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Introduction

Sleep disordered breathing (SDB) comprises a number 
of sleep related breathing disturbances: snoring, the 
obstructive sleep apnoea/hypopnea syndrome (OSAHS), 
central sleep apnoea (CSA), hypoventilation syndromes and 
other rarer forms of disturbed breathing (1).

The commonest form of sleep disordered breathing 
within industrialised communities is the OSAHS affecting 
at least 2-4% of the middle aged population (2). The 
definition of OSAHS is made on the basis of symptoms of 
daytime sleepiness and objective measures of disordered 
breathing during sleep. Recurrent upper airway (UA) 
obstruction during sleep, resulting in repetitive apnoeas 

accompanied by oxygen desaturation and arousal from sleep 
is the chief diagnostic characteristic of OSAHS (2). 

OSAHS leads to widespread physiological changes which 
may contribute to the development of both cardiovascular 
and cerebrovascular morbidity (2), in addition to diurnal 
sleepiness and cognitive impairment. Currently, the 
standard treatment for moderate to severe OSAHS is 
in the form of splinting the airways mechanically using 
compressed air delivered through a nasal or full face mask 
worn during sleep [continuous positive airway pressure 
(CPAP)] (2).

Table 1 lists the current classification of breathing 
disturbances during sleep according to the International 
Classification of Sleep Disorders 3rd edition (ICSD-3),  
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published in 2014 (1). The clinical presentation and 
diagnostic criteria of abnormal breathing in sleep are 
different for adult and paediatric cases. In this review the 
focus will be on sleep disordered breathing in adults, in 
particular, OSAHS, CSA and sleep related hypoventilation 
syndromes.

Clinical assessment of sleep related breathing 
disorders

The obstructive sleep apnoea/hypopnoea syndrome

The pathophysiology of OSAHS is based in UA occlusion 
during sleep (3). Occlusion of the UA is termed an apnoea 
if complete and hypopnoea if partial (see Figure 1).  
An obstructive apnoea is defined as a cessation of 
airflow with continued effort for at least 10 seconds. 
Apnoeas/hypopnoeas are often, associated with an 
electroencephalographic (EEG) arousal at their termination 
and with a  drop in oxygen saturat ion (4-7) .  The 
standardisation of hypopnoea definitions has fluctuated over 
time. However, the definition adopted by the American 
Academy of Sleep Medicine (AASM) in 2007 is a 30-50% 
reduction in thoraco-abdominal movement for at least  
10 seconds from the preceding stable baseline with either 
an accompanying 3% or 4% desaturation or an arousal (5). 
In reality, a number of definitions are likely to be in current 
use, some idiosyncratic to a given sleep laboratory and 
potentially encompassing older definitions of hypopnoeas, 
including the ‘Chicago Criteria’ and a definition provided by 
the 2001 AASM position paper (8). Thus, the effect on the 
overall apnoea/hypopnoea index (AHI) which is the metric 
employed to define OSAHS severity, is highly variable and 
several studies have demonstrated that diagnosis can differ 
as a result (9,10). The American Academy of Sleep Medicine 
Task Force in 1999 (4) defined OSAHS severity on the basis 
of two components: severity of daytime sleepiness and the 
AHI. Sleepiness and breathing events are rated separately. 
Sleep-related obstructive breathing events are rated as mild 
(5-15 events per hour of sleep), moderate (15-30 events per 
hour of sleep) or severe (greater than 30 events per hour of 
sleep) (4). This largely constitutes a good general working 
definition of the disorder but does not account for age- or 
gender-related changes in sleepiness and sleep-disordered 
breathing. It is important to note, that there are very few 
normative data for either the general population, let alone 
more specific populations e.g., the elderly, people with 
intellectual disability (3). 

Presenting symptoms of OSAHS can be divided into 
those that manifest themselves during sleep and those 
which are present during wakefulness (Table 2). The most 
common complaint is excessive day time sleepiness (EDS). 
A multi-centre cohort study published in 2008 suggested 
that apnoea and sleep disruption were not the primary 
determinants of EDS, although patients with EDS had 
longer sleep duration, increased slow wave sleep and sleep 

Table 1 Classification of sleep related breathing disorders 
according to the ICSD-3 classification of sleep disorders manual (1)

