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1
In contrast to wakefulness, sleep is characterized 
by very low motor activity and responsiveness. 
Body functions and hormone secretion are modu-
lated during sleep. Core body temperature and 
cortisol secretion are markers of the endogenous 
rhythm that is synchronized by the suprachias-
matic nucleus with the 24-h-day rhythm. The 
change of sleep and wakefulness is controlled by a 
homeostatic and a circadian process (approxi-
mately 24 h) and the change between REM and 
non-REM sleep by an ultradian process (<24 h). The 
importance of sleep for physical and mental recu-
peration, thermoregulation, the immune system, 
memory consolidation, and ontogenesis is dis-
cussed. In healthy sleepers, non-REM sleep (N1, N2, 
N3), REM sleep (R), and wakefulness (W) are distin-
guished based on EEG, EOG, and submental EMG. 
In the third version of the International Classification 
of Sleep Disorders (ICSD-3, 2014), seven main 
groups are differentiated.

1.1  History of Sleep Medicine

Since humans have started thinking about them-
selves and their lives, they have also reflected 
upon sleep and dreaming. For a long time, sleep 
was considered to be a passive and inactive condi-
tion. In Greek mythology, this idea was personi-
fied by Hypnos, the god of sleep, who had a close 
relationship to his twin brother Thanatos, the god 
of death. Passiveness and inactivity were also 
included in the Proto-Germanic origin of the 
word “sleep” (or “schlafen” in German), which 
originally had the meaning of becoming relaxed 
(“schlaff/schlapp werden”).

In ancient times, Aristotle, and later Galen, 
assumed that sleep was caused by changes in the 
brain, such as thickening of the blood. They inter-
preted the role of sleep as restoration of the brain 
and for regeneration of mental perceptiveness as 
well as internal heat. In later times, medical 
research on the context of sleep was based only on 
ancient manuscripts and their interpretation.

Only in the second half of the nineteenth 
century was sleep investigated with an experi-
mental approach. In 1863, Kohlschütter was the 
first who tried to assess the waking level at differ-
ent phases of sleep by applying acoustic stimuli 
of various volumes. In this way, he wished to 
determine the depth of sleep. The experiments 

performed by Jouvet and by Moruzzi and 
Magoun in the first half of the twentieth century 
showed sleep to be a highly active process of the 
human brain.

In 1929, the psychiatrist Hans Berger pub-
lished his invention of electroencephalography 
(EEG), which allowed measuring brain electrical 
activity at the intact skin in the waking state as 
well as during sleep. A first classification of sleep 
in different stages was performed by Loomis in 
1937 based on EEG. With the detection of rapid 
eye movements (REM) in 1953 by Aserinsky and 
Kleitman, it was possible for the first time to 
describe REM sleep.

Based on EEG, electrooculography (EOG), 
and electromyography (EMG), a group of experts 
with Rechtschaffen and Kales published criteria 
for the evaluation of sleep stages in humans. 
However, these criteria were based exclusively on 
the examinations of healthy individuals and could 
not always be suitably applied into the sleep disor-
ders that were increasingly described in the fol-
lowing years. This situation only changed with the 
publication of the new standards of the American 
Academy of Sleep Medicine (AASM) in 2007, 
which were revised several times in some aspects 
until today.

1.2  Classification of Sleep Disorders

The possibility to register many biosignals dur-
ing sleep completed the merely subjective 
description of the symptoms of sleep disorders 
by the patient or an observer. Sleep disorders 
could be characterized, defined, and differenti-
ated more precisely. In the past decades, this was 
the basis of developing different classifications of 
sleep disorders.

In a first classification, in 1979 sleep disorders 
were differentiated only based on the predomi-
nant symptoms into these:

 5 Disorders of initiating and maintaining sleep 
(insomnias)

 5 Disorders with excessive sleepiness (hyper-
somnias)

 5 Disorders of the sleep–wake rhythm
 5 Disorders in relationship with sleep, sleep 

stages, or partial awakening (parasomnias)

In 1990, a classification based on the etiopatho-
genesis of sleep disorders was published 
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(International Classification of Sleep Disorders, 
ICSD), which differentiated:

 5 Disorders regarding the quantity, quality, or 
the time of sleep (dyssomnias)

 5 Parasomnias
 5 Disorders related to physical or psychiatric 

diseases
 5 Proposed sleep disorders

Dyssomnias were classified into these  categories:
 5 Intrinsic sleep disorders (e.g., narcolepsy; see 
7 Chap. 5)

 5 Extrinsic sleep disorders (e.g., environment- 
related sleep disorders; see 7 Chap. 9)

 5 Circadian rhythm sleep disorders (e.g., 
advanced sleep phase syndrome; see  
7 Chap. 6)

In most cases, the diagnosis required polysom-
nography (PSG) (see 7 Sect. 2.6), which made it 
impossible to assign a complained sleep disorder 
to one of the four main groups based only on the 
symptoms.

In 2005, the American Academy of Sleep 
Medicine (AASM) published the second version 
of the International Classification of Sleep 
Disorders (ICSD-2), which was revised in 2014 
(ICSD- 3). ICSD-2 and ICSD-3 not only included 
new findings about sleep disorders and thus spec-
ified the diagnoses, but in some aspects returned 
to a phenomenological classification, as is eluci-
dated in the following overview of ICSD-3.

Main Groups of Sleep Disorders According 
to the American Academy of Sleep 
Medicine (AASM) from 2014

 5 Insomnias
 5 Sleep-related breathing disorders
 5 Hypersomnias of central origin
 5 Circadian rhythm sleep–wake disorders
 5 Parasomnias
 5 Sleep-related movement disorders
 5 Other sleep disorders

Sleep-related organic and neurological disorders 
are listed in an appendix.

The outline of the present manual and the 
mentioned diagnostic criteria of sleep disorders 
follow the ICSD-3.

Practical Tip

The current classification of sleep disorders 
(ICSD-3) consists of seven main groups. The 
disorders were classified according to 
etiological and also phenomenological aspects 
as far as possible. The main groups were 
completed by explicitly sleep-related organic 
and neurological disorders. Sleep disorders 
observed in the context of organic or psychiatric 
diseases are not described separately.

1.3  Phenomenology of Sleep

According to the criteria of the AASM of 2020, 
four different stages of sleep and wakefulness 
(. Fig. 1.1) can be defined as of the age of 2 to 
6 months (see also 7 Chap. 11, Sleep disorders in 
children). Their properties with regard to EEG, 
EOG, and EMG are partly different in children 
and adults (. Table 1.1). Sleep is divided into 
epochs of 30 s that are assigned to the stages based 
on the following criteria:

 5 Sleep stage N1 (. Fig. 1.2) describes the 
transition from wakefulness to sleep, that is, a 
kind of dozing.

 5 Sleep stage N2 (. Fig. 1.3) describes stable 
sleep.

 5 Sleep stage N3 (. Fig. 1.4) is deep sleep.
 5 Sleep stage R (. Fig. 1.5), REM sleep, is often 

called—even if it is not really correct—the 
dream sleep phase or also paradoxical sleep. 
In this stage, the most intensive dreams take 
place (see 7 Sect. 1.8); when awakened in this 
phase, people often remember the contents of 
their dreams. Furthermore, despite high EEG 
activity, which is similar to stage N1 or W, the 
arousal threshold is paradoxically highest.

The percentage of the sleep stages N1 and N2 in 
the entirety of the sleep of an adult healthy 
sleeper, about 30 years old, amounts to about 
55–60%. The deep, or also slow-wave, sleep is 
described by sleep stage N3; its percentage is 
about 15–25%. REM sleep generally encom-
passes 20–25% of the total sleep time. The per-
centage of wakefulness is typically less than 5% 
of the sleep period.

The sequence of the single sleep stages results 
in a profile, the so-called hypnogram. The 
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sequence of sleep stages reveals a characteristic 
pattern over the sleep period. The first sleep 
cycle starts with superficial sleep (N1) after fall-
ing asleep, followed by stable sleep (N2) and 
deep sleep (N3). Finally, REM sleep can be 
observed, which completes every sleep cycle. 
Each sleep cycle has a duration of about 90 to 
110 min. Depending on the duration of sleep 
and interindividual variance four to seven sleep 
cycles can be observed in healthy sleepers. The 
amount of deep sleep decreases with the number 
of sleep cycles within a sleep period, and the per-
centage of REM sleep increases continuously 
(. Fig. 1.6).

The duration of the nighttime sleep period is 
intraindividually rather stable; however, in the 
interindividual context, the durations may vary 
greatly and are influenced by several factors.

Newborns (see 7 Sect. 11.1) sleep for about 
16  h, distributed over four or five sleep phases; 
about half the sleep time is REM sleep (so-called 
polyphasic sleep pattern).

In prepubertal schoolchildren, generally day 
sleep or a power nap is no longer observed, and 
the night sleep amounts to approximately 10 to 
11 h (so-called monophasic sleep pattern). REM 
sleep is now reduced to less than 35% of the total 
(see 7 Chap. 11).

In later ages, again increasingly polyphasic 
sleep patterns are found, although the total sleep 
time over 24  h neither increases nor decreases. 
Besides the increase of organic and psychic dis-
eases (see 7 Chap. 10), in particular the loss of 
social factors determining a rhythm (e.g., work, 
children) and the reduction of the endogenous 
rhythm (see 7 Sect. 1.5) are responsible. Generally, 
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       . Fig. 1.1 Typical stage of wakefulness within a 30-s 
epoch of polysomnography in a 40-year-old male 
individual. In the EEG, an alpha rhythm is found with a 

frequency of 8–12 Hz. In the second half of the epoch, the 
EOG reveals low-amplitude, slow eye movements
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       . Fig. 1.2 Typical stage N1 within a 30-s epoch of 
polysomnography in a 40-year-old man. In the EEG, 
predominantly a theta rhythm (low amplitude, mixed 
frequency) is found with a frequency between 3 and 7 Hz. 

In the second half of the epoch, an abortive sleep spindle 
is seen that does not lead to the assignment of N2 
because of its phenomenology, but in particular because 
of its occurrence in the second half of the epoch 

       . Table 1.1 Characteristics of the sleep stages in adults according to the American Academy of Sleep 
Medicine (AASM) scoring manual (V2.6 2020)

Stage EEG EOG EMG

W Dominating alpha and beta 
activity

Eyeblinks, rapid eye movements, 
sometimes even slow, partly 
rolling eye movements at the 
transition to N1

High tone, movement artifacts

N1 Theta activity (vertex spikes) Slow, partly rolling eye movements Reduction of muscle tone (<W)

N2 Theta activity, K complexes, 
sleep spindles

No eye movements, EEG artifacts, 
sometimes even slow, partly 
rolling eye movements at the 
transition from N1

Reduction of muscle tone (<N1)

N3 Delta waves <2 Hz (slow 
waves): >20%

No eye movements, EEG artifacts Reduction of muscle tone (<N2)

R Theta (also slow alpha) 
activity, sawtooth waves

Conjugated, rapid eye movements 
(REM)

Lowest muscle tone (≤N3), 
partly phasic activation

W wake, R REM (rapid eye movements)
Only stage W and N1 are differently defined in children (7 Chap. 11)
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6

1

a sleep duration between 7 and 9 h is considered 
as healthy. Variations in duration of sleep between 
4 and 12 h, however, can be observed, and there is 
no reason to directly classify them as pathological.

Correlations between duration of sleep and life 
expectancy are discussed, but because of the 
methodical limitations of single studies, no clear 
statements can be given. There are hints that an 
average duration of sleep of more than 9 or less than 
6 h is associated with a slightly reduced life expec-
tancy. However, it must be taken into account that 
the average genetic sleep quantity was taken as the 
basis for the risk estimation in those studies. 
According to this assumption, deviations of more 
than 1–2  h from the individually genetic sleep 
quantity would have to be evaluated as pathological.

For the assessment of sufficient sleep quantity 
at night, it is less the absolute quantity that is deci-
sive but rather the alertness of the individual dur-
ing the day.

1.4  Physiological Alterations 
During Sleep

Times of rest and activity alternate cyclically in 
nearly all creatures. Conditions of rest similar to 
sleep are already found in the lower vertebrates, 
although sleep with clear REM and non-REM 
phases is only found in birds and mammals.

Sleep is a particularly intense phase of rest 
with high vulnerability, such that its evolutionary 
advantages must have been highly superior to the 
disadvantages. In contrast to wakefulness, it is 
characterized by a nearly nonexistent motor activ-
ity and a very low responsiveness to internal as 
well as external stimuli. On the other hand, it is a 
complex, highly active condition, which is seen in 
the determined sequence of non-REM and REM 
sleep with its partly high neuronal activity and 
modulation of nearly all body functions during 
sleep. If sleep is interrupted, consciousness and 
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       . Fig. 1.3 Typical stage N2 within a 30-s epoch of 
polysomnography in a 40-year-old man. The EEG is similar 
to that of stage 1 (theta rhythm with low amplitude and 

mixed frequency); additionally, sleep spindles can be 
observed with a typical frequency between 12 and 14 Hz 
(maximum, 11–16 Hz) and K complexes 
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body functions return completely to the level of 
normal wakefulness within a very short time. 
However, sleep is subjectively only perceived 
when it lasts for 10 to 20 min without interrup-
tion, that is, without significant awakening or 
arousal (see 7 Sect. 2.7.2.2).

Practical Tip

Based on motor activation, electric brain 
activity, cerebral neurotransmitter activity, 
and autonomous activity, three conditions 
can be differentiated: wakefulness, non-REM 
sleep, and REM sleep.

 5 Wakefulness is characterized by a high 
motor and cortical activation.

 5 During non-REM sleep, motor and 
cortical activation are greatly reduced.

 5 During REM sleep, minimal motor 
activation is associated with a high 
cortical activity.

Manifold physiological changes during sleep 
generally concern all functional systems 
(. Table 1.2). Although many of those alterations 
have already been described in detail, very little is 
understood regarding pathogenetic processes. 
During non-REM sleep, anabolic processes are 
enhanced compared to wakefulness; especially, 
the inexact regulation of many body functions 
during REM sleep is apparent compared to non- 
REM sleep. The changes of the cardiovascular 
system, thermoregulation, and hormone secre-
tion are specifically elucidated. Regarding changes 
in breathing, see 7 Sect. 4.1.

1.4.1  Cardiovascular System During 
Sleep

Naturally, people sleep in a lying position. The 
increased venous backflow from peripheral ves-
sels leads to increased filling of the right atrium 
and thus increased right ventricular stroke vol-
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       . Fig. 1.4 Typical stage N3 (deep sleep) within a 30-s epoch of polysomnography in a 40-year-old man. In the EEG, 
delta waves are found in more than 20% with frequencies between 0.5 and 2 Hz (slow waves) 
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ume. As a consequence, the atrial natriuretic 
peptide is increasingly and renin decreasingly 
secreted. During sleep, this position-related 
diuretic effect is reversed so that finally no volume 
deficit occurs.

When falling asleep, the sympathetic tone is 
reduced and the parasympathetic tone raises. 
Overall, this leads to an increasing reduction of 

the cardiac output from light sleep over deep sleep 
to REM sleep. The decreasing heart rate and left 
ventricular stroke volume are assumed to be 
responsible for this effect. In connection with the 
decreased total peripheral resistance, the systemic 
arterial blood pressure decreases during non-
REM sleep with increasing sleep depth. However, 
so far no consistent explanation exists for the 
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       . Fig. 1.5 Typical stage R (REM) within a 30-s epoch of 
polysomnography in a 40-year-old man. In the EEG, an 
alpha-theta rhythm is found similar to stage 1. In the EOG, 

rapid conjugated eye movements are observed. In the 
EMG, typical phasic muscle twitches are seen 
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       . Fig. 1.6 Typical sleep profile of a healthy young man. 
Five sleep cycles have passed. It is clearly seen that the 
deep sleep is greatest in the first third of the night. In the 

last third of the night, increased REM sleep is observed. 
Further explanations are found in the text
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proven increase of the blood pressure, the total 
peripheral resistance, and the heart rate during 
REM sleep to a level of sleep stage N2.

1.4.2  Thermoregulation

Body temperature as a key variable of the circa-
dian rhythm varies as much as 1 °C during 24 h. 
It reaches its maximum directly before going to 
bed and decreases during nighttime to its mini-
mum in the early morning hours (. Fig. 1.7a). 
On one hand, the greatest sleepiness is associ-
ated with minimal temperature; on the other 
hand, it is most probable to reach REM sleep 
about 30–90  min after the temperature mini-
mum. During REM sleep, mammalians show a 

poikilotherm behavior; in this sleep stage, they 
are able to control only their core body tempera-
ture: neither sweating for heat loss nor trembling 
for heat generation is sufficiently possible. In 
particular for infants, this phenomenon bears 
the risk of hyperthermia or hypothermia. During 
non-REM sleep, the body temperature may be 
controlled in the same way as in the stage of 
wakefulness, even if it occurs in a slightly 
reduced way.

1.4.3  Hormone System and Sleep

Many endocrine systems are determined by a 
more or less strict circadian rhythm. The effects of 
sleep and the circadian rhythm on hormone 

       . Table 1.2 Physiological changes during sleep

Parameter Transition from  
wakefulness → 
non-REM

Transition from 
non-REM → REM

Difference  
wakefulness → sleep

Cardiovascular system –

– Heart rate 10–20% ↓ ↑ to ↓, variability ↑ 10–20% ↓

– Conduction system AV transition ↓ AV transition ↓ AV transition ↓

– Stroke volume 5–10% ↓ Variable ↓ to →

–Cardiac output ↓ ↓ Up to 25% ↓

– Total peripheral resistance ↓ ↑ to → 15–20% ↓

–  Systemic arterial blood 
pressure

↓ ↑ 10–20% ↓

– Pulmonoarterial pressure ↓ ? 2–4 mmHg ↑

– Cerebral blood flow ↓ ↑ ↓

Gastrointestinal tract –

– Swallowing rate ↓ ? ↓

– Gastrointestinal mobility ↓ ↓ to → ↓

– Salivary secretion ↓ ? ↓

Gastric acid secretion ↑ to ↓ ? ↑ to ↓

–  Sphincter pressure (esopha-
gus, anus)

→ ? →

Urogenital system –

– Urine production ↓ ↓ 20–50% ↓

– Urine osmolality ↓ ↓ ↓

– Erection (penile and clitoris) ↓ ↑ →

1.4 · Physiological Alterations During Sleep
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secretion typically overlap, and it is not easy to 
separate one from the other.

However, it was possible to prove that the 
release of growth hormone is enhanced particu-
larly by deep sleep, which is apparent in a maxi-
mal blood level about 1  h after falling asleep, 
independent from the time of falling asleep 
(. Fig. 1.7a).

Similarly, prolactin release increases during 
sleep and decreases rapidly after waking up.

In contrast, the hypothalamic-pituitary- 
adrenal axis (HPA) is difficult to stimulate during 
deep sleep, which leads to a low cortisol value at 
the beginning of sleep. Only with increasing dura-
tion of sleep and the decreasing part of deep sleep 
does the concentration of cortisol increase.

The ACTH concentration clearly increases 
about 1 h before awakening and reaches its maxi-
mum directly after waking up. The time of the 
maximum value seems to depend rather from the 
time of the anticipated awakening than from the 
real time of awakening. Further, there are hints 
that the course of the cortisol level is relevant for 
sleep- associated memory formation.

Also, the regulation of body weight seems to 
be influenced by sleep. Concentration of the 
appetite suppressant leptin increases with increas-
ing duration of sleep whereas the level of the 
appetite-stimulating ghrelin decreases.

Interactions with sleep are described for 
 different cytokines; for example, increased 
 sleepiness is induced by interleukins and tumor 

necrosis factor, which is important in the context 
of infections and cancer diseases.

1.5  Circadian Rhythm

All biological processes are subject to a rhythm, 
wherein the rhythms of 1  day (“circadian”) are 
most obvious. From single-cell organisms to 
humans, rhythms are already present on the cel-
lular level in the form of so-called clock genes. In 
mammalians, they are coordinated by the supra-
chiasmatic nucleus (SCN) in the hypothalamus, 
which is the master timer (called Zeitgeber) or 
pacemaker. In humans, the endogenous rhythm 
of the SCN amounts on average to a bit less than 
25 h, which could be detected in volunteers who 
spent several weeks in a bunker without any con-
tact with the outside world. The endogenous 
rhythm is only synchronized to 24  h by further 
zeitgebers. Besides social factors (time of the day, 
working times, etc.), this is mainly the change 
between light and dark (. Fig. 1.8).

Besides the rods and cones that are responsible 
for eyesight, special ganglion cells are found in the 
retina that contain the photosensitive protein 
melanopsin. The axons of those retinal ganglion 
cells are directly connected with the SCN via the 
retinohypothalamic tract. If melanopsin is miss-
ing, synchronization is still possible via rods and 
cones, although less precise, because they dispose 
 themselves of synapses to the ganglion cells. 
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       . Fig. 1.7 a Circadian course of the body temperature 
and selected hormones. b Significant anatomical 
structure of the sleep–wake regulation (b modified 

according to Birbaumer N, Schmidt RF (2006) Biologische 
Psychologie, 6th Edition, Springer, Berlin)
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Without retinal ganglion cells, synchronization 
with light–dark alternation is no longer possible 
(. Fig. 1.7b).

In the ventrolateral area of the SCN, the neu-
rotransmitters vasoactive intestinal peptide (VIP) 
and neuropeptide Y are especially relevant. 
Synchronization of the cells of the SCN is then 
mediated via vasopressin-controlled efferences to 
subordinate systems of the hypothalamus and 
other brain structures. In this context, in particu-
lar the epiphysis (pineal gland) must be men-
tioned. Its melatonin secretion is inhibited by 
light, which leads to a feedback for the SCN with 
regard to the day–night alternation. In nocturnal 
as well as in diurnal mammalians, the maximum 
melatonin level is measured at night. The relevant 
markers of the endogenous rhythm are the core 
body temperature and the cortisol level 

(. Fig. 1.7a). This rhythm is missing in VIP-
deficient mice, for example.

1.6  Sleep Regulation

As a model, sleep is described by three basic 
mechanisms:

 5 A homeostatic process, wherein the previous 
sleep and wake times determine the pressure 
to sleep

 5 A circadian process that defines the circadian 
oscillating degree of wakefulness

 5 An ultradian process that controls the 
alternation of REM and non-REM sleep 
within the sleeping period

The first two processes determine the time 
and duration of sleep and influence the ultradian 
process.

In 1982, Borbély developed the “two-process 
model” for the aforementioned ideas with the 
process S (homeostatic) that approaches asymp-
totically a maximum during wakefulness and is 
then reduced during sleep, and the process C (cir-
cadian) as the degree of wakefulness that tends to 
its lowest values in the evening (. Fig. 1.9).

Simply put, the process S can be compared with 
the intensity of the delta waves (delta power) 
because delta power depends on the previous 
wake time more than the duration of deep sleep. 
Recent investigations show an accumulation of 
adenosine and the associated receptors in the 
basal forebrain during wakefulness and an increas-
ing degradation with increasing duration of sleep. 
Adenosine itself triggers the ventrolateral preoptic 
region (VLPO) that is discussed as the “door to 
sleep” because it blocks cholinergic, adrenergic, 
serotonergic, and histaminergic arousal systems 
(see the following chapter) and thus induces non-
REM sleep.

For process C, the SCN is responsible for send-
ing arousal signals that continuously increase 
until the early evening hours. Afterward, they 
decrease rapidly, which relevantly increases the 
individual’s readiness to sleep.

To describe the ultradian rhythm of non- REM- 
REM sleep cycles, by 1975, Hobson and McCarley 
had developed their model of reciprocal interac-
tion of aminergic and cholinergic neurons in the 
mesopontine crossing of the brainstem. Based on 
recent neurophysiological examinations, this 
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       . Fig. 1.8 a, b Activity profile of a rat with intact 
suprachiasmatic nucleus (SCN) (a) and after lesion of the 
SCN (b). As nocturnal animals, healthy rats show high 
activity during nighttime and long resting phases during 
daytime. After lesion of the SCN, their rest–activity pattern 
completely lost its circadian rhythm
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model was modified but generally confirmed: a 
dopaminergic (tuberomammillary nucleus), sero-
tonergic (raphe nuclei), and adrenergic (locus coe-
ruleus) activity that decreases from wakefulness 
via non-REM sleep and is almost completely sup-
pressed during REM sleep is opposed to a high 
cholinergic (laterodorsal tegmentum, pedunculo-
pontine nuclei) activity during wakefulness as well 
as during REM sleep. Accordingly, pharmaceuti-
cals with a cholinergic or anticholinergic profile 
mostly have significant impacts on the parameters 
of REM latency, percentage, and density.

The condition of wakefulness is furthermore 
actively maintained by predominantly glutama-
tergic, besides also cholinergic, neurons of the 
ascending reticular activating system (ARAS) in 
the brainstem. An electrophysiological correlate 
of the diffuse tonic and phasic activation is the 
low-amplitude, high-frequency activity in the 
EEG. Sleep is induced by an active GABAergic 
decline of the tonic activity level of the ARAS 
during wakefulness. GABA is the most impor-
tant and most broadly distributed inhibiting 
transmitter in the CNS. It binds to GABAA and 
GABAB receptors, whereof the GABAA receptors 
mediate the relevant sedating and sleep-promot-
ing as well as anxiolytic and muscle-relaxing 
effects.

Although serotonin shows activating and even 
mood-lifting effects during the daytime, it is sig-
nificantly responsible for the overall development 
of sleep and especially for deep sleep regulation. 
The serum concentration of serotonin during 
sleep correlates directly with the percentage of 
deep sleep. The peptide hormones hypocretin 1 
and 2 (orexin A and B) originate from a precursor 
protein exclusively produced in maximally 
100,000 neurons of the dorsal, lateral, and poste-
rior hypothalamus as well as the perifornical 
nucleus. Hypocretinergic neurons seem to have a 
mainly excitatory effect on systems stimulating 
wakefulness. Their activity continuously increases 
during the day with a maximum in the evening.

1.7  Functions of Sleep

Simply put, the condition of wakefulness is con-
sidered as a temporary hyperactive catabolic 
phase serving as time for food intake and repro-
duction. Different functions are assigned to sleep; 
the most important of these are explained in the 
following paragraphs.

The function of recovery seems to be clear for 
everybody from their own experience. This con-
cept is supported by the increased level of growth 
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       . Fig. 1.9 Model of sleep regulation according to 
Borbély. C circadian degree of wakefulness, S endogenous 
“sleep substance” accumulating in the wake phase. Sleep 
onset occurs when C is low and S is high (sleep onset 1). 

Dotted line is the course of S when sleep was missed for 1 
night; sleep onset then typically occurred in the afternoon 
(sleep onset 2)
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hormone directly after sleep onset, the restoration 
of cerebral glycogen as well as enhanced delta 
power, and the prolonged sleep phase after sleep 
deprivation. Opposed to these are the reduced 
protein synthesis during sleep, the unchanged 
duration of sleep despite physical stress, and the 
unchanged mitotic rate during sleep.

Another hypothesis states that sleep has the 
function of saving energy. Energy consumption 
actually decreases during sleep by about 10%, and 
body temperature is reduced. The evidence of 
neurons in the anterior hypothalamus that con-
tribute to thermoregulation as well as sleep regu-
lation supports the concept that sleep and 
thermoregulation are closely linked.

In addition, sleep is considered as being rele-
vant for a well-functioning immune system. This 
idea, however, is generated exclusively from 
investigations with sleep-deprived laboratory ani-
mals or patients. Sleep deprivation led to an 
increased susceptibility for infections and a 
reduced vaccination response. In cases of extreme 
sleep deficit, an animal experiment with rats even 
revealed a collapse of the immune system with 
fatal outcome.

The ontogenic theory attributes an important 
function to REM sleep for the differentiation of 
the brain, especially during the first months of 
life. In terms of this model, the atony of the skel-
etal muscles during REM sleep allows stimulation 
of the brain without the necessity of movements 
that would have to be actually performed. In the 
fetal stage, for example, breathing movements are 
neuronally executed during REM sleep. 
Furthermore, certain behavioral patterns that are 
necessary to conserve the species are regularly 
trained and presented to a potential mating part-
ner: these include the erection of men that is 
closely linked to REM sleep and the increased 
vaginal blood flow of women. During REM sleep, 
primarily processes occur that are associated with 
psychic well- being and intellectual performance 
(see 7 Sect. 1.8). REM deficiency in children may 
lead to later developmental problems, behavioral 
disorders, permanent problems with sleep, 
reduced brain mass, and an extraordinarily high 
neuronal cell death (see 7 Chap. 11).

The consolidation of memory and acquired 
knowledge and skills during sleep is scientifically 
proven. In 1924, it could already be confirmed 
that simple learning tasks (declarative learning) 
that were offered immediately before a sleep 

period were better retained than tasks before a 
wake period of the same duration. In particular, 
studies of recent times reveal the probability of a 
correlation between non-REM sleep and the 
declarative memory. REM sleep, however, seems 
to have a key role for procedural memory (e.g., 
riding a bike) and emotional memory (emotion- 
related content). These findings are not only aca-
demically relevant, but they may also confirm the 
impaired memory that is a frequent complaint of 
patients with sleep disorders.

1.8  Dreaming

1.8.1  Definitions

In everyday language, the term dream is used 
with many meanings, in such expressions as being 
a dreamer, dream house, or the woman of my 
dreams. Approaching the phenomenon of dream 
from a scientific perspective requires clear defini-
tions for dreaming as process as well as for dreams 
(dream reports):

 5 Definition I: Dreaming is subjective experi-
encing that occurs during sleep.

 5 Definition II: A dream or a dream report is the 
recollection of subjective experiences that 
occurred during sleep after waking up.

The term ‘subjective experiences’ intends to elu-
cidate the fact that dreaming is a holistic experi-
ence with sensory impressions, emotions, and 
thoughts, that is, we experience ourselves in 
dreams in the same way as in the state of wake-
fulness. Sleep physiology (EEG, eye movements, 
heart rate, etc.) can be assessed and measured, but 
the subjective experiences can only be accessed 
by means of interviews after awakening. For sleep 
and dream research, it is important to distinguish 
both levels, the physiological and the psychologi-
cal level.

The second definition illustrates one aspect 
very clearly. Dreaming is not directly accessible, 
either for the dreamer nor for the researcher. Two 
transitions have to be made to obtain a dream 
report: first, the individual has to awaken (sleep–
wake transition), and, second, the individual has 
to recall what happened before waking up (dimen-
sion of time). So, the question has to be asked to 
what extent the dream report reliably reflects the 
experiences that occurred during sleep.

1.8 · Dreaming
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Dreams can be classified into different groups 
(. Table 1.3).

In the first sleep lab studies on dreams, the 
participants were woken up from REM sleep, and 
the researcher received reports about vivid and 
colorful dreams with very high probability (more 
than 80%). After awakenings from non-REM 
sleep, however, dreams were reported very rarely. 
In 1962, David Foulkes highlighted the fact that 
the definition of dreaming play a major role in 
this context: He did not ask  specifically about 
vivid dreams but generally about what went 
through the participant’s mind before the awak-
ening. Applying this approach, he obtained report 
rates of more than 50% even for non-REM awak-
enings. Even if non-REM dreams are often 
shorter, less emotionally intense, and more com-
parable to thoughts than REM dreams, the dis-
tinction is not clear-cut. About 25% of non-REM 
dreams cannot be differentiated from REM 
dreams based on their content.

Sleep-onset dreams occur in non-REM stage 1 
and are typically forgotten when the sleeper is not 
awakened by noise during the process of falling 

asleep. Mostly sleep-onset dreams are a continua-
tion of the thoughts one has prior to sleep onset; 
sometimes these thoughts can become very 
bizarre. However, there are also many people who 
experience single images and also sequences of 
images during sleep onset, so that the distinction 
to REM dreams is not clear-cut.

The classification of dreams based on sleep 
stages emphasizes the current view that dreaming 
takes place during the entire time of sleep. The 
brain and consciousness never sleep.

The following three dream phenomena are 
associated with fear: nightmares, night/sleep ter-
ror (pavor nocturnus), and posttraumatic replica-
tions.

Nightmares are REM dreams in which the 
strong negative affect causes awakening. 
Nightmares are differentiated from distressing or 
“bad” dreams that also contain strong negative 
emotions such as fear, disgust, or grief but that do 
not result in awakening (see 7 Chap. 7).

In the context of night terror or sleep terror 
(pavor nocturnus), the individual abruptly 
arouses from slow wave sleep with intense panic, 
but the person is not really fully awake and often 
cannot recall the incident (see 7 Chap. 7).

Posttraumatic replications originate from trau-
matic events such as sexual abuse or war experi-
ences and may occur during REM or non-REM 
sleep. Even during daytime, such posttraumatic 
repetitions may appear, these are called “flash-
backs.” These three dream phenomena (night-
mares, night terrors, posttraumatic replications) 
are forms of parasomnias (see 7 Chap. 7).

During lucid dreams, the dreamer is aware of 
the fact that s/he is dreaming. This state is highly 
interesting to researchers but also for the individ-
ual himself/herself because of the manifold pos-
sibilities to influence the dream according to one’s 
own intentions.

In other states of consciousness, dreamlike 
imagery is experienced, for example, under anes-
thesia or in the context of near-death experiences. 
Even during wakefulness, dreamlike phenomena 
may occur; these are called daydreams or mind-
wandering.

1.8.2  Dream Recall

Although it is currently assumed that every indi-
vidual dreams every night, recalling the events 

       . Table 1.3 Different types of dreams

Term Definition

REM dreams Recalling the subjective 
experiences that occurred during 
REM sleep

Non-REM 
dreams

Recalling the subjective 
experiences that occurred during 
non-REM sleep

Sleep-onset 
dreams

Recalling the subjective 
experiences that occurred during 
non-REM sleep stage 1

Nightmares REM dreaming with strongly 
negative emotions that typically 
cause awakening

Night terror 
(pavor 
nocturnus)

Abrupt arousal from slow wave 
sleep associated with panic, 
might be accompanied by 
non-REM dreams

Posttraumatic 
replications

REM or non-REM dreams that 
realistically replicate a traumatic 
event

Lucid dreams REM dreams associated with the 
awareness that the current 
experiences are dream experiences
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experienced during sleep after waking up varies 
a great deal. Some people are able to report a 
dream nearly every morning, whereas others 
state that they have not dreamt for many years or -  
to be correct - that they do not remember any 
dream for a long time. The basic factors for those 
inter-individual differences in dream recall are 
not yet fully understood.

Regarding dream recall, a stable gender differ-
ence have been found. The findings that women 
showed a higher rate of dream recall than men 
could be explained by a study showing that girls 
talk more often about their dreams during child-
hood and adolescence compared to boys, which 
might indicate a gender-specific dream socializa-
tion; that is, talking about dreams and the inter-
est in dreams has been promoted in girls but not 
so much in boys. Findings showing that dream 
recall decreases with age in cross-sectional stud-
ies have to be viewed with caution because there 
are no longitudinal studies (investigations of a 
individuals from young adulthood to older ages), 
and a high constancy of the dream recall over 
this period can be expected from retrospective 
studies.

Regarding personality factors, most studies 
did not find correlations between dimensions 
such as repression, extraversion, and anxiety and 
dream recall frequency. Similarly, cognitive fac-
tors such as general intelligence are not relevant 
with regard to dream recall. Personality dimen-
sions such as “thin boundaries” that are related to 
creativity and vivid fantasy life had a significant 
but small influence. The fact that the ability to 
recall dreams can be significantly increased with 
simple means (preparing pen and paper, focusing 
on dream recall when waking up) indicates that 
trait factors may only explain a small portion of 
the inter-individual differences in dream recall.

Regarding sleep parameters, it was found that 
people who have poor sleep quality and often 
awaken at night remember their dreams more 
frequently. Also, insomnia patients have a higher 
frequency of dream recall than healthy individu-
als. This difference is plausible: the higher the 
frequency of nocturnal awakenings, the greater 
the chance to recall a dream.

Today, empirical findings are best fit in with 
the arousal-retrieval model of dream recall. Two 
steps are important in this context: first, one has 
to be awake after the dream experience so that it 
can be stored into the long-term memory, and, 

second, the awakening process should contain 
few interferences, and the dream should have a 
significance and/or emotional intensity so that it 
will be well remembered.

Practical Tip

Tips to increase dream recall
 5 Prepare pen and paper in the evening on 

the night table before going to bed.
 5 Make up your mind before falling asleep 

to recall a dream in the morning.
 5 After waking up, take some time, think 

back and rehearse all that you can recall 
(like learning a poem by heart).

 5 Take at least some notes of the dream 
actions.

 5 Record your dreams regularly.

1.8.3  General Characteristics 
of Dreams

In more than 90% of dreams the dream-self is 
involved in the dream action, i.e., most dream 
experiences are holistic in a similiar way as we 
experience wakefulness. Dreams that the dreamer 
watches like a movie and in which the dream-self 
remains totally passive are very rare.

Regarding the reality character of dreams, the 
general public often assumes that most dreams are 
bizarre, that is, contain elements that are not pos-
sible in the physical reality of our waking world. 
This concept is probably explained by the fact that 
in most cases only exciting, interesting and/or 
extraordinary dreams are shared with others or 

       . Table 1.4 Reality character of diary dreams 
(n = 365)

Category Incidence

Possible in wakefulness, normal 
everyday experiences

29.3%

Possible in wakefulness, but 
unusual elements

39.5%

One or two bizarre (impossible) 
elements

27.4%

Several bizarre elements 4.1%

1.8 · Dreaming
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published. An content analysis of dreams that had 
been recorded for 2  weeks by participants on a 
regular basis (see . Table 1.4), however, showed 
that only about 30% of the dreams actually con-
tain elements that are impossible in waking life. In 
this context, the definition of bizarreness is of 
importance. Some authors already consider 
abrupt scene shifts or inconsistencies (the apart-
ment from one’s childhood is located in another 
city) as bizarre, so that according to this definition 
nearly all dreams contain bizarre elements.

In laboratory dreams as well as diary dreams, 
healthy individuals showed a balanced propor-
tion of positive and negative dream emotions. 
However, in the laboratory, more neutral dreams 
occur, i.e., lab dreams are less intensive than home 
dreams.

The common view that dreams are predomi-
nantly negative is probably explained by the fact 
that negative dreams, in particular when they are 
recurring, are more easily recalled even after sev-
eral years. Further, positive dream emotions are 
less frequently described explicitly in the dream 
report, so that studies that do not assess the 
dreamers’ subjective ratings but only analyze the 
dream reports are subjected to bias, that is, a pre-
ponderance of negative emotions is then found.

All dreams contain visual perceptions. In indi-
viduals who are congenitally blind, these visual 
perceptions in dreams are completely missing. 
Visual dream content, even decades after the loss 
of sight, can be found in individuals who lost their 
vision after the age of 7.

Auditory perception also plays an important 
role in dreams, whereby language is more promi-
nent than noises.

Kinesthetic experiences (sensations that origi-
nate from movement) occur now and then, for 
example in the context of flying dreams, but also 
in the context of other types of movement. Tactile, 
gustatory, and olfactory experiences and pain 
only rarely occur in dreams.

1.8.4  Correlation Between 
Wakefulness and Dream

Before addressing possible functions of dreams in 
the next paragraph, the question if and how wak-
ing-life experiences influence the dream content 
is discussed. To study this topic, different method-
ical approaches have been applied.

For determining temporal references of dream 
elements, the participant is asked - typically after 
reporting or recording the dream(s) - when a cer-
tain event that occurred in the dream had 
 happened in waking life the last time, for example, 
seeing one’s mother. Even if such studies fre-
quently showed a very plausible exponential 
decrease with increasing time interval to the 
matching waking-life experience (comparable to 
other memory processes), the results have to be 
evaluated with caution. The main problem is that 
it is nearly impossible for participants to remem-
ber all waking-life events and thoughts of the last 
days, weeks, or years. Another difficulty is that 
many events take place over and over again in 
waking life. For example, the mother in the dream 
might be associated with the telephone call from 
the previous evening with her but also might be 
linked to a childhood memory. These types of 
studies may provide interesting ideas for hypoth-
eses, but the findings have to be  confirmed by 
experimental and field studies.

For experimental manipulation, the pre-sleep 
experiences of the participants are influenced, for 
example, by showing movies, reading stories, or 
letting the participant carry out specific activities. 
In many studies films were used in the evening 
before the participant went to bed in the sleep lab. 
Overall, the studies on experimental manipula-
tion showed that specific film elements were 
rarely found within subsequent dreams, but the 
emotional quality of dreams were affected by the 
experimental conditions, i.e., a stressful film was 
followed by dreams with more negative emotions.

Because experimental manipulation did not 
show large effects on dreams, field studies tried to 
investigate the effects of real stressors and life 
events on dreams. Field studies are performed 
outside the artificial lab environment and assess 
waking-life events and dreams by means of dia-
ries, questionnaires, or interviews. Daytime 
events and dreams can be assessed on a day-to-
day basis (or from night to night) to test how 
many days it will take until a specific event actu-
ally show up in the dream. This approach can be 
used to assess intraindividual fluctuations of 
dream content over time.

Life events such as divorce and pregnancy 
have shown clear influences on the dream content 
of the individuals. The strong effects, are espe-
cially obvious in traumatic events such as sexual 
abuse, war experiences, or natural disasters. Our 
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own data indicated that participants who had 
experienced the Second World War reported, 
even in 2000 more frequently war dreams than 
younger participants. The field studies demon-
strated impressively that dramatic and stressing 
life events have a strong and sometimes long-
lasting influence on dreaming.

In summary, the empirical results support the 
continuity hypothesis stating that dreams directly 
reflect the waking life. However, further research 
efforts are necessary to exactly assess the factors 
such as emotional intensity of waking-life experi-
ences, personality of the dreamer, etc. that moder-
ate the relationship between dreaming and 
waking.

1.8.5  Function of Dreams

The question arises if dreaming defined as sub-
jective experiences during sleep has a function 
that goes beyond the function(s) of sleep (see 
7 Sect. 1.7). Memory consolidation during 
sleep, for example, takes place on the cellular 
level and system level so that it is not very likely 
that dreams are involved in these processes; they 
probably just reflect those processes. Practicing 
simple motor abilities during lucid dreams such 
as throwing darts with the nondominant hand, 
showed a positive effect on performance on the 
next morning. This effect is comparable with 
the effect of mental training carried out in the 
waking state, which has already been applied in 
sports for many years. Research still has to dem-
onstrate the function or positive effects of dreams 
on wakefulness in an experimental setting. One 
problem is that dreaming can only be accessed via 
the dream report (recall of the dream experience 
after waking up); possible positive effects may be 
explained by sharing the dream or reflecting on 
the dream content and is not necessarily causal to 
the dream experience itself. Unfortunately, one 
cannot study the effects of unrecalled dreams on 
waking life. Over the years, many functions of 
dreaming have been proposed, for example, the 
dream as the guardian of sleep (Sigmund Freud). 

Today, many researchers assume that dreaming 
has a problem-solving function because ele-
ments from memory (waking-life experiences 
of the past) are mixed with new input of current 
wakefulness within dreams in a creative way—a 
kind of  brainstorming at night. Research efforts 
are still needed to answer the question of the 
function of dreaming.

1.9  Questions

 ?  1.  Please describe and define the sleep 
stages according to the AASM criteria.

 ?  2.  Which physiological changes during 
sleep do you know?

 ?  3.  Please describe the sleep–wake 
regulation taking into account chronobi-
ological aspects.

 ?  4.  Which findings indicate that dreaming 
takes place during the entire sleep?
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At first sight only, sleep disorders are simple and 
easily accessible diseases. Actually, they are com-
plex disorders that require intensive and thorough 
diagnostics. The genesis of sleep disorders, in 
 particular in older individuals, is multifactorial, and 
so an interdisciplinary approach is necessary. 
According to the International Classification of Sleep 
Disorders revised in 2014 (ICSD-3), about 50 sleep 
disorders may be distinguished. Sleep disorders 
may be based on single medical, physiological, psy-
chological, psychopathological, or pharmacological 
factors, but frequently they only become obvious 
through the interaction of different etiological con-
ditions. The following chapter describes the whole 
spectrum of diagnostic methods in sleep medicine, 
starting with history taking and continuing to 
device-related diagnostics in adults. Herein, the 
description of the core elements of diagnostic 
methods in sleep medicine, that is, polygraphy and 
polysomnography, is the focus. The standard mea-
surement parameters of polysomnography are 
defined based on the criteria of the DGSM (Deutsche 
Gesellschaft für Schlafforschung und Schlafmedizin, 
the German Society of Sleep Research and Sleep 
Medicine). These criteria are complemented by the 
scoring rules for polysomnography and polygraphy 
(home sleep apnea testing), which are revised by 
the American Academy of Sleep Medicine (AASM) 
almost yearly. The parameters to be reported for 
polysomnography and polygraphy as well as the 
indications of polysomnography are described for 
different sleep disorders according to the evidence-
based criteria of the AASM. Further, typical polysom-
nographic particularities of different sleep disorders 
are depicted in detail. A description of Specific diag-
nostic methods for children is given in 7 Chap. 11.

Regarding the interdisciplinary nature of sleep dis-
orders in the diagnostic process knowledge of inter-
nal medicine, pneumology, cardiology, neurology, 
psychiatrie, psychology and otolaryngology (ENT) 
is essential. Often the most frequent sleep disorders, 
such as insomnia and sleep-related breathing disor-
ders, coincide. A single-sided focus of diagnostics 
and therapy on only one disorder does not address 
the patients’ complaints in these cases.

2.1  History Taking

Structured clinical interviews lead to a higher 
validity of the patient’s history.

Free clinical interviews in the context of medi-
cal history taking may lead to underestimating or 
overlooking significant symptoms.

Also, standardized sleep questionnaires for 
self- assessment of the quality and quantity of 
sleep, daytime impairments, observations of the 
bed partner, as well as information about poten-
tial origins of sleep disorders allow objectifying 
the medical history and are suitable to facilitate 
the diagnostic process and to make it more eco-
nomical (7 Sects. 2.3 and 2.8).

Regarding the exploration of sleep disorders, 
five basic principles should be considered:

 5 Even seemingly harmless sleep disorders 
require diagnostic attention because, for 
example, severe sleep-related breathing 
disorders may cause only light symptoms 
during the day, or untreated chronified 
insomnia disorders can be associated with an 
increased risk for developing cardiovascular 
diseases, metabolic diseases, or psychiatric 
disorders.

 5 To establish a relationship of trust between 
the therapist and the patient, first a symptom- 
oriented approach is recommended. Trusting 
relationships require time on both sides.

 5 The patient should be involved as a “scientific 
coworker” in his own interest. Especially in 
cases of psychogenic sleep disorders, patients 
are prone to base their sleep problems on 
merely organic origins. Possible impairments 
of well-being or mood swings during the 
daytime are considered more as sequelae of 
the sleep problem and less as their origin. A 
sleep diary (7 Sect. 2.3) might be helpful to 
explain the correlation between the patient’s 
mental condition during the daytime and 
ability to sleep at night.

 5 In cases of psychogenic triggers, an empathic, 
respectful approach should be the focus. 
Confronting the patient with the psychologi-
cal conditions that trigger or maintain the 
sleep disorder should be undertaken very 
carefully.

 5 The subjective symptoms are more important 
than the objective findings. Polysomnography 
(PSG) is an important diagnostic tool for 
identification of the origins of sleep disorders 
and their severity. Nonetheless, polysomno-
graphic parameters do not always correlate 
directly with the experiences and complaints 
of the patient (7 Sect. 2.7).

2.1 · History Taking
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2.1.1  Sleep-Related Personal 
Anamnesis

The present chapter on history taking is mainly 
oriented toward the sleep disorders of adults. 
History taking for sleep disorders in pediatric 
patients may be significantly different, especially 
with the background that parents who are inter-
viewed in the context of sleep disorders in chil-
dren, in the sense of history compiling by a third 
party, have a central role. 7 Chapter 11 provides 
the necessary information for the special methods 
of history taking in children,.

The medical personal history is the begin-
ning of the diagnostic process of sleep disorders. 
Intensive data collection strengthens the 
patient’s impression of being taken seriously and 
increases the understanding of the diagnosing 
physician. Even at the beginning of the diagnos-
tic process, structured sleep diaries may be help-
ful (7 Sect. 2.3).

Assessment of Sleep-Related 
Complaints

 5 Bedtimes and their regularity
 5 Behavior and conditions before going to 

bed and after getting up in the morning
 5 Subjective duration of sleep onset
 5 Subjective extent and characteristics 

of wake time after sleep onset
 5 Particular phenomena such as snoring, 

sleep apnea (7 Chap. 4), or sleepwalk-
ing (7 Chap. 7) that occur during sleep 
should be reported by the bed partner 
as a third party (7 Sect. 2.1.2)

 5 Sleep–wake structure, especially 
sleep- promoting or sleep-disturbing 
behavior during daytime and at night

 5 Particular life situations or diseases at 
the onset of the disorder

 5 Duration of the complaints
 5 Chronic or temporary occurrence of 

the complaints
 5 Psychophysiological arousal during 

and before the sleep phase (7  Sect. 
3.2.2)

 5 Cognitive and emotional arousal 
preceding and during the sleep period 
(7 Sect. 3.2.2)

 5 Anticipatory anxiety regarding sleep 
and focusing on the sleep problem 
(7 Sect. 3.2.2)

 5 Other factors concerning sleep 
hygiene (7 Sects. 3.1.6 and 3.2.1)

 5 Movement of the extremities  
(7 Chap. 8)

 5 Nightmares and nighttime arousal 
(7 Chap. 7)

Assessment of General Daytime 
Complaints
Mental condition such as irritability,  
depression, anxiety, etc. (7 Chap. 10 and 
7 Sect. 0):

 5 Anticipatory fears regarding sleep and 
focus on the sleep disorder

 5 Monotony intolerance: assessing the 
proneness to fall asleep with potentially 
circadian or ultradian rhythms (7 Chaps. 
1 and 6), if needed, by means of a sleep 
diary (7 Sect. 2.3)

 5 Sleepiness and fatigue during the day 
(7 Sect. 2.1.3)

 5 Subjective impairments in daytime 
performance, such as memory impair-
ments, concentration deficits, reduced 
driving ability, and social life impair-
ments (7 Sect. 2.8)

Further, the exploration of factors involved in 
the onset of the sleep disorders is essential. 
Psychosocial stress (divorce, job change, death 
of a closely related person, etc.), medical condi-
tions (thyroid disorder, pain syndrome, phar-
maceutics, hospital stays, menopause, etc.), 
lifestyle changes (weight gain, etc.), and sleep-
incompatible behavior are frequent origins of 
sleep disorders.

Analysis of the patient’s behavior and general 
condition, as well as observations by third par-
ties during sleep with regard to snoring, apnea, 
sleepwalking, or restless legs, may provide 
important information about the genesis of a 
sleep disorder.
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2.1.2  Sleep-Related History 
Compiled by Third Parties

The diagnostic process of sleep-related history tak-
ing by interviewing third parties includes observ-
ers (partners, other patients, nursing staff, etc.) to 
confirm and describe sleep-related symptoms. In 
cases of diagnostically unclear complaints, the 
observations of others may sometimes provide 
surprising information facilitating the diagnosis or 
at least a probable diagnosis. Generally, these 
observations include symptoms that a patient does 
not perceive consciously. In children, history  
taking by interviewing others is mandatory 
(7 Chap. 11). Based on the suspected diagnosis, the 
observer may be involved in systematic observa-
tions of the behavior. Especially for the differentia-
tion of pavor nocturnus, nightmares, sleepwalking, 
nighttime enuresis, nighttime movement disorders 
(including jactatio capitis nocturna), sleep-talking, 
bruxism, and neurological sleep disorders [such as 
Rapid Eye Movement (REM) behavior disorder, 
and nocturnal cerebral seizures], systematic obser-
vation by third parties is indicated.

2.1.3  History Taking Regarding 
Sleepiness, Fatigue, 
and Daytime Performance

Daytime impairments associated with fatigue and 
sleepiness are frequently observed symptoms of 
sleep disorders; however, they may also occur in 
the context of other medical conditions or psychi-
atric disorders. Such symptoms can significantly 
reduce the patients’ quality of life and impair their 
daytime performance. As a consequence, fitness 
for work and ability to drive is frequently reduced. 
Social interactions can be disturbed by sleepiness 
and also fatigue to the extent that the affected indi-
viduals withdraw from their usual social contacts. 
Hobbies, club activities, and activities with family 
and friends are given up. The feeling of insuffi-
ciency and the lack of self-confidence caused by 
these missing performances are often triggering 
factors and the base of developing psychasthenia 
and depressive disorders.

Although all patients complain about fatigue 
or daytime sleepiness, a more detailed exploration 
reveals differences regarding the quality of sleepi-
ness- or fatigue-related impairments.

Practical Tip

Fatigue describes the subjective feeling of 
tiredness and exhaustion as it rather occurs 
in the context of psychosomatic disorders.

Sleepiness, however, has no psychiatric 
correlation. It often occurs as a sequela of 
nonrestorative or reduced sleep. Hereby, 
the increased proneness to fall asleep is 
characteristic, especially in monotonous 
situations.

Patients with psychogenic insomnia disorders 
(7 Chap. 3) primarily describe the symptoms of 
fatigue, but they may also suffer from sleepiness. 
They experience rather the feeling of psychiatric 
exhaustion that is often enhanced in stress situa-
tions. This feeling may be understood as an 
expression of the chronically increased level of 
stress. More frequently, a feeling of overstrain 
occurs. The fatigue-related impairments rarely 
correlate with situational conditions such as driv-
ing a car, meetings, sports, or other activities. 
Moreover, intrapsychiatric conditions such as 
increased stress perception can be found. 
Important differences depending on the time of 
the day are rarely observed. In situations where 
sleeping is allowed, sleep onset does not occur.

Thus, the specific examination procedures for 
assessment of daytime sleepiness such as the mul-
tiple sleep latency test (MSLT), the maintenance 
of wakefulness test (MWT), or also the pupillo-
graphic sleepiness test (7 Sect. 2.8.1) do not reveal 
pathological sleepiness values. The nighttime 
sleep quantity is often reduced because of the lon-
ger sleep-onset latencies and frequent wake times 
during the sleep period.

In cases of medical sleep disorders without psy-
chogenic triggers and without increased levels of 
tension, another clinical picture of daytime sleepi-
ness develops, frequently the result of nonrestor-
ative sleep. It is characterized by a significantly 
increased proneness to fall asleep during daytime. 
If daytime sleep is possible, it occurs within a very 
short time.

In these patients psychological stress leads 
rather to a reduction of sleepiness. Furthermore, 
interestingly, motivating tasks or situations may 
reduce the sleepiness. In monotonous and low-
stimulus situations, for example, driving on the 
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highway, watching TV, or cinema or theater, lec-
tures, or long meetings, sleepiness is observed 
more frequently. Often significant circadian vari-
ations occur with increased sleepiness in the 
morning after getting up (hangover) and the early 
afternoon and evening hours. The quantity of 
night sleep is unchanged or even prolonged. 
Especially in the evenings and during holidays, 
longer sleep durations are observed.

In examinations of daytime sleepiness (MSLT, 
MWT, 7 Sect. 2.8.1), very often reduced  sleep- onset 
latencies and a pathological test value (pupillary 
unrest index, PUI) are found. Polysomnography 
often reveals increased sleep fragmentation with 
frequent changes of the sleep stages as well as 
increased percentages of light sleep and reduced 
percentages of deep sleep.

Of course, many variations exist between the 
seemingly diametric types of sleepiness and 
fatigue wherein medical and psychogenic propor-
tions are mixed and interdependent (7 Chap. 10). 
The characteristics described here, however, are 
not only theoretical observations; they also indi-
cate different therapy approaches. Regarding the 
qualities of sleepiness- and fatigue-related impair-
ments, see . Table 2.1.

2.1.4  Further History Taking 
for Differential Diagnostic: 
Assessment of Possible 
Origins of Sleep Disorders

General practice (GP)-based, psychiatric, neu-
rological, and drug- and substance-related his-
tory taking includes current and former 
complaints, diseases, and substance consump-
tion that might have triggered and maintained 
the sleep disorder.

In the context of GP-based history taking, in 
particular somatic diseases (endocrine, cardio-
vascular, neurodegenerative) are interesting as a 
possible origin of secondary sleep disorders (see 
7 Box 3.2).

The psychiatric history is relevant to assess 
psychiatric disorders that are frequently charac-
terized by sleep disorders (7 Chap. 10). About 
80% of psychiatric diseases are accompanied by 
sleep disorders and about 30% of insomnias are 
based on psychiatric disorders. Special attention 
should be paid to these conditions:

 5 Mono- or bipolar affective diseases
 5 Prepsychotic conditions
 5 Chronified mood swings
 5 Substance abuse
 5 Intrapsychic conflicts
 5 Social stress situations

       . Table 2.1 Characteristics of fatigue and 
sleepiness

Fatigue Sleepiness

Subjective feeling and 
perception of reduced 
performance in physically, 
psychologically, and 
mentally demanding 
situations

Reduction of the 
central nervous 
system alertness, i.e., 
wakefulness

Intrapsychic correlation of 
fatigue: exhaustion, 
feeling of overstrain, 
increase in stressful 
situations

Urge to sleep, no 
intrapsychic 
correlate, under 
stress, reduction of 
the sleepiness

In situations where sleep 
is possible or desired, it 
does not occur; no 
daytime sleep episodes

In situations where 
sleep is possible or 
desired, sleep occurs; 
daytime sleep 
episodes

No intolerance of 
monotony

Intolerance of 
monotony

No distinct circadian 
rhythm

Circadian rhythm

Monotonous situations do 
not stimulate sleep

Monotonous 
situations stimulate 
sleep

Sleep duration at night is 
normal or reduced

Sleep duration at 
night is normal or 
increased, some-
times with sleep 
fragmentation

Sleep-onset latency 
during daytime and at 
night is inconspicuous or 
prolonged

Sleep-onset latency 
during daytime and 
at night is 
unchanged or 
reduced

Sleep quantity on 
weekends or holidays is 
mostly unchanged

Sleep quantity on 
weekends or 
holidays is mostly 
increased

Fatigue and sleepiness are internationally used 
terms
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Insomnias are often prodromal characteristics of 
depressive disorders and are also frequently con-
sidered as the last symptom to disappear after 
remission of the depression. In the diagnostic 
process, the focus is on differentiating subtypes of 
chronic insomnia to find an adequate indication 
for therapeutic measures.

History taking and examination with regard 
to neurological disorders aim at assessing possible 
diseases of the central and peripheral nervous sys-
tem. Most interesting are the following:

 5 Dementing processes
 5 Lesions of the central and peripheral nervous 

system
 5 Inflammatory processes
 5 Systemic diseases
 5 Other diseases affecting the nervous system

If a respective diagnosis is suspected, further 
examination such as electroencephalogram 
(EEG), long-term EEG, evoked potentials, imag-
ing techniques, and laboratory examinations may 
be required. The indication must not be too strict 
in this context.

In particular, in cases of neurodegenerative 
diseases affecting the hypothalamus including the 
suprachiasmatic nucleus and the subcortical cho-
linergic, dopaminergic, and serotonergic path-
ways involved in sleep–wake regulation, 
important sleep disorders may be observed up to 
the dissolution of the sleep–wake rhythm. In 
more than 50% of the cases, dementia is associ-
ated with sleep disorders. The severity of demen-
tia and the dissolved daytime rhythm are closely 
interrelated. A high discrepancy between the 
objective sleep disorder and the subjective sleep 
evaluation can be noted. In the context of demen-
tia of Alzheimer’s type (DAT), sleep disorders are 
more frequent than in the context of Lewy body 
dementia (LBD).

Many pharmaceuticals and medical substances 
affect sleep. The drug-related history includes all 
drugs available on prescription or obtainable with-
out prescription. Several pharmaceuticals such as 
beta blockers, contraceptives, some antidepres-
sants, appetite suppressants, or hypnotics may 
have a negative impact on sleep. Hence, many sub-
stances may cause insomnia as well as hypersom-
nia complaints. Even low doses of stimulants and 
addictive substances such as alcohol, tobacco, and 
other drugs may significantly impair sleep ability. 

The consumption of those substances even addi-
tionally and often persistently impairs the sleep 
ability of patients with sleep disorders compared to 
healthy individuals.

Practical Tip

The time of the first drug intake is of 
particular importance because the sleep 
quality changes in the further course 
following and might give indications for 
drug-related sleep disorders.

In the context of medical certificates, for example, 
on the fitness to drive or to work, urine screening 
is indicated with regard to stimulating and sedat-
ing substances to avoid simulation or dissimula-
tion in the diagnostic process.

2.2  Laboratory Parameters 
for Sleep Disorders

Because numerous somatic and psychiatric dis-
eases are secondarily associated with sleep disor-
ders, screening regarding defined laboratory 
parameters is indicated in cases of respective 
anamnestic indications (. Table  2.2). When the 

       . Table 2.2 Laboratory screening in cases of 
suspected secondary sleep disorders (further 
diagnostics and GP-based or internal examination 
if necessary)

Basic parameter Additional parameters in 
cases of respective clinical 
suspicion

Blood count Synthesis output by the liver 
(albumin, cholinesterase, INR)

BSG, CRP Kidney values (creatinine, 
urea)

Electrolytes 
(sodium, 
potassium, 
calcium)

Vitamin B12, folic acid, iron 
metabolism (transferrin 
situation, ferritin)

Glucose Daily blood sugar profile, 
glucose tolerance test, HbA1c

Thyroid 
parameters (TSH)

–
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differential diagnosis of single sleep disorders and 
their symptoms is established, the determination 
of further laboratory parameters may be indi-
cated, for example, the values of iron, folic acid, 
and vitamin B12 for the differentiation between 
idiopathic and secondary restless leg syndrome 
(RLS). In the context of hypersomnia disorders, 
the determination of vitamin B12 and vitamin D 
may also be useful.

2.3  Sleep Questionnaire

Validated questionnaires are an important diag-
nostic tool. The results are relatively independent 
from the examiner (objectivity) and make the 
diagnostic process more efficient. In the waiting 
room, the patient may fill out the questionnaire 
and the receptionists or nursing staff may evaluate 
the forms after relevant instruction. The therapist 
must interpret these questionnaires, including all 
other findings.

For assessment of daytime sleepiness, the 
Epworth Sleepiness Scale (7 Sect. 2.8.1) is applied 
as a generally accepted procedure in routine  
diagnostics.

The sleep diary is completed in the evening 
before going to bed and in the morning directly 
after arising to assess the patient’s subjective qual-
ity of sleep and sleep-disturbing behavior. These 
data are collected:

 5 Sleep–wake disorder of any origin
 5 Subjective ability to sleep
 5 Sleep hygiene (lifestyle habits and behavior 

with regard to sleep)
 5 Sleep-disturbing behavior before and during 

the sleep period
 5 Condition before and during the sleep 

period
 5 Nocturnal particularities
 5 Consumption of substances

All bedtimes and sleep times, including those 
occurring during the daytime, should be noted. 
The estimation of the restorative quality of sleep 
has to be documented by the patient, as well as 
sleep-disturbing problems in the job-related and 
private environment. The consumption of coffee 
or tea or alcohol, and drug intake, as well as sleep- 
promoting activities such as use of relaxation 
techniques, need to be documented.

Practical Tip

The sleep diary is a basic standard for the 
diagnosis of sleep disorders. It should be kept 
for a period of at least 2 weeks.

For reasons of the initially enhanced self- 
observation with regard to sleep behavior and the 
resulting irritations and secondary increase of 
tension in the bed situation, the first 7  days are 
included in the analysis to only a limited extent.

2.3.1  Insomnia Questionnaire

Questionnaires on insomnia inform about the 
presence, the severity, and the course of an insom-
nia disorder. Because of the last-mentioned aspect, 
they are also suitable for therapy evaluation.

The Pittsburgh Sleep Quality Index (PSQI) 
contains 19 items on self-assessment and 5 ques-
tions on observations of third parties, such as the 
bed partner. Based on the replies, statements can 
be given on these points:

 5 Subjective quality of sleep
 5 Sleep-onset latency
 5 Sleep efficiency
 5 Consumption of hypnotics
 5 Daytime sleepiness
 5 Incidence of different sleep disorders within 

the previous 4 weeks

The PSQI validly differentiates between good and 
poor sleepers. It may indicate the severity of the 
disorder and thus evaluate the therapy.

Practical Tip

The PSQI is a standard procedure for the 
routine diagnostics of sleep disorders and 
provides information about the subjective 
quality of sleep.

The Insomnia Severity Index (ISI) consists of 
seven items assessing the type and severity of 
insomnia complaints of the previous 2  weeks 
based on a five-step rating scale. Insomnia is val-
ued according to its severity, its impact on the 
psychosocial performance level during the day, 
and the subjectively experienced impairments. 
Furthermore, subjective satisfaction with one’s 
own ability to sleep is assessed.
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A score between 0 and 28 is calculated. 
Between 0 and 7, it is considered as clinically 
inconspicuous; a score of 8–14 indicates a sub-
liminal insomnia, a score of 15–21 describes a 
moderate insomnia, and scores beyond 22 are 
considered as severe. The advantage of this pro-
cedure is that it is standardized and a theoreti-
cally validated test.

Numerous questionnaires have been devel-
oped to assess etiological factors and other aspects 
of insomnia. A widely distributed tool for the 
assessment of cognitive misconceptions and mis-
behavior is the “Dysfunctional Beliefs and 
Attitudes about Sleep Scale.” It refers mainly to 
individual cognitions that maintain sleep 
 disorders. Other procedures such as the “Presleep 
Arousal Scale” or the “Glasgow Sleep Effort Scale” 
assess the psychophysiological level of excitement 
in the bedtime situation. For better understand-
ing of the impairment of the functional level dur-
ing daytime, questionnaires assessing sleepiness 
and fatigue are recommended (7 Sect. 2.8.1.3.2). 
Because of the high association of insomnia dis-
orders with psychiatric diseases, psychiatric and 
psychological questionnaires may contribute to a 
better understanding of the etiology as well as the 
impact of an insomnia disorder: these include the 
“Beck Depression Inventory” as well as the “State- 
Trait Anxiety Inventory.”

2.3.2  Questionnaires 
for the Assessment of Sleep- 
Related Breathing Disorders

Various questionnaires have been developed aim-
ing at assessing the risk of sleep-related breathing 
disorders.

The STOP-Bang questionnaire consists of 
eight items and is a validated screening tool for 
the assessment of obstructive sleep apnea. Initially, 
it was developed for preoperative screening 
regarding obstructive sleep apnea. It is also vali-
dated for the general population. The question-
naire is based on six questions and two measurable 
values.

 5 S: Snoring (yes/no)
 5 T: Tiredness (yes/no)
 5 O: Observed/observed apnea (yes/no)
 5 P: Pressure/hypertension (yes/no)
 5 B: Body mass index (>35 kg/m2?)
 5 A: Age (>50 years?)

 5 N: Neck/circumference at the level of Adam’s 
apple (>43 cm in males and >41 cm in females)

 5 G: Gender (male yes/no)

Together with the Berlin Questionnaire, the STOP-
Bang questionnaire is the most frequently recom-
mended screening tool for obstructive sleep apnea 
(OSA). Compared to other screening question-
naires, the STOP-Bang questionnaire has the high-
est sensitivity and specificity for moderate and 
severe obstructive sleep apnea. A meta- analysis 
could confirm the high predictive value of the ques-
tionnaire. For the general population, a score of 0–2 
means a low risk of OSA, with a moderate risk for 
scores of 3–4 and a high risk for scores of 5–8.

The Berlin Questionnaire supports the identifi-
cation of obstructive sleep apnea. It is more suitable 
for exclusion diagnostics than for the assessment of 
the severity of possibly existing obstructive sleep 
apnea. Based on 11 items, the patient is classified in 
categories of high or low risk for obstructive sleep 
apnea. A review of 19 trials revealed a significant 
number of false-negative diagnoses based on the 
Berlin Questionnaire, which limits its application 
as a diagnostic tool. Furthermore, it was consid-
ered as being unsatisfactory regarding a sensitivity 
of 0.76 and a specificity of 0.45. The accuracy of the 
questionnaire was valued as too low, with 56% to 
70%.

The NAMES test (Neck circumference, Airway 
classification, coMorbidities, Epworth scale, and 
Snoring) assesses the neck circumference, an 
examination of the upper airways, comorbidities, 
the Epworth score, and nighttime snoring to evalu-
ate the risk of a possible sleep-related breathing 
disorder in a multidimensional way and to increase 
the validity of the information. The NAMES2 fur-
ther includes body mass index (BMI) and gender.

2.3.3  Questionnaire Regarding 
Restless Legs Syndrome

To support the diagnostic process in the context of 
the restless legs syndrome (RLS), the RLS diagnose 
index (RLS-DI) has been developed. This tool con-
stitutes diagnostic and additional criteria of RLS 
with five questions, each on a three-point rating 
scale. The overall score allows statements on the 
probability of the diagnosis. An RLS-DI overall score 
of more than 11 means a high probability of RLS, 
and more than 16 means a confirmed diagnosis.

2.3 · Sleep Questionnaire
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Practical Tip

To assess the severity of RLS, most frequently 
the International RLS Study Group Rating 
Scale (IRLS) is used.

The IRLS is a self-assessment questionnaire. It 
includes ten items that evaluate the severity of the 
complaints and their impact on the daytime con-
dition. The answers can achieve scores between 0 
and 4 each, with higher scores representing more 
severe conditions and complaints.

Based on the sum score, the severity is defined 
as follows:

 5 0: symptom-free
 5 1–10: mild RLS
 5 11–20: moderate RLS
 5 21–30: severe RLS
 5 31–40: very severe RLS

A large international validation trial showed very 
good test-theoretical quality criteria for the IRLS. 
the IRLS should only be applied in patients who 
have a confirmed diagnosis of restless legs syn-
drome because, in the context of psychiatric and 
neurological disorders, patients report higher 
IRLS scores even without the presence of RLS.

2.4  Physical Examination

Regarding all sleep disorders, the physical examina-
tion is an important element of the diagnostic pro-
cess when a medical origin is assumed or has to be 
excluded. Based on the suspected diagnosis, exami-
nation of the head and neck area, heart and lungs, or 
the neurological system has a major role. The physi-
cal examination is indicated in particular in the con-
text of sleep-related breathing disorders (7 Chap. 4), 
movement disorders in sleep (7 Chap. 8), and sleep 
disorders caused by medical diseases (7 Chap. 9). It 
is described in the respective chapters.

2.5  Actigraphy

For more than 30  years, actigraphy has been a 
method for objective measurement of movements 
that can be applied in a simple way over longer 
periods. The actigraph is a tool mostly worn at the 
wrist or the ankle that measures movement activity. 

The activity patterns, which are often registered 
and stored over several days, allow conclusions 
about the sleep–wake rhythm and also about leg 
activities during sleep (7 Chap. 8.2).

Studies based only on the correlation between 
actigraphy data and polysomnographic data in 
young healthy individuals revealed a congruence 
of 91% to 93%. Validation studies mostly refer to 
correlations between the significant target param-
eters of polysomnography (PSG) and actigraphy, 
such as the overall sleeping time or sleep efficiency.

Actigraphy (. Fig.  2.1) allows statements 
about these concerns:

 5 Sleep habits
 5 Sleep disorders
 5 Daytime sleep episodes
 5 Therapy outcome

By means of keeping a behavior protocol at the 
same time, for example, the sleep-onset latency, 
nocturnal wake phases or a prolonged sleep dura-
tion may be estimated.

Despite these advantages, actigraphy may not 
replace PSG. The disadvantage of actigraphy is in 
particular the lack of precision because indirect 
measurements only roughly reflect sleep continu-
ity. One frequently observed artifact is the removal 
of the tool, so that these phases may be misinter-
preted as sleep, such as also calm phases during 
wakefulness, for example, when reading. Also 
overlapping movements that are externally 
induced, as, for example, when sitting in a car, 
may be misinterpreted. The management of the 
artifacts is only possible with the simultaneous 
application of a behavioral protocol.

Practical Tip

If periodic limb movements in sleep (PLMS) 
are confirmed, actigraphy may be applied for 
diagnostics and therapy because it can 
provide information about the incidence of 
periodic limb movements during sleep. Times 
of going to bed and of getting up should be 
exactly documented.

In the context of outpatient insomnia 
diagnostics, actigraphy may provide 
important information on disturbed sleep–
wake rhythm, irregularities of bedtimes, and 
nighttime behavior.
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2.6  Outpatient Step-by-Step 
Diagnostics for Sleep-Related 
Breathing Disorders 
and Polygraphy Systems

The necessity of device-related diagnostics in 
cases of sleep-related breathing disorders (SRBD) 
is obvious after positive anamnesis of the respec-
tive symptoms. The more characteristic symp-
toms that are found, the more likely is the 
suspected diagnosis that has to be verified. 
According to the recommendations of the 

American Academy of Sleep Medicine (AASM) 
from 2017 as well as the S3 guideline on non-
restorative sleep/sleep disorders—“Sleep-related 
breathing disorders”—of the German Society of 
Sleep Research and Sleep Medicine (DGSM, 
Deutsche Gesellschaft für Schlafforschung und 
Schlafmedizin), the monitored cardiorespiratory 
polysomnography is considered as the gold stan-
dard of device-related sleep medical diagnostics 
in the sleep lab. For limited diagnostics of sleep-
related breathing disorders, simpler, portable 
polygraphy systems are also available.

Day 1
10/12/2004

Day 2
10/13/2004

Day 3
10/14/2004

Day 4
10/15/2004

Day 5
10/16/2004

Day 6
10/17/2004

10:00 16:00 22:00 4:00 10:00

       . Fig. 2.1 Actigraphy. Measurement during 6 days. Sleep periods are shown in light gray
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According to the S3 guideline on nonrestor-
ative sleep/sleep disorders of the German Sleep 
Society (DGSM), the polygraphy devices have to 
assess the following aspects:

 5 Respiratory flow rate with thermistor or 
dynamic pressure sensor

 5 Respiratory effort by means of induction 
plethysmography

 5 Oxygen saturation with pulse oximetry
 5 Pulse rate
 5 Body position

For detailed descriptions of the measurement 
technique, measurement devices, parameters, and 
their definition, see 7 Sects. 2.7.1 and 2.7.8. The 
evaluation is performed based on the current 
schemes of the AASM in the most recent version 
by a physician qualified in sleep medicine. 
Generally, a measurement time of at least 6 h dur-
ing the sleep period is required for sufficient diag-
nostic significance; otherwise, the examination 
should be repeated.

Optimal polygraphy devices are characterized 
by the following:

 5 Robust measurement techniques and sensors 
with long service lives

 5 Simple sensors that may partly be applied by 
the patients themselves

 5 Low susceptibility to artifacts
 5 Valid automatic evaluation algorithms
 5 Simple and economic software for editing the 

automated analysis
 5 Exhaustive but also clear and freely design-

able automated findings
 5 Possible linking to the software used in the 

practice or the hospital information system 
by means of different interface technologies 
(e.g., HL7 interface)

According to the already cited S3 guideline of the 
DGSM as well as recommendations of the AASM 
from 2017, the diagnosis of SRBD with unat-
tended polygraphy systems is possible in cases of 
moderate to strong suspicion and to determine 
the severity of SRBD. The evaluation should be 
performed visually by qualified staff. Evaluation 
by only software-inherent algorithms cannot be 
recommended. For exclusion diagnostics of 
SRBD, PSG is recommended because polygraphy 
is not considered as sufficiently valid for this 
purpose.

Generally, polygraphy should not substitute 
PSG for diagnosing SRBD in patients with comor-
bid disorders that are relevant for this question. 
According to the S3 guideline of the DGSM, some 
comorbid diseases are likely to reduce the signifi-
cance of polygraphy systems and require diagnos-
tic polysomnography:

 5 Pulmonary diseases
 5 Psychiatric disorders
 5 Neurological disorders
 5 Neuromuscular diseases

In the same way, polygraphy is not recommended 
for the comorbid appearance of sleep disorders 
such as these:

 5 Central sleep apnea
 5 Insomnia
 5 Periodic movement disorders in sleep
 5 Narcolepsy
 5 Circadian sleep–wake rhythm disorders

The AASM recommends unattended polygraphy 
in cases of moderate to strong suspicion of 
obstructive sleep apnea without suspected con-
comitants:

 5 Central sleep apnea
 5 Hyperventilation and sleep-related hypox-

emia
 5 Cardiopulmonary disease
 5 Significant neuromuscular weakness of the 

respiratory muscles
 5 Hypersomnia
 5 Parasomnia
 5 Sleep-related movement disorders

Furthermore, it is not recommended when the 
patient’s history reveals stroke or current 
chronic opiate medication. The AASM also rec-
ommends PSG when unattended polygraphy 
despite strong clinically suspected diagnosis was 
negative, contradictory, or technically inade-
quate. In addition, the AASM requires that the 
evaluation of unattended polygraphy is per-
formed by a physician qualified in sleep medi-
cine, a certified sleep laboratory, or a comparable 
institution.

It must be realized that, in cases of  predominant 
hypopnea, polygraphy systems are not always able 
to validly differentiate between obstructive and 
central sleep apnea (7 Sect. 2.7.8). Because of the 
missing EEG channels, they are less exact for the 
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definition of the severity of sleep apnea compared 
to polysomnography. Furthermore, the lack of an 
EEG may lead to the wrong classification of apnea 
when physiological irregularities of breathing 
occur during the wake-sleep transition (sleep-
onset apnea) and thus provide false-positive 
results. These limited systems do not provide dif-
ferential diagnoses of sleep apnea.

In Germany, the healthcare institutions have 
defined an outpatient stepped care model for the 
diagnosis of SRBD that seems to be suitable for 
application in other countries also because of its 
clear structure and efficiency.

Outpatient Stepped Care Model for the 
Diagnosis of SRBD

 5 Step 1: standardized questionnaires 
regarding specific symptoms and 
comorbidities of SRBD (7 Sects. 2.3 and 
2.8.1).

 5 Step 2: clinical examination with sleep 
anamnesis (7 Sect. 2.1).

 5 Step 3: outpatient examination of the 
patient at home by means of eight-
channel polygraphy.

 5 Step 4: in case of clearly positive 
outpatient polygraphy findings, 
therapy by means of nocturnal 
ventilation or other procedures may 
be introduced in an outpatient or 
inpatient sleep lab with polysomno-
graphic monitoring. If the polygraphy 
findings are not clear, especially with 
regard to the presence of SRBD or 
missing differential diagnostic 
significance, diagnostic polysomnog-
raphy is performed in the sleep lab in 
an inpatient or outpatient context.

Taking into account the mentioned limitations of 
the significance of polygraphy, relevant biosignals 
of sleep-related breathing disorders are assessed 
depending on the measurement system during 
one night at the patient’s home (step 3).

The results are usually evaluated on the next 
day by means of computer-based analysis 
(. Figs. 2.2 and 2.3). In this regard, the American 
Academy of Sleep Medicine defined algorithms 

for the standardized evaluation of polygraphic 
examinations (. Tables 2.5 and 2.6).

According the S3 guideline on non-restor-
ative sleep/sleep disorders [chapter “Sleep-
Related Breathing Disorders” of the German 
Society for Sleep Research and Sleep Medicine 
(DGSM) and the recommendations of the 
American Academy of Sleep Medicine (AASM)], 
positive unattended polygraphic findings at 
home may lead directly to the initiation of a noc-
turnal ventilation therapy in a sleep lab under 
polysomnographic conditions (step 4). In case of 
inconclusive polygraphic results diagnostic poly-
somnography is performed prior to the begin-
ning of therapy.

Recently, randomized controlled trials have 
been published on the initial therapy induction 
showing that CPAP/APAP adaptation may be 
performed in certain subgroups even without 
polysomnographic monitoring in a sleep lab. The 
expenses for an outpatient initial titration on noc-
turnal ventilation might be lower, but the consec-
utive costs in cases of reduced compliance are 
higher. This procedure can only be discussed for 
simple, uncomplicated cases of obstructive sleep 
apnea. Further studies are necessary to identify 
predictors of the treatment success even in the 
long- term course.

Follow-up and therapy controls may take 
place by means of polygraphy systems. In patients 
with unclear therapeutic success, and high cardio-
vascular risk, and patients with other sleep disor-
ders in comorbidity, PSG controls might be 
indicated.

More recently, further outpatient examina-
tion procedures have been developed that seem 
to be suitable to provide diagnostic information 
to the presence of sleep-related breathing disor-
ders, as, for example, peripheral arterial tonom-
etry (PAT) and pulse transit time or pulse wave 
analysis.

Peripheral arterial tonometry (PAT) assesses 
variations of the vascular tonus at the finger dur-
ing sleep. The peripheral vascular tonus and the 
peripheral vascular resistance are influenced by 
the sympathetic nerve activity. Hereby, the respi-
ratory indices (desaturation index, AHI, RDI) 
measured by means of PAT correlate significantly 
positively with the sleep-related parameters 
assessed by polysomnography. In the current ver-
sion, dated 2020, the AASM describes PAT as an 
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alternative to traditional polygraphic systems  
provided that these concerns among others are 
addressed:

 5 Oximetry and heart rate are documented.
 5 Raw data are retrievable.
 5 Automated analysis can be retrieved and 

edited.

In the future, PAT might be taken into consider-
ation also outside the sleep lab as a method to 
assess sleep-related breathing disorders.

2.7  Polysomnography (PSG)

Polysomnography (PSG) is the gold standard in 
the diagnosis of sleep disorders because it can 
assess sleep and its pathological changes in an 
objective manner. By means of PSG, the origins of 
sleep disorders, for example, sleep apnea, periodic 
limb movements in sleep, or even sleep perception 
disorders, may be identified and verified that can-
not be assessed by any other diagnostic procedure.

Numerous investigations show that the per-
centage of outpatient diagnoses had to be changed 
or completed in up to 50% of the cases after per-
forming a PSG.  In particular, in sleep-related 
breathing disorders, the diagnoses had to be mod-
ified, or a relevant sleep-related secondary diag-
nosis had to be added.

Since an expert group of the American Academy 
of Sleep Medicine (AASM) has published a new 
classification system (International Classification of 
Sleep Disorders, 3rd Edition; ICSD-3), there is the 
hope now for an extensive and generally accepted 
classification system for clinical and scientific sleep 
medicine, supported by the fact that the ICD-11 
provides a separate chapter for sleep disorders.

The AASM Manual for the Scoring of Sleep and 
Associated Events  – Rules, Terminology, and 
Technical Specifications (2007–2020) – is mainly 
based on those established by Rechtschaffen and 
Kales [13], in particular with regard to the selec-
tion of biosignals for the description of sleep. The 
arousal classification of an earlier group of the 
American Sleep Disorders Association (ASDA) is 
completely included. Independent scoring criteria 
for the sleep of children and outpatient examina-
tions in cases of suspected sleep-related breathing 
disorders have been elaborated. The criteria were 
completed by standardized recommendations for 
amplifier settings, standardized user interfaces of 

PC-based systems, data formats, and visual evalu-
ation and diagnosis of PSG. All statements of the 
AASM were based on empirical evidence, litera-
ture reviews, or consensus procedures.

Compared to the criteria of Rechtschaffen and 
Kales, the scoring rules for sleep were partly simpli-
fied. First, the number of the sleep stages to be 
evaluated was reduced. Rechtschaffen and Kales 
differentiated deep sleep stages 3 and 4 that were 
summarized to the sleep stage N3. The sleep stage 
“movement time” was eliminated. The interval 
evaluation in blocks of 30-second epochs is main-
tained. An automated analysis of the sleep stages 
alone is explicitly not desired. The rules for the first 
occurrence of a sleep stage at sleep onset (sleep-
onset latency) were specified, the less economic 
3-min rule for the evaluation of the sleep stages N2 
and REM (R) was eliminated, and the definitions of 
graphoelements (K complexes, sleep spindles, ver-
tex waves) for the assessment of single sleep stages 
was simplified. Graphoelements are characteristic 
phenomena of EEG patterns that are typical for 
certain sleep stages. K complexes and spindles, for 
example, determine the sleep stage N2, while ver-
tex waves are characteristic for the sleep stage N1. 
Compared to Rechtschaffen and Kales, the classifi-
cation of the single sleep stages was also modified, 
probably for better differentiation of both scoring 
systems. The most important modification is the 
classification of the numeric sleep stages with an 
“N” for the new criteria: Rechtschaffen and Kales 
[13] used an “S” before the numeric sleep stage. For 
example, stage “S1” (R&K) is now stage “N1.”

It must be mentioned critically that precise defi-
nitions for the graphoelements are still absent, or 
their definitions do not always meet the criteria of 
scientific verification; for example, the time  criteria 
of the AASM for a vertex wave. Generally, the efforts 
of the AASM with regard to standardization, sim-
plification, and scientific justification of the scoring 
rules are very welcome; however, they require regu-
lar development and revision based on newly 
acquired scientific knowledge and technical options.

The following paragraphs describe these 
 criteria:

 5 The basics of the current classification of 
sleep stages

 5 The standard biosignals that have to be 
measured by PSG

 5 The evaluation and scoring of the results of 
PSG in the context of most frequently 
observed disorders

 Chapter 2 · Diagnostic Methods
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The German Society for Sleep Research and Sleep 
Medicine (DGSM) has developed quality criteria 
for the performance of polysomnographies. This 
publication partly modified and further devel-
oped criteria of other European sleep societies. 
Those criteria refer to the structural aspects of a 
sleep center, technical- and staff- related equip-
ment, and processes in a sleep center accredited 
by the DGSM. The criteria of the DGSM may be 
retrieved on the homepage of the DGSM (7 www. 
dgsm. de) and those of the European Sleep 
Research Society (ESRS) on 7 www. esrs. org.

Each polysomnographic measurement has to 
be preceded by technical and biological calibra-
tion.

The biological calibration is necessary for these 
considerations:

 5 Delimitation between physiological events 
during sleep and artifacts

 5 Verification of the amplifier settings and 
polarities of the single measurement channels

 5 Allocation of specific behaviors during sleep 
to respective measurement patterns

Biological Calibration
 5 Open versus closed eyes for 20 s each 

(alpha blockage effect)
 5 Blinking
 5 Eye movements to the left and to the 

right with straight head position
 5 Rolling of the eyes
 5 Swallowing
 5 Clenching the teeth
 5 Snoring
 5 Counting to 5 (differentiation between 

speech and snoring with use of a 
snoring microphone)

 5 Forced inspiration
 5 Forced expiration
 5 Holding the breath; Müller’s maneuver 

(negative Valsalva maneuver) for 
assessment of paradox respiratory 
excursions

 5 Extension of the left and right big toe

For biological calibration, the patient is lying on 
his bed and is asked via a bidirectional intercom 
to perform the aforementioned actions under 
continuous documentation of the respective bio-
signals in the PSG.

According to the applicable rules for docu-
mentation, the biological calibration with exact 
labeling is then archived for 10  years together 
with the polysomnographic measurements of the 
corresponding night.

Thorough documentation of the polysomno-
graphic files is of high clinical relevance. The night 
protocol written by the medical staff has to allow 
a rapid and clear assignment to the patient and 
the measured night.

The documentation includes these aspects:
 5 Medication
 5 Type of therapy
 5 Biological calibration
 5 All particular events such as technical defects, 

artifacts, etc.

Furthermore, it should include detailed observa-
tion of the behavior:

 5 Time of getting up
 5 Emotional condition
 5 Sleepwalking, etc.

Medical emergency situations, such as epileptic 
seizures or cardiac arrhythmia, can be immedi-
ately recognized by the measurement and docu-
mentation of numerous vital parameters and the 
presence of qualified personnel. Thus, the sleep 
lab environment very closely resembles the super-
vision in an intensive care unit. During measure-
ment, qualified staff is already in a position to 
eliminate emerging error sources such as elec-
trode and sensor artifacts. In cases of therapeutic 
PSG with adaptation of ventilation therapy for 
sleep-related breathing disorders, the medical 
staff assesses a titration protocol.

Practical Tip

The titration protocol includes the type of 
therapy device and the mask that is used. 
The applied pressure, ventilation mode, 
and its modifications are exactly 
documented, and changes of the 
ventilation mode are justified by emerging 
respiratory events, O2 variations, and 
cardiac parameters.

Regarding diagnostic and therapeutic options and 
precision, inpatient PSG is superior to outpatient 
measurements at the patient’s home.

2.7 · Polysomnography (PSG)
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2.7.1  Standard Parameters 
of Polysomnography (PSG)

According to the criteria of the AASM for the 
assessment of sleep, the polysomnographic stan-
dard biosignals for diagnostic PSG include three 
measurements of the EEG based on the interna-
tional ten-twenty system with measurements of 
F4-A1, C4-A1, and O2-A1. As backup or for better 
detection of the differences, the measurements of 
F3-A2, C3-A2, and O1-A2 are also recommended 
(. Fig. 2.4): these are unipolar measurements. The 
longitudinal rows allow the clear identification and 
definition of graphoelements that show specific 
patterns in the EEG.  Over the frontal measure-
ments, K complexes and delta waves are defined, 
over the central measurements sleep spindles and 
vertex waves, and over the occipital measurements 
alpha waves that are relevant for the definition of 
the sleep-onset process and arousal reactions.

In addition, the standard PSG includes two 
measurements of electrooculography (EOG) and 
electromyography (EMG).

The EOG electrodes are placed about 1 cm from 
the left and right orbita edge of the respective eye, 
whereby the electrodes in the vertical line are shifted 
about 1 cm (. Fig.  2.5). Beside the registration of 
slow eye movements (slowly rolling eyes), the elec-
trodes also allow the registration of horizontal and 
vertical eye movements with lower amplitudes.

Electromyography of the mental and submen-
tal muscles ensures an optimal identification of 
the atony of the skeletal muscles during REM 
sleep and describes stage-related variations in the 
amplitude of the muscle tension. One electrode is 
placed 1  cm above the midline of the chin, and 
two electrodes are placed 2 cm below the point of 
the chin (one is placed 2 cm to the right, the other 
one 2 cm to the left). Bipolar measurement of the 
mental and submental muscles is performed. The 
remaining electrode at the submental muscle is 
used as reserve in cases where the contact imped-
ance of one electrode during measurement 
decreases (. Fig. 2.6).

To identify cardiac events, at least one-channel 
ECG is registered. As the typical measurement II 
uses electrodes of the right shoulder and the left 
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leg, the electrodes are applied at the trunk parallel 
to this axis. This measurement mainly serves for 
detection of changes of the heart rhythm and their 
correlation with other PSG parameters (e.g., 
apneas).

Furthermore, the airflow of mouth and nose 
are registered separately, and thoracic and abdom-
inal excursions during respiration, arterial HbO2 
saturation by means of pulse oximetry, a (snor-
ing) microphone, and positional sensors are 
added. These devices serve for assessment of 
respiratory events and their allocation to the body 
position during sleep.

Based on the AASM criteria, the registration 
of the oronasal airflow is performed to detect 
apneas by means of thermistors (thermo-sensors) 
and hypopneas by means of dynamic pressure 
measurement (. Fig.  2.7). For practical reasons, 
dynamic pressure measurement has prevailed as 
diagnostic standard in many institutions. 
However, the classic nasal cannulas of dynamic 
pressure measurement usually only allow registra-
tion of nasal respiration. Thus, it is recommended 
in cases of clear mouth breathing to also register 
the oronasal airflow by means of thermistor. The 
AASM recommends the use of a combined sensor 

that provides dynamic pressure measurement for 
the identification of hypopneas and thermistor 
measurement for the detection of apneas. 
According to the AASM criteria, it is currently 
also possible to estimate the oronasal airflow by 
thoracic and abdominal sensors for inductance 
plethysmographic measurement (see following).

To assess the respiratory effort, piezoceramic 
sensors with elastic bands are applied at the rib 
cage and the abdomen (. Fig. 2.8). As they do not 
provide a quantitative signal because of their 
punctual measurement technique and are suitable 
only to a limited extent to differentiate central and 
obstructive hypopneas, inductance plethysmo-
graphic sensors are recommended: these are sen-
sors for thorax and abdomen involving the entire 

       . Fig. 2.6 Electomyography (EMG) electrode positions 
(courtesy of Dr. G. Bran)

       . Fig. 2.7 Dynamic pressure measurement by means of 
nasal cannula

       . Fig. 2.8 Positioning of the sensors for thoracic and 
abdominal respiratory excursions

2.7 · Polysomnography (PSG)
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circumference. The signal in this case does not 
depend on the length and the tension of the sen-
sor but is proportional to the surface that the sen-
sor includes.

During titration or for therapy evaluation in 
the context of nocturnal ventilation therapy, a 
device-inherent flow sensor may also be applied.

