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CHAPTER 1. General introduction 

and aim of the thesis
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Sleep disorders
Various healthcare professionals are active in the field of sleep medicine: neurologists, 
pulmonologists, otolaryngologists, dentists, general practitioners and psychologists, 
all of whom participate in the diagnosis or treatment of sleep disorders. Neurologists 
are mostly involved in disorders with excessive daytime sleepiness (also referred to as 
central disorders of hypersomnolence)1, a disturbed 24-hour sleep-wake cycle (circadian 
rhythm disorders), and disorders with abnormal behaviour during sleep (so-called 
parasomnias, e.g. sleep walking, night terror, REM-sleep behaviour disorder). This thesis 
focuses on disorders characterised by excessive daytime sleepiness. 

Disturbed vigilance in excessive daytime sleepiness
Arriving at the diagnosis of a sleep disorders starts with a careful history, which in many 
cases leads to, if not the diagnosis, a strong suspicion. In this respect much attention has 
bene given to one symptom, excessive daytime sleepiness (EDS). As this is essentially a 
subjective phenomenon, it is not surprising that sleep questionnaires constitute a major 
approach to quantify its severity. One such, the Epworth Sleepiness Scale (ESS)2, became 
widely accepted as an important test in the 1990s. The ESS asks respondents to judge 
the likelihood of falling asleep in certain circumstances, such as ‘after lunch’, ‘in the car 
when waiting for the traffic light for 5 minutes’ or ‘when conversing with someone’. 
Apart from the questionnaire approach, other tests aimed to quantify EDS by measuring 
physiological variables: the ‘Multiple Sleep Latency Test’ (MSLT)3 requires patients to 
actually fall asleep when given the opportunity to do so, and measures how long it takes 
patients to do so (MSLT, box 1). The ‘Maintenance of Wakefulness Test’ (MWT, box 2)4 
measures the ability to resist sleepiness, and also measures the time it takes to fall asleep, 
but now when patients are asked to not do so. Whether these latter tests assess the same 
matter as the EDS questionnaires is not a given, and will be discussed below.  

This focus on sleepiness has somewhat overshadowed other important problems that 
patients with sleep disorders may experience. 

Box 1 – Multiple Sleep Latency Test

The MSLT asks subjects to fall asleep in a quiet and dimmed room multiple times on one 

day. A standardised MSLT consists of four to five twenty-minute sessions with one and a 

half to two-hour intervals. The subject is asked to stay in bed for the whole session, even 

when no sleep occurs. Electroencephalograpy for standard sleep recording is performed. 

Sleep onset is defined as the first 30-second epoch of any sleep stage, including stage I. The 

primary outcome measure is the average of all four to five sleep-onset latencies obtained
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1from the separate test sessions over the day. When no sleep occurs, sleep latency is noted 

as 20 minutes. A secondary outcome measure is the occurrence of sleep-onset rapid eye 

movement episodes. 

In the studies described in this thesis an MSLT consists of a five-session protocol. 

The MSLT was introduced in 19775, standardised and accepted in 19863. Test-retest reliability, 

inter- and intra-rater reliability were all high in a small group of healthy individuals.6-8 The 

construct validity of the MSLT to measure sleepiness was based on application of the test to 

a group of healthy individuals who were sleep deprived9. The severity of deprivation during 

one night proved to be significantly correlated to sleep latency the next day. This suggested 

that sleep latency, as assessed with an MSLT, indeed represented an objective quantitative 

marker of sleepiness, at least after sleep deprivation in healthy subjects. The concept was 

consolidated by the finding that sedative drugs decreased sleep latency10, and by the finding 

that the sleep latencies proved abnormally short in patients with narcolepsy and obstructive 

sleep apnoea11-13. No studies were performed to obtain normative data in large population-

based cohorts.

Box 2 – Maintenance of Wakefulness Test

The MWT is similar to the MSLT except for one major difference: subjects are instructed to 

sit still and remain awake while seated in bed in a quiet and dimly-lit room, based on the 

concept that this task represents the difficulties of daily life of patients with EDS better than 

their ability to fall asleep.  No excessive movement or talking to prevent sleep is allowed. 