Disorder
ICD-10-CM 

code

Obstructive sleep apnea disorders

Obstructive sleep apnea, adult G47.33

Obstructive sleep apnea, pediatric G47.33

Central sleep apnea syndromes

Central sleep apnea with Cheyne-Stokes 

breathing

RO6.3

Central  apnea due to a medical disorder

without Cheyne-Stokes breathing G47.37

Central sleep apnea due to high altitude 

periodic breathing

G47.32

Central sleep apnea due to a medication or 

substance

G47.39

Primary central sleep apnea G47.31

Primary central sleep apnea of infancy P28.3

Primary central sleep apnea of prematurity P28.4

Treatment-emergent central sleep apnea G47.39

Sleep related hypoventilation disorders

Obesity hypoventilation syndrome E66.2

Congenital central alveolar hypoventilation 

syndrome

G47.35

Late-Onset central hypoventilation with 

hypothalamic Dysfunction

G47.36

Idiopathic central alveolar hypoventilation G47.34

Sleep related hypoventilation due to a 

medication of Substance

G47.36

Sleep related hypoventilation due to a medical 

disorder

G47.36

Sleep related hypoxaemia disorder

Sleep related hypoxaemia G47.36

Isolated symptoms and normal variants

Snoring R06.83

Catathrenia

ICSD, International Classification of Sleep Disorders 



1375Journal of Thoracic Disease, Vol 7, No 8 August 2015

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2015;7(8):1373-1384www.jthoracdis.com

fragmentation (11).
EDS can be a symptom of many different pathologies. 

Important differential diagnoses for EDS include: sleep 
deprivation, metabolic disorders and depression (Table 3).  

Nocturnal symptoms of OSAHS are sometimes apparent to 
the patient but generally are reported by the bed partner. 
Most commonly reported are snoring, snorting, choking 
attacks terminating a snore and apnoeas. An absence of 
snoring does not exclude a diagnosis of OSAHS, but 
virtually all patients snore. Apnoeic episodes are reported 
by approximately 75% of bed partners. Many patients 
report waking up with choking or gasping but remain 
unaware of their disordered breathing. Those who are 
aware of these events sometimes choose to delay sleep onset 
and can present with ‘paradoxical insomnia’. A number of 
clinical features are associated with OSAHS; many occur 
in combination and may also be subtle (Table 4). The 
predictive value of any single feature is limited (12).

When considering the clinical presentation of OSAHS, 
it should be borne in mind that the bulk of the scientific 
literature has to date focussed on middle-aged men who 
have for the most part been overweight. The female 
phenotype is less clearly defined and male bed partners 
are less likely to report snoring and apnoeas to a health 
professional. Female OSAHS patients may present with less 

Figure 1 Five-minute page from a polysomnogram showing obstructive apnoeas (Ob.A) recorded on thoracic, abdominal bands and airflow 
associated with desaturation and arousals at the termination of the events on electroencephalogram. ECG, electrocardiogram; EMG, 
electromyogram; EOG, electro-oculogram; EEG, electroencephalogram; SaO2, pulse oximetry saturation; Thor Res, thoracic band; Abdo 
res, abdominal band.

Table 2 Symptoms of the obstructive sleep apnoea/hypopnoea 
syndrome

During sleep Awake

Non-restorative sleep Daytime sleepiness

Witnessed apnoeas by bed partner Lack of concentration

Awakening with choking Cognitive deficits

Nocturnal restlessness Changes in mood

Vivid dreams Morning headaches

Gastroesophageal reflux Dry mouth

Insomnia with frequent 

awakenings

Impotence or decreased 

libido

Nocturia

Hypersalivation

Diaphoresis
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typical and more diffuse signs such as headache, insomnia 
and mood disturbances (13). Age at presentation will also 
determine clinical symptoms. Younger patients may have 
behavioural and cognitive disturbances, rather than EDS as 
a primary presenting feature. In the elderly, co-morbidities 
and lifestyle changes (e.g., diurnal napping) may cloud 
symptomatology (14). Patients with intellectual disability 
may have presenting features more akin to children with 
OSAHS (15).