Esophageal pressure measurement is the gold 
standard for assessing the respiratory effort. 
Hereby, one or more pressure sensors placed in a 
thin and flexible tube at various positions are 
inserted in the esophagus. The first pressure sen-
sor is placed above and the second below the dia-
phragm, and the pressure difference sets the 
signal. In this way, the intrathoracic pressure 
changes resulting from the respiratory efforts can 
be quantitatively measured.

The application of an esophageal pressure sen-
sor for clear differentiation of obstructive and 
central breathing disorders in sleep is not recom-
mended in the clinical routine for practical rea-
sons. However, specific societies (such as DGSM) 
recommend that specialized labs or sleep centers 
with focus on pulmonology provide this method 
and its application if needed. Also, sleep centers in 
ENT departments apply this method, in particu-
lar as multichannel pressure sensors in the phar-
ynx and upper esophagus for identification of 
possible obstruction sites in patients with obstruc-
tive sleep apnea.

Periodic movement disorders in sleep are 
assessed by means of two electromyograms that 
are measured at the respective anterior tibialis 
muscles: these are bipolar measurements. The first 
electrode is placed four fingerbreadths below the 
tuberosity of the tibia and one fingerbreadth lat-
eral to the tibia edge. To allow for specific ana-
tomical particularities, the first position should be 
determined by the patient as instructed by the 
staff. The second measurement point is about 
5 cm in the distal direction. The tibial electrodes 
should be well fixed to avoid removal by night-
time leg movements (. Fig. 2.9)

2.7.1.1  Measurement of Blood 
Pressure During Sleep

Sleep disorders, in particular sleep-related 
breathing disorders (SRBD), may negatively 
influence the cardiovascular system. SRBD are 
associated with hypertension, heart attack, and 
stroke. For diagnosis of arterial hypertension, 
measurement of blood pressure at night is crucial 

(dipper/non- dipper). The diagnosis is recognized 
eight times more easily by means of nocturnal 
blood pressure measurement than with a one-
time measurement during the day. The nearly 
exclusively applied means of blood pressure mea-
surements with cuffs are less suitable because of 
the sleep-disturbing pumping during polysom-
nographic examination of sleep. Alternative, con-
tinuously measuring procedures according to 
Penaz (Portapres) or invasive arterial blood pres-
sure measurements are generally appropriate for 
assessing nocturnal blood pressure fluctuation, 
but the methods are very expensive and thus not 
applicable for standard polysomnography (PSG) 
or polygraphy (PG).

The method of pulse transit time (PTT) is a 
parameter in sleep diagnostics that has been 
known for several decades. Changes of PTT have 
been used as markers for autonomous arousals, 
but the application of PPT for blood pressure 
assessment is new. It is determined by the time the 
pulse wave of a cardiac cycle needs to run from a 
central point of the arterial system into the 
periphery. Often the R-wave of the ECG is used as 

       . Fig. 2.9 EMG electrodes placed at the anterior tibialis 
muscle
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the starting time, and the arrival time of the pulse 
wave in the periphery is measured by means of 
pulse oximetry. Both signals are assessed in PG or 
PSG by default. The velocity of the pulse wave is 
correlated directly with the elasticity or rigidity of 
the vessel. The elasticity is crucially influenced by 
the blood pressure. So, considering individual 
mechanical properties of the vessels, the pulse 
wave velocity allows drawing conclusions about 
the blood pressure. Because the central vessels 
have a different wall structure compared to 
peripheral vessels, a different elasticity results: the 
distinction is made between central and periph-
eral pulse wave velocity.

The individual properties of the vascular elas-
ticity are assessed by means of cuff measurements 
(calibration), and the blood pressure changes are 
calculated with sufficient exactness with a pat-
ented nonlinear mathematical model [8] (see 
. Fig. 2.10).

Thus, the PPT blood pressure method allows 
measuring the blood pressure during sleep in a 
reactionless and continuous way, that is, from 
beat to beat. During sleep, suprathreshold intrin-

sic or extrinsic disturbances may generate arous-
als; as a consequence, a fluctuating increase of the 
systolic pressure may occur in response to a tran-
sitory reduction of the parasympathetic tonus and 
subsequent heart rate increase (NBPF, nocturnal 
blood pressure fluctuation). These NBPFs amount 
to 10–20  s and an average of 29  mmHg ([5]; 
n = 878 NBPFs; see . Fig. 2.11).

With an AHI of 60/h, these NBPFs trigger an 
increase of the average arterial blood pressure of 
about 10  mmHg at night, which counteracts or 
even avoids the natural reduction (dipping). In 
cases of severe SRBD characterized by long apnea/
hypopnea and short breathing periods, higher 
NBPFs may also be generated in REM sleep. A 
continuous increase of the systolic blood pressure 
during these periods is characteristic. After an 
apnea-related increase, blood pressure does not 
return to its original value. As a consequence, the 
blood pressure increase potentiates (superposi-
tion) and reaches extremely high apnea- correlated 
values of more than 200 mmHg.

The continuous and disturbance-free mea-
surement of the blood pressure during sleep is a 
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       . Fig. 2.10 Measurement of the blood pressure based 
on the pulse transit time (PPT) principle. Top left: Scheme 
for placing the electrodes for continuous blood pressure 
measurement based on the PPT principle. Top right: From 
the time delay between the R-wave of the ECG and the 
peripheral pulse wave, PPT can be defined (and docu-
mented) for every heart cycle. From the one-point 

calibration and the nonlinear model, an exact systolic and 
diastolic pressure can be computed for every PPT value. 
Bottom: Continuous measurement of the PPT or the 
systolic and diastolic pressure during the entire sleep 
duration. PPT pulse transit time, SBP systolic blood 
pressure, DBP diastolic blood pressure, Pleth plethysmo-
gram, ECG electrocardiogram
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clinically significant and, in the future, an indis-
pensable tool to determine the severity of the dis-
ease or the severity of the sequelae regarding the 
cardiovascular system [10].

Digital videometry serves for registering the 
body position, but mainly also for assessing 
behavioral particularities during sleep. In this 
way, especially in cases of parasomnia and epilep-
tic events during sleep, valid statements on the 
differential diagnosis can be made.

The standard parameters of polysomnography 
are summarized in . Fig. 2.12.

Parameters and Measurements of 
Standard PSG

 5 Three EEG: F4-A1, C4-A1, and O2-A1 
(as backup measurements or for better 
detection of lateral differences; also 
F3-A2, C3-A2, and O1-A2)

 5 Two EOG: left and right orbital edge
 5 One EMG: three electrodes (one mental 

muscle, two submental muscles)

 5 (Snoring) microphone
 5 Body position sensor
 5 Oronasal airflow, with mouth and nose 

separately assessed (thermistors, 
dynamic pressure measurement)

 5 Thoracic and abdominal respiratory 
excursions (piezo-ceramic elastic belt, 
induction plethysmography)

 5 Two EMG, anterior tibialis muscles
 5 One ECG, at least single channel
 5 Pulse oximetry, HbO2 saturation
 5 Videometry with zoom and panning 

head technique or high resolution for 
digital zooming

2.7.2  Parameters to Be Reported 
for Polysomnography (PSG)

In the morning following the nocturnal measure-
ment, the PSG is evaluated by a somnologist or 
sleep physician or verified if the assistant staff has 
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       . Fig. 2.11 Nocturnal blood pressure fluctuations 
(NBPFs). Top left: NBPFs following obstructive apneas 
(green, arousals; blue, apneas; red, desaturations). Top 
right: NBPFs averaged over n = 878; the average increase 
is 27 mmHg and the average duration is 20 s. Bottom: 

Blood pressure during the night with REM sleep-related 
pressure increase over 200 mmHg (superposition, black 
circle; artifact, gray). SBP systolic blood pressure, DBP 
diastolic blood pressure
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preevaluated the files. The evaluation is based on 
the AASM criteria (7 Sect. 1.3). In addition, 
motor (e.g., PLMS, periodic limb movement in 
sleep), respiratory (e.g., apneas), EEG-related 
(e.g., arousal), and other important events are dif-
ferentiated. Evaluation via only software-inherent 
algorithms without verification by a specialist is 
not accepted because of the missing validity.

2.7.2.1  Sleep Scoring Data
Based on the classic sleep parameters (EEG, EOG, 
EMG), the quality of night sleep can be described 
by means of descriptively statistical parameters.

These statistical values refer to these charac-
teristics (. Table 2.3):

 5 Ability to initiate sleep
 5 Sleep ability at night
 5 Qualitative composition of night sleep
 5 Physiological, cyclic sequence of the sleep 

stages (sleep fragmentation)

The sleep period time (SPT) describes the interval 
from sleep onset to waking up in the morning.

The total sleep time (TST) refers to the actual 
time slept during the sleep period. Nocturnal 
wake phases are subtracted from the sleep period 
time.

The sleep efficiency describes the relation-
ship of the time spent in bed sleeping to the 
overall bedtime given in percentages. Together 
with the total sleep time (TST) and the sleep 
period time (SPT), the sleep efficiency is con-
sidered as a specific parameter of the nocturnal 
sleep ability.

The sleep-onset latencies for the sleep stage N1, 
and in particular for stage N2, describe the ability 
to initiate sleep. It is defined as the time from 
turning off the light (alternatively, the start of the 
measurement) to the occurrence of the first epoch 
N1 or N2. More strict interpretations of sleep 
onset require the linked occurrence of three 
epochs of sleep stage N2 for the sleep-onset 
latency.

The REM latency (time between the first 
occurrence of N1 to the first occurrence of R in 
minutes) gives information about disorders of 
the non-REM/REM organization as it may be 
observed, for example, in the context of narco-
lepsy and impairments of some psychiatric 
sleep disorders. Significantly shorter REM 
latencies, usually of 90 ± 20  min to less than 
10  min (so- called sleep-onset REM, SOREM) 
are an indicator for narcolepsy. Some 
authors also define SOREM with a latency of 15 
or 20  min. In cases of depression, the average 
REM latency may amount to 50  min, but also 
to less.

The percentage of single sleep stages, referring 
to the sleep period time or the time in bed (TIB), 
changes with increased age. The percentage of 
deep sleep and that of REM sleep are of particular 
interest in this context.

Although deep sleep seems to have an impor-
tant restorative function, REM sleep is considered 
to be highly important for intellectual perfor-
mance, learning and memory processes, and 
emotional condition (see 7 Chap. 1). The percent-
age of wakefulness during the sleep period is 
important in the context of insomnia disorders 
because it describes the extent of the difficulty 
maintaining sleep in a characteristic way. The per-
centage of light or superficial sleep (N1, N2) is 
increased in many sleep disorders with repetitive 
arousals or in cases of chronic application of  
hypnotics.
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       . Fig. 2.12 Schematic depiction of the measurement of 
some parameters of polysomnography, modified 
according to Weeß [Steinberg R, Weeß H-G, Landwehr R 
(2010) Schlafmedizin. Grundlagen und Praxis. Uni-Med, 
Bremen]
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       . Table 2.3 Statistical parameters of polysomnography evaluation according to AASM (2020)

Sleep 
parameter

Calculation Function/significance Reference values

Time in bed or 
measurement 
time

Time span from turning off the 
light to turning it on (in minutes)

Bedtime, insomnia 
disorders, sleep deficit 
syndrome

–

SPT 1 Sleep period time 1: interval from 
the first N1 to definite waking up 
(in minutes)

Sleep ability, insomnia 
disorders

High interindividual 
variation, 5–9 h, 
age-dependent

SPT 2 Sleep period time 2: interval from 
sleep onset (N2) to definite waking 
up (in minutes)

Sleep ability, insomnia 
disorders

High interindividual 
variation, 5–9 h, 
age-dependent

TST 1 Total sleep time 1: SPT 1 without 
wake phases (in minutes)

Sleep ability, insomnia 
disorders

High interindividual 
variation, 5–9 h, 
age-dependent

TST 2 Total sleep time 2: SPT 2 without 
wake phases (in minutes)

Sleep ability, insomnia 
disorders

High interindividual 
variation, 5–9 h, 
age-dependent

SEI Sleep efficiency index: TST1/TIB × 
100

Sleep ability, insomnia 
disorders

Age-dependent; 
>85–90%

SOL 1 Sleep-onset latency 1: interval from 
turning off the light to first 
occurrence of N1 (in minutes)

Ability to initiate sleep, 
sleep-onset disorders

<30 min

SOL 2 Sleep-onset latency 2: interval from 
turning off the light to first 
occurrence of N2 (in minutes) or N2 
linked over 3 epochs

Ability to initiate sleep, 
sleep-onset disorders

<30 min

SOL N3 Sleep-onset latency 3: interval from 
first occurrence of N1 to first 
occurrence of N3 (in minutes)

Sleep quality, sleep cycles, 
non-REM/REM organization

–

REM latency Interval from first occurrence of N1 
to first occurrence of stage R (in 
minutes)

Sleep quality, sleep cycles, 
non-REM/REM organization, 
narcolepsy

90 ± 20 min

Percentage of 
wake phases: 
N1, N2, N3, R

Percentage of single sleep stages 
referring to TST 1

Sleep quality, physical and 
psychic restoration, 
disorders of maintaining 
sleep

Age- and gender- 
dependent 
(. Table 2.6)

Arousal index 
(AI)

Average number of all arousals per 
hour, referring to TST 1

Sleep fragmentation, global Age- and gender- 
dependent (males ↑)

Respiratory 
arousal index 
(RAI)

Average number of respiration- 
related arousals per hour, referring 
to TST 1

Sleep fragmentation, 
involvement of respiratory 
events, sleep-related 
breathing disorders

<10/h

PLMS arousal 
index (PLMS-AI)

Average number of PLMS-related 
arousals per hours, referring to 
TST 1

Sleep fragmentation, 
involvement of periodic leg 
movements, RLS, PLMD

<5/h, classification of 
the severity

5 to ≤20/h: mild

20–60/h: moderate

>60/h: severe
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The standard percentages of the sleep stages 
(. Table 2.4) reveal their dependence on age and 
show a clear gender effect to the disadvantage of 
older men regarding deep sleep (N3). It must be 
taken into account that these standard sleep scor-
ing data are based on the original criteria of 
Rechtschaffen and Kales. However, the sleep 
scoring data established by the AASM (2007–
2020) should not have resulted in a significant 
modification of the standard values. Possibly, a 
reduction of the sleep- onset latency, a slight 
increase of stage N2 to the disadvantage of stage 
N1, and a nearly unchanged percentage of REM 
and deep sleep may be expected. For the moment, 
more recent standard values based on the AASM 
criteria are not available.

2.7.2.2  Phenomenology 
and Classification of Arousals

An arousal is understood as sudden frequency 
change/acceleration of the EEG. It includes theta 
waves, alpha waves, or frequencies higher than 
16 Hz. Sleep spindles with characteristic frequen-
cies between 11 and 16 Hz (mostly 12 and 14 Hz) 
are excluded.

Arousals may lead to partial, temporary, or 
complete arousal; they always interrupt sleep and 
are a typical pathomechanism for many sleep dis-
orders. Regarding diagnostics of sleep disorders, 
the etiology of the arousals (e.g., respiratory, 
motor, vegetative, endogenous) plays a major role.

Arousals during sleep are stimulus depen-
dent. They may be triggered by interoception 

       . Table 2.3 (continued)

Sleep 
parameter

Calculation Function/significance Reference values

Endogenous 
arousal index 
(EAI)

Average number of endogenous 
arousals per hour, referring to TST 1

Sleep fragmentation, involve-
ment of endogenous events, 
insomnia, narcolepsy, etc.

Unclear, see Arousal 
Index (AI) for 
orientation

REM interval Duration of one non-REM/REM 
cycle

Sleep cycles, non-REM/REM 
organization, narcolepsy, 
psychiatric sleep disorders

High interindividual 
variation, 90 ± 20 min

       . Table 2.4 Standard values of sleep stage percentages according to age and gender, based on a study by 
Redline et al. [14] including n = 2685 healthy sleepers as controls

Value Stage 1 Stage 2 Stage 3/4 REM sleep

Age (years) Males Females Males Females Males Females Males Females

37–54 5.8 4.6 61.4 58.5 11.2 14.2 19.5 20.9

95% CI 5.2–6.5 4.1–5.3 60.0–62.8 57.1–60.0 9.9–12.6 12.7–15.9 18.8–20.2 20.0–21.8

55–60 6.3 5.0 64.5 56.2 8.2 17.0 19.1 20.2

95% CI 5.6–7.0 4.4–5.7 63.2–65.9 54.5–57.8 7.1–9.5 15.2–18.9 18.4–19.8 19.3–21.1

61–70 7.1 5.0 65.2 57.3 6.7 16.7 18.4 19.3

95% CI 6.4–7.9 4.4–5.7 63.9–66.5 55.7–58.9 5.7–7.7 14.8–18.6 17.8–19.1 18.4–20.2

>70 7.6 4.9 66.5 57.1 5.5 17.2 17.8 18.8

95% CI 6.8–8.5 4.3–5.6 65.1–67.8 55.6–58.7 4.5–6.5 15.5–19.1 17.1–18.5 18.0–19.6

Evaluation based on the criteria of Rechtschaffen and Kales [13]
CI confidence interval
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(psychophysical, sensor, neuronal, vegetative 
stimuli) or exteroception (acoustic, optic, tactile 
stimuli).

Regarding the diagnostics of sleep disorders, 
interoceptive arousals are critical.

 5 Interoceptive psychophysical arousals may 
occur in response to dream events, changed 
blood gas conditions, pH alterations, changes 
of the muscle elongation receptors, kines-
thetic stimuli, or pain

 5 Interoceptive neuronal arousals develop in 
the cortex, the limbic system, the hypo-
thalamus, or the reticular system of the 
brainstem

Arousals are seen in all age groups. As of the 
fourth decade, the incidence significantly 
increases; the development of the arousal fre-
quency per hour of sleeping time depends on age. 
Male subjects show more arousals than females.

The arousal index (number of arousals per 
hour of sleep) describes the fragmentation of 
night sleep and the dissolution of the physiologi-
cal sleep cycle. The higher is the fragmentation, 
the less differentiated or maintained are the sleep 
cycles. If the arousal index is correlated with 
motor, respiratory, or endogenous events, it allows 
conclusions about the contribution of comorbid-
ity to the disorder of the physiological sleep cycle. 
Hence, the arousal index has a major role for 
determining the severity and evaluating the ther-
apy success.

Currently, EEG-related arousal analyses are in 
the focus of polysomnographic diagnostics of 
sleep disorders. Compared to analytical methods 
of vegetative arousals, they are systemized, vali-
dated, and standardized. For improvement of 
arousal analysis during sleep, a systematic classifi-
cation and validation of vegetative arousal reac-
tions would be desirable.

In 1992, the American Sleep Disorders 
Association (ASDA) developed an upgraded 
EEG- related arousal classification that was inter-
nationally acknowledged as a standard. It is based 
on the classic measurements described by 
Rechtschaffen and Kales. Additionally, however, 
the measurement of occipital EEG measurement 
points (O1-A2, O2-A1, Oz-A1/A2) were recom-
mended because the arousal frequencies can be 
better detected by occipital assessment. The ana-
lytical criteria of the AASM adopt the arousal 

classification of the ASDA.  For classification of 
arousals according to the AASM [2], the informa-
tion of frontal, central, and occipital measure-
ments must be taken into account.

Arousal Criteria of the ASDA and the 
AASM [2]
An arousal is defined as an abrupt EEG 
frequency shift that may include theta, 
alpha, or frequencies higher than 16 Hz, 
except sleep spindles. The minimum 
length of the frequency  
acceleration is 3 s.
1. An arousal has to be preceded by at 

least 10 s of sleep. Arousals may also 
occur in a wake epoch if this epoch 
contains, for example, as much as 14 s of 
sleep. The AASM [2] indicates that 
arousals may generally also occur in a 
wake epoch between light out and light 
on and are included in the arousal index.

2. At least 10 s of sleep have to be 
registered between two arousals 
(. Fig. 2.13).

3. Arousals may be observed in non-REM 
sleep only in the EEG, that is, without 
increasing muscle tonus of the 
submental EMG. In REM sleep, the 
arousal has to be accompanied by a 
submental EMG increase of at 
least 1 s.

4. An increase of muscle tone alone does 
not suffice for classification as arousal.

5. Artifacts, K complexes, or delta waves 
are only considered as arousals when a 
frequency acceleration of more than 3 s 
is observed in at least one measure-
ment channel.

6. “Pen blocking” artifacts (overregulation 
in one channel) are classified as 
arousals when a frequency acceleration 
follows.

7. Subsequent EEG and EMG changes 
with a respective duration of 3 s or less, 
but summarized as more than 3 s, are 
not classified as arousals.

8. Alpha interferences in non-REM phases 
with a length of 3 s or less and a 
frequency of more than 1/10 s (>0.1 Hz) 

 Chapter 2 · Diagnostic Methods



45 2

are not classified as arousals. Alpha 
interferences with a length more than 
3 s are only classified as arousals when 
no other alpha interference has 
occurred in the previous 10 s.

9. Change in sleep stage is not a criterion 
of arousal.

The criticism regarding the described arousal 
classification primarily refers to the time crite-
rion for the minimum length of an arousal. 
Numerous investigations could show that respi-
ratory, motor, or endogenous arousals may also 
constitute shorter intervals; these are then some-
times called micro-arousals. In these cases, strict 
interpretation of the ASDA or AASM criteria 
leads to an underestimation of the arousal inci-
dence and thus to an underestimation of the 
severity.

2.7.3  Polysomnography (PSG) in 
Patients with Insomnia

In many cases, but not in all, PSG has a key role in 
the diagnostics of insomnia. In our own patient 
cohort, the suspected diagnosis had to be modified 
after PSG in about 38% of cases. In 2003, the AASM 
established recommendations for the indication to 
perform PSG for the diagnostics and therapy of 
insomnia based on the evidence of scientific data.

According to the criteria of the AASM, insom-
nia is a relevant disease that requires accurate 
diagnostics and therapy. Primarily, the diagnosis 
of insomnia is based on the clinical symptoms by 
means of intensive medical, psychiatric, and 
pharmacological history taking and sleep anam-
nesis (evidence level 1).

Referring to the AWMF guideline on insom-
nia and the insomnia guideline of the ESRS, PSG 
is indicated when all other diagnostic measures 
are exhausted and the medical condition of 
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       . Fig. 2.13 A 30-s epoch of polysomnography. Two arousals with movement artifacts within 10 s. According to the 
AASM criteria, the second arousal is not counted. The frequency acceleration has to continue for at least 3 s
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insomnia is suspected, in particular in the con-
text of sleep apnea syndromes or suspected peri-
odic limb movements. According to the 
Association of Scientific Medical Associations 
(ASMA) guideline, PSG may also provide impor-
tant diagnostic and therapeutic information in 
therapy- refractory cases as well as in high-risk 
groups associated with endangerment of self and 
others, such as professional drivers or subjects 
working with dangerous machinery. 
Polysomnography may also lead to further diag-
nostic and also therapeutic knowledge when a 
significant discrepancy is expected between the 
subjectively perceived severity of insomnia and 
the polysomnographic findings (see also 
. Table 3.2).

The typical sleep profile of insomnia patients 
is characterized by these factors (. Fig. 2.14):

 5 Prolonged sleep-onset latency
 5 Increased endogenous arousals
 5 Prolonged nocturnal wake phases
 5 Reduction of deep and REM sleep
 5 Modified sleep cycles

Often an alpha overlap is found in the sleep EEG, 
which is considered to be an expression of a 
chronically increased tension level. However, it is 
a nonspecific phenomenon that is also observed 
in other psychiatric disorders.

It is noteworthy that often a discrepancy is 
observed between objective polysomnographic 
findings and the patient’s subjective perception of 
the ability to sleep. In these cases, frequently struc-
tural changes of sleep such as micro-arousals or the 

aforementioned alpha overlaps are found in the 
sleep EEG. Not least because of this fact, the evalu-
ation criteria of PSG, even after revision by the 
AASM, are controversially discussed with regard to 
their clinical applicability, especially for insomnias.

The apparently disturbed perception of sleep, 
however, can also be explained based on several 
recent experimental findings in healthy sleepers 
and subjects suffering from disturbed sleep.

During the sleep-onset process, the probability 
of perceiving sleep onset is only clearly increased 
with the occurrence of the first sleep spindle. 
Subjects who were awakened before the first sleep 
spindle report significantly more often not to have 
slept at all. In the course of the night, the sleep per-
ception depends not only on the depth of sleep but 
also on its continuity. Individuals who underwent 
experimental triggering of arousal in similar inter-
vals as they occur in insomnia patients reported 
comparably linked wake phases as do insomnia 
patients even if objectively sleep could be seen 
between arousals. The human brain seems to need 
continuous sleep episodes of longer durations 
without arousals to perceive sleep.

2.7.4  Polysomnography (PSG) in 
Patients with Periodic Limb 
Movements in Sleep 
and Patients with Restless Leg 
Syndrome

Periodic limb movements in sleep (PLMS) and 
restless legs syndrome (RLS) are two indepen-

Sleep stage
diagram

Time

Arousals
N°

REM
W
1
2
3

23:00 00:00 01:00 02:00 03:00 04:00 05:00 06:00

       . Fig. 2.14 Typical sleep profile of psychophysiological 
insomnia. It is clearly seen that the deep sleep phase is 
missing, with an increased number of changes of sleep 
stage and nocturnal wake phases (sleep stage diagram) 
resulting from a greater number of nocturnal arousals 
(arousal N0). It must be considered that the patient 

perceived sleep onset at 2 AM when the first sleep 
episode occurred without intermittent arousal. Because of 
the subsequently increased number of arousals, sleep 
afterward was not experienced as such, and the patient 
estimated the actual sleep quantity to be about 1 h in the 
morning protocol
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dent, delayed, or even simultaneously emerging 
disorders with suspected central nervous system 
genesis.

According to the AASM recommendations 
[10], PSG is considered as the essential technical 
 examination to confirm PLMS. RLS, in contrast, 
is primarily a clinical diagnosis. In the following 
cases, PSG is also indicated in this context:

 5 Cases with unclear diagnosis
 5 Children and adolescents with RLS
 5 Therapy-refractory RLS
 5 Persisting daytime sleepiness or sleep 

disorders under therapy
 5 Necessity of complex pharmaceutical 

strategies with opiates, anticonvulsants, or 
other atypical pharmaceutical treatment 
approaches

Furthermore, PSG is the most important criterion 
for verification of the effectiveness of therapeutic 
approaches to frequently associated nocturnal 
periodic arm and leg movements, especially for 
patients with persisting insomnia or daytime 
sleepiness under therapy (evidence level 1).

PLMS are characterized by episodes of peri-
odic leg or, rarely, arm movements in sleep. They 
may be unilateral, bilateral symmetrical, or alter-
nating (. Figs. 2.15, 2.16, and 2.17).

PLMS in combination with RLS are pre-
dominantly observed in the sleep stages N1 and 
N2: these occur less frequently in REM sleep. 
PLMS also emerge in wakefulness and at the 
transition between wake and sleep. PLMS 
increase with increased age. In healthy subjects 
aged between 30 and 50  years, the incidence 
amounts to about 5%; in 50-year-old individu-
als, PLMS is suspected in about 30% of the 
examined population.

Regarding diagnosis, PLMS must be differen-
tiated from these events:

 5 Hypnagogic foot tremor
 5 Alternating leg muscle activation (ALMA)
 5 Excessive fragmentary myoclonus in non- 

REM sleep
 5 Phasic REM twitches
 5 Leg cramps
 5 PLMS associated with or terminating apnea

The last-mentioned symptoms are no longer 
observed in the context of sufficient ventilation 
therapy.

PLMS are often accompanied by other sleep 
disorders, frequently appearing in insomnia dis-
orders, sleep apnea, narcolepsy, some psychiatric 
diseases, and REM behavior disorder.

The typical sleep profile with PLMS is signifi-
cantly different from that of healthy sleepers. The 
sleep efficiency is relevantly reduced, more phases 
of light sleep (N1 and N2) are observed, and deep 
sleep and REM sleep are often reduced. The peri-
odicity of the sleep cycles is significantly impaired 
or even disappears with the frequent arousals and 
the increased wake phases (. Fig. 2.14). In 1993, 
the Atlas Task Force of the American Sleep 
Disorders Association (ASDA) defined the dura-
tion, periodicity, and arousal reactions of rhythmic 
movements in sleep. In 2007, these criteria were 
substituted by those of the American Academy of 
Sleep Medicine (AASM). The original classifica-
tion criteria, however, will probably be applied for 
a certain time until the computer-assisted analysis 
systems are able to implement the AASM criteria 
that are based on absolute signal properties.

AASM Criteria for the Classification of 
PLMS (2020)

 5 At least four consecutive contractions 
must be observed within an interval 
between 5 and 90 s (. Fig. 2.17). They 
are measured in all sleep stages and in 
wakefulness.

 5 The basic EMG signal should be 
measured with a relaxed anterior tibialis 
muscle and should not amount to more 
than 10 μV (between positive and 
negative amplitude, −5 μV to +5 μV). 
The application of 60 Hz (notch) filters 
should be avoided if possible. The 
impedances must be below 10,000 Ω; 
below 5,000 Ω is recommended. The 
measurement range should be between 
−100 and +100 μV.

 5 The duration of one leg movement 
(LM) is between (minimum) 0.5 s and 
(maximum) 10 s.

 5 The onset of LM is defined when the 
increase of the EMG is higher than 8 μV 
compared to the signal at rest. The end 
of LM is defined by a reduction of the 
EMG signal to <2 μV above the signal 
at rest for at least 0.5 s.

2.7 · Polysomnography (PSG)



48

2
Sl

ee
p 

st
ag

e
di

ag
ra

m

Ti
m

e

RE
M W 1 2 3

10
0 95 90 85 80 10
0 80 60 40 U
p

Ri
gh

t
Le

ft
A

bd
om

en
Ba

ck

Sa
O

2 
M

ea
n 

va
lu

e
(%

)

H
F 

M
ea

n 
va

lu
e

(b
pm

)

Po
si

tio
n

A
ro

us
al

s 
N

°

Li
m

b 
m

ov
em

en
ts

 N
°

23
:0

0
00

:0
0

01
:0

0
02

:0
0

03
:0

0
04

:0
0

05
:0

0
06

:0
0

07
:0

0

       
.

Fi
g.

 2
.1

5 
Ty

pi
ca

l h
yp

no
gr

am
 in

 c
as

e 
of

 P
LM

S.
 T

he
 h

yp
no

gr
am

 sh
ow

s t
he

 c
ha

ra
ct

er
ist

ic
 

de
ep

 sl
ee

p 
su

pp
re

ss
io

n 
(s

ta
ge

 N
3)

 a
nd

 th
e 

in
cr

ea
se

d 
sle

ep
 st

ag
e 

ch
an

ge
 c

au
se

d 
by

 re
pe

tit
iv

e 
ar

ou
sa

ls 
(a

ro
us

al
 N

0)
 in

 c
as

es
 o

f p
er

io
di

c 
lim

b 
m

ov
em

en
ts

 (l
im

b 
m

ov
em

en
ts

 N
0)

. T
he

 in
cr

ea
se

d 
sle

ep
-o

ns
et

 la
te

nc
y 

is 
al

so
 st

rik
in

g.
 T

he
 in

cr
ea

se
d 

nu
m

be
r o

f a
ro

us
al

s (
ar

ou
sa

l N
0)

 is
 a

lso
 se

en
 

in
 th

e 
in

cr
ea

se
d 

he
ar

t r
at

e 
va

ria
tio

n 
(H

F 
m

ea
n 

va
lu

e,
 b

pm
) (

N
0 

= 
nu

m
be

r).
 T

he
 S

aO
2 d

ec
re

as
e 

at
 th

e 
be

gi
nn

in
g 

of
 th

e 
sle

ep
 p

er
io

d 
is 

st
ill

 p
hy

sio
lo

gi
ca

l a
nd

 e
xp

re
ss

es
 th

e 
pa

rt
ia

lly
 re

al
iz

ed
 

de
ep

 sl
ee

p.
 N

ot
e 

th
e 

sc
al

e 
of

 th
e 

y-
ax

is,
 w

hi
ch

 sh
ow

s a
 h

ig
h 

re
so

lu
tio

n 
an

d 
su

gg
es

ts
 O

2 
de

sa
tu

ra
tio

n

 Chapter 2 · Diagnostic Methods



49 2

F4
 - 

A
1

-7
5

-3
7.

5 0
37

.5 75 -7
5

-3
7.

5 0
37

.5 75 -7
5

-3
7.

5 0
37

.5 75

C4
 - 

A
1

O
2 

- A
1

EO
G

, l
ef

t

EO
G

, r
ig

ht

EC
G

EM
G

, c
hi

n

Le
ft

 le
g

Ri
gh

t l
eg

Sn
or

in
g

Fl
ow

Th
or

ax

A
bd

om
en

Sa
O

2

Po
si

tio
n

Ti
m

e 
ax

is
23

:1
9:

20
23

:1
9:

22
23

:1
9:

24
23

:1
9:

26
23

:1
9:

28
23

:1
9:

30
23

:1
9:

32
23

:1
9:

34
23

:1
9:

36
23

:1
9:

38
23

:1
9:

40
23

:1
9:

42
23

:1
9:

44
23

:1
9:

46
23

:1
9:

48

95
.5

95
.5

95
.5

95
.5

95
.5

rig
ht

rig
ht

rig
ht

rig
ht

rig
ht

       
.

Fi
g.

 2
.1

6 
Bi

la
te

ra
l P

LM
S 

w
ith

 a
ro

us
al

 d
ur

in
g 

a 
30

-s
 e

po
ch

 o
f p

ol
ys

om
no

gr
ap

hy
. 

A
ro

us
al

s 
ar

e 
cl

as
si

fie
d 

as
 a

ss
oc

ia
te

d 
w

ith
 le

g 
m

ov
em

en
ts

 if
 th

e 
in

te
rv

al
 b

et
w

ee
n 

th
e 

en
d 

of
 th

e 
fir

st
 e

ve
nt

 a
nd

 th
e 

be
gi

nn
in

g 
of

 th
e 

se
co

nd
 e

ve
nt

 is
 le

ss
 th

an
 0

.5
 s

 (i
nd

ep
en

de
nt

 

fr
om

 th
e 

or
de

r o
f t

he
 e

ve
nt

s)
. L

eg
 m

ov
em

en
ts

 o
f b

ot
h 

le
gs

 a
re

 c
la

ss
ifi

ed
 a

s 
on

e 
m

ov
e-

m
en

t (
LM

) i
f l

es
s 

th
an

 5
 s

 is
 m

ea
su

re
d 

be
tw

ee
n 

th
e 

on
se

ts
 o

f b
ot

h 
m

ov
em

en
ts

2.7 · Polysomnography (PSG)



50

2
-7

5

-7
575 80 60 40

-3
7.

5

-3
7.

5

37
.50 0

37
.5 10 95 90

rig
ht le
ft

ba
ck

02
:4

5:
01

0
5

10
15

20
25

10
15

20
25

0
5

10
15

20
25

10
15

20
25

10
15

20
25

10
15

20
25

10
15

20
25

10
15

20
25

10
15

20
25

0
5

0
5

0
5

0
5

0
5

0
5

0
5

0
5

10
15

20
25

02
:4

5:
31

02
:4

6:
01

02
:4

6:
31

02
:4

7:
01

02
:4

7:
31

02
:4

8:
01

02
:4

8:
31

02
:4

9:
01

02
:4

9:
31

C3
 - 

A
2

C4
 - 

A
1

EO
G

, l
ef

t

EO
G

, r
ig

ht

H
F 

m
ea

n 
va

lu
e 

(b
pm

)

Le
ft

 le
g

EC
G

EC
G

, c
hi

n

Ri
gh

t l
eg

Sn
or

in
g

Fl
ow

Th
or

ax

A
bd

om
en

Sa
O

2

Po
si

tio
n

Ti
m

e 
ax

is

       
.

Fi
g.

 2
.1

7 
PL

M
S 

of
 th

e 
rig

ht
 a

nt
er

io
r t

ib
ia

lis
 m

us
cl

e 
w

ith
 a

ro
us

al
s 

in
 th

e 
5-

m
in

 d
ep

ic
tio

n 
of

 p
ol

ys
om

no
gr

ap
hy

. T
he

 a
ss

oc
ia

te
d 

ar
ou

sa
ls

 a
re

 n
o 

lo
ng

er
 v

is
ib

le
 b

ec
au

se
 o

f t
he

 ti
m

e 
co

m
pr

es
si

on
 in

 th
e 

EE
G

. A
m

pl
itu

de
 in

cr
ea

se
s 

in
 th

e 
EE

G
 s

ug
ge

st
 th

e 
po

ss
ib

le
 p

re
se

nc
e 

of
 a

n 
ar

ou
sa

l

 Chapter 2 · Diagnostic Methods



51 2

 5 Leg movements of both legs are 
classified as one leg movement (LM) if 
less than 5 s is measured between the 
onsets of both movements.

 5 According to the ASDA, leg movements 
at the end of an apnea or hypopnea that 
emerge together with an onset of 
hyperventilation are classified sepa-
rately as breathing related. Today, they 
are no longer assessed based on the 
AASM criteria when they emerge in an 
interval that starts 0.5 s before the onset 
of apnea or hypopnea and ends 0.5 s 
after the end of apnea/hypopnea.

 5 Arousals are classified as associated 
with leg movements when the time 
interval between the end of the first 
event and the onset of the second 
event is less than 0.5 s (independent 
from the order of the events).

If a wake phase of less than 90 s separates a series 
of leg movements, the leg movements during the 
wake phase are not counted. However, the series 
of leg movements is assessed as such.

The AASM recommends the following param-
eters for analysis:

 5 Definition of the total number of PLMS 
during measurement and definition of the 
total number of PLMS with arousals.

 5 Assessment of a PLMS index (PLMSI) that is 
calculated by the following formula: total 
number of PLMS during TST × 60/TST 
(minutes).

 5 Definition of a PLMS arousal index (PLMSArl) 
calculated based on the formula: number of 
PLMS with arousal × 60/TST (minutes).

 5 Furthermore, it is recommended to  
differentiate between PLM in sleep and in 
wakefulness.

Practical Tip

PLMS index:
 5 Up to 5/h: inconspicuous
 5 Between 5/h and ≤20/h: mild disorder
 5 Between 20/h and 60/h: moderate 

disorder
 5 More than 60/h: severe disease

Besides the more exact specification, the advan-
tage of the AASM criteria is the possibility to per-
form computer-based evaluation by an automated 
analysis systems. The AASM has also described 
the first criteria for other motor phenomena and 
disorders during sleep.

The AASM defines hypnagogic foot tremor 
(HFT) as EMG potentials occurring at the sleep–
wake transition in a group of at least four events 
or as movements with lengths between 250 and 
1000 ms and an incidence between 0.3 and 4 Hz 
without amplitude criteria. HFT is considered as a 
benign symptom without clinical relevance.

Alternating leg muscle activation (ALMA) 
emerges during sleep independently from sleep 
stages and is associated with arousals, and it is 
also described as a benign phenomenon with an 
increased probability of occurrence in the context 
of RLS, sleep apnea, and antidepressant medica-
tion. For identification, at least four side- 
alternating muscle activations are required, 
emerging with a minimum frequency of 0.5  Hz 
and a maximum frequency of 3 Hz. The duration 
of the single events amounts to 100–500 ms.

Excessive fragmentary myoclonus (EFM) in 
non-REM is characterized by EMG interferences, 
discharge of single motor neurons, with a maxi-
mum length of 150 ms. According to the AASM 
criteria, these must appear over at least 20 min in 
total with a frequency of at least 5/min. They are 
not associated with movements, and they have no 
clinical relevance even if they are more frequently 
observed in radiculopathies.

2.7.5  Polysomnography (PSG) 
in Cases of Bruxism

For the first time, the AASM formulated criteria for 
polysomnographic registration and evaluation of 
bruxism (7 Chap. 8). Hereby, the criteria for analy-
sis are applied to the submental EMG.  However, 
additional measurements of the masseter muscle 
may also be performed. To confirm the diagnosis, 
an accompanying audiometric measurement may 
be performed in the PSG.

Phasic as well as tonic increases of the EMG 
activity of the submental EMG or the masseter mus-
cle are measured that show at least twice the ampli-
tude of the background EMG activity. Short (phasic) 
increases of the EMG activity are considered as 
bruxism episodes if their duration amounts to 
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0.25–2 s and at least three of such increases occur in 
regular intervals. Tonic increases of the chin activity 
are considered as bruxism at a length of more than 
2 s. After a bruxism episode, a new episode may only 
be defined when the EMG has returned to the level 
of the background activity for at least 3 s. A second 
type of bruxism activity must not be forgotten. It is 
characterized by tonic increases that originate from 
the permanent clenching of the teeth.

The AASM does not give recommendations 
regarding the indication of PSG in the context of 
bruxism.

2.7.6  Polysomnography (PSG) 
in Cases of REM Behavior 
Disorders

For diagnosis of REM behavior disorder (RBD), 
one or both of the following phenomena have to 
be observed in the PSG.

 5 Tonic muscle activation in REM character-
ized by EMG activity emerging in at least 
50% of the epoch that is above the lowest 
amplitude in non-REM.

 5 Excessive transient (phasic) muscle activation 
(ETM) during REM in the submental and 
tibialis EMG. Hereby, it is necessary that at 
least 5 mini-epochs occur with ETM in 5 of 
10 mini-epochs (3 s) of the respective epoch 
(30 s). In the context of REM behavior 
disorders, ETMs have a length between 0.1 
and 5 s, and their amplitude is at least four 
times higher than the background activity.

The AASM has not published any recommenda-
tions regarding the indication for PSG in cases of 
REM behavior disorders.

2.7.7  Polysomnography (PSG) 
in Cases of Rhythmic 
Movement Disorders in Sleep

Rhythmic movement disorders in sleep (jactatio 
capitis nocturna) are defined as movements of 
large muscle groups with a frequency between 0.5 
and 2  Hz. It is recommended to summarize at 
least four movements to one episode or one clus-
ter. For assessment, the EMG should show at least 
the double amplitude of the background activity. 
Accompanying videometry, as well as additional 

application of EMG surface electrodes on the 
muscle groups involved, is recommended to find 
an exact diagnosis.

The AASM has not published any recommen-
dations regarding the indication for PSG in cases 
of rhythmic movement disorders in sleep.

2.7.8  Polysomnography (PSG) 
in Cases of Sleep-Related 
Breathing Disorders

Sleep-related breathing disorders (7 Chap. 4) include:
 5 Obstructive sleep apnea syndrome
 5 Central sleep apnea syndrome
 5 Sleep-related hypoventilation syndromes
 5 Sleep-related hypoxemia

It is characteristic for these kinds of disorders that 
apnea or reduced breathing (hypopnea) or 
hypoventilations or hypoxemia occur during 
sleep. In association, O2 desaturations and respi-
ratory arousals may develop.

PSG is performed for diagnosis, differential 
diagnosis, assessment of the severity, and therapy 
monitoring of sleep-related breathing disorders. 
The S3 guideline on “Non-restorative sleep/sleep 
disorders” [chapter entitled “Sleep-Related 
Breathing Disorders” published by the German 
Society for Sleep Research and Medicine 
(Deutsche Gesellschaft für Schlafforschung und 
Schlafmedizin, DGSM] as well as the criteria for 
the indication of polysomnography for sleep- 
related breathing disorders of the AASM revised 
in 2017 [6] recommend polysomnography as the 
diagnostic standard for all sleep-related breath-
ing disorders with comorbidities that are suitable 
to reduce the significance of unattended polygra-
phy systems. Only in clinically clear cases with 
suspected SRBD without relevant comorbidities 
may the diagnosis be performed by means of 
polygraphy. Follow-up assessments are generally 
based on medical consultation with device-
related examinations by means of polygraphy. 
Polysomnographic follow-up may be indicated in 
patients with relevant comorbidities (7 Sect. 2.6). 
If an unattended polygraphic examination has 
already been performed with unclear results or 
technical problems, polysomnography is recom-
mended.

Based on the recommendations of the AASM, 
oronasal thermistors may be applied to detect 
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apneas. Regarding hypopneas, the application of 
nasal pressure transducer sensors is required. 
More recently, combination electrodes have been 
developed allowing the simultaneous application 
of dynamic pressure and thermistor measure-
ments.

Assessment of the respiratory effort should 
be performed by means of esophageal pressure 
sensors or induction plethysmography. Elastic 
belts with piezoceramic sensors are not recom-
mended because measurements are only punc-
tual (missing circumference measurement) 
(7 Sect. 2.7.1). Because in practice two different 
sensors cannot always be applied for the assess-
ment of apneas and hypopneas, nasal pressure 
transducer is also accepted to evaluate apneas. 
The registration of hypopneas can also be per-
formed by means of oronasal thermistors. If 
these methods are not successful or no reliable 
signal can be registered, the AASM criteria alter-
natively allow assessing apneas by means of the 
sum signal of thoracic and abdominal induction 
plethysmography (estimation of the breathing 
volume) or the time-related sum signal of tho-
racic and abdominal induction plethysmography 
(estimation of the airflow). As an alternative for 
nasal pressure transducers or oronasal thermis-
tors, the sum signal of thoracic and abdominal 
induction plethysmography, the time-related 
sum signal of thoracic and abdominal induction 
plethysmography, or the separate registration of 
induction plethysmography of thorax and abdo-
men is recommended for identification of 
hypopneas. It is also accepted to refer to the sum 
signal of thoracic and abdominal polyvinylidene 
fluoride sensors (belts) for identification of 
apneas or hypopneas. In nights when positive 
pressure ventilation should be titrated, the use of 
the flow signal of the ventilation device is recom-
mended to identify apneas or hypopneas.

According to the AASM criteria, an event is 
considered as apnea when:

 5 The reduction of the thermistor signal (or the 
dynamic pressure measurement) is ≥90%.

 5 The amplitude criterion (reduction ≥90%) 
applies for at least 10 s of the duration of the 
event.

An apnea is considered as being:
 5 Obstructive when the respiratory effort 

persists unrelievedly
 5 Central when the respiratory effort is absent

 5 Mixed when the respiratory effort is first 
absent and in a second part of the event 
restarts with still absent airflow (. Figs. 2.18, 
2.19, 2.20)

After revision of the AASM criteria from 2007, 
the version of 2020 summarizes the alternative 
hypopnea aspects to one single definition:

Hypopnea is confirmed when:
 5 The flow signal (dynamic pressure measure-

ment, thermistor) decreases by at least 30% 
compared to the original value.

 5 This reduction lasts for at least 10 s.
 5 The oxygen saturation decreases by at least 

3% compared to the original value or the 
result is arousal correlated (see . Fig. 2.21).

An event is considered as apnea when the crite-
rion of apnea is temporarily fulfilled in the course 
of hypopnea.

Following the AASM again obstructive and 
central types of hypopneas may be differentiated.

The advantage of the new AASM criteria is, 
among others, the exact definition of the begin-
ning and the end of a respiratory event.

 5 The beginning of an apnea or hypopnea is 
defined from the nadir preceding the first 
breath that is clearly reduced.

 5 The end of a respiratory event is defined as 
the beginning of the first breath whose 
amplitude approaches the baseline amplitude. 
In cases of unclear original amplitude, such as 
when breathing is highly variable, the end is 
set at the point where a clear increase of the 
oronasal breathing amplitude is observed.

Alternatively, it is recommended in cases 
of accompanying desaturation to define the 
end at that point where resaturation of 2% or 
more occurs.

However, this last-mentioned criterion is sup-
posed to be a relevant prolongation of the respira-
tory event because of the time shift between apnea 
and associated desaturation from the cardiovas-
cular time and thus it should be declined.

Also, the consideration of respiratory events 
that do not meet the criterion of apnea or hypop-
nea but that nonetheless impair the quality of 
sleep and have to be rated as pathological is a 
merit of the AASM. The respiratory effort-related 
arousals (RERAs) are defined by an increase of the 
respiratory effort or a flattening of the dynamic 
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pressure signal over an interval of 10 s or more. It 
is required that the respective event leads to 
arousal and the criteria of apnea or hypopnea are 
not met (. Fig. 2.22).

In cases of primary or secondary alveolar 
hypoventilation and central apnea, a gradual or 
complete loss of the airflow can be observed with 
open airways and reduced or absent thoracic and 
abdominal respiratory efforts.

The event is confirmed as hypoventilation when:
 5 The PaCO2 value is at least 55 mmHg for a 

duration of at least 10 min.
 5 An increase of at least 10 mmHg of PaCO2 is 

observed for at least 10 min over a value of 
50 mmHg.

Persisting O2 desaturation does not suffice for 
documenting hypoventilation (7 Sect. 4.1.1). An 
increased PaCO2 immediately after awakening is 
a clear hint to the presence of sleep-related 
hypoventilation. Transcutaneous as well as end- 
tidal (end-expiratory) measurements may be used 
to determine PaCO2.

In the context of central sleep apnea syn-
dromes (7 Chap. 4), often typical airflow patterns 
occur that are identified as Cheyne-Stokes respi-
ration. The AASM criteria define Cheyne-Stokes 
respiration as follows:

 5 At least three consecutive apneas and/or 
hypopneas emerge, in between crescendo–
decrescendo breathing is observed, and the 
cycle length of this breathing pattern is at 
least 40 s.

 5 At least five or more central apneas or 
hypopneas per hour are observed within a 
measurement period of at least 2 h that are 
associated with Cheyne-Stokes respiration 
(. Fig. 2.23).

An overview of respiratory events in sleep is given 
in . Table 2.5.

Depending on the severity of the disease, a 
fragmentary sleep profile with deep and REM sleep 
suppression is found based on apnea- terminating 
arousals with simultaneous increase of the superfi-
cial sleep stages. Coinciding with the apnea or 
hypoventilation phases, phasic HbO2 desaturations 
occur that appear phase shifted because of the 
physiological HbO2 saturation curve (. Fig. 2.24).

The AASM suggests statistically descriptive 
parameters for description of sleep-related breath-
ing disorders (. Table  2.6). For identification of 

severity, the following parameters are typically 
measured:

 5 The apnea-hypopnea index (AHI)
 5 The desaturation index (number of 

HbO2 desaturations >3% per hour of night 
sleep)

 5 The respiratory effort-related arousal index 
(RERA-I)

 5 Respiratory disturbances iIndex (RDI): 
Number of apneas, hypopneas and RERAs 
per hour of night sleep.

In cases of unattended polygraphy, the assessment 
of sleep and RERAs is not possible because of the 
missing EEG. Thus, alternative calculation formu-
las and reference parameters are identified for 
description of the respiratory severity, and 
another classification of the severity is used com-
pared to PSG. The respiratory event index (REI) is 
used instead of the RDI that considers apneas, 
hypopneas, and RERAs. The ODI replaces the EI.

 5 The REI describes the number of apneas and 
hypopneas with reference to the measure-
ment time.

 5 The ODI describes the number of all O2 
desaturations (typically >3%) with reference 
to the measurement time.

For further details, see . Tables 2.3 and 2.6.
In the past, the classification of the severity of 

sleep-related breathing disorders was only based 
on the extent of occurring nocturnal apneas and 
hypopneas. Currently, the occurrence of respira-
tory arousals and the daytime condition, in par-
ticular daytime sleepiness, are also considered 
(. Table 2.7).

Based on this classification of the severity, also 
cases with a low RDI (respiratory events per hour 
of sleep) and relevant daytime sleepiness with 
severe attentiveness disorders and proneness to fall 
asleep are considered as cases of severe sleep apnea.

The main criticism of the classification of the 
severity is that age effects and also methodical 
effects are not taken into account. For example, in 
older healthy subjects, often an RDI of more than 
5/h is found. It would be desirable that the severity 
also includes the individual cardiopulmonary risk. 
Furthermore, the sensitivity of the measurement 
methods of the oronasal airflow is very different. 
Numerous studies could reveal that oronasal 
thermistors lead to a lower RDI compared to noc-
turnal pressure transducers.

2.7 · Polysomnography (PSG)
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2.8  Examination of Sleepiness- 
and Fatigue-Related Daytime 
Impairments

Daytime sleepiness and resulting impairments 
at work, when driving a car, or in other socially 
demanding situations are a significant symp-
tom of many diseases and in particular of many 
sleep disorders. A relevant percentage of 31% 
of the population older than 16  years report 
nonspecifically to suffer sometimes or fre-
quently from sleepiness (Falkenstetter et  al. 
2011). A well- known, nearly legendary study of 
an important insurance company in Germany 
(HUK) reveals that about 25% of all accidents 
with fatal outcome on Bavarian highways are 
caused by driver weariness. Traffic statistics 
confirm that on German streets, about twice as 
many fatal accidents occur because of micro-
sleeps rather than drinking/driving. About 
20% of all critical events in aviation are 
explained by sleepiness of the safety staff, 
pilots, and tower staff. Numerous catastrophes, 
for example, the sinking of the tanker Exxon 
Valdez, the crash of the shuttle Challenger, or 
industrial accidents such as Chernobyl, Three 
Mile Island, and Bhopal, are supposed to be 
caused by, among other factors, faults because 
of daytime sleepiness.

The scientific interest in daytime sleepiness 
has been increasing in past years; however, day-
time sleepiness is a young research field still with 
little small knowledge. A standardized scientific 
definition of the term is currently not available. 

Furthermore, a differentiation to related phenom-
ena of fatigue has not yet been established.

Considering the current scientific knowledge, 
daytime sleepiness may be understood as reduced 
wakefulness and a reduction of the central nervous 
system alertness. Variations of the central nervous 
system activation are a universal human experi-
ence and physiological in the circadian rhythm.

Characteristics of a reduced central nervous 
system activation or an increased daytime sleepi-
ness include these:

 5 Attention deficits
 5 Monotony intolerance
 5 Tendency to fall asleep
 5 Micro-sleep
 5 Imperative sleep attacks

These events are directly correlated with the per-
formance in socially demanding situations as 
seen, for example, at work or in traffic.

In sleep medicine, nonrestorative sleep as the 
origin of daytime sleepiness is in the focus of 
diagnostic and therapeutic efforts. From a differ-
ential diagnostic point of view, it is essential to 
identify sleep disorders, physical diseases, and 
situational factors as well as the circadian phase 
situation as potential origins of daytime sleepi-
ness and to include these aspects in the diagnostic 
and therapeutic efforts.

A theoretical model regarding the correlation 
between nonrestorative sleep and  attention- related 
processes based on performance ability is described 
next. This neuropsychological model is based on 
Posner and Rafal, regarding its attention- related 

       . Table 2.5 Systematic overview of respiratory events in sleep

Respiratory event Oronasal airflow Respiratory effort

Obstructive apnea None (≥90%) Maintained

Central apnea None (≥90%) None

Mixed apnea None (≥90%) First none, then onset

Hypopnea ≥30% (and 3% HbO2 desaturation 
or arousal)

Maintained

Respiratory effort-related arousal 
(RERA)

Discrete reduction (<30%), not 
obligatory

Maintained

Cheyne-Stokes respiration Crescendo–decrescendo- like 
course

Crescendo–decrescendo- like 
course
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       . Table 2.6 Statistically descriptive parameters for description of sleep-related breathing disorders

Severity Definition

Apneas Total number of all apneas during TST

Apnea index (AI) Average number of apneas per hour relating to the TST

Hypopneas Total number of all hypopneas during TST

Hypopnea index (HI) Average number of hypopneas per hour relating to the TST

Apneas + hypopneas Total number of all apneas and hypopneas during TST

Apnea-hypopnea index (AHI) Average number of apneas and hypopneas per hour relating 
to the TST

Respiratory effort-related arousal (RERA) Total number of all events during TST

Respiratory effort-related arousal index (RERA-I) Average number of events per hour of sleep relating to the 
TST

Respiratory disturbances index (RDI) Average number of apneas and hypopneas and RERA per 
hour relating to the TST

For outpatient polygraphy:
Respiratory events index (REI)

Number of all apneas and hypopneas relating to the 
measurement time

Oxygen desaturations >3% Total number of all events

Oxygen desaturation index >3% Total number of all events per hour relating to the TST

For outpatient polygraphies:
Oxygen desaturation index

Number of all O2 desaturations relating to the measurement 
time

Mean O2 saturation Mean value of the O2 concentration without desaturations in 
percent during TST

Occurrence of hypoventilation Yes/no

Occurrence of Cheyne-Stokes respiration Yes/no

TST total sleep time including N1

       . Table 2.7 Severity of obstructive types of sleep-related breathing disorders (this classification of the severity 
includes the RERAs in the RDI)

Dimension Mild Moderate Severe

Sleepiness or unintended 
sleep episodes during the 
day

During activities that do 
not require much 
attention, e.g., watching 
TV

During activities that 
require attention, e.g., 
meetings, conferences

During activities that 
require active attention, 
e.g., driving a car

Respiratory events per 
hour of sleep (RDI)

5–15 15–30 >30

RERA respiratory effort-related arousal
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elements, and it was confirmed in the context of 
numerous scientific investigations. The model dif-
ferentiates five attention- and sleepiness- related 
aspects on which performance is based. More 
elaborate models are reserved for more scientific 
issues and are considered as too complex for the 
patient-oriented questions of sleep medicine.

For schematic depiction of the correlation 
between quality of sleep and sleepiness-related 
daytime impairment, see . Fig. 2.25.

The model contains the tonic and phasic cen-
tral nervous system alertness that is not under 
voluntary control.

 5 The tonic component is defined as the general 
degree of wakefulness that is influenced by 
circadian variations.

 5 The phasic component contains the ability to 
increase the tonic activity level triggered by 
requirements or a critical stimulus.

The neuronal substrate of wakefulness or also of 
the central nervous system arousal level is sup-
posed to be located in the reticular formation of 
the brainstem. Its activity level is reflected, among 
others, in the frequency band of electric brain 
activity, heart rate, skin resistance, and pupil 
width (. Table 2.8).

Alertness precedes the parts of attention, 
which are under voluntary control: vigilance, sus-
tained attention, divided and selective attention.

In neuropsychology, vigilance is the ability to 
maintain the attention over a longer time on an 
increased or high level. An adequate reaction is 
required on rare or incidentally emerging stimuli. 
High requirements to vigilance are, for example, 
control and supervision tasks in power plants or 

Vigilance Selective attentionSustained attention Divided attention

Sleep quality

tonic phasic
central nervous activation

       . Fig. 2.25 Correlation between quality of sleep and 
sleepiness-related daytime impairment. The reduced 
quality of sleep seen in sleep disorders, for example, 
caused by slow-wave sleep (SWS) or REM suppression, 
leads to a reduction of the tonic and phasic central 

nervous system alertness (daytime sleepiness) that is not 
voluntarily controlled. In this way, also the voluntarily 
controlled vigilance, sustained attention, and divided and 
selective attention are reduced

       . Table 2.8 Definition of sleepiness and 
associated attention processes

Attention 
component

Characteristics

Tonic 
alertness

Circadian aspect of the general 
arousal level, of wakefulness

Independent of voluntary control

Preceding vigilance, selective and 
divided attention

Phasic 
alertness

Capacity to increase the tonic 
activation level triggered by a 
critical stimulus

Selective 
attention

Ability to maintain the attentive-
ness over longer periods of time for 
a certain task

Ability to suppress disturbing 
stimuli, interferences, and 
distractions

Divided 
attention

Speed of information processing

Ability of divided and parallel 
information processing

Ability of automated and controlled 
processing

Vigilance Unspecific orgasmic readiness to 
react on rare and incidentally 
emerging stimuli over a longer 
time

Under voluntary control

Sustained 
attention

Ability to react on incidentally 
emerging stimuli over a long time

Under voluntary control
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driving on a highway for a longer time. It is 
important to know that this definition of vigilance 
is not congruent with physiological definitions. In 
the physiological context, vigilance is used in the 
sense of central nervous system activation (degree 
of wakefulness) (. Table 2.8).

As a neuropsychological term, divided attention 
describes the ability to process information in a 
rapid, automated, and controlled way including the 
ability to serial and parallel actions such as driving 
a car in confusing, busy situations. Hence, when 
approaching an intersection, the driver has to pay 
attention to moving and standing cars, has to 
observe indications, traffic lights, pedestrians, etc., 
and at the same time has to perform coordinated 
motor activities such as steering, setting signals, 
and pressing the clutch and brakes (. Table 2.8).

Selective attention describes the ability of an 
individual to select relevant stimuli from the sum 
of all incoming stimuli. One classic example is a 
teacher who has to focus on his lesson despite a 
turbulent class and much disturbing noise. He has 
to focus (selectively) on his task to transmit knowl-
edge and to suppress interferences that emerge 
because of discussions within the class (. Table 2.8).

Sustained attention describes the ability to 
correctly react on incidentally emerging stimuli of 
high timely density over longer periods. The dif-
ference regarding vigilance is the significantly 
higher density of stimuli of the critical events.

Daytime sleepiness is influenced by numerous 
intrinsic and extrinsic conditions such as noise, 
temperature, activity, body position, time of the 
day, motivation, ability to fall asleep, psychophys-
iological arousal, or intake of sedating or activity- 
enhancing substances. All this has to be taken 
into account and controlled in the examination 
situation.

For better understanding, the preceding para-
graphs depicted the basic definitions for the assess-
ment of daytime sleepiness. In the following 
chapters, single diagnostic methods will be 
explained in detail. In Germany, some sleep centers 
and other healthcare institutions have specialized 
on exhaustive diagnostics of daytime sleepiness, 
ability to work, and fitness to drive in the context of 
sleep disorders. In cases of such questions, patients 
may be referred to these institutions.

However, from a legal point of view, also phy-
sicians or therapists who are not specialized in 
daytime sleepiness are required to estimate the 

risk of pathological daytime sleepiness and its 
negative impact on the patient’s social life by tak-
ing adequate measures. They are supposed to 
inform the patients about the increased potential 
of endangerment of self and others, for example, 
in traffic. In cases of positive findings, it might be 
recommended to transfer the patient to a special-
ized sleep center or a physician specialized in 
occupational medicine for further diagnostics.

For assessment of the fitness to drive of driv-
ing license applicants or driving licensees with 
SRBD and daytime sleepiness, the EU published 
guidelines (2015) that had to be implemented in 
the national legislation of the member coun-
tries until December 31, 2016. The criteria 
developed for each member country of the EU 
are available from the respective national sleep 
societies.

2.8.1  Diagnostics of Daytime 
Sleepiness

If the data of a questionnaire or history taking 
(7 Sects. 2.1 and 2.3) allow suspecting pathological 
daytime sleepiness, in particular high-risk patients 
have to undergo objective examination procedures 
(. Table  2.9). In this context, sleepiness- related 
functions are checked:

 5 Central nervous system alertness
 5 Selective attention
 5 Divided attention
 5 Vigilance
 5 Sustained attention

If history taking justifies the suspicion of fatigue, 
no objective procedures are available (7 Sects. 2.1 
and 2.8). Moreover, the diagnosis of fatigue may 
be confirmed by applying respective standard-
ized psychological questionnaires such as the 
Karolinska Exhaustion Disorder Scale, the 
Tiredness Symptoms Scale, the Fatigue 
Questionnaire, the Fatigue Severity Scale, and 
others.

For assessment of sleepiness-related impair-
ments, numerous diagnostic methods are available 
(. Table 2.9). The examination procedures register 
partial aspects of daytime sleepiness on different 
physiological, cognitive, and subjective levels of 
functioning. The extent of voluntary control is 
highly variable. It is characteristic that the results 
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of the single examination methods have only few 
correlations when they assess different areas of 
functioning or performance. Because of these 
mentioned differences, it was not possible previ-
ously to establish one single procedure that could 
serve as standard for validation of other methods.

With regard to scientific standards, PC- 
supported neuropsychological procedures such as 
these applied, for example, in the Vienna Test 
System (test set sleep) seem to be generally supe-
rior to electrophysiological methods such as the 
multiple sleep latency test (MSLT) or the mainte-
nance of wakefulness test (MWT). In single cases, 
even age- and intelligence-adjusted standard values 
are available. Furthermore, the ecological validity 
of these procedures is estimated higher compared 
to MSLT and MWT.  Nonetheless, they are still 
laboratory testing procedures, and their transfer-
ability to specific everyday situations, such as 
checking the fitness to drive, seems to be limited.

The single aspects of daytime sleepiness (cen-
tral nervous system alertness, selective and divided 
attention, vigilance, sustained attention) depend 
on numerous factors that have to be considered 
and controlled in the diagnostic procedure.

Preconditions for Examination with 
Regard to Diagnostics of Daytime 
Sleepiness

 5 The examination day should be 
preceded by an undisturbed and regular 
night’s sleep of at least six hours 
(polysomnographic control). Irregular 
bedtimes and shift work should be 
avoided on the days before examination.

 5 The examination should not be 
performed on the day immediately 
after the adaptation night (first night 
effect) in the sleep lab.

 5 Medication and substance anamnesis 
should assess drugs and substances 
enhancing or reducing sleepiness. In 
particular, in the context of medical expert 
reports, urine screening may be indicated.

 5 It is not allowed to smoke in the 
examination situation. Smoking 
should be avoided at least 30 min 
before the respective examination.

 5 Generally, patients do not consume 
alcohol or other stimulating substances. 

       . Table 2.9 Diagnostic procedures for assess-
ment of sleepiness-related impairments

Attention 
component

Suitable test procedures

Tonic 
activation

Tendency to fall asleep, e.g., 
multiple sleep latency test (MSLT)

Ability to stay awake, e.g., mainte-
nance of wakefulness test (MWT)

Long-term EEG (with and without 
behavioral observations)

Variations of the pupil diameter in 
darkness; pupillographic 
sleepiness test (PST)

Measurement of the reaction time 
with omissions, e.g., psychomotor 
vigilance test (PVT), OSLER test (OT)

EEG examinations, e.g., alpha 
attenuation test (ATT)

Other measurements of the 
reaction time, e.g., test batteries 
for attentional performance (TAP), 
Vienna Test System (VTS)

Phasic 
activation

Measurements of the reaction 
time with cues, e.g., TAP

ERP (event-related potentials), e.g., 
CNV, SN

Selective 
attention

For example, performance 
sequence, test of selective 
attention of TAP

Divided 
attention

Vienna determination unit

Test of divided attention of TAP

Vigilance For example, vigilance test of VTS 
or of TAP, Vigimar

Sustained 
attention

Tasks with high stimulus density 
over longer periods

For example, permanent attention 
test of VTS, test set sleep of VTS

Self- 
assessment 
question-
naires

Epworth Sleepiness Scale (ESS)

Stanford Sleepiness Scale (SSS)

Pittsburgh Sleep Quality Index 
(PSQI)

ERP event-related potentials, CNV contingent 
negative variation, SN sharp negative variation, 
FCRT four-choice reaction time task, TAP test 
battery for attentional performance, VTS Vienna 
Test System
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In contrast to other recommendations 
in the literature, caffeine need not be 
completely omitted on the examination 
day but rather consumed in the usual 
measure in cases of habitual regular 
consumption.

 5 The examination room should have a 
pleasant temperature, should be 
soundproof, and for examinations that 
include the sleep-onset latency as a 
target parameter it should be possible 
to darken the room.

 5 Excessive physical activities or emotional 
stress, in particular before the respective 
examination, should be avoided. In this 
context, it must also be mentioned that 
information about the medical findings 
or the daily visits may lead to emotional 
stress of the patient and in this way 
modify the examination results.

 5 An important condition that has to be 
controlled for examination is the 
appointed time of day, because in the 
course of the day, relevant circadian 
and homeostatic variations of 
sleepiness (central nervous system 
activation) may occur.

2.8.1.1  Diagnostic Procedures 
of Central Nervous System 
Alertness

For most procedures of central nervous system 
alertness, except the pupillographic sleepiness test 
(PST), either only insufficient standard values are 
available or in healthy individuals such a broad 
distribution of the results is found (e.g., in the 
context of MSLT) that diagnostic differentiation 
between normal and pathological values is only 
possible in extreme cases. For diagnostic assess-
ment, generally a synopsis of several procedures is 
required that include different measurement lev-
els. In most procedures, the motivation of the 
patient has to be taken into account.

The clinically diagnostic procedures of central 
nervous system alertness include these:

 5 The multiple sleep latency test (MSLT)
 5 The maintenance of wakefulness test (MWT)
 5 The pupillographic sleepiness test (PST)
 5 The psychomotor vigilance test (PVT)

 5 The OSLER test
 5 Other measurements of the reaction time, 

such as the test battery of attentional perfor-
mance (TAP) and the Vienna Test System 
(VTS)

Further procedures such as evoked potentials, 
long-term EEG, and the alpha attenuation test are 
mostly applied for scientific questions.

Multiple Sleep Latency Test (MSLT)
The multiple sleep latency test (MSLT) is based on 
the assumption that the sleep-onset latency is 
reduced with increasing sleepiness.

In 1977, M.  Carskadon and W.C.  Dement 
were the first who presented the MSLT as a proce-
dure to measure daytime sleepiness. For quite a 
long time, average sleep-onset latencies of 5 min 
or less were considered as a suggestion of patho-
logical daytime sleepiness. According to 
Carskadon, healthy adult sleepers show sleep-
onset latencies between 10 and 20  min. Sleep-
onset latencies between 5 and 10  min are 
conspicuous but not actually pathological.

At the beginning of the 1990s, the American 
Sleep Disorders Association (ASDA) defined a 
questionable, not evidence-based, correlation 
between sleep-onset latencies in the MSLT and 
the severity of daytime sleepiness in light of the 
increasing relevance of daytime sleepiness and its 
sociomedical risks.

Based hereon, sleep-onset latencies:
 5 Between 10 and 15 min correspond to mild
 5 Between 5 and 10 min correspond to 

moderate
 5 Between 0 and 5 min correspond to severe 

daytime sleepiness

The mentioned limit values are not empirically 
gained, but they are based on experience knowl-
edge and do not pass empirical testing.

Since its introduction until recent times, the 
MSLT was established as internationally acknowl-
edged standard procedure to assess daytime 
sleepiness in sleep medicine (so-called experi-
mental MSLT). A meta-analysis published by the 
Atlas Task Force of the AASM in 2005, however, 
revealed a very limited significance and validity of 
the MSLT with regard to the examination of day-
time sleepiness. Based on this meta-analysis, the 
following recommendations were given for the 
clearly limited indication, standardized proce-
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dure, and evaluation of the MSLT. The results of 
this meta-analysis have replaced it as the standard 
procedure for the assessment of daytime sleepi-
ness. However, its high diagnostic validity for nar-
colepsy (clinical MSLT) remains undisputed.

Recommendations for the Performance 
and Evaluation of the MSLT According 
to the AASM

 5 The MSLT consists of five nap opportu-
nities that are performed at 2-h 
intervals, starting 1.5 to 3 h after the 
end of nighttime PSG. Also, four nap 
opportunities are possible, but the 
MSLT is only reliable for the diagnosis 
of narcolepsy if in these four passes 
SOREM occurs twice together with 
nocturnal polysomnography.

 5 The MSLT is performed after polysom-
nography measurement that has 
occurred during the patient’s major 
sleep period. The usefulness of the MSLT 
to confirm the diagnosis of narcolepsy is 
clearly limited if the total sleep time 
(TST) in the previous sleep period 
amounted to less than 6 h. An MSLT 
should not be performed after a split 
night sleep study (diagnostics and 
therapy in one night in the case of 
SRBD).

 5 A sleep diary should be kept for 1 week 
before the MSLT to assess the sleep–
wake rhythm.

 5 The strict observation of the standard-
ized conditions to perform an MSLT is 
crucial for obtaining valid results. The 
patient’s sleep room has to be dark and 
quiet during testing; the temperature 
should be set at the patient’s comfort 
level.

 5 Stimulants and stimulant-like medica-
tions as well as REM-suppressing 
medication should be ideally interrupted 
2 weeks before examination. The intake 
of usual medications (e.g., antihyperten-
sives, insulin) has to be critically planned 
before MSLT to control or minimize their 
stimulating and sedating side effects as 
well as their impact on the sleep-onset 

latency. Drug screening may be indicated 
to exclude the possibility that reduced 
sleep-onset latencies are not pharmaco-
logically induced. Drug screening is 
typically performed in the morning 
before examination; sometimes it is also 
justified at other times. Smoking should 
be stopped 30 min before each nap 
opportunity. Vigorous physical activity 
should be avoided on the examination 
day, and the patient should end any 
stimulating activities at least 15 min 
before the MSLT. The patient should 
abstain from caffeine-containing 
beverages and avoid exposure to bright 
sunlight. A light breakfast 1 h before the 
first trial and a light lunch immediately 
after the second noon trial are recom-
mended. It must be borne in mind that 
diagnostic-therapeutic discussions with 
the patient on the examination day may 
have a stimulating effect, such as when 
the patient is informed about the 
presence of sleep apnea or other 
diseases.

 5 The MSLT should only be performed by 
specifically trained and experienced 
specialists.

 5 The standard electrodes (C3-A2, C4-A1) 
are positioned according to the criteria 
of Rechtschaffen and Kales; in addition, 
occipital (O1-A2, O2-A1) derivations are 
performed for better identification of the 
sleep–wake transition. Furthermore, 
EOGs from the left and right orbita edge 
of the respective eye are measured as 
well as a mental/submental EMG and a 
single- channel ECG.

 5 Before each nap opportunity, the 
patients are asked if they need to use 
the bathroom or need other things for 
their comfort. The biosignal calibration 
before each trial comprises the follow-
ing standardized instructions:
1.  Please lie quietly with your eyes open 

for 30 s.
2. Close both eyes for 30 s.
3.  Without moving your head, look to 

the right, then to the left, then right, 
then left, right and left.
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4. Blink eyes slowly for five times.
5. Clench your teeth tightly together.

 5 For each trial, the patient should be 
instructed as follows: “Please lie quietly, 
assume a comfortable position, keep 
your eyes closed and try to fall asleep.” 
Immediately afterward, the lights are 
turned off, signaling the start of the test. 
Between the trials, the patient should 
leave the bed and be prevented from 
sleeping. This procedure requires 
continuous observation by the staff.

 5 Sleep onset for the clinical MSLT is 
determined by the time from lights out 
to the first epoch with sleep, including 
stage S1 (according to Rechtschaffen 
and Kales), defined as the first 30-s 
epoch with more than 15 s of cumulative 
sleep. In the so-called experimental 
MSLT, the sleeper is awakened after three 
consecutive sleep epochs. The absence 
of sleep during one nap opportunity is 
recorded as a sleep latency of 20 min. 
The latency is also included in the 
calculation of the mean sleep latency. 
For assessment of the REM sleep, the 
clinical MSLT is performed for a further 
15 min after the first epoch of sleep, 
regardless of the occurrence of sleep. 
The REM latency is taken as the time of 
the first epoch of sleep to the beginning 
of the first epoch of REM sleep, regard-
less of the intervening stages of sleep or 
wakefulness.

 5 One MSLT trial is terminated after 20 min 
if sleep does not occur.

 5 The MSLT findings include the start and 
end times of each trial, the latency from 
lights out to the first epoch of sleep, the 
mean sleep latency (arithmetic mean of 
all naps or nap opportunities), and the 
number of SOREM periods. For the 
diagnosis of narcolepsy, at least two 
MSLTs with SOREM of a total of five 
MSLTs and two PSG are required.

 5 Events and conditions that require 
deviation from the standard protocol 
have to be documented thoroughly by 
the staff so that they may be included in 
the interpretation.

For interpretation of the mean sleep-onset latency, 
the mean sleep-onset latencies of healthy individ-
uals were depicted for MSLT with four and five 
nap opportunities (. Table 2.10).

Because the mean sleep-onset latency in MSLT 
is clearly age related, common age- dependent 
standards were determined for the clinical as well 
as experimental version (. Table 2.11). The meta-
analysis of the AASM did not reveal significant 
differences between the clinical and experimental 
version of the MSLT, except for the group of 30- to 
39-year-old individuals, in contrast to the theo-
retical assumption. Thus, the values of both ver-
sions are pooled in . Table 2.11.

Indications for MSLT According to 
AASM Criteria

 5 The MSLT is indicated in patients with 
suspected narcolepsy for confirmation 
of the diagnosis.

 5 The MSLT may be indicated as part of 
the diagnostic process to differentiate 
between idiopathic hypersomnia and 
narcolepsy.

 5 The MSLT is not indicated in the 
clinical routine for diagnosis or 
therapy evaluation of obstructive 
sleep apnea.

 5 The MSLT is not indicated in the 
clinical routine for the determination 
of sleepiness in cases of medical and 
neurological disorders (except 
narcolepsy), insomnia, and circadian 
rhythm disorders.

       . Table 2.10 Mean sleep-onset latencies of 
healthy individuals and narcolepsy patients for 
MSLT with four and five nap opportunities

Condition Mean 
value

± SD 
(min)

MSLT with four nap 
opportunities

10.4 ±4.3∗

MSLT with five nap 
opportunities

11.6 ±5.2∗

MSLT for narcolepsy 3.1 ±2.9

* = 4 vs. 5 nap MSL p<0.01
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Practical Tip

The MSLT seems to be a procedure that 
assesses the ability to fall asleep. The 
sleep-onset ability is influenced by daytime 
sleepiness but also other factors such as 
the ability to relax and rest. The ability to 
fall asleep rapidly is not necessarily 
pathological, but it may also be an 
adaptive physiological behavior that allows 
switching quickly from activity to rest.

The MSLT should be included only as one 
of several procedures if daytime sleepiness 
has to be assessed. For statements in the 
context of individual cases, in particular with 
regard to fitness for work and driving, its 
significance is very limited.

For diagnostics of narcolepsy, the 
validity of the procedure is confirmed.

Maintenance of Wakefulness Test 
(MWT)
The maintenance of wakefulness test (MWT) was 
developed from the MSLT and represents a modi-
fication. Methodically, it is based on identical 
electrophysiological parameters as the MSLT: the 
EEG, EOG, and EMG.

The MWT is based on the assumption that it 
is more interesting in the field of sleep medicine 
to determine the ability to stay awake rather than 

the ability to fall asleep, especially in cases of 
hypersomnia. In comparison to the MSLT, the 
MWT has a higher face validity or ecological 
validity.

Thus, in modifying the MSLT, the examina-
tion is performed in a sitting position, such as in 
a comfortable armchair, and the patient is 
instructed to stay awake. Basically, the MWT has 
to contend with the same influencing factors as 
the MSLT.

The Atlas Task Force of the AASM gives the 
following recommendations for performing and 
evaluating the MWT. These recommendations are 
based on knowledge obtained from a trial per-
formed by Doghramji and colleagues that was 
completed by expert opinions from a consensus 
process.

Recommendations of the Atlas Task Force 
of the AASM for Performance  
and Evaluation of the MWT

 5 The MWT consists of four trials of 40 min 
each performed at 2-h intervals, with the 
first trial beginning about 1.5–3 h after 
the patient’s usual wakeup time. Thus, 
usually, the first trial starts at 9:00 or 
10:00 in the morning.

 5 The examining physician decides if PSG 
is necessary in the night before MWT, 
based on the clinical conditions.

       . Table 2.11 Age dependency of experimental and clinical MSLT in healthy individuals

Age Mean sleep-onset 
latency (min)

SD Hours Remarks

10–20 years 10.0 4.5 25 –

20–30 years 10.4 5.4 284 Sign diff to 50–80 years

30–40 years 10.8 3.9 192 Sign diff to 50–80 years

40–50 years 11.7 4.4 72 Sign diff to 80 years

50–60 years 12.1 1.1 11 Sign diff to 80 years

60–70 years 11.2 5.2 54 Sign diff to 80 years

70–80 years n.i. n.i. n.i. n.i.

80–90 years 15.2 6.0 22 Sign diff to all

Sign diff to significant difference to, n.i. no information

 Chapter 2 · Diagnostic Methods



71 2

 5 The examination room should be 
maximally insulated from external light. 
A light source should be placed slightly 
behind the patient so that it is just out 
of the field of vision. It should deliver an 
illuminance of 0.10.0.13 lux at the 
corneal level. A 7.5 W nightlight may be 
used placed about 30 cm above the 
floor, and about 90 cm laterally 
removed from the patient’s head. The 
room temperature should be set based 
on the patient’s comfort level. During 
examination, the patient should be 
seated in a comfortable armchair or in 
bed with the back and head supported 
by a bedrest (alternatively, pillows may 
be used).

 5 Consumption of alcohol, caffeine, and 
other medications before and during 
MWT should be determined by the sleep 
clinician preceding the MWT. Drug 
screening may be indicated to clarify if 
the wakefulness or sleepiness is induced 
by other than the prescribed medication. 
Drug screening is usually performed on 
the morning of the MWT, but the timing 
may be modified according to the 
clinical conditions. A light breakfast is 
recommended at least 1 h before the 
first trial; a light lunch is recommended 
immediately after the termination of the 
second noon trial.

 5 The MWT should only be performed  
by specialized and experienced  
staff.

 5 The standard electrode montage for the 
MWT includes two central EEG (C3-A2, 
C4-A1) and occipital (O1-A1, O2-A1) 
derivations, left and right eye EOGs, 
mental/submental EMG, and a single-
channel ECG.

 5 Preceding each trial, the patient is asked 
if he/she needs to use the bathroom or 
requires other things for comfort. 
Biosignal calibration before each trial 
encompasses the following standard 
instructions:

 – Please lie quietly with your eyes open 
for 30 s.

 – Close both eyes for 30 s.

 – Without moving your head, look to the 
right, then left, then right, then left, 
right and left.

 – Blink eyes slowly for five times.
 – Clench your teeth tightly together.

 5 Before each trial, the patient is instructed: 
“Please sit still and remain awake for as 
long as possible. Look directly ahead of 
you and do not look directly at the light.” 
The same instructions are supposed to be 
given before each trial. Immediately 
afterward, the lights are turned off, 
signaling the beginning of the examina-
tion. The patient is not allowed to perform 
self-stimulations such as singing or 
slapping the face. Video surveillance 
during MWT may be helpful. Between the 
trials, the patient has to leave the bed or 
armchair and is prevented from sleeping. 
This procedure requires continuous 
surveillance by the staff.

 5 Sleep onset is defined as the first epoch 
of more than 15 s of cumulated sleep in 
the first 30-s epoch.

 5 Trials are terminated after 40 min if no 
sleep occurs or after unequivocal sleep, 
defined as three consecutive epochs of 
Stage 1 sleep or one epoch of any other 
stage of sleep.

 5 The following data are documented:
 – Start and stop times for each trial
 – Sleep-onset latency
 – Total sleep time (TST)
 – Stages of sleep achieved for each trial
 – The mean sleep latency (arithmetic 

mean of the four trials)
 5 Events and conditions that represent a 

deviation from the standard protocol 
have to be thoroughly documented by 
the sleep technologists so that they may 
be taken into account for interpretation.

Similar to the MSLT, the AASM does not present 
cut-offs for the presence of pathological sleep-
onset latency in the MWT. Moreover, the unsatis-
factory study situation regarding standard values 
and manifold influencing factors on the sleep-
onset latency is mentioned. The mean sleep- onset 
latency (occurrence of the first epoch of sleep) in 
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the MWT (40-min protocol) was 30.4 ± 11.2 min 
in control persons. The upper limit of the 95% 
confidence interval (ceiling effect) was 40.0 min 
and the lower limit 12.9 min.

Sleep-onset latencies below a value of 13 min 
are classified as pathological. This type of limit 
value definition is based on statistical conventions 
and not on standardization studies with hyper-
somnia patients.

Indications for the MWT According to 
the Atlas Task Force of the AASM

 5 The MWT is an objective and valid 
examination procedure for assessment 
of the ability to stay awake for a 
certain period of time.

 5 The MWT is performed in combination 
with clinical history taking to assess 
the ability to stay awake.

 5 The 40-min protocol of the MWT is 
required for objective assessment of 
the individual ability to stay awake.

To ensure a valid assessment of the sleepiness/
wakefulness, the MWT must be performed under 
suitable conditions (derivation techniques, 
acknowledged protocols, experienced and quali-
fied staff).

The MWT is not suitable to assess sleepiness if 
it is the only method applied. Moreover, it is rec-
ommended to apply other test procedures and to 
consider the clinical symptoms of the patient.

Practical Tip

The MWT is an important element in the 
diagnostics of central nervous system 
activation. In contrast to the MSLT, it provides 
higher face validity because sleep medicine is 
more frequently interested in the patients’ 
ability to stay awake than their ability to fall 
asleep. Similar to MSLT, MWT is a staff- and 
time-consuming procedure.

Cut-offs based on normative data are not 
available. Statements made in individual 
cases seem to be problematic, as also for 
MSLT, and require at least confirmation by 
other test procedures on daytime  
sleepiness.

Pupillographic Sleepiness Test
If a healthy awake person looks into the dark, his/
her pupils widen immediately. In the wake stage, 
the pupil width remains stable for a long time 
under exclusion of light.

In cases of severe daytime sleepiness, however, 
relevant variations of the pupil width occur after 
just a few minutes. This wavelike phenomenon 
was defined as “fatigue waves” by Löwenstein, 
who was the first to describe this phenomenon. 
The low-frequency pupil oscillations increase 
with the extent of sleepiness; their amplitude 
increases to several millimeters.

The pupillographic sleepiness test (PST) is 
based on the measurement of the spontaneous 
pupil motor activity. A stable pupil width indi-
cates a high alertness level; however, instability of 
the pupil width signals sleepiness.

During examination, the patient sits on a 
comfortable chair at the measurement table; the 
head is placed on a combined chin-forehead 
support. The eyes are protected against light by 
means of soft, light-insulated goggles (infrared). 
The typical sleepiness-related pattern of the 
pupil is assessed by means of an infrared-sensi-
tive video camera and subsequent PC-assisted 
evaluation.

Target variables are the pupillary unrest 
index (PUI) in millimeters (mm)/minute as 
well as the amplitude spectrum of 0.8 Hz or less 
as measure for the oscillations of the pupil 
width; these describe pupillary variations of 
different amplitudes of less than 0.8 Hz as mea-
sure for the reduction of the central nervous 
system activation.

In a normal cohort of 349 subjects between 20 
and 60 years of age, a mean value for the common 
logarithm (ln) of the PUI was 1.50 ± 0.39 mm/min 
(for standard values, see . Table 2.12). Thus, val-
ues as of ln PUI >1.89 are conspicuous and as of ln 
PUI >2.28 they are pathological. This critical defi-
nition of the limit values corresponds to statistical 
conventions and results less from content-related 
reflections.

Compared to the classic procedures of sleep 
medicine such as the MSLT and the MWT, the 
PST is clearly more economical. Taking into 
account the short time of developing this proce-
dure, an extensive verification of test-theoretical 
quality criteria is already available.
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2.8.1.2  Diagnostic Procedures 
to Assess Vigilance

In neuropsychology, vigilance is defined as the 
ability to rapidly and adequately react to rare and 
incidentally emerging stimuli in long-lasting and 
monotonous situations.

Generally, it must be mentioned that some 
examination procedures that are available on the 
market have such a high stimulus density that 
they test less the vigilance but rather represent a 
task for sustained attention. The duration of the 
tasks has to be strictly observed. Methods with a 
duration of the tasks of less than 30 min frequently 
cannot differentiate between healthy individuals 
and sleep patients, probably because of motiva-
tional influences, or they mask vigilance impair-
ments in patients.

Vigilance Test According to Quatember 
and Maly
The computer-based test procedure regarding 
vigilance from the Vienna Test System (. Fig. 2.26) 
is based on the clock test that had been developed 
in 1950 by Mackworth for measuring the vigi-
lance of American soldiers. Based on this proce-
dure, soldiers could be identified who showed 
good discovering abilities in the context of radar 
surveillance.

The patient is invited to follow a jumping light 
spot along the circumference of the circle shown 
on the computer screen. Each time the light spot 
makes jumps of double length, the patient has to 
rapidly press a button. Three different test ver-
sions vary with regard to the installation, the 
duration, the number of critical stimuli, the inter-
vals, the number of times, and the steps and 
jumps.

If the vigilance is suspected to be impaired, as 
in cases of sleep-related breathing disorders, the 

test duration should be 60–90 min, at least 30 min. 
Test durations of less than 30 min often lead to a 
strong weighting of motivational effects and in 
this way to masking of vigilance impairments.

Standardization of the vigilance test is available; 
however, it is only limited in the version with a test 
duration of 66  minutes. One version of the vigi-
lance test, according to Quatember and Maly, was 
standardized by the Siesta Group of Vienna in 
cooperation with the working group on vigilance of 
the DGSM based on the data of 200 healthy sleep-
ers. The selected stimulus density, however, rather 
corresponds to a task of sustained attention.

Sub-test of Vigilance of the Test Battery 
for Attentional Performance
To work on a vigilance test, the patient sits in front 
of a computer screen. Four tasks with different 
stimuli (optic, acoustic, optic/acoustic) are avail-
able. All procedures can be performed with high 
or low stimulus density. The duration of the 
examination that has to be particularly taken into 

Press key in case of double jumps

       . Fig. 2.26 Tasks of the vigilance test according to 
Quatember and Maly. Bildrechte: Stuck [Urheberrecht 
beim Autor]. Datei: Abb. 2.24

       . Table 2.12 Percentiles of the norm value range for ln PUI and PUI

Value range MV−2SD MV−SD MV MV+SD MV+2SD

ln PUI/[mm/min] 0.73 1.11 1.50 1.89 2.28

Percentiles [%] 2.3 15.9 50 84.1 97.7

PUI [mm/min] 2.07 3.05 4.50 6.64 9.80

In common logarithm
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account when assessing the vigilance can be var-
ied up to 60 min. A sufficient standardization with 
good description of the norm sample is available.

Other procedures are available to assess the 
vigilance.

2.8.1.3  Diagnostic Procedures 
to Assess Selective Attention

Selective attention includes the ability of a subject 
to selectively differentiate relevant stimuli from 
the sum of all inflowing stimuli. The stimuli may 
come from different modalities. In the following, 
two of the most frequently applied computer- 
based procedures are described that are used in 
sleep medicine. They are also used in occupa-
tional medicine and for determination of the fit-
ness to drive.

Achievement Motivation Test Series, 
Version 3.00 of the Vienna Test System
During the achievement motivation test series of 
the Vienna Test System, the subjects have to solve 
different arithmetical problems depending on the 
level of difficulty. According to the test version, 
they have 10–20 min at their disposal. The test is 
considered as being independent from the 
 intelligence. Sufficient standardization is ensured.

Go/NoGo of the Test Battery 
for Attentional Performance
The selective attention can be verified by means of 
the sub-test Go/NoGo of the test battery for atten-
tional performance (TAP). Two performance 
variants are available, and the second variant 
measures especially the selective attention. On a 
screen, five squares with different filling patterns 
are shown. The patient has to react when one of 
the five squares corresponds to the two given 
squares with the critical stimuli. Sufficient stan-
dardization is ensured.

2.8.1.4  Diagnostic Procedures 
to Assess Divided Attention

Situations requiring divided attention are usually 
the rule than the exception. The divided attention 
may be tested by means of so-called dual tasks 
where the subjects have to consider two simulta-
neous stimuli, sometimes of different modality. 
In the following, the examples of two computer- 
based procedures are described that are fre-
quently applied in sleep medicine as well as in 

occupational medicine and for assessment of the 
fitness to drive a car.

Test of Divided Attention of the Test 
Battery for Attentional Performance
The subject sits in front of a computer screen and 
has to react whenever a series of crosses that are 
rapidly changing their positions form a square. At 
the same time, the verification of a monotonous 
sound sequence is performed as acoustic task. 
Four different stimulus sequences may be chosen 
to avoid learning effects during test repetitions. 
Sufficient standardization is ensured.

Vienna Determination Unit
The computer-based Vienna determination unit 
(Vienna Test System) provides a procedure to 
measure sensor-motor functions in the selective 
reaction behavior. Optic stimuli with lamps of five 
different colors have to be reacted on by pressing 
allocated keys. Two additional white lamps 
require a reaction with the left and right foot 
pedal. Two acoustic stimuli, high and low sound, 
require pressing of respectively assigned keys. Up 
to four stimuli may be offered at the same time. 
Sufficient standardization is ensured.

2.8.1.5  Subjective Diagnostic 
Questionnaires 
for Assessment of Sleepiness-
Related Impairments

Self-assessment questionnaires are applied for 
qualitative and quantitative assessment of the 
patient’s subjective level of suffering regarding 
sleepiness- related disorders.

Scientific investigations often reveal only few 
correlations between subjective and objective 
measurements, which is especially true for the 
MSLT and the MWT but also for neuropsycho-
logical examination procedures. The background 
might be that subjective procedures are applied 
unsystematically in cases of sleepiness as well as 
fatigue. Furthermore, objective procedures gener-
ally assess aspects of sleepiness, whereas subjective 
procedures rather aim at the subjectively stressing 
phenomenon of sleepiness in its entirety. In gen-
eral, the results of subjective questionnaire data 
depend on the patient’s ability of introspection.