The MWT consists of four 40-minute sessions performed at two-hour intervals. Sleep onset 

is defined as the first 30-second epoch of any sleep stage, including stage I14. Sessions are 

terminated after 40 minutes if no sleep occurs, or after sleep, defined as three consecutive 

epochs of stage 1 sleep, or one epoch of any other stage of sleep. A technician has to be 

present to score sleep continuously. The primary outcome measure is the mean sleep latency 

(the arithmetic mean of the four sessions). 
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The MWT was developed in 1982 after it turned out that the MSLT disappointed as a tool to 

measure treatment efficacy.4 Although patients felt a subjective improvement after treatment, 

felt more alert and were better able to stay awake, this was not reflected by the MSLT. Their 

sleep latency remained short.15 The MWT proved to detect treatment effects better than the 

MSLT. However, the correlation with subjective improvement and performance was still only 

moderate, with the exception of driving performance in obstructive sleep apnoea patients.16

One such problem is impaired vigilance. Awake people should become aware of changes 
in their environment, so they can respond to these changes, if necessary. This capability 
is called ‘vigilance’. Vigilance is a fundamental prerequisite for higher cognitive functions 
required in daily life, for instance at school or work. Subtle disturbances of vigilance are 
common in daily life, causing cognitive mishaps, such as forgetting why you went up the 
stairs, or reading a piece of text more than once without registering the content. 
	 Since vigilance refers to a capability to be aware of internal or external stimuli, 
wakefulness is a prerequisite for vigilance. When people are asleep or falling asleep, 
they will not be able to become aware of stimuli either. This state is easily confused 
with a disturbed vigilance, as the results are the same in that the detection of stimuli 
is diminished. Caution is warranted to prevent confusing sleepiness with a vigilance 
disturbance. Vigilance refers to a quality of the awake state only; no inferences can be 
made about vigilance in people who are not awake. 

Type 1 narcolepsy
An excellent example of a condition with severely disturbed vigilance is the primary 
sleep disorder narcolepsy, type 1.1 The disorder is caused by loss of hypocretin-
producing neurons in the lateral hypothalamus. Type 1 narcolepsy is characterised 
by severe EDS and cataplexy. The presence of chronic EDS, i.e. daily episodes of an 
irrepressible need to sleep or daytime lapses into sleep, is mandatory for the diagnosis 
of narcolepsy. The presence of cataplexy, a sudden partial or complete drop of muscle 
tone with preserved consciousness triggered by certain emotions, is a prerequisite to 
diagnose type 1 narcolepsy, but has to be absent in type 2. Additional symptoms of either 
type include disturbed nocturnal sleep, as well as a range of signs and symptoms that 
are pathophysiological associated with rapid eye movement (REM) sleep. These are 
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1hypnagogic hallucinations and sleep paralysis.17 A disturbed vigilance is an additional, 
largely neglected, symptom of narcolepsy. Note that this does not refer to a consequence 
of being or falling asleep, but to an aspect of being awake. A disturbed vigilance is directly 
related to impaired daytime performance and quality of life.18,19 Examples of the severe 
vigilance problems experienced by patients with narcolepsy are difficulty in recalling the 
content of a conversation, finishing a book, or concentrating on studies or work. 
	 Vigilance problems can have life-threatening consequences, e.g. when driving a 
car or working with potentially dangerous machines under such circumstances. As the 
consequences of vigilance impairment can be serious, vigilance impairments need to be 
quantified; something not reflected by the abovementioned questionnaire, nor by the 
MSLT or MWT.
	 These currently used sleep tests have other shortcomings. Although the MSLT 
in particular has contributed to a more precise classification system of sleep disorders, 
several percent of the normal population may show abnormal test results and therefore 
fulfil criteria for ‘hypersomnia’, even though they have no corresponding  complaints 
at all.20 The MSLT should therefore always be interpreted in the context of a patient’s 
specific symptoms and other test results. As mentioned above, the MSLT is not sensitive 
to EDS treatment effects, showing it misses important aspects of sleepiness. The MWT 
and sleep questionnaires have been shown to be more sensitive to detect improvement in 
pharmacological trials than the MSLT. The MWT is also used in the assessment of safety 
issues, such as the inability to remain awake during driving. However, there is little 
evidence of any link between the mean sleep latency as assessed by the MWT and the 
accident risk in real world circumstances. Moreover, the MWT and sleep questionnaires 
do not reflect functional improvements during the awake state; while patients reported 
to be more alert when awake, the sleep latency tests remained unaltered.14 

Measuring vigilance in sleep disorders
Quantifying how the activities of daily life are impaired by sleep disorders, or how treat-
ment ameliorates such functions, proves to be remarkably difficult. A possible solution is 
to quantify vigilance itself, since it is a prerequisite for cognitive functions. Descriptions 
of vigilance measurements in disorders of EDS are limited to a few publications on 
patients with narcolepsy (see also box 1)19 and to some contrasting publications on 
patients with obstructive sleep apnoea syndrome, a sleep-related breathing disorder.21-25 
	 Several methods have been proposed to measure vigilance. Examples include 
subjective visual-analog scales, pupillography 26, quantified electro-encephalography 
(EEG) 27, brain imaging28, and a variety of response tasks assessing sustained attention. 
An ideal test would provide an objective quantification of the level of vigilance while 
being easy and cheap to administer. These practical requirements are best met by 
response tasks assessing sustained attention. A conceptual advantage of such tests is that 
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they also assess the response to a stimulus. In other words, these tests are not limited 
to the recording of a derivate of brain activity, but are extended to quantify the patient’s 
capability to act upon a trigger. One such test is the Sustained Attention to Response 
Task (SART) 29, a 4-minute 19-second computer task in which subjects should withhold 
presses to one out of nine stimuli (box 3).29,30 This test has been demonstrated capable of 
quantifying vigilance impairment in narcolepsy patients.19 

Box 3 - The Sustained Attention to Response Task (SART)

The SART is a go/no-go task in which the no-go target appears unpredictably and rarely, 

and in which both accuracy and response speed, quantified as reaction time, are important. 