Clinical examination of a patient presenting with a 
history of obstructive respiratory events during sleep 
should include cardio-respiratory auscultation, blood 
pressure measurement, examination of the oral cavity, 
noting the presence of teeth and dentures. It is also highly 

Table 3 Differential diagnosis of excessive daytime sleepiness

Obstructive sleep apnea/hypopnea syndrome (OSAHS)

Upper airway resistance syndrome (UARS)

Narcolepsy—central nervous system hypersomnolence

Periodic leg movements during sleep

Insufficient sleep syndrome

Alcohol, medication and drug use

Schedule disorders/shift work

Chronic pain and discomfort

Delayed sleep phase syndrome

Severe lung disease

Neuromuscular disease

Metabolic abnormalities

Vitamin and trace element deficiencies (if profound)

Depression 

Table 4 Commonly encountered clinical features of obstructive 
sleep apnoea/hypopnoea syndrome

Obesity (particularly central, BMI >30 kg/m2)

Large neck circumference (>40 cm)

Narrow mandible, narrow maxilla

Retrognathia

Dental malocclusion, overbite

Reduced nasal patency

High and narrow hard palate

Elongated and low-lying uvula

Enlarged tonsils and adenoids

Macroglossia

recommended to comment on tonsil size, tongue size 
and architecture of the hard palate and faucial pillars. 
A simple way of recording this information is by using 
the Mallampati score, first devised for assessing ease of 
intubation of patients for purposes of anaesthesia (16). 
There have been several studies now which have shown 
an independent association between Mallampati score and 
presence or severity of OSAHS (17). Another score which 
is also useful is the Friedman score, used more frequently 
within Ear Nose and Throat practice (18).

Since OSAHS is an independent risk factor for 
hypertension and may contribute to and co-exist with a 
number of co-morbidities, it is now increasingly being 
recommended, that these should be examined for and 
addressed as well. A suggested approach would include 
screening for at least the following: hypertension, 
cardiac hypertrophy and atrial fibrillation, evidence of 
atherosclerosis (coronary or peripheral), COPD, depression, 
obesity (waist/hip ratio; plasma lipids, hepatic enzymes, liver 
ultrasound), Type II diabetes mellitus, insulin resistance and 
metabolic syndrome. 

History and clinical examination alone, including blood 
pressure and body mass index (BMI) measurement can 
predict the presence of OSAHS in about 50% of patients 
attending a specialised sleep clinic (12). Further, definitive 
diagnosis requires additional monitoring during sleep.

Central sleep apnoea (CSA)

Overall, 10% of breathing disturbances during sleep are 
secondary to CSA (1). CSA is commoner in the elderly 
population and in males (19). The reason for this observation 
may lie in the fact that women have a lower apnoeic threshold 
which stabilises respiration (20). 

CSA is defined by recurrent cessation of airflow with 
simultaneous cessation of respiratory effort (5,6,7). The 
primary pathophysiology is related to a reduction in or 
complete lack of ventilator drive/impulse generation. 
Table 5 lists the commonest causes of CSA, including 
hypoventilation syndromes (discussed below). 

The term CSA includes a number of different disorders 
characterised by either hypo- or hyperventilation and sensitivity 
to carbon dioxide (CO2). These are primary CSA, Cheyne-
Stokes respiration (CSR), CSA secondary to high-altitude 
(periodic breathing), CSA secondary to brain-stem lesions and 
also secondary to drugs, most commonly opioids (1). 

Clinical presentation of patients with CSA will also 
vary in respect of the underlying disorder, including heart 
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failure, atrial fibrillation (22) and stroke (23), chronic opioid 
use (24), family history, neurological disorder, or immediate 
environmental situation e.g., living at high altitude. 

Generally, the symptoms of CSA are often subtle and 
nonspecific and include frequent awakenings during sleep, 
paroxysmal nocturnal dyspnoea in association with heart 
failure, fatigue and EDS. The latter symptom is often less 
marked than in obstructive sleep apnoea. Snoring is not 
a feature of this condition unless UAs obstruction is also 
present (1).

In clinical practice, the most common form of CSA occurs 
secondary to poorly controlled heart failure (25). In this 
disorder CSR is the primary diagnostic sign (see Figure 2). 
CSR is characterised by recurrent apnoeas and hypopnoeas 
occurring in a crescendo-decrescendo pattern of flow and 
effort. In CSR, cycle-length averages about 60-90 seconds, 
compared to other forms of CSA when it is shorter (26). 

Figure 2 Cheyne-Stokes respiration on a 10-minute page from a polysomnogram during N2 sleep. EMG, electromyogram; ECG, 
electrocardiogram; Thor, thoracic band; Abdo, abdominal band.