Basically, subjective statements and com-
plaints should not be neglected even if objective 
findings are inconspicuous, also because some 
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objective procedures applied in sleep medicine do 
not meet test-theoretical quality criteria. In the 
context of expert opinions, the possible falsifica-
tion of the results of questionnaire data (simula-
tion or dissimulation) must be taken into account.

In the following, questionnaire procedures for 
assessing the subjective sleepiness and one ques-
tionnaire for differential diagnostic assessment of 
sleepiness and fatigue are described. Both proce-
dures are internationally applied in sleep medicine.

Stanford Sleepiness Scale (SSS)
The Stanford Sleepiness Scale (SSS) is applied in 
clinical routine and in particular in the context of 
scientific investigations in intra- and intergroup 
comparison.

In regular intervals, and also before each trial 
of the MSLT, patients estimate their degree of 
wakefulness based on a seven-step scale. To assess 
the circadian course of the subjective sleepiness, 
the evaluation of 1 h in 15-min intervals within a 
3-h bloc over the day is recommended.

Investigations on the sensitivity reveal that 
already evaluations in 15-min intervals reflect 
discrete changes of the degree of wakefulness. 
From the scores of each time interval, a sum score 
is calculated.

Validity checks in the proper sense of the word 
are not known. The test correlates only weakly 
with the sleep-onset latency of the MSLT. Because 
of the doubtful validity of the MSLT, such low cor-
relations must not be overstated.

Practical Tip

The SSS is a good, widely distributed 
questionnaire to assess the individual 
circadian rhythm of subjective daytime 
sleepiness. Because standardization is 
currently not performed, interindividual 
evaluation of the results is limited.

Regarding intraindividual comparison, such 
as in the context of therapy evaluations, it 
might be a suitable procedure.

Epworth Sleepiness Scale (ESS)
The Epworth Sleepiness Scale (ESS) is a simple 
procedure to quantify the tendency to fall asleep 
in everyday situations.

Because of behavior-related questions (items), 
a sufficient interindividual comparability may be 

assumed. The patients are interviewed with regard 
to the probability to fall asleep in eight typical 
everyday situations. The single results are summed 
up to a total score between 0 and 24. Based on 
some clinical trials, a score of more than 10 is con-
sidered as pathological.

However, the results have to be interpreted 
reluctantly when the patients never experience 
certain everyday situations that are mentioned, 
for example, theater visits, or passenger or driver 
in a car, because then the low values of the ESS 
mask the actual severity of the disorder. Validity 
checks and standardization studies are currently 
not available.

Practical Tip

ESS is the most frequently applied and best 
acknowledged procedure to assess the 
subjective sleepiness and tendency to fall 
asleep in monotonous everyday situation. 
It is operationalized by data on the 
probability to fall asleep in certain 
everyday situations. Sum scores greater 
than 10 are considered as pathological.

Practical Tip

The risk assessment of pathological daytime 
sleepiness includes these aspects:

 5 Intensive history taking regarding 
sleepiness with particular attention to risk 
factors in the past, supported by a 
procedure on self-assessment of daytime 
sleepiness, for example, ESS (7 Sect. 11.2)

 5 If the patient’s history and/or the 
questionnaire reveal an increased risk at 
work or in road traffic, the application of 
an objective procedure for examination 
of the central nervous system activation, 
such as MWT or PST, and a procedure to 
verify the vigilance with a test duration of 
at least 30 min are required.

If needed, information of the patient about 
potential endangerment of self and others in 
traffic or at work should follow. For the legal 
security of the treating physician, this 
information has to be documented in the files.
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It must be taken into account that both proce-
dures on central nervous system alertness and 
vigilance should be applied at two different times 
of a day, if possible (in the morning, peak perfor-
mance; in the afternoon, performance slump).

2.9  Questions

 ?  1.  Please list the rules for classification of 
respiratory events in sleep.

 ?  2.  Which indications for performing an 
outpatient apnea screening do you 
know?

 ?  3.  Which indications for polysomnography 
are given for RLS?

 ?  4.  Which aspects of daytime sleepiness are 
differentiated?

 ?  5.  Which types of history taking for sleep 
disorders are differentiated?

Further Reading

 1. American Academy of Sleep Medicine. International 
classification of sleep disorders, vol 3. Aufl: diagnostic 
and coding manual. Westchester: American Academy 
of Sleep Medicine, 2014.

 2. American Academy of Sleep Medicine. The AASM- 
manual for the scoring of sleep and associated events: 
rules, terminology and technical specifications. Version 
2.3. Darien: American Academy of Sleep Medicine; 2020.

 3. Carskadon MA, Dement WC. Sleep tendency: an objec-
tive measure of sleep loss. Sleep Res. 1977;6:200.

 4. Falkenstetter T, Frauscher B, Anderer P, Bolitschek J, 
et  al. Erhöhte Tagesschläfrigkeit in Österreich. Som-
nologie. 2010;14(1):15.

 5. Hennig A, Gesche H, Fietze I, et  al. Messung von 
apnoebezogenen Blutdruckänderungen mittels Pul-

stransitzeit und Penaz-Prinzip. Atemwegs Lungen-
krankheiten. 2012;38:1–8.

 6. Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, 
et al. Clinical practice guideline for diagnostic testing 
for adult obstructive sleep apnea: an American Acad-
emy of Sleep Medicine clinical practice guideline. 
JCSM. 2017;13(3):479–504.

 7. Kryger M, Roth T, Dement WC. Principles and practice 
of sleep medicine. Philadelphia: Elsevier; 2017.

 8. Küchler G. Non-invasive blood pressure determination 
method and apparatus. 2006, 2008, 2010, 2012. Patent 
Numbers US 11/364 174, US 2006/0217616 A1, 7374542, 
DE 102005014048.3-35, EP 20060001181.4-1526.

 9. Kushida CA, Littner MR, Morgenthaler TM, et al. Prac-
tice parameters for the indications for polysomnogra-
phy and related procedures: an update for 2005. Sleep. 
2005;28:499–519.

 10. Kushida CA, Nichols DA, Holmes DA, et al. SMART DOCS: 
a new patient-centered outcomes and coordinated- 
care management approach for the future practice of 
sleep medicine. Sleep. 2015;38(2):315–26.

 11. Park CY, Hong JH, Lee JH, Lee KE, Cho HS, Lim SL, Kwak 
JW, Kim KS, Kim HJ. Clinical usefulness of watch-PAT for 
assessing the surgical results of obstructive sleep 
apnea syndrome. J Clin Sleep Med. 2014;10(1):43–7.

 12. Portable Monitoring Task Force of the American Acad-
emy of Sleep Medicine: Collop NA, McDowell Ander-
son A, Boehlecke B, et al. Clinical guidelines for the use 
of unattended portable monitors in the diagnosis of 
obstructive sleep apnea in adult patients. J Clin Sleep 
Med (JCSM). 2007;3(7):737–74.

 13. Rechtschaffen A, Kales A.  A manual of standardized 
terminology, techniques and scoring system for sleep 
stages in human subjects. Washington, DC: National 
Institutes of Health, Publication; 1968.

 14. Redline S, Kirchner HL, Quan SF, et al. The effect of age, 
sex, ethnicity and sleep disordered breathing on sleep 
architecture. Arch Intern Med. 2004;164:406–18.

 15. Weeß H-G, editor. Update Schlafmedizin. Bremen: 
UniMed Verlag; 2015.

 16. Weeß H-G, Sauter C, Geisler P, et al. Vigilanz, Einschlaf-
neigung, Daueraufmerksamkeit, Müdigkeit, Schläfrig-
keit  – Diagnostische Instrumentarien zur Messung 
müdigkeits- und schläfrigkeitsbezogener Prozesse 
und deren Gütekriterien. Somnologie. 2000;4:20–38.

 Chapter 2 · Diagnostic Methods



© Springer Nature Switzerland AG 2021
B. A. Stuck et al., Practice of Sleep Medicine, https://doi.org/10.1007/978-3-030-17412-5_3

77

Insomnia

3

H.-G. Weeß

3.1  Classification of Insomnia Disorders – 79

3.2  Chronic Insomnia Disorder – 82
3.2.1  Definitions – 82
3.2.2  Etiology and Pathogenesis – 84
3.2.3  Polysomnographic Findings – 86

3.3  Short-Term Insomnia Disorder – 86

3.4  Other Insomnia Disorders – 87

3.5  Isolated Symptoms and Normal Variants – 87
3.5.1  Excessive Time in Bed – 87
3.5.2  Short Sleeper – 87

3.6  Diagnostics of Insomnia – 87

3.7  Therapy of Insomnia – 90
3.7.1  Psychoeducation – 90
3.7.2  Cognitive-behavioral Therapy of Insomnia – 93
3.7.3  Pharmacotherapy of Insomnia – 98

3.8  Questions – 108

 Further Reading – 108

https://doi.org/10.1007/978-3-030-17412-5_3#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-17412-5_3&domain=pdf


78

3

Insomnia is the most frequent sleep disorder and 
is characterized by a discrepancy between the 
need and the ability to sleep. Increased sleep 
latencies are typically observed, as well as fre-
quent awakenings after sleep onset and waking 
up very early in the morning. It is essential for 
diagnosting insomnia that the sleep problems 
cause complaints to occur during the daytime, for 
example, impairments in performance and moti-
vation and mood disturbances. Chronic insomnia 
is associated with increased absenteeism from 
work, reduced productivity, and an increased risk 
of accidents. Furthermore, health risk is increased, 
i.e., the likelihood of developing cardiovascular 
diseases, metabolic diseases, and mental disor-
ders like depression is increased in chronic insom-
nia, and thus life expectancy might be reduced.

Insomnia is one of the most prevalent sleep disor-
ders. In epidemiological studies, more than 30% 
of the population reported insomnia complaints. 
Ohayon [14] summarized the epidemiological 
data regarding insomnia disorders and concluded 
that about 10% of the adult population in indus-
trialized countries suffers from chronic insomnia 
and about 3% require treatment. For Germany, 
the Robert Koch Institute [18] showed that in the 
age group of 18 to 79 years, 69.7% of individuals 
had insomnia symptoms at least once during the 
previous year. In 30.3% of the participants, the 
symptoms occurred at least three times per week. 
Adding the complaint of poor sleep quality, the 
percentage of affected individuals was reduced to 
21.9%. Further clinically relevant impairments 
during daytime such as sleepiness or fatique were 
observed in 5.7% of the individuals who thus 
would fulfill the diagnostic criteria of insomnia.

Insomnia is very likely to chronify. A study 
performed by Morin et al. [13] showed that about 
70% of all patients with insomnia had persisting 
complaints over at least 1 year. Forty- six percent of 
all patients enrolled in this trial reported com-
plaints that occurred since more than 3 years.

Depending on the study, the gender ratio 
ranges from 2:1 to 4:1, with females reporting 
insomnia more often than males. Older people 
complain more frequently about insomnia than 
younger people. In individuals older than 60 years, 
incidences of insomnia up to 50% and more have 

been observed. It is notable that older people are 
more likely to be treated with classic hypnotics 
like benzodiazepines or benzodiazepin receptor 
agonists over very long time periods. Even other 
psychotropic drugs such as sedating antidepres-
sants are more frequently applied in the treatment 
of insomnia in this age group.

Chronic insomnias represent a risk factor for 
somatic and mental disorders. For cardiovascular 
diseases, it was shown that insomnia as an inde-
pendent risk factor increases the risk of heart 
attack, heart failure, and hypertension in the long 
run. Meta- analyses suggest that short sleep is 
associated with weight gain and may thus be a 
risk factor for metabolic syndrome. Insomnia is 
also a risk factor for diabetes. In addition, neuro-
logical disorders are often accompanied by 
insomnia. An increased risk for developing neu-
rodegenerative diseases such as dementia and 
Parkinson’s disease in insomnia has been reported. 
A cross-sectional study showed a correlation 
between poor sleep quality and cortical atrophy 
in older individuals.

Clear-cut findings reporting an association 
between insomnia and mental disorders have been 
published. In a meta-analysis, Baglioni et  al. [4] 
included more than 20 primary studies and could 
show that patients with insomnia had a higher risk 
of developing depressive episodes compared to 
healthy individuals at a later time point (odds 
ratio: 2.1). Epidemiological surveys further con-
firm that insomnia is a risk factor for the develop-
ment of anxiety disorders and substance addiction. 
In addition, correlations could also be shown for 
insomnia complaints are independent predictors 
of suicidality, suicide attempts, or committed sui-
cides.

Finally, insomnia disorders cause high expenses 
for the healthcare system; on the one hand, there 
are direct costs, such as sleep medication and/or 
psychotherapy, but on the other hand indirect 
expenses also must be considered, such as those 
caused by absences from work, accidents in the 
workplace or traffic accidents, and reduced pro-
ductivity at work or early retirement. It is estimated 
that costs related to insomnia disorders, especially 
the chronic type, add up to 1.7% of the gross 
national income. However, more data have to be 
collected to verify this assessment.
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In clinical practice, the treatment of insomnia 
is mainly based on drugs even if the effective-
ness of the compounds is not or not sufficiently 
well documented and often does not address the 
causes underlying the insomnia disorder. Drug-
related therapies usually are symptom-oriented. 
A decrease in prescription hypnotics has been 
observed, but the overall sales of the pharma-
ceutical industry regarding hypnotic drugs was 
increased, implying that hypnotics are being 
increasingly prescribed on a private basis and an 
increase in over-the-counter sleep aids. The per-
centage of sedating antidepressants has increased 
because of the widespread knowledge about tol-
erance and addiction to benzodiazepines (BZD) 
and, with lower probability, of the benzodiaz-
epine receptor agonists (BRZA) (7 Sect. 3.7.3). 
New- generation hypnotics are currently being 
developed or tested in clinical trials and one of 
them, suvorexant, is approved in the US.

Meta-analyses indicate the long-term effec-
tiveness of psychoeducation combined with 
cognitive behavioral therapeutic methods in 
insomnia. In particular, cognitive behavioral 
therapy for insomnia (CBT-I) is considered the 
method of choice for the treatment of insom-
nia. Thus, the guidelines of the European Sleep 
Research Society, the Germany Sleep Research 
Society, and the American Academy of Family 
Physicians require application of behavior thera-
peutic techniques as first-line therapy before 
prescribing hypnotics. In addition, CBT-I is also 
effective in patients with a variety of diseases 
(somatic or mental disorders) and comorbid 
insomnia. Often CTB-I not only can improve the 
sleep complaints but also lessen the symptoms of 
the somatic disorder, e.g., in chronic pain syn-
dromes, or depression. Many studies confirm 
that the effectiveness of cognitive behavioral 
therapy is comparable to that of hypnotics and 
that it is superior regarding its long-term effects 
(see 7 Sect. 3.7.3).

Specifically, a multimodal procedure integrat-
ing pharmacological, behavioral-medical, and 
cognitive-behavioral therapy elements into the 
treatment program seems to be superior to 
monotherapeutic efforts that are often limited to 
the application of hypnotics.

The enormous time- and staff-consuming 
efforts of applying CBT-I have led to the develop-

ment of a stepped-care approach in order to treat 
the large number of patients suffering from 
insomnia. In a first step, self-help manuals or 
Internet-based programs are recommended. If 
this method does not show the expected results, 
psychoeducative measures (sleep hygiene) are 
taught by healthcare professionals (e.g., trained 
nurses or family physicians). Only if these meth-
ods are not successful and the insomnia tends to 
chronify, should psychotherapists and in a last 
step psychotherapists certified in sleep medicine 
carry out a state-of-the-art CBT-I in a small group 
setting or as individual therapy.

3.1  Classification of Insomnia 
Disorders

In 2014, the third edition of the International 
Classification of Sleep Disorders (ICSD-3) was 
published, which led to a fundamental change in 
the assessment of insomnia disorders. Hence, the 
diagnostic criteria of insomnia were completely 
revised regarding their formal aspects as well as 
their content compared to the ICSD-2.

One of the most important innovations is the 
introduction of the concept of “insomnia disor-
ders,” which includes all causes and symptoms of 
insomnia. The differentiation between primary 
and secondary insomnia comorbid to somatic 
and mental disorders and also as a consequence of 
substance or drug abuse is no longer applied. In 
the ICSD-3, insomnia disorders might be the trig-
ger or the consequence of comorbid disorders, 
i.e., the causal relationship cannot always be clari-
fied. This conceptually new assessment of insom-
nia takes into account that insomnia disorders 
often have a multifactorial etiology and manifold 
symptoms, which does not allow a simple causal 
classification. In the ICSD-3, additional disorders 
can be coded as comorbidities of insomnia. The 
implementation of this approach in the DSM-5 
has already taken place. Currently, the DSM-5 
describes insomnia disorders as independent dis-
orders, comparable to the ICSD-3: it is coded 
independently of the fact of whether a patient also 
has a mental disorder or somatic disease. The 
classification into primary and secondary sleep 
disorders was also discarded.

3.1 · Classification of Insomnia Disorders
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In the ICSD-3, complaints during daytime 
like impairment of social and/or academic per-
formance and the mood disturbances are still 
required for diagnosis of “insomnia,” compara-
ble to the ICSD-2 or the DSM-5. However, non-
specific daytime complaints, for example, tension 
headaches, are no longer among the diagnostic 
criteria. As daytime impairment is important, 
merely age-related physiological changes in sleep 
do not implicate an insomnia diagnosis. Older 
people show, without necessarily having a 
pathology, higher sleep fragmentation, longer 
sleep-onset latencies, and an increased number 
of nocturnal awakenings. By definition, all diag-
nostic manuals only assess those age-related 
changes of sleep as relevant if they are accompa-
nied by impairment of daytime performance.

In the ICSD-2, a total of 11 types of insomnia 
were distinguished. The ICSD-3 classifies only 2 
types: chronic insomnia disorders and short-term 
insomnia disorders. The main categories that had 
been differentiated in the ICSD-2 are now men-
tioned as subtypes of chronic insomnia disor-
ders. Furthermore, the ICSD-3 describes other 
insomnia disorders and excessive time in bed as 
well as short sleep duration as isolated symptoms 
and normal variants.

The complaint about nonrestorative sleep was 
excluded as a diagnostic criterion for short sleeper 
time as well as chronic insomnia as this symptom 
is not specific to insomnia. Because the symptom 
of nonrestorative sleep occurs in many sleep dis-
orders, for example, sleep-related breathing disor-
ders or periodic movement disorders during 
sleep, its removal from the ICSD-3 insomnia cri-
teria was overdue, and thus it has also been 
excluded in the DSM-5.

The key symptoms of short-term sleep and 
chronic insomnia are a difficulty initiating and 
maintaining sleep or waking up very early in the 
morning. For diagnosis, daytime impairment due 
to sleep problems is indispensable.

Diagnostic Criteria of the American 
Academy of Sleep Medicine (AASM) 
for Insomnia in Adults

 5 Complaints about difficulties initiating 
sleep, maintaining sleep, and/or waking 
up earlier as desired.

 5 At least one of the symptoms occur in 
relation to insomnia complaints.

 Ȥ Fatigue or general discomfort
 Ȥ Attention, concentration, and 

memory impairment
 Ȥ Impaired social, family, occupational, 

or academic performance
 Ȥ Mood disturbances or irritability
 Ȥ Daytime sleepiness
 Ȥ Behavioral problems (hyperactivity, 

aggression, impulsivity)
 Ȥ Increased proneness for errors or 

accidents
 Ȥ Reduced motivation, energy, initiative
 Ȥ Dissatisfaction or worries with regard 

to the sleep disorder
 Ȥ In the context of chronic insomnia, 

the sleep complaints and at least one 
of the above-mentioned associated 
daytime symptoms occur at least 
three times per week over a period of 
more than 3 months. In cases of short-
term insomnia, no time criterion exists

 Ȥ The impairments are not explained by 
chronic sleep deprivation or inadequate 
sleep conditions

According to the ICSD-3, a frequency of complaints 
of at least three times per week over a period of at 
least 3  months is required for chronic insomnia. 
This time criterion takes into account the clinical 
experience that insomnia disorders are character-
ized by a high probability to chronify but that, on 
the other hand, they can also be a reaction to acute 
stressors and subside very quickly. The diagnosis of 
chronic insomnia disorder is also possible if brief 
periods of insomnia complaints occur intermit-
tently over several years even though these single 
phases do not meet the 3-month criterion. In this 
way, insomnia disorders that may appear intermit-
tently over several years with short-term remissions 
in the interval can also be diagnosed and treated. 
For adults, a subjective sleep latency of more than 
30 min is considered clinically relevant. Subjective 
awake time after sleep-onset and waking up very 
early in the morning before the selected time of 
arising should exceed 60 min. Insomnia disorders 
that do not meet the criterion of a duration of 
3  months are classified as short-term insomnia. 
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Thus, it is not required that the nighttime and day-
time complaints occur at least three times per week.

The previous diagnostic categories of so-called 
primary insomnia (psychophysiological  insomnia, 
idiopathic insomnia, sleep-state misperception, 
and inadequate sleep hygiene) are included as 
subtypes of chronic insomnia in adults. Secondary 
insomnia comorbid to mental disorders, medical 
conditions, or drug or substance consumption are 
also included in the diagnosis of chronic insom-
nia because the differentiation between primary 
and secondary is no longer made. Nonetheless, 
they are still taken into consideration as subtypes 
of chronic insomnia as this allows the correct 
diagnosis and indication for sleep-specific thera-
peutic interventions. The adjustment insomnia is 
included in short-term insomnia.

The classification of insomnia disorders into 
different main categories previously found in the 
ICSD-2 was based on theoretical considerations 
and did not reflect the clinical practice as most 
insomnia types showed a clear overlapping of 
symptoms. Moreover, many of the criteria of the 
previous main types (ICSD-2) were very unspe-
cific and could not be associated with one main 
category of insomnia. However, the new classifica-
tion of chronic insomnia will yield a heterogenic 
group of patients with manifold and different 
origins of their sleep complaints. Especially in the 
context of empirical research, scientists will face 
great difficulties regarding defining specific patient 
groups. Hence, specification and classification into 
subtypes, if applicable, are always recommended.

Subtypes of Chronic Insomnia in 
Adults, Adapted from ICSD-3

 5 Psychophysiological insomnia
 5 Idiopathic insomnia
 5 Paradoxical insomnia
 5 Insomnia caused by inadequate sleep 

hygiene
 5 Insomnia caused by a mental disorder
 5 Insomnia caused by a medical condition
 5 Insomnia caused by drugs and substance 

use

Short-term insomnia is distinct from chronic 
insomnia with regard to the aspect that the com-
plaints occur less often than three times per week 

and/or less than 3 months. Short-term insomnia 
is often triggered by a specific stressor and gener-
ally lasts only for a brief period or intermittently 
when the patient is exposed to this stressor. The 
insomnia vanishes if the stressor is no longer 
present or the individual copes with the stressor. 
The stressor may be psychological, psychosocial, 
physical, somatic, or environment based e.g., 
work-related stress, family conflicts, moving to 
another place, hospitalizations, untreated dys-
function of the thyroid, and other medical diag-
noses. Also, positive events, for example, being in 
love or winning the lottery may temporarily dis-
turb sleep. However, those events are rarely per-
ceived as disstressing.

The group of other insomnia disorders as a fur-
ther diagnostic category is reserved to those dis-
orders that cannot be classified as short-term 
insomnia or chronic insomnia. In the course of 
the diagnostic process, this term is used as a 
“working hypothesis” until it is possible to make a 
clear decision in one direction or another.

In the new category of isolated symptoms and 
normal variants, excessive time in bed and short 
sleeper are listed. Both phenomena have in com-
mon that they are not associated with daytime 
impairments and that they do not meet the crite-
ria of being a disorder. In the ICSD-3, both phe-
nomena are defined more precisely.

Excessive time in bed is understood as an iso-
lated symptom that is characterized by prolonged 
time of sleep onset or long periods of wakefulness 
during the night. However, neither daytime 
impairment nor insomnia complaints are 
reported. A lack of social zeitgebers, e.g., in unem-
ployed people or retired persons, may contribute 
to longer times in bed. In children, longer times in 
bed may be observed when parents have unrealis-
tic ideas of their children’s sleep need.

The phenomenon of short sleeper is character-
ized by the fact that sleep duration is less than 6 h 
without experiencing daytime impairments like 
tiredness. That is, the short sleep duration is not 
caused by a reduced ability to sleep but rather 
attributed to a naturally occurring reduced sleep 
need. Even if criteria of insomnia regarding sleep 
continuity may be present, it is recommended not 
to diagnose insomnia. The concept of short sleep-
ers is in line with the data that individual sleep 
duration is highly variables, likely due to geneti-
cally determined differences in sleep need.

3.1 · Classification of Insomnia Disorders
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3.2  Chronic Insomnia Disorder

In the following, the clinical symptoms, polysom-
nographic findings, differential diagnoses, etiol-
ogy, pathogenesis, risk factors, and sleep 
diagnostics of chronic insomnia in adults are 
reviewed. In addition, subtypes are discussed (for 
insomnia in children, see 7 Chap. 11). The treat-
ment of chronic insomnia is presented in 7 Sect. 
3.7.

3.2.1  Definitions

Insomnia is characterized by reduced ability to 
initiate or maintain sleep or waking up very early 
in the morning. Frequently, these characteristics 
co-occur and intensity of each symptom may vary 
in the further course of the disorder. In addition, 
complaints about poor and nonrestorative sleep 
with low awakening threshold are reported, how-
ever, as already mentioned, this is no longer a 
diagnostic criterion according to the ICSD-3 
(only daytime complaints). Patients often report 
that they sleep deeper in the early morning hours, 
at the nadir time of the body temperature, and 
shortly before the alarm clock ends the night. 
Prolonged sleep episodes until noon can be the 
consequence, especially in individuals who do not 
have social zeitgebers. It is characteristic that 
patients with insomnia tend to underestimate 
their actual sleep duration, which is explained 
among other factors by frequency changes in 
sleep electroencephalogram (EEG) and frequent 
arousals during sleep.

People typically complain about daytime 
impairment regarding their psychosocial perfor-
mance. Complaints and symptoms that are fre-
quently reported are daytime tiredness, attention 
and memory problems, reduced energy and 
motivation, mood disturbance, and social with-
drawal in the evening. Patients complain about 
being tired, but in contrast to patients with 
hypersomnia disorders, they are often not able to 
sleep during the daytime. Reports about reduced 
performance at work or when studying are char-
acteristic, as well as complaints about more 
errors because of fatigue and micro-sleep at work 
or in road traffic. Additional symptoms are 

described in the following sections about the 
subtypes of chronic insomnia.

3.2.1.1  Subtype of Psychophysiological 
Insomnia

The subtype of psychophysiological insomnia is a 
frequently observed type of insomnia caused by 
increased psychophysiological arousal (see 
7 Sect. 3.2.2 on Etiology and Pathogenesis) that is 
related to sleep-related negative thoughts. The 
core symptomatology is an increased cognitive, 
emotional, and physiological arousal in the sleep 
situation.

Patients frequently report deliberate efforts to 
fall asleep. The fear regarding the effects of sleep 
loss and inadequate sleep hygiene (e.g., irregular 
bedtimes, working at nighttime, or watching TV) 
are as characteristic as the inability to relax and an 
increased cognitive activity during sleep onset, 
e.g., rumination. Often the individual is able to 
fall asleep in the early morning hours after stop-
ping excessive efforts of initiating sleep. Patients 
of this group commonly sleep in front of the TV, 
because in this situation, thoughts are not focused 
on sleep.

3.2.1.2  Subtype of Paradoxical 
Insomnia

Paradoxical insomnia as a subtype of chronic 
insomnia is mainly characterized by complaints 
about the reduced ability to sleep without objec-
tive markers for this complaint. The modern view 
is that these patients have problems perceiving 
their current state as sleep. There is a high discrep-
ancy between the perception of sleep by an indi-
vidual and objective findings regarding the 
quantity of sleep. Some studies allow the assump-
tion that there is a correlation between an 
increased level of psychophysiological arousal, 
changes of the power spectrum of the sleep EEG, 
and the misperception of sleep (see 7 Sect. 3.2.2).

3.2.1.3  Subtype of Idiopathic 
Insomnia

Idiopathic insomnia describes a type of chronic 
insomnia that begins in childhood without appar-
ent triggers. Idiopathic insomnia cannot be 
explained by any other sleep disorder, somatic or 
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mental disorder, drug effects, or any other sub-
stance consumption. Generally, no triggering fac-
tor can be identified for the sleep disorder; at the 
same time, longer symptome-free phases are not 
reported.

3.2.1.4  Subtype of Insomnia Caused 
by a Mental Disorder

As a subtype of chronic insomnia, insomnia 
comorbid to a mental disorder is a sleep distur-
bance that is conceptualized as a symptom of the 
mental disorder.  Insomnia symptoms are com-
monly the major complaint and may require 
separate and/or specific therapy. Sometimes, 
patients report the sleep disorder as the main 
cause of their psychopathological symptoms. In 
these cases the underlying mental disorder only 
becomes evident after focused and intense psy-
chiatric exploration. The pathophysiology of the 
sleep disorder is part of the etiology of the under-
lying mental disorder and the resulting increased 
psychophysiological arousal due to the mental 
disorder, e.g., in mood disorders. Especially anxi-
ety disorders with the fear of not being able to fall 
asleep as a single symptom are easy to differenti-
ate from chronic insomnia that also include 
sleep-related worries.

3.2.1.5  Subtype of Insomnia 
Resulting from Inadequate 
Sleep Hygiene

In the context of the subtype of insomnia caused 
by inadequate sleep hygiene, the origins of chronic 
insomnia are assumed to be based on sleep-
incompatible behavior.

Those behavioral patterns may be classified into 
two categories: those that trigger an increased cog-
nitive, emotional, or somatic arousal before going 
to bed and those that are not compatible with the 
sleep–wake rhythm. The latter might show up in 
irregular sleep times, excessively long phases in 
bed, using the bed for activities other than sleep 
(e.g., TV, smartphone use), naps during daytime, 
stimulating activities before going to bed, night-
time activities such as watching TV, and getting up 
and doing some work as well as consumption of 
stimulating or sleep-disturbing substances (caf-
feine, nicotine, alcohol). The origin of such behav-
ior is assumed to be mainly the incorrect assessment 
of the consequences of irregular periods of staying 

awake at different times over the course of a 24-h 
period. Stress, ambition, and work overload may 
cause behavioral patterns that lead to insomnia 
complaints or sleep–wake rhythm disorders. These 
behaviors that might be incompatible with sleep, 
however, do not automatically lead to sleep disor-
ders in every individual.

In view of recent developments, the use of new 
media such as smartphones and tablet PCs used 
while in bed might be a sleep-disturbing factor. 
Further studies could demonstrate that increased 
use of these devices during time in bed reduces 
sleep and causes sleep disorders and daytime 
sleepiness as a consequence. This behavior is fre-
quent in adolescents. In some studies, poorer per-
formance at school was a consequence of excessive 
media use. Two factors are likely responsible for 
the negative effect of these devices on sleep. First, 
the color spectrum of the LED screens containing 
blue light suppresses melatonin production. 
However, findings indicate that sleep onset is only 
marginally prolonged despite reduced melatonin 
concentration. Second, the type of activity, such 
as surfing the Internet, chatting with friends, 
reading e-mails, etc., increases the cognitive-emo-
tional arousal level, and might interfere with fall-
ing asleep.

According to epidemiological studies, about 
1–2% of adolescents and young adults show sleep-
incompatible behaviors; probably a similar per-
centage of older adults is affected. In sleep centers, 
up to 10% of the patients report inadequate sleep 
hygiene that might be the origin of their insom-
nia. As a broad variety of sleep-impairing behav-
iors is often seen in insomnia patients, the actual 
prevalence of inadequate sleep hygiene in this 
group might be higher.

3.2.1.6  Subtype of Insomnia due to 
Psychiatric Disease, Medical 
Condition, or Drug 
and Substance Consumption

In this context, insomnia is the characteristic 
symptom of a psychiatric, neurological, or inter-
nal disease, or it is sometimes even caused by 
chronic drug intake. Also, insomnia disorders 
based on withdrawal effects are grouped into this 
diagnostic category. The distinction is made 
regarding excessive use and addiction to drugs or 
other substances.

3.2 · Chronic Insomnia Disorder
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3.2.2  Etiology and Pathogenesis

Chronic insomnia is caused by a multifactorial 
complex of triggering and maintaining factors. 
Often the interrelations and the cause–effect rela-
tionship of single factors cannot be clearly deter-
mined. Psychological and psychodynamic factors 
also play a role for the subtypes of psychophysi-
ological, idiopathic, and paradoxical insomnia. 
Situational factors are described for the subtype 
of insomnia due to inadequate sleep hygiene. 
Furthermore, mental disorders, medical condi-
tions, and (side) effects of drugs and substances 
may cause and maintain insomnia: these are 
considered in the description of the subtypes of 
insomnia caused by psychiatric disorder, insom-
nia caused by a medical condition, and insomnia 
caused by drug and substance consumption (see 
7 Sect. 3.2.1.6).

Many studies investigating the pathophysiol-
ogy of chronic insomnia focus on the increased 
psychophysiological arousal in connection with 
sleep but also on the wake-sleep schedules of 
patients. The increased arousal is on the subjec-
tive level experienced as increased cognitive and 
emotional activity. These patients generally show 
an increased proneness to rumination. Patients 
often have difficulties relaxing, physically and 
mentally. Furthermore, if emotions are processed 
they are frequently negative. Positive experiences 
such as lottery winnings or being in love may lead 
to sleep disorders via activation due to positive 
emotions. If patients focus on their sleep prob-
lems, often associated with anticipatory anxiety 
regarding the negative effects of sleep deprivation, 
increase cognitve arousal even more and that may 
exacerbate and stabilize the sleep complaints.

Regarding pathophysiology, increased activity 
on the hypothalamus-pituitary-adrenal axis has 
been found. Studies indicate an increased heart 
rate, an altered heart rate variability, increased 
metabolism, increased cortisol release, as well as 
increased corticotropin- releasing factor (CRF) 
values in insomnia patients. In addition, increased 
beta and gamma activities in the sleep EEG can be 
seen in insomnia patients compared with healthy 
control groups.

Functional MRI (fMRI) of insomnia patients 
showed increased regional glucose metabolism in 
sleep-regulating centers such as the thalamus, 

upper brainstem, and the anterior cingulate and 
limbic cortex compared to healthy controls. 
Furthermore, regionally reduced GABA activity is 
described in sleep- regulating brain areas.

Personality factors are considered as predis-
posing aspects for increased rumination about 
everyday experiences and the lack of ability to 
relax while lying in bed. Some of those factors are, 
for example, increased perfectionism, hypochon-
driac personality, reduced self-esteem, social 
introversion, and increased neuroticism scores.

Mental disorders, in particular affective disor-
ders such as depression or anxiety disorders, may 
be accompanied by insomnia complaints. Somatic 
disorders such as chronic pain and metabolic syn-
drome, and pulmonary diseases are also accom-
panied by a higher risk of developing insomnia. 
Numerous drugs and substances may trigger 
sleep problems via, for example, activation of cen-
tral nervous systems.

Situational factors that are summarized under 
the misleading term of “sleep hygiene” may nega-
tively influence sleep and cause sleep problems. 
The term “observing adequate rules for healthy 
sleep” would be more appropriate. Environmental 
factors are noise, light pollution, and inadequate 
temperatures, but also inappropriate behavior 
such as irregular wake-sleep schedules, and heavy 
meals and sports directly prior to sleep onset. 
Also, alcohol and tobacco consumption in the 
evening may lead to sleep problems.

3.2.2.1  Developmental Model 
of Chronic Insomnia

Chronic insomnia develops from short-term insom-
nia. Triggering factors of physical or mental nature 
and inappropriate behavior may perpetuate the 
condition, even if these factors can also disappear 
after some time. For chronification, processes that 
are characterized by establishing inadequate sleep 
hygiene and misconceptions about sleep are often 
the driving force, independent from the triggering 
factors. On the physical level, habituation to the 
problematic sleep–wake rhythm occurs. Even if the 
original reasons for nocturnal awakenings are no 
longer present at night, this habituation may still 
cause sleep fragmentation. Furthermore, miscon-
ceptions and inappropriate behaviors can stabilize 
themselves without being consciously reflected by 
the individual. Increased  cognitive and emotional 

 Chapter 3 · Insomnia



85 3

arousal, e.g., an increased likeliness to ruminate 
about positive as well as negative everyday situa-
tions that is accompanied by emotional activation, 
develops in bed and hampers falling asleep. Thus, 
the sleep disorder may persist even after the origi-
nal trigger(s) are long gone. Furthermore, the indi-
vidual often develops sleep-incompatible behavior 
in the acute phase of insomnia that chronifies the 
sleep disorder; for example, household activities or 
home office work at night, TV watching, or other 
stimulating activities done during the night.

The distress during the day due to sleep depri-
vation can result in increased self-observation 
with focus on one’s own sleep disorder and the in 
ability to sleep. This often results in stronger 
efforts to fall asleep and, in turn, to the frustrating 
experience of nocturnal sleeplessness. Both fac-
tors increase psychophysiological arousal at night 
and enhance sleep fragmentation. The vicious 
circle can be described as: “Who desperately 
wants to fall asleep, stays awake!”

. Figure 3.1 summarizes the outlined model.

3.2.2.2  Risk Factors for the 
Development of Chronic 
Insomnia

Women showed a higher risk compared to men 
for developing insomnia. Also, education level 
and income (socioeconomic status) had an impact 
on the incidence of problems of initiating and 
maintaining sleep. Individuals with a lower level 
of education and lower income are more prone to 
develop insomnia. Another risk factor is unem-
ployment. Individuals who live alone, widowed or 
divorced individuals, or single persons often suf-
fer from difficulties of initiating and maintaining 
sleep. Even an increased incidence within families 
was observed. It is not yet determined whether 
genetic factors, traditional family values, or both 
these factors may be responsible. Older individu-
als are more likely to develop insomnia. Age itself 
seems not to be the basic factor but rather the 
 somatic and psychological changes accompanying 
aging, including the higher incidence of somatic 
diseases. Personality is  associated with a higher 

Acute trigger of insomnia

Somatic adaptation
Inner clock: adaptation

to irregular sleep–wake rhythms

Cognitive and emotional 
adaptation: emotional and 

cognitive arousal in bed 

Adopting of sleep-
incompatible behaviors

Development of inadequate attitudes, behaviors, and adaptations

Subsiding or persistence of the trigger

Chronification:
The trigger has not longer to be present, somatic 

and mental adaptation processes as well as indadequate behaviors 
maintains insomnia

       . Fig. 3.1 Model of chronification of insomnia
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probability for developing insomnia complaints, in 
particular neuroticism, perfectionism, hypochon-
driac personality, reduced self-esteem, social 
introversion, and internalization. The increased 
psychophysiological arousal and/or increased 
stress levels are often responsible for developing 
insomnia. Major life events such as divorce, the 
death of a close person, job change, or examina-
tions (academia) can also increase problems of 
initiating and maintaining sleep. Recent studies 
also showed a higher prevalence of insomnia dis-
orders in shift workers. Furthermore, employment 
with high workloads (executive tasks, self-employ-
ment) or jobs with low autonomy can foster 
insomnia. Individuals who frequently suffer from 
short-term insomnia have a higher risk of develop-
ing chronic insomnia. Finally, mental disorders 
also show a significantly increased risk for insom-
nia: mood disorders, anxiety disorders, posttrau-
matic stress disorders, addiction, and drug or 
substance consumption may cause problems with 
initiating and maintaining sleep. Medical condi-
tions, for example, endocrine diseases, neurode-
generative diseases, chronic pain symptoms, and 
other factors, may also be associated with a higher 
risk of insomnia (see 7 Box 3.1).

3.2.3  Polysomnographic Findings

Polysomnographic findings often show a sleep- 
onset latency longer than 30  min. Wake phases 
after sleep onset of 1 or 2  h duration are often 
observed. Some patients report a reduced sleep 
duration of less than 6 h. An increase of the sleep 
stage N1 and a reduction of slow wave sleep, 
stage N3, are characteristic. In the sleep lab, some 
patients show an inverse first-night effect, mean-
ing that they sleep better in the lab compared to 
sleeping at home despite the unfamiliar environ-
ment and the stress caused by electrodes, video, 
etc. A few patients show a change in the power 
spectrum of the sleep EEG: the power of the beta 
and gamma band may be increased. Some stud-
ies reported a correlation of these frequency 
band changes and sleep misperception. In com-
parison to healthy individuals, insomnia patients 
tend to overestimate their sleep latency and to 
underestimate their real overall sleep period.

Despite complaints about sleep loss and tired-
ness, patients with insomnia often show normal 
sleep latencies in the MSLT and performances 
within normal ranges in psychometric tests mea-
suring sleepiness- related aspects such as attention 
and vigilance.

3.3  Short-Term Insomnia Disorder

Short-term insomnia, or also adjustment insom-
nia, differs from chronic insomnia in that occur-
rence of the complaints of three times per week 
or more and a duration of more than 3 months is 
not required. 

Short-term insomnia is typically triggered by 
a specific stressor. Generally, it persists only for a 
short time or occurs intermittently when the indi-
vidual is exposed to this stressor. Insomnia sub-
sides when the stressor is not present anymore or 
the individual has coped with the stressor. Similar 
to chronic insomnia, the stressor may be of a psy-
chological, psychosocial, somatic nature, or 
related to the environment. Typical stressors may 
be job change, family conflicts, moving to another 

Box 3.1 Risk Factors for the Development 
of Insomnia

 5 Female gender
 5 Low socioeconomic status (level of 

education, low income, not employed)
 5 Family status (widowed, divorced, single)
 5 Family history (genetic factors, learned 

behaviors, values)
 5 Age-related cognitive and physiological 

changes
 5 Personality factors (neuroticism, perfection-

ism, hypochondriac personality, reduced 
self-esteem, introversion,  internalization)

 5 Major life events (e.g., divorce, death of a 
close person, job change, examinations, 
marriage, being in love)

 5 Working conditions (e.g., shift work, stress 
levels, autonomy in the work process, mobbing)

 5 Short-term insomnia (see 7 Sect. 3.3)
 5 Psychiatric disorders (see 7 Sect. 3.2.1.6)
 5 Medical conditions (see 7 Sect. 3.2.1.6)
 5 Addiction (drugs, substances, alcohol)
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city, hospitalizations, and major medical diagno-
ses. Also, positive experiences, for example, being 
in love or winning a lottery, can meet the criterion 
of a stressor and temporarily disturb sleep; how-
ever, these sleep disturbances are rarely perceived 
as disstressing.

The complaints regarding sleep and daytime 
impairments in short-term insomnia are similar to 
those reported by patients with chronic insomnia.

Especially with psychological and somatic 
predispositions, short-term insomnia may become 
chronic. Thus, special care should be given to 
these patients preventing chronification with all 
the associated risk factors of chronic insomnia.

With regard to the diagnostic and therapeutic 
procedure, the same strategies and interventions 
should be applied in short-term insomnia as in 
chronic insomnia.

3.4  Other Insomnia Disorders

The diagnosis of “other insomnia disorder” rep-
resents a category for nonspecific insomnias 
that do not meet the criteria of chronic or short-
term insomnia. This diagnosis is often made in 
the course of the diagnostic process as prelimi-
nary diagnosis or “working diagnosis” until fur-
ther examinations allow specification of the 
insomnia disorder into chronic or short-term 
insomnia.

3.5  Isolated Symptoms and Normal 
Variants

In the category of isolated symptoms and normal 
variants, excessive time in bed and short sleeper are 
listed. Both phenomena have in common that 
they are not associated with daytime impair-
ments and are not considered as a disorder. Both 
phenomena are outlined more precisely in the 
ICSD- 3.

3.5.1  Excessive Time in Bed

Excessive time in bed is understood as an isolated 
symptom that is characterized by a prolonged 
sleep latency and/or long times being awake after 
sleep onset. However, no daytime impairment is 

observed, nor is subjective suffering reported. 
Lack of social contacts, e.g., in unemployed or 
retired individuals, may partly explain these long 
bed times. Longer times in bed may also be 
observed in children whose parents have unreal-
istic ideas of their children’s need to sleep, i.e., 
overestimating the sleep duration.

3.5.2  Short Sleeper

Short sleepers are characterized by sleep dura-
tions of less than 6 h without experiencing day-
time impairment. Mainly, the short sleep duration 
is not caused by an inability to sleep but rather 
due to a reduced need of sleep. Even if the criteria 
of insomnia (long sleep latency, time awake after 
sleep onset) are fulfilled, it is recommended not to 
diagnose insomnia in those cases as they do not 
report daytime complaints. The concept of short 
sleepers is congruent with the finding that sleep 
duration is highly variable between individuals, 
genetically determined.

3.6  Diagnostics of Insomnia

Insomnia etiology is multifactoral, therefore 
an interdisciplinary approach is recommended 
to successfully diagnose and treat the disorder. 
Knowledge of internal medicine, neurology, psy-
chiatry, otolaryngology, psychology, and psycho-
therapy is essential for the diagnosis and therapy of 
insomnia. Treatment and assessment approaches 
of one speciality only are generally not beneficial 
for patients.

The diagnostic procedures should include 
general, drug-related, and substance consump-
tion history and a physical examination together 
with laboratory parameters (see 7 Chap. 2).

The general history taking serves as assess-
ment of the general health status, which refers to 
somatic diseases, psychiatric stress, drug and 
substance consumption, psychosocial impair-
ments, and other aspects of the patient’s well-
being. Based on this general history, subsequent 
detailed history taking completes the anamnesis.

In the diagnostic process, triggering and 
maintaining factors have to be assessed. For 
example, endocrine, chronic renal, gastrointesti-
nal, cardiopulmonary, and neurological diseases 

3.6 · Diagnostics of Insomnia



88

3

and chronic pain syndromes, may cause or main-
tain sleep disorders (see 7 Chap. 10). 7 Box  3.2 
gives an overview of medical conditions that have 
to be considered in the diagnostic process. 
Performing brain imaging to exclude organic 
brain origins may be indicated in insomnia with 
sudden onset and in chronic courses if persisting 
somnolence is one of the key symptoms.

It is important to bear in mind that the typical 
vicious circle with anticipatory anxieties, and 
increased cognitive-emotional and psychophysi-
ological arousal can also develop in insomnia dis-
orders due to medical conditions, and thus 
treatment of the underlying disease does not 
always alleviate the sleep problems, especially in 
cases where chronic insomnia is fully developed.

History taking with regard to drug and sub-
stance consumption includes not only medica-
tion available on prescription but also those 
obtainable over-the-counter. Furthermore, the 
consumption of stimulants and related substances 
is assessed. The objective is to assess all substances 
that might have potentially negative effects on 
sleep, and, thus, may have caused or maintained 
the sleep disorder (7 Sect. 2.1.4).

The long-term use of BZD and BZRA should 
be elicited. Alcohol consumption might be a mal-
adaptive self-treatment of sleep problems and 
may even worsen sleep problems over time. Many 
addictions might be explained by the attempt to 
treat evening arousal levels and corresponding 
sleep problems.

Sleep diagnostics include sleep history, sleep 
diary, and if needed a sleep questionnaire and 
actigraphy (7 Chap. 2). The identification of trig-

gers and maintaining factors is one focus within 
the diagnostic process. Furthermore, the behavior 
and well-being in the sleep environment and 
directly in the pre-sleep situation are also in the 
center of interest.

Eliciting sleep-incompatible behaviors and 
inner attitudes via sleep diaries may support diag-
nostic as well as therapeutic efforts. Furthermore, 
it can provide important clues regarding the cur-
rent sleep duration, awake periods after sleep 
onset, sleep latency, and the feeling of being 
refreshed in the morning. The sleep diary should 
be kept during the diagnostic processes for at least 
2  weeks, although focusing on the sleep–wake 
behavior may impair sleep in this patient group. 
Additional sleep questionnaires, for example, 
FEPS I and II (7 Chap. 2), serve for the assess-
ment of psychodynamic aspects of insomnia.

Actigraphy might help objectify the irregular 
sleep–wake schedules, especially in patients with 
sleep  misperception (7 Sect. 2.4). Regarding dif-
ferential diagnosis, actigraphy may also be suit-
able to assess possible phase delays or advances as 
well as the identification of the circadian rhythm.

Asking about tiredness and fatigue during 
daytime helps to assess the psychosocial impair-
ment of performance and classify severity (7 Sect. 
2.1.3). These measures can help to identify risk 
factors at work or in road traffic due to disturbed 
sleep. Sometimes the results may justify sick leave 
certificates or the withdrawal of the driver’s 
licence. In these cases, objective measures of the 
impairments should be performed by using neu-
ropsychological tests (7 Sect. 2.7).

A substantial number of patients with chronic 
insomnia suffers from a co-morbid mental dis-
ease. It is not always clear whether the insomnia 
complaints are a symptom of the mental disorder 
or if the insomnia complaints are responsible for 
the mental disorder due to their severity and 
duration. One must bear in mind that some 
patients might feel ashamed mentioning emo-
tional problems to their therapists, and it is easier 
for them to complain about a sleep disorder 
rather than report depressive complaints. Other 
possible psychiatric symptoms should be 
assessed within the diagnostic process, even if 
the patient focuses only on sleep-related prob-
lems. . Table  3.1 summarizes mental disorders 
that are typically associated with insomnia disor-
ders according to [5].

Box 3.2 Medical Conditions That May 
Lead to Chronic Insomnia

 5 Chronic renal disease
 5 Gastrointestinal diseases
 5 Endocrine diseases
 5 Cardiopulmonary diseases
 5 Headaches
 5 Malignant diseases
 5 Polyneuropathy
 5 Stroke
 5 Multiple sclerosis
 5 Severe itching as symptom of dermatologi-

cal diseases and allergies
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Not every patient suffering from disorders of ini-
tiating and maintaining sleep requires diagnos-
tic assessment via polysomnography. Generally, 
extensive history taking and physical examination 
are sufficient for a valid diagnosis. Many studies 
and meta-analyses showed that there is a signifi-
cant discrepancy between objective polysomno-
graphic findings and subjective perception of sleep 
by patients with insomnia. Sometimes, patients 
overestimate their times awake dramatically, but 
a few tend to underestimate the time being awake 
during the night. These findings indicate that 
polysomnography in insomnia might not be use-
ful as these parameters rarely correspond with the 
subjective complaints. On the other hand, poly-
somnography is indicated in patients with chronic 
insomnia who did not respond classic outpatient 
treatment procedures like CBT-I. Another impor-
tant aspect of performing polysomnography is that 
some insomnia patients may have sleep apnea syn-
drome and/or periodic leg movements syndrome 
even when the diagnosis based on the anamnesis 
was clearly a primary insomnia.

Thus, diagnostic polysomnography should 
be performed if insomnia might be caused by 
medical conditions, in particular if the presence 
of a sleep apnea syndrome, or periodic leg move-
ments are probable. In therapy-nonresponders, 
polysomnography may provide additional diag-
nostic and therapeutic information, especially 
for risk groups such as professional drivers or 

patients who work with dangerous machines. 
Polysomnography may also provide further 
diagnostic as well as therapeutic information in 
cases in which there is a significant discrepancy 
between the subjectively perceived severity of the 
insomnia and the polysomnographic findings 
(. Table 3.2).

       . Table 3.1 Sleep disorders associated with associated with mental disorders

Disease Disorder in initiating 
or maintaining sleep

Reduction of slow wave 
sleep

REM sleep 
disinhibition

Hypersomnia

Mood disorders +++ ++ +++ +

Anxiety disorders + / / /

Alcoholism + +++ + /

Borderline personal-
ity disorder

+ / + /

Dementia +++ +++ / +

Eating disorders + / / /

Schizophrenia +++ + + +

Adapted from [5]
+++ found in nearly all patients, ++ found in about 50% of patients, + found in 10–20% of all patients, / not 
previously described

       . Table 3.2 Main indications for polysomnogra-
phy in the sleep laboratory in cases of insomnia, 
based on the AWMF guideline on insomnia, 2017

Indication Recommendation 
level

Therapy-resistant insomnia B

After exhaustion of other 
diagnostic measures and 
suspected insomnia caused 
by a medical condition

A

Insomnia in risk groups in 
relationship to endanger-
ment of self or others, e.g., 
professional drivers or 
patients working with 
dangerous machines

B

Expected significant 
discrepancy between 
subjectively perceived 
severity of the insomnia and 
polysomnographic findings

B
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3.7  Therapy of Insomnia

Insomnia disorders may be explained by psychi-
atric, somatic, behavioral, and substance-induced 
origins. In the course of the disorder patients 
often develop dysfunctional attitudes and behav-
iors that are not compatible with sleep and exhibit 
an enhancing effect on the insomnia complaints. 
Those behavioral patterns are summarized with 
the term of “inadequate sleep hygiene.”

The multifactorial conditions of insomnia 
requires a multimodal treatment approach. The 
treatment of triggers and maintaining factors and 
conditions is the main focus. In insomnia, psy-
chological factors play a major role in the etiology 
and especially in maintaining insomnia. Thus, 
cognitive-behavioral and other psychotherapeu-
tic interventions are the key elements in the treat-
ment regime-even if sleep medication is 
prescribed. In 2016, the American Academy of 
Family Physicians considered cognitive behav-
ioral therapy of insomnia as first line treatment 
and not pharmaceutical therapy.

Without extensive diagnostics, a symptomatic 
approach applying hypnotics is not very promis-
ing. Especially the long-term treatment is prob-
lematic due to the high risk of addiction and 
habituation. The following paragraphs review the 
major elements of insomnia therapy.

Psychoeducation regarding the basics of sleep 
hygiene helps to reduce sleep-incompatible 
behaviors and increase sleep-promoting behav-
ior. This is the basic element of each insomnia 
therapy. However, one must bear in mind that 
information and counselling about sleep hygiene 
are often not sufficient as single therapeutic tech-
niques and rarely induce full recovery.

Pharmacological interventions using hypnot-
ics provide a rapid and short-term relief of the 
complaints. Because of their effects and side 
effects, they may be indicated for short-term 
usage and are not seen as causal therapy. In 
patients with chronic insomnia, who did not ben-
efited from cogntive-behavioral therapy, might 
be treated with second-line hypnotics like sedat-
ing antidepressants that can be useful because of 

they show a low risk of addiction and habituation 
in the long term.

In many cases, psychotherapeutic and in partic-
ular cogntive-behavioral interventions are consid-
ered as causal therapy addressing the underlying 
etiology. Successful behavioral therapies do not 
require long-term application of hypnotics. The 
aim is the permanent reduction of the psycho-
vegetative arousal in the sleep situation that may 
be seen as a precondition for good sleep. Recent 
studies indicated that cognitive behavioral ther-
apy for insomnia (CBT-I) has similar short-term 
effects compared to hypnotics. In the long term, 
however, CBT-I is superior to sleep medication. A 
few studies have addressed the question to what 
extent the synergistic effects of CBT-I and phar-
macotherapy with hypnotics of the BZD or BZRA 
type can occur. These reports conclude that there 
might be a small additional effect, but again, in 
the long term, CBT-I alone is the superior option. 
Also, studies with psychiatric and somatic patients 
with comorbid insomnia indicated, that CBT-I 
not only alleviates the insomnia complaints but 
also had positive effects regarding the underly-
ing disorder. First nonrandomized trials and field 
studies further suggest that CBT-I may also be 
helpful for shift workers  suffering from insomnia.

Over the years, different types of CBT-I were 
developed and applied by groups with different 
professional backgrounds in individual or group 
therapy formats. Furthermore, programs have 
been developed that provide self-help techniques 
in the form of manuals or internet-based pro-
grams. The first findings showed the effectiveness 
of these interventions even if they might be less 
effective than face-to-face formats.

3.7.1  Psychoeducation

Insomnia patients often show behavior patterns 
that are incompatible with sleep and can enhance 
the sleep problems. These may be unsuccessful 
self-treatment attempts to decrease psycho-vege-
tative arousal levels, or may be conceptualized as 
part of an underlying mental  disorder.
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3.7.1.1  Information About Sleep
To reduce inadequate expectations regarding 
sleep and to correct sleep myths, patient receive 
basic information about healthy sleep, its phe-
nomenology, age- related changes, and its func-
tion. Information on sleep-promoting and 
sleep-incompatible behaviors enables the patient 
to become an expert in his own right and can 
reduce feelings of helplessness regarding the sleep 
disorder. In addition, knowledge about disturbed 
sleep and treatment options can decrease insom-
nia-related distress.

3.7.1.2  Inadequate Behaviors Related 
to Insomnia

To understand the rules and recommendations of 
sleep hygiene, the following paragraphs describe 
some characteristic inadequate behaviors of 
insomnia patients and their negative effect on 
sleep.

Insomnia patients tend to spend more time in 
bed to compensate for the lost sleep in order to 
increase the probability of getting at least some 
sleep. From an educational point of view, a condi-
tioning of being awake and rumination within the 
bed occurs, which perpetuate the insomnia via an 
increasing psycho-vegetative arousal.

Irregular bedtimes, especially going to bed very 
late, and long sleep episodes in the morning hours 
and during daytime/evening (falling asleep in 
front of the TV), are quite typical. From a chrono-
biological point of view, not adhering to the circa-
dian rhythm contributes to the sleep–wake rhythm 
problems. Sleep phases in the morning and during 
the day reduce the sleep pressure and have a nega-
tive effect on sleep latency the following night.

Everyday objects in the sleep environment may 
remind one of daytime stressors and trigger cog-
nitive, emotional arousal and rumination.

Nighttime activities, for example, ironing, 
cleaning cupboards or the oven, home office 
work, watching TV, and surfing the internet 
according to the motto “If I cannot sleep, I will do 
something useful, distracting, and tiring” activate 
the sympathetic nervous system and are not com-
patible with psycho-vegetative relaxation as a pre-
condition for sleep. A sleep–wake rhythm 

including including nighttime activities, similar 
to that of shift workers, can augment and main-
tain the sleep disorder.

Sports and other physical activities are typi-
cally practiced in the evening hours by insomnia 
patients with the objective of getting tired. 
Actually, such behavior activates the sympathetic 
nervous system, even though the cognitive-emo-
tional stress level is not affected. An appropriate 
time interval between physical activity and bed-
time should be observed. Physical activity at night 
is typically not beneficial for insomnia problems.

Regular and sometimes high-quantity alcohol 
consumption in the evening is frequently reported 
by insomnia patients, sometimes as an attempt to 
self-treat the sleep. Patients experience the alco-
hol-induced psycho-vegetative relaxation and 
sedation that facilitate sleep. However, the risk of 
addiction and increasing the quantity of alcohol 
because of tolerance is likely. Normal quantities of 
alcohol may suppress slow wave sleep and REM 
sleep and can trigger nightmares, sweating, head-
aches, trembling, arousals, and long wake periods 
in the second half of the night via withdrawal 
effects and dehydrating properties of alcohol.

Monitoring repeatedly time of night, possibly 
an expression of an increased need for control, is 
a phenomenon frequently observed in individuals 
with insomnia. Thinking about elapsed time from 
sleep onset and remaining time available for sleep 
promotes worries regarding sleep, and the efforts 
to fall asleep enhance insomnia by increasing dis-
stress associated with sleep.

Often, insomnia patients show increased 
motivation and perfectionism in professional as 
well as private contexts. Job-related activities and 
social requirements late in the evening, and actu-
ally working at night, are quite frequently 
observed. The use of smartphones and tablets 
(new media) during bedtime facilitates profes-
sional or private activities that might be stress-
increasing. The blue light emitted by those devices 
reduces melatonin secretion and probably has 
often a minor effect on insomnia. Moreover, 
relaxation phases before going to bed to activate 
the parasympathetic system that is necessary for 
sleep are not integrated.
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3.7.1.3  Good Sleep Hygiene
Sleep hygienic interventions aim at reducing 
sleep- incompatible behaviors and establishing 
sleep- promoting behaviors. These techniques are 
a fundamental ingredient of insomnia therapy; 
however, solely applying sleep hygiene is often 
not sufficiently effective in reducing insomnia 
complaints.

Although many patients know in general 
about appropriate behavior regarding sleep 
hygiene, they do not always implement these 
strategies in their daily life.

Sleep Hygiene Tips
 5 Reduction of bedtimes to the necessary 

amount: 6 to a maximum of 7 h are 
sufficient.

 5 Observe regular sleep–wake schedules, 
including weekends.

 5 Sleeping during daytime should be 
limited to nap of a maximum of 20 min.

 5 Create a comfortable atmosphere in the 
bedroom: remove objects that remind 
you of the daily routines and provide a 
comfortable room temperature.

 5 No late and heavy meals.
 5 Avoid alcohol consumption in the 

evening; if possible, reduce tobacco 
consumption in the evening.

 5 No caffeinated beverages after 1 PM.
 5 No intensive activities or sports close to 

bedtime.
 5 No sleeping in front of the TV.
 5 No stimulating activities during wake 

periods at night, for example, working.
 5 No TV in the bedroom.

The therapist has to motivate the patient and at the 
same time control whether good sleep hygiene is 
practiced. It is essential that the patient is encour-
aged to shift from passive-receptive attitude to an 
active attitude. The aim is to educate the patient, so 
he or she becomes an expert about his or her disor-
der. Active cooperation and the “role of an expert in 
his own interest” help to reduce the feeling of help-
lessness regarding the insomnia disorder and pro-
mote a more relaxed attitude towards sleep.

It is important to notice that the observation 
of sleep hygienic tips is not limited to insomnia 
disorders. In most sleep disorders, e.g., restless leg 

syndrome, sleep hygiene is basic because patients 
with sleep disorders irrespective of their etiol-
ogy tend to show sleep-incompatible behaviors. 
Inappropriate sleep hygiene may be responsible 
for the persistence or insufficient remission of any 
sleep disorder.

A sleep diary may be kept to support and eval-
uate the behavioral changes during therapy.

Bedroom and bed should be used exclusively 
for relaxation, sleeping, and sexual activities. 
Daytime sleep episodes longer than a brief nap of 
about 15–20 min can reduce the need to sleep in 
the evening and should be avoided.

Following the individually required quantity 
of sleep and the optimal sleep schedule is sleep pro-
moting. This sentence might sound trivial or even 
paradoxical, but it makes sense in the context of 
some typical and frequent behaviors reported by 
insomnia patients. These patients go to bed early, 
to increase their chance to get more sleep. They 
remain in bed too long on work-free days to com-
pensate the sleep deficit accumulated throughout 
the week. This self-imposed sleep pattern pro-
motes insomnia complaints. Excessively long 
periods of staying in bed should be avoided. 
Regular bedtimes should be kept, also on week-
ends. For insomnia patients, bedtimes should be 
about 6 h, with a maximum of 7 h.

A relaxing atmosphere at the end of the day, 
without working, and a ritualized sequence of 
sleep-promoting behaviors, e.g., completing tasks, 
changing clothes, and body hygiene as rituals 
before bed time support emotional equilibrium. 
The increased level of arousal during the day can 
be reduced. The activities of the next day should be 
planned, preferably outside the bedroom, before 
going to bed. Furthermore, the current day with 
all its events should be reflected on and set aside.

Behavioral Tips for Healthy Sleep
 5 Create a relaxing atmosphere in the 

evening hours.
 5 Before going to bed, reflect on the 

experiences of the day outside the 
bedroom and write down the activities 
planned for the next day.

 5 Practice rituals of going to bed: write a 
diary, listen to relaxing music, read 
relaxing books, do relaxing exercises.
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 5 Position alarm clocks and other clocks 
outside of view; do not look at your 
clock or mobile phone at night.

 5 Maintain a comfortable atmosphere in 
bed. Be relaxed if you are not fall 
asleep at once, and observe all 
thoughts in a relaxed manner, also 
thoughts about wanting to sleep.

 5 Let mental and emotional distraction 
of everyday tasks and events “pass by”, 
engage in enjoyable thoughts support-
ing a pleasant and relaxed state.

The sleep environment should be organized in that 
way that the sleeper feels comfortable, and at ease. 
Objects reminding of work and job, such as a desk 
in the bedroom, should be avoided if possible.

The room temperature must not be at a certain 
value, the room temperature should be subjec-
tively comfortable. Temperatures subjectively 
perceived as too low or too high may cause chill-
ing or sweating, which increase stress and thus 
foster sleep problems. The same rationale is valid 
for colors in the bedroom: the individual well-
being is of importance. Thus, those colors that 
support subjective wellness and relaxation are 
recommended.

It is important to sleep on an comfortable mat-
tress that does not lead to physical miscomfort or 
even pain. There is no perfect mattress for every-
one. Moreover, individual preferences, somatic 
conditions and diseases of the musculoskeletal 
apparatus should be taken into consideration. 
People who are prone to sweat at night might pre-
fer pocket spring mattresses because of the better 
aeration. People who are prone to chills would 
choose cold- foam mattresses.

Attention has to be paid to sufficient sound 
proofing. The subjective levels of perceiving some-
thing as unpleasant noise is individually different. 
People suffering from insomnia, however, are prone 
to very light sleep and are often sensitive to every 
noise in their bedrooms, which increase their 
requirements for sound proofing. Interestingly, 
some insomnia patients sleep very well in front of 
the TV despite the background noise and flickering 
light, and often in an uncomfortable position, 
which emphasizes the psychological factors rele-
vant in the etiology this type of insomnia.

Furthermore, the options of darkening the 
bedroom should met the individual’s needs. 
Objective criteria regarding the level of darkening 
that promote good sleep are frequently discussed 
in the literature; however, they actually do not 
exist. During sleep, the eyes are closed, the eye 
balls are directed upward so that the eyes do not 
perceive much light which might inhibit the pro-
duction of sleep-promoting melatonin. Sub-
optimal lighting conditions are often perceived as 
not comfortable and thus increase stress, exacer-
bating the sleep problems. The insomnia patient 
might attributes the sleep problems to the inap-
propriate light conditions, even though the physi-
ological effect on sleep is often negligible.

In bedrooms, clocks should not be positioned 
in a way that it is visible from the sleeping posi-
tion because insomnia patients tend to monitor 
their sleep extensively and, thus, increase the 
exaggerated and often paradoxical efforts to fall 
asleep. The same applies for clocks that procduce 
auditory signals, e.g., every hour.

3.7.2  Cognitive-behavioral Therapy 
of Insomnia

In 1809, Jean Paul described 14 procedures to 
facilitate sleep in his booklet entitled “Dr. 
Katzenbergers Badereise” (Dr. Katzenberger’s 
Trip to the Medicinal Springs). These procedures 
can be summarized as follows:

 » … they finally are all the art of creating 
boredom for oneself; this is an art that 
logically thinking minds see as irrational art, 
not to think (author’s translation).

In addition to the tips for healthy sleep (sleep 
hygiene), nonpharmacological insomnia therapy 
includes basic elements of different psychother-
apy schools. Elements of cognitive-behavioral 
therapy are often applied in this context. The tar-
get of psychotherapeutic efforts is the increased 
psychophysiological arousal in insomnia patients 
that manifests on cognitive, emotional, and vege-
tative levels. The objective of each psychothera-
peutic intervention is to establish a balanced, 
relaxed state in the sleep situation on all three 
levels.

On the cognitive level, the increased arousal 
often manifests in the tendency to ruminate about 
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everyday events. Those events may be events per-
ceived as stressful, for example, major life events 
such as divorce, loss or change of job, moving to 
another place, loss of a close person, worries about 
family problems, or interpersonal problems. But 
also trivial matters of everyday life may maintain 
an increased psychophysiological arousal level, for 
example, thinking about the daily tasks or events at 
home or at work in the near future or recent past.

A focus on sleep with heightened self-moni-
toring of one’s inability to sleep is a second factor 
that increases psychophysiological stress levels. 
Characteristic behaviors are frequently checking 
the time at night (looking at the clock) and think-
ing about the negative consequences of sleepless-
ness. Worries about the severity of sleepiness and 
the increased inner tension during the day are 
also typical.

On the emotional level, rumination and focus-
ing on insomnia problems causes enhanced mood 
inbalance. Negative emotions such as anxiety, 
sadness, rage, anger, and inner restlessness are 
typical. However, positive emotions may also 
cause an emotional inbalance. Joy, feeling proud, 
or being in love can also interfere with sleep via an 
increased psychophysiological arousal.

The intense efforts of patients to fall asleep are 
based on the frustration and worries about one’s 
own inability to sleep. These anticipatory worries 
regarding sleep occur not only at bedtime but 
already show up in the evening hours or even dur-
ing the day.

On a vegetative level, increased arousal for 
example, motor agitation, tachycardia, and sweat-
ing, may be observed. The affected individuals 
interpret these effects as a direct consequence of 
the increased cognitive and emotional arousal; 
however, they are often the only symptoms 
reported if the patient has low introspection or 
suffers from a mental disorder.

The vicious circle of insomnia is considered as 
the etiological and maintaining mechanism of 
insomnia, i.e., there is a self-reinforcing circle of 
sleep-incompatible factors (. Fig. 3.2).

In cases of short-term insomnia and chronic 
insomnia, this vicious circle is characteristic and 
is considered as the significant etiological factor 
of chronic insomnia. In insomnia therapy, the 
focus is on identifying and changing the vicious 
cycle together with the patient. Breaking this self-
promoting circle of sleep-incompatible factors 
might be considered key for successful therapy. 

Consequences
Fatigue, exhaustion
Mood disturbances

Activation (Hyperarousal)

cognitive
physiological
motor level

emotional
Dysfunctional sleep habits

Long bedtimes
Irregular sleep–wake rhythm
Daytime naps
Sleep-incompatible behavior

Insomnia

Sleep-incompatible cognition
anger about insomnia symptoms
rumination about the consequences
unrealistic expectations
misattributions

       . Fig. 3.2 Vicious circle of insomnia (modified according to Riemann and Backhaus, Schlafstörungen bewältigen, 
Beltz PVU 1996; courtesy of Beltz-Verlag)
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One prerequisite for a successful psychotherapeu-
tic intervention is the insomnia patient’s under-
standing of these associations. This awareness has 
to be addressed with the patient as a first thera-
peutic step.

Practical Tip

All psychotherapeutic interventions aim at 
establishing a relaxed state in the cognitive, 
emotional, and vegetative domains that is 
compatible with sleep.

It’s important to notice that the ability to sleep 
itself is not the focus of the psychotherapeutic 
interventions. An intensive focus of the therapist 
on sleep might enhance the patient’s focusing on 
his/her sleep and, thus, have a negative effect on 
sleep.

3.7.2.1  Bedtime Rituals
The bedtime rituals aim at establishing a transi-
tion period between daily routines and bedtime. 
The objective is a reduction of the psychophysio-
logical arousal level, promoting a relaxed atti-
tude, and the sensation of letting go from daytime 
requirements. Generally, all behaviors that are 
associated with the feeling of comfort support the 
patient’s relaxation, e.g., a hot bath in the eve-
ning, bed socks (studies confirm a  significant 
effect on sleep latency), warm beverages (herbal 
tea, milk), relaxing music, dim light (candles), or 
reading a relaxing book. In addition, techniques 
to decrease possible distress related to day-to-day 
life are beneficial, e.g., reducing rumination 
about stressing events and the requirements of 
the (upcoming) day before going to bed. The idea 
is to solve problems already during the daytime 
and/or to give these issues enough time before 
going to bed, so that such issues are no longer 
distressing during the sleep onset process. 
Writing memos, keeping a diary, or talking with 
one’s partner may be supportive.

Case Report
After the first day of her attendance of a CTB-I 
workshop, the participant (insomnia patient) 
experienced a very good night’s sleep. She 
reported the following bedtime ritual:

 5 “About 2 hours before going to bed, I took a 
long hot bath. For this purpose, I decorated the 
bathroom. I listened to relaxing music, put 
candles everywhere in the bathroom, put my 
favorite bath essence into the water, and 
spread rose petals in the whole bathroom, even 
into the water. After spending about 45 min-
utes in the water, I dried myself off thoroughly 
and rubbed ointments and creams on my body. 
Then I went into my bedroom.

 5 Before going through the doorway into the 
bedroom, I stopped, shook my body, and 
imagined that I let go all the worries of the 
day outside the bedroom. When I felt that I 
had let go all the worries, I stepped through 
the doorway.

 5 I had already previously chosen my favorite 
linen. I had also used candles (safe tea lights 
that go out unsupervised), and relaxing 
music, spread rose petals everywhere, and 
used my favorite perfume on the linen. I felt 
so comfortable, relaxed, and safe; and I had 
just forgotten that I had to fall asleep … and 
suddenly my alarm clock rang this morning.”

Relaxation procedures reduce the increased psy-
chophysiological arousal level built up during the 
day. Relaxation methods like autogenic training, 
progressive muscle relaxation according to Jacob-
son, or yoga, can be discussed with the patient. 
Furthermore, mental relaxation techniques are 
helpful, for example, soothing images, visualizing 
relaxing journeys, and mindfulness. It is often quite 
difficult for insomnia patients to learn those tech-
niques because their difficulties with relaxing are 
among the main etiological factors in insomnia. It 
is beneficial to apply specially adapted techniques, 
practice periods during the day and patience, by 
both patient and therapist, should be emphasized 
until the first positive results are achieved.

Relaxing images or visualizations of journeys 
based on the motto “Be your own TV program” 
(sleep- disturbed individuals often sleep well in 
front of the TV because the distraction increases 
mental relaxation) may support sleep because 
these techniques distract from negative thoughts 
and put the focus on pleasant feelings. The 
 relaxing effect on cognitive, emotional, and vege-
tative domains is the crucial parameter. In addi-
tion, sheep counting or something similar (e.g., 
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counting down from 10,000 by subtracting 13 
each time until 0 is nearly reached) may be rec-
ommended.

Case Report
To visualize a relaxing image, the following mea-
sures may be helpful.

 » Imagine a situation that is very pleasant for you 
where you feel entirely comfortable. This situa-
tion may be something you have experienced 
in the past, for example, a vacation, or an imagi-
nary situation. After you have chosen such a 
situation, please try to imagine it as specific and 
detailed as possible. This is supported by focus-
ing on different senses:

 4 What can you see, hear, feel, smell, and 
taste?

 4 Imagine the season and the time of the 
day of your situation.

 4 How is the weather? Feel how pleasant 
this imagined scenario is.

The visualized picture may look like this:

 » It is a beautiful late summer afternoon at the 
seaside. The sun is shining, it is comfortably 
warm but not too hot, the sky is blue. I am 
sitting in a beach chair looking out on the 
sea, I am leaning back, my legs and feet are 
stretched out, and it is very comfortable. 
The sand on the beach is fine and white, 
beach grass is on the dunes. I am watching 

the waves, how they break on the shore. At 
a distance, several seagulls are flying around 
a boat. I am hearing kids’ voices from far 
away and sometimes a seagull screech, 
otherwise I am only hearing the sound of 
the waves. The sun is warming my skin and 
every now and again the wind blows gently 
over my face. I am breathing deeply and I 
am smelling the salty air. I am enjoying the 
silence and I am feeling cozy and relaxed.

3.7.2.2  Cognitive Techniques

Cognitive Restructuring
Cognitive restructuring aims at changing dys-
functional thoughts related to sleep. Often, 
insomnia patients attribute unrealistic expecta-
tions and  effects to their poor sleep that clearly 
increase distress, e.g., they have to sleep to avoid 
negative consequences (. Table  3.3). The infor-
mation about sleep that is necessary for cognitive 
 restructuring has already been outlined in the 
section about psychoeducation and healthy sleep 
(see 7 Sect. 3.7.1).

Rumination Chair
For many bedtime rituals, a rumination chair may 
be helpful for the patient. It should be placed in 
a quiet corner of the apartment outside the bed-
room that is suitable for self- reflection. The atmo-
sphere should be comfortable. Dim light, a warm 
blanket, and some soft music may be supportive, 

       . Table 3.3 Dysfunctional thoughts of insomnia patients that might have negative effects on sleep

Dysfunctional thoughts Functional alternatives

Every human individual needs 8 h of sleep. The spectrum of individual sleep duration is very broad. In 
addition, intraindividual differences are observed—even good 
sleepers sometimes have nights with less amounts of sleep.

If I do not sleep long enough or deep 
enough, I am inefficient during the daytime.

My efficiency does not only depend on sleep but also on other 
factors. It has happened quite often that I was able to perform 
well even after a bad night’s sleep.

I have problems to fall asleep. Others do not 
have problems with sleep; it drives me 
crazy!

To be angry about not being able to fall asleep is not helpful. 
Being angry the whole night is even more disstressing than a 
night of poor sleep.

I have been lying in bed for 1 h and I am still 
awake. This will be a horrible night.

I will stay in bed calmly, relax, and enjoy the night. Sleep will 
come sooner or later.

These sleep problems drive me crazy; I do 
not know what to do.

There are good and bad nights. I will wait, relax, and visualize 
relaxing images. Even a bad night is not the end of the world.
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but TV should not be watched. Within the frame-
work of stimulus control (see 7 Sect. 3.7.2.4), it is 
important to choose a place outside the bed where 
rumination is allowed.

Stopping Thoughts
The thought-stopping technique may help avoid 
negative thoughts during relaxation exercises, 
imagination practice, and stimulus control.

The patient is instructed to analyze the signifi-
cance of the negative thoughts.

 5 If they are important, it may be helpful to 
write them down on a piece of paper placed 
on the night table. If the patients feel the 
need to handle the thoughts/problems 
immediately, he or she is encouraged to do so 
outside the bed and the bedroom. For this 
purpose, he might use a rumination chair in 
a quiet corner of his or her home.

 5 If the thoughts/problems are not that 
important, imaginations or other relaxation 

techniques can be practiced, and the thoughts 
typically dissipate.

3.7.2.3  Sleep Restriction
Sleep restriction is a key element of insomnia 
therapy because insomnia patients are prone to 
spend too much time in bed often accompanied 
by long rumination periods.

The objective is to reduce the time in bed to a 
figure that a sleep deficit is built up over several 
days. The increased sleep pressure  fosters sleep 
with in the restricted time in bed. The improved 
ability to sleep may help to reduce the feelings of 
helplessness during time in bed and improve the 
ability to relax.

On the basis of a 2-week sleep diary, the effec-
tive sleep duration is assessed. The effective sleep 
duration, often underestimated by the patient, is 
chosen as time in bed (however, the minimum is 
4.5 h). The sleep efficiency is calculated as follows:

Sleep efficiency

subjectively estimated sleep duration

=

´100   

Bedtime
(subtracting all periods with wakefulness)

 5 If the patient achieves a sleep efficiency of 
more than 90%, the patient is allowed to 
extend his or her time in bed by 20 min 
(typically on a weekly basis).

 5 If efficiency amounts to 85–90%, the time 
in bed is kept as is.

 5 Sleep efficiencies below 85% are indicative 
that time in bed should be reduced by 
15 min.

Sleep restriction is performed over 6 to 8 weeks. 
The objective is a bedtime of 5 to 6 h with a sleep 
efficiency of more than 90%.

Practical Tip

In an outpatient setting, times in bed of 4.5 h 
may result in increased daytime tiredness 
and the tendency to fall asleep in situations 
such as at work or when driving a car. The 
patient should be informed about this risk. If 

needed, a short-term sick leave may be 
indicated to reduce the risk of endangerment 
of the patient and others because of the 
sleep restriction.

3.7.2.4  Stimulus Control
Stimulus control aims at breaking up the condi-
tioning between bedroom and poor sleep.

Healthy individuals have conditioning between 
sleep environment and initiating psycho- vegetative 
relaxation. In insomnia patients, however, a nega-
tive conditioning for sleep associated with the 
stimulus of the bedroom or the bed and increased 
psycho-vegetative arousal in this situation is found.

Case Report
Many insomnia patients report that they feel tired 
and relaxed before going to their bed room. 
However, they report that as soon as they are in 
bed, all tiredness and relaxation disappear - this is 
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the effect of the negative conditioning. “Doctor, it 
seems as if a switch is flipped. As soon as I am 
lying in bed, I am wide awake.”

Within the framework of stimulus control, the 
patient is instructed not to ruminate while lying 
in bed but to creating a relaxed atmosphere. He 
is encouraged to apply bedtime rituals, visualiza-
tions, or other relaxation exercises and thought-
stopping techniques. If the patient does not 
succeed in creating this relaxed atmosphere, he 
or she should leave the bed and the bedroom. 
Outside the bedroom, he or she is allowed to deal 
with his or her negative thoughts and emotions, for 
example, in a rumination chair (see 7 Sect. 3.7.2.2). 
The atmosphere outside the bedroom should be 
comfortable, no bright lights, no job-related activi-
ties, and in particular no TV watching. If the patient 
feels more relaxed, he or she is allowed to return to 
bed. In bed, again creating a relaxed atmosphere is 
the focus. If this does not work, the patient should 
get up again. If the patient is in a relaxed psycho-
vegetative state, there is no need to leave the bed, 
even though some other authors give different 
recommendations.

3.7.2.5  Group Therapy and Insomnia 
Workshops

The different elements of psychotherapy for insom-
nia may be provided as individual therapies but 
are also highly effective in a group therapy format. 
Psychoeducative and internet-based programs will 
gain importance - as the number of patients with 
insomnia is huge; first trials indicated their effective-
ness. In addition, programs offered by healthcare 
professionals will be more and more important. If 
those programs do not improve sleep in a sufficient 
way psychotherapists specialized in sleep  medicine 
should be consulted.

The agenda of a 2-day group workshop based on 
behavioral therapy for insomnia is described here as 
an example (. Table 3.4). It is offered regularly at the 
Interdisciplinary Sleep Center of the Pfalzklinikum 
in Klingenmünster, Germany, for patients coming 
from all over Germany. Prior to the workshop, 
patients undergo an intensive diagnostic procedure 
to ensure that the participation in the behavioral 
therapeutic group program is indicated.

These 2-day CBT-I workshops show a high 
effectiveness in the long-term. Being interviewed 1 
to 4 years after the workshop, the participants report:

 5 An increased sleep duration of about 6 h on 
average

 5 A mean reduction in sleep latency from 66 to 
27 min

 5 Reduction of time of being a wake after sleep 
onset from 83 min to 29 min on average

The participants further report:
 5 The restorative effect of sleep is increased
 5 Daytime well-being is improved
 5 Consumption of hypnotics could be signifi-

cantly reduced

3.7.3  Pharmacotherapy of Insomnia

Pharmacotherapy for insomnia can be an important 
treatment strategy. However, prior to treatment 
intensive diagnostics regarding the behavioral, med-
ical, psychiatric, and drug-related factors responsible 
for the sleep disorder have to be carried out. 
Pharmacotherapy should be applied in combination 
with psychoeducation and CBT-I. The prescription 
of drugs based solely on the patient’s complaints 
about sleep disorders without evaluation by sleep 
specialists should be avoided. In most cases, phar-
macotherapy with hypnotics is symptomatic and 
should only be applied for a limited time, typically 4 
weeks. Only for CBT-I nonresponders and insuffi-
cient improvement regarding sleep despite the treat-
ment of an underlying somatic and/or mental 
disorder should long-term pharmacotherapy be 
considered. In those cases, side effects and in par-
ticular the potential of addiction and habituation of 
different hypnotic substances must be carefully 
evaluated.

The hypnotic substances vary with regard to 
their pharmacodynamics, the effects, and side 
effects. In prescribing hypnotics, the following six 
basic principles might be helpful.

Six Basic Principles for Prescribing 
Hypnotics

 5 Clear indication
 5 Smallest possible dose
 5 Shortest possible treatment duration
 5 No abrupt discontinuation of the drug 
 5 Evaluate possible contraindications
 5 Combine with nonpharmaceutical 

methods
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The selection of a hypnotic compound is made 
after diagnostics addressing somatic and psy-
chiatric factors. The dose should not be higher 
than recommended; lower doses should be 
applied if possible. The duration of the treat-
ment should be limited to a maximum of 
4  weeks. If the drug is applied intermittently, 

e.g., in intervals of a maximum of two to three 
times per week, the treatment can be extended 
because of the reduced risk of habituation and 
addiction.

If discontinuation of the drug leads to aggra-
vation of the sleep problems, a second treatment 
phase may be started. If the insomnia complaints 

       . Table 3.4 Agenda of a 2-day workshop for patients at the Interdisciplinary Sleep Center of the Pfalzklinikum 
Klingenmünster, Germany

Topic Function

Basics of healthy sleep Information regarding the sleep basics

Learning to be an expert on one’s own sleep

Information on sleep hygiene

Reduction of inappropriate expectations toward sleep

Decatastrophizing the sleep disorder

Most frequent sleep 
disorders

Information on sleep disorders

Learning to be an expert on one’s own disorder

Individually tailored information on sleep hygiene

Realistic assessment of one’s own symptoms

Insomnia: Etiology Recognizing that

–  Focusing on the insomnia complaints

–  Increased psychophysiological arousal and

–  Rumination are the main etiological factors of the disorder

Awareness that medical factors are often secondary

Self-help methods Presentation, information, and training of cognitive-behavioral interventions

Drug- related therapy for 
insomnia

Information about the use and the risk of hypnotics

How to use hypnotics in a sensible way

Increase motivation to reduce hypnotics

Realistic expectations about the therapeutic effects of hypnotics

Stress management Recognizing that an increased psychophysiological arousal in the evening and at 
night is also present during daytime

Training in stress reduction techniques

Relaxation exercises Instruction and training in relaxation techniques like progressive muscle relaxation, 
autogenic training, visualization of relaxing images, imagined journeys

Group discussions Establishing and developing etiological models of the sleep disorder adapted for 
the individual

Establishing and developing individual self-help strategies

One-on-one sessions Recapitulate the course contents and, if needed, tailor the strategies to the specific 
need of each individual patient
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persist, a sleep specialist should be consulted. If 
hypotics are applied for a longer time, they should 
not be discontinued abruptly but slowly reduced, 
especially for benzodiazepines (BZD) and the Z 
substances like zopiclone, like zolpidem, and 
zaleplon (benzodiazepine receptor agonists, 
BZRAs). The duration of the reduction phase 
depends on the duration of the treatment and, if 
performed in an outpatient setting, may require 
several months. For eszopiclone, clinical studies 
did not show any tolerance or withdrawal effects 
even after 6 months of treatment: that is the rea-
son why eszopiclone may be prescribed for more 
than 6 months, in contrast to other BZRAs. In the 
USA, eszopiclone has been granted FDA approval 
for long-term application.

First trials showed that chronic application of 
hypnotics could increase mortality and dementia 
risk. These findings, however, need to be con-
firmed by future studies.

Contraindications like the respiration-
depressing effects of BZD, which may increase 
respiratory events during sleep in patients with 
sleep-related breathing disorders (SRBDs), should 
be taken into account (. Table 3.5).

It has to be taken into account that hypnotics 
are not a causal therapy. Thus, it is recommended 
to combine pharmacotherapy with nonpharma-
ceutical interventions (7 Sect. 3.7.1).

Basics of Treatment with Hypnotics
 5 Comprehensive diagnostics with regard 

to somatic, psychological, and psychiat-
ric factors.

 5 Establishing a treatment concept 
combining psychoeducative and 
cognitive-behavioral interventions, and 
pharmacotherapy.

 5 Carefully check the indication. The 
physician determines the dose, time of 
intake, and treatment duration.

 5 Exclude patients from pharmacotherapy 
who are at risk becoming addicted.

 5 Exclude patients with contraindications 
for the respective drug, e.g., specific 
somatic diseases.

 5 Evaluate possible interactions with other 
medications.

 5 It should be discussed with the 
patient whether an intermittent drug 
intake schedule in order to reduce the 
risk of habituation and addiction is 
feasible. 

 5 Maximum treatment duration of 
4 weeks; consultation after 2 weeks.

 5 If the sleep disorder persists after a 
treatment period of 4 weeks, a second 
treatment period of 4 weeks might be 
indicated.

 5 After a total of 8 weeks of pharmaco-
therapy without sufficient response, a 
sleep specialist should be consulted.

 5 Hypnotics after longer intake must not 
discontinued abruptly. Depending on 
the treatment duration, step-by-step 
reduction of the dose is highly recom-
mended.

The ideal hypnotic is characterized by:
 5 Rapid effect onset
 5 Large therapeutic spectrum
 5 Confirmed sleep induction
 5 Maintenance of the physiological sleep 

pattern
 5 Low toxicity
 5 No side effects, no interactions with other 

medications, and no hangover in the morn-
ing

 5 No habituation and addiction risk
 5 No tolerance and withdrawal effects
 5 Age-independent dosages

The various hypnotics meet these requirements of 
an ideal hypnotic drug more or less (. Table 3.5).

3.7.3.1  Benzodiazepine Receptor 
Agonists (BZRAs)

The BZRAs (. Table 3.6) include the so-called Z 
substances like zolpidem, zopiclone, and zaleplon. 
A substantial number of clinical trials over at least 
4 weeks confirmed the positive effect of BZRA on 
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       . Table 3.5 Pros and cons of different substances applied as hypnotics

Substance Pros Cons

Benzodiazepine 
receptor agonists 
(BZRA): zolpidem, 
zopiclone, 
zaleplon

Good hypnotic effect
Short duration of the effect
Minor hangover in the morning
Sleep-specific effect
Rare problems with adaptation 
and rebound 
Low toxicity
Solid scientific data 

Similar side effects as benzodiazepines
Some reports about addiction

Eszopiclone Similar to BZRA Even after 6 months of treatment, no tolerance 
development or withdrawal effects

Benzodiazepines 
(BZD)

Good hypnotic effect
Positive clinical experience for 
years regarding effects and 
side effects
Large therapeutic spectrum
Substances with various 
half-lives are available

Possible addiction
Rebound phenomena
Anterograde amnesia
Muscle relaxation
Respiratory suppression
Anxiolytic effects
Paradoxical effects, slow wave sleep suppression, REM 
sleep suppression in the first part of the night
Scientific evidence somewhat outdated

Antidepressants Almost no addiction risk
Rare withdrawal problems
Minor or no slow wave sleep 
suppression
Antidepressive effect, 
supportive empirical evidence

Relatively high toxicity
Anticholinergic and cardiac side effects
Cannot be applied in a similar way at different ages
Often REM sleep suppression
Long duration till the drug works
Hangover effects (in particular at the beginning of the 
treatment)
Limited clinical data regarding the effectiveness in insomnia

Antipsychotics/ 
neuroleptics

Neglectable risk of addiction
Low cardiotoxicity
Antipsychotic effect
Reduces arousal

Anticholinergic, extrapyramidal, hematologic, 
antihypertensive side effects
Late dyskinesia
Sometimes long delays of the effect
Insufficient clinical data regarding the effectiveness in 
insomnia

Antihistamines Rather low toxicity Low hypnotic potential
Rapid tolerance development
Anticholinergic side effects
Questionable addiction potential
  Studies on the effectiveness for insomnia are missing 

or insufficient

Alcohol deriva-
tives

Rapid effect onset Mild hypnotic effect
Narrow therapeutic spectrum
Tolerance effects
Addiction risk
Insufficient clinical data regarding effectiveness

Phytotherapeu-
tics

No addiction risk
Low toxicity

Mild hypnotic effects
Insufficient data situation for insomnia

Melatonin retard Effect on sleep–wake rhythm
Low toxicity
Sufficient clinical data 

Only approved for patients aged 55 and older

Modified according to Hajak and Riemann [7]
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sleep. Only eszopiclone has achieved FDA 
approval for long-term treatment.

 5 Zopiclone: half-life of 3.5–6.5 h, indicated for 
difficulties in initiating and maintaining sleep 
with early awakening

 5 Eszopiclon: half-life of 5–8 h; indicated for 
difficulties in initiating and maintaining sleep 
with waking up early in the morning

 5 Zolpidem: half-life of 1.7–2.4 h, suitable for 
difficulties in initiating and maintaining sleep

 5 Zaleplon: very short half-life of 0.9–1.1 h, 
particularly suitable for difficulties of 
initiating sleep. Because waking activities are 
not affected 4 h after intake, it may also be 
indicated for problems with maintaining 
sleep, taking the drug during the night if 
needed. In 2017 and 2018, it was no longer 
sold on the German market.

Meta-analyses could not confirm a superiority of 
the three Z substances compared to the classic 
BZDs with respect to sleep parameters. However, 
the profile of side effects is much more favorable. 
Hangover effects the next morning are rarer, the 
daytime status is improved, and rebound insom-
nia after abrupt withdrawal is less frequent.

The addiction risk of the three Z substances, 
especially in cases of intermittent application 
schedules, is considered as minor compared to 
BZD. On the other hand, rare clinical case reports 
describe the development of addiction during 
BZRA treatment.  A long-term study with zolpi-
dem confirmed high effectiveness without toler-
ance development, if intermittent applicated 
(intake for maximum of 5 days per week) over a 

period of 3  months. Further trials indicate that 
the intermittent application of the Z substances 
prevents addiction. A study in patients older than 
60 years indicated that the increasing number of 
side effects outweighs the clinical benefit of BZRA 
in this age group.