It lasts 4 minutes and 19 seconds and comprises the numbers 1–9 appearing 225 times in 

random order and in different sizes in a white font on a black computer screen. Subjects have 

to respond to the appearance of each number by pressing a button while seated in a dimly-lit 

room, except when the number is a 3, which occurs 25 times in all. Subjects have to press 

the button before the next number appears, and are 

instructed to give equal importance to accuracy and 

speed in performing the task.29,30 The primary outcome 

measure of the SART is the total error score, consisting 

of, firstly, key presses when no key should be pressed (i.e. 

after a ‘3’, a so-called ‘no-go trial’: commission errors), 

and secondly absent presses when a key should have been pressed (i.e. after anything but a 

‘3’, the so-called ‘go trials’: omission errors). 

The SART was initially developed to investigate lapses of sustained attention in individuals 

with traumatic brain injury29,30, but appeared to be a promising test in patients with type 1 

narcolepsy.19

Scope of the present thesis
This thesis covers several steps in the process of validating the SART as a measure of 
vigilance in patients with excessive daytime sleepiness.

Part I - Measuring vigilance with the SART
Although functional impairments as a result of insufficient vigilance have gradually 
become recognized in patients with EDS, measurements of vigilance are still scarce. 
A scrutiny of such publications shows that definitions of ‘vigilance’ differ between 
publications. Chapter 2 deals with these different definitions, and proposes a new 
definition of vigilance. Chapter 3 extends previous vigilance measurements in narcolepsy 
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1through application of the SART to include other patient groups with excessive daytime 
sleepiness. Chapter 4 analyses various factors possibly influencing SART outcome 
measures, such as task repetition, napping, time of day, and test instruction.

Part II – The SART as a treatment effect parameter in EDS
The chapters in this part deal with the SART as a tool to measure treatment efficacy in 
sleep studies. Chapters 5 and 6 describe SART results in narcolepsy patients before and 
after treatment. Chapter 5 contains a comparison of the SART, ESS and MWT before and 
after treatment with modafinil, pitolisant or placebo. In Chapter 6, the SART is compared 
to the Psychomotor Vigilance Test (PVT; see Box 4)31-33, MWT, and Oxford Sleep Resistance 
test (OSLER; see Box 4)34 before and during treatment with sodium oxybate. Chapter 7 
deals with the SART to assess continuous positive airway pressure in obstructive sleep 
apnoea. 

Box 4 – Other measurements of vigilance and sleepiness

The Psychomotor Vigilance Test (PVT)

The PVT is a reaction time task. Subjects are instructed to press a 

button as quickly as possible to stop a digital millisecond counter 

as soon as it starts running, which it does at variable intervals 

(interstimulus intervals: 2-10 seconds). The task requires con-

tinuous attention to detect the randomly occurring stimuli. PVT tests of various durations are 

available; the best-validated test duration lasts 10 minutes. Outcome measures vary between 

studies. Frequently used measures are the frequency of lapses, defined as the number of 

times the subject fails to respond within 500 ms or fails to respond at all; the average reaction 

time; the average of the 10% longest or shortest reaction times per session. The PVT is 

widely applied in sleep-deprivation studies.31-33,35 Only recently some normative data in sleep 

disorders have become available.36 

The Oxford Sleep Resistance test (OSLER) 

The OSLER is a behavioural version of the MWT. It follows the same schedule and 

subjects are similarly positioned. Instead of electroencephalographic recording of 

sleep onset, subjects are required to respond to a non-arousing visual stimulus.  

The subject’s index finger is placed on a sensor. A red light is positioned four to 
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six feet away at eye level in the frontal visual field. The light flashes regularly for 1 second 

every 3 seconds. Subjects are instructed to lift their finger from the sensor for 1 second 

when the red light flashes. Sleep onset is defined as seven consecutive omissions, i.e. non-

responding to flashes for ≥ 18 seconds. Similar to the MWT, a session is terminated when 

sleep onset occurs or after 40 minutes of being awake. The primary outcome measure is 

the mean of the four sleep onset latencies. The OSLER has the advantage of not requiring 

constant presence of a technician. 

The OSLER has been validated in patients with obstructive sleep apnoea.34 
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