Table 5 Physiological classification of CSA based on wakefulness 
CO2 levels (some overlap) [Based on reference (21)]

Hypercapnic CSA

“Won’t breathe”

Brainstem lesions

Congenital central hypoventilation

Opioids

Obesity hypoventilation

“Can’t breathe”

Neuromuscular disorders

Chest wall syndromes

Nonhypercapnic/Eucapnic

Cheyne-Stokes breathing

CSA, central sleep apnoea.
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In CSA, arterial blood gas examination is a useful 
investigative tool. Results can assist with a physiological 
classification based on wakefulness levels of CO2, although 
there is some overlap between the different types of 
disorders. The hypercapnic CSA patients are those who 
“won’t breathe” and include people with brain stem lesions, 
congenital central hypoventilation, opioids and obesity 
hypoventilation. Those who “can’t breathe” are more likely 
to be those with neuromuscular disorders and chest wall 
syndromes. Non-hypercapnic or eucapnic forms of CSA 
include CSR and idiopathic CSA (see Table 5).

Hypoventilation syndromes

The primary pathophysiological trait of hypoventilation 
syndromes is a PaCO2 >45 mmHg on arterial blood gas 
during sleep, which eventually manifests as abnormally 
elevated PaCO2 during wakefulness (1). Arterial oxygen 
desaturations less than 90% for longer than 5 minutes 
during the sleep period with a nadir of less than 85% also 
characterise hypoventilation (27). Hypoventilation first 
becomes apparent in REM-sleep and as it progresses, will 
occur throughout all sleep stages. 

Obesity hypoventilation syndrome (OHS)

OHS deserves special consideration as it is increasingly 
common with a prevalence of patients presenting to sleep 
clinics in industrialised countries ranging from 10% to 
20% (1). Fifty percent of hospitalised patients with a BMI 
of greater 50 kg/m2 are likely to have OHS. An overall 
estimate has suggested that 0.15-0.4% of the population has 
OHS with the incidence increasing as obesity increases in 
the general population. The diagnosis is important in that 
those with OHS have a 23% mortality at 18 months, which 
falls to 3% with appropriate treatment (1,28).

OHS is defined by a BMI greater than 30 kg/m2, 
a PaCO2 >45 mmHg and a FEV1/VC ratio >60% on 
respiratory function testing (1,28). The triad of obesity, 
hypersomnolence and awake hypercapnia in the absence 
of an alternative neuromuscular, mechanical or metabolic 
explanation for hypoventilation are the cornerstones of this 
diagnosis. Eighty to 90% of people with OHS also have 
UAs obstruction (1). 

Generally, patients will report EDS. Other complaints 
include morning headache and loss of appetite in the 
morning which lifts throughout the day, mood disturbances 
and neurocognitive dysfunction (1,28). 

Clinical examination is as above for OSAHS, but in severe 

cases, additional clinical signs should be noted including 
generalised plethora, scleral injection, peripheral oedema and 
signs of right heart failure and pulmonary hypertension (1). 

Apart from arterial blood gases, other investigations 
should include assessment for polycythaemia, performing 
electrocardiogram (ECG) and echocardiography, looking 
for evidence of right ventricular dysfunction or failure, 
pulmonary hypertension and right ventricular hypertrophy. 

Unfortunately, even severe OHS can go undetected 
for long periods of time until a catastrophic event such as 
myocardial infarction or a severe infective illness tips the 
balance into acute-on-chronic respiratory failure requiring 
urgent hospitalisation and high-level care (1,28). 

Objective assessment of respiratory sleep 
disorders

Definitive diagnosis of most respiratory sleep disorders 
requires objective recording and measurement of sleep and 
breathing during sleep, in addition to a measure of daytime 
sleepiness (either objective or subjective) and symptoms of 
sleepiness.

Assessing day time sleepiness

The assessment of sleepiness is complex. Sleepiness per se is 
difficult to define objectively, but can be classified using a 
number of methods: behavioural measures (e.g., observation 
of yawning frequency, actigraphy, facial expression), 
performance tests (e.g., a driving simulator, psychomotor 
vigilant tests and reaction time tests), self-evaluation by 
rating scales [e.g., the Stanford Sleepiness Scale (SSS), 
Epworth Sleepiness Scale (ESS)] or direct electro-
physiological measures (e.g., multiple sleep latency testing 
and multiple wakefulness testing, pupillometry and cerebral 
evoked potentials) (29).

In clinical practice, the most commonly used and best 
validated scale for assessing day time sleepiness is the ESS (30).  
An ESS score greater than 11 out of 24 (maximum score) 
is generally indicative of abnormal levels of daytime 
sleepiness, irrespective of age. The ESS can be applied in 
all disorders of sleepiness, including disorders of central 
hypersomnolence as well as circadian rhythm disorders.