Zopiclone is sold on the European and Asian 
market, but not in the USA. Eszopiclone is pre-
scribed in the USA, the first Z substance that was 
FDA approved for long-term application. Studies 
for treatment periods of 6 months did not show 
any withdrawal or tolerance effects.

3.7.3.2  Benzodiazepines (BZDs)
BZDs have been on the market since the 1960s. 
BZDs enhance the inhibiting effect of GABA neu-
rons. About one third of all synapses in the cen-
tral nervous system are GABAergic. The GABAA 
receptor does not only bind to BZD, but also alco-
hol, barbiturates, and other substances. A small 
reduction of the GABA inhibition, for example, 
by toxins, can increase anxiety, excitation, spasms, 
hypertension, convulsions, and finally even cause 
death.

BZDs promote the effect of GABA in the sense 
of leftward shift of the S-shaped GABA dose–
response curve. BZD receptors are directly coupled 
to the GABAA receptor that may hyperpolarize 
the postsynaptic membrane potential over the 
chloride- ion channel. The GABAA-BZD–chloride- 
ion-channel complex consists of five subunits.

The broad therapeutic spectrum of BZDs 
and BZRAs (7 Sect. 3.7.3.1) is based on their 
exclusively physiological enhancement of 
GABA inhibition.

       . Table 3.6 BZRA for the treatment of insomnia

Substance Evening dose (mg)a Half-life (hours) Indication

Zolpidem 10 1.7–2.4 Difficulties in initiating and maintaining sleep

Zopiclone 3.75–7.5 3.5–6.5 Difficulties in initiating and maintaining sleep; 
waking up early in the morning

Zaleplon 5–10 0.9–1.1 Difficulties in initiating sleep

Eszopiclone 1–3 5–8 Difficulties in initiating and maintaining sleep; 
waking up early in the morning

aTypical dose for patients with primary insomnia
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Practical Tip

Four main effects of BZDs:
 5 Anxiolytic
 5 Sedation/hypnotic
 5 Anticonvulsion
 5 Muscle relaxation

According to the type of BZD, these four main 
effects are relevant to different extents. In contrast 
to BZDs, the Z-class substances (BZRA) and 
eszopiclone have an almost exclusively sedating/
hypnotic effect. This selective hypnotic property, 
the improved profile of side effects, and the prob-
ably lower risk of addiction are the reasons why 
BZRAs replaced BZDs in their application as hyp-
notics.

Some BZD derivatives were frequently used in 
the illegal drug scene. This was due not only to 
availability and low price but also to receptor 
affinity and rapid effect. Flunitrazepam, diaze-
pam, and lorazepam are the favored drugs in this 
scene; however, there are also reports that all 
other BZDs, even ones such as triazolam with 
short half-lives are consumed.

Current studies estimate that between 1.1 
and 1.9 million people are addicted to BZD and 
BZRA in Germany; predominantly older 
patients with more women than men. A loss of 
efficiency may increase significantly the doses 
used by the patient and result in addiction.

When the medication is abruptly discontin-
ued, the inhibition in the central nervous sys-
tem due to the medication is suddenly gone, so 
increased excitatory phenomena may occur, 
e.g., massive sleep problems, physical with-
drawal effects such as trembling, sweating, and 
vegetative arousal. If high doses have been con-
sumed, deliria, withdrawal psychoses or sei-
zures can occur. Thus, attempts to quit are often 
frustrating.

Practical Tip

Abrupt discontinuation of BZD medication 
is contraindicated.

Because of the very low toxicity of BZDs, a slow 
reduction of the dose over weeks or even months 
is the correct choice that many patients experi-
ence as helpful and even sleep promoting. The 
original dose can be reduced, for example, by 10% 
every other week. Switching to liquid diazepam 
may be helpful because it may be easier to dose if 
intake is very reduced. However, the long half-life 
of diazepam has to be taken into account. If the 
BZD medication is slowly reduced, the cells can 
express GABAA-BZD receptors until the original 
concentration is reached. To minimize psycho- 
vegetative withdrawal effects, the withdrawal may 
be supported by giving a sedating antidepressant 
in a low dose, for example, doxepin.

If anxiolytic effects in cases of psychiatric 
insomnia are part of the treatment regime, BZDs 
with short and medium half-lives may be applied. 
In most patients, no significant hangover effect in 
the morning occurs. BZDs with longer half-lives 
should only be applied when anxiolysis during the 
day is warranted.

One of the most common side effects of BZDs, 
anterograde amnesia, may be experienced as dis-
tressing (. Table 3.7).

BZD derivatives have a another common side 
effect that can be easily diagnosed with EEG. They 
reduce slow wave sleep stage N3, the frequency of 
delta waves is not affected in a marked way but the 

       . Table 3.7 Short- and medium-acting 
Benzodiazepine hypnotics

Substance Half-life (in 
hours, including 
metabolites)

Evening 
dose (mg)

Triazolam 1.5–5 0.125–0.25

Lormetazepam 8–15 1–2

Brotizolam 4–7 0.125–0.25

Temazepam 5–14 10–40

Nitrazepam 15–30 5–10

Lorazepam 13–14 0.5–2

Oxazepam 5–15 10–30

Flunitrazepam 10–30 0.5–2
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amplitude is reduced; the delta waves no longer 
reach the criterion of 75 μV that is necessary for 
classification according to the AASM criteria.

A long-term intake of BZDs also increases 
beta frequencies during sleep, signifying an 
increased EEG activity. The spindle density in 
the beta band correlated significantly with the 
plasma concentration of the BZD. The suppres-
sion of REM sleep during BZD intake is the rea-
son why after abrupt withdrawal rebound 
insomnia with REM rebound and fractionated 
sleep occur.

3.7.3.3  Treatment Strategies 
Regarding BZDs and BZRAs

The treatment strategies for BZDs and BZRAs 
described in the following paragraphs aim at min-
imizing the addiction risk by intermittent appli-
cation, this is not necessary for eszopiclone as it is 
approved for long-term treatment. Furthermore, 
long-term treatments with hypnotics for chronic 
and severe cases are outlined, also combined with 
second-line hypnotics.

Standard Interval Therapy
The duration of intake is limited to a maximum of 
4  weeks. The hypnotic drug is stepwise reduced 
over several days, and after a drug-free period of 
at least 4 weeks, an additional treatment period of 
a maximum of 4 weeks may follow.

Controlled Interval Therapy
Within this regimen, the physician agrees on spe-
cific days of the week together with the patient on 
which hypnotics are taken. A maximum of 3 
nights per week, in exceptional cases 4 nights, are 
recommended.

Quota-Interval Therapy
The physician determines how many nights per 
week the patient may use a hypnotic, e.g., three 
times per week. The specific days are selected by 
the patient.

Low-Dose Long-Term Therapy
The indication for a long-term BZRA therapy can 
be given in patients with chronic, severe insomnia 
and significant impairment of the daytime func-
tioning if, after consulting a sleep specialist, no 
causal therapy, e.g., CBT-I seems to be feasible 

and/or beneficial and second-line hypnotics are 
not effective.

For this group of patients, it should be required 
that a CBT-I treatment has failed at least twice, 
and no tolerance and dose increases using BZD or 
BZRA are reported in the medical history. The 
Z-class hypnotics including zopiclone, zolpidem, 
and zaleplon are preferred compared to BZD hyp-
notics.

Low-Dose Combination Therapy
Low-dose combination therapy is reserved for 
severe and chronic cases that require daily hyp-
notic intake and where hypnotics as a single treat-
ment strategy are not sufficiently reducing sleep 
problems.

Low doses of sedating antidepressants or low-
potency neuroleptics have proved to be clinically 
effective. In cases of tri- and tetracyclic drugs, 
usually the initial dose is 10–25 mg. In individual 
cases, the dose may be increased to 100  mg. 
Hangover effects on the next morning, however, 
should be avoided. If hangover occurs, it is not 
always necessary to reduce the dose, it might suf-
fice to take the drug earlier. Usually, the medica-
tion is applied 2  h before going to bed so that 
arousal and worries that might interfere with 
sleep can be reduced. About 30 min before going 
to bed, a hypnotic, if possible half of the dose, is 
applied additionally to initiate sleep. Using a 
interval therapy approach for the additional hyp-
notic intake, risk for tolerance and addiction can 
be minimized.

3.7.3.4  Melatonin and Melatonin 
Receptor Agonists

Melatonin is an endogenous hormone produced 
by the pineal gland. The release occurs during the 
dark period between sunset and sunrise. Low 
doses of melatonin during the day can increase 
sleepiness that can be objectified by measuring 
the sleep latency via polysomnography, whereas 
only large doses given at night induce the same 
effect. Orally applicated melatonin seems to have 
a small sleep-promoting effect. Meta-analyses 
suggest that melatonin is effective in the treat-
ment of jetlag and sleep–wake rhythm disorders 
such as the delayed sleep-phase syndrome 
(7 Chap. 6).
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In the USA, melatonin is freely available as an 
OTC product. In Europe and Germany, it is only 
available via prescription. Melatonin reaches its 
maximum concentration after 0.5  h and has a 
half-life of about 1  h, i.e., the duration of the 
effect is quite short. Hence, melatonin might be 
appropriate for less severe problems of initiating 
sleep.

Currently, the clinical data supporting the effi-
cacy of melatonin in the treatment of short-term 
insomnia or chronic insomnia are not convinc-
ing. Several studies indicated a small positive 
effect on sleep latency; however, effect sizes have 
been very small. Since 2008, a retard melatonin 
compound (Circadin) is approved in Germany 
for insomnia treatment of patients older than 
55  years. It should be applied over a period of 
3 weeks.

In the USA, ramelteon is on the market: it is a 
MT1 and MT2 melatonin receptor agonist that 
reaches its maximum concentration 0.75–1  h 
after intake with a half-life of 1–2.5 h. Similar to 
melatonin, based on its pharmacokinetics, 
ramelteon seems appropriate for problems with 
initiating sleep. The therapeutic dose of 8  mg 
about 30 min before going to bed has been rec-
ommended.

Tasimelteon, another melatonin receptor ago-
nist, was approved for the European Union for the 
treatment of blind patients with a non-24-h 
sleep–wake rhythm disorder. This disorder is 
chronic; because of not perceiving light, the bio-
logical clock cannot be synchronized with the 
24-h day–night cycle in blind individuals and 
typically shows a longer cycle.

The effectiveness of tasimelteon was shown in 
two clinical trials with 104 participants (blind 
participants with non-24-h sleep–wake rhythm 
disorder). In both trials, tasimelteon prolonged 
night sleep and reduced daytime sleep compared 
to placebo. The side effects that were most fre-
quently reported in the clinical trials were head-
aches, increased liver enzymes (alanine 
aminotransferase), nightmares or strange dreams, 
disturbed sleep, infection of the upper airways or 
the urinary tract, and sleepiness.

Tasimelteon may impair activities that require 
high concentratoin and, therefore, should be 
taken always at the same time in the evening 
before going to bed. Tasimelteon has obtained the 

status of an orphan drug (i.e., medication for rare 
diseases).

3.7.3.5  Hypocretin/Orexin 
Antagonists

Orexin A and B, also known as hypocretin A and 
B, are peptides that are released in the lateral 
hypothalamus and are important in maintenance 
of wakefulness. The loss of orexin-producing neu-
rons occurs often narcolepsy; a sleep disorder 
with increased sleepiness during the day (see 
7 Chap. 5.1). Because orexin is crucial in the con-
trol of wakefulness, a blockade of orexin receptors 
promotes sleep.

Suvorexant, an orexin receptor antagonist, 
was FDA approved in the USA for treating insom-
nia. Suvorexant is effective in doses of 10 and 
20 mg as antagonist of the orexin receptors in the 
hypothalamus and thus increases sleepiness. 
Suvorexant provides a completely new mode of 
action for pharmaceutical insomnia treatment. 
Several clinical trials, suvorexant reduced sleep 
latency and and the time awake after sleep onset 
compared to placebo. Significant negative effects 
after discontinuation of the drug were not 
observed. Suvorexant was not compared to other 
hypnotics in empirical studies. It is not yet avail-
able on the European market.

3.7.3.6  Second-line Hypnotics
Second-line hypnotics include sedating antide-
pressants and low-potency neuroleptics that can be 
applied in chronic insomnia. Another applica-
tion are insomnia disorders co-morbid with 
addiction in the medical history. Within combi-
nation therapeutic regimes, second-line hypnot-
ics are used in severe cases of refractory insomnia 
disorders. If the insomnia disorder is co-morbid 
to a mental disorder, second-line hypnotics are 
applied to improve the mental disorder that 
might be partly responsible for the insomnia 
symptoms.

There is a trend in many countries to treat 
short-term insomnia and chronic insomnia with 
sedating antidepressants. In the past 15 years, the 
percentage of hypnotics (including BZD and 
BZRA) decreased by more than 50% because of 
the use of second-line hypnotics. This might be 
explained by the well-known addiction risk in 
long-term application of hypnotics. Many second-
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line hypnotics are effective in insomnia disorders; 
however, they are not always approved for this 
indication.

The sedating effect of most second-line hyp-
notics is based on the high affinity to the central 
histamine H1 receptor and also the effect on the 
serotonergic and norepinephrine system. At the 
same time, they have an anxiolytic and soothing 
effect and thus can promote sleep.

Antidepressants
The current clinical data on the effectiveness of 
antidepressants (. Table 3.8) in insomnia are not 
very extensive. Studies show a sleep-inducing and 
sleep-maintaining effect of trimipramine, doxe-
pin, amitriptyline, piperazine, mirtazapine, opip-
ramol, and trazodone if applicated for 4  weeks. 
The sleep- promoting effect is achieved with a 
much lower dose than it is needed for the treat-
ment of depressive disorders, which has also a 
positive impact on the rate of side effects , i.e., side 
effects are quite rare. The characteristic side effects 
consist of hangover in the morning, low blood 
pressure, libido problems, xerostomia, weight 
gain, constipation, urinary retention, glaucoma, 
and cardiac arhythmias. In the USA, trazodone is 
one of the most frequently prescribed second-line 
hypnotic because hangover in the morning 
emerge are rare as the half-life of trazedone is 
short. Meta-analyses documented that the posi-

tive effects of sedating antidepressants are less 
pronounced than those of BZDs and 
BZRAs.  Amitriptyline, doxepin, and trimipra-
mine reach their maximum serum concentration 
after 1.5–6 h following oral intake and have a half-
life of 10–50 h.

In addition, studies also indicate important 
substance-specific side effects that have to be 
taken into consideration. The clinically relevant 
anticholinergic side effects, e.g., xerostomia, con-
stipation, and accommodation anomalies must be 
considered. Due to relatively long half-lives 
plasma concentrations can add up and result in 
delirium or cognitive problems the anticholiner-
gic effect, especially in older patients.

Regarding doxepin, recent studies showed a 
positive effect on sleep using very small doses of 
3 mg in older and 6 mg in middle-aged patients 
over a period of at least 4 weeks. Because of the 
low dose, the aforementioned side effects occur 
less frequently.

Agomelatine is the first melatonergic antide-
pressant: it works as an MT1/MT2 agonist and 
5-HT2C antagonist. Besides its antidepressant 
effect, several trials indicated a positive effect on 
sleep and circadian rhythm. It is important to 
know that agomelatine should be taken while “sit-
ting on the edge of the bed” without any physical 
activity or exposure to light before going to sleep. 
Because of its different mode of action, the side 
effects typical of other antidepressants such as 
xerostomia, weight gain, reduced libido, and hang-
over in the morning have not yet been described.

Practical Tip

During initial application of sedating 
antidepressants, a sedating effect can be 
observing during the daytime for up to 
2 weeks. To improve the patient’s compliance, 
stepwise dose increases of the antidepressant 
are recommended.

Neuroleptics
Sedating, low-potency neuroleptics can also 
be applied for the treatment of insomnia dis-
orders: they play a major role in the treatment 
of insomnia disorders in older persons that 

       . Table 3.8 Sedating antidepressants as 
second-line hypnotics

Substance Half-life (h) Evening dose (mg)a

Trimipramine 15–40 5–100

Doxepin 10–30 3–100

Amitriptyline 16–40 25–100

Mirtazapine 20–40 3.75–15

Trazodone 4–8 25–100

Opipramol 6–11 25–150

Agomelatine 1–2 25–50

Cave: Antidepressants are not approved for the 
treatment of insomnia disorders in many countries
aUsual evening dose in mg
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are characterized by excitation in the evening 
or at night. Overall, lower doses are required 
than for the treatment of psychotic disorders 
(. Table  3.9). Neuroleptics such as prometha-
zine have a positive impact on sleep because of 
their antihistaminergic effect. In many other 
neuroleptics such as quetiapine and olanzapine 
antagonistic effects on dopaminergic, seroto-
nergic, muscarinic-cholinergic, and adrenergic 
receptors are also involved. Risk of developing 
extrapyramidal side effects is minor as most of 
the compounds showing low potency. However, 
treatment options have to be evaluated for each 
individual because of the nonzero risk of extra-
pyramidal symptoms.

The most frequently observed side effects of 
low-potency neuroleptics are low blood pressure, 
hangover, xerostomia, constipation, urinary 
retention, increased appetite, and weight gain.

Overall, the scientific data base is not very 
solid, despite clinically experience showed posi-
tive effects in insomnia. Similar observations 
were reported for atypical antipsychotics such 
as olanzapine and quetiapine that have been 
studied as a treatment option in insomnia disor-
ders.

Antihistamines
The antihistamines doxylamine and diphenhydr-
amine are over-the-counter drugs. Comparable to 
antihistamines that are only available by prescrip-
tion, their sedating effect is based on the antago-
nism at the central histamine H1 receptors.

Solid scientific evidence of their effectiveness 
in cases of insomnia is lacking: no meta-analyses 
are available and no randomized placebo-con-
trolled trials. The hypnotic effect might be minor; 
the velocity of 2–3 h for reaching peak concentra-
tion is clearly slower than that of BZRAs. An early 
intake in regard to the usual bed time is required. 
The half-lives correspond to those of some BZDs 
(. Table 3.10). Habituation with loss of effective-
ness after several days or weeks is frequently 
observed. Polysomnographic studies have not 
been carried out. In older patients, anticholinergic 
side effects may cause impaired cognitive func-
tioning. As these drugs are freely available, special 
attention must be paid to interactions with hyp-
notics, antidepressants, neuroleptics, antiepilep-
tics, opioids, and anticholinergics.

Alcohol Derivatives
The alcohol derivative named chloral hydrate 
synthesized by Justus von Liebig in 1832 was 
first systematically investigated as a hypnotic in 
1869. Its sleep-promoting effect in dosages of 
250–1000 mg with a half-life of 7–9 h was dem-
onstrated. Because of its limited therapeutic spec-
trum (toxic in higher dosages) and high addiction 
risk, chloral hydrate is no longer recommended.

Like chloral hydrate, clomethiazole (distra-
neurin) belongs to the sedatives of the alcohol 
derivatives. It is applied in the treatment of deliri-

       . Table 3.9 Low-potency neuroleptics as 
second-line hypnotics

Substance Half-life 
(h)

Evening dose 
(mg)a

Melperone 4–6 25–100

Pipamperone 3 20–120

Perazine 35 10–100

Levomepromazine 16–78 5–50

Quetiapine 12 25–75

Olanzapine 20–54 2.5–20

Promethazine 10–12 10–100

Prothipendyl 2.5 40–120

Note: In different countries, the different com-
pounds have different approval for the treatment 
of insomnia
aUsual evening dose

       . Table 3.10 Antihistamines as secondary 
hypnotics

Substance Half-life 
(h)

Evening dose 
(mg)a

Diphenhydr-
amine

4–6 50–100

Doxylamine 7–9 25–50

aUsual evening dose
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ous syndromes. Because of its sedating properties 
and its half-life of 3–5 h, it can also be applied as 
a hypnotic, especially in geriatric patients. For 
patients with day–night reversals, it is the medi-
cation of choice. With small doses of 50–250 mg, 
nighttime sleep can be induced. The addiction risk 
of clomethiazole, however, is quite high.

Phytotherapeutics
Many herbal products are used for alleviating 
insomnia symptoms.

The effectiveness of herbal products, mostly 
combinations of valerian, hop, melissa, St. John’s 
wort, and others, has not sufficiently demon-
strated. The few effectiveness studies that are avail-
able showed severe methodical limitations. Four 
meta- analyses indicated a small superiority of 
valerian compared to placebo. In severe insomnia 
with increased arousal levels in the evening, the 
calming and sedating effect of phytotherapeutics 
might not be strong enough. Except for valerian, 
polysomnographic studies do not show any rele-
vant effect of phytotherapeutics on sleep parame-
ters. Several studies, however, indicated subjective 
sleep improvements. For valerian, a review of 19 
controlled trials showed that, the results of these 
studies are contradictory, so that no recommenda-
tion may be given.

Practical Tip

Despite the lack of clinical evidence of their 
effectiveness on measurable sleep 
parameters, phytotherapeutics may be 
perceived as subjectively helpful and sleep 
promoting by patients. However, sleep 
centers that usually treat severe insomnia 
disorders should be very careful in 
recommending phytotherapeutics.

3.8  Questions

 ?  1.  Which types of insomnia can be classified?

 ?  2.  Please describe the most important 
psychodynamic characteristics of the 
subtype of “psychophysiological 
insomnia” of chronic insomnia.

 ?  3.  What are the basic principles that have to 
be taken into consideration before 
initiating drug treatment?

 ?  4.  Which sleep medication types are 
available for the treatment of primary 
insomnia? Please state the pros and cons 
of each type.

 ?  5.  Please describe the elements of 
cognitive-behavioral insomnia therapy.
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Sleep-related breathing disorders (SRBD) can be 
classified into breathing disorders with and with-
out obstruction of the upper airway; furthermore, 
the third edition of the ICSD again lists snoring 
within the SRBD. Even if there is important over-
lapping regarding diagnosis and treatment the 
diseases are very different with regard to their 
etiology and pathogenesis. In particular, obstruc-
tive sleep-related breathing disorders are a wide-
spread phenomenon. Not only the disease itself 
but also the public perception of obstructive 
sleep apnea has increased in the past decades. 
Snoring of adults is of even higher prevalence and 
nearly ubiquitous in the media.

4.1  Breathing Disorders without 
Obstruction

Sleep-related breathing disorders without 
obstruction of the upper airway are subdivided 
into central sleep apnea syndromes, sleep-related 
hypoventilation syndromes, and sleep-related 
hypoxemia.

Central sleep apnea syndromes are character-
ized by an increased or reduced respiratory drive 
by which the control loop of breathing induces an 
alternation between hyperventilation and apnea. 
The best known type is Cheyne-Stokes respira-
tion. The complaints regarding the central sleep 
apnea syndrome are rather minor and unspecific. 
A negative impact of the central sleep apnea syn-
dromes on the mortality of the patients is most 
probable; however, it is not yet confirmed for all of 
them.

Sleep-related hypoventilation syndromes are 
characterized by sleep-related insensitivity toward 
CO2, a primary weakness of the respiratory mus-
cles, or by chronic overload of the respiratory 
pump leading to hypercapnia with or without 
hypoxemia during sleep. Relevant triggers are 
severe restrictive and obstructive pulmonary ven-
tilation disorders of various geneses as well as 
obesity. Primary types are very rare. Because of 
the underlying disease, the prognosis is mostly 
poor, and additionally it is influenced in a nega-
tive way by the breathing disorder.

Sleep-related hypoxemia is different from the 
last-mentioned disease by the presence of 

hypoxemia without simultaneous hypoventila-
tion. It is typically caused by pulmonary or neu-
rological deficits. Frequently, it is accompanied 
by respiratory partial insufficiency and pulmo-
nary hypertension that determine the prognosis.

4.1.1  Definitions

Sleep-related breathing disorders without 
obstruction of the upper airway include diseases 
that are based on different disorders of ventilatory 
control and mechanics.

These disorders are characterized by intermit-
tent decrease of the respiratory effort of variable 
duration with a nonobstructed upper airway. In 
this aspect, they are relevantly different from 
obstructive sleep apnea (see 7 Sect. 4.2) that, 
however, may be found simultaneously as addi-
tional breathing disorder.

In the ICSD-3, sleep-related breathing disor-
ders without obstruction are thus classified:

 5 Central sleep apnea syndromes
 5 Sleep-related hypoventilation syndromes
 5 Sleep-related hypoxemia

In all groups, primary (sometimes congenital) as 
well as secondary types can also be differentiated.

Periodic breathing is defined as the regular 
sequence of respiration and breathing interrup-
tion with constant duration of the cycle over a 
period of several minutes. However, this term is 
not exactly defined under all aspects, and differ-
ent authors use it in different contexts. According 
to the ICSD-3, this term is exclusively used for 
breathing in high altitudes.

Classification of Sleep- Related 
Breathing Disorders without 
Obstruction of the Upper Airway 
Adapted from the American Academy 
of Sleep Medicine (AASM)
 1. Central sleep apnea syndromes

(a) Primary types
 5 Primary central sleep apnea
 5 Primary central sleep apnea of 

infancy (see 7 Chap. 11)
 5 Primary central sleep apnea of 

prematurity (see 7 Chap. 11)
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(b) Secondary types
 5 Central sleep apnea with 

Cheyne-Stokes respiration
 5 Central sleep apnea without 

Cheyne-Stokes respiration
 5 Periodic breathing at high 

altitudes
 5 Central sleep apnea caused by 

medication or other substances
 5 Treatment-emergent central 

sleep apnea
 2. Sleep-related hypoventilation syndromes

(a) Primary types
 5 Congenital central alveolar 

hypoventilation syndrome (see 
7 Chap. 11)

 5 Idiopathic central alveolar 
hypoventilation

(b) Secondary types
 5 Caused by organic disease
 5 Caused by medication or 

substances
 5 Obesity hypoventilation 

syndrome
 5 Late-onset central alveolar 

hypoventilation (see 7 Chap. 11)
 3. Sleep-related hypoxemia

Regarding pediatric breathing disorders, see 
7 Chap. 11. For exact definition of single respira-
tory events, see 7 Chap. 2.

4.1.1.1  Central Sleep Apnea 
Syndromes

Central sleep apnea syndromes are characterized 
by intermittently reduced or reflectively increased 
respiratory drive that leads to continuous alterna-
tion of hyperventilation and hypoventilation up 
to central apnea. The number of central respira-
tory events has to outweigh the obstructive events.

To diagnose the primary type of adult central 
sleep apnea, five or more central apneas or hypop-
neas per hour of sleep and the exclusion of the 
secondary type are required, plus one of the clini-
cal symptoms (daytime sleepiness, insomnia, 
awakenings with dyspnea).

Because of its pathognomonic breathing pat-
tern, the Cheyne-Stokes respiration has a special 
position within the secondary types. At least five 
central apneas or hypopneas per hour of sleep are 

required that occur during the characteristic cre-
scendo–decrescendo pattern of the airflow curve 
and are associated with arousals and sleep frag-
mentation. For exact definition of the breathing 
pattern, see 7 Chap. 2. Insomnia as well as hyper-
somnia complaints or awakenings with dyspnea 
may be reported.

An association with a severe disease is 
required; most frequently, these are manifest 
heart failure, atrial fibrillation, stroke, or, more 
rarely, renal failure. The length of the cycle from 
one ventilation maximum to the next is typically 
longer than 45  s, which may be used in unclear 
cases as a differentiation from other central 
breathing disorders.

Periodic breathing at high altitudes regularly 
occurs at 4000 m above sea level and can sometimes 
be already observed at 2500  m above sea level. It 
mostly occurs in the first night after the climb and is 
observed nearly exclusively during non-rapid eye 
movement (non-REM) sleep. The typical respira-
tion pattern is characterized by periodically recur-
ring apneas, mostly without crescendo–decrescendo 
pattern, in intervals of 12–34 s.

A secondary central sleep apnea without 
Cheyne-Stokes respiration generally occurs as a 
sequela of brainstem damage (e.g., Arnold-Chiari 
malformation, stroke).

The diagnosis of central sleep apnea caused by 
medication or other substances requires at least five 
central apneas or hypopneas without crescendo–
decrescendo respiration pattern. Furthermore, 
long-acting opioids (legal substances such as 
methadone, retarded morphine, or illegal opiates) 
have to be consumed over a longer period. Other 
breathing disorders such as hypoventilation or 
Biot’s respiration do not preclude the diagnosis.

The term treatment-emergent sleep apnea defines 
an originally predominant obstructive sleep apnea 
in which central apneas occur or aggravate after 
elimination of the obstructive respiratory events 
[e.g., from continuous positive airway pressure 
(CPAP) therapy]. In most cases, it regresses within 
the first months of therapy. The presence of another 
type of central sleep apnea excludes the diagnosis.

4.1.1.2  Sleep-Related Hypoventilation 
and Hypoxemia Syndrome

These sleep-related breathing disorders are 
defined by reduced ventilation over longer peri-
ods during sleep, leading to hypercapnia without 
or with hypoxemia (definition of hypoventilation, 
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see Sect. 2.7.8). Hypoventilation and its blood gas 
alterations are first seen or aggravated in REM sleep.

If no underlying disease can be found to explain 
the episodes of hypoventilation, it is termed sleep-
related idiopathic central alveolar hypoventilation.

Sleep-related hypoventilation caused by organic 
disease is found in cases of disturbed pulmonary 
gas exchange based on an interstitial parenchyma 
or vascular lesion as well as chronic obstructive pul-
monary disease or in cases of neurogenic degenera-
tion or dystrophy of the respiratory muscles (e.g., 
Duchenne muscle dystrophy) or an insufficient 
compliance of the thoracic wall (e.g., kyphoscolio-
sis). In former times, the term of overlap syndrome 
was used when obstructive sleep apnea occurred 
simultaneously with sleep- related hypoventilation 
in the context of chronic obstructive pulmonary 
disease (COPD). This unspecific and confusing 
term should no longer be used. Instead, the state-
ment of both single diagnoses is preferred.

If substances, for example, muscle relaxants or 
long-acting sedatives, attenuate the respiratory 
center, sleep-related hypoventilation from medica-
tion or other substances may result.

For the first time, the separate diagnosis of obe-
sity hypoventilation syndrome is listed; hereby the 
hypoventilation is induced by obesity [body mass 
index (BMI) >30 kg/m2]. It is the only sleep- related 
hypoventilation syndrome of which the diagnosis 
requires hypercapnia during daytime (PaCO2 
>45 mmHg) beside hypoventilation during sleep.

In the ICSD-3, sleep-related hypoxemia with-
out simultaneous hypercapnia was differentiated 
from hypoventilation syndromes. A frequent 
cause for this constellation is an alveolar diffusion 
disorder with compensatory hyperventilation. To 
determine the diagnosis, the oxygen saturation 
has to be reduced to 88% or less for more than 
5 min. It is controversially discussed if it was ade-
quate to create a separate subcategory of the 
sleep-related breathing disorders.

In the context of sleep-related hypoventilation 
and hypoxemia syndromes, also the term chronic 
respiratory insufficiency has to be defined.

 5 The early form is characterized by hypercap-
nia and hypoxemia that are only found 
during REM sleep and/or physical strain.

 5 The manifest chronic respiratory insuffi-
ciency, however, is characterized by patho-
logical blood gases already at rest during 
daytime and during the entire sleep time, 
independent from the sleep stages.

Practical Tip

The presence of sleep-related breathing 
disorder does not exclude the synchronous 
existence of another disorder, which naturally 
makes diagnosis very difficult. In particular, 
the differentiation of mild obstructive sleep 
apnea from snoring may be difficult when at 
the same time central sleep apnea or 
sleep-related hypoventilation or hypoxemia 
syndrome is observed that by definition 
causes desaturation.

4.1.2  Etiology and Pathophysiology

4.1.2.1  Regulation of Breathing
The functions of breathing during sleep are basi-
cally the same as during wakefulness:

 5 Uptake of oxygen
 5 Elimination of carbon dioxide
 5 Stabilization of the acid–base balance

The pulmonary parenchyma, the airways, and the 
muscular respiratory pump command a large 
reserve capacity to fulfill these tasks under differ-
ent conditions (e.g., rest, physical strain, high alti-
tude, diseases).

The regulation of breathing occurs uncon-
sciously, but it can also be cortically overlaid. The 
respiratory neurons in the brainstem generate the 
respiratory pattern and determine the necessary 
respiratory minute volume. Furthermore, they are 
responsible for the time-coordinated activation of 
respiratory and the auxiliary respiratory muscles 
as well as the airway muscles. These neurons reach 
the relevant afferent nerve pathways from periph-
eral (primarily oxygen dependent) and central 
(primarily CO2 dependent) chemoreceptors, 
stretch receptors (in particular, thoracic wall), 
mechanoreceptors (in particular, respiratory 
muscles), thermoreceptors, and higher central 
nervous system centers.

The complex regulatory cycle of breathing is 
basically identical during sleep and wakefulness 
(see . Fig.  4.1). Thus, it is clear that respiration 
may be disturbed by many extrinsic and intrinsic 
factors by which the breathing pattern and/or the 
blood gases are modified pathologically.

Ventilation mostly depends linearly on the 
partial pressure of CO2. An increasing arterial 
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partial pressure of CO2 increases the respiratory 
drive and as a consequence the ventilation. If the 
pCO2 drops below a certain value, central apnea is 
induced. This hypocapnic apnea threshold is indi-
vidually different. Apnea, however, is mostly 
avoided in the wakeful state by additional alert-
ness stimuli.

The arterial partial pressure of CO2 is kept 
constant at a value of almost exactly 40 mmHg by 
means of the CO2 dependent respiratory response. 
The respiratory response to CO2 is the stronger 
the lower the arterial pH value or the partial pres-
sure of O2 is at the same time. Thus, an identical 
increase of the arterial partial pressure of CO2 
with lower pH and/or partial pressure of O2 leads 
to higher increase of ventilation. In wakefulness, 
respiration is further modulated by different fac-
tors (alertness stimuli) that are subject to con-
sciousness (e.g., speaking) or that take place 
unconsciously (e.g., emotions). Regarding further 
details, the authors refer to general textbooks of 
physiology.

Even if the chemosensory regulation of 
breathing during sleep is not basically different 
compared to the awake condition, physiological 
changes of the control parameters contribute to 

unstable breathing during sleep. Discontinuation 
of the alertness stimuli finally, even in healthy 
individuals, causes numerous alterations of 
breathing to be observed (see . Table 4.1).

The reduced breathing and respiratory min-
ute volume are of particular importance, result-
ing in an increased end-tidal (at the end of 
expiration) partial pressure of CO2 by about 2–3 
mmHg, sometimes even 8 mmHg, in non-REM 
sleep. The hypocapnic apnea threshold is about 
2–6  mmHg below the eucapnic pCO2 during 
sleep and thus nearly corresponds to the arterial 
partial pressure of CO2 in wakefulness. This shift 
of the nominal values during sleep onset causes 
irregularities of the respiratory drive with the 
consequence of physiological central hypopneas 
and apneas.

The graphs of the CO2 breathing response 
during sleep run flat compared to wakefulness. 
The identical increase of the partial pressure of 
CO2 leads to the lowest ventilatory response dur-
ing REM sleep, increased response during deep 
sleep, and highest response during light sleep. 
Besides the CO2 breathing response, the apnea 
threshold and the end-tidal partial pressure of 
CO2 also depend on the sleep stage.

Control
parameters
PO2, PCO2, pH

Control:
resp. neurons

Effectors:
respiratory muscles

airway muscles

Cortex (consciousness)
Mechanoreceptors

(thorax, lung, muscles)
Body temperature 

Nominal values
PO2 = 90 mmHg
PCO2 = 40 mmHg
pH = 7.4

Control signals

Ventilation

Disturbing variables:
e.g., metabolic acidosis, pulmonary

perfusion disorder (shunt)

Actual values

Central chemosensitivity
Peripheral chemoreceptors

Regulated system:
blood

Disturbance variable:
e.g., airway
obstruction

compliance of lung
and thorax

Respiratory myasthenia

       . Fig. 4.1 Regulatory cycle of breathing
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Beside the control parameters, the basic activ-
ity of the breathing muscles also changes. During 
non-REM sleep, the activity of the diaphragm 
and the intercostal muscles increases. During 
REM sleep, respiration is almost entirely per-
formed by the diaphragm, which favors hypoven-
tilation. Further, the increase of the airflow 
resistance during sleep of more than 200% is of 
high relevance for the development of obstruc-
tive sleep apnea as well as hypoventilation syn-
drome.

The change of body position from the sitting 
to the lying position also influences breathing. In 
a lying position, the contribution of the dia-
phragm to breathing significantly increases in 
relationship to the thoracic and auxiliary respira-
tory muscles.

The manifold physiological changes of breath-
ing during sleep indicate that in the case of occur-
rence of predisposing diseases, many breathing 
disorders first develop during sleep, or are 
unmasked or aggravated. For central apneas, this 
is especially true during non- REM sleep, whereas 
REM sleep is especially susceptible for hypoventi-
lation.

4.1.2.2  Central Sleep Apnea 
Syndrome

During sleep, the arterial partial pressure of CO2 
is the dominating breathing stimulus. The physi-
ological increase of the nominal value for the par-
tial pressure of CO2 and the hypocapnic apnea 
threshold, as well as the reduced respiratory 
response during sleep, require an adaptation of 
the control cycle of breathing during sleep onset.

The hypocapnic apnea threshold and the 
increase of the CO2 respiratory response itself, as 
well as the differences between wake and sleep 
stage, differ between individuals. Patients with a 
CO2 apnea threshold that is near the CO2 nominal 
value rather tend to drop below this limit value 
due to small changes in ventilation. During sleep 
onset, the increase of the nominal value of the 
partial pressure of CO2 from 40 to about 45 mmHg 
causes a relative hypocapnia that leads to a reduc-
tion of ventilation and thus an increase of the par-
tial pressure of CO2. Patients with a CO2-driven 
ventilatory overshoot drop very easily below the 
CO2 apnea threshold, and central apnea develops. 
The partial pressure of CO2 again increases dur-
ing the apnea until the apnea threshold is exceeded 
by 1–4 mmHg CO2. Arousal is typically associ-
ated with the onset of breathing. Hereby, the 
nominal value of the partial pressure of CO2 is 
switched shortly to the value of the wake state 
(40 mmHg). The response to the associated rela-
tive hypercapnia causes another increase of venti-
lation. The normalization of the blood gases of the 
still-awake patient allows the person to fall asleep 
again. The de novo shift of the nominal values for 
hypocapnic apnea threshold and partial pressure 

       . Table 4.1 Physiological changes of breathing 
during the transition to non-REM sleep or REM 
sleep

Parameter Alteration Alteration

Awake → 
non-REM

Non- REM 
→ REM

Respiratory minute 
volume

↓ ↓→

Breathing volume ↓ ↓

Breathing rate ↑↓ →

Inspiration time ↑↓→ ↑↓→

Expiration time ↑↓→ ↑↓→

Pulmonary compliance ↓ →

Functional residual 
capacity

↓ →

End-tidal CO2 ↑ ↓→

Muscular inspiration 
force

↑ →

Diaphragmatic 
pressure

↑ ↓

Intercostal activity ↑ ↓

Diaphragmatic activity ↑→ ↑

Coordination 
(extrathoracic, 
intrathoracic, 
abdominal)

↓ ↓

Airflow ↓

Airway resistance ↑↑↑ →

Genioglossus EMG ↑ ↓→

↓ = Decrease, ↑ = Increase, → = no change
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of CO2 in combination with the significant 
decrease of the partial pressure of CO2 already 
induced by the arousal triggers the next respira-
tory irregularity.

If the patients overcome light sleep, the inci-
dence of central breathing disorders decreases. 
In deep sleep, the relevantly increased arousal 
threshold is made responsible; in REM sleep it 
is the reduced CO2 respiratory response. 
However, it is not yet clear whether leaving 
light sleep is necessary for the development of 
more stable breathing or, vice versa, if the 
development of regular breathing allows the 
transition to deep sleep. A large variety of 
organic diseases may trigger and maintain the 
described mechanisms; in many cases, however, 
the exact pathogenetic correlations are still 
unknown.

In the context of Cheyne-Stokes respiration, 
the prolonged circulation time with manifest 
heart failure is another destabilizing factor. 
Therefore, the detection of the altered blood gas 

values by central CO2 receptors is delayed. It has 
become obvious that the output of the left heart is 
inversely proportional to the cycle length from 
one ventilation maximum to the next. The pulmo-
nary edema that is frequently observed in left- 
sided heart failure stimulates vagal afferent nerve 
pathways and further increases the chemosensi-
tivity. Regarding the current concept of the com-
plex interactions, see . Fig. 4.2.

Respiration at high altitudes shows a different 
pathophysiology. When a person climbs to an 
altitude of 2500 m above sea level, the inspira-
tory oxygen partial pressure decreases to such 
an extent that hypoxemia can only be avoided 
when the respiratory minute volume is increased. 
With increasing altitude and decreasing oxygen 
partial pressure in the environmental air, the 
increased ventilation leads to respiratory alkalo-
sis. Despite the increased respiratory minute 
volume, the arterial oxygen saturation decreases 
to about 80% at an altitude of 4000 m above sea 
level.

Heart failure
Cardiac output decreases

LV filling pressure increases

PaCO2 ⇓ PaO2 ⇓
PaCO2 ⇑

Catechol amines ⇑
Heart rate ⇑
Blood pressure ⇑

O2 provision ⇓
O2 need ⇑Arousal

Central apnea

Hyperventilation

Exhaustion
Lung edema

Daytime sleepiness

Sleep fragmentation

Stimulation
of vagal

afferences

Increased
chemosensitivity

       . Fig. 4.2 Influences of left-sided heart failure on breathing and sleep
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During sleep, breathing is destabilized by the 
hypoxic respiratory stimulation and the consec-
utive hypocapnic inhibition, which is seen in the 
periodic respiration pattern. As the cardiac 
function is generally not impaired, cycles are 
significantly shorter, with 12–34 s, compared to 
Cheyne-Stokes respiration. Respiratory alkalo-
sis is metabolically compensated within a few 
days so that the respiratory drive is no longer 
inhibited.

Over longer periods, polyglobulia is induced 
by hypoxia, which may reduce or even eliminate 
periodic breathing at altitudes up to 4500 m above 
sea level. If an altitude-related pulmonary edema 
occurs in the context of further climbing, the 
probability to develop periodic breathing 
increases further.

Practical Tip

Unstable breathing with central apnea 
develops or is maintained based on an 
increased CO2 chemosensitivity, an 
accumulation of arousal reactions, and reflex 
apneas upon different stimuli.

The numerous factors that in single cases may 
contribute to the development of central apneas 
during sleep are summarized in the following 
overview.

Etiology of Central Apneas During 
Sleep

 5 Direct functional change of the chemo-
receptors

 5 Degenerative diseases of the central 
nervous system (CNS), for example, 
Shy-Drager syndrome

 5 Diabetic polyneuropathy
 5 Brainstem lesions

 5 Tumors near the brainstem
 5 Brainstem infarction
 5 Brainstem bleeding
 5 Encephalitis

 5 Increased intracranial pressure
 5 Traumatic brain injury
 5 Brain tumors
 5 Encephalitis

 5 Chronic consumption of long-acting 
opioids during at least 3 months

 5 Idiopathic hypersensitivity of the 
chemoreceptors

 5 Arousal induced
 5 Movement disorders, for example, 
periodic limb movement

 5 Spontaneous vigilance fluctuations 
when falling asleep

 5 Insomnias of different origins
 5 Respiratory arousals with obstructive 
sleep apnea

 5 Triggering factors of reflex central 
apneas

 5 Impairment of nasal mechanorecep-
tors in the context of nasal obstruc-
tion or oral breathing

 5 Laryngeal stimulation, for example, by 
gastrolaryngeal reflux

 5 Pharyngeal stimulation by negative 
pharyngeal intraluminal pressure in 
supine position or during sleep onset

 5 Hypoxia-related hyperventilation at 
high altitudes

 5 Pulmonary congestion and vagal 
stimulation

4.1.2.3  Hypoventilation or 
Hypoxemia Syndromes

Regular breathing can only be assured when the 
inhaled air reaches a healthy pulmonary paren-
chyma, in a normally shaped bony thorax, with 
adequate CNS breathing stimulation and neuro-
muscular signal transfer to the functioning respi-
ratory muscles. If one of these components is 
disturbed and if this disorder cannot be compen-
sated by the organism, finally a reduced uptake of 
oxygen is always observed as well as reduced 
elimination of carbon dioxide, leading to a shift of 
the pH value into the acid range.

In cases of congenital hypoventilation syndrome 
(see 7 Chap. 11) as well as idiopathic central alveo-
lar hypoventilation, a reduced sensitivity to CO2 is 
observed, leading to the tolerance of reduced res-
piration with hypercapnia (respiratory insuffi-
ciency) without increasing ventilation. A lesion of 
the medullar chemoreceptors is assumed as the 
origin in the idiopathic form without being con-
firmed. Increased intracerebral pressure or CNS 
depressant drugs may also lead to functional 
impairment of the  chemoreceptors and thus to 
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hypoventilation. In these cases, the key patho-
physiological mechanism consists of a missing 
central respiratory drive despite a primarily well 
working respiratory pump.

Respiratory insufficiency may occur as the 
result of primary weakness as well as exhaustion 
of the respiratory muscles because of increased 
strain of the respiratory pump even if the central 
respiratory drive is adequately present.

Origins for primary respiratory pump weak-
ness may be such as these:

 5 Muscular diseases, for example, muscle 
dystrophy and myopathy

 5 Neurological diseases, for example, amyo-
trophic lateral sclerosis and multiple sclerosis

 5 Neuromuscular disease such as myasthenia 
gravis

Most common factors leading to exhaustion of the 
respiratory pump are as follows:

 5 Pulmonary restrictions and obstructions of 
any type

 5 Pulmonary perfusion disorders
 5 Obesity
 5 Thoracic deformities

Based on the preexisting lesion, absence of the 
respiratory stimuli of wakefulness during sleep 
and physiologically coupled reduction of the ven-
tilation are responsible for hypoventilation during 
sleep. The occurrence of hypoventilation and 
hypercapnia during sleep is accepted to avoid 
complete failure of the previously damaged and 
already maximally stressed respiratory muscles.

The following overview summarizes the par-
ticular pathophysiological aspects of hypoventila-
tion in the context of pulmonary obstruction, 
which is the most frequent origin of hypoventila-
tion or hypoxemic syndromes.

Pathophysiological Factors of Sleep- 
Related Hypoventilation and 
Hypoxemia with Pulmonary 
Obstruction (Modified According to 
Peter et al. 2007)

 5 Reduced capacity of the respiratory 
pump

 5 Emphysema with dynamic pulmonary 
hyperinflation

 5 Flattening of the diaphragm

 5 Impairment of the respiratory muscle 
capacity caused by hypoxia, hyper-
capnia, or acidosis

 5 High stress of the respiratory pump
 5 Increased airway resistance
 5 Hypersecretion
 5 Increased respiratory drive caused by 
reduced gas-exchange surface

 5 Prolonged expiration at the expense 
of the inspiration time

 5 Difficult expiration caused by increased 
intrinsic positive end expiratory 
pressure (PEEP) in supine position

 5 Disturbed physical restoration because 
of the sleep disorder

 5 Repeated arousals
 5 Sleep fragmentation

Hypoventilation and hypercapnia occur first and 
most severely in REM sleep when the diaphragm 
alone is responsible for all the work of breathing. 
In cases of impaired diaphragmatic function, for 
example, a diaphragm in low position because of 
pulmonary emphysema or unilateral paresis of the 
diaphragm, the hypoventilation in REM sleep is 
particularly severe. Later, it extends to the remain-
ing sleep time and finally even the awake stage.

It is assumed that chronic hypercapnia with 
respiratory acidosis that is metabolically com-
pensated leads to further reduction of the central 
CO2 sensitivity and thus further perpetuates 
hypercapnia.

For all types of hypoventilation, the following 
statement applies: The severity of the arterial 
hypercapnia corresponds to the extent of respira-
tory insufficiency. Hypoventilation is always asso-
ciated with hypoxemia, and its severity depends on 
the diffusion properties of the lung. The conse-
quences of progressive blood gas changes are these:

 5 Pulmonary arterial hypertension, up to 
pulmonary heart disease

 5 Polyglobulia
 5 Cardiac arrhythmia
 5 Neurocognitive disorders

In that way, it could be confirmed in COPD patients 
that chronic hypoxemia during sleep contributes 
significantly to the development of pulmonary 
arterial hypertension and leads to increased mor-
tality, so that it should be imperatively treated.
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Practical Tip

Hypoventilation develops either on the floor 
of an impaired central CO2 sensitivity (being 
able to breathe but not willing to do so) or an 
impaired respiratory pump (willing to 
breathe but not being able to do so).

4.1.3  Epidemiology

The incidence of central sleep apnea syndromes in 
the general population is not exactly known. In 
sleep centers, predominating central sleep apnea 
dominatin is diagnosed in up to 10% of the patients. 
However, it must be taken into account that nowa-
days mostly snoring patients (i.e., patients who 
suffer rather from obstructive breathing disorders) 
undergo sleep medical examination. First assess-
ments in high-risk groups reveal central sleep apnea 
syndromes in 10% of the patients with chronic 
renal insufficiency and in 24% under chronic opi-
oid therapy. No genetic disposition or high familial 
incidence is known for central sleep apnea.

Also, data on the incidence of Cheyne-Stokes 
respiration in high-risk cohorts are available. 
Epidemiological studies state a prevalence of 25 to 
40% for patients with heart failure and about 10% 
for patients with stroke. Cheyne-Stokes respira-
tion is observed more frequently in males than in 
females and is found nearly exclusively in patients 
older than 60 years.

Sleep-related idiopathic central alveolar 
hypoventilation is very rare.

No precise data on incidence are available for the 
more frequently occurring secondary hypoventila tion 
syndromes. With a certain severity, they are always 
present in the context of the underlying diseases. In 
cases of idiopathic pulmonary hypertension, for 
example, sleep-related hypoventilation could be 
found in 75% of cases without consideration of the 
severity; with a BMI of 50 kg/m2, an obesity hypoven-
tilation syndrome is found in 50% of the cases.

4.1.4  Clinical Presentation

4.1.4.1  Central Sleep Apnea 
Syndromes

Central sleep apnea syndromes demonstrate a 
variable and unspecific clinical presentation that 
is not surprising in the light of the heterogeneity 

of the disease group and the variety of predispos-
ing diseases. The predisposing constellations 
include cardiac and renal failure, cerebral circula-
tory disturbances, long-term intake of opioids, or 
residence at high altitudes.

Some patients react on repetitive arousals 
either with conscious awakening in the sense of 
disorders of initiating and/or maintaining sleep 
(insomnia) or with an unconscious sleep fragmen-
tation that manifests only in the form of increased 
daytime sleepiness (hypersomnia) or tiredness.

Typically, but not obligatorily, affected indi-
viduals with insomnia presentation wake up 
because of dyspnea that generally ceases rapidly 
after awakening with deep breathing. Often, the 
bed partner does not even notice the irregular 
breathing pattern.

In the context of hyperventilation, however, 
the increased airflow velocity leads to snoring 
because of the turbulences and vibrations of the 
pharyngeal walls although no breathing noise is 
heard during regular breathing. It is very likely 
that the high prevalence of snoring in the adult 
population often coexists with confirmed central 
sleep apnea syndrome. Therefore, the symptom of 
irregular snoring does not at all exclude a central 
sleep apnea syndrome.

Practical Tip

The symptom of snoring excludes neither the 
presence of a central sleep apnea syndrome 
nor the successful elimination of the noise by 
therapy.

In most cases, disorders in concentration and 
reduced performance during the daytime are the 
main complaints. These daytime symptoms, how-
ever, are often attributed to the preexisting comor-
bidities alone without taking into consideration a 
possible central sleep apnea syndrome.

Because Cheyne-Stokes respiration occurs 
almost exclusively with the presence of a manifest 
left-sided heart failure or a cerebral insult, the 
symptoms of the underlying disease are in the 
focus. In this context, the authors refer to the 
according manuals of internal medicine and neu-
rology. Rarely is daytime tiredness or even sleepi-
ness the only complaint.

Periodic breathing at high altitudes is the 
blandest of the four types of altitude sickness 
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occurring with the least altitude difference. It may 
only manifest with insomnia complaints, 
increased exhaustibility, headaches, and loss of 
appetite. Acute altitude sickness with vomiting 
and impaired diuresis, altitude-related  pulmonary 
edema, and altitude-related cerebral edema, the 
other three types of this disease, represent life- 
threatening conditions. Interestingly, neither 
physical fitness nor smoking nor an individual’s 
age influences the development of altitude sick-
ness.

There are almost no differences regarding the 
prognosis and comorbidities of the central sleep 
apnea syndromes. Only the cohort of patients suf-
fering from heart failure were examined in this 
regard. It is considered as evident that Cheyne- 
Stokes respiration during the daytime is associ-
ated with a higher mortality. Some prospective 
cohort studies have even found increased mortal-
ity in patients with heart failure when Cheyne- 
Stokes respiration occurred exclusively at night. 
More than 30 central events per hour of sleep are 
considered as relevant. Because the study results 
are contradictory, it is not clear if the successful 
elimination of Cheyne-Stokes respiration reduces 
mortality.

Practical Tip

The symptoms of central sleep apnea 
syndrome are typically unspecific; the level of 
suffering of the patients is mostly low. The 
significance of central sleep apnea 
syndromes for general morbidity and 
mortality is not yet clarified.

4.1.4.2  Hypoventilation or 
Hypoxemia Syndromes

This group of diseases is always associated with 
chronic respiratory insufficiency.

In the early phase, affected patients notice 
mostly only a less distinct dyspnea during stress. 
Symptoms caused by blood gas alterations in 
REM sleep are the focus.

 5 Disorders of initiating and maintaining sleep
 5 Morning headaches
 5 Daytime sleepiness
 5 Concentration disorders
 5 Impaired performance during daytime

Because these symptoms are nonspecific and 
develop only slowly, patients often do not attri-
bute them to sleep-related breathing disorders. In 
particular, obese patients explain their complaints 
by their high body weight.

With the development of manifest chronic 
respiratory insufficiency, rapid physical exhaust-
ibility during daytime comes to the foreground. 
The patients are clearly impaired regarding their 
mobility. Dyspnea in cases of physical strain or 
even at rest is not obligatory; however, it is often 
observed. In the further course, secondary poly-
globulia, cardiac arrhythmia, and the develop-
ment of pulmonary heart disease with signs of 
right-sided heart failure are commonly found. In 
cases of neuromuscular diseases, furthermore, 
orthopnea, attenuated coughing, and decreasing 
phonation time are typical.

The highest number of patients develops 
hypoventilation on the basis of COPD due to 
smoking in most cases, pulmonary emphysema is 
found at the same time. A slight increase in 
breathing effort, for example, in the context of 
minor infection of the upper airways, may lead to 
acute failure of the respiratory pump with severe 
respiratory acidosis requiring intensive medical 
treatment. Unfortunately, the condition of many 
patients only becomes apparent after such a dra-
matic exacerbation. As smoking is only rarely 
stopped, the damage to the respiratory pump pro-
gresses in most cases. Therefore, the prognosis has 
to be considered as very poor.

This poor prognosis is true to the same extent 
for all hypoventilation syndromes, unless the 
basic disease is reversible. In this context, the obe-
sity hypoventilation syndrome has to be men-
tioned if relevant reduction of body weight is 
successful. However, it cannot be predicted at 
which weight an obesity hypoventilation syn-
drome may occur or can be eliminated by weight 
reduction.

At very different times of the disease and age, 
neuromuscular diseases lead to respiratory insuf-
ficiency. Ventilation therapy may be necessary 
with birth (spinal muscular atrophy type I), dur-
ing adolescence (Duchenne muscular dystrophy), 
in adulthood (myotonic dystrophy), or in older 
years (spinal muscular atrophy type IV). Initially, 
amyotrophic lateral sclerosis frequently manifests 
by acute respiratory insufficiency. Certain dis-
eases from this group, however, are only rarely 
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associated with respiratory insufficiency (e.g., 
post-polio syndrome, mitochondrial myopathies, 
central core disease). The weakness of the respira-
tory muscles, however, impairs not only the respi-
ratory pump but also the power of coughing and 
thus also bronchial clearance, which significantly 
influences the prognosis. Therefore, an exact 
diagnosis of the underlying disease is required to 
reasonably plan sleep medical and pneumological 
control intervals.

4.2 Obstructive Sleep-Related 
Breathing Disorders

Obstructive sleep-related breathing disorders are 
widely distributed. According to the new classifi-
cation of the ICSD-3, they are synonymous with 
obstructive sleep apnea. Based on the increase of 
the most important risk factor, that is, obesity, 
further increase may be expected.

Patients suffering from obstructive sleep 
apnea have a higher cardiovascular risk and are 
often significantly impaired in their quality of life.

According to the current knowledge, snoring 
alone, however, is not associated with relevant 
health-related impairment. The frequently high 
level of suffering of snoring individuals and the 
broad distribution emphasize its importance. In 
the following, obstructive sleep-related breathing 
disorders of adults are the focus. As pediatric 
obstructive sleep apnea is still classified as SRBD 
in the ICSD-3, this disease is discussed in 7 Chap. 
11 (sleep disorders of infancy) (see 7 Sect. 11.2).

4.2.1  Definitions

In the past, the term obstructive sleep-related 
breathing disorders summarized obstructive sleep 
apnea with its different degrees of severity as well 
as an early type called upper airway resistance 
syndrome (UARS).

UARS describes a disease that is associated 
with a pathologically increased resistance of the 
upper airway leading to respiratory arousal with 
impairment of the quality of sleep, without being 
accompanied, however, with noticeable impair-
ment of the airflow curves in the sense of apnea or 
hypopnea in polysomnography. The broad intro-
duction of dynamic pressure measurement for air-
flow registration and the increasing understanding 

of flow limitations, however, have led to a new 
definition of respiratory events. In this context, the 
significance of respiratory arousals (RERAs) 
(7 Fig. 2.20), which are now also included in the 
calculation of respiratory events is mentioned. To 
recognize the respiratory origin of arousals, mea-
surement of the esophageal pressure may be help-
ful; however, frequently secondary signs of airway 
obstruction also are found such as flow limitation 
or increasing snoring that is determined by arousal. 
Further explanations of the current definition of 
respiratory events are found in 7 Chap. 2.

Even if the term of UARS is still broadly dis-
tributed, this disease concept has not been pur-
sued in recent years. In the ICSD-2, this syndrome 
was no longer mentioned and is included in 
obstructive sleep apnea. The elimination of UARS 
is consequent because its differentiation from 
obstructive sleep apnea was finally chosen arbi-
trarily and there were no relevant differences in 
diagnostics and therapy.

Not all patients suffering from obstructive 
sleep apnea also complain about subjective symp-
toms, that is, an obstructive sleep apnea syn-
drome. In this chapter, the term obstructive sleep 
apnea is used in a standardized way as it is also 
found in the current ICSD-3.

Diagnostic Criteria of Obstructive Sleep 
Apnea According to the American 
Academy of Sleep Medicine (AASM)
The diagnosis of obstructive sleep apnea can 
be made when either the conditions A and B 
or, alternatively, condition C is fulfilled.
 A. At least one of the following aspects is 

found:
 5 The patient reports sleepiness, 
nonrestorative sleep, tiredness, or 
difficulties of initiating and maintain-
ing sleep.

 5 The patient wakes up with breathing 
interruptions, gasping for breath, or 
attacks of suffocation.

 5 The bed partner or any other observer 
reports snoring, breathing interrup-
tions, or both during the patient’s 
sleep.

 5 The patient is diagnosed with 
hypertonia, mood swings, cognitive 
disorder, coronary heart disease, 
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stroke, heart failure, atrial fibrillation, 
or type 2 diabetes.

 B. Polysomnographic or out-of-center sleep 
testing (OCST) shows the following 
conspicuities:

 5 Five or more mainly obstructive 
respiratory events, for example, 
obstructive or mixed apnea, hypopnea, 
or RERAs (respiratory effort-related 
arousal, in the following termed 
respiratory arousal), per hour of sleep 
or per hour of monitoring time.

 C. Polysomnographic or out-of-center sleep 
testing shows the following conspicuities:

 5 Alternatively, the diagnosis is also 
confirmed according to the AASM 
when the following criterion is met:

 5 Fifteen or more mainly obstructive 
respiratory events (e.g., apneas, 
hypopneas, or RERAs) per hour of 
sleep or per hour of monitoring time.

Hence, results of out-of-center sleep testing/poly-
somnography and clinical criteria are important for 
the diagnosis. Furthermore, not all respiratory events 
require a clearly definable obstructive genesis that 
takes into consideration that obstructive sleep apnea is 
frequently accompanied by central or mixed apneas. 
The ICSD-3 does not use the term mixed sleep apnea 
syndrome, which is still applied in many cases.

Compared to the previous version of the ICSD, 
several innovations are found regarding the diag-
nostic criteria that are of great significance for the 
diagnosis of sleep apnea. On one hand, clearly 
defined comorbidities are found as alternative cri-
teria to clinical symptoms. Thus, in the presence of 
one of these comorbidities, the diagnosis of 
obstructive sleep apnea may also be made when 
more than five respiratory events occur per hour of 
sleep and the patient, however, does not complain 
about subjective symptoms. These innovations 
meet the significance of the mentioned comorbid 
disorders regarding cardiovascular sequelae of 
sleep apnea as well as regarding the clinical symp-
toms and the quality of life of the affected individ-
uals. In addition, this new definition also allows 
treating (mild) obstructive sleep apnea in those 
cases in which no symptoms are observed but 
therapy seems to be indicated because of the (car-
diovascular) concomitant disease.

Although polysomnography (PSG) is men-
tioned as the only objectifying examination pro-
cedure in the ICSD-2, the ICSD-3 refers to an 
alternative “out-of-center sleep testing” (OCST). 
Accordingly, the limit values for respiratory 
events refer to the recording time as well as the 
sleep time. The ICSD-3 recommends using the 
term respiratory event index (REI) when refer-
ring to the OCST and states that OCST is likely to 
underestimate the severity of the breathing disor-
ders; thus, exclusion of the disease is not possible 
with OCST alone, especially in the case of clini-
cally suspected obstructive sleep apnea. 
Respiratory arousal also is not assessed by the 
OCST. In this way, this new classification signifi-
cantly upgrades out-of-center sleep testing.

Frequently, the obstructive sleep apnea is clas-
sified according to its severity. A binding defini-
tion, however, does not exist, and the significance 
of the subjective symptoms is already reflected in 
the divided definition of obstructive sleep apnea 
in the ICSD-3. However, often the following cate-
gories are found:

 5 Mild obstructive sleep apnea with a respira-
tory disturbance index (RDI) of 5–15

 5 Moderate obstructive sleep apnea with a RDI 
of  >15–30

 5 Severe sleep apnea with an index of more 
than 30

Finally, this classification always remains unsatis-
factory so long as it is only oriented to the number 
of respiratory events and does not take into con-
sideration the complex clinical presentation of the 
disease.

Practical Tip

The definition of obstructive sleep apnea is 
oriented by clinical and poly(somno)graphic 
criteria. The diagnosis, however, can also be 
made based on the number of respiratory 
events alone.

4.2.2  Etiology and Pathophysiology

Finally, the origin of obstructive sleep apnea is a 
functional instability of the upper airway.

During inhalation, the extension of the chest 
leads to negative pressure in the airways so that 
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the inhaled air may flow into the thorax along this 
pressure gradient. Although the nose and the 
lower airways are stabilized by numerous rigid 
structures (bone, cartilage), the stabilization of 
the pharyngeal segment of the upper airway 
mainly depends on muscular structures. In this 
area, that is, between the choanae and the trachea, 
a segment is found that is characterized by a com-
parably high collapsibility. If this pharyngeal 
muscular segment is no longer able to keep the 
airway sufficiently open during inhalation, the 
airway resistance increases with the result of 
vibrations, snoring, or an increasing obstruction 
of the airway ranging to obstructive apnea.

In this context, compared to other mammals, 
humans are particularly at risk. The unparalleled 
abilities of humans to articulate in multiple ways 
require a special mobility of the pharyngeal 
 structures. However, this increased mobility and 
ability of articulation are at the expense of an 
instability of the upper airway.

Practical Tip

The phenomenon of obstructive sleep 
apnea results from the special anatomy of 
the upper airway. The pharyngeal segment 
of this airway works as a collapsible 
segment that can only be kept open during 
inhalation by the activity of the pharyngeal 
muscles.

This principle also explains why obstructive 
sleep apnea is generally only found in sleep. 
With sleep onset, the muscle tone decreases in 
the area of the dilators of the upper airways with 
dependence on the sleep stage. This phenome-
non itself may exceed the compensatory possi-
bilities of the muscles of the upper airway, 
especially in REM sleep, and lead to airway 
obstruction. Furthermore, the supine position 
during sleep may result in an individually differ-
ent fluid shift from the inferior parts of the body 
into the cervical soft tissue that leads to a nar-
rowing of the upper airway and thus to increased 
collapsibility.

All these factors make clear why obstruc-
tion may occur during inhalation, why the 
upper airway is particularly vulnerable in this 
context, and why the disorder mainly occurs 
during sleep. Beyond those general reflections, 

further triggering factors are of relevance 
because obstructive sleep apnea does not occur 
in all individuals but in particularly predis-
posed subjects and with different levels of 
severity.

Several triggering factors have been identified 
in this context whereby anatomical models and 
functional triggering mechanisms are of high rel-
evance.

4.2.2.1  Anatomical Models
Anatomical models mainly consider the anatomi-
cal circumstances and thus the physical laws at 
the upper airway. Frequently, fluid dynamic 
reflections are taken as the basis, and the upper 
airway is considered as the resistor. This model is 
based on the original condition that a collapsible 
segment (in humans this is the pharyngeal muscle 
tube) is located between two rigid tubes (in 
humans, the nose on one side and the trachea on 
the other side) and that this collapsible segment is 
surrounded by a closed space (in humans, the 
pharyngeal soft tissue).

The condition of this collapsible segment 
depends on the intraluminal pressure (i.e., from 
the airway pressure during inhalation) and 
from tissue pressure. If the negative intralumi-
nal pressure significantly exceeds the environ-
mental pressure, the segment collapses, which 
clinically corresponds to obstructive apnea. The 
concept (and thus the measurement) of the 
critical closing pressure is based on these reflec-
tions. The critical closing pressure defines the 
pressure in the airway at which it closes. In 
healthy individuals, this pressure is clearly neg-
ative, and more negative than the physiological 
airway pressure occurring during inhalation. 
Patients suffering from SRBD, however, gener-
ally show increasingly less negative or even a 
positive critical closing pressure with increasing 
severity of the disease.

Practical Tip

The behavior of the collapsible segment of 
the upper airway depends on fluid dynamics. 
To develop the clinical presentation of 
obstructive sleep apnea, individual  
triggering factors have to be taken into 
consideration.
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In the context of this anatomical consider-
ation, on one hand the increasing tissue pressure is 
crucial. In the first place, obesity is the most 
important risk factor for the development of 
obstructive sleep apnea.

Based on different imaging procedures, 
numerous studies could confirm that not only is 
body fat increased in the context of obesity, but 
especially in the area of the pharynx, fat depos-
its are found that lead to narrowing the airway 
in this segment. Other factors that might lead to 
an increased tissue pressure are, for example, 
tissue edema, that is often triggered by snoring, 
or myxedema, which is found in cases of hypo-
thyroidism and that may sometimes be the ori-
gin of obstructive sleep apnea in this patient 
population.

On the other hand, factors are of high rele-
vance that lead to an increased negative inspira-
tory pressure. Those factors include among others 
anatomical particularities that prone to an 
obstruction of the upper airway, such as these:

 5 Nasal obstruction (septal deviation, hyper-
plastic turbinates)

 5 Tissue hyperplasia in the oropharynx 
(tonsillar hyperplasia, uvular hyperplasia, 
tongue (base) hypertrophy)

 5 Retrognathia
 5 Midfacial anomalies (dolichocephalic types)
 5 Anomaly of the epiglottis

On this basis, the effectiveness of some surgical 
therapies can be at least partly explained.

These anatomical explanatory models, how-
ever, do not fully explain the disease. In particu-
lar, in recent times, increasingly functional models 
have been presented that provide an alternative or 
complementary explanation for the development 
of obstructive sleep apnea.

4.2.2.2  Functional Models
In the context of functional consideration of the 
upper airway, three factors are significant: the 
capacity of the muscular dilators to respond to 
pressure alterations in the upper airway, the 
arousal threshold, and the phenomenon of loop 
gain.

Generally, the upper airway disposes of the pos-
sibility to register intraluminal pressure variations 
and to counteract an increased airway resistance by 
means of increasing the muscle tone. However, 

hereby it could be shown that in particular, the 
muscular response of the most important dilator of 
the upper airway, that is, the genioglossus muscle, 
is individually very different. If the genioglossus 
muscle does only slightly react on the increased 
negative intraluminal pressure, the development of 
obstructions is fostered.

If obstruction of the upper airway occurs, it is 
generally terminated by arousal; in this context, 
the increasing airway resistance is mainly respon-
sible for triggering the arousal. Current investiga-
tions, however, show that the threshold for 
triggering an arousal is individually different. If 
the arousal threshold is low, the airway obstruc-
tion is terminated early, even before the regula-
tory mechanisms (e.g., the reflective increase of 
the muscle tone) may counteract the airway 
obstruction, which favors the development of 
respiratory events and contributes to the symp-
toms of OSA caused by severe sleep fragmenta-
tion. The concept of the arousal threshold may 
provide an explanation why some patients para-
doxically experience improvement of the sleep 
apnea after application of sedatives, at least in the 
context of clinical studies, because they raise the 
arousal threshold.

The phenomenon of loop gain describes the 
respiratory response to a respiratory event, such 
as an apnea. If the respiratory center strongly 
responds to this event, severe hyperventilation 
develops during the arousal opening the pharynx. 
This event may lead to a decrease of CO2 that 
reduces the muscular response of the upper air-
way and favors the development of apneas. 
Patients with a high loop gain thus show a func-
tional instability of the upper airway.

Practical Tip

The etiology of obstructive sleep apnea is 
generally multifactorial so that therapeutic 
approaches also must take into consideration 
the complexity of this disease.

The mentioned explanatory models and trigger-
ing factors are not equally important in all 
patients. In some patient cohorts anatomical fac-
tors are in the focus and thus a pathologically 
critical closing pressure is in the foreground. In 
other patient cohorts, however, the mentioned 
functional aspects are predominant. Finally, it can 
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be assumed that this has also consequences on the 
effectiveness of different therapeutic procedures 
and that, for example, surgical procedures are less 
promising for patients with mainly functional dis-
orders. Thus, in past years, increasing efforts have 
been undertaken to establish phenotyping of the 
disease, which was intended to optimize the selec-
tion of therapeutic procedures.

4.2.3  Epidemiology

The prevalence of obstructive sleep apnea depends 
on age and gender. Furthermore, significant dif-
ferences exist with regard to genetic and ethnic 
factors.

The highest prevalence is found in men of mid-
dle and older age; however, the data on prevalence 
clearly vary among studies. Among other reasons, 
this variation results from the different diagnostic 
methods and definitions of limit values applied in 
the investigations. Without any doubt, the preva-
lence has increased during the past decades, which 
among other reasons is also caused by increase 
of the most important risk factor, obesity. Recent 
population-based studies report prevalences of up 
to 25% for an apnea-hypopnea index of more than 
15. In this context, it must be considered that defi-
nitions of the different respiratory events changed 
over time and the measurement techniques 
improved; however, the limit values for the diagno-
sis of obstructive sleep apnea remained the same.

Overall, in the Afro-American population, the 
prevalence is higher compared to the Caucasian 
or Asian populations, even independent of the 
imbalanced distribution of the risk factors (such 
as obesity).

During the past years, genetic aspects of 
obstructive sleep apnea were mentioned repeat-
edly. Finally, a familial association can be 
observed, with increasing evidence that multifac-
torial genetic characteristics predispose for this 
disease. Practical consequences, however, cannot 
be concluded currently.

4.2.4  Clinical Presentation

The clinical presentation of obstructive sleep 
apnea is manifold:

 5 Direct sleep-related symptoms

 5 Complaints in the context of nonrestorative 
sleep

 5 Secondary symptoms caused by secondary 
diseases

The sleep-related symptoms include numerous 
phenomena that are often not even noticed by the 
patient but which are observed and reported by 
the bed partner:

 5 Loud and irregular snoring
 5 Perceptible irregularities of breathing, 

including apnea
 5 General restlessness during sleep

Often, the patients wake up abruptly and gasp for 
breath. Because the arousal or wake phases are of 
only short duration, the patients do not always 
remember them, or at least not all the breathing- 
related wakeup reactions. Nocturnal breathing 
interruptions and the dramatically appearing 
gasping for breath especially frighten the bed 
partner and thus are frequently the reason for 
medical consultation.

Those nocturnal sleep-related symptoms 
are often, but not always, accompanied by day-
time symptoms, most often by hypersomnia. 
The severity of the daytime symptoms naturally 
reveals a correlation with the severity of the 
sleep- related breathing disorder. Finally, how-
ever, patients are also found with only mild 
sleep apnea who complain about significant 
impairment of their daytime vigilance and on 
the other hand patients with severe sleep apnea 
who mention the relevant symptoms only when 
being asked or who consider them as “normal.” 
In this context, often a correlation is found 
with the professional and intellectual require-
ments of the affected individuals during the 
daytime.

Practical Tip

Increased daytime sleepiness is the 
leading symptom of obstructive sleep 
apnea. It is associated with an increased 
likeliness to fall asleep during the daytime 
and has to be differentiated from 
tiredness or fatigue as it is found, for 
example, in the context of insomnia or 
depressive disorders.
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The increased daytime sleepiness in cases of 
obstructive sleep apnea is frequently of high 
social relevance. Patients report that they fall 
asleep at every available opportunity, for exam-
ple, in the waiting room of their practitioner and 
also in the afternoon, after work, during breaks 
at work in the office, or also on weekends when 
they are not kept awake by physical activity. Fall-
ing asleep in socially undesirable situations is 
described as being particularly problematic, for 
example, during meetings or conferences in the 
presence of one’s superior or boss and at the the-
ater or cinema. Often, the severe sleepiness has 
relevant consequences for social and familial 
relationships, and the patients become frus-
trated about their own sleepiness and their 
impaired physical and mental performance. 
Obstructive sleep apnea often contributes to 
stagnation of the professional career. All this, in 
the complete appearance of the disease, may 
lead to a relevant change of the personality and 
to depressive symptoms. The quality of life of the 
affected individuals is often significantly 
impaired.

Furthermore, daytime sleepiness can also 
lead to a significant risk to health or even life of 
the patients and outside parties. In particular, in 
road traffic, for example, when driving a car, 
micro- sleep attacks as reported by many patients 
are a severe problem. Frequently, the patients are 
able to stop their cars or to take breaks at the 
roadside just in time, but a relevant number of 
somewhat severe traffic accidents are assumed to 
be caused by increased sleepiness. Thus, in some 
countries, public transportation companies 
include at least some examinations regarding 
sleep-related breathing disorders in the context 
of their occupational medical checkups. Beyond 
road traffic, workers at potentially dangerous 
machines who suffer from obstructive sleep 
apnea also have to be considered as high-risk 
patients.

Case Report
A 45-year-old bank manager presents for sleep 
medical consultation. He has been urged by his 
wife to finally consult a doctor for treatment of his 
sleep problems.

His wife complains about her husband’s loud 
snoring, which has become intolerable in the 
past years, being accompanied by significant 

weight increase (current BMI, 31). Furthermore, 
he suffers from irregular breathing during sleep 
associated with long breathing interruptions so 
that his wife formerly often shook him because 
she was afraid that he could suffocate. Because of 
these symptoms, the couple now have separate 
bedrooms.

The patient further reports that he often 
suffers from an immense sleepiness during the 
daytime that forces him to lie down even dur-
ing the day. He then sleeps longer than he has 
intended. Recently, he has even fallen asleep 
during meetings at work. Several times, he has 
also experienced sudden nodding off while 
driving in his car, so that frequently he has to 
stop on his way home in the afternoon to sleep 
for a while. At work, his boss has already 
addressed him several times about his decreas-
ing performance, and the boss has even sent 
him home because he had fallen asleep at his 
desk. On weekends, he usually sleeps through-
out the day so that his social relationships and 
activities are strongly impaired. Together with a 
weight increase, severe hypertension became 
apparent that could not be treated satisfacto-
rily by means of triple antihypertensive medica-
tion.

In the further sleep-related examination, 
obstructive sleep apnea was diagnosed.

The symptoms described by this patient eluci-
date the classic clinical presentation of obstruc-
tive sleep apnea that is typically found in male 
individuals. However, it must be taken into 
account that the symptoms differ between the 
genders and that female patients frequently 
show less characteristic complaints, in particu-
lar, less intensive snoring and less daytime 
sleepiness. In these cases, often nonspecific 
symptoms but also insomnia complaints or 
depressive symptoms are the focus. Patients 
with cardiovascular diseases who are eminently 
affected by obstructive sleep apnea often dis-
play the according clinical symptoms, which 
makes it difficult to apply, for example, ques-
tionnaires for diagnostic purposes in this 
patient population.

Besides the individual complaints, health- 
related long-term effects of the disease also must 
be discussed. Obstructive sleep apnea is associ-
ated with a large number of cardiovascular and 
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metabolic diseases or disorders, for example, 
hypertension, cardiac arrhythmia, arterioscle-
rosis, coronary heart disease, and accompany-
ing secondary diseases such as heart attack and 
stroke.

Beyond the mere association, obstructive 
sleep apnea is meanwhile acknowledged as an 
independent risk factor for these diseases. In 
particular, patients suffering from hypertension 
and obstructive sleep apnea find that it is very 
difficult to treat hypertension. In this context it is 
typical that the blood pressure does not decrease 
at night (so-called nondipping). If the underlying 
sleep apnea is successfully treated, a reduction in 
blood pressure or an improved adjustment of 
hypertension with pharmaceuticals may be 
observed.

Because of the mutual interaction, sleep- 
related breathing disorders are often found in 
cardiologic patients, in particular, in patients 
suffering from heart failure, who besides typi-
cal central breathing disorders with Cheyne-
Stokes respiration also frequently suffer from 
obstructive sleep apnea. If such a breathing 
disorder is found, it has a significantly nega-
tive effect on the morbidity and mortality of 
this patient population. Nondipping or the 
presence of respective cardiac diseases should 
by implication also lead to an examination 
with regard to the presence of sleep- related 
breathing disorders.

In addition to cardiovascular diseases, 
increased insulin resistance can also be found 
in patients suffering from obstructive sleep 
apnea.

Obstructive sleep apnea is associated with an 
increased mortality; patients suffering from 
obstructive sleep apnea that remains untreated 
have a higher risk to die earlier compared to 
respective cohorts.

Practical Tip

Beyond the nocturnal breathing disorder 
and associated daytime symptoms, 
obstructive sleep apnea is a relevant 
cardiovascular risk factor associated with 
increased cardiovascular morbidity and 
mortality.

4.3  Snoring

In the most recent version of the international 
classification of sleep disorders (ICSD-3), snoring 
is again included in the list of sleep-related breath-
ing disorders. Snoring is mentioned in the chapter 
on “Isolated Symptoms and Normal Variants.” 
The aspects of definitions, etiology and patho-
physiology, epidemiology, and clinical presenta-
tion are elucidated separately here in the following 
paragraphs. With regard to the aspects of diag-
nostics and therapy, however, there is important 
overlapping with sleep apnea so that the diagnos-
tics and treatment of these two phenomena are 
discussed together in this manual.

4.3.1  Definitions

A satisfactory definition of snoring as an acoustic 
phenomenon does not exist, because the acoustic 
phenomenon is always subjective and cannot be 
clearly defined (the answer on the question what 
snoring is or which breathing noise can be called 
snoring will always remain subjective and descrip-
tive). If the patient or bed partner reports an accord-
ing acoustic annoyance or disturbance during sleep 
and, if no hints for obstructive sleep apnea are found 
or the examination for obstructive sleep apnea 
remains inconsequential, it is most probable to 
diagnose snoring. Many attempts have been made 
to establish a terminological differentiation of the 
acoustic phenomenon of snoring and the epiphe-
nomenon of snoring in the context of obstructive 
sleep apnea. Hereby, different terminologies such as 
primary snoring, harmless or benign snoring, non-
apneic snoring, or habitual snoring were suggested.

Practical Tip

The definition of snoring per se includes the 
presence of acoustic phenomena during 
sleep without the aforementioned criteria for 
obstructive sleep apnea being fulfilled.

4.3.2  Etiology and Pathophysiology

The origins of snoring are probably less complex 
than those of obstructive sleep apnea. However, 
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the fact that snoring occurs predominantly in the 
upper airway and during sleep leads to the 
assumption that it is also associated with ana-
tomical particularities of the human airway and 
the decrease of the muscle tone during sleep (see 
7 Sect. 4.2). Thus, the upper airway with its col-
lapsible segment not only favors obstruction but 
also allows the development of vibrations and 
snoring noise. These snoring sounds may gener-
ally occur at the soft tissue of the entire upper 
airway, but the soft tissue of the palate and the 
base of tongue are most relevant. Compared to 
obstructive sleep apnea, anatomical factors have 
a primary role in the context of snoring.

4.3.3  Epidemiology

The prevalence of snoring depends on age and 
gender. The highest prevalence is found in males 
of middle and older ages. Data on the incidence in 
this group vary between 20% and 46%. The fact 
that snoring is neither reliably defined nor do 
objective characteristics exist may explain the 
variation in the range of the data. In contrast to 
the general assumption, the prevalence in women 
of similar age is also relevant, 8% to 25%, even if it 
is clearly lower compared to male individuals.

4.3.4  Clinical Presentation

The clinical presentation of snoring results 
directly: the affected individuals (or the bed 
partners) report about socially disturbing snor-
ing. Generally, it is a singular phenomenon. If 
further relevant complaints develop, such as 
daytime sleepiness or nonrestorative sleep, com-
plementary diagnostics with regard to possible 
triggering factors or hypersomnia or a general 
sleep disorder are indicated. Sometimes, snoring 
may be associated with an extrinsic sleep disor-
der with daytime sleepiness: this may be the case 
when the snoring individual is shaken awake by 
the bed partner or stimulated in another way.

Even if snoring is generally harmless from a 
medical point of view, many affected people sig-
nificantly suffer from the social consequences. 
Not rarely, snoring men present in consultations 

when they are “chased” from the bedroom. Also, 
business or holiday trips with snoring colleagues 
or friends may be stressful for all persons involved. 
Finally, snoring in men is considered as unattract-
ive, and so young men in particular frequently 
desire treatment for their complaints.

Practical Tip

From a medical point of view, snoring in 
adults is harmless. The affected individuals, 
however, often suffer from the social 
consequences and feel impaired.

4.4  Diagnostic Procedures

Diagnostic measures to confirm sleep-related 
breathing disorders are introduced when symp-
toms such as snoring, breathing interruptions, or 
awakenings with dyspnea, or when typical high- 
risk diseases such as obesity, arterial hyperten-
sion, or COPD are reported. In daily routine, they 
are generally based on the guidelines of the 
respective national healthcare system, but they 
always consist of the sequence of the following 
diagnostic elements:

 5 History taking by means of questionnaires 
and clinical examination

 5 Assessment of concomitant diseases such as 
arterial hypertension, COPD

 5 Polygraphy or other out-of-center sleep 
studies

 5 Polysomnography in lab

Based on new definitions of obstructive sleep 
apnea with inclusion of respiratory arousals in the 
respiratory disturbance index (RDI), the severity 
of breathing disorders can only be assessed cor-
rectly by means of PSG. If nonrestorative sleep is 
the predominant symptom in a snoring individ-
ual and if polygraphy does not lead to an appro-
priate diagnosis, PSG always is required.

The diagnostic guidelines that have been 
developed by medical societies as well as health-
care institutions differ with regard to the criteria 
and time when polysomnography should be 
applied during the diagnostic process.
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4.4.1  Examination Procedures 
and Sleep-Related Medical 
Diagnostics

Generally, two different diagnostic scenarios can 
be imagined.
 1. In one case, the affected individual seeks 

medical advice complaining of nonrestorative 
sleep without further indications of a 
sleep-related breathing disorder. The possible 
origins have to be clarified depending on 
other anamnestic data (e.g., shiftwork; see 
7 Chap. 6), symptoms (e.g., cataplexy; see 
7 Chap. 5), and clinical findings (e.g., 
hypothyroidism; see 7 Chap. 10). If this is not 
possible, PSG is required.

 2. In the other case, a disease or symptoms 
exist that predispose for the development of 
breathing disorder during sleep, which may 
occur as a consequence of the disease, or 
that is simply frequently associated, for 
example, snoring, obesity, heart failure, or 
arterial hypertension. The presence of a 
sleep-related breathing disorder has to be 
confirmed by out-of-center sleep testing, 
and diagnostic PSG should complete the 
examination only in unclear cases. If a 
disease is found that is typically associated 
with SRBD without any clinical symptoms, 
the current guidelines of the man Sleep 
Society recommend OCST with a reduced 
number of measurement parameters as 
adequate examination.

The different diagnostic procedures in the con-
text of sleep disorders are presented in detail in 
7 Chap. 2. In this chapter, those specific diag-
nostic aspects of sleep-related breathing disor-
ders are discussed that were not presented in 
7 Chap. 2.

The specific diagnostics investigate in particu-
lar diseases that lead to secondary alveolar 
hypoventilation, hypoxemia, or central sleep 
apnea to achieve an improvement of the breathing 
disorder by treating the underlying disease. The 
diagnostics also include the examination of etio-
pathogenetic factors of obstructive sleep apnea 
and the resulting therapeutic possibilities, in par-
ticular, in cases of incompliance of nasal CPAP 
therapy.

4.4.1.1  Diagnostics in Cases of Central 
Sleep Apnea Syndromes

Central sleep apnea syndromes are mostly charac-
terized by mild sleep-related complaints, and so 
they do not become obvious over longer periods 
of time. They are often discovered incidentally in 
the context of examining other sleep disorders, 
for example, obstructive sleep apnea or insomnia. 
If central apneas are an unexpected incidental 
finding in sleep-related medical diagnostics, not 
only should heart or kidney failure and conditions 
after cerebral insult be excluded, but also other 
possible triggering factors (see 7 Sect. 4.1.2) have 
to be identified and their severity or residual con-
dition defined.

In the context of similar high-risk constella-
tions, Cheyne-Stokes respiration has to be differ-
entiated, which is generally not difficult because 
of the characteristic breathing pattern and the 
clear definition (see 7 Sect. 4.1). If, in contrast, a 
disease is found that is typically associated with 
central sleep apnea, even mild symptoms should 
lead to an overnight examination (see scenario 
2). This is especially important because not only 
central apneas but in particular obstructive sleep 
apnea is found in about 30% of heart failure 
patients and in about 15% of patients after 
stroke.

Practical Tip

Generally, a central sleep apnea syndrome is 
suspected when the patient reports recurrent 
awakening with dyspnea.

If the arterial blood gas analysis shows a low to 
normal CO2 partial pressure less than 40 mmHg 
during daytime, a primary central sleep apnea is 
diagnosed when the typical central apneas occur 
in polygraphy or PSG (see 7 Chaps. 2 and 
7 Sect. 4.1) but no responsible disease can be 
confirmed.

Central apneas are most frequently found in 
light sleep, and their incidence decreases via deep 
sleep to REM sleep.

Single central apneas as sequelae of diseases of 
the inner organs that do not occur in the context 
of Cheyne-Stokes respiration patterns may last 
longest in REM sleep, because in this sleep stage 
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the CO2 arousal threshold is reduced. In cases of 
Cheyne-Stokes respiration, the single apneas are 
not prolonged in REM sleep. In fact, often 
Cheyne-Stokes respiration is completely sup-
pressed in REM sleep.

Practical Tip

The reduction of apneas in REM sleep makes 
the difference between central sleep apnea 
syndromes and hypoventilation or 
hypoxemia syndromes and obstructive sleep 
apnea for which an increase of the 
pathological respiration in REM sleep is 
typical.

It is not unusual to register a central as well as 
obstructive breathing disorder in the same 
night in the same patient by polygraphy. If pre-
dominantly clearly obstructive breathing disor-
ders are found, obstructive sleep apnea is 
diagnosed.

If more than 50% of the events are central, 
PSG should be measured in a way that allows a 
clear assignment of the events. In this context, the 
following findings especially confirm obstructive 
events:

 5 The nasal pressure transducer showing 
inspiratory flow limitations during  
hypopneas

 5 Snoring during hypopnea
 5 Paradoxical respiratory movements during 

apnea or hypopnea

If the patient meets the diagnostic criteria for both 
entities even under observation of these particular 
measurement parameters, both diagnoses have to 
be mentioned. In these cases, the obstructive sleep 
apnea is treated primarily because central events 
often disappear when the obstructive events no 
longer unbalance the respiratory regulation.

Sleep-related medical examination is not 
required in most cases of suspected periodic 
breathing in high altitudes and central sleep 
apnea induced by pharmaceuticals or substances 
because the anamnesis is already substantial and 
further diagnostics would not have therapeutic 
consequences.

4.4.1.2  Diagnostics in Cases of Sleep- 
Related Hypoventilation or 
Hypoxemia Syndrome

In this group of diseases, the type and the severity 
of the impairment of the entire gas-exchange sys-
tem must be assessed.

The patients should be actively questioned 
regarding dyspnea occurring at rest or only during 
 physical activity as well as morning sputum.

In the clinical examination, cyanosis, use of 
the respiratory auxiliary muscles, scoliosis, obe-
sity, and peripheral edema are assessed, and hints 
of bronchitis, emphysema, or diaphragmatic 
paresis are investigated by means of percussion 
and auscultation.

In the blood count, the presence of polyglobu-
lia is of high relevance.

In individual cases, radiology or if needed 
also computed tomography of the thorax and 
bronchoscopy are helpful for finding the pulmo-
nary diagnosis.

The ECG may suggest right heart burden. The 
right heart stress may be quantified by means of 
echocardiography or right heart catheter.

In every case, pulmonary function testing, for 
example, spirometry or body plethysmography, 
has to be performed to identify the severity of the 
obstruction or restriction. In the context of a 
vital capacity of less than 50%, for example, 
respiratory problems can be expected; if it falls 
below 30%, respiratory insufficiency is most 
probable even if hypercapnia is not yet present 
during daytime. If the forced expiratory volume 
in 1 s (FEV1) amounts to less than 70% of the 
vital capacity, a relevant bronchial obstruction is 
diagnosed.

It is required as well to conduct a capillary or 
arterial blood gas analysis in the wake stage at rest, 
which, however, may reveal normal findings in 
early stages. In cases of early chronic respiratory 
insufficiency, hypercapnia is revealed at least under 
physical activity and in REM sleep. In unclear 
cases, the CO2 partial pressure during sleep must 
be monitored continuously in a noninvasive, trans-
cutaneous, or end-tidal manner, or the patient 
must be awakened so that blood gas analyses may 
be performed invasively. Pulse oximetry during 
sleep is only a reliable parameter of respiration 
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during sleep if no diffusion disorder is present, 
which almost exclusively is the case in neuromus-
cular diseases without recurrent pneumonia.

Practical Tip

If sleep-related hypoventilation or hypoxemia 
syndrome is suspected, the following 
examinations at least must be performed:

 5 Pulmonary function testing
 5 Arterial blood gas analysis during 

daytime
 5 Polygraphy

The determination of the CO2 partial pressure 
during PSG is the decisive examination 
method in unclear cases.

For further diagnostic procedures, the 
disciplines of pneumology, endocrinology, 
hematology, neurology, and orthopedics 
have to be consulted according to the 
suspected or known underlying disease.

In cases of hypoventilation syndromes, the 
chronic respiratory insufficiency is either caused 
by primary muscle weakness or overload and con-
secutive fatigue of the respiratory muscles up to 
exhaustion (see 7 Sect. 4.2).

Muscular power and strain of the respiratory 
muscles can be determined noninvasively by the 
method of mouth occlusion pressure. With this 
method, it is possible to assess more readily if non-
invasive home ventilation should be introduced to 
avoid failure of the respiratory pump. Because most 
of the respiratory work during sleep is done by the 
diaphragm, determination of the transdiaphrag-
matic pressure may be useful in the individual case.

