monitoring 
plus separate 
EEG 
investigation 

PSG revealed all 
patients had normal 
waking-sleep cycles, but 
4 patients had 
epileptiform 
abnormalities on EEG; 
treatment with  
phenytoin or 
carbamazepine 
eliminated abnormal 
nocturnal behaviours 

Small number of 
participants 

Maselli321 12 patients (age 19 to 
29 years) with 
episodic nocturnal 
wanderings 
characterized by 
frequent attacks of 
screaming, ambulation 
and complex 
automatisms during 
sleep; none had 
history of seizures, 3 
had history of 
parasomnias and 4 had 
family members with 
history of parasomnias 

PSG and  
daytime EEG 

Potentially epileptiform 
activity in 4 patients; 
attacks conclusively 
epileptic in origin and 
were unaccompanied by 
ictal EEG patterns; 
anticonvulsant 
medication reduced or 
eliminated attacks in 
treated patients  

Nocturnal 
distribution and 
frequency of 
attacks variable 
in this group and 
were not 
diagnostic 

Plazzi322 4 patients complaining 
of stereotyped 
paroxysmal 
ambulation and other 
complex motor 
activities during sleep  

Video-PSG Video-PSG monitoring 
demonstrated ictal 
epileptic discharges at 
onset of sleepwalking 
episodes. All patients 
displayed minor motor 
episodes resembling 
short nocturnal 
paroxysmal dystonia 
attacks and paroxysmal 
arousals; clinical aspects 
represented the same 
epileptic syndrome with 
variable presentations 

Small number of 
participants 

EEG=electroencephalography; PSG=polysomnography. 
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Table 5: Study on video-EEG telemetry 
 

Study Population Approach Findings Comments 
Nousianen323 64 patients with 

intractable seizure 
disorders 

Routine 
EEG, 
ambulatory 
EEG and 
intensive 
video 
monitoring 

When reduction or 
withdrawal of 
antiepileptic drug used 
to activate seizures, 
ictal ambulatory EEG 
or intensive video 
monitoring recordings 
identified 89% (57 out 
of 64 patients);  
intensive EEG-video 
recordings most 
successful when 
clinical events frequent 
or inducible; combined 
routine and ambulatory 
EEG findings also 
successful in diagnosis 
of epilepsy and seizure 
classification 

Intensive EEG 
video recordings 
or combination of 
routine and 
ambulatory EEG 
recordings 
suggested to be 
useful in 
diagnosis of 
epilepsy and 
seizure 
classification 

 
3.  CPSO, 199619  
The CPSO document lists suggested indications for full PSG in parasomnias as rule out sleep-
related seizures, potentially violent or injurious behaviours, EDS, disruption of other household 
members and a history which suggests sleep apnea, to confirm the presence of REM sleep 
behavioural disorder and features suggestive of Munchausen’s by proxy. Five review articles are 
cited in support. 
 
Relevance to recommendations 
The findings of most cited studies provided an indication that PSG, including video-EEG 
recordings, assisted in the diagnosis of parasomnias, including sleepwalking or night terrors, 
RBD and sleep-related epilepsy. PSG diagnostic criteria for each sleep disorder appear to be 
established and distinct. Drug treatment of parasomnias often yielded favourable results and PSG 
confirmation of the diagnosis is needed before treatment.  
 
The quality of the cited evidence is limited. There are five small non-randomized comparative 
studies, not all with well matched controls and 22 case series, most with few patients.  
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APPENDIX 21:  Identified Guidelines and Recommendations 
Circadian Rhythm Disorders    

1. ASDA, 199723,39  
 
Recommendation 
• PSG is not routinely indicated for the diagnosis of circadian rhythm sleep disorders. 
 
2. CPSO, 1996 19 
 

Recommendation 
• PSG is useful when the diagnosis is persistent circadian rhythm disorders, such as delayed 

phase syndrome. However, sleep diaries and actigraphy may be more economic in the 
assessment of chronic circadian rhythm disturbances. 

 
3. Canadian Sleep Society/Canadian Thoracic Society, 199610  
 
Recommendation 
• Indications [for PSG] can be considered under four broad headings… disorders of the timing 

of the main sleep period (circadian sleep disorders). 
 
Evidence 
The ASDA review cites three studies on circadian rhythm sleep disorders where there was 
consideration of the diagnostic value of the testing procedure. All studies had small sample sizes 
and inherent population biases.324-326 None related to the use of sleep laboratories for routine 
diagnosis. The ASDA states the studies that used PSG to evaluate circadian rhythm sleep 
disorders found it useful in identifying sleep-structure changes, but none demonstrated a value 
for PSG in recognizing specific circadian rhythm sleep disorders or in directing treatment.  
 
The CPSO document refers to a recommendation in the 1995 ASDA guideline on the use of PSG 
in the evaluation of insomnia,48 which follows a review by Reite et al.49 Reite et al. suggested 
that PSG could be helpful in cases where a delayed sleep phase syndrome occurs with another 
sleep disorder. No direct evidence is cited. The CPSO conclusions on the use of sleep diaries and 
actigraphy are based on consensus.  
 
No evidence is cited by the other Canadian guideline. 
 
Relevance to recommendations 
There is an absence of evidence to support the use of PSG in the management of circadian 
rhythm disorders. 
 
 
 