The ESS aims to measure the general level of diurnal 
sleepiness as a stable individual characteristic and has 
satisfactory test/retest reliability. However, it can be 
misinterpreted and the questionnaire itself filled out 
inappropriately by patients, sometimes to minimise 
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symptomatology when a sleep disorder diagnosis might 
potentially threaten livelihood, e.g., a sleepy truck driver 
who then needs annual monitoring of adequate treatment 
of OSAHS to fulfil driving license regulations. A pictorial 
Epworth Sleepiness Score published recently has potentially 
made interpretation of the questions easier (31). However, 
the population in which this version of the ESS is applied 
may not necessarily make this a more workable tool. 

Objective tests of daytime sleepiness include the 
multiple sleep latency test (MSLT) and the maintenance 
of wakefulness test (MWT) (32). The MSLT, originally 
designed to facilitate the diagnosis of narcolepsy, is also 
used in the assessment of disorders presenting with EDS. 
The central premise of the MSLT is that the sleepier a 
subject is, the more quickly he/she will fall asleep (32). In 
respect of routine use in respiratory sleep disorders, it is 
not recommended but can be useful if there are ongoing 
issues with EDS which have not been addressed through 
adequate treatment or when co-pathologies are suspected. 
The MWT measures the ability to stay awake for a defined 
period of time in a laboratory-controlled, stimulus-free 
environment (32). Again, this test is not useful in the 
routine management of respiratory sleep disorders, but can 
be utilised in the context of specific clinical questions e.g., 
has the patient responded sufficiently to treatment? 

A number of additional computer-based assessments of 
visual attention and reaction times such as the OSLER test 
are also available (33). It is important to note, that despite 
their diagnostic usefulness under certain circumstances, 
no test of sleepiness can reliably predict sleepiness and 
performance in real-life situations with certainty.

Recording and measurement of sleep and 
breathing

Overnight polysomnography (PSG) is the most widely 

used method for the diagnosis of sleep related respiratory 
disorders. Currently it is considered the “gold standard” 
by which newer developments in the measurement of 
breathing during sleep have been assessed. Whether this 
is strictly appropriate is debatable. The PSG is designed 
to simultaneously monitor the following physiological 
recordings: nasal and/or oral airflow; thoracoabdominal 
movement; snoring; EEG; electro-oculogram (EOG); 
electromyogram (EMG); oxygen saturation and occasionally 
transcutaneous CO2 (4,6,7).

The recording of  any abnormal movements by 
additionally using video may help identify changes in 
airflow or desaturations. Signal collection and interpretation 
are usually computerised, but manual scoring of the trace 
should still be performed using guidelines for interpretation 
of the EEG (4,6,7). The scoring of respiratory and other 
events is likewise subject to guidelines. There have been 
a number of changes in guidelines over the last decade. 
Initially, the 1968 Rechtschaffen and Kales (34) rules for the 
scoring of EEG remained unchallenged until 2007 when the 
AASM revised the criteria and in some respects simplified 
EEG montage and scoring (6). There have been additional 
overviews of scoring since then (7). The standardisation 
of respiratory scoring using PSG has been the primary 
improvement, but variation still remains. Additionally, night 
to night variability in PSG makes it possible for a single 
study to underestimate the severity of OSAHS. A negative 
PSG should be viewed with scepticism if the clinical 
suspicion of OSAHS remains high (35). 

Split-night studies in which the first half of the study 
night is used for diagnosis and the second for monitoring 
treatment response using CPAP are also used. Split-night 
studies are considered accurate and cost-effective when 
criteria for conducting them are met (36).

More recent introductions to the assessment of sleep 
disordered breathing have been cardio-respiratory 
monitoring devices or polygraphy (PG). These devices 
are also known as Type 3 devices using the AASM 
classification (Table 6) (37). PG comprises the measurement 
of airflow, respiratory effort, oxygen saturation and heart 
rate, to the exclusion of EEG. The great advantages of 
these systems are price, portability and convenience to 
the patient (38). Although automated scoring algorithms 
exist, manual scoring and overview should be undertaken. 
The results are expressed as A + H per time in bed as 
it is impossible to determine for sure without EEG 
how long the patient has been asleep. This can lead to 
both under- and overestimation of the actual severity of 