Hypoxemia syndromes can be identified by 
means of polygraphy because of the characteristic 
tonic decrease of the oxygen saturation over lon-
ger periods during nighttime without clear 
decrease of the airflow (. Fig. 4.3). If intermittent 
hypoxemia is only found in intervals of 60 to 
120 min, it is most likely that a REM-associated 
hypoxemia is found that can be confirmed by 
PSG. Hypoventilation syndrome, especially when 
it shows only isolated hypercapnia with normal 
gas exchange, may be assumed in the standard 
setting if a decreased oxygen saturation is 

observed compared to wakefulness in combina-
tion with tonic increase of the heart rate at the 
same time. For exact diagnosis, the CO2 partial 
pressure during sleep has to be measured. In this 
context, the transcutaneous method is preferred 
to the end-tidal approach as errors may occur 
unnoticed in the end-tidal measurement because 
of the open or half-open system.

4.4.1.3  Diagnostics in Cases 
of Obstructive Sleep Apnea

To assess the classic symptoms during sleep, in 
particular the history compiled by a third party is 
important because the affected patients are 
mostly not conscious of either the breathing 
interruptions or irregular snoring or arousal 
reactions. It must be actively asked if the breath-
ing disorder increases depending on the patient’s 
position and under the influence of alcohol or 
benzodiazepine receptor agonists. The incidence 
and duration of obstructive apneas, however, are 
regularly underestimated by the bed partners 
because they only recognize these when they 
themselves do not sleep. The daytime sleepiness 
has to be assessed (at least by means of the 
Epworth Sleepiness Scale, ESS) because severe 
likelihood of falling asleep during the day may 
lead to the incapacity to work (see 7 Chap. 12). 
Using standardized questionnaires in the corre-
sponding national language, not only the symp-
toms but also typically associated diseases, mainly 
arterial hypertension, sequelae of arteriosclero-
sis, heart failure, diabetes mellitus, and COPD, 
may be assessed in a detailed and structured way 
(see 7 Chap. 2). Single questionnaires that some-
times also include clinical findings (e.g., Berlin 
Questionnaire) may increase the pretest proba-
bility of polygraphy and PSG.

Practical Tip

History taking and clinical and device-based 
examinations should be performed to 
confirm the diagnosis as well as concomitant 
diseases and give therapeutic hints in cases 
of suspected obstructive sleep apnea.

Clinical and device-based examinations are 
focused on the identification of concomitant and 
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secondary diseases of obstructive sleep apnea and 
the evaluation of the upper airways (see 7 Chap. 
2). Independently from the discipline involved at 
the beginning, the diagnostic minimum consists 
of these:

 5 Clinical examination
 5 Calculation of the BMI
 5 Measurement of the blood pressure according 

to Riva-Rocci

These examinations are complemented by exami-
nations according to the respective anamnestic 
profile in an interdisciplinary context.

The clinical endoscopic examination of the 
upper airways is particularly important when 
ventilation therapy is not tolerated and alternative 
therapeutic options are discussed (see 7 Sects. 
4.6.4 and 4.7). Examination of the nose is also sig-
nificant because each nasal positive pressure ven-
tilation is facilitated when nasal obstruction can 
be eliminated. Therapeutic consequences are 
drawn in cases of hypertrophic tonsils (tonsillec-
tomy) and retrognathia of the mandible and/or 
maxilla (mandibular protrusion splints, maxillo-
mandibular advancement).

The lateral cephalogram of the skull for two- 
dimensional measurement of the facial skull, 
including the oropharyngeal soft parts (cephalo-
metric analysis), is an examination procedure 
performed before maxillofacial interventions 
(. Fig. 4.4).

To take into account the dynamic processes 
that take place during the development of apneas 
and to identify their location as well as their mech-
anism, video endoscopy under sedation, pharyngo- 
esophageal pressure measurements, and snoring 
sound analyses are applied. In particular, video 
endoscopy under sedation (with midazolam or 
propofol) is increasingly performed worldwide 
when possible therapeutic alternatives have to be 
clarified in cases of CPAP noncompliance. The 
severity (none, partial, or complete) and pattern of 
obstruction (anteroposterior, lateral, or concen-
tric) are described separately for the levels of the 
velum, tonsils, base of the tongue, and larynx. In 
comparison to clinical endoscopic examination 
alone, the therapeutic concept is changed in many 
patients by the results of video endoscopy under 
sedation. However, up to now an improved patient 
selection with increase of the success rate could be 
shown only for a few surgical procedures. 
Pharyngoesophageal pressure measurements and 

snoring sound analyses still have to be classified as 
experimental.

In polygraphy (see 7 Chap. 2), a patient with 
obstructive sleep apnea typically shows repetitive 
obstructive apneas and hypopneas in combina-
tion with desaturation (partly even below 50%) 
and increased heart rate (. Fig. 4.5).

The last-mentioned symptoms may be miss-
ing when beta blockers are taken or a cardiac 
pacemaker determines the heartbeat. In cases of 
coexisting heart or lung disease, the desaturation 
findings are more severe with regard to the dura-
tion of the apnea compared to healthy  individuals.

The recognition of respiratory arousals (RERA) 
is required for the determination of all respiratory 
events. Beside the normalization of paradoxical 
breathing and the abrupt end of increasing snoring 
(so-called crescendo snoring), increased heart and 
pulse rates are indirect signs of RERA. RERA may 
only be clearly identified based on sleep monitoring 
in the PSG.  Thus, it seems obvious that not all 
patients can be accurately diagnosed by means of 
polygraphy. In the context of indirect signs for respi-
ratory arousals in the polygraphy and an increased 
daytime sleepiness, PSG is always indicated.

In cases of obstructive sleep apnea, PSG (see 
7 Chap. 2) mostly shows a reduction of the deep 
and dream sleep. The sleep profile is fragmented 

       . Fig. 4.4 Cephalometry
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by repeated respiratory arousals. In extreme cases, 
sleep cycles are no longer seen at all.

Obstructive sleep apnea is the most frequently 
and best examined sleep-related breathing disor-
der. Snoring is the leading symptom that is the 
most frequent complaint based on which diag-
nostic procedures are initiated.

Because snoring is widespread in the adult 
population and the consciousness of the popula-
tion and physicians has increased, the need for 
examinations is so great that it cannot be covered 
by available physicians experienced in sleep med-
icine.

Therefore, attempts have been made for many 
years to develop simple examination devices with 
only one or at maximum two channels (e.g., nasal 
cannula and pulse oximetry) and with simple, 
automatic evaluation algorithms that are not 
intrusive. Each of these new systems has to be 
validated in comparison to PSG because the sen-
sors and algorithms cannot be easily transferred. 
As the relevant breathing patterns are often not 
directly displayed, they cannot yet replace polyg-
raphy or PSG.

4.4.2  Differential Diagnoses

Obstructive sleep apnea and Cheyne-Stokes res-
piration (common predisposition: left-sided 
heart failure) as well as obstructive sleep apnea 
and obesity hypoventilation syndrome (common 
predisposition: obesity) are often observed in 
the same patient. Because of its enormous inci-
dence, snoring is also frequently associated with 
other sleep disorders. Therefore, a careful visual 
analysis of polygraphy or PSG has to be per-
formed to identify all sleep-related breathing 
disorders.

If snoring sounds are found in a patient suffer-
ing from Cheyne-Stokes respiration, the acoustic 
signals are classically observed on the maximum 
of ventilation. An increase of the noise during 
hypopnea, however, corresponds to its obstruc-
tive genesis.

The course of oxygen saturation in the context 
of obstructive sleep apnea and most central sleep 
apnea syndromes is characterized by a slow 
decrease and a rapid re-increase after breathing 
onset. In cases of Cheyne-Stokes respiration, the 
curve of the oxygen saturation has a sinusoidal 
shape. Tonic desaturations with exacerbation in 

REM sleep indicate a hypoventilation or hypox-
emia syndrome.

In the context of arousals, frequently limb 
movements are observed that might (mis-)lead to 
the diagnosis of a periodic limb movement syn-
drome. Whether the leg movements occur inde-
pendently from respiratory events can only be 
detected by a very detailed analysis of the PSG 
registration. These leg movements are not exam-
ined further, because in many cases they disap-
pear or do not cause complaints after successful 
therapy of the obstructive sleep apnea.

In the course of their lives, patients suffering 
from narcolepsy develop coping strategies to bet-
ter live with its symptoms. If sleep-related breath-
ing disorders occur additionally, this new sleep 
disorder finally leads to the necessary diagnostic 
steps in many cases. Therefore, therapy control in 
the context of sleep-related breathing disorders 
has the special purpose to identify other sleep dis-
orders if patients continue to complain about 
nonrestorative sleep despite the successful treat-
ment of a sleep-related breathing disorder.

Practical Tip

Intensive sleep-related differential 
diagnostics are of high importance, especially 
when the patients continue complaining 
about nonrestorative sleep despite successful 
treatment of a sleep-related breathing 
disorder.

Because of the identical complaints of nonrestor-
ative sleep with the coexisting symptom of snor-
ing, it is sometimes very difficult to differentiate 
all kinds of hypersomnia and insomnia from 
obstructive sleep apnea or central sleep apnea.

4.5  Therapeutic Principles

The treatment of sleep-related breathing disorders 
is often complex and cannot be performed accord-
ing to rigid standards. Such diseases are caused by 
many factors and generally require an individual 
consideration of therapeutic alternatives. The 
therapeutic options can be classified into conser-
vative, device-related, and surgical procedures. Of 
course, a combination of approaches is possible 
and frequently helpful.
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In the most favorable case, the physician is 
able to provide the whole spectrum of possible 
therapeutic options. If this is not the case, it 
should be in the patients’ interest to consult exter-
nal specialists or to transfer the patients to the 
respective institution. As the objective of thera-
peutic intervention is completely different with 
regard to snoring and sleep apnea, the therapeutic 
principles of both phenomena are discussed sepa-
rately in the following paragraphs.

In this context, it is mentioned again that 
patients often reveal more than one sleep-related 
disease. Especially regarding the high prevalence, 
sleep-related medical comorbidities are particularly 
frequent in cases of sleep-related breathing disor-
ders. These problems include, among others, 
movement disorders during sleep (periodic limb 
movements) or also disorders of initiating and 
maintaining sleep. In particular when the described 
complaints (e.g., daytime sleepiness in cases of 
obstructive sleep apnea) do not improve despite 
adequate therapy, the corresponding differential 
diagnostic reflections should be made, and further 
diagnostic procedures should be initiated.

4.5.1  Therapeutic Principles 
in Cases of Snoring

As it has already been described, snoring cannot 
be considered as a disease in the narrow sense of 
the word. A real medical risk is not found, and 
generally there is no medical indication for treat-
ment. This conclusion corresponds, for example, 
to the procedure of esthetic interventions so that 
the basic reflections in this context overlap in a 
series of aspects. The affected individuals are often 
significantly stressed, and the level of suffering 
must not be underestimated. However, it must be 
stated that with this background, the indication of 
invasive measures must be made very strictly.

Of course, the indication of treatment can 
only be made in cases of snoring when the 
affected persons express their wish for therapy. 
Frequently, for example, patients present who are 
worried because of their severe snoring and who 
are afraid of suffering from obstructive sleep 
apnea. If the sleep-related examination can 
exclude obstructive sleep apnea, those patients 
are sufficiently reassured, and there is no need for 
further diagnostics or therapy. In no case should 
the patient be urged to undergo therapy for snor-

ing or a necessity for therapy be suggested. 
Currently, there is no convincing evidence that 
early therapy for snoring might avoid a possible 
progression to obstructive sleep apnea.

Practical Tip

The diagnosis of snoring cannot be made 
with sufficient certainty based only on the 
clinical presentation. In particular, 
sleep-related diagnostics are essential before 
therapeutic interventions.

If a patient presents with the complaint of “snor-
ing,” the authors think that a competent sleep-
related examination should be performed in any 
case even without the presence of other risk fac-
tors or indications of sleep apnea.

An objectifying sleep-related examination in 
the sense of a home sleep apnea test should be per-
formed in those cases in which another sleep-
related breathing disorder (e.g., obstructive sleep 
apnea) is suspected, where relevant comorbidities 
are found, or if the patient desires treatment of 
snoring. If no hints to a breathing disorder are 
revealed and the structured sleep-related history is 
inconspicuous, the diagnosis can be made with suf-
ficient certainty.

If after respective diagnostics a snoring patient 
desires to be treated, it is the task of the sleep spe-
cialist to discuss the available therapeutic options 
with the affected individual. Generally, invasive 
measures should be considered very critically, and 
the patient should be informed accordingly. 
Regarding the selection of a possible surgical pro-
cedure, minimally invasive procedures should 
generally be preferred. Also in the context of con-
servative procedures (e.g., mandibular advance-
ment devices), long-term risks should be 
particularly taken into consideration. If the patient 
decides on a  therapeutic intervention, generally 
all ensuing costs are borne by the patient.

In contrast to obstructive sleep apnea, objecti-
fying sleep-related diagnostics are not required 
after therapy because the final result is irrelevant. 
If the patient or the partner is satisfied with the 
result, the therapeutic objective has been achieved.

In recent years, numerous attempts have been 
made to objectify snoring or its acoustic compo-
nents. For clinical application, however, the satis-
faction of the patient or bed partner is decisive. 
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Nonetheless, the patient should be informed that 
even after successful therapy, snoring may recur 
in further years, and even the progression to 
obstructive sleep apnea is possible. Therefore, the 
respective symptoms or complaints should again 
lead to presentation and consultation of a sleep 
specialist.

4.5.2  Therapeutic Principles 
in Cases of Sleep Apnea

Also, in the context of sleep apnea, therapeutic 
necessity is not given in every case. In single cases, 
therapy may be completely avoided, and follow-
 up examinations are recommended. Sometimes 
primary weight reduction may be indicated even 
if no rapid therapeutic success can be expected in 
this regard.

Practical Tip

Whether a specific therapy is indicated in 
cases of sleep apnea and its urgency 
generally depend on three main factors:

 5 Individual symptoms
 5 Severity of the breathing disorder
 5 Individual comorbidities

As already mentioned, there is a correlation 
between the objectively measured severity of the 
breathing disorder and the subjective symptoms. 
In single cases, however, often surprising devia-
tions are found.

According to the individual cognitive 
demands of the patient, a comparably low- grade 
or marginal obstructive sleep apnea may lead to 
relevant impairment of the daytime perfor-
mance with increased daytime sleepiness that 
already in itself represents a need for therapy. 
Of course, such a constellation should give rea-
son to investigate other origins of a daytime 
sleepiness.

If a moderate or severe sleep apnea is found, 
generally therapeutic necessity is indicated even if 
no subjective impairment of sleep or daytime per-
formance is observed.

In the context of obstructive sleep apnea, cor-
responding epidemiological trials show an 
increase in the cardiovascular risk from a respi-
ratory disturbance index of above 5. Regarding 

the assessment of the therapeutic necessity or 
urgency, however, a holistic consideration has to 
be performed. It is not sufficient to base the ther-
apeutic decision exclusively on the number of 
respiratory events. In an otherwise healthy 
young man who does not complain about other 
symptoms, no treatment may be necessary even 
with an index of more than 15. On the other 
hand, however, a patient with severe cardiovas-
cular disease should undergo early and appropri-
ate treatment of the breathing disorder.

Practical Tip

A general limit for the respiratory disturbance 
index for which therapy is basically needed 
independently from individual factors and 
concomitant diseases cannot be clearly 
defined.

This lack is not only true for obstructive sleep 
apnea but in particular also for hypoventilation 
syndromes and central sleep apnea because here 
the correlation between the objective severity of 
the breathing disorder, the subjective symptoms, 
cardiovascular morbidity, and especially mortal-
ity is even less clear than in cases of obstructive 
sleep apnea.

Regarding the indication to treat obstructive 
sleep apnea in elderly patients, a higher reluc-
tance seems to be justifiable in consideration of 
the high prevalence in this age group. Even if 
the ICSD-3 does not indicate different defini-
tions or limit values for the different age groups 
in adults, there seems to be a higher number of 
respiratory events in particular in patients older 
than 80  years expressing a physiological 
decrease of the airway stability. If these patients 
do not complain about symptoms in the sense of 
increased daytime sleepiness, a wait-and-see 
strategy seems to be justified in the individual 
case, even with an index of more than 15. This 
mode is especially true with the background 
that in patients older than 80  years long- term 
cardiovascular risk is a relative issue and only a 
limited number of studies on the reduction of 
the cardiovascular risk in higher ages are avail-
able. Of course, however, the complaints in the 
sense of daytime sleepiness or reduced perfor-
mance should be an indication for treatment 
also in the elderly.
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In cases of sleep apnea, the aim of treatment is 
different from that in the case of snoring. Besides 
the improvement of the subjective complaints, the 
treatment should also:

 5 Reduce the number of respiratory events.
 5 Improve cardiovascular risk.
 5 Finally, extend patient survival.

Thus, an according objectifying sleep- related fol-
low-up always has to be performed in cases of 
sleep apnea after treatment. The subjective report 
of the patient alone never suffices. Furthermore, 
the available therapeutic options may be 
expected to be effective and to meet all aspects of 
the disease. However, so far this is not the case 
for all therapies.

4.6  Ventilation Therapy

Noninvasive ventilation therapy is currently the 
gold standard for the treatment of sleep-related 
breathing disorders because it allows eliminating 
every type of breathing disorder independently 
from the genesis. It is a symptomatic and not a 
causal therapy. A ventilator, tube, and mask are 
permanently needed. The precondition for the 
effectiveness of this symptomatic therapy is the 
acceptance and regular use by the patient. 
Ventilation therapy is best titrated and its efficacy 
confirmed under polysomnographic control. In 
some countries (e.g., France), APAP therapy in 
cases of OSA is only introduced on an outpatient 
basis and exclusively controlled by polygraphy 
under certain circumstances.

The development of the first device for nasal 
ventilation therapy with continuous positive air-
way pressure (nCPAP) by Colin Sullivan in 
Australia in 1981 was a milestone in the treatment 
of sleep- related breathing disorders. Until then, 
ventilation devices were not suitable for use at 
home nor were masks available that would have 
allowed a noninvasive ventilation over several 
hours.

Although the first device was suitable only for 
the treatment of obstructive sleep apnea, in 
recent decades, smaller, more powerful, and 
more flexible devices have been developed as 
well as a multitude of accessories that improved 
the acceptance and significantly extended the 
possible applications of noninvasive ventilation 

therapy. Development is still continuing so that 
new procedures and indications are continuously 
tested besides the treatment procedures that are 
meanwhile confirmed on a very high evidence 
level.

4.6.1  Different Types of Noninvasive 
Ventilation Therapy

All procedures applied in sleep medicine work 
with positive pressure that is generated by a fan 
and transferred via a tube and a mask to the air-
ways. So, it is a positive pressure ventilation in a 
potentially or planned half-open system. The 
multitude of the ventilation devices that are 
nowadays available can barely be imagined. 
Generally, however, two principles can be differ-
entiated.

 5 Positive pressure ventilation in spontaneously 
breathing patients

 5 Positive pressure ventilation in cases of 
disturbed respiratory drive of the patient

For both principles, automatic systems are avail-
able that by means of special sensors recognize 
pathological breathing patterns or airway changes 
of the patient in the limits preset by the physician 
and that automatically respond to it according to 
manufacturer-specific algorithms.

For better overview, all relevant ventilation 
variants available in sleep medicine are summa-
rized in . Table 4.2.

4.6.1.1  Positive Pressure Ventilation 
in Cases of Spontaneously 
Breathing Patients

The procedures can only be applied when the 
patient still has a sufficient respiratory drive.

CPAP
Positive pressure ventilation with continuous 
positive airway pressure (CPAP) is the simplest, 
oldest, and most frequently applied technique 
in the context of sleep-related breathing disor-
ders.

The applied pressure has the same level during 
inhalation and expiration and can be set in a 
range between 3 and 20  mbar. With sufficient 
positive pressure, the upper airways are kept open 
to that extent that the obstruction is eliminated in 
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the sense of pneumatic splinting. The necessary 
pressure is assessed under polysomnographic 
control to secure the effectiveness of the treat-
ment in all body positions and sleep stages. With 
effective CPAP, the patient is able to breathe regu-
larly during sleep. Obstructive sleep apnea is reli-
ably eliminated.

The patient can self-determine if the system 
starts immediately with the effective pressure or 
with lower pressure (ramp function). If the ramp 
is activated, the pressure increases to the effective 
pressure over a period of 5 to 45 min, which may 
facilitate sleep onset.

Via the open airway, CPAP also increases 
the positive end-expiratory pressure (PEEP), 
which leads to a decrease of the preload in cases 
of patients with heart failure, and over this 
mechanism, it can reduce the cardiac perfor-
mance and the pulmonary congestion (see 
7 Sect. 4.1). So, CPAP can eliminate the breath-
ing disorder in one third of the cases of central 
sleep apnea syndromes as well.

APAP
Regarding the application of constant CPAP, it 
became obvious that the pressure which is neces-
sary to keep the airways open is often higher in 
the supine position as well as in REM sleep com-
pared to other body positions and sleep stages. 
Based on these reflections, devices have been 
developed that continuously measure the pressure 
requirement and set it automatically. Therefore, 
the term auto-CPAP or APAP (automatic positive 
airway pressure) is used.

The applied systems have to react reliably and 
sufficiently quickly with pressure increase before 
obstructive respiratory events occur. On the other 
hand, they must not react on central events or 
hypoventilation. This distinction is made possible 
by measuring the airflow signal and the oscillatory 
impedance.

Analysis of the airflow signals is most widely 
spread. If the pneumatographs integrated in the 
devices register an inspiratory flow limitation, the 
pressure is increased stepwise (e.g., 0.2  mbar/s) 

       . Table 4.2 Scheme of different ventilation variants

Name and abbreviation Description Relevant parameters

Continuous positive airway 
pressure (CPAP)

Identical positive pressure during 
inhalation and expiration

Airway pressure

Automatic positive airway 
pressure (APAP, auto-CPAP)

Automatic increase of the pressure if 
airway obstructions are detected

Upper and lower pressure limit

Positive airway pressure with 
two pressure levels (bilevel- S)

Different pressure during inhalation and 
expiration in spontaneous breathing

EPAP, IPAP, trigger, rise time/edge

Positive airway pressure with 
two pressure levels and back-up 
respiratory frequency 
(bilevel-S/T)

Different pressure during inhalation 
and expiration in spontaneous breath-
ing; pressure- controlled ventilation 
only if the breathing frequency drops 
below a minimum value

EPAP, IPAP, trigger, rise time/edge, 
minimum respiratory frequency, 
I/E ratio

Positive airway pressure with 
two pressure levels and fixed 
respiratory frequency (bilevel-T)

Pressure- controlled ventilation EPAP, IPAP, rise time/edge, fixed 
respiratory frequency, I/E ratio

Adaptive servoventilation 
(autoset-CS, auto-SV)

Pressure- controlled ventilation 
adapted to Cheyne-Stokes respiration

EPAP, maximum IPAP

Impulse- positive airway pressure 
(ImPAP)

APAP with pressure impulse as 
pharyngeal receptor stimulus in cases 
of central apneas

Pressure limits, duration of apnea

E expiration, EPAP expiratory positive airway pressure, I inspiration, IPAP inspiratory positive airway pressure
Manufacturers often use different terms for the same general ventilation variants and continue developing new 
modifications. Therefore, this list does not claim to be complete. Missing listing does not mean deficient quality
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until the flow curve regains its normal shape. For 
completion, additionally the airway resistance 
may be measured by impressing an oscillating 
pressure wave to the airways via the ventilation 
tube and the mask and assessing its reflection. The 
higher the resistance, the stronger the pressure 
wave that is reflected. If this so-called oscillatory 
impedance goes beyond the value measured for 
each individual in tidal breathing, the pressure is 
increased until the oscillatory impedance reaches 
again the individual normal values. After a certain 
time with normal breathing, all APAP devices 
slowly and stepwise reduce the pressure until the 
pathological signal is again registered and the 
pressure has to be raised (. Fig. 4.6).

The algorithms applied in single cases for con-
trolling the pressure course sometimes vary sig-
nificantly according to the manufacturer. The 
effectiveness of APAP therapy must always be 
verified for the patient’s device. A change of the 
device type without at least polygraphic verifica-
tion may thus be responsible for an insufficient 
therapy outcome.

Both techniques have the effect that the 
average pressure requirement of the night is 
about 1–2 mbar lower than with constant CPAP; 
however, the maximum pressure may be higher. 
Malfunction is mainly caused by mask leakages 
and may lead to high-pressure peaks. To avoid 
this phenomenon, a lower and an upper pres-
sure limit is set for the permanent use based on 
the pressure course measured during the first 
night. The pressure limits set in this way allow 
the best compromise between effectiveness and 
tolerance.

Bilevel-S
The inspiratory (IPAP) as well as the expiratory 
(EPAP) pressure may be set separately to values 
generally between 3 and 20 mbar (hence the term 
bilevel). Inspiration is facilitated by the higher 
and expiration by the lower pressure. The pressure 
difference may be set at arbitrary intervals. In this 
way, spontaneous breathing of the patient is 
actively supported by the device (hence, bilevel-
 S). To allow this, the necessary pressure or airflow 
change has to be measured correctly and with the 
required sensitivity (trigger) by the device. On the 
other hand, the pressure increase or decrease 
(edge) has to be sufficiently steep to secure an 
optimal breathing support without being per-

ceived as too abrupt. The set pressures are then 
kept at a constant value until the end of the respec-
tive breathing phase.

A modification (auto-bilevel) measures the 
EPAP in a variable way such as the APAP device to 
secure an open pharynx. For this purpose, a fixed 
inspiratory pressure increase is set so that the 
IPAP changes parallel to the EPAP and hypoventi-
lation is avoided. The clinical relevance of this 
modification has remained unknown until now.

C-Flex, EPR, SoftPAP, and A-Flex
C-Flex, EPR (expiratory pressure relief), and 
SoftPAP are manufacturer-specific variants 
between CPAP and bilevel-S, in which the pres-
sure at the beginning of expiration is decreased 
proportionally to the expiratory flow. During 
expiration, the pressure approaches asymptoti-
cally the set CPAP pressure, which is finally 
reached at the beginning of the next inhalation.

In contrast to the classic bilevel therapy, the 
expiratory pressure cannot be arbitrarily selected 
but varies from breath to breath. Generally, three 
levels may be set that lead to a maximum pressure 
decrease of about 3–4 mbar. The patient can select 
the levels.

A further development is the A-Flex mode 
where not only the expiratory pressure is reduced 
but also the inspiratory pressure is proportionally 
increased. Whether this modification is associ-
ated with further benefit for the patients has not 
yet been investigated.

4.6.1.2  Positive Pressure Ventilation 
in Cases of Disturbed 
Respiratory Drive

In cases of central sleep apnea syndromes and 
hypoventilation or hypoxemia syndromes, no suf-
ficient respiratory drive is found, or the respira-
tory pump itself is damaged.

In these cases, the positive pressure ventila-
tion has to completely perform breathing, either 
transitorily (e.g., only during nighttime) or 
 intermittently (e.g., only under certain respiratory 
conditions). In this way inspiratory and expira-
tory pressures and times as well as respiratory 
frequencies can be preset by the ventilation 
device. The controlled positive pressure ventila-
tion is complex and is much more difficult to 
manage than simple CPAP ventilation.
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Bilevel-T
Bilevel-T is a timed pressure-controlled ventila-
tion method in which the respiratory frequency 
and the time relationship from inhalation to expi-
ration are strictly preset by the physician. The 
patient has to completely adjust the respiratory 
rhythm to the ventilation system or be ventilated 
by the system.

Practical Tip

In the context of timed pressure-controlled 
ventilation (bilevel-T), the patients cannot 
change the preset parameters by means of 
their own respiration.

With increasing pressure difference between 
inhalation and expiration and increasing respira-
tory frequency, minute ventilation increases. In 
the context of this ventilation variant, incorrect 
setting may very rapidly lead to relevant deterio-
ration of the blood gases or even to complete non-
compliance and therapy refusal.

Bilevel-S/T
In the context of this variant, the positive pressure 
ventilation occurs alternating in the assisted 
(spontaneous) or controlled (timed) mode. The 
system initially starts in the spontaneous mode. If 
a breathing interruption is registered with a mini-
mum duration predetermined by the physician or 
if the respiratory frequency falls under a certain 
preset value, the system automatically switches to 
the controlled mode. As soon as the patient trig-
gers breathing sufficiently, the system switches 
back to the assisted mode.

4.6.1.3  Positive Pressure Ventilation 
in Cases of Cheyne-Stokes 
Respiration

Currently, two different techniques are applied to 
stabilize Cheyne-Stokes respiration.

In the context of adaptive servoventilation, the 
EPAP and the maximally allowed inspiratory 
pressure support are predetermined. The inspira-
tory pressure is close to the EPAP when no breath-
ing disorders occur. If the tidal volume slowly 
decreases, the IPAP is stepwise increased from 
breath to breath so that 90% of the previous tidal 
volume is always achieved. If the patient slips into 
central apnea, 90% of the tidal volume is still 

secured by the system; however, this takes place in 
the controlled mode, and the respiratory fre-
quency is adjusted to the previous respiratory 
rhythm. With increasing respiration, the IPAP is 
reversely decreased stepwise.

Because the adaptive servoventilation is set 
against one’s own respiration in cases of Cheyne- 
Stokes respiration, the actual pulmonary respira-
tion becomes more balanced. Hyperventilation as 
well as a decrease of the CO2 below the hypocap-
nic apnea threshold can thus be avoided.

The ImPAP mode (impulse-modulated posi-
tive airway pressure) influences the respiration by 
impressing a short pressure impulse on an APAP 
pressure after a preset duration of apnea. The 
pressure impulse stimulates pharyngeal receptors 
and induces reflectively the patient’s own breath-
ing, which terminates the apnea earlier. Arousals 
should not be triggered in this way. In the course 
of the application, respiration becomes more reg-
ular and the typical crescendo–decrescendo pat-
tern disappears.

Both procedures reliably eliminate Cheyne- 
Stokes respiration; however, they are still in the 
stage of evaluation with regard to their therapeu-
tic effects.

Practical Tip

Noninvasive positive pressure ventilation is 
able to eliminate each type of sleep-related 
breathing disorder because it acts 
independently from the genesis of the 
disorder. Corresponding to the indication, 
however, different ventilation variants are 
required.

4.6.1.4  Practical Aspects
The basic precondition for a good acceptance and 
compliance of the therapy is the intensive coach-
ing of the patients, in particular in the initial 
phase.

In the first place, information must be pro-
vided about the type and the realization of the 
ventilation therapy that may be supported by dif-
ferent media. It might be helpful to thoroughly 
prepare the patients in the context of the diagnos-
tic procedures.

On the day before the first night with ventila-
tion therapy, the patient has to be familiarized 
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with the device and its accessories. When a well- 
fitting mask is found, it is suitable to let the awake 
patient breathe with a low pressure (e.g., 4 mbar) 
as well as a just tolerable pressure in different 
body positions to allow optimal conditions for the 
start of ventilation therapy.

This step is particularly important for patients 
who need bilevel ventilation. The sensation of a 
too high pressure may be caused by an unneces-
sarily high EPAP or IPAP, but at the same time, a 
too sensitive trigger for inhalation, a too insensi-
tive trigger for expiration, a too rapid pressure 
increase, or a too slow pressure decrease might be 
responsible for corresponding noncompliance. 
Too slow respiratory frequency causes dyspnea; 
too high respiratory frequency leads to hyperven-
tilation with possibly hypocapnia and tetany. If 
bilevel ventilation in the assisted-controlled or 
controlled mode is required, the setting of the 
adaptation phase that the patient perceived as 
subjectively tolerable is the pressure parameter set 
at the beginning of the first night.

The training phase with the automatic sys-
tems, however, is mainly limited to the adjust-
ment of a well-fitting mask and a short breathing 
phase in the wake stage.

In the sleep lab, the procedure with manually 
settable devices is started with a low pressure that 
is well tolerated by the patient. When the patient 
has fallen asleep, the pressure is increased until 
respiration is completely normalized. If the 
patient wakes up because of a pressure that is sub-
jectively perceived as being too high, the titration 
may have to be restarted with a lower pressure. All 
body positions and sleep stages should be taken 
into account.

The therapeutic range of effective settings of 
just about ineffective to no longer tolerable 
parameter settings is different in dependence of 
the present breathing disorder and other indi-
vidual factors. The effectiveness of the identified 
pressure may need to be verified during a second 
night. This procedure is generally sufficient for 
the treatment of obstructive sleep apnea. In cases 
of central breathing disorders or hypoventilation 
or hypoxemia syndromes, often several nights 
are needed to find the optimal setting of all 
parameters.

In cases of problems to initiate sleep because 
of the unfamiliar situation, usually 25–50 mg tri-
mipramine may be helpful or, if a heart disease is 
found, also hypnotics, for example, zolpidem.

The effectiveness and tolerance of C-Flex, 
EPR, or SoftPAP do not provide an advantage for 
this patient population in comparison to constant 
CPAP; however, those procedures may be suitable 
in single cases when the pressure is perceived as 
being too high. If the pressure is perceived as too 
high only during short wake phases at night, the 
patient may reduce it to a preset level by activating 
the ramp function to facilitate falling asleep again. 
Then the pressure slowly increases again to the 
effective pressure.

Some manufacturers have developed new 
devices that are not yet validated and which are of 
questionable benefit for the patients. These 
devices try to automatically recognize wake 
phases via the airflow signal to specifically reduce 
the pressure to a lower level.

4.6.1.5  Accessories and Masks
Because ventilation therapy can only achieve its 
full effectiveness when it is applied every night for 
a sufficiently long period, tolerability of the ther-
apy is a major concern.

Finding the ideal mask for the patients is the 
most important issue in this context. Silicone- 
containing masks are generally well tolerated. 
Most frequently nasal masks are applied that fit 
airtight around the nose. Alternatively, in particu-
lar in cases of claustrophobia or bruises, a nasal 
pillow mask may be used. Hereby, the air from the 
fan reaches directly the nasal entrances via soft 
nasal olives.

In cases of oral leakages, a chinstrap is used 
that avoids jaw opening, or the interface is 
immediately switched to an oronasal mask or 
full-face mask (. Fig.  4.7). The last- mentioned 
ones are also suitable when severe nasal obstruc-
tion is found and the patient either permanently 
or transitorily refuses correction, or correction 
cannot be performed for medical reasons. 
Because of the strap fastenings, full-face masks 
may cause retrusion of the mandible, which 
sometimes leads to significant narrowing of the 
pharynx and thus to necessary pressure 
increase. The resulting leakages then induce 
further pressure increase that may make the 
therapy impossible.

It is extremely rare that patients and physi-
cians alternatively decide to apply an oral mask 
that is fixed via a silicone shield positioned in the 
oral vestibulum. In sleep medicine, the ventila-
tion mask used in intensive care medicine that 
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encloses the entire head and seals cervically is not 
relevant.

As many masks are currently available, indi-
vidually manufactured masks based on a facial 
mold are almost never needed.

Practical Tip

The treatment adherence in cases of 
noninvasive positive pressure ventilation 
does not only depend on the subjectively 
experienced therapeutic benefit but also 
relevantly on the intensive care of the patient 
by physicians and device service providers.

To allow sufficient emission of CO2, a valve is 
found in or at the mask for the exhaled air. The 
shape of the valves (slits, wholes, pores) and thus 
the noise characteristics (loudness and frequency) 
are different (vented mask).

If patients complain about dry mucosa of the 
nose and the pharynx, in single cases nasal oint-
ments or nasal oil products or a heated humidifier 

that is easily coupled to the device may provide 
relief. If these measures do not suffice, an oral 
leakage may be responsible that may be elimi-
nated by a chinstrap or an oronasal mask.

In cold environments (open bedroom win-
dows in winter), relevant condensation water may 
develop in the tube and the mask so that real 
puddles may occur in the sagging tube parts. This 
occurrence is not only disturbing for the patient 
as well as the bed partner because of bubbling 
noises, but in unfavorable cases, aspiration of the 
condensation water may occur. The ventilation 
device with humidifier has to be placed lower 
than the patient’s head so that no puddles may 
develop but the condensation water has to flow 
back into the humidifier. Furthermore, heated 
tubes are available reducing condensation. Cold 
air humidifiers are not recommended because the 
humidification output is insufficient.

The patient has to be instructed that the mask, 
valve, tube, and humidifier have to be cleaned 
every day. For the ventilation device and the 
headgear as well as the straps, longer intervals are 
sufficient.

a

b

       . Fig. 4.7 a Different nasal masks. b Different full-face masks
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The size and the weight of the CPAP devices no 
longer play a major role. In the course of the past 
decades, they became significantly smaller, and 
nearly all weigh less than 3 kg, sometimes even less 
than 1 kg. For transportation in airplanes, specific 
passports for medical devices are available in dif-
ferent languages that classify the devices as medical 
aids. All devices may be used with a voltage of 
220 V as well as 110 V. For use in trucks and cara-
vans, or campers, adapters are available for 24  V 
and 12 V outlets. In this way, modern CPAP devices 
can be taken almost anywhere without difficulties.

Bilevel devices for noninvasive home ventila-
tion are usually larger and heavier than CPAP 

devices, in particular because they contain a bat-
tery so that they may work for several hours in 
cases of power failure.

4.6.1.6  Undesired Side Effects 
of Positive Pressure 
Ventilation

In the first night with noninvasive positive pres-
sure ventilation, side effects may already occur. In 
most cases these are harmless (. Table 4.3); how-
ever, they may complicate the adjustment of pres-
sure or even make it impossible. Sometimes the 
mask has to be changed because of leakages or 

       . Table 4.3 Side effects of nasal positive pressure ventilation in long-term use

Side effect Incidence Therapeutic options

Xerostomy, dry pharynx 53% Chinstrap, oronasal mask, heated humidifier

Dry nose 52% Nasal ointment, heated humidifier

Formation of crusts 38% Nasal ointment, heated humidifier

Nasal obstruction 36% Nasal corticoids, nasal surgery

Xerophthalmia 30% Optimized adjustment of the mask, different mask

Rhinorrhea 28% Heated humidifier, topical anticholinergics, topical 
corticoids, turbinate reduction

Epiphora 19% Optimized adjustment of the mask, different mask

Epistaxis 13% Nasal ointment, heated humidifier

Sinusitis 8% Therapy of the sinusitis, disinfection of tube and mask

Hearing impairment, tinnitus ~15% Otological therapy

Pressure sensation in the ears ~10% Otological therapy, pressure decrease, APAP, bilevel, C-flex/
EPR

Skin irritations, bruises >50% Optimized adjustment of the mask, daily alternation of two 
different masks

Pain 22% Loosening of the headgear, optimized adjustment of the 
mask

Aerophagia 11% Pressure reduction, APAP, bilevel, C-flex/EPR

Leakage 36% Optimized adjustment of the mask, chinstrap, oronasal mask

Impairment from high noise level ~30% Longer tube, optimized adjustment of the mask, change of 
the valve

Too large device ~20% Smaller device as soon as a follow-up prescription is 
necessary

Difficult expiration ~10% Pressure reduction, APAP, bilevel, C-flex/EPR

Source: Modified according to Verse (2000)
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claustrophobia despite training during the 
 daytime. In some cases an expiratory pressure 
reduction is required because the patient per-
ceives the expiration pressure as being too high. 
The nasal mucosa may acutely swell from the air-
flow, and nasal breathing may be relevantly 
impaired. A decongestant nasal spray may pro-
vide short-term relief.

In very rare cases, central apneas and long 
hypoventilations occur under CPAP that can 
mostly be eliminated by switching to the bilevel- -
S/T mode. In single cases, however, they have to 
be interrupted by wakening the patient to avoid 
CO2 anesthesia. As it is possible that acute airway 
obstruction may develop if a floppy epiglottis pro-
lapses into the larynx and left-sided cardiac 
decompensation (pressure-related) or hyperten-
sive derailment (psychologically caused) occurs, 
the authors think that the initial pressure titration 
should be performed under monitored conditions 
with physicians on duty.

In the long-term course, undesired side effects 
are often reported, but they can mostly be classi-
fied as not being dangerous (. Table  4.3, 
. Fig. 4.8). In most cases, these are irritations of 
the skin and the mucosa of the head and directly 
mask- or device-related complaints. Such may 
nearly always be eliminated easily by simple mea-
sures. However, if they cannot be removed, con-
sultation of an ENT specialist or dermatologist is 
recommended.

Because current devices are very quiet (less 
than 30  dB, sometimes even less than 24  dB of 
sound pressure level at 10 mbar), the bed partner 
is mostly only disturbed by the exhalation valves 
near the mask. The patient sometimes hears the 
noise of the fan via the air column in the tube and 
mask.

The regular follow-up of the patients by com-
petent physicians and healthcare providers is cru-
cial to avoid therapy interruption because of those 
annoying side effects. If the side effects cannot be 
eliminated and if relevant insomnia or therapy 
incompliance is observed for this reason, alterna-
tive therapeutic options have to be discussed (see 
7 Sect. 4.7).

4.6.2  Ventilation Therapy in Cases 
of Central Sleep Apnea 
Syndromes

In the context of central sleep apnea syndrome, 
the therapy of the underlying disease is in the 
main focus.

Therefore, periodic breathing at high altitudes 
and central sleep apnea with drug or substance 
abuse are not reasonably treated by means of 
positive pressure ventilation.

Also, central sleep apnea due to a medical dis-
order or Cheyne-Stoke respiration may be rele-
vantly reduced if the underlying causes are 
improved, for example, by optimized medication 
of heart failure, surgical treatment of nasal 
obstruction, or neurological rehabilitation after 
traumatic brain injury.

However, if more than 30 central apneas per-
sist per hour of sleep and if the patient reports 
further symptoms (see 7 Sect. 4.1), generally the 
indication of specific ventilation therapy is given.

The evidence on the prognostic significance of 
a therapy of central sleep apnea syndromes and in 
particular Cheyne-Stokes respiration is still 
unclear. Since a large controlled study reported 
increased mortality for patients with ejection 
fraction of less than 45% who were additionally 
treated with adaptive servoventilation besides 
optimal cardiac therapy, these patients are now 
rather treated with other positive pressure tech-
niques, phrenic nerve stimulation, or exclusively 
with pharmaceuticals.

       . Fig. 4.8 Patient suffering from bruises at the ridge of 
the nose caused by nasal mask
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4.6.2.1  Primary Central Sleep Apnea 
and Central Sleep Apnea Due 
to a Medical Disorder

If the following measures do not lead to an elimi-
nation of the symptomatic central sleep apnea, 
different noninvasive positive pressure ventilation 
techniques are available:

 5 Improving of the nasal breathing in cases of 
nasal obstruction

 5 Avoiding a supine position
 5 Oxygen administration at night 

Apneas may be eliminated by CPAP therapy for 
as many as 30% of the patients. The necessary 
pressures generally amount to 5–10  mbar. 
Different mechanisms are discussed for the 
stabilizing effect of CPAP therapy on respira-
tion. On one hand, the reflexes triggered by 
pharyngeal obstructions should be avoided; on 
the other hand, the oxygen storage should be 
filled more intensively by increasing the pul-
monary volume, which reduces the respiratory 
drive.

If the CPAP therapy fails, bilevel therapy is 
applied in the spontaneous or assisted-controlled 
mode, which seems to lead to the best results. 
However, unfortunately some patients experience 
even more respiratory events. Until now, this 
unpredictable response of the patients with cen-
tral sleep apnea on the therapeutic interventions 
has not been understood. Thus, often probatory 
adjustments of positive pressure ventilation can-
not be avoided.

Because the primary central sleep apnea shows 
spontaneous remission in about 20% of the cases, 
follow-up sleep studies without therapy at certain 
intervals are always recommended.

4.6.2.2  Cheyne-Stokes Respiration
Cheyne-Stokes respiration is treated according to 
a gradual concept. After each therapeutic step, res-
piration may normalize. In the majority of the 
cases, a subjective or objective improvement of 
the quality of sleep and the daytime sleepiness or 
fatigue is observed.

The treatment of the underlying disease (heart 
failure, diabetes mellitus, renal failure) is the first 
priority, followed by oxygen therapy (2–4 l/min), 
which successfully eliminates the breathing disor-
der in about one third of the patients.

CPAP therapy shows comparable success rates. 
However, in contrast to obstructive sleep apnea, 
there is no parameter revealing the necessary 
pressure for elimination of Cheyne-Stokes respi-
ration, nor are studies available that might have 
found an optimal pressure for all patients. In 
practice, pressures between 8 and 10  mbar are 
most often applied.

Besides the aspect described for primary cen-
tral sleep apnea, improvement of the hemody-
namics of heart failure patients seems to play a 
major role for the effectiveness of CPAP therapy. 
The improvement of the cardiac function further 
supports the performance during daytime. 
However, patients with heart failure and Cheyne- 
Stokes respiration belong to a high-risk patient 
population because of reduction of the preload 
from the increased intrathoracic pressure, and as 
a consequence an acute systemic arterial hypo-
tension may develop during the initiation of 
CPAP therapy. In particular, patients with vol-
ume deficiency and atrial fibrillation are at high 
risk.

If oxygen and CPAP are not sufficiently effec-
tive, bilevel therapy is mostly applied in the 
assisted-controlled or completely controlled 
mode. The setting of the ventilation parameters is 
initially oriented at the tolerance of the patient 
and during the nights of adjustment primarily at 
respiratory parameters. Finally, the selection of 
the pressure occurs empirically in the same way as 
for CPAP therapy. Tolerance of the bilevel therapy 
is generally poorer than that of CPAP therapy.

Up to now it has not been clear if the new 
automatic procedures of adaptive servoventilation 
and ImPAP should be applied exclusively in cases 
of failed bilevel techniques. At least they not only 
seem to be better tolerated, but the elimination of 
the central apneas is most effective. Also further 
cardiac parameters (ejection fraction, 6-min 
walking distance, nocturia, quality of life) were 
most significantly improved by means of adaptive 
servoventilation. In contrast, patients with severe 
heart failure (NYHA III–IV) revealed an increased 
mortality of 34% under adaptive servoventilation 
in comparison to an untreated control group. 
Since then, ASV therapy is contraindicated in 
those patients.

It must be realized that several nights or even 
weeks may be required until breathing is stabilized 

4.6 · Ventilation Therapy



150

4

after induction of the positive pressure ventilation 
in cases of Cheyne-Stokes respiration. An almost 
low-grade improvement during the adjustment 
phase to a ventilation system does not necessarily 
mean that elimination of Cheyne-Stokes respira-
tion is not successful. The effectiveness of the 
treatment must always be verified after the first 3 
to 6 months to identify treatment failure early and 
to introduce alternative procedures.

Practical Tip

In cases of Cheyne-Stokes respiration, 
therapy of the underlying disease is the first 
priority. Regarding all applied types of 
ventilation therapy, no improvement of the 
mortality rate could be proven for 
Cheyne-Stokes respiration.

4.6.3  Ventilation Therapy in Cases 
of Sleep-Related 
Hypoventilation 
and Hypoxemia

Such as for central sleep apnea syndromes, the 
amelioration of the underlying disease is the focus 
because nearly all hypoventilation syndromes in 
adults are of secondary origin. Because most of 
these are progressive diseases, nearly all patients 
experience hypoventilation in the further course 
of their disease despite optimal cause-oriented 
treatment or rehabilitation.

Hypoventilation syndromes are ventilated in 
an assisted, assisted-controlled, or controlled 
mode. Negative pressure procedures (iron lung) 
are almost never used and volume-controlled 
ventilation is rarely (e.g., in cases of weak cough-
ing) applied. The tendency is to use more and 
more pressure-controlled techniques.

The daily duration of ventilation generally 
increases during the further progression of the 
underlying disease. Whereas at the beginning 
usually ventilation exclusively at night suffices 
because it leads to a relevant restoration of the 
respiratory pump and thus to an improvement 
of the breathing function during daytime, an 
intermittent or continuous ventilation also 
during the day cannot be avoided in the later 
course.

In this context, in many cases invasive ventila-
tion via a tracheostoma has to be preferred to 
noninvasive ventilation because of practical rea-
sons. For example, nutrition under permanent 
ventilation with a nasal or oronasal mask is almost 
impossible, and in cases of proneness of aspira-
tion, there is the increased risk of aspiration 
pneumonia.

The aim of ventilation is not only the elimina-
tion of hypercapnia and hypoxemia at night but 
also an improvement of the quality of sleep as well 
as the blood gases and performance and quality of 
life during the daytime.

However, often the symptoms observed dur-
ing the day cannot be completely and perma-
nently eliminated.

Because ventilation therapy is more difficult to 
apply in the context of the following indications 
and becomes frequently necessary in severely ill 
and care-dependent patients who cannot care for 
themselves, special attention has to be given to the 
home environment of the patients and the avail-
able care.

4.6.3.1  Sleep-Related Hypoventilation 
and Hypoxemia Syndromes 
that Are Not Caused by 
Bronchial Obstruction

In general, assisted up to controlled noninvasive 
positive pressure ventilation may be applied in 
wakefulness as well as during sleep. The indica-
tion for ventilation during sleep, however, is made 
more easily and generously. In cases of a con-
firmed basic disease, the occurrence of REM- 
associated hypoventilations and a disturbed 
quality of sleep with consecutive daytime sleepi-
ness or fatigue without hypercapnia during day-
time is considered as sufficient for the introduction 
of ventilation during sleep by many experts 
because the relief of the respiratory pump at night 
often leads to an increased performance during 
daytime.

If further symptoms are found (see 7 Sect. 
4.1.4), the expected positive effects are initially 
even more clearly perceived by the patient. 
Ventilation is mostly perceived immediately as 
very relaxing. Thus, in general, compliance is very 
good.

Ventilation is always recommended when 
CO2 partial pressure during daytime exceeds 
45  mmHg, 50 mmHg during sleep, or oxygen 
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saturation during sleep falls below 88% at least for 
5  min or 10% of the monitoring time, and the 
patient is symptomatic.

Practical Tip

The indication for noninvasive ventilation is 
based on the symptoms of nonrestorative 
sleep, clinical signs of right-sided heart failure 
in combination with nocturnal hypercapnia 
and hypoxemia, or hypercapnia also during 
daytime.

In any case, the basic precondition for introduc-
tion of noninvasive ventilation therapy is compre-
hensive written information considering the 
alternative of palliative therapy (oxygen, benzodi-
azepine, opioids) and the request for treatment of 
the patient. In the final stage of many neuromus-
cular or thoracic-restrictive diseases, the patient’s 
desire to terminate an already initiated ventilation 
therapy also has to be respected.

Bilevel ventilation is trained during the day. 
With a well-fitting mask, the lowest possible expi-
ration pressure is selected, mostly 4  mbar. The 
inspiration pressure is initially chosen 5  mbar 
higher and then set to a pressure difference of 
8–10  mbar. The ratio between the duration of 
inspiration and expiration is set to 1:2. Depending 
on the ventilation mode, optimally tolerated pres-
sure values, trigger, edges, and/or ventilation fre-
quencies have to be determined very carefully and 
in close interaction with the patient.

During sleep, based on the optimal setting 
defined during daytime, the inspiratory pressure is 
increased to a level at which the oxygen saturation 
under ambient conditions amounts to more than 
90% during REM sleep also. In most cases, pres-
sure differences of 10–15  mbar are sufficient to 
achieve a decrease of hypercapnia at night and 
during the day. In single cases, however, differ-
ences of more than 20 mbar may be required, par-
ticularly in obesity hypoventilation syndrome 
patients. Here also the expiratory pressure has to 
be increased to values of more than 10  mbar 
because often a simultaneous pharyngeal obstruc-
tion is observed. By means of the therapy, the CO2 
partial pressure is intended to be reduced to 
50 mmHg or less. If hypoxemia persists, additional 
oxygen therapy must be discussed. However, this 
only seems to be suitable when a pulmonary lesion 

is diagnosed, and thus it is rarely necessary in cases 
where obesity hypoventilation is the only disorder.

Assisted ventilation may be sufficient when 
ventilation therapy is early introduced, so patients 
benefit more from bilevel T ventilation in the fur-
ther course because the respiratory pump is even 
more significantly relieved when the pressure 
change no longer needs to be triggered by the 
patient. To achieve this effect also in the assisted- 
controlled mode (bilevel-S/T), the respiratory 
frequency or the respirator has to be set slightly 
above the patient’s own frequency.

According to the dynamics of the basic dis-
ease, a regular follow-up of the ventilation ther-
apy is necessary at various intervals. In the 
context of amyotrophic lateral sclerosis, it is 
performed, for example, every 3 months, and in 
cases of stable neuromuscular diseases, scolio-
sis, or obesity ventilation, it may also be per-
formed once a year.

By noninvasive positive pressure ventilation, 
the quality of sleep, daytime sleepiness, quality of 
life, pulmonary function, and blood gases during 
the daytime, the incidence of respiratory compli-
cations, and hospitalization rate as well as the sur-
vival of the patients could be significantly 
improved. Also, secondary pulmonary hyperten-
sion as it is frequently found in thoracic- restrictive 
diseases may be regressive.

Practical Tip

Nowadays, noninvasive ventilation is an 
essential treatment option for diagnosed 
respiratory pump weakness.

Controlled studies are still missing, but today they 
can no longer be justified for ethical reasons.

4.6.3.2  Sleep-Related 
Hypoventilation 
and Hypoxemia Caused by 
Bronchial Obstruction

In Europe, about one third of all patients venti-
lated at home suffer from chronic obstructive pul-
monary disease (COPD), which is frequently 
associated with emphysema. On average, the 
patients are of older age, and males are affected 
more frequently compared to other indications. 
In stable phases, the patients succeed rather well 
in maintaining respiration with maximum efforts 
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of the respiratory muscles. Hypoxemia and hyper-
capnia are accepted.

However, oxygen administration via a nasal 
cannula that is used in many cases for improve-
ment of the hypoxemia and that is rather com-
fortable for the patient is not sufficient to allow a 
relevant relief of the respiratory pump. In this 
way, low- grade additional efforts (e.g., in the con-
text of an infection) lead to decompensation of 
the respiratory pump. Most frequently, the nonin-
vasive ventilation is introduced for therapy of 
acute respiratory failure occurring in this context, 
which results in an intensive care hospitalization. 
For this indication, the benefit of noninvasive 
ventilation is proven. Under this aspect, a transi-
tion to a permanent nocturnal ventilation at home 
is expected to lead to a reduction of COPD exac-
erbations and as a consequence to reduced hospi-
talization rates.

If a nocturnal ventilation at home is started in 
the context of chronic respiratory failure based on 
stable COPD, the data situation is inconsistent 
regarding respiratory efforts, pressure of the pul-
monary artery, blood gas alterations, structure of 
sleep, and physical capacity. Only the quality of 
life seems to improve. In particular, a decrease of 
the mortality rate in comparison to conservative 
therapy, however, could not be confirmed.

On one hand, this is not astonishing because 
ventilation therapy cannot reverse the causative 
lesion of the pulmonary parenchyma. However, 
on the other hand, short duration of use, a too low 
pressure peak, and a too short follow-up are criti-
cized in the studies. At least, however, it seems 
that better clinical results may be achieved when 
severe hypercapnia is found preceding therapy 
and when the pressure difference between inspi-
ration and expiration is set high, that is, to more 
than 18 mbar.

Furthermore, it has become obvious that the 
reduction of the CO2 partial pressure correlates 
with the daily duration of ventilation. Ventilation 
in the controlled mode may reduce diaphragmatic 
activity more significantly compared to the 
assisted mode, which may be interpreted as a 
more effective relief of the respiratory pump. 
Overall, the primary acceptance of ventilation at 
home amounts to about 80%; the daily duration of 
use is 6 h on average, which can be evaluated as 
extremely good.

In this context, a reluctant indication takes 
account of all this. In Germany, the following cri-
teria are recommended for the introduction of 
noninvasive ventilation because of COPD: clear 
symptoms of chronic respiratory failure (see 
7 Sect. 4.1.4) and pathological blood gas values 
with either CO2 partial pressure over 55 mmHg 
during daytime or CO2 partial pressure of 
50–54 mmHg during daytime and oxygen satura-
tion below 88% for at least 5 min at night, despite 
the administration of 2  l/min of oxygen, or CO2 
partial pressure of 50–54 mmHg during daytime 
and at least two hospitalizations per year because 
of hypercapnic exacerbations.

In cases of severe symptoms only may those 
criteria be disregarded.

Ventilation therapy is always initiated in a 
similar way as for the aforementioned indications 
in an assisted-controlled or controlled mode. The 
training and habituation phase during the day are 
followed by verification at night. Blood-based or 
not blood-based controls of the CO2 partial pres-
sure under therapy are required during the day as 
well as at night. In all cases, a test phase has to be 
pursued during 1 to 2 months previously to make 
the decision for permanent ventilation at home to 
take into consideration the therapeutic success, 
acceptance, and compliance.

Case Report
A 67-year-old obese nonsmoker (BMI = 39 kg/m2), 
female, who receives high-dose opioids because 
of a stable anterior pelvic ring fracture, is trans-
ferred to an intensive care unit with massive dys-
pnea and respiratory insufficiency. The opioid 
therapy is substituted by nonrespiratory depres-
sive analgesics, which leads to an improved con-
dition of the patient so that she may be released 
home with oxygen therapy of 2 l/min. She refuses 
to undergo further diagnostics.

Some weeks later, she is transferred again 
requiring intubation and invasive ventilation over 
48  h because massive hypercapnia (pCO2 of 
90 mmHg) and hypoxemia (pO2 of 48 mmHg) are 
measured, which are expected to be the result of 
the opioid therapy that the patient had restarted 
arbitrarily. After weaning off the respirator, the 
patient is continuously treated with oxygen (2  l/
min) via a nasal cannula without receiving further 
opioids. She still complains of dyspnea at rest, 
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cephalgia in the morning, and severe impairment 
of her  physical performance. Edema of the legs is 
not observed. She suffers from concomitant dis-
eases such as diabetes mellitus type 2, systemic 
arterial hypertension, absolute arrhythmia, and a 
low- grade to moderately reduced left ventricular 
function.

The blood gas analysis during daytime shows 
a respiratory global insufficiency (pCO2 of 
46  mmHg, pO2 of 50  mmHg) with metabolically 
partly compensated acidosis. The pulmonary 
function shows a restrictive ventilation disorder 
(VC of 53%, FEV1/FVC of 105%). In the cardiorespi-
ratory PSG, severe hypoxemia with an average 
oxygen saturation of 80% and a minimum of 68% 
in REM can be measured. The oxygen saturation 
amounts to less than 90% during 93.6% of the 
total sleep time. A total of 173 hypopneas are 
counted; the RDI amounts to 35.

During three fourths of the monitoring time, 
the patient snores, and tachycardia with an aver-
age heart rate of 101 beat per minute is recorded. 
The sleep profile shows a reduction of the REM 
percentage to 6%. Deep sleep and light sleep are 
sufficient. Many sleep stage changes are observed 

but few arousals (14/h). During deep sleep, the 
blood gas analysis is repeated; hereby pCO2 
amounts to 60  mmHg and pO2 to 46  mmHg 
(. Fig. 4.9).

The diagnosis is obesity hypoventilation syn-
drome with initially additional central sleep 
apnea caused by opioid overdose.

Over three nights, a bilevel therapy with orona-
sal mask is introduced in the assisted-controlled 
mode with an inspiratory pressure of 15 mbar, an 
expiratory pressure of 5  mbar, and a respiratory 
frequency of 14/min. Further pressure increase or 
modification of the respiratory frequency is not 
accepted by the patient. Based on these parameter 
settings, the average saturation during sleep in 
ambient air increases to 87% (. Fig. 4.10), and the 
hypercapnia at night decreases to 50 mmHg. The 
oxygen saturation, however, is still lower than 90% 
during 42% of the sleep time. Furthermore, a 
decrease of the average heart rate to 93 beats per 
minute is observed. If the patient decides to con-
tinue the therapy after the test phase, further pres-
sure optimization and if needed controlled 
ventilation with adjuvant oxygen administration 
must be attempted.
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       . Fig. 4.9 Nighttime report of the patient with severe obesity hypoventilation
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4.6.4  Ventilation Therapy in Cases 
of Obstructive Sleep Apnea

In 1981, Colin Sullivan was the first to publish the 
elimination of severe obstructive sleep apnea by 
means of noninvasive nasal positive pressure ven-
tilation, called CPAP therapy. At that time, it was 
a competing system with the effective but stigma-
tizing tracheostomy and uvulopalatopharyngo-
plasty that had been introduced at the same time 
(see 7 Sect. 4.7).

Practical Tip

Since the introduction of CPAP therapy in the 
treatment of obstructive sleep apnea, it could 
be established as standard procedure for this 
breathing disorder.

Several reasons may be responsible. CPAP devices 
and their accessories could be technically 
improved, which significantly increased the com-

fort so that undesired side effects are generally 
harmless. At the same time, it is a symptomatic 
therapy that reliably and immediately splints the 
airway pneumatically in all body positions and 
sleep stages of all patients, which leads to elimina-
tion of the obstructive sleep apnea with all its day-
time symptoms. The cardiovascular risks 
associated with the breathing disorder are also 
relevantly reduced.

The effectiveness of CPAP therapy in cases of 
obstructive sleep apnea could be confirmed in 
large trials with the highest evidence level that no 
other therapy could achieve. Thus, it has the most 
favorable benefit:risk ratio.

4.6.4.1  Indication
CPAP therapy in general can be applied in all 
degrees of severity of obstructive sleep apnea. 
However, it is used preferably in moderate to 
severe obstructive sleep apnea, whereas alterna-
tive therapies also can be used for low-grade types 
taking into account their morbidity and the 
patient’s individual circumstances.
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       . Fig. 4.10 Nighttime report of the patient with severe obesity hypoventilation under therapy
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However, no generally accepted classification 
of the severity of obstructive sleep apnea could be 
established so far. Moreover, the severity is defined 
according to individual criteria based on the fol-
lowing three aspects:

 5 Severity of the breathing disorder during 
sleep, that is, RDI (respiratory distur-
bance index), oxygen saturation, sleep 
structure

 5 Daytime symptoms and sociodemo-
graphic status, that is, daytime sleepiness, 
age, job

 5 Concomitant diseases, such as arterial 
hypertension and diabetes mellitus, especially 
if difficult to control

For a young truck driver, for example, with an 
RDI of only 10 who suffers from relevant daytime 
sleepiness, CPAP therapy is indicated, whereas for 
a 70-year-old pensioner with hypertension that is 
well regulated with medication and otherwise the 
same constellation, this might not be the treat-
ment of first choice.

With an RDI of 30, the risk is confirmed for 
the development of cardiovascular secondary dis-
eases, so that under those conditions, CPAP ther-
apy is always indicated.

Practical Tip

Nasal CPAP therapy is the treatment of first 
choice in moderate to severe obstructive sleep 
apnea because it reliably eliminates the 
breathing disorder and does not bear relevant 
risks for the patient when induced as 
permanent treatment.

There is no absolute contraindication. But patients 
with acute heart failure should first be stabilized 
by means of medication before CPAP therapy is 
initiated.

4.6.4.2  Practical Aspects
The treatment is started as described in 7 Sect. 4.6.1. 
At night, the initial pressure after sleep onset of the 
patient is only increased if obstructive events occur. 
It is increased until all obstructive apneas and hypop-
neas, flow limitations, respiratory arousals, desatura-
tions, and snoring sounds have disappeared. In the 
ideal case, depending on the tolerance of the therapy, 
this may take only a few minutes or occur slowly 
within several hours. In the supine position and in 
REM sleep, the effective pressure frequently has to be 
further increased to overcome the increased collaps-
ibility of the pharynx in these phases (. Fig. 4.11).
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       . Fig. 4.11 Nighttime report of a patient with obstructive sleep apnea under CPAP titration
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If patients with obstructive sleep apnea and a 
low REM sleep percentage experience a particu-
larly long REM phase under CPAP therapy initia-
tion (REM rebound), this may serve as orientation 
for good parameter settings.

However, noise caused by leakage may be inter-
preted as snoring sounds by the nursing staff and 
erroneously induce them to further increase the 
pressure. If the pressure is increased too much, 
even more mainly expiratory noise develops, 
and central apneas and hypopneas are observed. 
Ideally, the optimal pressure is verified regarding 
its effectiveness by means of polysomnography 
during another night.

If the patient does not tolerate the required 
pressure, further therapeutic options are available 
including auto-CPAP, C-flex/EPR/SoftPAP, and 
bilevel-S that may be successfully applied in those 
situations. Many sleep centers directly initiate 
auto-CPAP as most APAP-devices available today 
eliminate respiratory events successfully.

Afterward, the test phase in the home environ-
ment starts for the patient. Especially at the begin-
ning of the treatment, several changes of the mask, 
and use of nasal ointment, warm air humidifier, 
etc., may be necessary to facilitate CPAP therapy 
that is often perceived as uncomfortable and thus 
to allow the regular use during the whole sleep 
time (however, at least for 4–5 h) every night.

Practical Tip

Especially in the initial phase of the 
treatment, competent and intensive care of 
the patient by the sleep lab, sleep experts, 
and manufacturer’s staff is essential for the 
acceptance and thus the effectiveness of 
ventilation therapy.

In the context of a complication-free course, 
patients without increased risk profile (e.g., heart 
failure, excessive daytime sleepiness, occupa-
tion) are invited to present after 6  months for 
control with clinical examination and outpatient 
polygraphy, including the assessment of the sub-
jective sleepiness (Epworth Sleepiness Scale) 
under CPAP therapy. It is then particularly 
important to assess the treatment adherence and 
compliance, which now may be easily read out in 
nearly all devices with integrated memory chips 

and thus reasonably complete the patients’ sub-
jective reports.

If a risk profile is confirmed, the first CPAP 
control has to be performed earlier. If a patient 
has to be declared incapacitated for work because 
of excessive sleepiness based on obstructive sleep 
apnea, the control examination should obligato-
rily include PSG with subsequent vigilance diag-
nostics (see 7 Chaps. 2 and 12).

Further controls are performed by polygraphy 
or polysomnography every 12 to 18  months in 
complication-free courses to subjectively and 
objectively assess the therapeutic success. In cases 
of pathological polygraphy, PSG in a sleep lab is 
necessarily indicated where the pressure can be 
optimized if needed.

If the original symptoms reoccur during ther-
apy, therapy-related reasons (insufficient use, leak-
age, device failure) have to be differentiated from 
patient-related reasons (weight increase, progres-
sion of obstructive sleep apnea, development of 
other sleep disorders, or sleep-related breathing 
disorders). Although therapy-related origins may 
usually be eliminated on an outpatient basis, the 
patient-related reasons should suggest PSG because 
under CPAP therapy they can neither be identified 
nor be treated by means of polygraphy. In about 
one third of the patients with effective CPAP ther-
apy and reoccurring daytime sleepiness, however, 
no reason is found, and symptomatic drug treat-
ment of the complaints is required in the individual 
case. Sometimes modafinil or Solriamfetol may be 
applied; in some countries, such as the USA, they 
are explicitly approved for this indication.

The long-term compliance of CPAP therapy 
could be increased by technical improvements or 
ventilation devices and masks, amounting to 60% 
to 80%. If the treatment is interrupted, the breath-
ing disorders redevelop their full severity during 
the first night, or at the latest, in the second night.

4.6.4.3  Therapeutic Effects
In nearly all patients, ventilation therapy reliably 
eliminates sleep-related obstructive breathing 
disorders. An RDI of less than 5 per hour can usu-
ally be achieved. Elimination of respiratory arous-
als leads immediately to an increase of the portion 
of deep and REM sleep and to a decrease of the 
percentage of wake phases and light sleep. The 
macro- and microstructure of sleep normalize. 
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The improvement of daytime sleepiness and qual-
ity of life could be confirmed in randomized tri-
als. However, the premorbid scores are not always 
achieved. It is assumed that irreversible damage of 
the central nervous system can be considered 
responsible for those residual conditions.

The elimination of the obstructive events by 
means of CPAP also immediately suppresses the 
associated increases of blood pressure and heart 
rate that are otherwise induced by the arousal and 
reflect the activation of the sympathetic nervous 
system. A significant reduction of the catechol-
amine level under CPAP could be revealed. The 
improved oxygenation from CPAP is also respon-
sible for reduction of the catecholamine level, 
which could also be confirmed during the daytime 
after longer treatment. In several placebo- controlled 
trials, a reduction of the systolic, diastolic, and aver-
age blood pressure of 5–10 mmHg could be found 
in patients suffering from hypertension as the result 
of effective CPAP therapy, which corresponds to 
the effect of a potent antihypertensive medication.

Several prospective studies could show a rele-
vant increase of the cardiovascular morbidity and 
mortality (strokes, heart attacks) in cases of severe 
obstructive sleep apnea. In accordance with the 
aforementioned results, patients with effective 
CPAP therapy, however, achieved values that are 
as low as for patients suffering from snoring. In 
contrast to this phenomenon, a recent random-
ized controlled trial with a large patient cohort 
was not able to confirm these results, which may 
be explained by the reduced duration of use of 
only 3.3 h per night.

In patients suffering from heart failure, it is 
confirmed that CPAP therapy reduces the cardiac 
preload as well as the afterload. In this way, the 
cardiac function typically is improved, which 
could be documented in several noncontrolled 
trials by an increased ejection fraction of about 
10%. However, careful attention must be paid in 
this patient population because heart failure may 
decompensate by inducing CPAP therapy.

Recent investigations allow expecting an 
improvement of insulin sensitivity and thus the 
diabetic metabolic condition because of CPAP 
therapy.

Overall, CPAP therapy is best investigated 
regarding the treatment of obstructive sleep 
apnea; its positive results could be confirmed in 
trials with highest evidence level.

Case Report
The 45-year-old bank employee already described 
in 7 Sect. 4.2.4 achieves an RDI of 37 in the PSG 
with an average oxygen saturation of 93% and a 
minimum of 88%.

On the same day, a nasal mask was adjusted, 
and ventilation therapy with CPAP was trained. At 
night, the pressure was manually titrated to 
7  mbar, and no further respiratory events were 
registered. The oxygen saturation at this pressure 
amounted to more than 92%. However, the patient 
reported that it was difficult for him to wear the 
mask because it pinched on the nasal bridge. 
Frequently, air blew into his eyes. But he was sur-
prised that he felt less tired than previously. The 
patient was informed that he was still not fit to 
drive, and the CPAP therapy with a pressure of 
7  mbar was recommended for a test period or 
4 weeks.

The company responsible for his care deliv-
ered the device to his home, instructed him about 
the use, and adjusted the mask again. After 
2 weeks, the mask had to be changed again, and 
the patient was then able to finally sleep for 5 h 
without interruption.

During an outpatient presentation after 
4  weeks in the sleep medical consultation, the 
patient stated that he had meanwhile fully 
accepted the device and wanted to use it further 
because he felt much better during the daytime. 
Sometimes he snored, but he complained more 
about his dry pharynx. Nasal ointment was only 
partly successful. Consequently, a warm air 
humidifier was prescribed.

Eight weeks after induction of CPAP therapy, 
the patient reported that he felt like a new person 
and did not want to do without the device and 
the humidifier. Bruises were not observed. His 
blood pressure had improved; he needed less 
sleep and was as efficient as he had not been for 
many years. At work, “things were running 
smoothly again” and he did not fall asleep. Driving 
his car was no problem for him. Even the erectile 
dysfunction observed before induction of the 
CPAP therapy had disappeared.

In the outpatient polygraphic control examina-
tion, only five hypopneas and two central apneas 
were registered at a constant pressure of 7 mbar. 
According to the patient, the night had been rep-
resentative for the past weeks. The ESS was signifi-
cantly better with 8 points compared to the score 
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before therapy, and the pupillometry in the morn-
ing after measurement revealed normal findings. 
So, his fitness to drive was completely restored.

Further follow-up examinations were set for 
12- to 18-month intervals.

4.7  Therapeutic Alternatives

Ventilation therapy for snoring is indicated nei-
ther from a medical point of view nor under prac-
tical aspects. Numerous conservative and surgical 
procedures may be taken into consideration. Even 
in the context of sleep-related breathing disorders 
going beyond snoring, accompanying or alter-
native measures may be indicated together with 
ventilation. Most therapeutic options are applied 
in the same or modified way for snoring as well as 
for other sleep-related breathing disorders, in par-
ticular for obstructive sleep apnea. Therefore, the 
therapeutic alternatives and their indication are 
described together in the following paragraphs.

Generally, it can be stated that therapeutic 
procedures developed for the purpose of mechan-
ical stabilization or dilation of the airway may 
only be appropriate for snoring or for sleep-
related breathing disorders with mechanical 
obstruction. The surgical procedures are pre-
sented in a separate chapter.

In the following, only procedures that showed 
a certain effectiveness in clinical trials for at least 
some indications, or procedures that have been 
verified reliably in studies, allowing scientifically 
sound conclusions, are presented.

Especially in the context of snoring and 
obstructive sleep apnea, a large variety of ques-
tionable and frequently even dubious therapeutic 
procedures are offered and sometimes very 
aggressively promoted in the lay press. In contrast 
to pharmaceutical products, these presumptive 
medical aids often do not need to undergo inten-
sive clinical approval procedures and can be 
launched into the market mostly without control. 
Such aids include different types of sprays, drops, 
or oils, pillows, or also several wakening devices 
and other sometimes curious constructions. 
Generally, no clinical trials are available for those 
products, and the authors’ experience has shown 
that usually even the manufacturers are not really 
interested in scientific verifications of their prod-
ucts. Nonetheless, a critical discussion of all these 
products is required because patients often report 

about having undergone those therapies or seek 
advice regarding these products.

4.7.1  Conservative Procedures

The following therapeutic alternatives are 
included in the conservative procedures:

 5 Weight loss
 5 Behavioral change
 5 Medication
 5 Nocturnal oxygen therapy

4.7.1.1  Weight Loss
Except for central sleep apnea, a high body mass 
index is associated with all sleep-related breathing 
disorders and also with snoring. The pathophysi-
ological significance of obesity for obstructive 
sleep apnea syndrome has already been described 
in detail; it is fully evident for the obesity hypoven-
tilation syndrome. Correspondingly, clinical trials 
could document an improvement for nearly all 
these respiratory phenomena after reduction of 
body mass index.

Practical Tip

In cases of overweight or obesity, weight reduc-
tion should be attempted as an accompanying 
measure. Except for central sleep apnea syn-
dromes, nearly all other sleep-related breathing 
disorders experience an improvement after the 
reduction of body mass index.

Often the patients’ history shows that preexisting 
snoring or a known nocturnal breathing disorder 
is relevantly aggravated in the context of weight 
increase. An suitable treatment recommendation 
in these cases is mostly directly plausible for the 
patients. Of course, it cannot be guaranteed that 
the disease completely disappears after successful 
weight reduction, except for hypoventilation that 
is only based on obesity. However, in nearly all 
cases, an improvement may be expected. Some-
times after such an improvement, alternative 
therapies are available for the breathing disor-
der that were considered as not being promising 
because of obesity.

In clinical trials, even relatively small weight 
reductions often lead to a decrease of the respi-
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ratory events. This finding is important because 
unrealistic requirements for weight reduction 
down to normal weight are only rarely motivating 
and effective for very obese patients. Weight reduc-
tion is also important because obesity is another 
independent risk factor that in combination with a 
sleep-related breathing disorder has a potentiating 
effect on cardiovascular morbidity and mortality.

Despite the significance of weight reduction in 
the treatment of sleep-related breathing disorders, 
the clinical experience is mostly frustrating. As 
with obesity therapy in general, usually only a few 
patients succeed in achieving a relevant weight 
loss or in maintaining their reduced weight over a 
longer period of time. In cases of high-grade obe-
sity, bariatric surgery (partial gastric resection, 
gastric banding, etc.) should also be discussed 
after exploitation of all conservative measures. 
Our own experiences from cooperation with a 
specific center for bariatric surgery confirm the 
positive data reported in the literature regarding 
the effect of body weight reduction on nocturnal 
respiratory events. On the other hand, random-
ized clinical trials are not available, the treatment 
is not without risk, and even after initial therapy 
response, reoccurring of the breathing disorder is 
always possible after a certain time even without 
weight increase. Despite those limitations, the 
American Academy of Sleep Medicine empha-
sizes the significance of surgical weight reduction 
in its practice parameters.

4.7.1.2  Behavioral Changes
Numerous general behavioral changes are 
frequently recommended for patients with 
sleep- related breathing disorders, including 
avoiding hypnotics or alcohol in the evening as 
well as observing a stable sleep–wake rhythm 
with respective sleep hygiene. Avoiding hypnotic 
intake and alcohol in the evening is generally jus-
tified with the explanation that these substances 
have a muscle- relaxing effect that might aggravate 
an existing sleep-related breathing disorder, in 
particular, obstructive sleep apnea.

However, the study situation is contradictory. 
It is rather improbable that alcohol in the evening 
really aggravates or unmasks an existing sleep-
related breathing disorder to a clinically relevant 
extent, even if single cases are reported in which 
obstructive sleep apnea is only manifest even in the 
sleep lab after respective alcohol provocation. In 
analogy, the same is true for the intake of sedatives.

Finally, neither alcohol in the evening nor the 
intake of sedatives is desirable from a sleep  medical 
point of view. Hereby, an impairment of the sleep 
profile or the impaired daytime vigilance may be 
expected. Intake of sedatives over a longer period 
is only indicated in rare cases. On the general sleep 
medical aspect, the recommendation can only be 
supported to avoid drinking alcohol in the evening 
or consuming hypnotics. In analogy, this applies 
for the observation of a stable sleep–wake rhythm 
and sufficient sleep hygiene (see 7 Sect. 3.2.1).

4.7.1.3  Medication
In particular for the treatment of snoring, a large 
variety of partly suspect therapeutics are offered, 
among them various pharyngeal sprays that 
promise to improve snoring. None of those phar-
maceutical products has demonstrated its effec-
tiveness.

Also in the context of sleep-related breathing 
disorders, several attempts have been made to 
establish medical therapy. Of course, in cases of 
different types of secondary alveolar hypoven-
tilation, medical treatment of the underlying 
disease may lead to an improvement of the 
sleep-related breathing disorder (e.g., beta-2 
sympathomimetics for chronic obstructive 
pulmonary disease or medication for the treat-
ment of heart failure).

A specific medical treatment of sleep- related 
breathing disorders, however, is currently not 
available, although in the context of phenotyping 
of obstructive sleep apnea medical treatment for 
distinct phenotypes has recently been tested in 
clinical trials with positive initial results.

Practical Tip

Effective medical treatment of snoring and 
obstructive sleep-related breathing disorders 
is currently not available.

4.7.1.4  Nocturnal Oxygen Therapy
The administration of oxygen at night may be 
indicated in all sleep-related breathing disorders 
that are associated with nocturnal desaturation. 
Although nocturnal respiratory events generally 
cannot be avoided by the administration of oxy-
gen, its use may be successful to avoid or at least 
to attenuate the accompanying desaturations.
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In cases of obstructive or central sleep apnea, 
however, an indication is only given in excep-
tional cases even if the severity of the desatura-
tions can be reduced based by nocturnal oxygen 
therapy. Here, the available therapeutic alterna-
tives, with nocturnal ventilation therapy in first 
place, are generally very effective so that a noctur-
nal oxygen administration is not required or may 
be taken into account only as adjuvant measure in 
patients with accompanying pulmonary diseases. 
Treatment of sleep apnea with oxygen alone is not 
recommended.

The treatment of hypoventilation syndromes, 
however, can also be difficult with ventilation 
therapy, so that in this context, the accompanying 
administration of nocturnal oxygen may be con-
sidered. In the practice, especially patients are 
concerned who suffer from secondary alveolar 
hypoventilation in cases of or in combination 
with chronic pulmonary disease, for example, 
COPD.  In particular, nocturnal oxygen therapy 
may be discussed if the respiratory arousals are 
less in the focus of the disease than the associated 
desaturations.

4.7.2  Device-Based Procedures

Device-based procedures have been developed to 
counteract an obstruction of the airways in cases 
of obstructive sleep apnea and to reduce the vibra-
tion of the soft tissue in cases of snoring. Currently 
available devices limited to these indications are:

 5 Procedures to increase muscle tone
 5 Technical aids to avoid supine position
 5 Mandibular advancement devices

4.7.2.1  Increase of Muscle Tone
In past years, various procedures for stimulation 
and toning the muscles have been tested, all aim-
ing at ameliorating snoring and obstructive 
breathing disorders. The therapeutic approach 
was based on considerations regarding the patho-
physiology of airway obstruction (see 7 Sect. 4.2). 
Finally, it is a question of the dilators of the upper 
airway that have to counteract the negative inspi-
ratory pressure and keep the airway open. 
Furthermore, it could be demonstrated that 
patients with obstructive sleep apnea have an 
increased muscle tone of the suprahyoidal mus-
cles even during wakefulness, which seems to be 

necessary to avoid an airway collapse when awake. 
It was assumed that strengthening or toning of 
these dilators could be beneficial for the treatment 
of obstructive breathing disorders.

Numerous publications exist, for example, on 
electrical muscle stimulation. The clinical results, 
however, have been disappointing in the past. 
Although some trials showed an improvement of 
snoring in patients with obstructive sleep apnea, 
the expectations regarding an effect on respira-
tory disorders could not be met. Until now, the 
effectiveness of electrical muscle stimulation 
could not be proven for obstructive sleep apnea, 
although new technical development and new 
device were recently introduced into the market 
with positive initial results.

A comparable approach was pursued by pro-
cedures that promote training of the pharyngeal 
muscles. In this context, some attention was paid 
to a publication on regularly playing a digeridoo 
(a tube-shaped wind instrument of the Australian 
aborigines). For this kind of therapy as well as for 
special training of the oral and pharyngeal mus-
cles, a limited number of randomized trials is 
available that confirms the effectiveness in com-
parison to a control group. Whether the success 
reported there can be realized in daily practice 
may be questioned, also considering the time- 
consuming training phases that are necessary to 
maintain the effect. Sometimes, other training 
procedures originating from the field of speech 
therapy are propagated (e.g., singing exercises and 
voice training) without that reliable trials would 
have been published on this topic.

4.7.2.2  Avoiding the Supine Position
Deterioration of obstructive sleep apnea caused 
by the supine position (so-called positional sleep 
apnea) is regularly observed, and according to 
the literature, it occurs in about half of the 
patients with different severity. Many patients 
suffering from snoring report, for example, an 
aggravation of snoring in this position. 
Generally, mechanical factors are considered 
responsible for this phenomenon, in first place 
the gravity-related airway obstruction with the 
soft tissue (soft palate, tongue) falling into the 
pharynx but also because of the change in posi-
tion of the mandible. An improvement of snor-
ing in lateral positions is certainly an experience 
that most adults have made who had to suffer 
from a snoring bed partner.
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With this background, it seems to be highly 
interesting to avoid a supine position especially 
for patients who suffer from obstructive sleep 
apnea or snoring that is predominantly or exclu-
sively manifest in the supine position. In the 
context of obstructive sleep apnea, these patients 
have a respiratory disturbance index during the 
entire night that requires treatment but present 
with a tolerable number of respiratory events in 
the nonsupine position. From a practical point of 
view, snoring should also disappear in the lateral 
position because the acceptance by the bed part-
ner would be limited despite a possibly successful 
reduction of the respiratory events. Avoiding the 
supine position, however, may also be part of the 
therapeutic concept when the breathing disorder 
in the supine position can only be improved but 
not completely eliminated. In these cases, pro-
cedures for avoiding the supine position may be 
complementarily effective and be of great value in 
combination with other procedures.

Practical Tip

In cases of snoring that occurs in the supine 
position, or obstructive sleep apnea that is 
only observed in the supine position, avoiding 
this position may be successful as the only or 
adjuvant measure of treatment.

To avoid the supine position during sleep, numer-
ous anecdotal and also historical reports have 
been published. Self-constructed aids (e.g., insert-
ing a tennis ball into the back part of the pajamas), 
however, generally do not provide sufficiently 
reliable support to avoid the supine position. In 
addition, turning around one’s own axis should 
still be possible.

Some manufacturers present respective aids, 
including, for example, vests in which foam half- 
cylinders are inserted or sewn in. Their effective-
ness could be documented in clinical trials with 
this special patient population (. Fig.  4.12). 
Long- term therapy adherence, however, was dis-
appointing in clinical trials. Furthermore, dis-
eases of the musculoskeletal system or the spine 
may make their application impossible. Recent 
publications describe the treatment of position- 
related sleep apnea with an electronic device 
that is fixed at the chest wall by means of a belt 
registering the body position and generating a 

vibration stimulus with increasing intensity 
when in supine position (labeled as sleep posi-
tion trainer). From a practical point of view, this 
technique seems to be an interesting alternative 
to current aids, and clinical trials confirm the 
effectiveness and good compliance. Comparable 
therapeutic approaches are currently offered by 
different smartphone apps even if in most cases 
a scientific evaluation is not available.

If a patient is diagnosed with positional 
obstructive sleep apnea, these measures that are 
nearly without any side effect, well tolerable, and 
inexpensive should be discussed and provided. 
Also, the American Academy of Sleep Medicine 
recommends the positional therapy as a second-
ary or accompanying measure in patients with a 
position-dependent breathing disorder. In par-
ticular in cases of obstructive sleep apnea, how-
ever, an objectifying control of the therapeutic 
outcome and a regular verification of the com-
pliance are of relevance.

4.7.2.3  Mandibular Advancement 
Devices

Mandibular advancement devices (MAD) gener-
ally pursue the objective of mechanically dilating 
and stabilizing the upper airway. They are 
inserted into the mouth and adhere to the dental 
arches of the maxilla and the mandible. Both 
occlusal surfaces are either fixed in one piece 
(so-called monobloc systems) or flexibly linked 
via splints, strips, or joints; hereby, the two-splint 
system seems to be more advantageous. Both 
occlusal surfaces are positioned in that way that 
the insertion of the mouthpiece is only possible 
when the mandible is advanced (i.e., protruded). 
If the mouthpiece is inserted in this way, an 

       . Fig. 4.12 Example of a vest designed to avoid the 
supine position
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advancement of the mandible results, and thus 
the airway is mechanically dilated on the level of 
the soft palate and the base of tongue.

Although the retrolingual dilation due to the 
fixation of the tongue to the inner surface of the 
mandible via the genioglossus muscle is immedi-
ately understandable, the particular anatomical 
relationships regarding the dilation of the airway 
on the level of the soft palate have to be consid-
ered in more detail. First, the soft palate with the 
uvula lies dorsally on the base of tongue so that 
an advancement of the base of tongue also dilates 
the space of the palatal soft tissue. Second, the 
anterior palatal arch is also linked with the base 
of tongue via the origin of the palatoglossus mus-
cle at the transverse muscle of the tongue, so that 
a dilation of the airway results in two respects. 
Furthermore, the functional effects are discussed 
because an increased pretension of the men-
tioned muscles also leads to a change of their 
function.

Practical Aspects
The advancement devices are applied in the treat-
ment of snoring as well as of obstructive sleep 
apnea. Most promising is their application when 
the patient has a good protrusion of the mandible 
because these cases are most likely to achieve a 
therapeutically effective advancement. Even if no 
recommendation can be given that may be applied 
to all patients, a maximally possible advancement 
of less than 1 cm rarely does lead to satisfactory 
results. In this context, it must be taken into 
account that the adjustment of advancement 
devices is not performed with the maximal pro-
trusion because otherwise disorders of the tem-
peromandibular joint may result and the wearing 
comfort is impaired.

Practical Tip

Treatment with an advancement device is only 
possible with sufficient mandibular protrusion. 
In particular, in cases of permanent therapy, 
cooperation with a dental specialist trained in 
sleep medicine is recommended.

Besides sufficient mandibular protrusion, dental 
status should also be satisfactory. Of course, what 
can be considered as sufficient in the individual 

case depends on the individual conformation, the 
compliance of the patient, and the experience of 
the user. Cooperation with a dental specialist 
qualified in sleep medicine, however, often allows 
an appropriate treatment even in cases of difficult 
findings, and in particular for permanent treat-
ment with MPD it is the precondition for a safe 
and effective therapy.

Furthermore, it should be mentioned here 
that besides advancement devices that are cus-
tom-made based on dental imprints, thermo-
plastic devices are also available that can be 
individually adjusted in a relatively simple way 
and are generally less expensive. For these ther-
moplastic devices (so-called boil-and-bite 
devices), good results are documented in clini-
cal treatment; however, they should be applied 
carefully. Even if great care is taken to adjust the 
device regarding the protrusion, the individual 
particularities of the teeth and the periodontal 
apparatus can only be considered to a limited 
extent. In addition, the durability of these splints 
is limited, and an ineffective friction, that is, 
adhesion of the device at the teeth, may impair 
the effectiveness. In its current guideline, the 
American Academy of Sleep Medicine comes to 
the conclusion that “When oral appliance ther-
apy is prescribed by a sleep physician for an 
adult patient with obstructive sleep apnea, we 
suggest that a qualified dentist use a custom, 
titratable appliance over non-custom oral 
devices.”

However, thermoplastic devices may provide 
valuable input as test systems. The patient is 
treated very soon with relatively low financial 
effort, and the appliance under daily conditions 
can be tested for a limited period. Furthermore, 
a first estimation of the effectiveness of advance-
ment devices can be performed before a perma-
nent treatment is induced. The lack of therapeutic 
success with thermoplastic devices, however, 
does not necessarily mean that advancement 
devices are generally not effective in the indi-
vidual patient.

The spectrum of available systems has been 
continuously increased, and some significant dif-
ferences are found between products. In this con-
text, not all such products have been scientifically 
investigated. Hence, study results on specific 
device systems cannot be directly transferred to 
other products or manufacturers.
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Patient Selection
Regarding the selection of suitable patients, ana-
tomical conditions have to be taken into consider-
ation. Most suitable are those patients displaying 
the following characteristics:

 5 Only slightly overweight (BMI <30 kg/m2)
 5 Sufficient mandibular protrusion
 5 Intact dental status
 5 No other relevant obstruction sites in the 

clinical examination
 5 Snoring or mild to moderate (position- 

related) obstructive sleep apnea (RDI ≤30)

According to the current S3 guideline of the 
DGSM on sleep-related breathing disorders, 
mandibular protrusion devices may be applied in 
cases of mild to moderate obstructive sleep apnea 
as an alternative to CPAP/APAP treatment. In 
cases of severe sleep apnea, mandibular advance-
ment devices may be considered when positive 
pressure therapy is not sufficiently effective or is 
not tolerated despite the application of all sup-
porting measures.

Case Report
In a sleep medical consultation, a 37-year-old 
man presents who has a history of being a notori-
ous snorer for many years (on the occasions of 
private trips with his diving club, his friends refuse 
to share a room with him). However, the patient is 
not symptomatic, and he does not complain 
about daytime sleepiness: sleep is perceived as 
restorative. A sleep medical examination reveals 
mild obstructive sleep apnea with an RDI of 17; 
ventilation therapy is induced. Not least because 
of the lack of symptoms, the patient subjectively 
does not benefit from the treatment and uses the 
ventilation device only very irregularly. He is 
interested in therapeutic alternatives.

Clinical examination of this slightly over-
weight patient (BMI, 27) does not show anatomi-
cal anomalies. Because of a good mandibular 
protrusion of 1.5 cm and a healthy dental status, 
the indication for a treatment with a mandibular 
advancement devices is made. The patient is pre-
sented to a dental specialist qualified in sleep 
medicine who provides an individually manufac-
tured intraoral device.

After a period of 4  weeks during which the 
patient had continuously used the device, he 
reports that the initial difficulties with the device 

have disappeared and that his girlfriend told him 
his snoring has significantly improved. The con-
trol PSG with the advancement device revealed 
an RDI of 3.

Acceptance and Side Effects
Not all patients tolerate advancement devices as 
permanent treatment. Long-term compliance 
rates between 48% and 90% are reported, whereas 
assessment of compliance, for example, by means 
of temperature sensors, has not been implemented 
in the daily routine. Comparative studies, how-
ever, confirm a better compliance of the advance-
ment devices in comparison to CPAP therapy.

Hypersalivation that is disturbing for the 
patient may occur because of the devices, or the 
devices may be removed unconsciously during 
sleep. Furthermore, many patients report disturb-
ing cramps of the masticatory muscles in the 
morning, so that the mandible or the joint has to 
be relaxed after taking out the advancement 
device. Additionally, clinically relevant disorders 
of the temperomandibular joint may occur, or an 
already existing disorder may be aggravated. In 
particular, in cases of longer use, loosening of the 
periodontium of single teeth may be observed, to 
which strong acting forces are applied and or 
occlusion disorders may develop.

The majority of initially occurring complaints 
disappear in the further course. Data on persist-
ing or clinically relevant side effects vary enor-
mously in the literature (between 0% and 75%). In 
a long-term trial, a change of the dental position 
could be documented by means of repeatedly per-
formed imprints in 14% of the patients after 
5  years. Therefore, regular follow-up examina-
tions should be performed by qualified dental 
specialists.

Therapeutic Effects
With specific treatment by means of advancement 
devices, socially disturbing snoring as well as 
obstructive sleep apnea may be treated success-
fully.

Data on the success rates in the context of 
snoring are naturally subjective, and the data situ-
ation is less reliable than for the treatment of sleep 
apnea. A substantial improvement of snoring, 
however, can be expected in suitable patient pop-
ulations. Because snoring is not a disease in the 

4.7 · Therapeutic Alternatives



164

4

proper sense of the word, possible complications 
of the treatment should be considered critically.

Regarding the treatment of obstructive sleep 
apnea, comprehensive and partly even placebo- 
controlled studies are available documenting the 
effectiveness on a subjective as well as objective 
level. Although compliance concerning advance-
ment devices in clinical trials is more favorable in 
comparison to CPAP therapy, respiratory therapy 
seems to be superior regarding the absolute 
reduction of respiratory events.

Practical Tip

According to current guidelines, 
advancement devices are considered as 
equivalent therapeutic approaches to 
ventilation therapy for mild to moderate 
sleep apnea. Sleep medical follow-up 
examinations for control of the treatment 
success are essential.

4.8  Surgical Therapy

Conservative therapeutic measures, in particular 
ventilation therapy, are still considered as stan-
dard and are generally the measure of first choice 
in the treatment of sleep-related breathing disor-
ders. Nonetheless, patient interest in surgical 
alternatives is still very high, which may be 
explained by the limited acceptance and the often 
insufficient compliance with regard to conserva-
tive procedures. Frequently patients ask for effec-
tive treatment without the need for a daily or 
nocturnal intervention (e.g., protrusion devices, 
ventilation therapy). Surgical procedures may 
represent an interesting alternative in the context 
of snoring or obstructive sleep apnea (nonob-
structive breathing disorders are generally not 
suitable for surgical treatment). Their application, 
however, has to be discussed critically and indi-
vidually.

4.8.1  Indications 
and Contraindications

The general aspects indicating the treatment of 
sleep-related breathing disorders have already 
been discussed comprehensively (see 7 Sect. 4.4.2). 

With regard to surgical therapy, it must be stated 
that an indication for surgery can only be made if 
the patient refuses to undergo conservative proce-
dures, or if such measures are not tolerated, or if no 
satisfactory outcome is achieved. Thus, surgical 
therapy is usually not the treatment of first choice, 
and conservative approaches have to be discussed 
first of all with the patient. This step corresponds to 
the recommendations of the American Academy 
of Sleep Medicine that published respective recom-
mendations on the surgical therapy of sleep apnea 
in its practice parameters on surgical modifica-
tions of the upper airway for obstructive sleep 
apnea. Regarding obstructive sleep apnea, the 
authors generally offer conservative treatment to 
the patient, and they mostly succeed in convincing 
them to at least make an attempt. Frequently, the 
initial wish for surgical treatment is then dropped.

On the other hand, consequently all 
 therapeutic and thus also surgical alternatives that 
are available should be clarified and offered when 
no satisfactory effect or compliance can be 
achieved with conservative procedures despite all 
reasonable efforts. For example, not all patients 
tolerate nocturnal ventilation therapy even if ini-
tially expressing a positive attitude regarding this 
therapeutic approach. In these cases, an interdis-
ciplinary cooperation should allow offering all 
available therapeutic alternatives. Surgical therapy 
may frequently lead to substantial improvement 
in symptoms even if the underlying breathing dis-
order has not been completely eliminated and 
surgery has only led to a reduction of the respira-
tory events. So, if the patients refuse to undergo 
conservative therapy, surgical therapy is often bet-
ter even under less favorable circumstances than 
therapeutic nihilism. With this background, con-
sultation of a sleep specialist with surgical qualifi-
cation (typically otolaryngologists or maxillofacial 
surgeons) may often be helpful.

Regarding contraindications of surgical ther-
apy, obesity must be mentioned in the first place. 
Increasing overweight leads to a linear decrease of 
the success rates of nearly all surgical treatments. 
Even if no generally applicable limit can be 
defined, and always the individual findings as a 
whole have to be considered, it can be stated that 
surgical therapy is successful with a BMI of 
>32 kg/m2 in only rare cases. Finally, the general 
contraindications for surgical interventions apply, 
in particular when general anesthesia is required. 
In this context, the expected therapeutic effects 
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always have to be weighed against the individually 
existing risk.

Practical Tip

Generally, surgical treatment strategies are 
only indicated in cases of obstructive 
sleep-related breathing disorders or snoring. A 
higher-grade obesity is usually a contrain-
dication for the procedures that are currently 
available.

The success rates of many surgical alternatives are 
limited; frequently only a few long-term results 
are available, and not all procedures have yet been 
sufficiently evaluated. However, in recent years, 
the number of high-quality clinical trials on sur-
gical procedures has significantly increased so 
that now randomized controlled trials are also 
available for a series of interventions. Meanwhile, 
the understanding prevails that compliance must 
not be excluded from the assessment of the effec-
tiveness of therapeutic approaches because it is 
generally superior for surgical procedures.

4.8.2  Selection of the Surgical 
Therapy

Selection of the suitable therapeutic approach has 
substantial relevance. If an intervention has not 
led to the desired effect, in most cases it is not a 
technically insufficient performance but more fre-
quently the inappropriate selection of the proce-
dure. If the most suitable therapy is not available, 
the surgeon must not hesitate to refer the patient 
to another institution.

In all cases, the selection of the procedure 
must be based on these concerns:

 5 The type of the breathing disorder
 5 The severity of the breathing disorder
 5 Individual anatomical findings

The significance of the type of breathing disorders 
becomes very clear, for example, in the context of 
snoring. According to the authors, predominantly 
minimally invasive procedures should be applied 
for surgical treatment of snoring that may be per-
formed under local anesthesia and that are associ-
ated with a low intra- and postoperative morbidity. 
Thus, the indication of, for example, laser-assisted 

uvulopalatoplasty (LAUP) or uvulopalatopharyn-
goplasty (UPPP) must be made very strictly in 
cases of snoring and should be reserved for excep-
tional cases, in particular because generally a less 
invasive alternative is available for the treatment 
of snoring.

With increasing severity of the disease, the 
probability of successful surgical treatment of 
obstructive sleep apnea decreases. Also, in this 
context no rigid limit value can be defined. In 
individual cases, for example, severe obstructive 
sleep apnea due to tonsillar hyperplasia may be 
successfully treated by means of tonsillectomy in 
an adult patient, if needed in combination with 
UPPP.

Finally, clinical assessment of the individual 
anatomical findings is crucial for successful surgi-
cal therapy. Hereby, it is important to identify 
every possible anatomical obstruction:

 5 Skeletal deformities/retrognathia
 5 Clinically relevant nasal obstruction
 5 Hyperplastic tonsils
 5 Hyperplastic uvula/soft tissue surplus at the 

soft palate
 5 Retrolingual obstruction
 5 Laryngeal obstruction/floppy epiglottis

Only based on these anatomical findings can a 
reasonable selection of the surgical approach be 
made.

Additional examinations may improve the 
selection of the appropriate therapy:

 5 Different clinical scoring systems or Müller’s 
maneuver consist of the attempt to detect the 
site of obstruction by means of endoscopy or 
imaging procedures during inspiration 
against the occluded airway.

 5 An attempt to identify the location of the 
airway obstruction via multichannel pressure 
probes that are placed into the esophagus and 
the pharynx. For this purpose, different rigid 
and dynamic imaging procedures have also 
been promoted.

 5 Finally, endoscopy of the upper airway allows 
visual assessment of the airway or the airway 
obstruction during spontaneous or drug- 
induced sleep (drug-induced sleep endoscopy, 
DISE).

For some interventions, it was possible to show 
that better patient selection could be achieved by 
means of these examination procedures. For 
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example, the success rates for tonsillectomy with 
uvulopalatopharyngoplasty are higher when 
obstruction on the level of the soft palate or a 
“high” obstruction could be documented by a 
clinical score or pressure probe measurements. 
For breathing-synchronized upper airway stimu-
lation (“hypoglossus stimulation”), obstruction 
patterns defined in DISE were predictive for the 
effectiveness of the procedure. Finally, sleep 
endoscopy is essential for the diagnosis of laryn-
geal obstruction.

The routinely performed examination of all 
patients with DISE however is currently not yet 
evidence based. Regarding a detailed discussion 
of the topic of assessing the upper airway, the 
authors refer to the literature listed at the end of 
this chapter.

4.8.3  Surgery of the Nose

The surgical procedures to treat nasal obstruction 
are identical to those applied otherwise in the 
clinical routine. There are no specific surgical pro-
cedures or nasal interventions for the treatment of 
sleep-related breathing disorders. The most com-
mon procedures include these:

 5 Surgical correction of septal deviation 
(septoplasty)

 5 Surgical correction of functionally  
relevant nasal deformities [functional 
(septo)-rhinoplasty]

 5 Reduction of hyperplastic inferior turbinates 
(turbinate reduction or turbinoplasty)

In cases of obstructing inflammatory processes 
(nasal polyposis), surgical therapy of the parana-
sal sinuses may also be indicated. However, the 
different surgical techniques are not discussed in 
this chapter.

Surgery of nasal obstruction generally 
improves the subjective nasal breathing and the 
subjective sleep quality and consecutively also 
daytime sleepiness. It may furthermore improve a 
treatment with nasal ventilation (e.g., nCPAP) or 
even only allow it. Especially in cases of CPAP 
incompliance with nasal obstruction, consulta-
tion of an ENT surgeon is often helpful, and surgi-
cal intervention can contribute to increased 
acceptance of nasal ventilation therapy.

However, surgical treatment of nasal obstruc-
tion alone is only rarely effective in the treatment 
of sleep-related breathing disorders. Although a 
substantial improvement of snoring is observed 
in up to 40% of snoring subjects with nasal 
obstruction, only about 20% of the patients suf-
fering from obstructive sleep apnea experience a 
relevant improvement (uncontrolled case series). 
A recently published controlled trial could not 
confirm a superiority of nasal surgery in compari-
son to sham surgery.

In summary, it can be concluded that surgical 
correction of nasal obstruction may improve 
nasal breathing and subjective sleep quality and 
may optimize nasal CPAP therapy or even only 
allow it. In some patients, also snoring or noctur-
nal sleep apnea may improve in this way. However, 
therapy is only indicated when nasal obstruction 
is also subjectively perceived as disturbing. An 
indication to perform nasal surgery cannot be 
made based on conspicuous clinical findings or 
functional measurement alone (e.g., rhino-
manometry).

Practical Tip

The indication of surgical correction of a 
malformation of the shape of the outer or 
inner nose is generally only given in cases of 
corresponding CPAP incompliance or 
subjective nasal obstruction.

4.8.4  Surgery of the Soft Palate

The soft palate is still in the focus of general inter-
est when discussing surgical therapy for sleep- 
related breathing disorders. There are certainly 
several reasons for this phenomenon. First, the 
soft palate is typically the origin of snoring 
sounds, and obstruction on the level of the soft 
palate is one of the most frequently observed par-
ticularities in patients suffering from sleep-
related breathing disorders. Second, the first 
surgical techniques, in particular uvulopalato-
pharyngoplasty (UPPP), were initially only 
extensions of conventional tonsillectomy, so 
these interventions were rapidly accepted by ENT 
surgeons.
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Compared to first publications, however, sur-
gery of the soft palate was significantly modified. 
At the beginning radical surgical techniques were 
applied, but this radicalism was abandoned in 
favor of increasingly function-preserving and 
careful techniques. Radical resections at the soft 
palate, which in the past resulted in severe disor-
ders of these functionally relevant structures on 
occasion, are obsolete. Careful and function- 
preserving surgery is now of first priority.

Practical Tip

Radical surgical techniques at the soft palate 
may be associated with very uncomfortable 
complications that are difficult to treat and 
are generally not indicated.

In the following, surgical procedures for the treat-
ment of snoring and obstructive sleep apnea are 
described separately for didactic reasons. The 
authors are aware that placebo-controlled trials 
are available in particular for minimally invasive 
therapies that document significant reduction of 
respiratory events in the treatment of mild 
obstructive sleep apnea. On the other hand, ton-
sillectomy or UPPP may also be indicated for an 
individual patient suffering from snoring. Gener-
ally, the authors believe that minimally invasive 
surgical techniques should be applied for the 
treatment of snoring. Minimally invasive tech-
niques may be indicated in patients with mild 
obstructive sleep apnea who are otherwise healthy 
and unimpaired when snoring is in the focus of 
the complaints. However, these procedures are 
only rarely suitable as isolated measures in cases 
of manifest obstructive sleep apnea.

4.8.4.1  Surgical Treatment of the Soft 
Palate in Cases of Snoring

Regarding surgical treatment of the soft palate in 
the context of snoring, different minimally inva-
sive procedures must be mentioned. They all aim 
at mechanically stabilizing the soft palate or 
removing a mucosal surplus to reduce vibrations 
of the soft palate and thus also snoring.

Besides numerous modifications and varia-
tions, those procedures mainly include electro-
surgical procedures (radiofrequency surgery) and 

soft palate implants. Because of technical disad-
vantages and a higher postoperative morbidity 
and complication rate, laser-assisted surgery of the 
soft palate (laser-assisted uvulopalatoplasty, 
LAUP) is now rarely applied for surgical interven-
tions at the soft palate. It is already contraindi-
cated for mild obstructive sleep apnea because it 
may lead to reduction of the pharyngeal diameter 
and aggravation of airway obstruction by scar-
ring.

Radiofrequency Surgery
Radiofrequency surgery is an electrosurgical pro-
cedure. According to the configuration of the 
electrodes and the technical settings, defined 
(interstitial) thermal lesions may be caused in the 
tissue or the electrodes may be used for cutting 
tissue.

To interstitially achieve a thermal treatment of 
the soft palate, the application needle is inserted 
under local anesthesia into predefined points of 
the soft palate and energy is applied submuco-
sally. This procedure results in scarring of the tis-
sue with only minimal trauma of the mucosal 
surface. The subsequent scarring leads to stiffen-
ing of the tissue with resulting reduction of the 
vibration capacity and finally to a reduction of 
snoring under the clinical aspect.

The effectiveness of this procedure with only 
minimal intra- and postoperative morbidity could 
also be confirmed by means of placebo-controlled 
trials. Even if snoring can only be reduced and not 
really eliminated in this way, it is nonetheless a 
safe and effective option.

The effectiveness of this treatment can be 
increased when an additional resection of a mucosal 
surplus is performed by means of radiofrequency- 
assisted procedures (radiofrequency- assisted uvu-
lopalatoplasty, RF- UPP). The resection includes 
exclusively the mucosal surplus, for example, at the 
posterior palatal arch or at the uvula. Resection and 
destruction of the palatal muscles must be strictly 
avoided. Postoperative pain is clearly more severe 
with the additional resection, but also in this con-
text, postoperative complications are minimal if the 
intervention is performed appropriately.

The reduction of snoring is even more signifi-
cant in this context compared to interstitial treat-
ment alone (schematic overview of the surgical 
procedures, . Fig. 4.13).
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After both procedures (interstitial as well as 
combined radiofrequency surgery), a relapse in 
snoring has been documented in some patients in 
the context of long-term evaluations. If needed, 
re-operation may be performed after some years. 
Which patients benefit permanently from this 
intervention is still under discussion.

Soft Palate Implants
With the idea to achieve permanent stabilization 
of the soft palate and a permanent improvement of 
snoring, pin-shaped implants have been devel-
oped for the soft palate. These implants, made of 
Dacron, are inserted under local anesthesia at 
three different points of the soft palate. Stiffening 
is achieved on one hand by the mechanical effect 
of the implants; on the other hand, it is also 
explained by the scarring that is induced in the 
process of implant integration.

Also, with those implants, improvement of 
snoring may be achieved with minimal postoper-
ative morbidity and almost no complications. 
Some of the patients describe recurrent snoring 
after initially successful therapy. Tissue surplus 
cannot be reduced with this technique. In those 
cases, for example, carefully performed resection 
of the soft tissue in combination with implanta-
tion may be appropriate.

4.8.4.2  Surgical Treatment of the Soft 
Palate in Obstructive Sleep 
Apnea

The aforementioned procedures primarily aim at 
reinforcing the soft palate, whereas procedures for 
treatment of obstructive sleep apnea are intended 
to increase pharyngeal volume. In nearly all cases 

when the palatal tonsils are still present, tonsillec-
tomy contributes significantly to the success of 
treatment, so that respective procedures are regu-
larly combined with tonsillectomy. Sometimes, 
tonsillectomy as an isolated procedure eliminates 
the airway obstruction in the context of according 
tonsillar hyperplasia (. Fig. 4.14).

The most important procedure of pharyngeal 
enlargement on the level of the palate is uvulo-
palatopharyngoplasty (UPPP). UPPP was one of 
the first procedures in this context, and it is still 
standard in the surgical therapy of obstructive 
sleep apnea. After tonsillectomy, the posterior 
palatal arches are sutured to the anterior ones in 
such a way that pharyngeal enlargement results. 
Generally, in addition a too long or hyperplastic 
uvula is shortened.

Tonsillectomy with UPPP could also prove 
to be effective for the decrease of respiratory 
events and for the improvement of daytime 
symptoms in controlled clinical trials. 
Furthermore, numerous positive effects, for 
example, with regard to the cardiovascular 
function and overall survival, were docu-
mented. Even in long-term investigations of as 
much as 10  years after the intervention, the 
effects turned out to be stable. With the back-
ground of techniques developed for careful 
muscle and function-preserving surgery, larger 
patient populations show comparably low com-
plication rates that mainly correspond to the 
complication rates after tonsillectomy.

In the past, numerous modifications and vari-
ants have been described with regard to classic 
UPPP (lateral pharyngoplasty, palatal advance-
ment, etc.) that are not covered in this chapter. 
The authors refer to respective review articles.

       . Fig. 4.13 Procedure of radiofrequency-assisted 
uvulopalatoplasty (RF-UPP)

       . Fig. 4.14 Pharyngeal findings with hyperplasia of the 
tonsils and the soft palate
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Case Report
After some months, the 45-year-old bank employee 
described in the abovementioned example who had 
been provided a CPAP device no longer would toler-
ate ventilation therapy although the ventilation ther-
apy had initially developed very positively. Testing 
other masks and the prescription of a CPAP device 
with  expiratory pressure relief could only moderately 
improve his complaints (dermal irritation/ulceration, 
conjunctival irritation, aerophagia). He sensed a 
continuously increasing aversion against ventilation 
therapy so that he no longer used the device. Accord-
ing to his report, the daytime sleepiness that had sig-
nificantly improved initially had again increased.

The clinical examination reveals a relevant 
hyperplasia of the palatal tonsils with enlarge-
ment of the uvula and notable mucosal surplus 
(. Fig. 4.14).

Despite his increased body mass index, the 
indication for surgical intervention is made, and 
the surgery date is fixed. The patient is asked to 
reduce weight up to the date of the intervention.

The patient undergoes tonsillectomy with 
UPPP under general anesthesia. On the fifth post-
operative day, bleeding from the tonsillar bed 
occurs that can be controlled by conservative mea-
sures. The further postoperative course is without 
complications; after 1  week, the pain has nearly 
disappeared. Six weeks after surgery, control PSG 
is performed with a resulting RDI of 17. Now, sleep 
apnea is observed that is exclusively caused in the 
supine position during sleep. Therefore, the patient 
additionally receives a sleep position trainer to 
avoid the supine position, which finally leads to 
complete elimination of the apneic phases.

The subjective symptoms are regressive, and 
snoring no longer occurs, so continuation of the 
ventilation therapy is no longer indicated.

4.8.5  Surgery of the Retrolingual 
Space

In particular, in cases of moderate or severe 
obstructive sleep apnea, an obstruction of the air-
way is found on the level of the base of tongue, 
either as an isolated finding or more frequently in 
combination with obstruction at the level of the 
soft palate. Because this area cannot be directly 
examined clinically (one important diagnostic 
criterion is the endoscopy of the upper airway) 
and resection procedures are associated with high 

morbidity, surgical therapy of this retrolingual 
obstruction still causes relevant problems. There-
fore, the procedures mentioned are reserved for 
the treatment of obstructive sleep apnea.

Most various procedures have been developed 
to reinforce this area and to stabilize it (e.g., radio-
frequency surgery of the base of tongue) or also to 
displace relevant structures in this area, aiming at 
an enlargement of the airway (e.g., genioglossus 
advancement, tongue suspension sutures, tongue 
advancement, or hyoid suspension).

In the context of radiofrequency surgery, the 
attempt is made to achieve scarring and stiffen-
ing of the base of the tongue according to the 
described techniques (see 7 Sect. 4.8.4) to reduce 
collapsibility in this area. The procedure, which is 
the only one that can be described as minimally 
invasive, may be performed under local anesthe-
sia or sedation; however, its effectiveness with 
regard to obstructive sleep apnea is limited.

All other procedures generally require general 
anesthesia.

The procedure of genioglossus advancement 
consists of an excision of the bony a portion of 
the mandible where the genioglossus muscle is 
attached. This piece of bone is then pulled in the 
ventral direction, thinned, and fixed to the outer 
surface of the lower jaw. In this way, the attach-
ment of the muscle is pulled forward and the air-
way size is increased.

A similar approach is pursued by differ-
ent procedures of tongue advancement. Hereby, 
depending on the manufacturers, different mate-
rials (e.g., nonresorbable sutures or different 
loops) are inserted into the tongue and fixed at 
the inner surface of the mandible. The aim of this 
procedure is less to pull the tongue forward to a 
relevant measure but rather to stabilize the tongue 
and to avoid its falling back during sleep.

Practical Tip

Surgery of retrolingual obstruction is still 
far from being applied as a standard and 
routinely performed procedure compared to 
interventions of the soft palate.

Frequently, the mentioned procedures are applied 
in combination with procedures of the soft pal-
ate (so-called multilevel surgery) to increase their 
effectiveness.
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4.8.6  Hypoglossal Nerve 
Stimulation

Electric stimulation of the hypoglossal nerve 
(hypoglossal nerve stimulation or also airway 
 stimulation or “upper airway stimulation”) is a new 
and, in this context, innovative surgical procedure 
that is not based on resection or displacement but 
on functional treatment by means of stimulation. 
This procedure consists of implanting an impulse 
generator for unilateral stimulation of the hypo-
glossal nerve during sleep. This step activates the 
muscles protruding the tongue and thus leads to an 
increased retrolingual airway size. Via passive acti-
vation of the palatoglossal muscle, opening at the 
level of the velopharynx may be achieved. The 
stimulation systems that are currently available 
vary with regard to the type of stimulation that 
may occur in a ventilation synchronized manner. 
After implantation of the stimulation system and 
successful integration, titrations are performed 
under polysomnographic conditions, and the 
stimulation parameters are optimized until the 
breathing disorder ceases. . Figure  4.15 graphi-
cally displays the ventilation synchronized upper 
airway stimulation.

In particular for ventilation synchronized 
upper airway stimulation, a series of methodically 
high-quality trials have been published in past 
years that could document an impressive improve-
ment of subjective and objective parameters. 
Hereby, the improvement of the respiratory 
parameters and the daytime symptoms as well as 

the quality of life were observed to be stable even 
several years after implantation.

Patients without or with mild obesity suffering 
from moderate to severe sleep apnea are suitable 
for this procedure. It was possible to demonstrate 
for ventilation synchronized stimulation that drug-
induced sleep endoscopy provides decisive predic-
tive information. In this examination, a complete 
concentric collapse on the level of the velopharynx 
has to be excluded because it is a negative predictor 
for treatment response. Preoperative screening and 
the subsequent treatment require an interdisciplin-
ary approach and should be performed in an expe-
rienced sleep center with the corresponding 
infrastructure and expertise.

4.8.7  Maxillofacial Surgery

The significance of skeletal particularities in 
patients suffering from sleep-related breathing 
disorders was emphasized previously (see 7 Sect. 
4.2.2), so it is quite appropriate to return to already 
established procedures in maxillofacial surgery in 
cases of patients with skeletal malformations such 
as dysgnathia. In this context, procedures advanc-
ing the mandible (e.g., distraction osteoneogene-
sis) and also procedures for bimaxillary 
advancement (maxillomandibular advancement) 
must be mentioned. Especially for patients with 
cosmetically unfavorable facial morphology or 
dysgnathia requiring treatment, these procedures 
might be beneficial, not only from an aesthetic 
and functional point of view but also with regard 
to sleep-related breathing disorders.

Even for patients without visible skeletal mal-
formations, maxillomandibular advancement 
may significantly increase the airway size. 
However, acceptance by the patients is limited 
because of the invasiveness of the intervention. 
Nonetheless, maxillofacial procedures are the 
most effective surgical procedures in the treat-
ment of obstructive sleep apnea. Success rates of 
about 90% are reported, and in a current random-
ized trial, the effectiveness of bimaxillary advance-
ment also revealed an equivalent outcome 
compared to CPAP treatment in patients with 
severe obstructive sleep apnea also. Patients suf-
fering from obstructive sleep apnea who do not 
accept or tolerate conservative therapy should 
consider the option of maxillofacial procedures, 
and they should consult an appropriate specialist.

Breathing Sensor
Lead

Generator

Stimulation
Lead

       . Fig. 4.15 Principles of upper airway stimulation
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4.9  Questions

 ?  1.  Please explain the classification of 
sleep-related breathing disorders and 
give an example for each.

 ?  2.  What are the relevant pathophysiological 
differences between central sleep apnea 
syndromes in comparison to 
sleep-related hypoventilation and 
hypoxemia?

 ?  3.  Please list the pathophysiological 
principles and triggering factors for 
obstructive sleep apnea.

 ?  4.  Please describe the diagnostic steps for 
suspected sleep-related breathing 
disorder.

 ?  5.  Which types of ventilation therapy do 
you know and for which indications are 
they applied?

 ?  6.  Which alternatives exist if ventilation 
therapy has to be terminated because of 
lack of compliance?
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An increased likelihood to fall asleep during the 
daytime is a frequent symptom in a series of 
widespread sleep disorders, for example, sleep-
related breathing disorders. Hypersomnias, 
such as narcolepsy, and idiopathic (primary) 
hypersomnia as independent disorders are 
rarely observed. The symptom of excessive day-
time sleepiness, however, is a great burden for 
these patients. Adequate and often long-term 
treatment is a challenge for sleep specialists.

Hypersomnias are characterized by an 
increased daytime sleepiness that cannot be 
explained by disturbed night sleep alone, such 
as disorders of initiating and maintaining sleep 
or nonrestorative sleep. Thus, sleep apnea syn-
drome or periodic limb movements during 
sleep as the cause of the symptom of hypersom-
nia have to be excluded before the independent 
diagnosis of hypersomnia can be made (differ-
ential diagnosis of narcolepsy, 7 Sect. 5.1.7; dif-
ferential diagnosis of idiopathic hypersomnia, 
7 Sect. 5.2.7).

Daytime sleepiness has to be differentiated 
from daytime tiredness. In contrast to daytime 
tiredness, daytime sleepiness is defined as an 
increased propensity to fall asleep, mostly in 
monotonous situations (reading, watching TV, 
lectures/presentations, meetings, driving) and, 
thus, not primarily reflecting the sensation of 
being tired (see 7  Table 2.1; 7  Sect. 2.1.3; 
7  Chap. 7).

Classification of Hypersomnias 
According to the AASM

 5 Narcolepsy type 1 (with cataplexy)
 5 Narcolepsy type 2 (without cataplexy)
 5 Idiopathic hypersomnia
 5 Kleine-Levin syndrome
 5 Insufficient sleep syndrome
 5 Hypersomnia caused by or associated 

with somatic and mental disorder or 
resulting from medication or substance 
abuse

The most important hypersomnias are narcolepsy 
(type 1 and type 2) and idiopathic hypersomnias. 
Furthermore, the Kleine-Levin syndrome is a rare 
but frequently underdiagnosed disease. In the fol-
lowing, these disorders are described with their 

subtypes. For differential diagnostics, the insuffi-
cient sleep syndrome is relevant in practice.

5.1  Narcolepsy

5.1.1  Definitions

Narcolepsy is a chronic disorder that usually has 
its onset between the 15th and 25th year of life. A 
second peak is found in the fourth decade. The 
disorder is characterized by these events:

 5 An increased propensity to fall asleep during 
the day, and also in unlikely situations (when 
eating or talking)

 5 Cataplexy (sudden loss of muscle tone in the 
context of emotional excitement)

 5 Often sleep paralysis and hypnagogic 
hallucinations occur

The symptoms of narcolepsy are categorized into 
two groups: rapid eye movement (REM) sleep-
associated symptoms and symptoms that are not 
associated with REM sleep (in particular, daytime 
sleepiness).

REM sleep-associated symptoms include these:
 5 Cataplexy
 5 Sleep paralysis
 5 Hypnagogic hallucinations

Increased dream recall and the occurrence of 
negative dreams and nightmares are often 
reported by narcolepsy patients.

5.1.2  Etiology and Pathophysiology

For REM sleep-associated symptoms (cataplexy, 
sleep paralysis, hypnagogic hallucinations) in nar-
colepsy patients to occur, hyperactivity of the sys-
tem controlling the REM sleep is considered 
responsible. This system becomes active in situa-
tions in which it should not be active. An example 
of such a case is emotional excitement that trig-
gers the REM sleep system, leading to cataplexy.

The REM sleep system serves to reduce the 
muscle tone of the entire body with its centers 
located in the brainstem (locus coeruleus, Raphé, 
and tuberomammillary nuclei) in addition to the 
increased brain activation (intensive dreaming). In 
healthy individuals, this ensures that the body does 
not move during REM sleep despite the motor 
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 cortex activation associated with dreamed move-
ments. In cataplexy, however, the system is activated  
nonphysiologically, which leads to an emotionally 
induced loss of muscle tone during wakefulness. In 
sleep paralysis, the individual awakens, but the 
REM sleep system do not switch to “awake,” that is, 
despite full consciousness the muscle blockade of 
REM sleep still persists. Only the eyes, which are 
not blocked during REM sleep, can be moved. 
Vivid imagination (hypnagogic hallucinations) 
during sleep onset can probably also be explained 
by an activated REM sleep system. Narcolepsy 
patients often show so-called sleep-onset REM 
phases (SOREM phases; 7 Chap. 2) as an expres-
sion of the increased REM pressure—as in healthy 
individuals the first REM sleep episode occurs after 
about 90 minutes.

The association of narcolepsy with gene poly-
morphism of the HLA system (human leukocyte 
antigen) indicates that genetic factors are involved. 
However, the typical alleles of HLA-DR15 (for-
mer term, DR2) that are found in 85% to 95% of 
all narcolepsy patients are also frequently 
observed in the normal population (12–38%), so 
that the higher familial aggregation of narcolepsy   
indicates that further genes might contribute. 
Possibly, the described hypocretin-1 (synonym: 
orexin) deficiency in the cerebrospinal fluid (CSF) 
that is found in nearly all narcolepsy patients may 
be a direction for further research. The reduction 
of hypocretin-1 levels is caused by a decrease of 
hypocretin neurons in the hypothalamus. It is 
hypothesized that autoimmune processes destroy 
hypocretin cells during the onset of narcolepsy.

Interestingly narcolepsy incidence is increased  
in subjects who are born in March. This observa-
tion supports the idea that environmental factors 
might play a role within narcolepsy etiology that 
is not yet fully understood, including events such 
as influenza or rhinovirus infection in the second 
trimester of pregnancy.

Secondary types of narcolepsy have been 
described after severe traumatic brain injuries, 
tumors of the hypothalamus, multiple sclerosis, 
Parkinson’s disease, and multiple system atrophy.

5.1.3  Epidemiology

In Western Europe and the US, the prevalence rate  
of narcolepsy is estimated to be 0.026% to 0.035%, 
so narcolepsy is a very rare disease. In Japan, the 

prevalence rate is significantly higher, 0.16% to 
0.59%, whereas in Israel it is lower, 0.002%, com-
pared to Western Europe. If a first degree relative  
(parents, children, siblings) suffers from narco-
lepsy, the risk to develop the disease increases for 
the individual to 1%. This information may be 
highly relevant if a narcolepsy patient desires to 
have a child because the risk of narcolepsy is 
increased.

5.1.4  Clinical Presentation

The following symptoms, also called the narcolep-
tic tetrad, can be seen in narcolepsy patients with 
different frequencies:

 5 Daytime sleepiness (about 95%)
 5 Cataplexy (70–90%)
 5 Sleep paralysis (about 50%)
 5 Hypnagogic hallucinations (about 50%)

Only about one third of the patients suffer from 
all four symptoms.

In most cases, the disorder starts with day-
time sleepiness, which is the key symptom of nar-
colepsy. Although in many healthy individuals 
sleep deprivation can result in falling a sleep in 
monotonous situations (watching TV, reading, 
presentations, etc.), this symptom is present in 
narcolepsy patients even with sufficient night 
sleep and can occur in uncommon situations, for 
example, during a conversation or while eating. 
The propensity to fall asleep can be perceived 
beforehand, but from a certain point on, the 
patients are no longer able to resist (irrepressible 
urge to sleep). Generally, a brief nap (5–10 min) 
helps the person to be efficient again, usually for 
the next 1 to 2 h; then, falling asleep is again pos-
sible (7 Sect. 5.1.8).

In many patients cataplexies occur in the 
course of months or years after the initial symp-
toms of daytime sleepiness, but the classification 
differentiates between narcolepsy with cataplexy 
versus narcolepsy without cataplexy. Although it 
was assumed that 90% of all narcolepsy patients 
also experience cataplexies, now the diagnosis of 
narcolepsy without cataplexy is given to about 
30% of the patients.

A cataplexy occurs if emotional excitement 
(laughing, joy, anger, fear) leads to sudden loss of 
muscle tone in at least some parts of the body. 
This tonus loss may be very severe, i.e., patients 
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can actually collapse. Less severe types include the 
feeling of weak knees or dropping of the lower 
jaw. Usually, cataplexies persist only several sec-
onds to minutes; consciousness is not impaired. 
In cases of severe cataplexies, injuries (e.g., head) 
may occur because the patients cannot counteract 
the fall. In many cases, cataplexy occurs suddenly 
and cannot be predicted, so many patients try to 
avoid situations in which intensive emotions may 
arise. The cataplexy often ends as suddenly as it 
had started. Afterward, the patients are generally 
fit again.

In contrast to epileptic seizures, spasms are 
not observed, so that cataplexies can be well dif-
ferentiated from grand mal or minor epileptic 
seizures. Furthermore, the typical fatigue that 
appears post-ictally in epilepsy patients is not 
seen after cataplexy.

Sleep paralysis is found in about half the 
patients. Most often the complete paralysis of the 
body muscles occurs after awakening in adults. 
Only the eye muscles are excluded from the paral-
ysis. This condition also persists only for a few 
minutes, but is often experienced with panic. 
Often also images are perceived, for example, a 
person standing at the bedside.

Hypnagogic hallucinations are vivid images that 
occur during sleep onset and are often experienced 
as negative. These hallucinations can be differenti-
ated from normal sleep-onset dreams because they 
include the real environment and they are more 
intensive than sleep-onset dreams. Bizarre 
thoughts or neutral dream images occur during 
sleep onset, but these are often forgotten except the 
process of falling asleep is interrupted suddenly.

Another symptom of narcolepsy is disturbed 
night sleep; narcolepsy patients generally fall 
asleep easily, but they wake up more frequently at 
night compared to healthy individuals; and they 
often have a very fractionated sleep. In some 
patients, so- called automatic behavior during 
daytime is observed. In the context of automatic 
behavior during sleep onset, the patients continue 
with the activity they had been performing, such 
as writing or knitting, without being consciously 
awake. Depending on the activity, this may have 
severe consequences, such as burn injuries when 
cooking or smoking.

Polysomnographic studies show that sleep-
related breathing disorders or periodic limb move-
ments during sleep occur more frequently in 
narcolepsy patients than in healthy subjects, in 

addition to the aforementioned symptoms. 
Adequate diagnostics of these co-morbid sleep 
disorders are essential for maximizing the therapy 
effect for the patients.

Dreams occurring during the night and not 
only sleep-onset images, are generally negatively 
toned in narcolepsy patients. Overall, they are 
able to recall their dreams more often than healthy 
individuals. This ability provides important clues 
for differential diagnostics that can be elicited 
during history taking because the presence of high 
dream recall and predominantly negative dreams 
in patients with daytime sleepiness point to nar-
colepsy. About 30% of all narcolepsy patients suf-
fer from nightmare disorder, so that the 
intervention described in 7 Sect. 7.3.8 might be 
applied beneficially.

Typically, the onset of narcolepsy is observed 
between the 15th and 25th year of life. Very rarely, 
the symptoms start before the age of 15. If narco-
lepsy first manifests at the age of 25 years or later, 
it might be narcolepsy of the secondary type 
(7 Sect. 5.1.2).

Practical Tip

The course of narcolepsy is chronic and 
requires lifelong treatment.

5.1.5 Diagnostic Procedures

In the context of history taking, it is important to 
accurately assess the four key symptoms of narco-
lepsy. Above all, daytime sleepiness has to be clearly 
differentiated from complaints of fatigue or tired-
ness (see 7 Sect. 2.1.3).

Practical Tip

Narcolepsy patients often do not 
spontaneously report the symptoms of 
cataplexy, in particular when the cataplexies 
are only minor and occur only in single 
muscle groups. In cases of mild cataplexy, 
only facial and neck muscles may be 
involved. Hence, the symptoms of cataplexy 
should be evaluated directly in patients 
with daytime sleepiness.
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Weakness in the knees co-occurring with pro-
nounced anger is also known to healthy subjects 
so that the patients should be asked to give 
detailed descriptions of the events to clearly 
evaluate whether muscle tone loss did occur. 
Vivid images at sleep onset can also experienced 
by healthy subjects so that this criterion does not 
lead to a clear diagnosis. Even the presence of 
sleep paralysis does not always confirm the diag-
nosis of narcolepsy because it also can occur as 
an isolated symptom. In addition, patients may 
report that they have problems getting up in the 
morning because they feel tired and exhausted 
and misinterpret this experience as sleep paraly-
sis. In these cases, the patients have to be asked 
directly if the entire body (except the eyes) is 
completely paralyzed. About 40% of healthy sub-
jects have reported sleep paralysis at least once 
in their lives. Isolated sleep paralysis can be a 
diagnosis on its own (7 Sect. 7.5).

Frequently, clinical interviews are comple-
mented with questionnaires to assess daytime 
sleepiness, predominantly the Epworth Sleepiness 
Scale (see 7 Sect. 2.8.1.5). This self- assessment of 
the propensity to fall asleep in eight typical every-
day situations, for example, reading, sitting, 
watching TV, and talking, which provides valu-
able information.

Laboratory examinations such as the determi-
nation of hypocretin-1  in the CSF and HLA II 
geno typing may be performed in the diagnostic 
process to complete anamnestic data and poly-
somnographic findings - if necessary. In the con-
text of genotyping of HLA DR15, nearly all 
narcolepsy patients have the haplotypes 
DQB1∗0602 and DQA1∗0102. However, these 
haplotypes are also frequently observed in the 
normal population (12–38%). Only negative 
findings would increase the diagnostic certainty 
for excluding narcolepsy.

Many narcolepsy patients with cataplexies 
have hypocretin-1 concentrations of less than 
110  pg/ml in the CSF.  The percentage in narco-
lepsy type 2 patients without cataplexy is clearly 
lower; only 10% to 20% of these patients have 
reduced hypocretin-1 values in the CSF. Because 
most narcolepsy patients without cataplexy pres-
ent a diagnostic challenge, lumbar puncture may 
help to increase the diagnostic certainty in some 
cases.

Practical Tip

The HLA haplotypes that are typical for 
narcolepsy are also found quite frequently 
in the normal population; accordingly, 
genotyping may support the exclusion of 
narcolepsy. Positive findings, however, only 
poorly contribute to the diagnosis.

Not all patients suffering from 
narcolepsy have reduced hypocretin levels 
in the CSF, but findings of a very low levels 
are specific for narcolepsy. Because of the 
invasiveness, lumbar puncture should be 
reserved to exceptional cases.

A comprehensive neurological examination 
including imaging of the head is recommended in 
patients with atypically late onset (after the age of 
25) of narcoleptic complaints.

5.1.6  Sleep Diagnostics

In the context of narcolepsy, history taking and 
clinical examination do not suffice for valid 
diagnoses in. Polysomnographic examination 
over two nights and a multiple sleep latency test 
(MSLT) during the daytime are mandatory. The 
MSLT must be performed after a night with 
polysomnography (see below).

Special attention should be paid to the early 
occurrence of REM sleep in the polysomnography 
(PSG; . Fig. 5.1).

The first REM phase, occurred before the first 
non-REM sleep stage 2. The early occurrence of 
REM is also called SOREM (sleep-onset REM). It 
is defined as REM latency less than 15 min and is 
indicative for narcolepsy. Some authors define 
SOREMs with a latency of 10 or 20 min.

The number of periods of wakefulness after 
sleep onset was relatively low; however, many 
body movements (BM) were present. . Figure 5.2 
shows the multiple sleep latency test (MSLT) of the 
same patient conducted after the night shown in 
. Fig. 5.1.

Usually, five tests are scheduled within the 
protocol of the clinical MSLT (9 AM, 11 AM, 1 
PM, 3 PM, and 5 PM) (7 Sect. 2.7.1). For the pres-
ent patient, the diagnosis was already clear after 
four naps. It can be seen that the patient fell asleep 
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in every test, the longest sleep latency was only 
2.5  min. In all naps, a SOREM phase occurred. 
Large studies revealed that narcolepsy patients 
need an average of about 3.1  min to fall asleep 
(standard deviation: 2.9  min) and show REM 
sleep in at least two of five naps. For this patient 
(. Figs. 5.1 and 5.2), the diagnosis of narcolepsy 
was confirmed after the stay in the sleep lab.

In practice, primarily all five tests (9 AM, 11 
AM, 1 PM, 3 PM, 5 PM) have to be planned and 
performed, in particular when the staff perform-

ing the recording is not fully sure about the 
occurrence of SOREM phases and further evalu-
ations by somnologists or sleep physicians are 
required.

For the diagnosis of narcolepsy, at least two 
identified SOREM phases have to be present in 
the MSLT or in one of two polysomnographic 
night recordings so that the MSLT may be short-
ened in single cases (see earlier example). The 
diagnostic validity, however, typically increases 
with the number of tests. The upper limit for sleep 
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latency average over the five daytime naps should 
be 8 min or less. This second criterion (in addition 
to the two SOREMs), however, is not specific for 
narcolepsy because such values might also be 
measured occasionally in healthy sleepers. In 
order to demonstrate that night sleep before the 
MSLT was sufficient, the MSLT has to be per-
formed after a night with polysomnographically 
documented sleep duration of at least 6 h.

Sleep lab diagnostics are also necessary to dif-
ferentiate between other possible origins of day-
time sleepiness, in particular when the sleep  
history does not provide clear hints regarding the 
presence of cataplexies. For example, sleep apnea 
syndrome or periodic limb movements during 
sleep have to be excluded. However, narcolepsy 
patients may suffer from co-morbid mild to mod-
erate sleep apnea syndromes or periodic limb 
movements during sleep. Measuring night sleep to 
detect probable SOREM phases and carrying out a 
MSLT are always indicated in cases of clinically 
suspected narcolepsy even if relevant findings 
regarding sleep-related breathing disorders and leg 
movements during sleep have been made. In cases 
of severe sleep apnea syndrome, treatment of this 
sleep-related breathing disorder is recommended 
before further narcolepsy diagnostics are initiated.

For technical guidelines and general instruc-
tions of the MSLT, see 7 Sect. 2.7.1.

Diagnostic Criteria of Narcolepsy Type 
1 (with Cataplexy), Based on the 
Criteria of the American Academy of 
Sleep Medicine (AASM)

 5 The patient has daily phases with an 
irrepressible urge to sleep or “sleep 
attacks” during the daytime over a 
period of at least 3 months.

 5 One or both of the following conditions 
must be fulfilled:
1.  Presence of cataplexies (episodes 

of usually bilateral, symmetrical 
loss of muscle tone with full 
consciousness), triggered by strong 
emotions (laughing is a frequently 
observed trigger), and an average 
sleep- onset latency of less than 
8 min and two or more SOREM 
phases in a MSLT performed 

according to standard methods. 
One SOREM phase occurring in the 
previous night in the sleep lab may 
replace a SOREM phase of the MSLT.

2.  The hypocretin-1 concentration in 
the CSF (measured by immune 
reactivity) is either less than 110 pg/
ml or lower than one third of the 
average values of healthy subjects 
examined with the same method.

For the diagnosis of narcolepsy type 2 (without 
cataplexy), nearly identical rules are applied, with-
out the symptom of cataplexy, however. Subjects 
with low hypocretin-1 levels are included in the 
type 1 also without cataplexy; that is, for patients 
with type 2 narcolepsy, the hypocretin-1 concen-
trations are not reduced (or not measured). If 
cataplexies in patients with narcolepsy type 2, the 
diagnosis is changed to narcolepsy type 1.

5.1.7  Differential Diagnostics

It has to be clarified by differential diagnostics 
whether other sleep disorders might be causing 
increased daytime sleepiness. Besides sleep- related 
breathing disorders (7 Chap. 4), this includes limb 
movements during sleep (7 Chap. 8). It is important 
to perform polysomnography over two nights with 
measurement of the nocturnal breathing activity 
and periodic leg movements during sleep in addi-
tion to the MSLT. It must be taken into account, 
however, that both disorders are frequently found 
in narcolepsy patients as co-morbidity.

The differentiation between narcolepsy with-
out cataplexies and idiopathic hypersomnia is only 
possible by means of a well-performed MSLT. It is 
crucial that the night sleep before daytime sleep 
examinations has a minimum 6  hours so that 
sleep deficit or selective sleep deficit (less REM 
sleep than usual) does not bias the result. 
Generally, patients with idiopathic hypersomnia 
fall asleep also very quickly; however, they never 
or only once show SOREM sleep episodes in the 
MSLT.

The insufficient sleep syndrome also may be a 
differential diagnosis of narcolepsy without cata-
plexies because the chronic sleep deficit causes an 
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increased propensity to fall asleep during the day; 
and often one or two of the short daytime sleep epi-
sodes may contain REM sleep. These REM sleep 
phases in the MSLT may be a result of the REM 
sleep deprivation when sleep duration is too short 
because REM sleep is mostly found in the second 
half of the night.

In the context of excessive daytime sleepiness, 
secondary sleep disorders with hypersomnia  
complaints have to be ruled out by differential 
diagnostics (7 Chap. 10). Those disorders are, in 
addition to mental disorders (e.g., depressive syn-
drome or treatment with neuroleptics for schizo-
phrenia), also secondary sleep disorders in the 
context of organic diseases (e.g., metabolic or 
cardiovascular diseases, thyroid diseases).

5.1.8  Therapy

Therapy of Narcolepsy
 5 Non-drug therapy

 5 Psychoeducation
 5 Structuring of the day
 5 Behavioral therapy

 5 Drug therapy
 5 Treatment of the REM sleep-associ-
ated symptoms

 5 Treatment of the non-REM sleep-
associated symptoms

 5 Treatment of comorbid sleep disorders
 5 Treatment of a sleep-related breath-
ing disorder

 5 Treatment of periodic limb move-
ments during sleep

5.1.8.1  Non-drug Therapy
First, information and psychoeducation about the 
disorder and its consequences is top priority; also, 
the chronic course must be discussed with the 
patients. In single cases, especially for adolescents 
in their personality development, psychothera-
peutic measures may be indicated to impart cop-
ing strategies.

This information are not only important for 
the patients themselves but also for the environ-
ment because these patients are often considered 
as “sleepyheads” or “lazy bums.” It has to be dis-
cussed with the patients that certain jobs are not 

suitable for them and also that sports with high 
accident risks should be avoided. Driving a car, 
especially in the context of drug intake, has to be 
openly discussed, because an endangerment of 
self and others may occur (7 Chap. 12). In many 
cases, no or only a limited fitness to drive must be 
certified.

An appropriate daytime structure is very 
important for narcolepsy patients. First, sufficient 
time for night sleep has to be planned. Sleep 
deprivation might aggravate symptoms greatly. 
For many patients, it is helpful to include two or 
three short naps (maximum, 30 min; better: only 
10 min) during the daytime to reduce the sleepi-
ness during the rest of the day.

Coffee, tea, and caffeinated soft drinks (e.g., 
coke) may improve the general condition; how-
ever, the effect varies from patient to patient. 
Alcohol should be avoided, because symptoms 
such as the propensity to fall asleep are enhanced 
and the already disturbed night sleep is further 
deteriorated.

5.1.8.2  Drug Therapy
For the treatment of narcolepsy, different groups 
of substances are available. With few exceptions, 
the substances aim at isolated symptoms such as 
daytime sleepiness, cataplexies, or disturbed 
night sleep. With this background, combined 
treatment approaches are often necessary. 
Possible interactions between the different drugs 
must be taken into consideration. . Table  5.1 
summarizes the drugs with regard to REM sleep-
associated and non-REM sleep-associated symp-
toms (daytime sleepiness). Sodium oxybate for 
the treatment of cataplexies as well as pitolisant 
for the treatment of daytime sleepiness may have 
a positive effect on the group of other symptoms.

Because of their etiology (hyperactivity of the 
REM sleep system), REM sleep-associated symp-
toms (cataplexy, sleep paralysis, hypnagogic hal-
lucinations) may be treated with substances 
suppressing REM sleep. The level of cataplexy 
suppression is directly correlated with the norad-
renergic reuptake inhibition of the compound.

The drug of first choice is the tricyclic antide-
pressant clomipramine. Its side effects (weight 
gain, xerostomia, increased sweating, obstipation, 
and disturbed libido/potency) limit its applica-
tion. With this background, selective serotonin 
reuptake inhibitors, for example, fluoxetine, citalo-
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pram, and noradrenalin reuptake inhibitors (e.g., 
venlafaxine), are administered. Stimulating anti-
depressants such as venlafaxine may also have a 
positive effect on daytime sleepiness in addition 
to the positive effect on cataplexies. In single 
cases, further treatment of daytime sleepiness 
might not be necessary. It is important to balance  
the effect and the side effects of the different sub-
stances for each individual patient, because long-
term medication is often required for patients 
suffering from frequent cataplexies.

MAO inhibitors, such as tranylcypromine, that 
have a strong REM sleep suppressive effect are 
only applied very rarely in practice because a 
strict diet has to be maintained (avoiding certain 
cheese varieties, chocolate and nougat ice cream, 
instant soups, industrially manufactured sauces, 
yeast extracts, beer, wine, sparkling wine, cham-
pagne, bananas, overripe pears and avocados, 
nectar from citrus fruits).

Practical Tip

It must be taken into account that the 
discontinuation of REM sleep suppressive 
compounds may lead to a massive 
rebound of the cataplexies.

Sodium oxybate is approved for the treatment of 
cataplexies. Because of its properties as a former 
narcotic, it also has a positive effect on night sleep. 
Even daytime sleepiness may be positively influ-
enced so that some patients do not require further 
medication. It must be observed that because of 
its short half-life, sodium oxybate has to be taken 
immediately prior to sleep onset and the second 
dose after a scheduled awakening after about 3 h. 
The intake should be 2 h after eating (risk of vom-
iting because of nausea). Alcohol should be 
avoided.

Practical Tip

Patients with an addiction history should 
not receive sodium oxybate because the 
substance may be abused as a party and 
date rape drug.

For treating daytime sleepiness the following sub-
stances were used: modafinil, methylphenidate, 
and pitolisant. Also, atomoxetine and dextroam-
phetamines or methamphetamines have a vigi-
lance-increasing effect.

In dosages of 100–400 mg, modafinil is highly 
effective for the treatment of daytime sleepiness in 
narcolepsy. In severe cases, a maximum dosage up 
to 600  mg per day may be applied. Typically, 
400 mg is administered in the morning and a fur-
ther 200  mg at noon. Later intakes increase the 
risk of disturbed sleep at night.

In dosages between 10 and 60 mg, methylphe-
nidate also has a positive effect on daytime sleep-
iness. In cases of severe daytime sleepiness, 
modafinil and methylphenidate may be com-
bined. Furthermore, the combination of sodium 
oxybate with modafinil or methylphenidate 
shows an additive effect on the symptom of day-
time sleepiness. Tolerance effects are frequently 
observed, so that switching medications are rec-
ommended in the course of treatment. If possi-

       . Table 5.1 Drug therapy of narcolepsy

Substance Dosage

REM sleep-associated 
symptoms

  Clomipramine bis 200 mg/day

  Imipramine bis 200 mg/day

  Desipramine bis 200 mg/day

  Fluoxetine 20–60 mg/day

  Citalopram 20–60 mg/day

  Venlafaxine Up to 300 mg/day

  Duloxetine Up to 60 mg/day

  Sodium oxybate 4.5–9 g/divided 
into two doses

Daytime sleepiness

  Modafinil (vigil) Up to 400 mg/day

  Methylphenidate Up to 60 mg/day

   Atomoxetine up to 25 mg/day

   Dextroamphetamine up to 60 mg/day

   Methamphetamine up to 25 mg/day

  Pitolisant 9–36 mg/day

5.1 · Narcolepsy
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ble, “drug holidays” on weekends or during a 
vacation should be scheduled as this may avoid 
tolerance.

Pitolisant has an effective mechanism as a his-
tamine H3 receptor antagonist that enhances the 
activity of histaminergic neurons, representing an 
important arousal system with far-reaching pro-
jections into the whole brain, by means of block-
ing the histamine autoreceptors. The great 
advantage of pitolisant is probably the new mode 
of action. In a dosage up to 36 mg, the effect on 
daytime sleepiness is comparable to that of 
modafinil. Moreover, it could reduce cataplexies 
in 64% of the cases as shown in clinical studies. 
Data and experiences regarding the long-term 
effect on daytime sleepiness and the incidence of 
cataplexies beyond a period of 8  weeks do cur-
rently not exist because of relatively short avail-
ability of pitolisant on the market. Whether 
patients might develop tolerance to the effects is 
also not known.

The addictive potential of modafinil, methyl-
phenidate, and pitolisant has to be estimated as 
rather low. In clinical practice, the adequate treat-
ment of daytime sleepiness is a big challenge. 
Supportive measures for structuring daily activities 
and sleep pattern are particularly important, e.g., 
regular bedtimes with sufficient night sleep and 
structured naps during the daytime.

Case reports are available in the literature 
showing that treatment with immunoglobulins in 
the early stage of the disorder (≤9 months) has a 
positive effect on the course of the disorder. The 
assumption is that the destruction  hypocretin 
cells in the hypothalamus by autoimmune reac-
tion can be modulated.

5.1.8.3  Treatment of Comorbid Sleep 
Disorders

So far the effectiveness long-term drug treatment 
for disturbed night sleep, for example, with tri-
azolam, clonazepam, zolpidem, zopiclone, or 
eszopiclone is still under debate. The effect on the 
daytime symptoms of narcolepsy patients by 
treating comorbid sleep disorders, such as sleep-
related breathing disorders or periodic limb 
movements during sleep, is still not studied. 
Because both disorders impair the restoring func-
tion sleep, treatment seems to be recommended, 
even in less severe cases as daytime sleepiness 
might improve.

5.2  Idiopathic Hypersomnia

5.2.1  Definitions

Idiopathic hypersomnia, also called primary 
hypersomnia, is characterized by increased day-
time sleepiness, even though night sleep is undis-
turbed and may be very long. Some patients have 
normal sleep duration (<10  h) and some a very 
long sleep duration (>10 h). In analogy to narco-
lepsy, it is not the symptom of daytime tiredness 
but the increased likelihood of falling asleep dur-
ing the daytime (daytime sleepiness). For basic 
diagnostic criteria of measuring daytime sleepi-
ness by means of the multiple sleep latency test 
(MSLT), see 7 Sect. 5.2.6.

5.2.2  Etiology and Pathophysiology

In contrast to narcolepsy, no increased activity of 
the REM sleep system is observed in idiopathic 
hypersomnia. The etiological model postulates a 
shift of the sleep–wake regulation in the direction 
of more non-REM sleep.

A high familial incidence of the disorder has 
been found, but specific gene loci have not yet 
been identified. An association with gene poly-
morphisms of the HLA system seems to exist. 
Viral infections (e.g., mononucleosis, pneumo-
nia) might trigger idiopathic hypersomnia. 
Hypersomnia can also be observed as a sequela of 
organic brain damage (inflammations, tumors, 
cerebral insult). Furthermore, the chronic abuse 
of substances and stimulants is discussed as a pos-
sible trigger of hypersomnia; after abstinence, the 
hypersomnia complaints can persist.

Finally, from what is known so far, the etiol-
ogy of idiopathic hypersomnia has not yet been 
clarified.

5.2.3  Epidemiology

Reliable data on the prevalence of idiopathic 
hypersomnia are currently not available. Many 
sleep centers state that the diagnosis of patients 
seeking help for daytime sleepiness is rarer by a 
factor of 10 compared to narcolepsy. Converted to 
the prevalence, this would be a minor percentage 
of 0.01%.
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The prevalence of patients with idiopathic 
hypersomnia in the sleep laboratory of the 
Central Institute for Mental Health in Mannheim, 
Germany, is higher, about twice as high, compared 
to narcolepsy. However, this sleep center has a 
psychiatric focus. For young patients with long 
sleep durations and/or daytime sleepiness atypical 
depression is an important differential diagnosis 
to hypersomnia. Thus, epidemiological surveys 
are needed to determine whether the prevalence 
of primary hypersomnia is in the same range as 
narcolepsy.

Similar to narcolepsy, the main onset of the 
disorder is between the ages of 15 and 25 years. 
Typically, the course of the disorder is chronic.

5.2.4  Clinical Presentation

Similar to narcolepsy, the major symptom in idio-
pathic hypersomnia is not feeling tired during the 
day but the increased likelihood to fall asleep dur-
ing the daytime (daytime sleepiness).

In contrast to narcolepsy, naps during the day 
are typically not restorative for those patients and 
do not have a positive effect on daytime sleepiness. 
In some of the patients, sleep drunkenness can 
occur after night sleep or even after short naps.

Frequently, patients report that it is difficult to 
awaken in the morning. One patient of our sleep 
center told us that he often came too late to work 
despite a scheduled sleep duration of 8 h and three 
alarm clocks positioned in different locations, 
because he switched off the alarm clocks, still 
half-asleep, and continued sleeping.

In a subgroup of idiopathic hypersomnia 
patients, vegetative symptoms (cold hands and 
feet), orthostatic hypotonia, and headaches have 
been observed. As in narcolepsy, automated 
behavior occurs rarely, that is, activities that are 
continued in a semiconscious way without being 
able to recall them afterward.

5.2.5  Diagnostics

Diagnosing idiopathic hypersomnia is mostly a 
process of exclusion. Other causes for increased 
daytime sleepiness must be excluded. If idiopathic 

hypersomnia is suspected, a polysomnographic 
examination over two nights with a multiple sleep 
latency test on day 1 or 2 after the polysomnogra-
phy night is indicated (see following section).

Sleep history taking must differentiate between 
daytime tiredness and daytime sleepiness. 
Hypersomnia patients show daytime sleepiness, 
that is, an increased likelihood to fall asleep in 
monotonous situations. Severe problems with 
waking-up in the morning and sleep drunkenness 
should be assessed very precisely.

For diagnostics, it is helpful to ask the patient to 
write a sleep diary for at least 1 week. The recorded 
times of going to bed, sleep-onset duration, nightly 
wake phases, and times of getting up allow estimat-
ing if a normal sleep duration (about 7–9  h) or a 
prolonged sleep duration (>10 h) is observed. This 
method may be completed by wrist actigraphy.

It is furthermore essential to perform psychi-
atric history taking because an atypical depres-
sion may be present as an important differential 
diagnosis: it is called atypical because about 90% 
of depressive patients complain about insomnia 
disorders. However, some of them, especially 
younger patients and those with seasonal 
depression, have an increased need of sleep as 
seen in idiopathic hypersomnia. If history tak-
ing reveals depressive symptoms (depression, 
negative thoughts, loss of interest), it is recom-
mended to refer the patients to a psychiatrist.

Because organic origins such as hypothyroid-
ism or chronic renal insufficiency may also cause 
hypersomnia complaints, somatic history taking 
must be performed comprehensively. Viral dis-
eases and organic brain damage have to be clari-
fied as well as the consumption of stimulants and 
substances. Respective lab diagnostics (7 Sect. 
2.2) and physical examination are included in the 
routine diagnostics of idiopathic hypersomnia. If 
the aforementioned causes are suspected, further 
diagnostics by a specialist are recommended.

5.2.6  Sleep Diagnostics

As already described, sleep examination must 
consist of two nightly polysomnographies com-
bined with a multiple sleep latency test (7 Chap. 
2) for diagnosing idiopathic hypersomnia.

5.2 · Idiopathic Hypersomnia
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Despite brief periods of wakefulness during 
the night, the sleep profile regarding the cycle of 
REM and non-REM phases has to be considered 
as regular (. Fig. 5.3). The time awake after sleep 
onset is also short; sleep efficiency amounted to 
89%, comparable to the figures found in healthy 
sleepers.

In . Fig. 5.4 the multiple sleep latency test of 
the same patient is depicted.

In all five sleep episodes, the patient fell asleep 
rapidly. On average, she needed 2  min, i.e., the 
subjectively reported daytime sleepiness could be 
confirmed. In the first test, a REM phase occurred, 
however, after the first appearance of non-REM 
stage 2.

According to the diagnostic criteria of the 
AASM, the averaged sleep-onset latency over all 
five tests has to be less than 8 min. As mean sleep- 

22:0021:00 23:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00

Arousal

Wake

REM

N1

N2

N3

       . Fig. 5.3 Night sleep profile of a 36-year-old female patient with idiopathic hypersomnia
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       . Fig. 5.4 Multiple sleep latency test of a female patient with idiopathic hypersomnia
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onset duration for this disorder, a duration of 
6.2 min is reported. However, it must be consid-
ered that such mean sleep-onset durations can 
also be observed in up to 30% of healthy sleepers, 
that is, good anamnestic data on an increased day-
time sleepiness in everyday-life are important for 
the correct diagnosis. To differentiate from narco-
lepsy, a REM phase must  only occur once in all 
five tests.

The MSLT should always be performed after a 
normal and polysomnographically recorded night 
(sleep duration, 6 h to a maximum of 10 h). In this 
polysomnography, it can be clarified if a clinically 
relevant sleep-related breathing disorder and/or 
periodic limb movements during sleep are pres-
ent. The diagnosis of idiopathic hypersomnia can-
not be made, if another sleep disorder explains 
the daytime sleepiness and an appropriate treat-
ment of the sleep disorder(s) has to be initiated.

Diagnostic Criteria of Idiopathic 
Hypersomnia, According to the 
AASM

 5 The patients have daily phases with an 
irrepressible need to sleep or sleep-
onset attacks during daytime for at least 
3 months (sleep drunkenness and 
nonrestorative naps during daytime are 
frequently observed complaints).

 5 Cataplexies do not occur.
 5 The adequately performed multiple 

sleep latency test (MSLT) shows less than 
two SOREM phases or no SOREM phase 
in the MSLT when the REM latency in the 
night before the MSLT was under 15 min.

 5 One of the two following criteria has to 
be fulfilled:

 5 The MSLT shows an averaged sleep 
latency of 8 min or less.

 5 The overall sleep duration over a 24-h 
polysomnography (after correction of 
possible chronic sleep deprivation) is 
longer than 660 min (typically, 
12–14 h) or an actigraphic measure-
ment at the wrist including a sleep 
protocol averaged over at least 7 days 
of unrestricted sleep.

 5 Insufficient sleep syndrome is excluded 
(if daytime sleepiness does not improve 
despite extending the nightly bedtimes; 

actigraphy over at least 7 days is 
desirable).

 5 Hypersomnia complaints and/or MSLT 
findings cannot be explained by any other 
sleep disorder, medical, or psychiatric 
disorder, or use of drugs or medications.

5.2.7  Differential Diagnostics

Other sleep disorders that can cause daytime 
sleepiness have to be excluded, e.g.,  periodic limb 
movements during sleep (7 Chap. 8) and sleep-
related breathing disorders (7 Chap. 4). In particu-
lar mild sleep apnea syndromes, formerly called 
upper airway resistance syndromes, are discussed 
as possible differential diagnosis because these 
patients are usually of normal weight and do not 
report snoring.

The differential diagnostics for narcolepsy is 
based on performing two polysomnographic 
recordings and a multiple sleep latency test under 
controlled conditions in the sleep lab. The average 
sleep latency of narcolepsy patients is typically 
shorter than that of patients with idiopathic hyper-
somnia. REM sleep phases occur in at least two 
sleep episodes of the MSLT. However, this criterion 
is not always clear-cut because at the onset of narco-
lepsy daytime sleepiness is the first symptom and 
the hyperactivity of the REM sleep system is not 
always fully developed. Sometimes, it is necessary to 
give the preliminary diagnosis of idiopathic hyper-
somnia until the first symptoms that are typical for 
narcolepsy such as cataplexies, sleep paralysis, or 
hypnagogic hallucinations or SOREMs in the MSLT 
occur. Typically, a reexamination of the patient after 
1 to 2 years provides clarification.

Practical Tip

Because narcolepsy has daytime sleepiness 
as its first symptom comparable to 
hypersomnia and as initially REM sleep 
hyperactivity is often not fully developed, it 
is possible that patients who do not have 
MSLT with two SOREM phases develop 
narcolepsy in the further course. In cases of 
uncertainty, reexamination after 1 to 2 years 
is recommended.
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It must also be clarified if insufficient sleep syn-
drome might be present. For this purpose a sleep 
diary assessing the sleep durations at home or (in 
single cases) actigraphy is useful. If the average 
sleep durations amount to clearly less than 7.5 to 
8 h, a sleep deprivation syndrome (7 Sect. 5.3.1) 
might be diagnosed.

The differentiation between idiopathic hyper-
somnia and atypical depression is not always 
easy. Extensive psychiatric history taking regard-
ing psychopathological moods, sleep-related  
thoughts, and motivation is essential. In particu-
lar, the two disorders widely overlap in regard 
to reduced motivation. Also in this context, the 
MSLT may be helpful because depressive patients 
may spend much time in bed during the daytime, 
although they do not sleep as much as the patients 
with idiopathic hypersomnia.

Hypersomnia can also observed in seasonal 
depression. In addition to the association with sea-
sons (fall and winter), other characteristics like 
craving for carbohydrates, mood swings have to 
be elicited.

Also, posttraumatic stress disorder may be 
accompanied by hypersomnia symptoms so that 
the trauma history should be included in the 
anamnesis.

Another disorder that has to be differentiated 
from idiopathic hypersomnia is the chronic fatigue 
syndrome (CFS). The most obvious difference is 
sleepiness. Although CFS patients always feel 
tired, a frequent and rapid falling asleep under 
controlled conditions of the multiple sleep latency 
test is only rarely observed in this patient group. 
These differential diagnoses highlight the signifi-
cance of examination of these patients (probable 
idiopathic hypersomnia) in a specialized sleep 
medical center.

5.2.8  Therapy

Only a very few solid clinical data are available 
about the therapeutic options for treatment of 
idiopathic hypersomnia. Sufficient night sleep is 
certainly recommended because sleep depriva-
tion may lead to enhanced daytime sleepiness. In 
contrast to narcolepsy patients, daytime naps are 
not considered as beneficial as they increase the 
dizziness during daytime because of sleep drunk-
enness.

Not much experience is available regarding 
drug therapy. The first choice treatment is 
modafinil (vigil) because positive effects are 
reported, at least in small studies. Side effects 
such as headaches and tachycardia, however, are 
a frequent problem in these patients. 
Furthermore, tolerance development is often 
observed and, thus, a sufficient long-term treat-
ment of these patients with modafinil is not 
always possible.

In clinical practice, also stimulants such as 
methylphenidate, pitolisant, dextroamphetamines, 
or stimulating antidepressants such as fluoxetine, 
citalopram, or venlafaxine have been applied for 
symptomatic treatment. Few clinical experiences 
have been reported in individual cases using MAO 
inhibitors or levodopa.

5.3  Other Hypersomnias

In this chapter, two other types of hypersomnia 
are described:

 5 Insufficient sleep syndrome
 5 Kleine-Levin syndrome

5.3.1 Insufficient Sleep Syndrome

As in other hypersomnias, daytime sleepiness is 
the key symptom in the context of insufficient 
sleep syndrome. Problems with concentration and 
attention are often additional complaints.

The reason for this daytime sleepiness is a 
permanently too short sleep duration. The 
patients have become accustomed to short sleep 
periods because they thought that they did not 
need much sleep and wanted to spend more time 
on work and leisure activities. This strategy may 
work without any complaints for months or even 
years. In this way, the sleep behavior becomes a 
habit and the patients are not aware that the  
hypersomnia symptoms are due to too short 
sleep because the reduced sleep duration has 
worked well for a long time.

Often, the insufficient sleep syndrome is 
observed in adolescents and young adults. 
Prevalence rates, however, are not yet available. 
It is also unknown whether predisposing fac-
tors can increase the risk for developing these 
symptoms.
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For diagnostics, a sleep diary kept over 1 week 
is useful, possibly complemented by actigraphic 
measurement. Information about the patient’s 
sleep duration on weekends or on vacation is also 
important to estimate the sleep need. For an aver-
age sleep duration of about 6 h, there are certainly 
people who do not show hypersomnia complaints 
(healthy short sleepers). However, if daytime 
sleepiness is observed, then this subject most 
likely needs to sleep more than 6 h per night.

Because insufficient sleep syndrome is an 
important differential diagnosis of idiopathic 
hypersomnia, assessment of the sleep duration in 
the home setting is very important, in particular 
because insufficient sleep syndrome patients show 
similar findings compared to patients with idio-
pathic hypersomnia with regard to polysomno-
graphically measured  night sleep (short 
sleep-onset latency, high sleep efficiency) and in 
the multiple sleep latency test (average duration 
to fall asleep less than 8 min).

Of course, the therapeutic options have to be 
discussed with the patient, e.g., how a new daytime 
structure may be found that allows sufficient sleep.

5.3.2  Recurrent Hypersomnias

The prevalence rates of recurrent hypersomnias 
are very low.

Only about 1000 cases of Kleine-Levin syn-
drome (KLS) with periodically recurring hyper-
somnia phases have been described in the 
literature.

The KLS is a rare disease with recurrent epi-
sodes of severe hypersomnia associated with cog-
nitive disorders, behavioral problems, mood 
disorders, hyperphagia (eating high-calorie food), 
and hypersexuality (obscene language, being 
naked in public). The recurrent phases with 
15–21 h of sleep per 24  h may last for some days 
to several weeks.

Based on the phasic occurrences which can 
be clearly differentiated from the typical behav-
ior of the patient and that include very long sleep 
periods and the aforementioned accompanying 
symptoms, the diagnosis can be based on clinical 
judgement; an evaluation in a sleep laboratory is 
in most cases not necessary.

According to a review article published by 
Arnulf (2008), the prevalence amounts to 1 or 2 

cases in 1,000,000 persons. The patients are 
mostly male (68–78%) and adolescent (81%). In 
72% of the cases, the first episode is triggered by 
infection. The average age at onset is about 
15 years; the patients have between 7 and 19 epi-
sodes with an average duration between 10 and 
13 days that repeat every 3.5 months on average. 
The overall duration of disorder is between 8 and 
14 years.

Even if some studies indicate genetic influ-
ences (high familial incidence, higher prevalence 
in people with Jewish origin), the origin of the 
disorder is unknown; the HLA genes (see narco-
lepsy), however, might be involved. 
Physiologically, the symptoms are likely to be 
caused by functional problems in the hypothala-
mus. Complications at birth and development 
disorders were more frequently observed in 
patients with Kleine-Levin syndrome compared 
to matched control groups, which may suggest 
that environmental factors are also of relevance. 
In addition, autoimmune processes are discussed 
as the possible origin of the dysfunction in the 
hypothalamus.

In chronic cases the phase prophylacticum of 
lithium has positive effects (reducing the number 
of hypersomnia phases). During hypersomnia 
phases, stimulants such as modafinil or methyl-
phenidate may be helpful for patients. Positive 
experiences are also available with amantadine.

Also, hypersomnia phases lasting for about 
1 week that are associated with menstruation and 
occur for the first time in the first months after 
menarche are very rare. A hormonal dysregula-
tion is probably responsible for the complaints 
because the intake of oral contraceptives can alle-
viate the symptoms.

5.4  Questions

 ?  1.  What are the four key symptoms of 
narcolepsy?

 ?  2.  Which examination method is essential 
for diagnosing narcolepsy?

 ?  3.  What are the leading symptoms of 
idiopathic hypersomnia?

 ?  4.  Please list the most important differential 
diagnoses of idiopathic hypersomnia.
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This group of diseases is characterized by a lack 
of synchronization of the intrinsic circadian 
rhythms with light–dark alternation. Either the 
intrinsic pacemaker itself is disturbed or the 
sleep–wake rhythm deviates from a normal 
intrinsic circadian rhythm because of external 
factors. Insomnia or hypersomnia complaints, or 
both, are the consequence. If the patient is able 
to adapt the sleep times to the inner rhythm, 
sleep duration and quality as well as the perfor-
mance in the awake phase are normal. Sleep–
wake disorders occur most frequently in shift 
workers, with negative effects on health and 
impaired performance at work. Sleep diaries are 
the basis for diagnosis, and the strict adherence 
to defined bedtimes in combination with light 
therapy are the basis for therapy.

6.1  Basics and Diagnosis

A disorder of the circadian sleep–wake rhythm is 
diagnosed when the intrinsic circadian rhythm of 
an individual cannot be synchronized with the 
light–dark alternation or social zeitgebers. This 
lack of synchronization may be caused by a disor-
der of the intrinsic pacemaker itself or may be a 
mostly behavior-related deviation of the sleep–
wake rhythm of a normally working circadian 
rhythm.

The complaints may be of an insomnia (see 
7 Chap. 3) as well as a hypersomnia (see 7 Chap. 
5) nature, often even occurring in phases in the 
same individual, and they have to prevail for at 
least 3 months. Performance at work, social con-
tacts, and the person’s private activities are 
severely impaired. If the patient can choose his 
sleeping times according to his intrinsic rhythm, 
his sleep is restorative, and performance during 
the wake times is normal.

In most cases, the affected individuals may 
clearly name behavioral deviations of the day–night 
rhythm when they are asked directly. By means of 
a sleep diary that is generally required (see 7 Sect. 
2.3) for at least 1 week, or better 2  weeks, a sus-
pected diagnosis can be made that has to be con-
firmed by actigraphy (see 7 Sect. 2.4) for at least 
1 week eventually. An assessment with and without 
social contacts (e.g., work, school) may be helpful. 
Morning- and evening-chrono type individuals 

can be evaluated by means of a publicly available 
and validated morningness/eveningness question-
naire (MEQ) according to Horne and Östberg. In 
doubtful cases, measurement of the core body tem-
perature and melatonin profile may be required. In 
those cases, it is important to avoid social time giv-
ers during measurement. Polysomnography (PSG) 
is useful in unclear cases when other diseases, for 
example, sleep-related breathing disorders (see 
7 Chap. 4), are assumed.

For therapy of circadian rhythm sleep disor-
ders, see 7 Sect. 6.7.

Practical Tip

The most important diagnostic procedure 
in the context of suspected circadian 
rhythm sleep–wake disorders is a sleep 
diary for at least 1 week, or better, for 2 or 
more weeks.

6.2  Sleep–Wake Phase Disorders

This family of rhythm sleep–wake disorders is 
characterized by a significantly shifted sleep 
phase compared to the socially common circum-
stance that makes it difficult or even impossible to 
fall asleep or wake up at desired times. If the 
affected individuals are allowed to sleep accord-
ing to their needs, they reveal a time-shifted but 
stable sleep–wake rhythm with normal sleep 
duration and quality. The shift is usually longer 
than 2 h. The shifted sleep phase has to be con-
firmed for at least 1 week in the sleep diary, com-
pleted by actigraphy if needed. This shift also 
manifests in the core body temperature graph and 
melatonin concentration.

6.2.1  Delayed Sleep–Wake Phase 
Disorder

The leading symptom of those patients is most 
commonly insomnia, because they go to bed at the 
usual times but are unable to fall asleep. Some 
patients can only fall asleep in the early morning 
hours so that they have to arise after only a short 
time asleep. Many patients complain of sleep inertia 
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and drowsiness in the morning and greatly impaired 
performance during the day. Characteristically, a 
performance peak is reported in the evening. If the 
biological clock is not considered, about half the 
patients show psychosomatic symptoms such as 
flushing, headache, or orthostatic or gastrointesti-
nal disorders; about one third have neurotic conspi-
cuities. Frequently, alcohol or sleeping aids are 
applied in the evening and stimulant drugs during 
the daytime to cope with the disorder. Because their 
sleep deficit accumulates during the workweek, 
many patients sleep for the whole day on weekends 
or vacations, which leads to further cementing of 
the delayed sleep phase.

Typically, the first signs of the disease appear 
in adolescence, which often leads to poor school 
performance. The differentiation to behavior- 
related late bedtimes with consecutive sleep deficit 
may be difficult in those cases. In early adulthood, 
the complaints may disappear when a regular 
sleep–wake rhythm is entrained by the onset of the 
working life. If this training is not successful, the 
disorder remains lifelong. However, with increas-
ing age, the affected individuals have less difficulty, 
in particular with getting up in the morning.

Delayed sleep phase disorders are observed in 
about 0.5% of the population; in cohorts of insom-
nia patients and during adolescence, an incidence 
of about 10% was reported. In approximately 40% 
of the cases, the family history is positive; a genetic 
component may be considered. So far, the patho-
genesis of the disease remains unclear.

6.2.2  Advanced Sleep–Wake Phase 
Disorder

For diagnosis, an advanced sleep phase compared 
to the desired time of sleep onset is crucial, with 
high sleep pressure in the early evening and wak-
ing up early in the morning without being able to 
fall asleep again.

Nearly all affected patients are morning-
chrono type individuals. They complain typically 
about extreme sleepiness between 6:00 PM and 
9:00 PM and most often wake up between 2:00 
AM and 5:00 AM.  Even if they go to bed later, 
they cannot sleep longer, so that often a sleep 
deficit accumulates that patients try to overcome 
with stimulants, such as coffee. Because these 
 individuals have their performance peak mostly 

in the morning, difficulties at work occur only 
rarely, but social life is impaired by the difficulty 
of participating in evening activities. Because of 
the wish to sleep as late as others in the morning, 
a psychophysiological insomnia may be condi-
tioned. Regarding differential diagnosis, early 
bedtimes in older people because of the lack of 
social contacts and early awakening in the con-
text of insomnia (see 7 Chap. 3) or a depressive 
disorder (see 7 Chap. 10) especially have to be 
differentiated.

A prevalence of 1% is assumed for middle and 
older age groups. The disorder manifests in most 
cases in the middle-aged group, rarely in child-
hood. With increasing age, it more often increases 
and is considered as a chronic disease. Both gen-
ders are affected with equal incidence. Often a 
family predisposition is seen that allows suspecting 
an autosomal-dominant inheritance. Mutations in 
the circadian clock gene hPer2 have been dis-
cussed. The pathogenesis of the disease has not yet 
been clarified.

6.3  Irregular Sleep–Wake Rhythm 
Disorder

Patients with irregular sleep–wake rhythm disor-
der complain about excessive daytime sleepiness, 
disorders of initiating and maintaining sleep, or 
even both. The diagnosis can be based on ICSD-3, 
when at least three irregular and unpredictable 
shorter sleep periods during the 24 h are revealed 
in the sleep diary or actigraphy over an interval of 
7 days. The total sleep time per 24 h corresponds 
to the age.

The disorder is mainly found in individuals 
who lack social schedules. With increasing age and 
increasingly rare outdoor activities, reduced light 
during the daytime also leads to flattening of the 
endogenous circadian rhythm, which is seen in an 
amplitude reduction of the core body tempera-
ture. An irregular sleep–wake pattern occurs fre-
quently in cases of bed confinement, mental 
retardation, and neurodegenerative diseases. In 
cases of demented patients, the term sundowning 
is used when they show increased activity at the 
time of sundown.

The disorder has to be differentiated from an 
arbitrarily irregular sleep–wake pattern resulting 
from a lack of sleep hygiene.
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6.4  Non-24-Hour Sleep–Wake 
Rhythm Disorder

When the internal clock shows a constant dura-
tion that, however, cannot be synchronized with 
the 24-h rhythm, intermittent insomnia or hyper-
somnia complaints occur. Thus, the disease is also 
called free-running sleep-wake rhythm disorder. 
Sleep diaries or actigraphy over at least 14  days 
show how the sleep period shifts every day at a 
constant interval. This shift, which mostly 
amounts to 1 to 2 h, can be objectified by measur-
ing the core body temperature or determining the 
dim light melatonin onset.

Patients observe a regularly changing com-
plaint pattern when they try to entrain the 24-h 
cycle. If the endogenous sleep phase is in the 
morning or in the afternoon, patients present 
symptoms comparable to delayed or advanced 
sleep–wake phase disorder. When the light–dark 
rhythm and the endogenous rhythm are synchro-
nized for some days, the affected individuals are 
free of complaints. Some patients adapt their daily 
routine to their internal rhythm to avoid the con-
sequences of nonrestorative sleep.

About half of all blind people suffer from this 
disorder (see 7 Sect. 1.5). However, the onset can-
not be correlated with the date of loss of sight. 
People who are blind from birth can be affected 
throughout their whole lives. Sighted individuals 
are only rarely affected, and when they are, this is 
often preceded by a longer isolation from zeitge-
bers or a chronotherapy (see 7 Sect. 6.7) because 
of delayed sleep–wake phase disorder. Also, fluid 
transitions to delayed sleep–wake phase disorders 
are observed, which is seen in changing appear-
ances of the disorder over longer periods.

6.5  Sleep Disorders in Cases 
of Jetlag or Shift Work

6.5.1  Sleep Disorder in Cases 
of Jetlag

When insomnia or hypersomnia complaints with 
impaired alertness during the day occur after a 
flight of at least two time zones, this is called jet-
lag. Additionally, somatic symptoms are reported 
such as gastrointestinal complaints or general dis-
comfort.

The endogenous rhythm can shift about 60 to 
90  min per day, but not all body functions are 
able to adapt to the new time zone with the same 
pace. The heart rate and sodium concentration, 
for example, adapt rapidly. Sleep structure, body 
temperature, and adrenalin secretion adapt more 
slowly and cortisol and potassium concentration 
extremely slowly. This internal dissociation of 
the endogenous rhythms is not noticed by many 
people, but it can impede maximum perfor-
mance.

After flights to the east, disorders of initiating 
sleep occur, whereas with flights to the west rather 
disorders of maintaining sleep are observed. The 
problems mostly become apparent in the second 
night in the new time zone because in the first 
night the sleep deficit that developed during the 
flight is reduced. In addition, daytime sleepiness 
and reduced performance as well as urination at 
night, disturbed appetite, constipation, or diar-
rhea are observed. Because of frequently recur-
ring changes of time zones, the flying staff of 
intercontinental flights is particularly affected.

The complaints are the more pronounced the 
more time zones are passed, the more often this 
happens, and the less the individual concerned is 
able to adapt to the new time zone. Evening-
chrono type individuals, young people, and peo-
ple with a rhythm with low daytime amplitudes 
find it easier to adapt. The complaints, however, 
are always self- limiting and thus have a primarily 
benign character.

It is easier to cope with flights to the west than 
with flights in the eastward direction because 
most people have an endogenous sleep–wake 
rhythm that is slightly longer than 24  h (see 
7 Sect. 1.5). In flights to the west, it is necessary to 
stay awake longer relative to the inner clock. With 
the increased sleep pressure, falling asleep is then 
easier, but according to the inner clock, at the des-
tination one wakes up in the early morning hours. 
This longer waking phase is generally associated 
with increased sleepiness. In severe cases, one or 
two shorter sleep periods are recommended to 
compensate for the increased sleep pressure.

In the context of flights to the east, often diffi-
culties of initiating sleep develop because, in rela-
tionship to the inner clock, at the destination one 
needs to fall asleep earlier, that is, without suffi-
cient sleep pressure. In those cases, it may be rea-
sonable to transitorily apply a hypnotic agent or to 
refuse to sleep in the first night at the destination. 
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In this way, the sleep pressure is increased for the 
following night, and acclimatization to the new 
light–dark rhythm at the destination is facilitated. 
For compensation of the sleep pressure that is 
increased by the prolonged waking phase, short 
sleep periods also may be recommended.

6.5.2  Sleep Disorder in Cases 
of Shift Work

When shift workers complain about insomnia or 
hypersomnia that recurs in timely association 
with night shifts, a shift work sleep disorder may 
be diagnosed. To confirm such an assumption, the 
complaints have to be present for at least 3 months, 
and the timely correlation to shift work has to be 
proven by a sleep diary (for at least 14 days), pos-
sibly combined with actigraphy.

In the European Union, 18.5% of employees 
are shift workers; night work is performed by 
7.8%. Up to 32% of these shift workers with night 
shifts complain about sleep disorders that persist 
in about three fourths of the affected people even 
after ceasing shift work. A prevalence of shift 
work sleep disorders is assumed for 1% to 4% of 
the overall population. The present data on the 
impact of shift work on sleep and daytime alert-
ness, but also the general health condition, are 
either based on small case numbers or studies 
with low evidence or the results are contradictory. 
Thus, no clear answers can be given on most of 
the specific questions.

There are different working time models of 
shift work. Under sleep medical aspects, in par-
ticular night work and alternating shift systems 
with night work are relevant. Alternating shifts 
can rotate forward (i.e., from early shift via late 
shift to night shift) or backward, as well as chang-
ing rapidly or slowly. Permanent night shifts seem 
to be associated with fewer sleep disorders than 
alternating shift systems with night shifts. Rapidly 
rotating shift systems seem to favor a changed 
sleep duration. After night shifts, shorter times of 
sleep are found; after late shifts they are rather 
prolonged in comparison to those of people with 
regular night sleep. There are suggestions that the 
percentages of light and REM sleep are reduced, 
although the deep sleep remains the same. 
Complaints in the context of shift work are gener-
ally similar to those of jetlag, and affected people 
may even lose their jobs. This problem is caused 

by the accumulated sleep deficit as well as the 
recurring need to adapt the inner rhythm. People 
who are able to relax easily more rarely suffer 
from sleep disorders in the context of shift work. 
Especially during night shifts, mental perfor-
mance is severely impaired at times, and thus also 
the risk of mistakes and accidents is increased. 
During night shifts, morning-type individuals 
accumulate a particularly large sleep deficit 
because they wake up too early. Evening-type 
individuals reveal increased sleepiness and 
impaired performance during early shifts because 
they cannot advance their sleep pattern.

In the context of severe insomnia, incapability 
to perform shift work of particular shifts may 
exist partly until the complaints are sufficiently 
treated, which also applies for cases of restless legs 
syndrome that are difficult to treat. In case of 
sleep-related breathing disorders, generally no 
incapability to perform shift work is observed; 
however, in single cases severe insomnia may 
develop as consequence of device-related therapy, 
which may also lead to partial shift incapability 
until satisfactory treatment is achieved. Typically, 
people suffering from narcolepsy are not capable 
of performing shift work.

Long-term shift work per se seems to contrib-
ute to the genesis of a metabolic syndrome but 
less to cardiovascular or gastrointestinal diseases. 
The concern that even breast cancer may be asso-
ciated with shift work could not be confirmed by 
a meta-analysis.

6.6  Circadian Sleep–Wake  
Disorders Not Otherwise 
Specified

If a circadian rhythm sleep disorder with insomnia 
or hypersomnia complaints (see 7 Sects. 6.2, 6.3, 
and 6.4) cannot be allocated to one of the afore-
mentioned diagnoses, it is classified in this group. 
The complaints are mostly associated with organic 
or psychiatric diseases. In the diagnosis, this aspect 
has to be mentioned specifically. Typical examples 
are dementia that in some cases shows an inverse 
sleep–wake behavior with sleep phases during the 
day and nighttime wandering as well as hepatic 
encephalopathy, where often a pattern similar to 
the delayed sleep–wake phase syndrome is found. 
In the context of Parkinson’s disease, all these vari-
ous disorders may be observed.
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6.7  Therapy

The observation of strict bedtimes combined with 
light therapy is meanwhile an established therapy of 
rhythm sleep–wake disorders in sighted individuals.

Light is applied in the morning immediately 
after getting up. Only in cases of advanced sleep–
wake disorders light therapy is applied in the eve-
ning. The exposure to daylight suppresses the 
melatonin discharge and thus synchronizes the 
inner clock. At least 2,000 lux are applied for a 
duration of 2 h; with 10,000 lux, the duration can 
be reduced to 45 min. Patients have to turn their 
face to the light source and maintain a distance of 
approximately 1 m.

Melatonin is applied at a dosage of 3–5 mg at a 
time that assures the overlapping of the endoge-
nous and exogenous melatonin maximum.

 5 In cases of delayed sleep phase disorders, 
irregular sleep–wake patterns, and free- 
running rhythm, melatonin is applied about 
4 h before turning off the light.

 5 In cases of advanced sleep phase disorders, 
melatonin is not indicated.

 5 In cases of jetlag, 4 days before arrival 
melatonin may be administered at the time 
that corresponds to the sleeping time at the 
place of destination.

Tasimelteon, which is a melatonin receptor ago-
nist, received FDA approval in 2013 and EU 
approval in 2015 for the treatment of completely 
blind patients with non-24-h sleep–wake rhythm 
disorder.

Two clinical trials with 104 participants 
revealed that treatment with tasimelteon led to lon-
ger night sleep duration and shorter daytime sleep 
duration in comparison to placebo treatment. Most 
frequently reported side effects were headaches, 
increased hepatic enzymes (alanine aminotransfer-
ase) in the blood, nightmares or strange dreams, 
disturbed night sleep, infections of the upper air-
ways or the urinary tract, and sleepiness.

The agent tasimelteon may impair activities 
that require complete mental alertness. So, tasimelt-
eon should be taken every night at the same time, 
about 30 min before going to sleep. After intake of 
the drug, activities should be  limited.

Also, 1.5–3 mg activated vitamin B12 (methyl 
cobalamin) has shown good success in the con-
text of delayed sleep–wake phase syndrome, 
irregular sleep–wake rhythm disorder and non-

24-h sleep–wake rhythm disorder because it 
increases the sensitivity to light.

Generally, the intake of hypnotics is not rec-
ommended because in many cases these attenuate 
the amplitude of the endogenous rhythm and thus 
have rather negative consequences. Because of an 
unfavorable benefit–risk assessment, modafinil 
has not been approved for shift work sleep disor-
der by the European Drug Agency since 2011.

Chronotherapy means delaying the daily sleep 
phase of 2 to 3  h in certain intervals until the 
desired sleep time is achieved. It is applied to treat 
delayed sleep phase disorder, and usually it is 
accepted by patients as pleasant because it con-
curs with their long endogenous rhythm. 
However, it should only be applied in exceptional 
cases because this therapy may trigger a free-run-
ning disorder that is then very difficult to treat.

Simple behavioral measures may be helpful to 
support therapy. In this context, on one hand 
sports and exercise, as well as abstinence from 
alcohol in the wake phases, must be mentioned. 
On the other hand, noise should be minimized 
during sleep after night shifts. If this is not possi-
ble, quiet music or radio programs may improve 
sleep quality. It also seems helpful to plan one 
third of the individually usual sleep time before 
working and two thirds after a night shift.

In cases of shift work, the work schedule should 
take into consideration the phase situation of the 
workers. Morning-type individuals are not suitable 
for night shifts, and evening-type individuals are 
not suitable for early shifts. For most people, late 
shifts do not represent a problematic issue. 
Generally, older people have more difficulties 
adapting to shift work than younger ones. In many 
cases, diabetes mellitus, chronic gastritis, ulcer, thy-
roid, liver, cardiac, circulatory, pulmonary, and 
neuropsychiatric diseases including addiction, as 
well as preexisting sleep disorders are contraindica-
tions for employment in shift work. In the context 
of shift work, not more than three subsequent night 
shifts should be worked to avoid a modification of 
the endogenous rhythm of the affected individuals. 
Taking into consideration all effects on sleep and 
daytime sleepiness in the context of an overall 
assessment, rapid forward rotation is recom-
mended. Accordingly, adapted shift schedules with 
sufficiently long rest periods between the shifts 
should reduce the morbidity of shift work as well as 
increase the performance and satisfaction of the 
workers.
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During the night shifts, bright light in the 
working locations may help to improve the alert-
ness of the workers. In the morning after the night 
shift, the retina should be protected against too 
much light by wearing sunglasses and having a 
dark bedroom to keep the rhythm displacement 
as low as possible.