Table 6 American College of Chest Physicians and the 
American Sleep Disorders Association classification of sleep 
monitoring devices [Based on reference (37)]

Type 1: full attended PSG (≥7 channels) in a laboratory setting

Type 2: full unattended PSG (≥7 channels)

Type 3: limited channel devices (4-7 channels)

Type 4: 1 or 2 channels usually using oximetry as one of the 

parameters

PSG, polysomnography.
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sleep disordered breathing. There are no clear clinical 
guidelines for the scoring of respiratory events using PG. 
The AASM guidelines (4-7), have a definition for the 
scoring of obstructive apnoeas and hypopneas as well as 
central events. However, these are based on the presence 
of EEG. Additionally, accuracy of Type III equipment 
can differ, depending on the manufacturer. There are 
currently two possibilities for scoring respiratory events 
utilising Type III systems: (I) Ignore any events that do not 
have a desaturation; (II) score all events with or without 
desaturation ‘in the hope’ that there may be an associated 
arousal with events without desaturation.

Even more simplified systems have been utilised in 
screening and diagnosis of sleep disordered breathing, most 
commonly overnight oximetry. However, single channel 
oximetry should never be seen as a substitute for either in-
lab PSG or PG. There are limitations to the technique, in 
particular, failure to detect apnoeas/hypopnoeas although 
the pattern may be suggestive (39,40). Furthermore, 
oxygen desaturation is not necessarily a marker of apnoeic 
episodes and may be the results of other disorders including 
hypoventilation without UAs obstruction. Oximetry can 
be used to monitor patients who have been appropriately 
diagnosed with a respiratory sleep disorder in respect of 
progression of disease or treatment response. 

Other forms of single-channel devices comprise 
measurement of nasal flow to characterise apnoeas and 
hypopnoeas. A recent multi-centre study testing a home 
single-channel nasal pressure device in over 700 patients 
with sleep disordered breathing showed very good diagnostic 
accuracy and cost-effectiveness compared to PSG and PG, 
particularly when the traces were manually scored (41). 

There have been newer additions to the diagnostic 
armamentarium and approach to the physical space where 
diagnosis is undertaken. These include not only in-lab 
studies or home-based monitoring, but also telemonitoring 
via remote control and remote monitoring of diagnostic 
studies. Currently, there are few well-conducted trials 
reported, but preliminary results suggest that this is a 
promising area which may further increase convenience 
to patients and decrease the costs to a diagnostic service 
running these studies (42,43).

PSG i s  h igh ly  use fu l  in  d i agnos ing  CSA and 
hypoventilation syndromes, including monitoring response 
to treatment and titrating bilevel or positive airway pressure 
therapies. PG is less validated in these disorders and is not 
considered particularly useful for the screening or diagnosis 

of CSA (44). Therefore, any measurement technique 
less complex than PSG cannot be recommended for an 
indubitable diagnosis of any respiratory sleep disorder other 
than OSAHS at the present time.

Screening adult populations for respiratory sleep disorders 

The definition of sleep disordered breathing depends on 
the AHI and ranges from 9% to 24% in the general adult 
population. The prevalence will change with age and differs 
between men and women (2).

EDS which occurs at least 3 days a week has been found 
to occur in 4-20.6% of the population. Severe EDS occurs 
in 5% of the population and men and women are equally 
affected (45).

History and clinical assessment are extremely important 
in attaining this diagnosis but require objective verification 
through overnight studies. 

With regard to OSAHS, the commonest respiratory 
sleep disorder, several algorithms have been developed to 
predict its presence in patients presenting with suggestive 
complaints. These include utilising a combination of clinical 
variables such as BMI, neck circumference, jaw structure, 
snoring, reports of nocturnal breathing disturbances and 
the presence of hypertension. The sensitivity of these 
approaches is high (78-95%) but the specificity tends to be 
low (41-63%) (46).

Screening questionnaires for OSAHS have been utilised 
for some time. A recent meta-analysis of these questionnaires 
included 10 studies with a total of 1,484 subjects (47). 
Four studies utilised the Berlin questionnaire (48),  
two studies the Wisconsin Sleep Questionnaire (49), one study 
the STOP questionnaire (50) and one the STOP-BANG  
questionnaire (51). Four studies on referred patients gave 
a pooled sensitivity of 73% (95% CI, 66-78%) for the 
diagnosis of OSAHS and a pooled specificity of 61% (95% 
CI, 55-67%). Six studies on patients without a history of 
sleep disorders revealed a pooled sensitivity of 77% (95% 
CI, 73-80%) for detecting OSAHS and a pooled specificity 
of 53% (95% CI, 50-57%) (47).