In the US and in some other countries, 
although not in the European Union, modafinil is 
approved for treatment of sleep disorder in cases 
of shift work. One hundred milligrams (100 mg) 
modafinil is taken about 1 h before beginning the 
night shift to reduce sleepiness during the work-
ing time. The subsequent day sleep in the morn-
ing after the night shift is not additionally 
impaired.

Sleep disorders in cases of shift work are fre-
quently associated with psychophysiological 
insomnia, which has to be treated as well (see 
7 Chap. 3), because in this way a significant atten-
uation of the complaints can be achieved in many 
cases. Recent studies with, however, only small 
case numbers could show the benefit of psycho- 
educative and behavioral therapy-oriented inter-
ventions for sleep disorders as a consequence of 
shift work.

Practical Tip

The basis of the treatment of rhythm sleep–
wake disorders is the adherence to strict 
bedtimes in combination with light therapy.

6.8  Questions

 ?  1.  Please list the characteristics of rhythm 
sleep–wake disorders.

 ?  2.  Which diagnostic and therapeutic 
principles for rhythm sleep disorders do 
you know?

 ?  3.  Please define the different rhythm sleep–
wake disorders.
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Even if parasomnias do not directly impair the 
quality of sleep and recovery due to sleep, they 
may represent an major burden for the affected 
individuals. Nightmares may have a negative 
impact on the daytime mood; pavor noctur-
nus and sleepwalking are often experienced as 
embarrassing by adults, and furthermore even 
injuries may occur. It is in particular the fact that 
actions are carried out about which the individual 
has no control and cannot even recall in the morn-
ing that is perceived as distressful. Parasomnias 
are found more frequently in children, but they 
may also be observed in adults or persist until 
adulthood. About 5% of all adults report that they 
suffer from nightmares. Sleepwalking and night 
terrors (pavor nocturnus), however, are rather 
rarely found in adults (less than 1%).

The term parasomnia defines sleep disorders 
that occur “besides, parallel to” (para) “sleep” 
(somno), which means that these phenomena are 
observed during sleep but they do not directly 
impair the quality of sleep and recovery due to 
sleep.

In practice, however, this distinction is some-
times difficult to make. For example, female 
patients suffering from nightmares often report 
impaired quality of sleep and recovery due to 
sleep. This problem can be explained on one hand 
by waking up from negative dreams (impaired 
sleep continuity), and on the other hand by fear of 
again having a stressful nightmare after falling 
asleep. On the other hand, organic factors should 
never be dismissed in the context of changed sub-
jective experiences such as dreaming. Hence, 
dream activity that is subjectively perceived as 
exhausting might also be associated with a REM-
sleep associated sleep-related breathing disorder. 
The arousal occurring at the end of apneic phases 
in REM sleep may result in recalling the dream 
events very well and, thus, the person attibuted 
the nonrestorative sleep to exhausting dreams. 
However, actually the sleep-related breathing dis-
order is responsible for the reduced recovery, and 
thus it is the correct diagnosis in this context. This 
example illustrates that diagnosing parasomnias 
should include comprehensive sleep differential 
diagnostics.

In this chapter, the most important types of 
parasomnia are presented, including non-REM 

parasomnias such as night terrors (pavor noctur-
nus) and sleepwalking, as well as such REM para-
somnias as nightmares and REM sleep behavior 
disorder. Other parasomnias are only rarely 
observed in adults; for these topics the authors 
refer to a short summary of those disorders listed 
at the end of this chapter.

Classification of Parasomnias
 5 Disorders of arousal (associated with 

non-REM sleep)
 5 Night terror (pavor nocturnus)
 5 Sleepwalking (somnambulism)
 5 Sleep drunkenness

 5 REM sleep parasomnias
 5 Nightmares
 5 REM sleep behavior disorders
 5 Isolated recurrent sleep paralysis

 5 Other parasomnias
 5 Enuresis
 5 Sleep-related eating disorders

7.1  Pavor Nocturnus

7.1.1  Definitions

Night terrors (pavor nocturnus) are associated 
with sudden awakenings from slow wave sleep, 
i.e., from non-REM sleep. These episodes often 
start with a loud cry, sitting up in bed with eyes 
wide open. In about 30% to 50% of the cases of 
pavor nocturnus, sleepwalking may occur after 
the event; the two disorders are etiologically 
closely related. If the person calms again and con-
tinues sleeping, he/she usually does not recall the 
nightly event. Therefore, pavor nocturnus and 
also sleepwalking are termed disorders of arousal. 
Even if awakened, people cannot give comprehen-
sive dream reports during or shortly after their 
arousal, even though the actions observed by oth-
ers, for example, a man who wants to protect his 
wife during a pavor nocturnus event, clearly show 
that the person experiences a story during the epi-
sode (in this example, a threat to his wife). Mostly, 
only single images are recalled, for example, 
something threatening, an assailant, a fire in one’s 
home, or a wall that tumbles down.
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7.1.2  Etiology and Pathophysiology

The marked decrease of pavor nocturnus fre-
quency between about 4 and 7 years of age sug-
gests that cerebral maturation processes contribute 
to their development. The exact mechanisms of 
those maturation processes, however, are not yet 
clarified.

In some adult patients, a very high portion 
of slow wave sleep is observed, which indicates 
a component of predisposition. Genetic influ-
ences have been confirmed by twin and family 
studies.

Stressors such as school enrolment for chil-
dren or professional or private stress in adults 
increase the probability of the occurrence of pavor 
nocturnus episodes. However, it has been shown 
that not only does extraordinarily severe stress 
influence the frequency but also that the usual 
daily stress may lead to nightly attacks when the 
person has the predisposition. Traumas that often 
lead to nightmares may also increase the inci-
dence of pavor nocturnus episodes.

Practical Tip

Overall, a diathesis stress model explains 
the etiology of pavor nocturnus.

Besides stress, some behaviors that lead to slow 
wave sleep rebound may increase the probability 
that pavor nocturnus episodes will occur (e.g., a 
sleepless night, irregular sleep–wake rhythm, 
alcohol consumption). After a short or sleepless 
night, the sleep of the following night is charac-
terized by more slow wave sleep (rebound), 
which increases the probability of night terror 
episodes. Also, elevated body temperature 
(fever) may increase the frequency of pavor noc-
turnus episodes in cases of predisposition.

In sleep practice, cases have also been 
reported in which sleep-related breathing dis-
orders triggered pavor nocturnus episodes due 
to micro-arousals at the end of an apneic phase. 
Thus, in adults with pavor nocturnus compre-
hensive diagnostics seem to be appropriate 
with regard to sleep- related breathing disor-
ders (see 7  Chap. 4).

7.1.3  Epidemiology

About 20% of all children have experienced pavor 
nocturnus episodes at least once in their lives. The 
peak of their occurrence is observed between the 
ages of 4 and 7 years. The prevalence of pavor noc-
turnus episodes in adults that reach sufficient sever-
ity to require treatment is estimated at less than 1%.

7.1.4  Clinical Presentation

Because pavor nocturnus consists of a sudden 
arousal from slow wave sleep, the episodes mostly 
occur about 1 h after sleep onset due to the distri-
bution of the sleep stages over the course of the 
night (see 7 Chap. 1). Only very rarely does more 
than one attack occur per night.

From a clinical point of view, it must be men-
tioned that adult patients present with the desire 
to be treated even when the incidence of the pavor 
nocturnus episodes amounts to only once or twice 
per month. These patients are, for example, afraid 
of spending a night away from home because they 
fear that such an attack might occur. A young 
woman, for example, reported that she was afraid 
of participating in a course in a training center for 
1 week because she might have screamed at night 
and disturbed the whole group. At home, her fam-
ily was accustomed to this event.

A loud yell at the beginning of pavor noctur-
nus is often reported. Even if the physiological 
anxiety reaction that can be clearly seen by observ-
ers is generally great (heart rate increases from 60 
to 180 beats per minute are frequently observed), 
the person is not fully awake and not oriented 
with regard to the surroundings even if the eyes 
are open. The brain is in a state between sleeping 
and waking. After the pavor nocturnus episode, 
sleepwalking may occur. This hybrid state allows 
simple actions such as orienting within the room, 
but more complex performances such as recog-
nizing another person are not possible. The event 
is generally not recalled, in particular when the 
person falls asleep again.

Because of the subjectively perceived severe 
panic, hazardous actions may sometimes occur. The 
author knows of a case in which a patient jumped 
out of the window in the context of an episode (for-
tunately only from the low height of a first floor into 
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the front garden) because he thought his apartment 
was on fire. There are reports about two other 
patients who choked their partners because they 
erroneously considered them as attackers. These 
examples make clear that even a low incidence of 
pavor nocturnus episodes, for example, once per 
month, may justify treatment.

7.1.5  Diagnostics

In the context of diagnosing pavor nocturnus, a 
comprehensive sleep history is very important. 
One question is clarifying if other sleep disorders 
might induce the episodes. It is not always easy to 
distinguish pavor nocturnus from other parasom-
nias, for example, nightmares or REM sleep behav-
ior disorders. In addition to asking the patients 
themselves, reports by their partners may be 
required because the affected persons often do not 
recall the nocturnal events.

First, it is important to ask about the typical 
time of night terror attack. In contrast to night-
mares, the occurrence about 1 h after sleep onset 
is characteristic for pavor nocturnus. It is also rel-
evant to know which behavior patterns are 
observed at night (screaming, subsequent sleep-
walking). In addition, it is interesting to know if 
damage or injury had occurred in the context of 
the episodes and if the person awakening from 
such an episode may recall a vivid dream.

Practical Tip

According to the distribution of the sleep 
stages over the night, disorders of arousal 
(pavor nocturnus, sleepwalking) typically 
occur in the first half of the night, whereas 
REM-related parasomnias (in particular 
nightmares) are found mainly in the 
second half. This fact is relevant in the 
context of differential diagnostics.

The maximum incidence of episodes per night pro-
vides further important diagnostic hints. Even if 
single patients have been observed to have several 
sleep terror episodes per night, ten episodes or 
more indicate a possible epilepsy (see 7 Sect. 
7.1.7). So, it should be asked if epileptic seizures 
have already occurred during the daytime. In this 
context, it must be considered that some epilep-

sies are characterized by the fact that they are 
observed exclusively at night. Therefore, history 
taking alone cannot definitely exclude epilepsy. If 
simple, stereotype behaviors are observed with 
always the same procedure, epilepsy might be the 
correct diagnosis.

The question of restorative sleep may provide 
important hints. If recovery is impaired, questions 
about symptoms of sleep-related disorders (snor-
ing, etc.) and restless legs disorder (mostly associ-
ated with periodic limb movements during sleep) 
should be asked, and if needed further examina-
tion should be induced (see 7 Chaps. 4 and 8).

Diagnostic Criteria of Pavor Nocturnus, 
According to the AASM
First, all diagnostic criteria of disorders of 
arousal have to be fulfilled.

 5 Recurrent episodes with incomplete 
awaking from sleep (mostly during the 
first third of night sleep).

 5 Inappropriate or missing response to 
efforts of other people who want to 
intervene or lead the person experienc-
ing the episode into another direction. 
The affected person may appear 
disoriented or confused, even several 
minutes afterward.

 5 Limited experience (e.g., one single 
visual scene) or no thoughts or dream 
images in the context of the episode.

 5 Partly or complete amnesia regarding 
the episode.

 5 The disorder cannot be better explained 
by any other sleep disorder, mental 
disorders, medical conditions, neurologi-
cal diseases, psychological diseases, or 
drug intake or substance abuse.

In addition, there are specific criteria for 
pavor nocturnus.

 5 The disorder meets all criteria for 
disorders of arousal (see foregoing list).

 5 The episodes are characterized by 
sudden panic typically with alarming 
vocalizations such as a cry of fear.

 5 Intensive fear and heightened 
autonomous activity are seen that 
consists of mydriasis, tachycardia, 
rapid breathing, and sweating.
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7.1.6  Sleep Diagnostics

Because one important differential diagnosis of 
pavor nocturnus is epileptic seizures at night, 
examination in a sleep laboratory is recommended 
for all adult patients for two nights. In children, a 
sleep deprivation electroencephalogram (EEG) is 
performed in the morning only when epilepsy is 
strongly suspected (observation of stereotype 
movements). However, it must be taken into 
account that severe pavor nocturnus episodes 
occur more rarely in a sleep lab than at home 
because of the unfamiliar environment (presence 
of medical staff; unfamiliar sleeping conditions 
that may lead to lighter sleep).

However, behavioral patterns may be 
observed such as sitting up in bed, picking at 
the blanket, or similar actions. To evaluate the 
nocturnal behaviors, continuous video moni-
toring and recording of the video signal are 
obligatory. For differential diagnostics, it applies 
that movements during pavor nocturnus are 
less stereotype and repetitive compared to noc-
turnal epileptic seizures. When cardiorespira-
tory polysomnography (PSG, in combination 
with video recording and history taking) does 
not allow the clear diagnosis of pavor noctur-
nus, long-term epilepsy diagnostics are recom-
mended for at least 24 h (i.e., including one day 
and one night) with at least 12 electrodes placed 
on the patient’s scalp. Sometimes it makes sense 
to perform the measurements after sleep 
deprivation.

To distinguish pavor nocturnus from REM 
sleep behavior disorders, it must be documented 
in the sleep lab from which sleep stage the behav-
ior patterns occur. In this context it is optimal to 
have a polysomnographic machine that records 
the EEG and other channels synchronized to the 
video. Intact suppression of the muscle tone dur-
ing REM sleep also contradicts REM sleep behav-
ior disorder.

Because other sleep disorders such as sleep-
related breathing disorders, as already men-
tioned, may trigger pavor nocturnus episodes, 
history taking is recommended with subsequent 
device-assisted diagnostics if relevant symp-
toms are found (see 7 Chap. 4).

7.1.7  Differential Diagnostics

In practice it is not easy to distinguish pavor noc-
turnus from other parasomnias because several 
studies demonstrate that parasomnias, in particu-
lar pavor nocturnus, sleepwalking, and night-
mares, frequently co-occur. Thus, in the context 
of comprehensive history taking and sleep lab 
examinations, it is not the question of either/or 
but of diagnosing all types of parasomnia that 
may be present.

Another differential diagnosis from the field 
of parasomnias is the REM sleep behavior disor-
der. In nearly all cases, sleep lab diagnostics is able 
to provide clear evidence (non-REM sleep associ-
ated versus REM sleep associated) due to the 
heightened muscle tone in REM sleep behavior 
disorder, especially when the patient’s history 
does not allow drawing clear conclusions on the 
time of pavor nocturnus occurrence (typically at 
the beginning of the night sleep).

Furthermore, nocturnal epileptic seizures must 
be distinguished. Based on the history (number of 
the episodes per night), PSG, and video recordings 
(stereotype, repetitive movements), generally epi-
lepsy can be excluded with high probability so that 
comprehensive examination with the entire set of 
EEG electrodes is required only in exceptional cases.

7.1.8  Therapy

Even if adults experience pavor nocturnus with 
low frequency of only one to two events per 
month, therapeutic intervention might be indi-
cated because the episodes are perceived as very 
distressing by many people and their partners, 
and also as embarrassing when the individuals 
have to sleep somewhere else. If children suffer 
(or also the parents as a consquence of caring for 
the child) from pavor nocturnus, information 
given to the parents is of high significance because 
they consider the nocturnal events (severe physi-
ological fear reaction, unresponsiveness) as much 
more dramatic than does the child, who usually 
cannot recall the episode in the morning.

Because imagery rehearsal therapy that is very 
effective in cases of nightmares (see 7 Sect. 7.3.8) 
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cannot be applied to pavor nocturnus, an exact 
diagnostic differentiation is crucial. However, this 
is not always easy because these disorders may co-
occur.

Therapeutic Steps in Cases of Pavor 
Nocturnus

 5 Information
 5 Create a safe sleep environment
 5 Information about the handling of pavor 

nocturnus episodes by bed partners or 
parents

 5 Sleep hygiene
 5 Relaxation exercises before going to bed
 5 Psychotherapeutic measures

First of all, the adults should be informed about 
the symtomatology and etiology of the disorder. 
Often they are very worried because they do 
something at nighttime they cannot control. 
These concerns are much more important in 
adults than in children because adults typically do 
not sleep in such a well-protected environment. 
Most patients, or the parents in cases of affected 
children, are already reassured when they know 
that pavor nocturnus is a disorder itself and not a 
symptom of a major psychiatric disease. That 
these extraordinary nocturnal activities can be 
described by a specific term and are known to 
specialists often implies some form of relief.

The descriptive explanation of the diathesis 
stress model also helps in particular when it is 
emphasized that normal daily stress may lead to 
pavor nocturnus in persons with a predisposition. 
Parents can be reassured because they often think 
that something went wrong in their upbringing. 
Also the influence of organic factors such as fever, 
sleep deprivation, or alcohol should be mentioned 
because many patients have already observed this 
correlation.

The proverbial somnambulistic confidence, 
however, is a myth. Many adults suffering from 
pavor nocturnus or sleepwalking have already 
experienced injury. Nonetheless, injuries to chil-
dren are only very rarely reported. On the one 
hand, the brain is not fully functional, and in the 
dark the people cannot see everything even if their 
eyes are open. If the individual tends to leave the 

apartment, it is usually sufficient to lock the door 
and to put the key somewhere else. During the 
sleepwalking that often occurs after pavor noc-
turnus, patients are generally not able to perform 
complex searching activities (see 7 Sect. 7.2).

It also appears to be useful to inform the peo-
ple around the affected person about the occur-
rence of pavor nocturnus episodes. In this way, 
embarrassing situations at night may be avoided, 
and that knowledge that there is someone that 
could help (calming the person, guiding him/her 
back to bed) might already reduce the probability 
of pavor nocturnus episodes with loud screaming 
and walking around.

Another important factor concerns sleep hygiene 
when dealing with pavor nocturnus. Because pavor 
nocturnus is linked to slow wave sleep, a slow wave 
sleep rebound (caused by previous sleep depriva-
tion) leads to an increased probability of occur-
rence. Regular bedtimes are recommended for 
those patients, and spending sleepless nights is 
discouraged. Furthermore, only moderate alcohol 
consumption, or even abstinence from alcohol, is 
recommended. One patient from the author’s own 
practice reported increased pavor nocturnus epi-
sodes in the second and third night after alcohol 
consumption; in this context it was probably also 
triggered via a slow wave sleep rebound.

Practical Tip

If a child or an adult wakes up all of a sudden 
and sits upright in bed or walks around, it is 
recommended to talk quietly and calmingly 
to the person and to guide him/her back to 
the bed.

Excepting emergency cases that 
represent a risk for the affected person, 
serious attempts to awaken the person 
should be avoided because this might even 
reinforce the fear. Generally the individual 
is not able to recognize the helper, which 
means that the close person may be 
considered strange or menacing.

In accordance with the diathesis stress model, it is 
important to reduce stress. Adults are recom-
mended to learn relaxation techniques, for example, 
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autogenic training or progressive muscle relaxation 
according to Jacobson.

Especially in the context of autogenic train-
ing, it is important that the exercises are per-
formed in a sitting position before going to bed to 
achieve the full effect of relaxation. Otherwise, 
the patient risks falling asleep before the end of 
the exercise. Regular exercises result in a reduc-
tion of the impact of normal daily stress on sleep. 
In this way the frequency of pavor nocturnus epi-
sodes can be significantly reduced. Even for chil-
dren as young as 6  years in age, relaxation 
techniques are available that are based on auto-
genic training.

In cases in which those approaches cannot be 
successfully applied, cognitive behavioral therapy 
is recommended in particular for adults. The aim 
is developing coping strategies for stressful situa-
tions including associated thoughts and emo-
tions. Furthermore, specific strategies are taught 
about coping with stress situations. Although 
positive outcomes could be achieved by means of 
psychotherapeutic therapy of pavor nocturnus, 
controlled trials are not yet available.

The data base with regard to drug therapy of 
pavor nocturnus is also unsatisfactory. Even if 
positive effects could be shown in single cases with 
the application of benzodiazepines (clonazepam, 
diazepam) or antidepressants such as imipramine 
and paroxetine, randomized placebo-controlled 
trials are completely lacking. Only in extreme 
cases with several pavor nocturnus episodes per 
night does a long-term medication seem to be 
appropriate.

7.2  Sleepwalking

7.2.1  Definitions

Sleepwalking is an activity that a person performs 
at night out of non-REM sleep stage 2 or slow 
wave sleep without being fully awake. After about 
30% or 50% of pavor nocturnus episodes (see 
7 Sect. 7.1), sleepwalking may occur; the two dis-
orders are etiologically closely related.

Many of these activities termed sleepwalking 
take place in bed. If the person actually leaves 
the bed, mostly well-automatized activities are 
performed. The person’s eyes are open; however, 
he/she is not in full possession of his/her mental 

power and usually cannot recall the episode 
when subsequently returning to bed and con-
tinuing to sleep.

7.2.2  Etiology and Pathophysiology

Sleepwalking and pavor nocturnus are closely 
related and are termed disorders of arousal. It is 
assumed that an awakening stimulus (from the 
outside or the inside) does not lead to complete 
awakening but the brain remains in an intermedi-
ate state between wakefulness and sleep. That is to 
say, parts of the brain are awake and other parts 
are asleep, which may explain the loss of memory 
of the nocturnal event in the morning, as well as 
the impaired responsiveness and the activities 
that sometimes appear rather meaningless.

Formerly, the gravity force of the moon was 
considered responsible for sleepwalking. Many 
pictures exist showing so-called lunatics who 
walk in the direction of the moon. From a current 
point of view, the explanation is rather simple. 
The sleepwalking person who has his/her eyes 
open just walks in the direction of the greatest 
brightness to see better.

Furthermore, the opinion once prevailed that 
the person was acting out dreams during sleep-
walking. This explanation could also be disproved 
as it is well known today that the muscle tone is 
actively inhibited by the sleep centers during 
REM sleep (when intensive dreaming takes place) 
to impede this kind of acting out. Sleepwalking 
occurs from non-REM sleep, that is, of sleep 
phases without active inhibition of the skeletal 
muscles. However, reports are available where 
projects, for example, a task that has not been fin-
ished in the evening before, were accomplished 
during an episode of sleepwalking, suggesting 
that sleepwalking is also associated with subjec-
tive experiences. This explanation seems plausible 
because in non-REM sleep dreaming also takes 
place that is mostly less intensive or pictorial. In 
the context of REM sleep behavior disorder, 
which is the most important differential diagnosis 
of sleepwalking, however, exactly this acting out 
of dreams occurs (see 7 Sect. 7.4). The most sig-
nificant difference is that the person suffering 
from REM sleep behavior disorder mainly follows 
dream images, whereas the sleepwalker perceives 
the environment (in a limited way) and associates 
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it with their own concepts and ideas, for example, 
of doing something.

The current status regarding the etiology of 
sleepwalking is a diathesis stress model. As in other 
parasomnias (pavor nocturnus, nightmares), an 
increased family incidence is observed. Normal 
stressors such as school enrolment of children, 
spending the night elsewhere, and occupational 
stress or stress at home may increase the incidence 
of sleepwalking episodes. Also, physiological 
stressors such as fever, previous sleep deprivation, 
or significant alcohol consumption may trigger 
sleepwalking. Furthermore, a sleep disorder may 
lead to a fragmented sleep profile (sleep apnea 
syndrome, periodic limb movements during 
sleep) that may increase the  incidence of sleep-
walking. Environmental noise that would cause 
other people to awaken might induce episodes of 
sleepwalking in affected  individuals.

7.2.3  Epidemiology

About 30% of all children have sleepwalked at 
least once in their lives. The occurrence peak, 
comparable to pavor nocturnus, is between the 
ages of 4 and 7 years.

In adults, the prevalence of sleepwalking is 
estimated to be less than 1%. The burden of adult 
patients, however, may also be clinically relevant 
when the incidence of sleepwalking episodes is 
rather low (about once or twice per month). 
Adults  experience those episodes as very embar-
rassing when they perform activities during the 
night that they cannot control and cannot recall 
in the morning. Marked fear arises when the per-
son wants to sleep elsewhere, not in the familiar 
home setting.

7.2.4  Clinical Presentation

Sleepwalking episodes typically last for some sec-
onds up to several minutes, rarely longer. Mostly, 
the activities occur in the middle and/or at the 
end of the night. In practice, cases have also been 
described wherein sleepwalking has occurred in 
the first half of the night.

Many of these activities take place in bed, 
for example, sitting up and looking around, 
pulling at the blanket, or examining the wall 
near the bed. If the person leaves the bed, 

mostly well- automatized activities are per-
formed, for example, dressing, walking into 
another room, or opening the windows. The 
person’s eyes are open, and simple visual-motor 
coordination works well; however, the individ-
ual is not in full possession of their mental 
powers and usually cannot recall the event 
when returning to bed and continuing to sleep. 
The responsiveness to external stimuli, as in 
addressing the person, is reduced.

Frequently, the person who addresses the 
sleepwalker is not recognized so that sometimes 
violent counterreactions (beating, etc.) may be 
observed. In the US, one patient who was assessed 
by a portable monitoring unit had driven his car 
during a sleepwalking episode. The situation 
becomes dangerous when the person leaves her or 
his home.

Amnesia for sleepwalking is very often observed; 
sometimes single dream-like memories are reported, 
and the persons have a sensation in the morning 
that something might have happened at night.

For the discipline of forensics, the topic of 
sleepwalking is of great interest because every 
now and again people claim that they have com-
mitted a crime in a state of sleepwalking. The 
German law includes a paragraph that states that 
a person cannot be guilty when unable during the 
commission of an act to understand the criminal 
character of this act because of a pathological 
mental disorder, deeply disturbed consciousness, 
mental deficiency, or any other severe mental 
disorder. In such a context, independent experts 
face the difficulty of determining whether the 
person was sleepwalking at the time of commit-
ting the crime, as no EEG electrodes have been 
attached that might confirm the state of sleep-
walking; and so it is only possible in individual 
cases to judge based on the person’s history, on 
polysomnographies performed in the further 
course (if needed with awakening provocations), 
and on the action itself.

Case Reports
One patient reported that he wanted to go to the 
toilet. He opened the door, urinated, and went 
back to bed. The next morning, however, he found 
that it wasn’t the toilet that he had been using dur-
ing the sleepwalking episode but his wardrobe.

One patient reported that she had woken up 
from a sleepwalking episode when she was 
already in the kitchen and wanted to prepare a 
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sandwich. She was very scared because she was 
holding a sharp bread knife in her hands, and for 
this reason she sought advice at the sleep clinic.

In contradiction to the proverbial somnambu-
listic certainty, sometimes injuries occur. Another 
patient reported fracturing his ankle after a 
sleepwalking episode during which he caught his 
foot on a shelf (even if the eyes are open, it might 
be difficult to orient oneself when the room is 
dark).

Another patient reported massive bruises that 
had developed when she tried to open the sky-
light of her bedroom.

7.2.5  Diagnostics

Regarding the diagnostics of sleepwalking, com-
prehensive case history taking including bedpart-
ner/relatives is essential. On one hand it should 
be assessed exactly at what time of night the 
sleepwalking episodes occur and if they are 
observed as being caused by current stressors. 
On the other hand, it is essential to clarify if the 
person responds and if amnesia regarding the 
nocturnal events is observed. A detailed descrip-
tion of which behaviors and actions are per-
formed may provide relevant information to 
distinguish sleepwalking from epileptic seizures. 
In the same way, questions should be asked about 
intensive dream experience at the beginning and 
during sleepwalking episodes so that a differen-
tiation from REM sleep behavior disorder is 
 possible.

Diagnostic Criteria of Sleepwalking 
According to the AASM
First, all diagnostic criteria of disorders of 
arousal have to be met.

 5 Recurrent episodes with incomplete 
awaking from sleep.

 5 Inappropriate or lacking responsiveness 
toward efforts of other people to 
intervene or to guide the person 
experiencing the episode to another 
direction. The affected person may be 
disoriented and confused even several 
minutes after the event.

 5 Limited experiences of (e.g., single visual 
scenes) or no ideas or dream images in 
relation to the episode.

 5 Part or complete amnesia for the 
episode.

 5 The disorder cannot be explained by any 
other sleep disorder, mental disorders, 
medical conditions, neurological disease, 
psychological disease, or drug intake or 
substance abuse.

In addition, there are the specific criteria of 
sleepwalking.

 5 The disorder meets all criteria of 
disorders of arousal.

 5 The episodes are characterized by 
walking around or other complex 
behaviors that are performed outside 
the bed.

7.2.6  Sleep Diagnostics

To complete history taking, generally an examina-
tion in a sleep lab over two nights is recommended 
because some disorders may be confounded with 
sleepwalking.

Because of the “well-protected” sleep environ-
ment, severe sleepwalking episodes with leaving 
the bed only rarely occur in sleep labs, but behav-
iors such as sitting up in bed, pulling up the blan-
kets, or other actions like looking around may be 
observed. If typical polysomnography equipment 
is used (no telemetry system but electrode wires 
that are firmly connected with the device), atten-
tion must be paid that the staff attentively moni-
tors the patient to quickly awaken him/her when 
he/she starts to leave the bed. In those cases, 
awakening is not only done to avoid tearing off 
the electrodes but also to conduct an interview 
with the patients to assess if the person is easily 
oriented and knows where he/she actually is. At 
the same time, video monitoring that is synchro-
nized with the EEG is essential.

Sleep lab diagnostics also serve to exclude 
other sleep disorders such as sleep-related breath-
ing disorders or periodic limb movements during 
sleep as the origin or at least a triggering factor of 
sleepwalking.
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7.2.7  Differential Diagnostics

The most important differential diagnosis that has 
to be taken into consideration is REM sleep behav-
ior disorder. It is not always easy to differentiate 
these disorders if based only on the history of the 
affected person, so in adults comprehensive diag-
nostics in a sleep lab are nearly always indicated. 
Generally, it becomes obvious that the person 
with a REM sleep behavior disorder rapidly 
bumps into an obstacle because he/she has a 
dream vision, whereas the sleepwalker recognizes 
the environment and walks around almost safely 
(attention: limited sight in the dark). If the person 
awakens the sleepwalker is not able to report 
about the episode with the exception of single 
images, whereas generally a vivid dream is 
reported by persons with REM sleep behavior dis-
order, mostly with strong emotions and/or marked 
body movements as part of the dream action.

Another differential diagnosis of sleepwalking 
(such as pavor nocturnus) is the occurrence of 
nocturnal epileptic seizures. Generally, the move-
ments in cases of epileptic seizures are stereotypic 
and may be observed frequently in one night (ten 
times or even more often). Because the epileptic 
event is not always visible in scalp EEG in the con-
text of focal seizures, video documentation is of 
highest significance in these patients.

In older people, nocturnal states of confusion, 
for example, in the context of dementia or hyp-
notics consumption (benzodiazepines), may be 
confounded with sleepwalking. In the sleep his-
tory taking in elderly people, the assessment of 
medications and the question about possible 
dementia symptoms must not be forgotten.

In recent times, also sleep-related eating disor-
der came into the focus of discussion. It is partly 
different from sleepwalking. Some of the patients 
perform this kind of eating in a somnambulistic 
way, being not fully awake. Another group of 
patients with sleep-related eating disorder gener-
ally completely wake up, can recall the nocturnal 
event, and are only able to fall asleep again when 
they have eaten a snack (biscuits, bread, etc.). 
Similar to insomnia, it is the question of condi-
tioning processes (eating has a calming effect and 
promotes falling asleep).

Another disorder that can be categorized to 
sleepwalking is the so-called sexsomnia, that is, the 
sleepwalking person performs sexual actions on 

himself or herself or harasses the bed partner. This 
behavior is very embarrassing for the affected per-
sons because they cannot control it, and addition-
ally, it might enormously stress the relationship.

7.2.8  Therapy

Because pavor nocturnus and sleepwalking are 
etiologically closely related, the treatment strate-
gies are also very similar. In the context of adult 
sleepwalking, consultation/treatment is also indi-
cated when the episodes of sleepwalking occur 
rarely or only under stress because the affected 
persons feel extremely embarrassed. Furthermore, 
there is the risk of injury of the sleepwalker. For 
children who sleepwalk frequently, it is recom-
mended to initiate further therapeutic interven-
tions in addition to comprehensive information 
about the disorder given to the parents.

Therapeutic Steps in the Context of 
Sleepwalking

 5 Information
 5 Securing of environment
 5 Information of bedpartner/relatives 

about how to handle sleepwalking 
episodes

 5 Sleep hygiene rules
 5 Relaxation exercises before going to bed
 5 Intentional formulas
 5 Psychotherapeutic interventions

First of all, the affected adults or parents of 
affected children should be informed about the 
disorder. Adults especially are very worried 
about doing something at night they cannot 
control. Most patients are reassured when they 
learn that sleepwalking (and pavor nocturnus, if 
they occur together) is an independent disorder 
and not the symptom of an underlying psychiat-
ric disease. The fact that those extraordinary 
nocturnal activities have a specific definition 
and are known to specialists may already lead to 
relief. The descriptive explanation of the diathe-
sis stress model helps affected persons in par-
ticular when it is emphasized that already 
normal stress may lead to sleepwalking in per-
sons with the predisposition for sleepwalking.
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Securing the environment is very important 
because the proverbial somnambulistic security is 
a myth. Many adults suffering from sleepwalking 
(and/or pavor nocturnus) have already experi-
enced injury.

If the person tends to leave the home, it is usu-
ally sufficient to lock the door and to store the key 
in a remote location because the person is not able 
to perform complex searching actions during 
sleepwalking. Also, windows and doors to “dan-
gerous” rooms (kitchen, crafts room, boiler room) 
may be secured in this way. Sharp-edged furniture 
or objects that may potentially lead to injury 
should be removed from the bedroom.

The people around the affected person should 
also be informed. In this way, embarrassing sce-
narios at night may be avoided because those per-
sons know that it is most appropriate coping 
strategy to calmly address the patient and to guide 
him/her back to bed. Waking the person up is 
only recommended when the person endangers 
himself/herself or others. The knowledge that the 
sleepwalking person does not fully access the 
mental abilities is important to understand why, 
for example, familiar persons are not recognized 
at night and, as already mentioned, why somnam-
bulistic activities sometimes seem to be bizarre.

It is important when managing sleepwalking 
as well as pavor nocturnus to observe sleep 
hygiene. Regular bedtimes and avoiding sleep 
deficits are recommended. Only moderate alcohol 
consumption, or even abstinence, is advised. A 
short nap during daytime may decrease the sleep 
pressure of the following night and in this way 
reduce the probability for sleepwalking episodes.

With regard to the diathesis stress model, it is 
important to reduce stress. For adults, it is recom-
mended to learn relaxation techniques, for exam-
ple, autogenic training or progressive muscle 
relaxation, according to Jacobson. Autogenic train-
ing should be exercised in a sitting position to 
avoid the patient falling asleep before the end of 
the exercise. The training objective, that is, relaxed 
sleep, would not be achieved otherwise. By regular 
exercising, the body learns to start sleeping in a 
more relaxed way and to reduce the impact of daily 
stress on sleep. The incidence of sleepwalking can 
be significantly reduced in this way. Child-
appropriate relaxation techniques may also be very 
helpful for children at about 6 years or older (see 
7 Sect. 7.1.8).

In the context of autogenic training, a 
 technique is available that has already shown 
effects in single cases: training of intentional for-
mulas. Hereby, the affected individual imagines a 
sentence after the instructions of the relaxation 
procedure, for example, “When my feet touch the 
ground, I will fully wake up.” This internally spo-
ken sentence is then also supported by vivid 
imagination. In this way, the body is trained with 
regard to new behavioral patterns in waking that 
may terminate sleepwalking at night. However, 
only a few anecdotal reports are available for the 
effectiveness of this approach.

Only in cases wherein these approaches are 
not successful is further cognitive behavioral ther-
apy recommended, particularly for adults. Such 
therapy aims at coping with stress situations and 
the associated negative thoughts and emotions as 
well as learning basic strategies to cope with 
stressful situations.

Data for drug therapy are unsatisfactory. Even 
if the administration of benzodiazepines (clonaz-
epam, diazepam, tricyclic antidepressants) shows 
positive effects in single cases, evidence- based 
recommendations are completely lacking. Long-
term medication seems to be useful only in excep-
tional cases.

7.3  Nightmares

7.3.1  Definitions

Nightmares are strongly negative dreams that lead 
to awakening in most cases. They are distin-
guished from distressing dreams or anxiety 
dreams that also show negative emotions but do 
not directly lead to waking up.

For the dreamer, this difference (being woken 
up by the dream or not) is not always easy to rec-
ognize. Regarding some dream contents, for 
example, falling dreams, it seems to be obvious 
because the person wakes up directly before hit-
ting the ground. In more complex dreams (perse-
cution, death of closely related persons), however, 
it is more difficult to distinguish if awakening 
occurred independently from the dream action or 
was induced by the strong emotions that occurred 
in the dream. Therefore, the diagnostic criteria 
(see 7 Sect. 7.3.5) focus more on the stress caused 
by nightmares than on awakening criterion.
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7.3.2  Etiology and Pathophysiology

In the nineteenth century, the assumption pre-
vailed that dyspnea or heavy meals are responsible 
for nightmares, but today the etiology is based on 
a diathesis stress model.

Factors in Nightmare Etiology
 5 Genetic factors
 5 Personality dimension, so-called thin 

boundaries
 5 Neuroticism, anxiety
 5 Stress
 5 Trauma
 5 Medication
 5 Maintaining factors (cognitive avoidance)

A large Finnish twin study confirms a genetic influ-
ence for the occurrence of frequent nightmares in 
adults. Further genetic studies (genome- wide asso-
ciation studies, GWAS) are currently not available.

Also, the findings published by Ernest 
Hartmann can be categorized into the field of pre-
disposition. He described a personality type with 
so- called thin boundaries in people suffering from 
frequent nightmares. Persons with thin boundar-
ies have difficulties in distancing from external 
stimuli; they have extraordinary sensual experi-
ences and intensive and conflictual relationships, 
but they are also very creative and emphatic.

The correlation with anxiety and neuroticism 
(emotional instability) seems to be apparent 
because the continuity hypothesis of dreaming 
predicts that waking life is reflected in dreams. 
Anxiety events and experiencing other negative 
emotions during daytime lead to more night-
mares. This correlation corresponds to the obser-
vation that stress (occupational or partnership) 
leads to a significant increase nightmare frequency.

Experiencing a trauma such as sexual abuse, 
war events, violence, or a car accident with severe 
injuries may lead to the full symptomatology of a 
posttraumatic stress disorder. In this context, 
trauma- related nightmares represent one of the 
key symptoms. However, the frequency of night-
mares is also increased in people who do not fully 
develop posttraumatic stress disorder. These 
nightmares may contain non-trauma-related 

dreams as well as trauma-related content (or 
both).

Another possible origin for nightmares is a 
medication such as l-DOPA (medication for 
Parkinson’s disease), serotonin reuptake inhibi-
tors (antidepressants), donepezil (medication for 
dementia), and some blood pressure agents.

The etiology of nightmares is based on an 
interaction of predisposition and current stressors. 
Especially with regard to the treatment, however, it 
is important to consider another factor that might 
perpetuate the disorder: avoidance. In many night-
mares, anxiety plays a major role, for example, in 
dreams of being chased in which the dream-self 
runs away, that is, avoids confrontation. From 
research on anxiety disorders, for example, arach-
nophobia, it is well known that the wish to avoid 
fear contributes to preserving the fear or even 
aggravates it because a fear of the anxiety develops. 
Only the confrontation and coping with fears can 
lead to long-term improvement. In cases of night-
mares, this avoidance strategy is often applied, for 
example, when using the sentence, “It was only 
a dream.” Many people try to forget distressing 
dreams as quickly as possible. However, in this 
case no active coping with the anxiety takes place, 
and reoccurrence of nightmares is very likely.

7.3.3  Epidemiology

Nightmares are a phenomenon that nearly every-
body experiences in childhood or adolescence. 
Nightmares peak between the 6th and 10th year of 
life. About 5% of all children have nightmares at 
least once per week or more frequently. Even if 
nightmares occur more frequently in children, 
studies show that about 5% of adults also report 
distressing nightmares, i.e., a nightmare disorder. 
Women are more frequently affected than men. 
According to cross- sectional studies, frequency of 
nightmares decreases with age, so that young adults 
report nightmares more often than older people.

7.3.4  Clinical Presentation

In practice, three phenomena that are associated 
with nocturnal awakenings associated fear can be 
distinguished (. Table 7.1).
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In the context of pavor nocturnus (see 7 Sect. 
7.1), that is, in sudden awakening from slow wave 
sleep, the person is barely oriented and cannot 
recall the event. Nightmares, however, can be well 
recalled because the patient awakens from a very 
emotional dream.

The typical contents of nightmares in children 
and adolescents are the following:

 5 Being chased (50%)
 5 Own death or injury (20%)
 5 Death or injury of others (15%)
 5 Falling into bottomless space (10%)

Although detailed studies on the content of night-
mares in adults are scarce, the predominating top-
ics encompass falling, being chased, being 
paralyzed, being late, and the death of close per-
sons.

Nightmares occur mainly in the second half of 
the night because at that time the REM sleep 
phases are longer and the dreams are more inten-
sive than at the beginning of the night.

In comparison to pavor nocturnus, the vegeta-
tive fear reaction is moderate. Especially in chil-
dren, the fear that arose during the dream may 
persist after awakening although the children are 
generally fully oriented after awakening. This fear 
may make it difficult for them to reinitiate sleep 
after the nightmare.

So-called posttraumatic re-enactments should 
be distinguished from nightmares. The dream 
contents are very close to experienced trauma 
(war events, sexual abuse, natural catastrophes, 

etc.) and may occur at any time during the night 
independently of the sleep stage. Posttraumatic 
re-enactments can be compared to flashbacks, 
that is, trauma-related intrusions that occur dur-
ing the daytime.

Practical Tip

Nightmares - as typical REM parasomnia - 
occur more frequently in the second half of 
the night, whereas the disorders of arousal 
pavor nocturnus and sleepwalking occur 
during slow wave sleep, which means that 
the events mainly occur in the first half of 
the night. After awakening from a 
nightmare, the affected person is usually 
rapidly oriented and recalls the dream 
content well. In the context of pavor 
nocturnus or sleepwalking, the person, if 
awakened, is barely oriented, and the 
event is hardly recalled.

7.3.5  Diagnostics

Comprehensive sleep anamnesis is generally suffi-
cient to diagnose nightmares if no further hints 
regarding the occurrence of other parasomnias 
(pavor nocturnus) and acting out of dreams (REM 
sleep behavior disorder) are mentioned (see 
7 Sect. 7.3.7). Regarding the etiology, the patient 
must be asked when nightmares started to occur 

       . Table 7.1 Different types of awakenings related to fear

Characteristics Pavor nocturnus Nightmares Posttraumatic re-enact-
ments

Time of waking up Mostly in the first half of 
the night

Mainly in the second half of 
the night

Both

Sleep stage Slow wave sleep REM sleep REM and non-REM sleep

Physiological fear 
reaction

Very strong Moderate Strong to very strong

Dream content Almost no content, single 
images

Detailed dream Relatively direct replay of 
the trauma

Awareness after 
waking up

Almost no orientation, 
impaired responsiveness

Often fully oriented; fear of 
the dream may persist

Often fully oriented, 
strong aftereffect

Recall in the morning Rare recall of the event Good dream recall Good dream recall 

 Chapter 7 · Parasomnias



211 7

(predisposition) and if stressors are currently 
present. Also, exact assessment of the current 
medications is essential to determine a possible 
correlation.

Diagnostic Criteria of Nightmare 
Disorder According to the AASM
 A. Recurrence of extended extremely 

dysphoric, and well-recalled dreams 
that typically contain threats to survival, 
security, or physical integrity.

 B. After awakening from a distressing 
dream, the affected person rapidly orients 
herself and becomes alert.

 C. The dream experiences or the sleep 
interruption caused by nightmares causes 
clinically relevant distress or impairment 
in social, occupational, or other important 
areas of functioning. At least one of the 
following nightmare effects should be 
reported:

 5 Mood disturbances (e.g., persistence 
of the nightmare emotion, anxiety, 
dysphoria)

 5 Sleep resistance (e.g., fear of going to 
bed, fear of falling sleeping because 
then nightmares might occur)

 5 Impaired cognitive performance (e.g., 
distracted by intrusive nightmare 
images, impaired concentration, 
impaired memory)

 5 Negative effect on the caregiver or 
family (e.g., because of sleep disrup-
tions at night)

 5 Behavioral problems (e.g., avoiding 
going to bed, fear of darkness)

 5 Daytime sleepiness
 5 Fatigue, low energy
 5 Impaired performance at work or 
problems at the place of education

 5 Problems with social and interper-
sonal relationships

7.3.6  Sleep Diagnostics

Sleep diagnostics are usually not indicated for 
the diagnosis of nightmares. As already men-
tioned, it is not always easy to differentiate 
nightmares from other parasomnias (pavor noc-

turnus, REM sleep behavior disorders), so that 
in unclear cases sleep lab diagnostics might be 
appropriate.

However, clinical reports as well as empirical 
findings suggest that nightmares occur less often 
in the sleep laboratory than at home, which is 
again a reason to perform polysomnography only 
for differential diagnostic purposes. In particular, 
when posttraumatic nightmares occur, sleep 
examination should be performed in cases of 
possible sleep-related breathing disorders or 
periodic limb movements during sleep, because 
some studies reported that those two disorders 
occur more frequently in patients with posttrau-
matic stress disorder than in the normal popula-
tion.

7.3.7  Differential Diagnostics

Nightmares must be distinguished from pavor 
nocturnus, which occurs predominantly in the 
first half of the night and is rarely recalled 
(. Table 7.1). The differentiation is important not 
only from an etiological point of view but also 
regarding the treatment; the approach for night-
mares described next is not effective for non-REM 
parasomnias such as pavor nocturnus.

Usually it is very simple to distinguish noctur-
nal panic attacks that may also develop from a 
 nightmare, as the anxiety or panic reaches its peak 
only in wakefulness and is accompanied by panic-
related thoughts (fear of death, etc.). Even if most 
patients suffering from panic disorders develop 
panic attacks during the daytime as well as at 
night, sometimes cases are reported in which 
patients only have panic attacks at night. Those 
persons should undergo cognitive behavioral 
therapy as the treatment of choice.

If the patient or the patient’s bedpartner 
reports that severe acting out occurs in the con-
text of nightmares, a REM sleep behavior disorder 
may be probable, and polysomnography (PSG) 
including video documentation should be initi-
ated. In REM sleep behavior disorder, muscle tone 
during REM sleep does not decrease (see 
7 Sect. 7.4).

If nightmares occur regularly, in particular 
when they have replicative content, the differen-
tial diagnosis of posttraumatic stress disorder has 
to be considered. It is not always easy to differen-
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tiate these two disorders (nightmare disorder and 
posttraumatic stress disorder) because severe 
traumas do not always lead to the full picture of 
posttraumatic stress disorder. In those cases, 
nightmares may represent the most relevant after-
effect of the trauma. The additional symptoms of 
posttraumatic stress disorder are:

 5 Occurrence of intrusions during daytime 
(thoughts, flashbacks)

 5 Consciously avoiding activities, places, and 
persons that might lead to recalling the trauma

 5 Limited spectrum of affect (e.g., inability to 
have tender feelings)

 5 Impression of a limited future

In many psychiatric and/or psychosomatic clinics 
specialized wards have been established for per-
sons suffering from traumatic experiences. If such 
a clinical department is not available in the indi-
vidual’s area, the affected person may be referred 
to a psychiatrist or psychotherapist for further 
diagnostics and treatment.

The therapeutic approach (see 7 Sect. 7.3.8) 
can be applied to idiopathic as well as posttrau-
matic nightmares. In posttraumatic stress disor-
der the nightmare intervention should be used as 
add-on to standard psychotherapeutic treatment.

7.3.8  Therapy

Nightmares require treatment when they occur 
once per week or even more often, especially 
when the disstress caused by nightmares becomes 
manifest in the form of fear of falling asleep or 
daytime functioning is impaired by nightmares, 
i.e., presence of a nightmare disorder.

Controlled trials are available on the effective-
ness of systematic desensitization (within the con-
text of behavioral therapy). The patient is 
confronted with the fear of the nightmare in his/
her imagination (in wakefulness) after having 
learned relaxation procedures with increasing 
intensities. It is the objective of this intervention 
to imagine the fear of the nightmare without los-
ing the physical sensation of relaxation.

The most effective and simplest method for 
treating nightmares was developed by Barry 
Krakow and colleagues and tested in many trials. 
The approach is termed imagery rehearsal treat-
ment and consists of three steps.

 5 Confrontation: writing down the nightmare 
or drawing the dream situation.

 5 Coping with the nightmare situation: writing a 
new end of the dream or finalizing the drawing 
in such a way that fear is reduced.

 5 Training of coping strategies: the new “dream” 
is repeated in sensu once per day for about 5 
to 10 min during the next 2 weeks.

With a rather low expenditure of one to two ses-
sions that may be conducted in small groups, the 
therapeutic principle can be taught and practiced 
based on a recent nightmare. After the person has 
described the dream, he/she is invited to imagine 
a new end for this dream.

For children, drawing the most important 
dream picture is the method of choice. Then, the 
question is raised as to what the child may add to 
the picture so that he/she feels less afraid. For the 
therapist it is important not to make suggestions 
because the aim is to encourage and stimulate the 
child’s potential to find solutions. Only when this 
coping strategy is not active or constructive 
should the child be asked to find other coping 
strategies for the nightmare situation. If the per-
son suggests, for example, hiding or flying away, 
the person is asked if there are any other options 
because those avoiding behaviors like hiding and 
flying away only lead to short-term attenuation of 
the fear and the anxiety can reoccur (the pursuer 
is finally able to find the person or can also fly). 
Therefore, constructive approaches such as “look-
ing the danger in the eye” or “asking somebody 
for help” are more effective in the long term.

Having developed a coping strategy for the 
nightmare situation, the affected individual is 
asked to write down the new “dream” and to go 
through it once per day for about 5 to 10 min dur-
ing the next 2 weeks. In this context, the person 
should imagine the new behavior as concretely 
and vividly as possible; for example, not running 
away but confronting the threatening figure. If the 
nightmares still persist after 2  weeks, another 
dream can be chosen and worked on.

Interestingly, the clinical experience with this 
therapy shows that not only do the nightmares 
that have been selected for this intervention 
change but also dreams with other stressful con-
tent. It is plausible that the general principle of 
“facing a fearful situation is equated with search-
ing for coping strategies” has been learned so that 
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the dream-self is also more self-confident in other 
situations.

Case Report
A 22-year-old woman consulted the sleep clinic 
because of nightmares that had occurred almost 
every night for several months.

History taking also revealed singular pavor noc-
turnus attacks. The patient reported that she often 
did not sleep well in unfamiliar environments. 
Diagnostics performed in the sleep lab, however, 
were unremarkable except for low sleep efficiency. 
Nightmares or pavor nocturnus did not occur dur-
ing the two nights in the sleep lab. A questionnaire 
indicated that the subjective quality of sleep and 
the feeling of being refreshed in the morning were 
only slightly reduced, but the patient suffered from 
a relevant increase in daytime tiredness. In the first 
session, the patient reported a current conflict in 
her core family that had led to a discontinuation of 
contact with her parents.

We explained the therapeutic principles of 
confrontation and coping with the nightmare 
situation and compared this treatment with the 
typically applied intervention for anxiety disor-
ders and phobias. This was well understood by 
the patient.

During the nightmare the night before the 
consultation, the patient was in the changing 
room of a fitness center. First, the whole family was 
present; then her mother was in the foreground 
and insulted and criticized her. She felt completely 
helpless with regard to those accusations.

Being asked how she could change such a 
dream, the patient had several suggestions such 
as ignoring the mother’s accusations but also 
being proactive by firmly stating her own needs. 
The new “dream” contained an active confron-
tation and the sentence: “I am very well able to 
handle my life.”

In the next session 2 weeks later, the patient 
reported that she had regularly trained the 
“new” dream for 1 week. Although dreams con-
taining her mother had not reoccurred since the 
first session, several other negative dreams had 
occurred, including a recurrent dream she has 
had for many years. The dreamer was sitting in 
her grandmother’s kitchen. First the atmosphere 
was pleasant, but then she sensed a threat from 
outside, something threatening that might come 

into the house. Then the scene changed, and the 
dreamer was in a white room with friendly mythi-
cal creatures. Two of those creatures encouraged 
her to face the threat on her own. At about 5 AM, 
the patient awakened from the nightmare and 
still clearly felt the fear of the dream.

After a conversation about the elements of 
the dream (e.g., the relationship with her grand-
mother), the patient was again asked to imagine a 
new end of the dream. The patient imagined how 
she decided to face the threat with the support of 
the friendly mythical creatures.

In the final session another 2 weeks later, the 
patient reported that she had not had any night-
mares and that the dreams she had recalled con-
tained new behavioral patterns. Being confronted 
with other dream persons, the dreamer felt much 
more self-confident and was able to express 
her own needs. At the same time, she reported 
improvement of her daytime tiredness.

Despite the fact that the current stressor 
(problems with core family) did not change, the 
intervention was able to reduce the nightmares 
by strengthening the dream-self. The negative 
impact of the stress on dreaming and sleep was 
significantly reduced.

The team of Barry Krakow showed in sev-
eral controlled trials that this simple treatment 
approach is effective in persons who had been 
suffering from nightmares for many years and 
who had undergone many different and unsuc-
cessful psychotherapeutic or pharmacological 
 treatment attempts. This treatment approach was 
also effective in a group of female patients who suf-
fered from nightmares as a consequence of sexual 
assault. Because the therapeutic principle of con-
frontation and coping strategies is well understood 
by many patients, the imagery rehearsal method 
can be well implemented in sleep medical practice.

The effectiveness of these approaches based on 
cognitive behavioral therapy is well documented, 
whereas medication that suppresses REM sleep 
(e.g., tricyclic antidepressants) or benzodiaz-
epines has been shown to be less effective for the 
treatment of nightmares. One exception are the 
positive effects of prazosin or similar substances 
such as doxazosin and terazosin on the frequency 
of posttraumatic nightmares that occur in the 
context of a posttraumatic stress disorder.
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7.4  REM Sleep Behavior Disorder

7.4.1  Definitions

In REM sleep behavior disorder, dreams are acted 
out, mostly intensive dreams with marked body 
movements. Many movements occur in bed, but 
leaving the bed is also possible. The risk of injury 
is high because the person sees the dream situa-
tions in his/her mind and only barely recognizes 
the real sleep environment.

7.4.2  Etiology and Pathophysiology

The REM sleep behavior disorder is strongly 
linked to neurodegenerative diseases such as 
Parkinson’s disease or dementia with Lewy bod-
ies, which means that patients with REM sleep 
behavior disorder are likely to develop neurode-
generative disease 10 to 15 years later. Therefore, 
it is assumed that it is a particular course of a neu-
rodegenerative disease showing the decline of 
muscle tone- inhibiting areas in the brainstem as 
the first symptom.

7.4.3  Epidemiology

The prevalence of this disorder is very low less 
than 1% of the overall population. Men at the age 
of 50 years or older are most frequently affected. 
In cases of Parkinson’s disease, REM sleep behav-
ior disorder occurs in at least one third of patients; 
in cases of other degenerative diseases such as 
multiple system atrophy, the percentage is even 
higher. Also, patients suffering from narcolepsy 
reveal an increased incidence of REM sleep 
behavior disorder. Nearly all patients with REM 
sleep behavior disorder develop a neurodegenera-
tive disease in the further course (within 13 years 
on average).

7.4.4  Clinical Presentation

The following examples illustrate the problems 
that are associated with REM sleep behavior 
 disorder.

Case Reports
A 67-year-old man reported the following dream: 
“I was playing football as halfback. And they all 
expected me to run forward. But there was this 
140-kg opponent and according to the rules I 
tackled him with my shoulder. When I woke up, I 
stood in front of the chest of drawers and I had 
thrown everything, lamps, mirror, off the top, hit 
my head on the wall and my knees on the chest of 
drawers.”

Another patient from our consultation reported 
about a dream in which his wife drove their car. 
During the trip she lost control, and the patient 
tried to regain control of the steering wheel by 
moving his arm to that direction. When he woke 
up, he had hit his wife, who was lying calmly beside 
him, in the face.

Dream-associated movements are explained 
by the loss of the muscle tone blockade that is 
active in healthy sleepers during REM sleep. 
Even though laboratory studies could show that 
minimal muscle potentials in the extremities 
may occur in accordance with the dream expe-
rience, the efferent neural signals of the motor 
cortex of the brainstem are strongly inhibited 
to avoid movements along with the dream 
images. In the 1960s and 1970s, the French 
sleep researcher Michel Jouvet studied cats 
during their sleep that had undergone surgery 
destroying the centers that are responsible for 
this inhibition. Those cats showed behaviors 
such as licking, hunting, and defending during 
REM sleep. i.e., they had artificially induced 
REM sleep behavior disorder.

The dream contents of those patients are often 
described as being aggressive or intensive (body 
movements). However, until now no studies have 
been available that examine normal dreams of 
those persons, that is, dreams that are not acted 
out. It seems obvious that dreams with intensive 
movements that are most likely to overcome the 
weakened muscle tone inhibition represent only 
the tip of the iceberg, whereas normal dreams can 
still be well inhibited and thus are not accompa-
nied by extensive movements. Because awaken-
ings due to acting out dream scenes or injuries 
does not occur in these cases, these normal 
dreams are not recalled.
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7.4.5  Diagnostics

First of all, history taking must clarify if intensive 
dream contents are acted out by movements (see 
7 Sect. 7.4.4, case reports). This step is important 
to distinguish this phenomenon from sleepwalk-
ing, during which single thoughts and images are 
reported but no intensive dream experience is 
recalled.

Because REM sleep behavior disorder can 
occur in narcolepsy patients, narcoleptic symp-
toms (tendency to fall asleep, cataplexy, sleep 
paralyses) should be asked about in the interview, 
and if needed suitable diagnostics should be con-
ducted (e.g., multiple sleep latency test).

For further diagnostics, it has to be clarified if 
REM sleep behavior disorder is part of an already 
manifest neurodegenerative disease such as 
Parkinson’s disease, dementia with Lewy bodies, 
or multiple system atrophy.

A comprehensive neurological examination is 
required; regular follow-up in the further course 
of the disease should be performed by a special-
ized neurologist.

Diagnostic Criteria of REM Sleep 
Behavior Disorder According to the 
AASM

 5 Repetitive episodes of sleep-related 
vocalizations or complex motor behav-
ior; these are linked to dream experi-
ences occurring simultaneously so that 
this phenomenon is termed “acting out 
one’s dreams.”

 5 These behaviors occur during REM sleep 
documented by polysomnography or 
most probably occur during REM sleep 
based on the clinical history.

 5 The polysomnographic recording 
confirms the presence of REM sleep 
without atonia (according to the current 
version of the scoring manual of the 
American Association of Sleep 
Medicine).

 5 The disorder cannot be better explained by 
any other sleep disorder, mental disorder, 
or medication or substance abuse.

Annotations:
If the patient’s history allows the most prob-
able conclusion of REM sleep behavior disor-
der but the criteria of atonia during REM sleep 
(see 7 Chap. 2) are only partly fulfilled, a 
preliminary diagnosis can be made. As medi-
cation may unmask an existing REM sleep 
behavior disorder, the diagnosis is generally 
also made when the REM sleep behavior dis-
order occurs in the context of medication.

7.4.6  Sleep-Related Diagnostics

In addition to history taking, an examination in a 
sleep lab must be performed over two nights 
because polysomnography is mandatory (docu-
menting REM sleep atonia), as some disorders 
(see 7 Sect. 7.4.7) may be confused with REM 
sleep behavior disorder. As with nightmares and 
non-REM parasomnias, the probability of mea-
suring an active episode with acted-out dreams in 
the sleep lab is rather low, first because the inci-
dence of acted-out dreams is also quite low in the 
home setting, and in the protected environment 
intensive dreams that are typically accompanied 
by movements (the tip of the iceberg) occur rarely.

Nevertheless, these patients show relevant 
characteristics in the PSG. The muscle tone (chin 
electromyogram (EMG)) is significantly increased 
during REM sleep (in healthy individuals, the 
minimum is reached during REM sleep). The 
minimal muscle tone during non-REM sleep 
serves as reference; thus, the disorder can be diag-
nosed with high certainty without actual acting 
out of a dream in the sleep lab.

In sleep diagnostics, special attention must be 
paid to the occurrence of periodic limb movements 
during sleep because they occur more frequently 
in patients with REM sleep behavior disorder 
compared to healthy sleepers. The extreme form 
of leg movements (with hitting and kicking the 
bed partner) in patients with periodic limb move-
ments during sleep can be misinterpreted as pos-
sible REM sleep behavior  disorder, so that in these 
cases the polysomnographic examination of the 
leg movements is important.
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7.4.7  Differential Diagnostics

Sleepwalking has to be taken into consideration as 
an important differential diagnosis. Sleepwalking 
occurs out of non-REM sleep and can be differen-
tiated by overnight polysomnography. Based on 
the anamnesis it might be sometimes difficult to 
differentiate, but generally the patients suffering 
from REM sleep behavior disorder are not able 
to walk around for a longer time like sleepwalk-
ers but bump into things because they see dream 
images and are usually not aware of the actual 
environment in their bedrooms. Furthermore, 
good recall of dream images is characteristic of 
REM sleep behavior disorder.

7.4.8  Therapy

Some case reports are available showing that 
application of melatonin may improve the symp-
toms of REM sleep behavior disorder.

However, the most effective therapy consists of 
administering 0.5–2.0  mg clonazepam. Clinical 
experience shows that up to 90% of patients benefit 
from this treatment. The effect is mostly seen already 
in the first night: acting out of dreams disappears. 
Even after longer treatment periods, the drug toler-
ance for this benzodiazepine is generally not prob-
lematic. After several years, the effect of this 
medication can still be seen even if smaller move-
ments during REM sleep may reappear after initial 
suppression.

7.5  Other Parasomnias

In this chapter, parasomnias are presented that 
are observed very rarely in sleep medicine.

7.5.1  Sleep Drunkenness

Sleep drunkenness is classified as non-REM para-
somnia and also termed a disorder of arousal 
comparable to sleepwalking and pavor nocturnus. 
The diagnostic criteria of disorders of arousal are 
described in the context of pavor nocturnus (see 
7 Sect. 7.1.5) and sleepwalking (see 7 Sect. 7.2.5). 
The person in these cases is dizzy and not fully 
oriented. Confused actions may even be per-
formed.

Polysomnographic studies revealed that 
extreme sleep drunkenness is observed after 
awakening from slow wave sleep. For some per-
sons it is particularly stressful because they have 
difficulties waking up in the morning. In our sleep 
medical clinic, a considerable number of individ-
uals have presented who had overslept in the 
morning despite having set several alarms because 
they had not heard them or turned them off and 
continued sleeping. The solution was that they 
were woken up by another person in order to get 
to work on time.

The etiology of sleep drunkenness and diffi-
culties of waking up is mostly unclear; treatment 
approaches are unknown.

7.5.2  Isolated Sleep Paralysis

Isolated sleep paralysis is defined by waking from 
REM sleep with complete paralysis of the volun-
tary movable muscles except the eye muscles. The 
episodes may last for several minutes. Frequently, 
bizarre perceptions are described in this condi-
tion, for example, a stranger standing beside the 
bed. The affected individuals are often in panic, in 
particular during first occurrence because of the 
complete paralysis. Sleep paralyses are mostly 
observed after waking up in the morning; in rare 
cases they are also reported during sleep onset.

Sleep paralysis may be a symptom of narco-
lepsy (see 7 Sect. 5.1), so that patients who report 
frequent sleep paralysis episodes should undergo 
PSG evaluation. While taking the sleep history it 
should be asked if the extremities are really para-
lyzed because some patients confound extreme 
tiredness resulting in the difficulty to immediately 
getting up with this condition.

The incidence of persons who experience such 
sleep paralysis once in their lifetime is estimated 
to be as high as 40%. Repeated occurrences of this 
symptom outside the diagnosis of narcolepsy, 
however, are very rare (less than 0.1% in the gen-
eral population).

In the course of the disorder, patients try to 
move one part of their body, such as an arm or leg, 
by concentrating on this movement to rapidly end 
the paralysis quicker. So far, the effectiveness of 
REM-suppressing antidepressants that are also 
applied for the treatment of REM sleep-related 
symptoms of narcolepsy has not been demon-
strated.
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7.5.3  Enuresis

Bedwetting (enuresis) is subdivided into two types:
 5 Primary enuresis: children who have never 

been successfully trained to control urination
 5 Secondary enuresis: children who have been 

dry for at least 6 months but revert to 
bedwetting

The incidence of enuresis is estimated to be about 
5% in 10-year-old children. In adults, enuresis is 
extremely rare.

In the etiology, organic factors such as disor-
ders of the bladder function or an underlying dis-
ease such as diabetes mellitus may be involved, 
and further diagnostics by a specialized urologist 
are recommended. In some cases, the develop-
ment of a sleep apnea syndrome in childhood 
may cause enuresis, so that the clinical hints (see 
7 Sect. 11.1) should be followed up by a compre-
hensive sleep anamnesis (if needed, with polygra-
hic or polysomnographic evaluation of the 
nocturnal respiratory function).

In addition, psychosocial stressors (parents’ 
divorce, birth of a sibling, abuse, neglect) may result 
in the development of bedwetting. In clinical prac-
tice, behavioral therapy has turned out to be effec-
tive, for example, positive feedback after dry nights 
and awaking schedules in which the affected child 
is awakened twice per night and taken to the toilet. 
Those awakenings are first applied after the first and 
second third of the night sleep and then successively 
pre- and postponed so that finally no more awaken-
ings are required.

7.5.4  Sleep-Related Eating 
Disorders

Sleep-related eating disorders may manifest in 
different ways.

In cases of night-eating syndrome, patients 
consume at least 20% of their daily calories after 
dinner. This late food intake frequently causes 
problems with initiating sleep. The disorder, how-
ever, has not been investigated in detail and 
requires behavioral therapy.

In the context of sleep-related eating disorder, 
the difference is made between a condition com-
parable to sleepwalking in which the patients are 
not completely awake and only barely or not at all 
recall their nighttime activities and a second type 

in which where the patient completely wakes up 
but has the impression that he/she is only able to 
reinitiate sleep after eating (in most cases, a snack 
such as a biscuit or toast suffices).

In cases of eating during sleepwalking, some 
studies could show an association to the restless 
legs syndrome. For these patients, treatment with 
dopamine agonists such as pramipexole can be 
beneficial. Furthermore, clonazepam and topira-
mate have been successfully applied. Simple behav-
ioral measures such as locking away all food does 
not seem to work appropriately according to clini-
cal experience because the affected person may 
react very angrily if food is not available. In addi-
tion, the hypothesis has been developed that eating 
problems that occur during daytime reappear in 
the sleepwalking episodes. In these cases, thera-
peutic measures as described in 7 Sect. 7.2.8, that 
is, physiological relaxation before going to bed, 
should be applied. If the patient is completely wak-
ing up and has problems of reinitiating sleep with-
out eating something, this can be interpreted as 
learning processes that are also observed in the 
etiology of primary insomnia (see 7 Chap. 3). 
Therefore, methods of behavioral therapy regard-
ing sleep training are probably effective.

7.6  Questions

 ?  1.  What is the difference between pavor 
nocturnus and nightmares?

 ?  2.  What is the difference between 
sleepwalking and REM sleep behavior 
disorder?

 ?  3.  Which are the most important treatment 
strategies of sleepwalking?

 ?  4.  What must be taken into account in the 
further time course of REM sleep 
behavior disorder?

Further Reading

 1. American Academy of Sleep Medicine. The interna-
tional classification of sleep disorders. ICSD-3. Darien: 
American Academy of Sleep Medicine; 2014.

 2. Schenck C. Paradox lost: midnight in the battleground 
of sleep and dreams: violent moving nightmares (REM 
sleep behavior disorder). Minneapolis: Extreme- 
Nights; 2005.
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Several sleep-related movement disorders may 
cause insomnia complaints and daytime sleepi-
ness; however, patients are not always aware of 
these disorders. They are characterized by simple, 
often stereotyped movements that can interfere 
with the restorative function of sleep by inducing 
vegetative and/or EEG arousals. The restless legs 
syndrome (RLS) is also grouped into the sleep-
related movement disorders; not because of its 
clinical symptoms but due to its high association 
with periodic limb movements in sleep. Even if 
RLS is one of the most important neurological dis-
eases and reduces the quality of life of patients 
considerably (even early retirement has been 
reported) it is often not recognized and/or 
correctly diagnosed.

The regulation of motor function during sleep is 
controlled by a complex neurochemical and neu-
rophysiological mechanism that matures with 
childhood development. Thus, it is plausible that 
many sleep-associated motor disorders occur 
during childhood, and again with increasing age 
or in the context of neurological diseases (increas-
ing chances of dysfunctioning) (7 Chap. 11).

In this chapter, the most relevant sleep-
related movement disorders occurring in adult 
patients are described. Nighttime epileptic sei-
zures that are also associated with motor disor-
ders during sleep are not included, but they are 
discussed in the context of possible differential 
diagnoses. The characteristics of sleep-related 
movement disorders in childhood are summa-
rized in 7 Sect. 11.1.

According to the ICSD-3, the following sleep- 
related movement disorders are differentiated:

 5 Restless legs syndrome
 5 Periodic limb movement disorder
 5 Sleep-related leg cramps
 5 Sleep-related bruxism
 5 Sleep-related rhythmic movement disorders
 5 Sleep-related myoclonus of infancy
 5 Propriospinal myoclonus at sleep onset
 5 Sleep-related movement disorder resulting 

from a medical disorder
 5 Sleep-related movement disorder caused by a 

medication or substance
 5 Sleep-related movement disorder, unspecified

8.1  Restless Legs Syndrome

8.1.1  Definition

The restless legs syndrome (RLS) is also called 
Ekbom syndrome, discomfort in the legs, or focal 
akathisia of the legs. Currently, American patient 
groups would welcome the use of Willis-Ekbom 
disease as the official term because they perceive 
“restless leg syndrome” as disparaging.

RLS is characterized by mostly circadian par-
esthesia (discomfort) in the lower, more rarely 
upper, extremities, associated with the urge to 
move, and sleep disorders. During sleep, periodic 
limb movements occur in about 80% of patients 
(7 Sect. 8.2).

8.1.2  Etiology and Pathophysiology

The pathophysiology of RLS is still not fully 
understood. Dopamine, iron, and genetic predis-
position seem to play a major role.

Recently, genome-wide association studies 
discovered RLS genes. Carriers of high-risk varia-
tions in these genes have an increased risk of 
developing RLS.  Based on the function of the 
identified genes, RLS might be partly explained by 
an early development disorder of the central ner-
vous system.

Iron deficiency also seems to be a crucial fac-
tor, at least in all secondary forms, because an 
increase of the iron reservoirs in the body reduces 
RLS complaints in patients with low iron values 
even if clinically no other symptoms of iron defi-
ciency are observed. Investigations of the cerebro-
spinal fluid indicate a possible iron deficiency in 
the central nervous system. Postmortem studies 
in patients with early onset of RLS showed altera-
tions in the substantia nigra. Reduced ferritin and 
reduced iron transportation in these areas are 
very likely.

The dysfunctional iron metabolism could 
subsequently interfere with the dopamine system. 
This hypothesis is supported by pharmacological 
studies as dopamine agonists reduce RLS 
symptoms whereas dopamine antagonists may 
enhance them. The positive effect of opiates on 
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RLS symptoms indicate that opioid systems in the 
central nervous system are also involved.

In secondary RLS, hormone inbalances or 
renal failure seems to be involved in addition to 
iron deficiency. Patients undergoing dialysis show 
a high risk of RLS.  The co-occurrence with 
peripheral polyneuropathy indicates that a modi-
fied peripheral neural perception possibly induces 
the motor and sensor symptoms of RLS.

Drug-induced RLS as a side-effect can occur in 
dopamine antagonists, metoclopramide, atypical 
neuroleptics, antidepressants, and lithium. In par-
ticular, tricyclic antidepressants may induce RLS 
quite often but, for example, mirtazapine, a nor-
adrenergic and specifically serotonergic antide-
pressant (NaSSA), can also trigger significant RLS 
complaints.

8.1.3  Epidemiology

Prevalence rates of RLS depend on methodologi-
cal aspects of the studies and the severity criteria. 
The prevalence ranges between 1% and 15% in 
the general population. RLS seems more preva-
lent in European than in Asian populations. In 
Europe, and in particular in Germany, about 
1.7% to 3% of the population report RLS that 
requires treatment. RLS symptomes typically 
start in the middle and older ages. About 10% of 
individuals between 65 and 83 years of age suffer 
from RLS and require therapy. Children might be 
affected by RLS, and there might be a differential 
diagnosis of attention-deficit/hyperactivity syn-
drome (ADHS) (7 Chap.  11). Up to 15% of the 
general population show symptoms and com-
plaints of RLS on and off; however, if the severity 
is mild to moderate, treatment is typically not 
indicated. Whereas several studies did not show 
gender differences, others indicate a 1.5- to 2-fold 
higher prevalence of RLS in women. In addition, 
the risk of developing RLS seems to increase with 
the number of pregnancies.

The percentage of idiopathic RLS ranges 
between 45% and 57%, depending on the study. In 
cases of idiopathic or primary RLS, an early onset 
is typically observed. In about 40% of patients 
with primary RLS, the first symptoms emerge 
before the age of 20. In cases of idiopathic RLS, 
more than 50% of patients have a positive family 
history. Prevalence among first-degree relatives of 
RLS patients increases three- to fivefold.

Secondary RLS, is often associated with the 
following factors:

 5 RLS symptoms occur in 15% to 40% of 
dialysis patients.

 5 Among pregnant women, 12% to 20% show 
temporary RLS, with remission after delivery.

 5 Of patients with rheumatoid arthritis, 30% 
report RLS.

 5 Among patients with iron deficiency, 25% 
report RLS. Thus, it must be taken into 
consideration that the low to normal values 
of these patients may also benefit from iron 
substitution.

 5 RLS is found in 20% to 25% of the patients 
with polyneuropathy even though the 
differentiation between these two entities is 
not easy.

 5 Twenty percent of patients with uremia suffer 
from RLS symptoms.

 5 RLS can also occur in rheumatoid and 
neurodegenerative diseases such as ataxia, 
multisystem atrophies, Parkinson’s disease, 
diseases of the spinal cord (multiple sclerosis, 
syringomyelia, paraplegia, etc.), after stroke, 
folic acid deficiency/vitamin B12 deficiency, 
chronic obstructive pulmonary disease, and 
cancer.

8.1.4  Clinical Presentation

Patients complain about distressing discomfort 
(tingling, crawling, itching) in the lower legs, and 
more rarely the thighs or arms. In some cases, dis-
comfort is also experienced over the entire body. 
Frequently, additional pain in the extremities is 
reported. Consequently, sleep onset or going back 
to sleep during the night may be disturbed. The 
symptoms occur in the evening, at rest, in a lying 
position, and sometimes during longer resting 
periods during daytime (e.g., in front of the TV, 
sitting in a car as passenger, in airplanes). Relief is 
often achieved by moving the legs, sometimes 
also by physical stimulation (rubbing, cold water). 
In bed, patients often stretch their legs out from 
under the blankets or get up at night to put cold 
water on their legs.

Case Report
“In the late afternoon, it is difficult for me to sit qui-
etly because my legs are tingling. Meetings at work 
can become a torture. Watching a movie in the 
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evening (TV) has not been possible for a long time. 
I always have to get up and walk around. Meeting 
friends or going to the cinema is also impossible. 
Later in bed, I am really tired, I want to sleep but my 
restless legs urge me to get up. At nighttime I walk 
around for hours, only walking provides relief for 
the uncomfortable pains and cramps in the lower 
legs.”

In this or similar ways, RLS patients report their 
complaints emerging in resting phases during nigh-
time or sometimes during daytime. For many 
affected people, the disturbed sleep rhythm with the 
associated consequences during the daytime, e.g., 
tiredness is distressful both for professional and 
family life.

8.1.5  Diagnostic Procedures

RLS is a clinical diagnosis that can generally be 
made based solely on the patient’s history.

Diagnostic Criteria According to the 
International Restless Legs Study 
Group (IRLSSG)

 5 An urge to move the legs usually but not 
always accompanied by or felt to be 
caused by uncomfortable and unpleasant 
sensations in the legs.

 5 The urge to move the legs and any 
accompanying unpleasant sensations 
begin or worsen during periods of rest or 
inactivity such as lying down or sitting.

 5 The urge to move the legs and any 
accompanying unpleasant sensations are 
partially or totally relieved by movement, 
such as walking or stretching, at least as 
long as the activity continues.

 5 The urge to move the legs and any 
accompanying unpleasant sensations 
during rest or inactivity only occur or are 
worse in the evening or night than during 
the day.

 5 Nonessential criteria:
 – Positive family history: more than 50% 

of the patients with primary RLS have at 
least one first-degree relative suffering 
from RLS.

 – Response to l-DOPA test: 90% of the 
patients show an improvement 
application of small doses of l-DOPA 
(100 mg). A negative test, however, does 
not exclude RLS. 

 – Periodic movements during sleep 
(PLMS) occur in about 80% of the 
patients, often associated with arousals.

 – Disorders initiating and maintaining 
sleep, daytime sleepiness, and impaired 
performance.

 – Neurological  examinations often yield 
negative results in idiopathic RLS.

The clinical diagnosis may be complemented 
by using questionnaires measuring RLS symp-
toms (see 7  Chap. 2). Questionnaires are also 
used to assess RLS severity in a standardized 
fashion.

Practical Tip

Sleep disorders such as insomnia due to RLS 
have to be actively elicited.

Drug and substance history is necessary to 
exclude substance- induced RLS.  Special atten-
tion has to be paid to dopamine antagonistic 
compounds, e.g., classic and atypical neurolep-
tics, metoclopramide, tri- and tetracyclic antide-
pressants, and serotonin reuptake inhibitors. 
Among antidepressants, mirtazapine is consid-
ered to be a drug with RLS as a quite common 
side effect. Based on Stiasny-Kolster [7], parox-
etine, sertraline, escitalopram, venlafaxine, 
duloxetine, fluoxetine, and citalopram may also 
cause RLS symptoms.

General physical examination including 
laboratory parameters (.  Table  8.1) and bilat-
eral nerve conduction studies (ENG) of the 
anterior tibialis nerve, if necessary also of the 
sural nerve and the median nerve, should be 
included in the basic diagnostic procedures 
(7  Chap. 2).

The physical examination in primary RLS is 
often without specific findings. However, it is 
useful for identifying secondary RLS, to assess 
possible underlying diseases.
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The response to l-DOPA (l-DOPA test) is some-
times applied for diagnostic confirmation of RLS, 
in particular when a dopaminergic therapy had 
not yet been performed or the initial therapeutic 
effect of the dopaminergic therapy cannot be 
clearly evaluated. A single dose of 100 mg l-DOPA 
should be applied after the onset of RLS com-
plaints; the response is then measured via severity 
scales; an improvement of 50% in the severity 
index is defined as responder. This test can confirm 
the diagnosis of RLS in about 90% of untreated 
patients. Not responding to the L-Dopa test (i.e., 
improvement of less than 50% with l-DOPA), 
however, does not exclude a possible RLS.

8.1.6  Sleep Diagnostics

Sleep diagnostic procedures should include a sleep 
history to rule out other disorders that may be 
associated with insomnia complaints. Sleep-
related history taking also helps to assess impaired 
performance during daytime and the risk of day-
time sleepiness in dangerous situations like driv-
ing a car or supervising heavy machinery.

A sleep diary may provide data about RLS 
severity and frequency. For assessing severity as 
well as for therapy evaluation, ambulatory mea-
surement of periodic leg and arm movements 
during sleep in the home situation may be benefi-

cial, for example, using actigraphy. In diagnosti-
cally unclear cases, an immobilization test 
(systematic assessment of the complaints during 
immobilization of the legs) and polysomnography 
(PSG) may provide further evidence regarding 
the presence of PLMS (periodic leg movements in 
sleep) (see 7 Chap. 2).

Especially in the following cases of RLS, PSG 
is indicated (7 Sect. 2.6.4):

 5 Cases with unclear diagnosis
 5 Children and adolescents with RLS
 5 Therapy-refractory RLS
 5 Persisting daytime sleepiness or sleep 

disorders under dopaminergic therapy (or 
other therapeutic options)

 5 Complex RLS needing pharmaceutical 
strategies including opiates, anticonvulsants, 
or other treatment approaches

PSG provides data about the severity of the sleep 
complaints and can exclude other sleep disorders 
that might be responsible for hypersomnia or 
insomnia symptoms. Typically, a fragmentary sleep 
profile with slow wave and REM sleep suppression 
and increased light sleep stages (N1) is a conse-
quence of arousals associated with periodic arm 
and/or leg movements during sleep. Sleep latency is 
generally increased because of the urge to move the 
extremities while trying to fall asleep (7 Sect. 2.13).

Periodic arm and/or leg movements are not 
essential criteria of RLS; about 20% of the RLS 
patients do not show these symptoms. The assess-
ing of period limb movements associated with 
arousals is only possible via polysomnography. A 
maintenance of wakefulness test (MWT) or other 
procedures to assess the propensity to fall asleep in 
monotonous situations and impaired performance 
during daytime might be required (7 Chap. 2).

Practical Tip

In the context of high-risk patients, medical 
reports, or severe RLS, neuropsychological 
tests are necessary to assess sleepiness- 
and fatigue-related impairments of the 
patient’s daytime performance.

The IRLSSG (7 Sect. 8.1.5) and the AASM formu-
lated diagnostic criteria for RLS. The IRLSSG crite-
ria are highly significant for the diagnostic process; 

       . Table 8.1 Laboratory parameters for exclusion 
of secondary restless legs syndrome (RLS)

Group Single parameter

Blood analysis Full blood count (erythro-
cytes indices)

Iron metabolism Serum iron, ferritin, 
transferrin

Vitamins B12, folic acid

Kidney values Creatinine, urea

Glucose 
metabolism

Serum glucose, HbA1c if 
needed

Thyroid param-
eters

fT3, fT4, TSH

Parathyroid 
parameter

Parathormone (facultative)

 Chapter 8 · Sleep-Related Movement Disorders



225 8

the AASM criteria represent the international con-
sensus.

Diagnostic Criteria of RLS (Subjects 
Older Than 12 Years) Based on ICSD-3

 5 The patient reports an urge to move the 
legs, usually accompanied by or thought 
to be caused by uncomfortable and 
unpleasant sensations in the legs.

 5 This urge begins or worsens during 
periods of rest or inactivity, such as lying 
down or sitting.

 5 The urge to move is partially or com-
pletely relieved by movement such as 
walking or stretching, at least so long as 
the activity continues.

 5 The urge to move occurs or worsens 
exclusively or predominantly in the 
evening or at night.

 5 The condition cannot be explained by 
other sleep disorders, medical condition 
(leg cramps, myalgia, venous stasis, 
arthritis, etc.), or a behavioral disorder 
(e.g., agitated depression), drug intake, 
or substance abuse.

 5 The symptoms of RLS cause concern, 
distress, sleep disturbance, or impair-
ment in the mental, physical, social, 
occupational, educational, and 
behavioral aspects of life or in 
important areas of functioning.

8.1.7  Differential Diagnoses

One of the most important differential diagnoses 
of RLS is peripheral polyneuropathy, with symp-
toms like painful legs and moving toes, and 
venous malperfusion. Also irritable nerve roots 
and spinal syndromes often are accompanied by 
complaints that are similar to RLS symptoms. On 
occasion, RLS is misdiagnosed as a psychoso-
matic disorder with restlessness or an agitated 
depression.

In chronic pain syndromes affecting the legs, 
careful differential diagnostics have to be carried 
out. Small-fiber neuropathy, (sleep-related) mus-
cle cramps, peripheral vascular disease, akathisia 
due to neuroleptics, and myelopathy are possible 
differential diagnoses. On the other hand, RLS 

might be the underlying cause of insomnia com-
plaints.

Practical Tip

All differential diagnoses did not show the 
circadian rhythm of symptom severity that 
is typical for RLS.

8.1.8  Therapy

Pharmaceutical therapy is symptomatic. The 
treatment of RLS is focused on the individual 
patient and is often characterized by complica-
tions if long-term application is necessary. Lack of 
effectiveness, tolerance, and side effects can be a 
challenge for the sleep specialist. In severe cases, 
combination therapies with different compounds 
might be necessary, thus, requiring knowledge 
about their pharmacology and interactions with 
each other. Finally, the circadian rhythm of the 
symptoms and the associated sleep disorders also 
require from therapists to suggest a drug schedule 
based on the individual rhythms of the patients.

8.1.8.1  General Therapeutic Principles
The individual treatment stategy is adapted to 
the complaints of the patient. The burden of 
RLS is due to reduced quality of life and mas-
sive daytime sleepiness and fatigue as well as 
the disrupted sleep. The primary therapeutic 
target is the improvement of sleep. For the 
majority of affected subjects with severe symp-
toms a permanent drug treatment has to be car-
ried out.

In secondary RLS, the underlying disease has 
to be treated - if possible. Measuring ferritin levels 
to assess the iron status is one of the diagnostic 
procedures that should be part of the routine. Iron 
substitution is recommended in cases with regu-
lar but low ferritin values. According to clinical 
experience, at least 50 μg/l should be reached.

The treatment of RLS during pregnancy, 
however, may be difficult and should be lim-
ited to conservative measures without resorting 
to pharmaceuticals.

In cases where monotherapy is not sufficient 
even after long-term application, the physician 
may prescribe combination therapies (e.g., 
dopamine agonist plus l-DOPA).
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The following compounds are recommended 
for the treatment of RLS. l-DOPA and dopamine 
agonists are considered as first-line drugs.

8.1.8.2   l-DOPA
In Germany, l-DOPA is approved in combination 
with benserazide for treatment of RLS, and clini-
cal trials have demonstrated its effectiveness in 
doses up to 300 mg per day.

For the treatment of sleep disorders caused by 
RLS, a combination with immediate release 
(effect duration, 3–5 h) and retarded (maximum 
plasma level after 3 h) levodopa may be benefi-
cial. Tolerance developments requiring dosage 
increase and an “end-of-dose” rebound are quite 
common (. Table 8.2).

Practical Tip

It is recommended to adapt the time of 
intake to the occurrence of the 
complaints in the individual patient and 
to establish an exact intake scheme 
together with the patient (based on a 
sleep protocol). l-DOPA is effective in mild 
or episodic RLS. In contrast to dopamine 
agonists, the dosage has not to be slowly 
increased, so that it can be applied in 
situations with severe complaints, such as 
traveling by bus or airplane with lack of 
movement opportunities. It can also be 
used in combination with dopamine 
agonists as an add-on in cases of severe 
complaints.

Augmentation under l-DOPA medication is a fre-
quently observed phenomenon (it can also occur 
in dopamine agonists) and, according to clinical 
studies, can occur in up to 70% of the patients.

Augmentation is defined as:
 5 An earlier onset of the symptoms within the 

24-h cycle, e.g., midday or morning
 5 A more rapid onset of the complaints when 

the patients are at rest
 5 Complaints in other body parts that have not 

been affected prior to therapy

A dose-dependent risk for augmentation has been 
described for levodopa/benserazide. Dosages 
above 200 g per 24 h may lead to augmentation. In 
severe cases, switching to another drug is 

recomomended. If augmentation under l-DOPA 
occurs, the treatment should be switched to dopa-
mine agonists, if possible with low doses.

Practical Tip

Augmentation is considered as the most 
significant complication of dopaminergic 
therapy. It has been described most 
frequently for l-DOPA but also for 
dopamine agonists.

Increase of the symptom severity is another sign 
of augmentation. In addition, decreasing effec-
tiveness of the current drug dosage (tolerance) is 
also a problem.

Diagnostic Criteria of Augmentation 
According to IRLSSG 2007
 (a) Basic features (all of which need to be 

met)
 5 The increase in symptom severity 
was experienced on five out of 
seven days during the previous 
week

 5 The increase in symptom severity is 
not accounted for by other factors 
such as a change in medical status, 
lifestyle, or the natural progression 
of the disorder

 5 It is assumed that there has been a 
prior positive response to treat-
ment

       . Table 8.2 Therapy of RLS with l-DOPA and 
dopamine agonists

Substance Half-life in 
hours

Dosage in 
mg

Levodopa with 
benserazide

3–5 50–300

Levodopa with 
benserazide 
(retard)

Maximum 
plasma level 
after 3 h

50–400

Pramipexole 8–12 0.088–0.54

Ropinirole 5–7 0.25–2

Rotigotine 2–3 1–3 per 24 h
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 (b) Persisting (although not immediate) 
paradoxical response to treatment: RLS 
symptom severity increases sometime 
after a dose increase, and improves 
sometime after a dose decrease

 (c) Earlier onset of the symptoms by at 
least 4 h or by 2 to 4 h, whereby in the 
latter (2 to 4 h) the following criteria 
also have to be met:

 5 Shorter occurrence latency while at rest
 5 Extension of the symptoms to other 
parts of the body

 5 Higher intensity of the symptoms
 5 Duration of the relief is reduced 
because of the therapy

Augmentation is confirmed when the 
following criteria combinations are met:  
a + b, a + c, or a + b + c.

8.1.8.3  Dopamine Agonists
Dopamine agonists are classified into ergoline 
and nonergoline dopamine agonists (. Table 8.2). 
Clinical trials have demonstrated the effectiveness 
of ropinirole, pramipexole (non- ergoline dopa-
mine agonists), and rotigotine in large patient pop-
ulations. Generally, daily doses for RLS treatment 
are smaller than for the treatment of Parkinson’s 
disease. Thus, it is always recommended to test the 
effectiveness of the smallest dose.

The recommended initial dose of pramipexole 
(half-life, 8–12 h) is 1/2 tablet of 0.18 mg once per 
day. If the effect is not sufficient, the dose can be 
increased to 1 tablet of 0.18 mg and every 4th day 
additional increases of 0.09 mg up to a maximum 
dose of 0.54 mg per day (. Table 8.2). If needed, 
combination with l-DOPA is possible.

The recommended initial dose of ropinirole 
(half-life, 5–7  h) is 0.25  mg. According to the 
 recommendations from clinical studies, the dose 
is increased to 0.5 mg on day 3, as of the 2nd week 
to 1 mg, as of the 3rd week to 1.5 mg, and after the 
4th week to 2  mg. To achieve an optimal effect, 
further dose increase might be necessary (e.g., 
week 5, 2.5  mg; week 6, 3  mg; week 7, 4  mg). 
Dosages beyond 4 mg have not been evaluated in 
the clinical studies for RLS (. Table 8.2). If needed, 
combination therapy with l-DOPA is possible.

The positive effect of rotigotine for RLS has 
been demonstrated by several studies. The half-

life of rotigotine is 2 to 3  h. The transdermal 
application seems to have certain advantages. 
From the continuous transdermal release, rotigo-
tine patches with doses of 1, 2, or 3 mg for 24 h 
maintain a stable level that is usually achieved 
after 2  days. The constant level may reduce the 
augmentation rate. Because of skin irritations, the 
patch has to be placed each day on another body 
location for a cycle of 2 weeks. The recommended 
initial dose is 1 mg; the dose may be increased by 
1  mg every week. If needed, combined therapy 
with l-DOPA is possible.

The ergoline dopamine agonists such as 
cabergoline and pergolide that are also used in 
treating Parkinson’s disease are highly effective 
for RLS; however, the substances have signifi-
cant side effects. Among others, there are 
reports on fibrous cardiac valve pathologies 
and imperative sleep attacks after higher doses. 
Hence, they are no longer recommended for 
the treatment of RLS.

Practical Tip

Because of the side effect of nausea 
observed at therapy onset with dopamine 
agonists, the additional intake of a 
noncentrally effective dopamine 
antagonist is recommended, if needed, 
such as domperidone.

8.1.8.4  Opioids
Being the most potent medication, opioids such 
as tilidine, oxycodone, or codeine are available to 
treat severe and very severe, especially painful, 
RLS cases or nonresponders to dopaminergic 
treatment.