Additional questionnaires have been devised over the 
last two decades to evaluate both sleepiness and quality of 
life in OSAHS. Whether they are applicable to any of the 
other respiratory sleep disorders discussed has not been 
explored. These include the Functional Outcomes of Sleep 
Questionnaire (52), the Calgary Sleep Apnoea Quality of 
Life Index (SAQLI) (53), the short SAQLI (54), the SSS (55) 
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and the ESS (30) as discussed above.
In terms of objective assessment and screening of 

large populations, Type III and IV device studies most 
likely represent the way forward. PG or Type IV device 
studies should always be conducted in conjunction with 
a comprehensive sleep evaluation. Results are improved 
if there is a high pre-test probability of sleep disordered 
breathing. At present, limited device studies (i.e., without 
EEG and out of hospital) are not indicated if the patient has 
significant co-morbidities, other associated sleep disorders, 
e.g., disorders of central hypersomnolence or an inability 
to use equipment despite education (56). Raw data requires 
manual scoring or editing, particularly if automated scoring 
is also available. Diagnostic accuracy can be questionable at 
times. Currently there are issues with scoring respiratory 
events using PG and even with home nasal pressure traces, 
as discussed above. The AASM criteria for PSG are not 
applicable to scoring respiratory events on PG.

Pulse oximetry is useful but presents some difficulties. 
At the present time there is no internationally standardised 
technical specification or standardisation of signal processing 
in oximeters with the minimum standard criteria set by the 
AASM comprising a sample rate of 25 Hz with an average of 
three values (6) and a resolution of 0.1% (57). The current 
desaturation definitions usually revolve around a decrease of 
>4% from baseline Sp02. However, there is no unanimity in 
terms of what constitutes a normal or abnormal desaturation 
index. Additional limitations of pulse oximetry include 
potential problems with blood flow and haemoglobinopathies, 
tissue optics in the very obese and an inability to detect other 
forms of sleep disordered breathing. Movement artefact 
needs to be taken into account and there can be significant 
measurement inaccuracies of ±2% in Sp02 (58).

Currently there is no data to suggest that oximetry 
is a useful tool in screening for CSA or disorders of 
hypoventilation.

Summary

Diagnostic approaches to respiratory sleep disorders are 
reasonably straightforward, but do require a combination of 
subjective and objective sleep assessment as well as a degree 
of clinical acumen when it comes to assessing severity and 
management options.

Monitoring and measuring respiration during sleep has 
undergone many advances in the last 40 years in respect 
of quality and validity, largely with respect to OSAHS. 
The technology has allowed for the recognition of other 

disorders of respiration during sleep including CSA and 
hypoventilation syndromes. Diagnosing respiratory sleep 
disorders on clinical features alone is limited. Despite the 
improvement in our diagnostic standards and recognition of 
sleep disordered breathing, many limitations still need to be 
overcome. Many researchers in the field continue to push the 
boundaries in respect of simplifying diagnosis and enhancing 
screening for sleep disordered breathing in large populations. 
At present, these approaches require further validation.

The most common disorder of respiration during sleep, 
OSAHS, can potentially be easily suspected and diagnosed 
in general practice with referral in difficult cases to 
secondary or tertiary specialised units. Since OSAHS affects 
5% of the population in industrialised countries, it is as 
common as asthma (59) and if all forms of sleep disordered 
breathing are considered together they are as common 
as COPD (60). Just as the diagnosis and management of 
hypertension has devolved into general practice, then both 
subjective and objective assessments of OSAHS have the 
potential of being devolved into primary care.

This is unlikely to be true of the other sleep related 
breathing disorders at the present time. Unfortunately, 
there is still some way to go with respect to validating and 
ensuring that diagnoses are appropriate by “non-experts” 
prior to initiation of treatment. However, this is not an 
insurmountable task. The cost-effectiveness of simplified 
diagnostic tools with good sensitivity and specificity may 
eventually drive this approach and help to determine policy 
at governmental levels. 

Respiratory sleep disorders are important, common 
conditions within our community. They pose a significant 
health burden and are frequently associated with other 
resource draining co-morbidities. Sleep disordered 
breathing can be diagnosed reasonably readily although 
management is not always straightforward. 
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