Controlled observational studies and case 
reports have been published for oxycodone. The 
approval of oxycodone/naloxone was achieved in 
Europe as second-line therapy for patients with 
severe to very severe idiopathic RLS after not 
responding to dopaminergic therapy. The initial 
dose amounts is 5/2.5 mg oxycodone hydrochlo-
ride/naloxone every 12 h. If the effect is not suffi-
cient, a weekly dose increase may be 
recommended. The limit is 60/30 mg oxycodone 
hydrochloride/naloxone per day. Additional ther-
apy with l-DOPA or dopamine agonists can be 
applied.
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The dopaminergic component of opiates 
influences the extrapyramidal motor mechanisms 
via an activation of central μ-receptors. Increasing 
tolerance and a ceiling effect (no further increase 
in the therapeutical effect after reaching a certain 
dose) represent a problem so that the application 
of these substances should be delayed as long as 
possible. Therapy with apomorphine or metha-
done might be required in individual cases to 
achieve the therapeutic objective of maintaining 
substantial quality of life in the patients with very 
severe RLS.

Practical Tip

Because RLS may also occur as a 
withdrawal effect of opiate addiction, 
opiates have to be reduced very slowly.

8.1.8.5  Other Substances and 
Treatment Modalities of RLS

Among the anticonvulsant drugs, pregabalin and 
gabapentinenacarbil (a precursor of gabapentin in 
retarded form) are the drugs that were best inves-
tigated in controlled trials. In April 2011, gaba-
pentin enacarbil was FDA approved in the US 
with the brand name Horizant and is discussed as 
the first-line therapy of RLS if the classic side 
effects such as daytime sleepiness, nasopharyngi-
tis, suicidal thoughts, and weight gain are mini-
mal. This substance is not available in Germany. 
The sedating and anxiolytic effect of pregabalin 
may have an additional therapeutic advantage if 
comorbid insomnia disorders are present. Neither 
pregabalin nor gabapentin is FDA or EMEA 
approved for the treatment of RLS. Other medica-
tions like, clonazepam, carbamazepine, clonidine, 
and valproic acid are off-label.

An oral iron substitution may be indicated for 
patients whose ferritin level is below 75 μg/l. 
Several studies in patients with severe RLS have 
shown that intravenous application of iron 
improved RLS complaints in 40% to 60% of cases, 
sometimes complete remission lasting for several 
months occurred.

Two studies confirmed a positive effect of 
high-dose magnesium (12.5  mmol before going 
to sleep) in mild RLS.

Practical Tip

In cases of mild or intermittent RLS, 
treatment with high-dose magnesium may 
be beneficial.

Nonpharmaceutical strategies such as sleep 
hygiene, sports (gymnastics, stretching, yoga), 
massages, or showers with cold or hot water may 
alleviate RLS symptoms in patients.

Contraindicated or ineffective are treatment 
attempts with hypnotics, antidepressants, neuro-
leptics, and beta blockers, as well as psychothera-
peutic measures. Passive relaxation techniques 
such as autogenic training, progressive muscle 
relaxation, or meditation can enhance the symp-
toms and, thus, have negative effects.

8.2  Periodic Leg Movement 
Disorders During Sleep

8.2.1  Definition

The periodic limb movement disorders (PLMD) 
during sleep are also known by these terms:

 5 Periodic movement disorder of sleep (PMDS)
 5 Periodic limb movements in sleep (PLM)
 5 Leg convulsions
 5 Nocturnal myoclonus syndrome
 5 Sleep myoclonus syndrome

In particular, the term myoclonus should be 
avoided because in epileptology it is used for 
completely different symptoms.

PLMD is characterized by periodic and 
repeated stereotyped movements of the limbs 
during sleep. PLMD may cause insomnia symp-
toms and/or result in nonrestorative sleep and 
subsequently daytime sleepiness.

8.2.2  Etiology and Pathophysiology

The exact etiology of PLMD is unknown. In 
addition to genetic factors, a dysfunctional dopa-
minergic or opioidergic system with suppression 
of the supraspinal inhibitory pathways or rhyth-
mic fluctuation of reticular activity might be 
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responsible. Furthermore, a disturbed iron metab-
olism is considered as a potential factor in PLMD 
because low ferritin values seem to favor the 
development of PLMD or enhance frequency of 
PLM. The centrally induced repetitive limb move-
ments can be accompanied by arousals and sleep 
fragmentation.

These etiological considerations are supported 
as disorders with dysfunctional dopaminergic 
systems such as RLS, narcolepsy, and REM behav-
ioral disorder often also show PLMD. The increas-
ing prevalence of PLMD in the elderly might be 
explained by reduced dopamine levels or the 
physiological decrease of dopamine receptors.

Periodic movement disorders in sleep are 
understood as separate entity. As PLMD are fre-
quently associated with RLS, REM behavior dis-
order, obstructive sleep apnea, and narcolepsy, the 
additional diagnosis of PLMD is not necessary. 
PLMDs can also occur in patients with the follow-
ing diseases:

 5 Kidney failure
 5 Congestive heart failure
 5 Arterial hypertension
 5 Polyneuropathy
 5 Multiple sclerosis
 5 Multisystem atrophy
 5 Spinal lesions
 5 Psychiatric disorders such as posttraumatic 

stress disorder, depression, and sleep-related 
eating disorder

 5 Chronic insomnia
 5 Attention deficit/hyperactivity syndrome
 5 Parkinson’s disease
 5 Withdrawal of benzodiazepine
 5 Therapy with anticholinergic substances, for 

example, tricyclic antidepressants and 
serotonin reuptake inhibitors

8.2.3  Epidemiology

Periodic limb movements in sleep are quite preva-
lent and are a nonspecific symptoms related to 
many sleep disorders and diseases. However, 
often the PLMs are not directly affect sleep conti-
nuity. Sometimes the bed partner experiences 
sleep problems due to the periodic limb move-
ments of the patient. Movement disorders can 

occur in children as well as in adults. The preva-
lence of PLMD with an index higher than 15 
movements per hour is about 8% in 18- to 
65-year- old individuals and more than 45% in 
persons older than 65 years. Gender differences in 
prevalence rates have not been studied.

Regarding the epidemiology of PLMD, the 
following aspects have to be taken into consider-
ation:

 5 In about 80% of RLS cases, periodic limb 
movements during sleep co-occur.

 5 In 1% to 15% of patients with insomnia, 
PLMD occurred, varying between studies.

 5 In REM behavior disorder, PLMD occurs in 
70% of the patients and in 45% to 60% of 
patients with narcolepsy-.

A high incidence of PLMD is described in patients 
with mental disorders (mood disorders, anxiety 
disorders, etc.) and neurological diseases (multisys-
tem atrophy, spinal cord lesions) (see 7 Chap. 2).

The present data regarding the epidemiology 
of PLMD, however, are limited because the diag-
nostic criteria vary from study to study and 
researchers did not always define strict inclusion 
and exclusion criteria.

8.2.4  Clinical Presentation

In PLMD, the patients complain about nonrestor-
ative sleep (often associated with hypersomnia 
symptoms) but also quite often PLMD is accom-
panied by insomnia symptoms. Reduced feelings 
of being refreshed by sleep, daytime sleepiness, 
and monotony intolerance as well as depressive 
symptoms, memory problems and reduced con-
centration spans may be a consequence of the 
fragmented sleep.

Sleep continuity is negatively affected by the 
periodic movements of the legs, sometimes arms 
are moving too mostly after flexion of the large 
joints and stretching the big toes. Subsequently, 
associated arousals impair sleep continuity. The 
tonic contractions can also occur in wakefulness 
in many patients, but often they are go unnoticed.

Periodic limb movements are clinically 
relevant and should be treated if they cause 
clinically significant insomnia or hypersomnia 
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symptomatology that cannot be explained by 
other sleep disorders or somatic diseases.

Practical Tip

Generally, patients are not consciously 
aware of the periodic movements of the 
extremities. More often, the bed partners 
observe the restless sleep in the patient 
with jerky movements of the extremities.

The limb movements are frequently accompanied 
by fast frequencies in the EEG due to a central 
nervous activation that triggers PLM, among 
other events, and not as a consequence of the 
PLM. The movements may also be associated with 
autonomous arousals like brief increases in heart 
rate and blood pressure.

8.2.5  Examination Procedures

The examination includes individual history tak-
ing as well as interviewing with the bedpartner 
because the patient is often only aware of the day-
time symptoms.

Eliciting medication and substance consump-
tion is crucial to rule out medication- induced 
types of PLMD. The following procedures should 
be part of diagnostic standards:

 5 Vitamin B12 levels
 5 Iron, ferritin levels
 5 Folic acid level
 5 Diagnostics of polyneuropathy
 5 Diabetes mellitus diagnostics

Other (neurological) diseases possibly underly-
ing symptomatic forms of PLMD, but also can 
cause insomnia disorders, have to carefully 
evaluated.

Practical Tip

Insomnia complaints are often 
misattributed to periodic limb movements. 
In psychopathology of insomnia, periodic 
limb movements might be considered 
associated and not does not require 
treatment.

8.2.6  Sleep Diagnostics

Sleep diagnostics include sleep anamnesis, 
sleepiness- related anamnesis, and a sleep diary. 
Actigraphy performed in the home setting may be 
helpful to complete assessment of the severity 
(7 Chap. 2).

PLM are determined according to the current 
criteria of the AASM (7 Chap. 2).

Severe forms of PLMD show as many as 1500 
periodic limb movements per sleep period. 
Depending on the number of PLMs with arousals 
(index of periodic limb movements in sleep = num-
ber of limb movements per hour of sleep; see 
7 Chap. 2), sleep fragmentation, reduced slow wave 
sleep and REM sleep can occur.

Practical Tip

To avoid false-negative diagnoses, it has to 
be kept in mind that PLM indices vary 
significantly from night to night. Even in 
severe PLMD, nights with low PLM indices 
might occur.

In high-risk patients or severe cases, neuropsy-
chological tests are required to assess the sleepi-
ness-related impairments of performance such as 
MWT, multiple sleep latency test (MSLT), or 
pupillography measuring the propensity to fall 
asleep during the day (7 Chap. 2).

Diagnostic Criteria of PLMD based on 
ICSD-3

 1.  Polysomnography shows PLM as it was 
defined according to the current version 
of the AASM manual on the assessment 
of sleep and associated phenomena 
(7 Chap. 2).

 2.  The PLM index exceeds 5 per hour in 
children and 15 per hour in adults. Note: 
The movement index is interpreted in 
the context of the patient’s sleep-related 
complaints and not in a normative way. 
In adults, normative values might be 
even higher in studies that did not 
exclude PLMs related to respiratory 
events or other causes.
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 3.  The PLMs cause clinically significant 
sleep disturbance and/or impairment in 
mental, physical, social, occupational, 
educational, behavioral, or other 
important areas of functioning. Note: An 
increased PLM index without clinical 
symptoms can be documented as 
polysomnographic finding; however, it 
does not meet the criteria for diagnos-
ing PLMD.

 4.  PLMs cannot be explained by other 
sleep disorders, medical or neurologi-
cal diseases, mental disorders, or 
medication or substance abuse. It is 
recommended not to diagnose PLMD 
in patients with untreated sleep- 
related breathing disorders, RLS, 
narcolepsy, and REM sleep behavior 
disorder.

8.2.7  Differential Diagnoses

In sleep-related breathing disorders, PLM may 
occur in association with apnea-related arousals. 
Diagnostic assessment of PLM should be carried 
out after successful treatment of the sleep-related 
breathing disorder.

PLM may be observed in the context of noc-
turnal cerebral seizures and of myoclonic epi-
lepsy. In these cases, additional epilepsy 
diagnostics and PSG with more EEG electrodes 
may be necessary.

If PLM is suspected in the context of neuro-
degenerative diseases such as Alzheimer’s dis-
ease, nerve root irritations, or spinal syndromes, 
further neurological examination is indicated. 
Benign phenomena like hypnagogic foot tapping 
and the alternating leg muscle activation (ALMA) 
can be differentiated by polysomnography.

8.2.8  Therapy

Treatment is only required if PLM indices are ele-
vated and associated with clinically relevant to 
insomnia or hypersomnia symptomatology.

Other etiological factors explaining the clini-
cal symptoms have to be excluded; if needed, a 
therapy attempt with l-DOPA may help to iden-
tify PLMD. There are no randomized trials on the 
effectiveness of medication for treating PLMD 
that does not occur within RLS syndromes. If 
treatment is required, the therapeutic approach is 
similar to treating patients with RLS (7 Sect. 8.1).

In patients with RLS, l-DOPA, dopamine 
agonists, and second-line medications have a 
positive effect on RLS symptoms but also on the 
frequency of periodic limb movements in sleep. 
If PLMD is symptomatic, causal therapies, e.g., 
iron substitution, have to be performed first. 
Adherence to the principles of sleep hygiene may 
be useful; however, pharmacological strategies are 
the major focus. The treatment effects can only 
be evaluated by polysomnography assessing PLM 
indices.

8.3 Sleep-Related Leg Cramps

8.3.1  Definition

These terms are used synonymously:
 5 Leg cramps
 5 Nocturnal leg cramps
 5 “Charley horse”

The etiology of the idiopathic form has not yet 
been clarified. In contrast to dystonia, these 
cramps are not characterized by simultaneous 
contractions of agonists and antagonists.

8.3.2  Etiology

Most sleep-related muscle cramps seem to be 
idiopathic. As a transitory phenomenon, noctur-
nal leg cramps can occur in healthy individuals 
after intense physical activity whereby micro- 
traumas of the muscles and electrolyte disbal-
ances may be involved. Symptomatic muscle 
cramps can also occur in magnesium or calcium 
deficiency, in pregnancy, and in neuromuscular 
and metabolic diseases. Genetic factors have not 
been identified yet.
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8.3.3  Epidemiology

About 10% to 16% of the population suffers from 
clinically relevant nocturnal leg cramps, with 
increased prevalences in the elderly. Thirty-three 
percent of persons older than 60 years and 50% of 
persons older than 80 years report nocturnal leg 
cramps at least once every 2  months. In 6% of 
individuals older than 60 years, these leg cramps 
occur at night. The lifetime prevalence for leg 
cramps is probably near 100%.

8.3.4  Clinical Presentation

The cramps occur spontaneously, mostly during 
sleep, but sometimes during wakefulness, without 
any precursor or after short mild pain and are asso-
ciated with painful hardening of the muscles. In 
most cases, the calf and foot muscles, rarely the thigh 
muscles or other muscle groups, are affected. Those 
cramps may last for a few seconds up to several min-
utes. They subside spontaneously or after stretching, 
massaging, movements, or application of heat. 
Sporadic events may occur, but also series of cramps 
have been reported. The disorder is more common 
in older adults. If cramps recur, the frequency might 
fluctuate over many years. The disstress can be high, 
but objectifiable lesions do not occur. As a conse-
quence of these mostly painful events, problems of 
initiating and maintaining sleep can occur.

8.3.5  Diagnostics

During PSG, the events usually emerge 
spontaneously during sleep or awake phases. 
Electromyography (EMG) of the affected muscles, 
shows a sudden, persisting activity.

Diagnostic Criteria of Nocturnal Muscle 
Cramps According to ICSD-3

 5 A painful sensation in the leg or foot 
with sudden, involuntary muscle 
hardness or tightness, indicating strong 
muscle contraction

 5 Emerging in bed, in either sleep or 
wakefulness

 5 Pain relief is achieved by forcefully 
stretching the affected muscles

8.3.6  Therapy

Intensive and regular stretching, massage, and 
application of heat may relieve the acute symp-
toms.

For longer-term prophylaxis or therapy, causal 
measures (e.g., balancing of electrolytes) should 
be initiated if possible.

Symptomatically, magnesium, quinine sul-
fate, verapamil, and theophylline may be applied 
in off-label use. Contraindications of the medica-
tions have to be carefully evaluated, rare occur-
ring but severe side effects have to be evaluated 
against the expected benefit.

8.4  Bruxism

8.4.1  Definition

Synonymous terms:
 5 Nocturnal bruxism
 5 Nocturnal tooth grinding
 5 Tooth clenching
 5 Sleep-related bruxism

Bruxism is an involuntary grinding or clenching 
of the teeth, mostly during sleep but can occur 
also in wakefulness. This activity causes abrasion 
of the teeth, and even lesions of the maxillary 
joints are possible.

8.4.2  Etiology

The etiology of the disorder may include these 
factors:

 5 Psychological factors (increased levels of 
tension, anxiety disorders)

 5 Central nervous factors (congenital or 
acquired brain lesions)

 5 Anatomical factors (malocclusion, malforma-
tion)

These factors may be associated with bruxism 
although pathophysiological mechanisms have 
not been identified.

Personality traits associated with high achieve-
ment need and tension might be associated with 
bruxism. Bruxism runs in families but genetic 
associations have not yet been identified.
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8.4.3  Epidemiology

Typically, the disorder starts in childhood and 
prevalence decreases with age. Rhythmic mastica-
tory activity is seen also in almost every healthy 
sleeper. About 15% to 20% of children show tran-
sitory bruxism, the lifetime prevalence is about 
50%. In adults, women report bruxism more often 
than men. The prevalence of clinically relevant 
bruxism is less than 5%.

8.4.4  Clinical Presentation

Activation of the masticatory muscles during 
sleep can be accompanied by disturbing grind-
ing sounds that are unpleasant for others and 
also leads to an intensive abrasion of the teeth’s 
enamels, associated with pain around the teeth 
and within the masticatory muscles. In severe 
cases, sleep may be fragmented due to arousals 
and insomnia complaints are reported. Most 
often, however, a dentist or a neurologist 
(because of headaches) is consulted. The con-
tractions of the chewing muscles may be tonic or 
phasic, the so-called rhythmic masticatory mus-
cle activity (RMMA). The typical event is of a 
stereotyped nature, starting with autonomous 
and EEG arousals that are followed by the con-
traction of the masticatory muscles. Sometimes 
swallowing can occur at the end of an episode.

8.4.5  Diagnostics

Sleep anamnesis combined with dental examina-
tion is essential and sufficient in most cases. PSG is 
only required to rule out other disorders. An 
increased EMG activity of the masticatory muscles 
associated with arousals that occur most often in 
light sleep are indicative. Masticatory muscle activ-
ity is sometimes associated with REM sleep in 
older people and this might be a symptom of a 
beginning REM sleep behavior disorder. 
Movements of the body or the extremities can 
occur in 25% of arousal reactions associated with 
bruxism. The EMG activity of the maxillary mus-
cles (masseter and temporal muscles) may be 
increased phasically in intervals between 0.25 and 
2.0 s, tonically of more than 2.0 s, or with a mixed 
rhythm.

Diagnostic Criteria of Bruxism 
According to ICSD-3

 5 Regularly occurring sounds of tooth 
grinding or tooth clenching during 
sleep

 5 At least one of the following clinical 
symptoms occurs:

 – Abnormal tooth wear associated with 
tooth grinding during sleep

 – Transitory morning jaw muscle pain or 
fatigue, and/or temporal headaches; 
and/or jaw locking upon awakening, 
consistent with reports of nocturnal 
tooth grinding.

8.4.6  Therapy

In pediatric patients, it is possible to “wait and 
see”. After maxillary deformities have been diag-
nostically ruled out spontaneous remissions are 
frequent. In cases of (threatening) dental damage, 
occlusal splints should be applied. If the patient is 
very tense, relaxation techniques, hypnotherapy, 
biofeedback, and psychotherapy may be helpful. 
For acute pain relief, physiotherapy and massages 
are recommended.

Medications such as muscle relaxants are only 
indicated in very severe cases (short-term benzo-
diazepines, antidepressants). Before initiating 
pharmaceutical therapy strategies, a thorough 
risk to benefit evaluation should be done.

8.5  Sleep-Related Rhythmic 
Movement Disorder

8.5.1  Definition

Synonymous terms:
 5 Jactatio capitis nocturna
 5 Jactatio corporis nocturna
 5 Rhythmie du sommeil
 5 Head banging
 5 Body rocking
 5 Head rolling
 5 Body rolling

Sleep-related rhythmic movements are defined as 
repetitive, stereotyped, and rhythmic motor move-
ments of large muscle groups, occurring mainly 
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during sleep onset and or during sleep. The diag-
nosis requires that the behavior have clinically sig-
nificant consequences.

8.5.2  Epidemiology

In infants, stereotyped movements can occur as 
normal transient phenomenon related to self-
stimulation. About 50% to 70% of infants show 
temporarily such a behavior. In persisting symp-
tomatology or later beginning, sleep-related move-
ment disorders are likely to be associated with 
psychiatric/neuropsychiatric disorders. The gender 
ratio of boys to girls varies from 2:1 to 4:1.

8.5.3  Clinical Presentation

The clinical picture is characterized by stereo-
typed rhythmic head or body movements during 
sleep onset or light sleep, with these possible 
variations:

 5 Head banging from back to forth (anterior–
posterior)

 5 Head rolling in lateral direction
 5 Body rocking in elbow-knee position
 5 Body rolling in prone position

Occasionally, the head banging is accompanied by 
monotonous singing or humming. In some cases, 
injuries have been reported - caused by hitting the 
head against a hard surface (hematoma, intracere-
bral, and retinal bleedings). Very often the rhythmic 
movements are associated with sleep onset or light 
sleep. The movements usually begin in infancy; in 
healthy children, the symptoms disappear sponta-
neously. In older children, this simple form of self-
stimulation, however, has to be considered as a 
symptom of a more severe mental disorder.

8.5.4  Diagnostics

The diagnostics consist of history taking by inter-
viewing parents or bed partners (in adult patients) 
and assessing developmental aspects. A pediatric-
neurological examination including EEG to 
exclude cerebral seizures is recommended. If 
cerebral lesions are suspected, developmental 
diagnostics including MRI or cranial computer 
tomography CCT are required.

Sleep diagnostics comprise sleep history and 
keeping a sleep diary in order to assess the fre-
quency and the severity of the episodes. PSG 
with video monitoring should be performed. 
Because the symptoms occur before falling 
sleep, the sleep profile is tpyically in the normal 
range compared to age-matched healthy sleep-
ers. The rhythmic movements occur when fall-
ing asleep, less frequently in light sleep, and 
very rarely in N3 or REM sleep. Regarding dif-
ferential diagnosis, cerebral seizures have to be 
ruled out by carefully analyzing the EEG of 
PSG.

Diagnostic Criteria of Sleep-Related 
Rhythmic Movement Disorders Based 
on ICSD-3

 5 The patient shows repetitive, stereo-
typed, and rhythmic motor behaviors 
involving large muscle groups.

 5 The movements are predominantly sleep 
related. They occur near naps or near 
bedtime, or when the individual appears 
drowsy or asleep.

 5 The behavior leads to significant 
complaints as manifest by at least one of 
the following aspects:

 – Interference with normal sleep
 – Significant impairment in daytime 

function
 – Self-inflicted bodily injury or likeli-

hood of injury if preventive measures 
are not applied

 5 The rhythmic movement disorder cannot 
be better explained by another move-
ment disorder or epilepsy.

Note: The diagnosis is only made when the 
behavior has clinically significant conse-
quences.

8.5.5  Therapy

If infants are affected, it is important to reassure 
the parents to wait for spontaneous remission. In 
cases of symptomatic types, causal therapy, in 
exceptional cases with adjuvant neuroleptics or 
benzodiazepines, is indicated after elaborate diag-
nostics. In older children, psychotherapy and 
relaxation procedures are a promising option.
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8.6  Questions

 ?  1.  Please describe pharmaceutical options 
of RLS therapy.

 ?  2.  What are the indications for RLS 
treatment?

 ?  3.  Which diseases are likely to be associated 
with periodic limb movements during 
sleep?

 ?  4.  When are periodic limb movement 
disorders treated?

 ?  5.  Which approaches are beneficial for 
treating bruxism?
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Not all phenomena or symptoms that occur 
between falling asleep and waking up can be 
clearly assigned to the large group of sleep disor-
ders, even if they have been classified in the 
ICSD-3 according to their predominant phenom-
enology. Some of them appear isolated, have no 
or only marginal illness significance, have been 
only poorly investigated, or display highly vari-
able symptoms, so that they can neither be allo-
cated to an existing sleep disorder nor defined as 
a novel sleep disorder. A sleep disorder caused by 
environmental influences, for example, noise, 
heat, or the bed partner, has to be included 
because the objectively present disturbing factor 
as well as its subjective perception may lead to 
insomnia, hypersomnia, or nonrestorative sleep.

9.1  Isolated Symptoms, Normal 
Variants, and Unresolved Issues

9.1.1  Long and Short Sleepers

Individuals who sleep for longer or shorter times 
than the age-specific average during a 24-h day 
and who feel restored after this sleep duration are 
defined as long and short sleepers, respectively. 
Sleep phases other than the main sleep phase have 
to be included in this calculation.

 5 In the context of adults, long sleepers are 
those who need 10 h of sleep or more during 
the 24-h day.

 5 Short sleepers are those who need only 5 h of 
sleep or less per day.

Both normal variants, long sleepers and short 
sleepers, who have already manifested in child-
hood or adolescence, are found in about 2% of the 
adult population and generally persist lifelong. The 
affected people feel restored when they can main-
tain their individual sleep duration. Disorders are 
only observed when a long sleeper tries to, or is 
forced to, cope with less sleep over longer periods 
or if the short sleeper wants to prolong the sleep 
duration by means of centrally acting substances. 
The last-mentioned case is often based on the mis-
conception of the affected person or his/her envi-
ronment regarding the necessary sleep duration. 
During school or work weeks, many long sleepers 
consciously accept a sleep deficit that they try to 
compensate by particularly long sleep phases on 

weekends. The short sleeper only rarely suffers and 
very rarely seeks medical advice. Increased mor-
bidity could not be confirmed for either normal 
variant.

The diagnosis of long and short sleepers can 
be based on the age of manifestation and the typi-
cal history regarding the recovery of sleep for 
individually adequate sleep duration. Sleep logs 
with data on the daytime alertness during the 
daily routine and during a vacation may facilitate 
the diagnosis. Generally, device-related diagnos-
tics are not necessary. If long sleepers complain 
about nonrestorative sleep or report daytime 
sleepiness because of too little sleep, the differen-
tiation of previously mentioned sleep disorders 
may be required (see 7 Chaps. 3, 4, 5, and 8).

For short sleepers, therapy is usually not needed. 
In the context of long sleepers, observation of the 
individually required sleep duration is the therapy 
of choice and eliminates possible symptoms.

9.1.2  Sleep-Talking and Sleep-
Related Groaning: 
(Somniloquy and Catathrenia)

About half of all children and as many as 5% of 
adults talk during their sleep (somniloquy) in a 
more or less comprehensible way, whereby the 
content may lead to problems with the bed part-
ner or room partners. Much more rarely, sighing 
or groaning during sleep is heard (catathrenia). In 
the context of catathrenia, the duration of expira-
tion is greatly extended so that oxygen desatura-
tion and apnea can occur. The differentiation 
from sleep apnea is possible by simultaneously 
monitoring the acoustic phenomenon and the 
breathing disorder during expiration measured 
by polysomnography.

The affected individuals are usually not aware 
of either somniloquy or catathrenia, which may 
develop during REM as well as non-REM sleep. A 
high frequency is observed in patients with REM 
sleep behavioral disorders and those sleepwalking 
or sleep-related eating disorder. If sleep-talking 
only manifests in adulthood, often a psychopa-
thology is found.

Regarding differential diagnosis especially in 
cases of stereotypic vocalization during sleep, epi-
leptic seizures have to be excluded. Pavor 
 nocturnus (see 7 Chap. 7) differs, manifesting as 
shouting and an anxiety reaction.
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If psychological stress is supposed as the ori-
gin and if sleep-talking is perceived as stressing, 
further psychotherapeutic examination may be 
reasonable, with appropriate therapy if needed.

9.1.3  Sleep-Related Movement 
Anomalies

In particular during sleep onset, but also during 
sleep, various movements of the trunk or the 
extremities may occur.

About two thirds of the population report 
sudden twitches of single muscle groups or body 
parts, so-called sleep-onset myoclonias or hypnic 
jerks that are frequently associated with hypnago-
gic sensations (e.g., acoustic, optic, sensation of 
falling) and lead to short arousal or waking up 
from light sleep. Taking caffeine or other stimu-
lants, physical activity, or emotional stress may 
increase the incidence and severity. In rare cases, 
the sleep-onset twitches are so severe that they 
prevent people from falling asleep. In those cases, 
avoiding predisposing factors is most important. 
Rarely, clonazepam is applied.

In the phase of relaxation before sleep onset, in 
rare cases movements of the trunk may occur that 
extend in a peripheral direction to the proximal 
extremities and the neck. Each mental activation, 
for example, when the affected person is addressed 
by the bed partner, reliably interrupts those move-
ments: defined as propriospinal myoclonias, these 
may lead to severe disorders of initiating sleep. 
Treatment with 1 mg clonazepam before going to 
bed may reduce the incidence of those myoclonias.

If asymmetrical and asynchronous myoclo-
nias of small muscles or muscle groups (e.g., fin-
gers, toes, corner of the mouth) are observed 
more than five times per minute over at least 
20 min, predominantly in sleep stages N2 and N3, 
this phenomenon is called an excessive fragmen-
tary myoclonus. Myoclonias can often be verified 
in videometry: they are mostly associated with 
arousal and lead to disorders of maintaining sleep. 
Myoclonias are found in approximately 5% to 
10% of the patients who undergo examination in 
sleep centers because of excessive daytime sleepi-
ness, and more often affect males. Often, sleep-
related breathing disorders coexist as well as 
periodic limb movements during sleep (PLMS; 
see 7 Chap. 8), narcolepsy (see 7 Chap. 5), or 
insomnia (see 7 Chap. 3).

The treatment is primarily based on the coex-
isting sleep disorder. In cases of persisting com-
plaints, therapy similar to that for restless legs 
syndrome/PLMD (see 7 Chap. 8) is recommended.

During sleep onset, hypnagogic foot tremor 
(see 7 Sect. 2.6.4) may manifest that typically per-
sists for more than 10 s and in rare cases leads to 
sleep interruptions. In coincidence with arousals, 
alternating activations of the leg muscles that can 
be confirmed by polysomnography disappear 
when falling asleep. In sleep centers, those phe-
nomena are found in about 7.5% and 1.1%, 
respectively, of adult patients. Their clinical rele-
vance is still unclear.

Very rarely, otherwise completely unremark-
able newborns may show intensive bilateral 
movements of the large trunk muscles and the 
extremities that occur exclusively during sleep. 
Those benign sleep myoclonias in newborns are 
considered as a hint to incomplete brain matura-
tion, because on one hand they display spontane-
ous remission within a few weeks or months and 
on the other hand are not associated with an 
increased risk for cerebral seizure disorders.

9.2  Other Sleep Disorders

In particular, environmental sleep disorders have 
high clinical relevance. Until recently, the frequency 
of sleep disorders caused by environmental factors 
has not been investigated. However, a high preva-
lence is assumed. Disturbing factors may be noise, 
heat, cold, the bedfellow, unfamiliar environment 
(hospital, hotel, tent), or the attention claimed by 
an ill person or a newborn. Most affected people are 
conscious of the responsible disturbing factor and 
try to meet the condition with suitable measures. 
Thus, in most cases, the sleep disorders are only 
transitory, and the origin of the sleep disorder is 
plausible to the disturbed individual. Affected peo-
ple typically seek advice only when the subjective 
perception of the disturbing factor is the focus and 
when at the same time symptoms of other sleep dis-
orders occur that are believed responsible for their 
insomnia or hypersomnia complaints.

For the diagnosis of environmental sleep dis-
orders, intensive history taking is essential. 
Sometimes, a sleep protocol assessed for 2 weeks 
may determine the sleep phases with good recov-
ery and the stimulus that is responsible for the 
disturbance. In particular, insomnia and sleep–
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wake rhythm disorders should be excluded in 
cases of unclear history.

In most cases, intensive counseling is sufficient. 
If the disturbing factor is psychically overesti-
mated, psychotherapeutic intervention is probably 
appropriate. In the short term, a hypnotic agent 
may be applied if the stimulus is transitory and 
cannot be eliminated. Anamnestic control of the 
therapeutic success, however, is required.

Case Report
A 25-year-old slim woman presents because of 
excessive daytime sleepiness and snoring with-
out observed breathing interruptions that is 
stressful for her husband.

She reliably reports falling asleep in monoto-
nous situations. The quality of her sleep is 
described as good, without difficulties of initiat-
ing and maintaining sleep. The sleep duration 
amounts to 7 h with regular bedtimes. On holiday 
or on weekends, the sleepiness does not improve. 
She cannot think of any origin for her complaints.

In the context of examination, it is possible to 
exclude organic and psychological origins. The 
sleep protocol could not reveal any cause for the 
daytime sleepiness. Outpatient polygraphy does 
not give any hint of sleep apnea; however, occa-
sional heart rate increases are found. In the subse-
quent polysomnographic examination over two 

nights, a regular sleep profile is measured without 
heart rate changes. Interestingly, the vigilance 
diagnostics do not show increased daytime sleep-
iness.

In the context of the final discussion, the 
patient mentions that she only feels well rested 
when her husband works night shift and she 
sleeps alone. Only the nights when they sleep 
next to each other are stressful. Being asked, the 
husband confirms that he regularly pushes his 
wife because of her snoring, which stops the snor-
ing so that he is able to fall asleep again.

After elimination of her snoring by applica-
tion of a mandibular advancement device, both 
partners report improved sleep quality and day-
time alertness.
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Sleep disorders may be secondary as a symp-
tom of organic or psychic/psychiatric diseases. 
These disorders can appear as accompanying or 
temporary symptoms; however, in the context 
of chronic diseases, they contribute signifi-
cantly to the morbidity and maintenance of the 
disease. In those cases, the treatment of the 
sleep disorder may have a positive effect on the 
course of the underlying disease. The expertise 
of the sleep specialist is also required when 
comorbid sleep disorders need to be treated in 
patients with organic or psychic/psychiatric dis-
eases. Furthermore, organic or psychic/psychi-
atric diseases may manifest primarily as a sleep 
disorder. The sleep specialist is then responsible 
to discover the basic origin of the sleep disor-
der and to initiate adequate treatment 
approaches.

It is clear that not all organic and psychic/psychi-
atric diseases leading to secondary sleep disorders 
may be discussed in this chapter. One focus of this 
chapter is the presentation of the most important 
secondary sleep disorders that may appear as 
complaints of insomnia or hypersomnia. The 
treatment of the underlying diseases however is 
not included in this chapter.

10.1  Sleep Disorders Caused by 
Organic Diseases

Sleep disorders and sleep-related symptoms are 
apparent in numerous organic diseases.

On one hand, organic diseases may be the 
origin of secondary sleep disorders, and on the 
other hand classic symptoms of sleep disorders 
such as difficulties of initiating and maintaining 
sleep or daytime sleepiness may be seen as the 
leading symptoms of an organic disease. Thus, 
organic diseases have to be considered in the dif-
ferential diagnosis of insomnia and hypersom-
nia. Finally, the relevant symptoms can even be 
the result of medical therapy of an underlying 
organic disease, which emphasizes the necessity 
of careful history taking regarding medication 
(7 Chap. 2).

The most important organic diseases that 
should be considered in this context are these:

 5 Insomnia
 5 Endocrine diseases (hyperthyroidism)
 5 Chronic pain

 5  Neurological diseases (neurodegenerative 
diseases)

 5 Respiratory diseases (bronchial asthma)
 5 Hypersomnia

 5 Endocrine diseases
 5  Cardiovascular diseases (cardiac arrhyth-

mia, hypotension, heart failure)
 5 Respiratory diseases
 5 Renal failure

The aforementioned classification is mainly based 
on didactic reflections. Many of those diseases 
may lead to complaints of insomnia as well as 
hypersomnia, depending on the severity of the 
disease and the individual patient.

10.1.1  Insomnia as a Symptom 
of Organic Diseases

10.1.1.1  Endocrine Diseases
Hyperthyroidism is generally associated with 
symptoms of psychomotor restlessness. In addi-
tion to a frequently slight tremor and increased 
nervousness, in general symptoms of sleepless-
ness with difficulties in initiating and maintaining 
sleep are also observed. Other clinical symptoms 
are goiter, which is encountered in 70% to 90% of 
the patients, sinus tachycardia with possibly 
occurring arrhythmia, weight loss, hyperhidrosis, 
and heat intolerance.

Those symptoms may be seen not only in the 
context of immunogenic hyperthyroidism 
(Graves’ disease) or thyroid autonomy, but may 
also be caused by inappropriate dosage of thyroid 
hormones.

In the daily routine of sleep medicine, patients 
with the clear manifestation of hyperthyroidism 
do not present problems of differential diagnosis. 
In cases of accordingly weak symptoms, however, 
those patients may primarily complain about dis-
orders of initiating and maintaining sleep as lead-
ing symptoms. Regarding the frequent occurrence 
of thyroid diseases, patients should undergo an 
appropriate history taking and in suspected cases 
additional laboratory testing as part of the diag-
nostic process in cases with insomnia.

10.1.1.2  Chronic Pain
Chronic pain is closely related to sleep disorders 
and regularly interferes with each other. Chronic 
pain is often associated with disorders of 
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initiating and maintaining sleep. Approximately 
two thirds of patients with chronic pain report 
symptoms of insomnia.

In particular, in the context of tumor-related 
pain, not only does the pain cause sleep disorders, 
but also the stress caused by the disease contrib-
utes to the persisting chronic sleep disorder.

On the other hand, chronic sleep disorders or 
chronic sleep deprivation may significantly influ-
ence the perception of pain so that an adequate 
treatment of the sleep disorder may decisively 
improve the efficacy of analgesic therapy. In addi-
tion to current therapeutic approaches in the 
treatment of chronic pain, sedating antidepres-
sants are often included in the co-analgesic ther-
apy. Hereby, sedation leads not only to an 
increased effect of classic analgesics but also to 
improved sleep.

10.1.1.3  Neurological Diseases
Neurodegenerative diseases such as Parkinson’s 
disease or dementia of Alzheimer’s type fre-
quently lead to distinct sleep disorders up to the 
disintegration of the sleep–wake cycle.

In more than 50% of the cases, dementia dis-
eases are associated with sleep disorders. The 
severity of dementia and the dispersed daytime 
and nighttime rhythm are closely interrelated. 
There may be an important discrepancy between 
the objectively diagnosed sleep disorder and the 
subjective assessment of sleep. Disorders of the 
sleep–wake cycle, daytime sleepiness, and daytime 
sleep episodes are typical symptoms. In up to 50% 
of the cases, central sleep apnea syndromes occur; 
furthermore, periodic leg movements are observed.

In those cases, generally a stabilized sleep–
wake cycle may be achieved by appropriate sleep 
hygiene and a stable daytime rhythm that should 
include regular phases of physical activity. 
Regarding medical treatment of the difficulties of 
initiating and maintaining sleep of dementia 
patients, low-dose, slightly sedating neuroleptics 
or antidepressants with low anticholinergic com-
ponents may be applied. Short-acting benzodiaz-
epine receptor agonists are also available.

In the context of Parkinson’s disease, sleep 
disorders represent a frequent, non-motor symp-
tom. Neurodegenerative processes, especially in 
dopaminergic systems, as well as periodic leg 
movements during sleep, disorder of REM sleep, 
and secondary sleep-related respiratory disor-
ders seem to be responsible for sleep distur-

bances frequently associated with Parkinson’s 
disease.

10.1.1.4  Respiratory Diseases
Patients suffering from bronchial asthma often 
report difficulties of initiating and maintaining 
sleep and present with a reduced percentage of 
slow wave sleep. Additionally, the application of 
stimulating bronchodilators at nighttime may 
have a negative effect on nocturnal sleep.

10.1.2  Hypersomnia as a Symptom 
of Organic Diseases

10.1.2.1  Endocrine Diseases
In contrast to the aforementioned symptoms of 
hyperthyroidism, patients suffering from hypo-
thyroid metabolism generally present with a 
typical activity decrease, lethargy, fatigue, and 
sleepiness. Other frequently observed clinical 
symptoms of hypothyroidism are increasing 
weight (also caused by a generalized myxedema), 
sensitivity to cold temperatures, and obstipation. 
In general, those symptoms are not as impressive 
as in the context of hyperthyroidism. Lethargy 
and fatigue or sleepiness may be the salient 
symptoms. Patients with hypersomnia com-
plaints thus should routinely undergo history 
taking with regard to the described symptoms, to 
previous surgical interventions of the thyroid, to 
radioiodine therapy or medical treatment of the 
thyroid, and finally laboratory testing in sus-
pected cases.

Additionally, hypothyroidism often leads to 
sleep-related respiratory disorders because of 
increased weight and tissue edema and thus to 
hypersomnia in a twofold respect. Even if the per-
centage of patients with hypothyroidism among 
all patients suffering from obstructive sleep apnea 
is rather low (1% to 3% according to the interna-
tional literature), hypothyroidism seems to be 
accompanied by obstructive sleep apnea in 50% to 
100% of cases.

Case Report
A patient presents in our medical sleep center 
with complaints of nonrestorative sleep and 
severe daytime sleepiness (ESS 16).

Besides the predominant complaints of 
increased tendency to fall asleep, the patient 
also describes a general lethargy and a clear 
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reduction of  physical and mental activity that 
leads to significant problems at work and in his 
private life. During the previous year, he has con-
siderably increased in weight although he has 
not changed his habits of nutrition and life (cur-
rent BMI, 32 kg/m2).

Sleep medical diagnosis reveals low-grade 
obstructive sleep apnea with an AHI of 13. Because 
of the severe daytime sleepiness with only low-
grade sleep apnea and the described complaints, 
a thyroid-stimulating hormone (TSH) test is initi-
ated that indicates hypothyroid metabolism with 
a value of 15.3 mU/l. Outpatient diagnostics per-
formed by the general practitioner confirm the 
diagnosis of hypothyroidism; substitution treat-
ment with thyroid hormones is initiated.

The daytime situation of the patient is signifi-
cantly improved; the treatment leads to clear 
weight reduction. A polysomnographic control 
after 3  months reveals that his respiratory prob-
lems have completely disappeared.

Cushing syndrome also may be relevant for differ-
ential diagnosis. In general, the affected patients 
show adynamia and obesity, which is frequently 
associated with obstructive sleep apnea. Also in 
this context, the increase of pharyngeal soft tissue 
related to regularly occurring obesity, is responsi-
ble for the development of obstructive breathing 
disorders. In addition, corticosteroid-induced 
myopathy is discussed as a possible origin. Some 
of the patients with high cortisol levels during 
nighttime also tend to insomnia. This observation 
is mainly found in patients with adrenal Cushing 
or ectopic ACTH expression. Both symptoms are 
not subject to circadian regulation and lead to 
permanently increased cortisol levels.

In most cases, however, the Cushing syn-
drome is iatrogenic. In patients who undergo 
long- term medication with corticosteroids this 
fact should be included in the diagnostic and 
therapeutic considerations. Most corticosteroids 
should be taken in the morning because all prepa-
rations cause waking reactions.

Even if it occurs more rarely, acromegaly 
must be mentioned and included in the differ-
ential diagnosis. Sleep apnea syndromes are 
found in about 60% of the patients suffering 
from acromegaly; obstructive sleep apnea 
 especially is relevant. An increase of the pha-

ryngeal soft tissue seems to be responsible for 
the development of obstructive sleep apnea in 
the context of acromegaly. If the typical clinical 
symptoms of acromegaly become apparent 
(coarsening of the facial characteristics, 
increased ring and shoe size, hyperhidrosis, 
etc.), adequate endocrinological examination 
has to be performed.

Diabetes mellitus is the most frequent meta-
bolic disease and is associated in a number of 
ways with sleep-related disorders, in particular 
with obstructive sleep apnea. Both phenomena 
frequently occur together in the context of meta-
bolic syndrome. Furthermore, however, obstruc-
tive sleep apnea is currently increasingly 
understood as an independent risk factor for 
insulin resistance. There are hints that diabetic 
autonomous neuropathy may lead to an impair-
ment of the breath-synchronized innervation of 
the muscular dilator muscles of the upper airways.

10.1.2.2  Cardiovascular Diseases
Cardiac arrhythmia may lead to insomnia not 
only because of tachycardia at nighttime but it can 
also induce consecutive deterioration of cardiac 
output: this mainly affects patients suffering from 
preexisting bradycardial arrhythmia.

An according reduction of the physical activ-
ity that may manifest as fatigue or sleepiness with 
morning waking difficulties is also observed in 
other diseases accompanied by hypotension (e.g., 
heart failure). Frequently, according symptoms 
are also found in the context of antihypertensive 
therapy when undesired low blood pressure 
results or the patients are not yet adapted to the 
changed (actually normotensive) blood pressure 
at the beginning of treatment.

Notwithstanding the foregoing, heart failure is 
regularly associated with sleep-related breathing 
disorders and may induce central as well as 
obstructive respiratory disorders. In this context, 
Cheyne-Stokes respiration represents the classic 
disorder (see 7 Chap. 4).

It should be a routinely asked question in 
sleep-related history taking if the patient suffers 
from cardiovascular diseases or takes medication 
accordingly. In cases of suspected findings, blood 
pressure and heart rate should be measured; if 
necessary, a 24-h record of blood pressure should 
be initiated.
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10.1.2.3  Respiratory Diseases
Chronic respiratory diseases such as bronchial 
asthma or chronic obstructive pulmonary disease are 
often associated with sleep-related breathing disor-
ders. These conditions alone may lead to a sleep-
related hypoventilation syndrome (7 Sect.  4.1); as 
comorbidity, however, they frequently aggravate 
preexisting sleep apnea because of the low pulmo-
nary reserve. In those cases, the diagnosis and treat-
ment of respiratory disorders can be considered as 
causal therapy of a sleep-related hypoventilation 
syndrome; also in the context of sleep apnea syn-
dromes, however, a concomitant respiratory disor-
der should be treated to achieve an optimal 
therapeutic outcome.

10.1.2.4  Renal Dysfunction
Patients with advanced renal dysfunction often 
suffer from sleep disorders regularly accompanied 
by symptoms of daytime sleepiness. In the context 
of chronic uremia and renal replacement therapy, 
sleep disorders are reported in as many as 80% of 
the cases, but they can occur in earlier stages of 
renal dysfunction.

Besides disorders of initiating and maintaining 
sleep, mainly the following sleep disorders are 
associated with renal dysfunction:

 5 Restless legs syndrome or periodic leg move-
ments during sleep

 5 Central as well as obstructive sleep apnea 
syndrome 

Among others, uremia as well as an associated 
iron deficiency or associated anemia seem to be 
responsible for concomitant complaints of restless 
legs.

The triggering mechanism for the develop-
ment of central sleep apnea syndromes in this 
context is not finally clarified; however, disorders 
of central and peripheral chemosensitivity are 
increasingly discussed. Furthermore, metabolic 
disorders are considered responsible for central 
respiratory regulation disturbances.

Regarding the incidence of obstructive sleep 
apnea, a narrowing of the upper airway seems 
also to be responsible.

Concomitant sleep disorders frequently lead 
to an additional impairment of the patients’ qual-
ity of life and the clinical course of the underlying 
disorder. In this context, especially, sleep apnea 

syndromes are significant, not only because of 
their incidence but also because of the already 
described negative effects on cardiovascular mor-
bidity and mortality. Even if concomitant sleep 
disorders regularly improve after transplantation, 
the incidence of sleep disorders in transplanted 
patients remains increased compared to healthy 
individuals.

Often, associated clinical symptoms such as 
daytime sleepiness, concentration problems, dif-
ficulties of initiating and maintaining sleep, 
fatigue, and impaired activity are only consid-
ered as accompanying symptoms of renal dys-
function. Because effective therapeutic options 
are available, however, possibly coexisting sleep 
disorders should be taken into account and ade-
quately diagnosed. Appropriate treatment often 
improves the quality of life of the affected 
patients.

10.2  Sleep Disorders and Mental 
Disorders

In a major portion of the patients, mental disor-
ders such as depression, schizophrenia, or anxi-
ety are associated with sleep disorders. This fact is 
taken into account in the current version of the 
Diagnostic and Statistical Manual of Mental 
Disorders of the American Psychiatric Association 
(DSM-5) by including not only insomnia, circa-
dian rhythm sleep–wake disorders, and hyper-
somnia in the chapter about sleep disorders but 
also narcolepsy, sleep apnea syndrome, and rest-
less legs syndrome, explicitly indicating that sleep 
disorders should be diagnosed in addition to the 
underlying mental disorder. Because those men-
tal disorders are highly important for the differ-
ential diagnosis of insomnia and hypersomnia 
disorders, they are discussed in this chapter 
according to their manifestation (insomnia ver-
sus hypersomnia complaints).

The close correlation between mental disor-
ders and sleep disorders implies that the question 
regarding current or previous mental disorders 
must be included in the sleep history. In particu-
lar, the presence of current depressive symptoms 
and the intake of psychotropic drugs must be 
clarified. On the other hand, research clearly 
shows that mood disorders, for example, are more 
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often found in patients with restless legs syn-
drome and sleep apnea syndrome than in the nor-
mal population. Thus, screening with regard to 
mental disorders is highly important for patients 
presenting in a sleep center with the main 
complaint of sleep problems. After therapy of the 
sleep disorder, those patients should then possibly 
be referred to an appropriate specialist.

In this context, the following disorders are of 
major relevance:

 5 Insomnia complaints:
 5 Affective disorders
 5 Anxiety disorders
 5 Posttraumatic stress disorder (PTSD)

 5 Hypersomnia complaints:
 5 Atypical or seasonal affective disorder
 5 Chronic schizophrenia

It must be taken into account that patients present 
to sleep centers who might still suffer from sig-
nificant insomnia or hypersomnia complaints 
even though the underlying mental disorder has 
been treated successfully. In those cases, addi-
tional diagnostic procedures are required to assess 
comorbid sleep disorders.

10.2.1  Insomnia Complaints 
as Symptom of Mental 
Disorders

10.2.1.1  Affective Disorders
Affective disorders are very common. Depending 
on the study, the lifetime prevalence of depression 
amounts to 10% to 25% in females and 5% to 12% 
in males. Three major subgroups are classified:

 5 Unipolar depression (episode(s) correspond-
ing to the criteria of major depression)

 5 Bipolar affective disorder
 5 Dysthymia

According to the DSM-5 (Diagnostic and 
Statistical Manual of Mental Disorders), an epi-
sode of major depression is characterized by 
depressed mood observed on nearly all days and 
for most of the day as well as a clearly reduced 
interest or significantly reduced pleasure in all or 
nearly all activities (also across most situations 
similar to depressive mood). This criterion of per-
manence is important for clinical evaluation to 
clearly differentiate between normal emotional 

changes or mood swings and depressive symp-
tomatology.

Practical Tip

Important question for history taking: 
“Do you sometimes experience sad or 
depressive moods?”

Unipolar depressions are affective disorders 
wherein the patients do not experience manic 
phases. They represent the main category of affec-
tive disorders.

Patients experiencing depressive and manic 
phases are classified as bipolar. Manic phases are 
characterized by high moods; often increased 
activity and a reduced need of sleep are observed. 
Patients may lose social inhibitions; they have 
inflated self-esteem or grandiosity and carelessly 
spend large amounts of money.

 Dysthymia is a less severe mood disorder. 
According to diagnostic criteria, it has to persist 
for at least 2 years.

The key symptoms of affective disorders, 
sleeplessness or increased sleep nearly all days/
nights, are often explicitly mentioned in the diag-
nostic criteria of affective disorders. Hypersomnia 
complaints, which are mainly present in atypical 
or seasonal affective disorder, are discussed in the 
following paragraph.

Early morning awakening (at least 2 h before 
the usual time to get up) is one main sleep problem 
in depressive patients with melancholia (also show 
very low mood in the morning). However, depres-
sive patients also suffer from disorders of initiating 
and maintaining sleep that are comparable to com-
plaints of insomnia patients. Because chronic 
insomnia may lead to affective disorders for exam-
ple, dysthymia, it is necessary to evaluate which 
symptoms had occurred first. Simultaneous occur-
ring of the symptoms indicates that the sleep prob-
lems are part of the affective disorder. However, in 
this context, it should be kept in mind that the sleep 
disorder may persist after cessation of the depres-
sive complaints.

With regard to the treatment of depression, 
presenting the symptom of sleep problems is 
important in selecting the medication. Often a 
combined treatment with an activating medica-
tion, for example, a selective serotonin reuptake 
inhibitor, in the morning and a sedating antide-
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pressant, such as mirtazapine or trimipramine, in 
the evening is prescribed for patients with severe 
sleep disorders. In patients with long-term medi-
cation, it must be also taken into consideration 
that many antidepressants can increase periodic 
leg movements during sleep and cause restless legs 
complaints. As a consequence, patients might 
report nonrestorative sleep despite improvement 
of the depressive symptoms.

10.2.1.2  Anxiety Disorders
Anxiety disorders may also be associated with 
insomnia complaints. Up to 40% of patients  with 
anxiety disorders also report sleep problems. 
Anxiety disorders are classified into these diag-
nostic groups:

 5 Panic disorder with or without  agoraphobia
 5 Social phobia
 5 Specific phobias (e.g., arachnophobia)
 5 Generalized anxiety disorder

With regard to differential diagnosis of sleep dis-
orders, the panic disorder must be taken into con-
sideration especially when panic attacks occur 
solely at night. Although most patients experi-
ence panic attacks during the day (with occa-
sional panic attacks at night), some patients only 
suffer from panic attacks at night during sleep. In 
this context, it is important to differentiate from 
the  nightmare disorder or night terrors (pavor 
nocturnus). It is currently not clear which sleep 
stage precede those nocturnal panic attacks. 
Although sleep lab studies indicated that non-
REM sleep might precede panic attacks, one 
study showed  that panic attacks in the home set-
ting may also occur after negative dreams, i.e., out 
of REM sleep.

Practical Tip

The major fear of the panic attack is 
experienced in the waking stage (dyspnea, 
sensation of suffocation, nausea, vertigo, or 
fear to lose control, to go crazy, or to die). In 
cases of night terror and nightmares, this 
fear usually ceases rapidly after waking up.

Interestingly, patients with nocturnal panic 
attacks often show a more severe anxiety disorder 
than patients who suffer solely from daytime 
panic attacks.

In general, therapy of the underlying disorder is 
of prime importance. A sedating antidepressant 
such as mirtazapine or trimipramine may help these 
patients in addition to psychotherapeutic treatment 
of the anxiety disorder.

10.2.1.3  Posttraumatic Stress Disorder
Posttraumatic stress disorder is mental disorder 
that has a strong connection to sleep medicine. 
Population surveys indicate a lifetime PTSD prev-
alence of 1% to 14%. For high-risk populations 
(war veterans, or victims of natural disasters, rape, 
abuse, or road accidents), the percentages are 
higher.

It is crucial for the diagnosis of this disorder to 
assess the occurrence of the traumatic 
experience(s) with impending death, severe 
injury, or danger for the physical integrity of one-
self or another person. The impact of the trauma 
is seen in such effects as these:

 5 Recurring stressful memories
 5 Avoiding behavior regarding situations that 

might trigger flashbacks
 5 Reduced affect
 5 Negative view of the future

Two common symptoms relate to sleep. First, 
there are recurrent dreams. About 50% of these 
reflect the traumatic experience more or less 
exactly. Recent findings indicate show that non-
trauma-related nightmares can also cause severe 
disstress. Although the etiology is different from 
that of idiopathic nightmares (7 Sect. 7.3.2), 
imagery rehearsal therapy can be helpful for 
patients suffering from posttraumatic nightmares 
(7 Sect. 7.3.8). Because the dropout rate of 
women after sexual abuse was very high in a large 
clinical trial, it is recommended to use nightmare-
related interventions as add-ons to standard psy-
chotherapeuty of posttraumatic stress disorder.

Second is the hyperarousal complex (e.g., 
hypervigilance, excessive shock reaction, irrita-
bility) includes explicitly disorders of initiating 
and maintaining sleep. A few studies indicate that 
sleep-related breathing disorders and periodic 
leg movements during sleep occur more fre-
quently in patients with posttraumatic stress dis-
order compared to the general population, i.e., it 
is recommended that these patients undergo 
careful sleep anamnesis and if needed also polyg-
raphy and/or polysomnography (PSG).
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10.2.2  Hypersomnia Complaints 
as Symptom of Mental 
Disorders

10.2.2.1  Atypical or Seasonal Affective 
Disorder

In cases of depressive disorders with atypical char-
acteristics, hypersomnia complaints are often 
reported. Other symptoms of depressive disorders 
with atypical characteristics are these:

 5 Increased appetite or weight gain
 5 Hypersensitive to rejection

The atypical symptoms (hypersomnia complaints, 
increased appetite) occur in addition to the symp-
toms that are typical for depression (mood swings, 
loss of interest, etc.). Young depressive patients 
are more often affected by atypical depression 
than older patients. However, in total, the atypical 
syndromes are rare, with an incidence of less than 
10% of all depressive patients.

The atypical symptoms are quite frequent sea-
sonal affective disorders. Seasonal affective disor-
ders can only be diagnosed if at least two phases 
occur clearly in relationship to a season (most 
often fall/winter).

Depression with atypical symptoms is an 
important differential diagnosis for primary 
hypersomnia, i.e., patients should be asked about 
the possible presence of depressive (typical and 
atypical) symptoms. In addition, the MSLT may 
provide further diagnostic evidence because 
patients with atypical depression spend much 
time in bed but do not sleep much during this 
time. Long sleep latencies in the MSLT may indi-
cate atypical depression and explain the subjec-
tively hypersomnia complaints of the patient.

With regard to therapy, it must be considered 
that a significant percentage of patients with sea-
sonal affective depression (between 30% and 
60%) respond positively to light therapy (30 min 
in the morning and 30 min in the evening with a 
light intensity of 10,000 lux).

10.2.2.2  Schizophrenia
Although schizophrenic patients often suffer from 
problems of initiating and maintaining sleep in the 
prodromal phase or during an acute productive 
phase (in these phases the treatment of schizo-
phrenia is in the prime focus so that sleep-related 
diagnostic and therapeutic interventions can only 

be appropriately performed after positive symp-
toms have subsided), hypersomnia complaints 
may found in chronic schizophrenic patients with 
long-term medication with neuroleptics.

Often, those complaints are explained by the 
sedating effect of the medication and are not 
properly evaluated. However, experiences from 
our practice show that sleep-related diagnostic 
procedures should be initiated in cases of severe 
daytime sleepiness in patients with schizophrenia.

Case Report
A young schizophrenic patient presented in the 
sleep clinic because he sometimes fell asleep dur-
ing occupational  therapy sessions.

Because of neuroleptic  medication, he has 
significantly gained weight (which is a frequent 
side effect), and being asked, he reported increas-
ing daytime sleepiness in the previous weeks. He 
was not able to provide information about pos-
sible snoring at nighttime or the occurrence of 
nocturnal sleep apnea episodes because he slept 
alone. Subsequent polygraphy showed a moder-
ate obstructive sleep apnea and daytime sleepi-
ness was significantly improved after starting 
CPAP therapy.

In addition to developing a sleep-related breathing 
disorder due to weight gain during treatment with 
neuroleptics, there is the problem that those sub-
stances affect the dopaminergic system. Side effects 
due to the occurrence of periodic leg movements 
during sleep causing sleep problems and non-
restorative sleep may result. If possible, reduction 
of the neuroleptic dose is recommended. As com-
pensation, up to 600  mg valproic acid may be 
applied at night. Positive effects are reported in the 
literature about low-dose dopamine antagonists 
(ropinirole or pramipexole) without re-occurrence 
of positive symptoms (delusion, hallucinations) in 
those patients. By increasing the cerebral dopa-
mine concentration, this might be a possible com-
plication in the treatment of schizophrenic patients.

Case Report
A young female patient with borderline personal-
ity disorder was presented in the sleep laboratory 
with disorders of initiating and maintaining sleep. 
Treatment with a benzodiazepine receptor antag-
onist (zopiclone) could not improve the com-
plaints, so the patient was treated with a 
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neuroleptic (Pipamperone) at night. Despite sub-
jective improvement of sleep, the patient reports 
significant hypersomnia complaints.

Polysomnographic measurements indicated a 
very high index of periodic leg movements during 
sleep that subsided after discontinuing of the neu-
roleptic. That is, the hypersomnia complaint has 
occurred as a side effect of the neuroleptic medica-
tion that was originally applied as sleeping aid.

Treatment with trimipramine led to a positive 
effect on sleep quality and restorative sleep.

Because of possible side effects of many psy-
chopharmaceuticals (gain in weight, periodic leg 
movements during sleep), it is necessary that 
patients who receive long-term medication and 
report hypersomnia complaints undergo sleep 
diagnostics.

10.3  Questions

 ?  1.  Please indicate the most important 
organic diseases that must be taken into 
consideration in the differential diagnosis 
of sleep disorders.

 ?  2.  What are the most important mental 
disorders that play a major role in the 
differential diagnosis of insomnia, 
hypersomnia, and parasomnias?

10.3 · Questions
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Sleep disorders in childhood occur rather fre-
quently. Many typical sleep disorders of adults are 
already prevalent in childhood or adolescence; 
others occur typically or exclusively in childhood. 
Insomnia disorders with difficulties of initiating 
and/or maintaining sleep are particularly frequent 
in preschool and primary school children as well as 
in adolescents. Parasomnia complaints such as 
night terror (pavor nocturnus) and nightmares are 
also frequently observed in children. The treatment 
of sleep disorders in children and adolescents is dif-
ferent from that of adults and should be adjusted 
according to age. This chapter also discusses sleep-
related breathing disorders in children, with a spe-
cial emphasis on pediatric obstructive sleep apnea. 
Even if the clinical presentation and the pathophys-
iology of obstructive sleep-related breathing disor-
ders in children and adults are very similar, their 
treatment differs in various aspects.

11.1  Sleep Disorders in Children 
and Adolescents

For the development of children and adolescents, 
sufficient duration of sleep is essential. Thus, 
besides nutrition and physical activity, as well as 
regeneration, sleep is considered as a pillar of 
health. Many children and adolescents, however, 
do not sleep sufficiently. Other activities in the 

evening, such as watching television, playing 
computer games, or being active in social media, 
often deprive them of sleep without intention. 
However, lack of sleep has significant conse-
quences for the psychological and physical devel-
opment of children and adolescents as well as for 
their performance in school.

11.1.1  Sleep and Sleep Development 
of Childhood and Adolescence

11.1.1.1  Development of Sleep
The sleep of newborns is clearly different from 
that of an adult. After only about 6 months, how-
ever, the infants adapt, and their sleep becomes 
more and more slowly similar to that of an adult. 
Thus, in newborns the difference is seen between 
active sleep (AS), which is interpreted as an 
immature type of the so-called rapid eye move-
ment (REM) sleep, and the quiet sleep (QS) that 
corresponds to the later deep sleep. Those phases 
that cannot be clearly assigned are defined as 
indeterminate sleep (IS).

In infants a few weeks old, active sleep repre-
sents the highest percentage of their overall sleep 
time, approximately 60%. This percentage is 
reduced in the course of development; at the age 
of 6 months, active sleep amounts to about 25% of 
the overall sleep and further decreases thereafter. 
. Figure 11.1 graphically displays the changes.
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       . Fig. 11.1 Development of sleep duration and distribution of rapid eye movement (REM) sleep and non-REM sleep 
depending on age (adapted from to Roffwarg et al. 1966)
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As well as sleep duration and the sleep architec-
ture, the length of a sleep cycle also changes. In 
infants, it is much shorter, 45 to 60 min, compared 
to adults whose sleep cycle encompasses 80 to 
120 min. Furthermore, the respective sleep time 
until the next longer wake phase amounts to only 
2 to 4 h. The following figure depicts the described 
changes (. Fig. 11.2).

Sleep develops from the polyphasic sleep 
rhythm to the biphasic rhythm and finally to the 
monophasic sleep rhythm (. Fig.  11.3). With 
maturation and alteration of the sleep–wake 
rhythm of the child, erroneous associations of ini-
tiating or reinitiating sleep may be learned. 
Instead of sleep-related self-regulation, the infant 
learns that sleep is only possible under certain 
circumstances and strongly requests these for ini-
tiating or reinitiating sleep (e.g., in the parent’s 
arms, in the presence of one parent, one parent 
sitting at the bedside, or falling asleep with a baby 
bottle).

11.1.1.2  Sleep Duration
The following graph shows approximately how 
much sleep is needed on average, depending on 
age (. Fig. 11.4). Young children, of the age of 3 to 
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       . Fig. 11.2 Age-dependent changes of the distribution 
of sleep and wake episodes during 24 h (based on Borbély 
2004)
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Germany, depending on the 
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       . Fig. 11.3 Exemplary display of the sleep architecture in childhood
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4 years, need about 11.5 h of sleep; the necessary 
sleep time at night continuously declines to 
approximately 10.5  h until the age of 7  years. 
During primary school, the average sleep dura-
tion decreases again, to 9.5  h, until the age of 
10 years. The sleep profile of children reveals that 
a deep sleep phase takes place directly before wak-
ing up in the morning. If the child sleeps insuffi-
ciently, this deep sleep phase is omitted, which 
leads to various impacts during the daytime.

Many adolescents and adults, as well as pedia-
tricians, however, do not realize that adolescents 
at the age of 13 years also need about 9 h of sleep 
(. Fig.  11.4). During puberty, not only develop-
mental changes are seen on the hormones level; 
melatonin as a sleep-inducing hormone is gener-
ally released later. Adolescents become tired later 
in the evening and thus go to bed later. However, 
school still starts early in the morning, and the 
consequences of short sleep duration are reported 
as reduced daytime alertness of adolescents. Thus, 
because of their delayed sleep onset, many adoles-
cents do not get enough sleep and show poorer 
performance in school compared to when they 
are rested. A school start later in the morning 
would lead to a longer sleep duration for adoles-
cents, which was demonstrated by several investi-
gations concerning school starting times.

If sleep deprivation or another sleep problem 
is present, children often show daytime symp-
toms that are similar to attention deficit disor-
ders. In addition, some become aggressive, and 
others have significantly impaired school perfor-

mance. As well as neurocognitive limitations, 
however, a permanent lack of sleep also seems to 
be associated with the sequelae of a delayed cere-
bral maturation so that the development of 
behavioral control and emotion regulation may 
be impaired or delayed. Other studies reveal that 
children and adolescents suffering from sleep 
deprivation or sleep disorders have altered corti-
sol release and respond to stressing events with 
an increased or reduced cortisol reactivity com-
pared to healthy individuals. Thus, sleep depriva-
tion and sleep complaints may even change the 
hormone balance.

Practical Tip

To assess the individually needed sleep duration, 
a sleep diary should be conducted for about 
14 days during the holidays. The child or 
adolescent should be allowed to sleep as long as 
desired during this period.

For assessment of the individually needed sleep 
duration as well as other sleep-related problems, 
see also the recommendations for further diag-
nostics in 7 Sect. 11.1.6.

In the different age phases, various symptoms 
are predominant. At the very early ages, parents 
report mainly problems of maintaining sleep, 
but at the time of entering school problems of 
initiating sleep more prevalent (. Fig.  11.5). 
Because sleep problems in childhood and ado-
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lescence are more likely to chronify, an early 
intervention is reasonable and necessary.

11.1.1.3  Parents’ Behavior and Impact 
of Children’s Sleep Disorders 
on Parents

Not only does the child experience the conse-
quences of sleep deprivation or sleep complaints, 
but the family is also usually involved. After the 
child’s birth, parents generally show changed 
sleep patterns. Mothers have reduced overall 
sleep time in comparison to the last third of their 
pregnancy; for both parents, time awake at night 
and the incidence of waking up in the nighttime 
are increased compared to the period of preg-
nancy. However, this is especially true for the 
mothers and less so for fathers. Parents fre-
quently suffer greatly because of the infant’s sleep 
problems, which is seen in the increased depres-
siveness of mothers of young children as well as 
from their own sleep deprivation. The severity 
and persistence of infant sleep problems are 
influenced by the mother’s perception to set lim-
its to the child’s actions. Other factors are the 
child’s nervous temperament, anxiety of the 
mother, ambivalent bonding, and intensive 
active calming such as immediately taking the 
baby from its bed when awake. Those factors 
may negatively influence the self-regulation of 
the sleep–wake rhythm of the child. Thus, during 
pregnancy, as a prevention not only sleep-related 
education but also the parents’ sleep-related cog-
nitions are discussed to strengthen the parents’ 
ability to handle possible infant sleep problems 
(see 7 Sect. 11.1.9).

To what extent parents influence their child’s 
sleep, in particular in early childhood, by their 
behavior becomes clear by the early application of 
active calming that may clearly affect the child’s 
sleep. It is thought that too rapid active interven-
tion of the patients in problems of initiating sleep 
or waking up at nighttime may impede the child’s 
development or consolidation of self-soothing 
competence. In contrast, autonomy-enhancing 
educational strategies, emotional availability, and 
rituals when going to bed have a calming effect 
and lead to a high quality of sleep for the child. 
Thus, the availability of sleep-related educational 

strategies for parents an important aspect of 
healthy sleep behavior in young children.

If the child suffers from sleep problems or dis-
orders, most often the parents also experience 
significantly impaired sleep. They wake up more 
frequently at night and often report insufficient 
and disturbed sleep. Parental sleep deprivation is 
then often associated with increased stress experi-
ences, a deteriorated state of physical health, as 
well as an increased risk to develop anxiety disor-
der or depression, which applies especially for 
mothers.

As well as the consequences for physical and 
psychological health, parental partnership is also 
often affected by these sleep problems. Satisfaction 
of the partners’ relationship is considered to be less 
when their child does not sleep well. Often, con-
ceptions of the couple regarding the correct strat-
egy for the child’s sleep problems differ, which may 
lead to nighttime disagreements. Thus, unsatisfac-
tory relationships and problems or conflicts of the 
couple as well as aggression in the partnership are 
often associated with infant sleep problems.

It should also be taken into consideration that 
interaction problems with the child occur because 
the sleep deprivation of the parents may also 
impair their educational competence, and as a 
consequence, anger and feeling upset as well as 
helplessness may come up. In addition, the 
impaired educational competence of the parents 
not only becomes apparent at night but is also 
obvious during the daytime.

11.1.2  Sleep Disorders of Childhood 
and Adolescence

The most important sleep disorders in childhood 
and adolescence include insomnia, parasomnia, 
sleep-related movement disorders, sleep–wake 
rhythm disorders, and sleep-related breathing 
disorders. In this chapter, these diseases are pre-
sented with a special focus on insomnia com-
plaints. In this context, it should be noted that 
earlier chapters are dedicated to parasomnia (see 
7 Chap. 7), movement disorders (see 7 Chap. 8), 
and sleep-related breathing disorders in child-
hood (see 7 Sect. 11.2).
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Frequent Disorders in Childhood and 
Adolescence

 5 Insomnia (disorders of initiating and 
maintaining sleep)

 5 Nightmares
 5 Night terror (pavor nocturnus)
 5 Sleep-related movement disorders
 5 Sleep–wake rhythm disorders
 5 Sleep-related breathing disorders

11.1.2.1  Insomnia in Childhood 
and Adolescence

Acute Insomnia/Short-Term Insomnia
According to ICSD-3, a short-term insomnia with 
problems of initiating or maintaining sleep in 
children and adolescents is generally classified as 
pathological and sleep disturbed when the dura-
tion of initiating or reinitiating sleep is extended 
(orientation value, 20–30  min), when the child 
resists going to bed at the scheduled time, wakes 
up early in the morning, or needs the parents’ 
help to go to sleep, and when all these concerns 
have appeared several times per week (at least 
three times per week) during the past months. 
The child or adolescent suffers from impairment 
during the day such as fatigue, daytime sleepiness, 
concentration or memory problems, or problems 
with school performance, and emotional irritabil-
ity, behavioral problems (e.g., hyperactivity, 
impulsiveness, aggressiveness), reduced energy or 
motivation, an increased number of accidents, or 
dissatisfaction with sleep. The reported sleep 
problems, however, cannot be explained only by 
insufficient possibilities (e.g., there is not enough 
time to sleep) or adverse circumstances (e.g., inse-
cure, bright, loud, or inappropriate environment).

Diagnostic Criteria of Insomnia in 
Childhood and Adolescence

 5 At least one of the following symp-
toms must be present several times 
per week:

 – Prolonged duration of initiating or 
reinitiating sleep.

 – Resistance when going to bed.
 – The child needs parental help or 

support to initiate or reinitiate  
sleep.

 – Impaired daytime alertness such as 
sleepiness, hyperactivity, behavioral 
disorders, or learning difficulties is 
observed.

 5 The sleep problems are not caused by 
insufficient possibilities or adverse 
circumstances.

 5 The sleep problems cannot be 
explained by another sleep disorder, 
medical, neurological, or psychological 
disease, drug intake, or substance 
abuse.

Chronic Insomnia
If these sleep problems and their consequences 
persist over 3 months, chronic insomnia is diag-
nosed. The DSM-5 also includes the age-specific 
problems of children and adolescents and states 
that the problems have to occur at least three 
times per week during 3 months (DSM-5, 2013).

11.1.2.2  Sleep-Related Movement 
Disorders in Childhood

Periodic movement disorders such as stereotypic 
head banging, head rolling, or body rolling in par-
ticular occur in childhood. The movements start 
shortly before falling asleep or during sleep and 
are sometimes accompanied by noises. For diag-
nosis, video clips recorded by the parents, for 
example, with a smartphone, may be helpful by 
showing typical movement behavior. If possible, 
an examination should be performed in the sleep 
laboratory (see 7 Chap. 2). In severe cases, behav-
ioral therapy is indicated.

In the context of restless legs syndrome (also 
known as Wittmaack-Ekbom syndrome), children 
or adolescents report uncomfortable movement 
sensations of the legs (for further description of 
the symptoms and treatment recommendations, 
see 7 Chap. 8). The resulting sleep deprivation 
generally leads to daytime sleepiness, symptoms of 
hyperactivity, and cognitive performance impair-
ment such as difficulties with concentration.

11.1.2.3  Sleep–Wake Rhythm Disorders
The key problem of sleep–wake rhythm disorders 
is the discrepancy between one’s inner clock and 
environmental time. The child or adolescent is able 
to sleep, but not at the “normal” times. Children 
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and adolescents then have respective problems 
with getting up at “normal times” (i.e., at 7 AM). 
One frequently observed consequence is the 
absence from school or sleeping at school and a 
lack of attention. In adolescence, such a shift may 
be caused mainly by activities in social networks, 
phone calls, or meeting friends late in the evening. 
Because of the blue-light portion of computer 
screens, for example, release of the sleep- inducing 
hormone melatonin is delayed. Furthermore, often 
the production of the stress hormone cortisol is 
changed, which is associated with later sleep onset. 
Based on this rhythm alteration the symptoms of 
adolescents are frequently called social jetlag.

Delayed Sleep Phase Syndrome
Affected children or adolescents show relevantly 
delayed times of going to bed and arising for at 
least 3 months, accompanied by an inability to fall 
asleep or to wake up at a desired or requested 
time. If the child or the adolescent is allowed to 
follow his/her individual need or rhythm of sleep, 
sleep quality and age-related sleep duration 
improve with a continuously delayed 24-h sleep–
wake pattern. The sleep-related problems should 
be documented by means of sleep diaries and, 
whenever possible, actigraphy, each for at least 7 
and more than 15 days, respectively. Delay of the 
normal sleep phases is then detected. Workdays 
or schooldays as well as holidays have to be taken 
into consideration in this diagnostic phase. Effects 
of such sleep problems are often absence from 
school or relevantly reduced school achievements.

Advanced Sleep Phase Syndrome
This syndrome is defined by advancing the main 
sleep phase for at least 3  months relative to the 
desired or requested sleep and waking time. This 
diagnosis becomes apparent by chronic or recur-
rent difficulties to stay awake until the desired or 
requested time, associated with an inability to sleep 
until the desired or requested wakeup time. Further 
criteria and procedures regarding the diagnosis 
correspond to the delayed sleep phase syndrome.

Irregular Sleep–Wake Rhythm
The patient or contact person reports a pattern of 
irregular sleep and wake episodes during the 24-h 
day that persists or recurs for at least 3 months. 
Insomnia symptoms are observed at the planned 
time of sleep onset (mostly at night) or excessive 
sleepiness occurs during the day. Further criteria 

and procedures in the context of diagnosis corre-
spond to the delayed sleep phase syndrome.

In particular, adolescents and young adults 
such as university students suffer from these dis-
orders of the sleep phases, especially from the 
problems of delayed sleep phases. One risk factor 
in this context is media consumption or the pos-
sibility of organizing one’s rhythm freely (studies). 
The structured and stepwise adaptation to the 
appropriate time of going to bed is the procedure 
of choice. Such elements are implemented, for 
example, in the training concept for adolescents.

11.1.2.4  Hypersomnia
Even if night sleep is perceived as restorative by chil-
dren and adolescents, they fall asleep during the day 
without wanting to do so or being able to avoid 
sleep. The symptoms are mostly associated with sig-
nificant negative effects on school and leisure time. 
The main characteristic is an excessive daytime 
sleepiness with sleep attacks. If no physiological ori-
gin is found for the sleep problems, the exclusion of 
psychological disorders also is recommended.

Two subtypes of childhood hypersomnia are 
differentiated:

 5 Idiopathic hypersomnia with long sleep 
durations

 5 Idiopathic hypersomnia without long sleep 
durations

 5 In general, these disorders occur rarely 
compared to insomnia or nightmares. 
7 Chapter 5 covers hypersomnia com-
plaints more comprehensively.

11.1.2.5  Sleep Disorders and 
Psychological Disorders

Sleep problems or disorders also appear in the con-
text of or in comorbidity with psychological disor-
ders. Frequently, sleep problems play a key role in 
cases of anxiety disorders, depressive disorders, 
attention deficit disorders, and even in conduct 
disorders (CD). Up to 52% of the children and ado-
lescents with insomnia also have psychological 
diseases. Such comorbid symptoms should imper-
atively be taken into account because they most 
frequently enhance the symptoms and significantly 
impair the quality of life of the child or adolescent.

Anxiety Disorders and Sleep Problems
Children suffering from anxiety disorders and chil-
dren with separation anxieties display sleep prob-
lems more frequently. Emotionally unsure children 
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often need their parents to initiate or reinitiate 
sleep at night. With their distress associated with 
the separation situation, the children experience a 
physiological arousal, which then significantly 
impairs reinitiating sleep. Typically, those sleep 
problems are observed in the context of anxiety 
disorders between the ages of 6 and 20 months. The 
child tries to avoid being alone and thus also sleep-
ing alone. About 90% of the children with separa-
tion anxiety display at least one sleep problem.

Depression and Sleep Problems
Another group of internalized disorders that are 
often associated with sleep complaints in child-
hood are depressive diseases. Although such dis-
orders only rarely occur in early childhood, many 
adolescents show severe symptoms of depression. 
Often the affected children or adolescents report 
sleep problems. Besides difficulties of initiating 
and maintaining sleep, often also an increased 
need for sleep is observed with the simultane-
ous perception of not feeling rested. Adolescents 
report typical concerns and negative cognitions 
frequently. However, those cognitions and feel-
ings are not limited only to sleep but are compre-
hensive with regard to the future, the world and 
environment, and one’s own self (cognitive triad). 
Increasingly occurring nightmares are considered 
as an important factor for the development of sui-
cidal thoughts and suicide attempts of adolescents.

Posttraumatic Stress Disorders 
and Sleep Problems
Experiencing traumatic events leads to severe 
symptoms, not only in adults. Younger children of 
preschool age generally show not only clear avoid-
ance and anxiety behavior but also especially fre-
quent nightmares and sleep disorders, in particular 
disorders of initiating and maintaining sleep. 
Approximately 70% of the children and adoles-
cents with PTSD suffer from recurrent nightmares. 
Both sleep disorders (insomnia and nightmares) 
are attributed to changed hyperarousal that coun-
teracts relaxing and thus also falling asleep.

Attention-Deficit/Hyperactivity Disorder 
and Sleep Problems
Parents of children suffering from attention- 
deficit/hyperactivity disorder (ADHD) often 
report the high level of activity of their children 
and respective problems in the context of going to 

bed. Furthermore, these children frequently suf-
fer from daytime sleepiness and insomnia symp-
toms. Besides these problems, increased snoring 
is observed in some of those children (2.2 times 
more frequently than in healthy individuals). 
Occasionally a correlation of lack of sleep, day-
time sleepiness, hyperactivity, and inattentiveness 
is discussed because tired children show similar 
behavior as children with ADHD symptoms. The 
vicious circle of sleep pressure (. Fig. 11.6) tries to 
describe this dynamism. In comparison to healthy 
children, children with ADHD often suffer from 
continuously recurring sleep–wake problems with 
alternating problems of initiating sleep, sleep dura-
tion, and sleep efficiency. Considering the subtypes 
of ADHD, children with hyperactive-impulsive 
symptoms show the most severe sleep complaints, 
whereas children with predominantly inatten-
tive behavior rather suffer from daytime sleepi-
ness, nightmares, and unwillingness to go to bed. 
Children with mixed symptoms (hyperactivity and 
inattentiveness), however, more frequently suffer 
from sleep-related breathing disorders. Both sub-
types (hyperactive and mixed symptoms) are often 
accompanied by waking up early in the morning in 
contrast to attention-impaired children.

Emotion Regulation and Sleep
Lack of sleep is often attended by a depressed 
mood and reduced capacity of adaptation in the 
context of emotional events. A higher level of day-
time sleepiness in children is associated with 
negative emotional reactivity, low frustration 
level, as well as less positive emotional reactivity. 
Children who are sleep deprived, or sleep less 
than they need, are more irritable and more rap-
idly frustrated. Sleep deprivation not only reduces 
the positive affections of children and adolescents 
but also increases anxiety. Good quality of sleep, 
however, is associated with emotional balance.

Aggression and Sleep
Not only sleep deprivation but also insomnia 
symptoms and nightmares are closely related to 
the increased aggressive behavior of children and 
adolescents. Children sleeping less than needed 
and suffering therefore from sleep deprivation, 
cannot control their frustrations very well, and 
are more likely to show aggressive symptoms in 
cases of frustration. Although this is expressed 
in children as crying and tantrum, older children 
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are often aggressive toward their peers or may 
damage objects. Auto- aggressive behavior, up to 
even suicidal developments, may be summarized 
under this phenomenon. These behaviors pre-
dominantly occur in adolescence.

Autism and Sleep
Autism, a severe development disorder displayed 
by deficits of social interaction and communica-
tion as well as limited repetitive behavioral pat-
terns, is a rare disease with relationship to anxiety 
or depressive disorders. Children with autism 
spectrum disorders clearly suffer more frequently 
from sleep problems than healthy individuals, with 
a prevalence of 80%. The most frequent disorders 
are insomnias (80%) and parasomnias (53%). A 
higher portion of sleep problems is generally asso-
ciated with reduced daytime alertness and func-
tionality, with more externalized problem behavior, 
and with more, and more severe autism symptoms.

11.1.2.6  Sleep Disorders and Other 
Comorbid Disorders

Epilepsy and Sleep
Children and adolescents with epilepsy often suf-
fer from sleep problems. Most frequently, these 
children and adolescents suffer from sleep-related 
breathing disorders, waking up at night, and 

excessive daytime sleepiness. A higher rate of 
parasomnias, shorter sleep duration, reduced effi-
ciency of sleep, and sleep-related anxiety are also 
found to a larger extent in epileptic children. The 
consequences of sleep deprivation or daytime 
sleepiness can be seen in relationship to epileptic 
seizures. Furthermore, these sleep problems are 
closely related with the degree of seizure control.

Headaches and Sleep
Children who are affected by headaches also suffer 
from sleep problems more often than do healthy 
children. In addition, further psychological com-
plaints and stress contribute to the maintenance of 
both problems. Some findings seem to confirm that 
both groups of complaints are based on common 
metabolic anomalies and neuroendocrine particu-
larities, so that combined treatment of headaches 
and sleep seems to be reasonable. Although little is 
known about the effect of headache treatment on 
sleep problems or of sleep treatment on headaches 
in children, an implementation of this correlation 
in the therapy seems to be reasonable.

Atopic Dermatitis and Sleep
Atopic dermatitis (AD) or atopic eczema mostly 
occurs in early childhood and is associated with 
reduced quality of life for the affected children. 

Sleep disorders
sleep deficit Sleep pressure

Difficulties with low
excitation level

Self stimulation
(active/passive)

Uncontrolled
increase of the

excitement level

ADHD?

       . Fig. 11.6 Vicious circle 
of sleep pressure in children 
and adolescents suffering 
from attention-deficit/
hyperactivity disorder 
(ADHD) symptoms (adapted 
from Rabenschlag 2001)
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Children and adolescents with neurodermatitis 
suffer from sleep disorders more frequently than 
healthy peers. Several trials could show that chil-
dren with atopic dermatitis often have a prolonged 
sleep-onset latency. Furthermore, they frequently 
reveal a reduced sleep duration and efficiency; 
that is, they sleep too little and the quality of their 
sleep is impaired. Also, sleep fragmentation often 
enhances the present symptoms of AD.  In this 
context, it must be taken into account that the 
severity of the disease has a direct impact on the 
child’s sleep. This kind of sleep impairment is then 
closely related to manifold impairments during 
daytime so that these children frequently report 
attention problems, problems with school 
achievements, and further consequences.

Functional Abdominal Pain and Sleep
The correlation of ambiguous abdominal pains 
and sleep has been investigated less intensively and 
does not seem to be so important as that of head-
ache diseases and sleep in children and adoles-
cents. Of children and adolescents who suffer from 
recurrent abdominal pain (RAP), only about 25% 
perceive their sleep as good, whereas nearly 90% of 
healthy individuals are satisfied with their sleep. 
Furthermore, children with RAP often (about 
30%) report that abdominal pains occur before 
falling asleep or that they wake up at night because 
of these pains. These children suffer more severely 
from sleep problems, insomnia symptoms, and 
nightmares as well as increased daytime sleepiness 
compared to healthy children. It must be taken 
into consideration that objective data (actigraphy) 
do not reflect these observations. Overall, children 
with RAP have a significantly higher risk to 
develop sleep disorders. The inverse correlation is 
also true: children who regularly do not sleep well 
have a 2.8-fold risk to develop regular stomach-
aches than children with a high quality of sleep.

Chronic Inflammatory Bowel Disease 
and Sleep
Chronic inflammatory bowel diseases (IBD) are 
also associated with poorer quality of sleep. So far 
only a few trials have been published on Crohn’s 
disease or ulcerative colitis and sleep in children 
and adolescents. These study results, however, 
indicate that according to the parents’ reports, 
affected children and adolescents suffer signifi-
cantly more often from sleep problems, night-
mares, an increased need for sleep, and more 

daytime sleepiness compared to healthy peers. 
About 20% of adolescents with chronic IBD 
report sleep problems, and approximately 40% of 
them additionally suffer from anxiety problems 
and depressive symptoms, whereas only 16% of 
adolescents with chronic IBD without sleep prob-
lems reveal such emotional difficulties.

In summary, it can be stated that sleep disor-
ders and comorbid disorders interact. As shown 
by the aforementioned comorbidities, these types 
of sleep disorders in these combinations tend to 
chronify. Sleep disorders in children and adoles-
cents accompanied by psychological disorders 
such as depression, anxiety, ADHD, or also head-
aches, recurrent abdominal pain, irritable bowel 
syndrome, or chronic inflammatory bowel dis-
eases are frequently observed and seem to recip-
rocally influence each other. An existing sleep 
disorder may increase the risk of psychological or 
somatic complaints by fourfold to even sevenfold.

11.1.3  Etiology and Pathophysiology

Sleep disorders in children and adolescents are 
influenced by various multifactorial influencing 
factors. Depending on the appearance of the dis-
order, sleep disorders have rather a physiological 
origin, or they result from manifold psychological 
and family-related influences. Children with 
chronic diseases (e.g., atopic dermatitis, rheu-
matic diseases, chronic headaches, chronic 
inflammatory bowel disease) are subject to other 
influencing factors compared to those with psy-
chological disorders (anxiety disorders, ADHD, 
CD) or those without additional diseases. This 
correlation must be considered in the context of 
diagnosis and treatment. Furthermore, age is cru-
cial concerning the influencing factors with 
regard to the origin and maintenance of sleep dis-
orders. Factors such as the elimination of daytime 
sleep phases, immaturity of vigilance transitions, 
or physiological and development-associated 
changes of the NREM quantity of sleep may lead 
to increased occurrence of parasomnia in chil-
dren 3 to 7 years old (see 7 Chap. 7).

In young children with problems of initiating 
and maintaining sleep, for example, other factors 
may be effective compared to adolescents who 
also suffer from multiple puberty-associated fac-
tors. . Figure 11.7 displays a model of influencing 
factors for children of young ages.
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A specific model for adolescents, however, should 
emphasize other factors. The model displayed in 
the following figure takes this requirement into 
account (. Fig. 11.8).

11.1.4  Epidemiology

Between 15% and 25% of preschool children and 
schoolchildren are affected by problems of initiating 
and maintaining sleep. About 25% of all children suf-
fer from sleep disorders in the course of their child-
hood or adolescence. Problems of initiating and 
maintaining sleep (insomnias) are the most fre-
quently observed disorders. Approximately 20% of 
the children have general sleep complaints, about 
17% of young preschool children suffer from com-
plaints of maintaining sleep, and about 14% of the 

schoolchildren have difficulties with initiating sleep. 
Often the parents are involved in dynamic of the 
sleep disorders of younger children, because the chil-
dren need their parents to reinitiate sleep, whereas 
adolescents often lie awake in their beds at night or 
occupy themselves with media such as smartphones. 
About 10% to 30% of adolescents suffer from acute 
insomnia; about one third even suffer from several 
insomnia symptoms. Findings with regard to a 
gender- specific risk to develop insomnia are often 
contradictory. Trials oriented at sexual maturity 
show no differences between boys and girls (before 
the onset of menarche) regarding insomnia. With the 
onset of menstruation, the risk for girls increases 
threefold. With increasing age, adolescents show 
more preference for late evening hours and going to 
bed later as a consequence of puberty, but this is often 
associated with increased daytime impairment. 
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       . Fig. 11.7 Adapted model of sleep–wake regulation according to Sadeh and Anders [10], as well as Cattarius and 
Schlarb (2016)

11.1 · Sleep Disorders in Children and Adolescents



262

11

Symptoms such as excessive daytime sleepiness may 
also indicate other existing sleep problems or insuf-
ficient sleep. Between 16% and 40% of adolescents 
suffer from such daytime sleepiness. About 35% of 
adolescents have difficulty in waking up in the morn-
ing, and up to 67% report sleep deprivation.

In particular, adolescence is closely related to 
onset of the circadian rhythm disorder of the 
delayed sleep phase type (delayed sleep phase dis-
order, DSPD). Between 0.5% and 7% of adoles-

cents suffer from this disorder. In addition, DSPD 
in adolescence often leads to the development of 
insomnia problems. On the other hand, about 
10% of adolescent insomnia patients meet the 
diagnostic criteria of DSPD.

11.1.4.1  Chronification
The frequent assumption that children or adoles-
cents would “grow out” of their sleep disorder is 
only true to a limited extent because more than 
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       . Fig. 11.8 Influencing factors for the development and maintenance of sleep disorders in adolescents (see JuSt [22])
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80% of children and adolescents report insomnia 
symptoms in their histories. Sleep disorders also 
often have an intermittent course in childhood 
and tend to resist; several studies even report a 
persistence of nearly 50% up to adult age. 
Furthermore, long-term trials confirm that early 
sleep problems are correlated with later emotional 
and behavioral problems in adolescence.

Thus, age-appropriate tools are important for 
early diagnosis that allow asking specific ques-
tions to patients in early ages. Not only may a lack 
of sleep or too much sleep have respective conse-
quences, a therapist for children and adolescents 
also should be aware that a sleep disorder may be 
apparent. Therefore, the following paragraph 
focuses on the possibilities of diagnosing sleep 
disorders in children and adolescents.

In childhood and adolescence, sleep 
problems are also widely distributed and 
have a great impact on the development of 
children and adolescents. These problems:

 5 Frequently occur very early.
 5 Tend to chronify.
 5 Are risk factors for the physical, emo-

tional, cognitive, and social development 
of children and adolescents.

 5 At the same time aggravate already 
existing medical, psychiatric, psychoso-
cial, and developmental problems and 
disorders.

 5 Have a significant influence on the whole 
family, especially when occurring in 
children.

11.1.5  Clinical Presentation

Sleep deprivation, insomnia symptoms or 
insomnias, and nightmares are very frequently 
observed in children and adolescents and are 
associated with relevant impairments during the 
daytime. Young children especially only rarely 
complain about impaired sleep quality or even 
daytime sleepiness; rather, such impairment dur-
ing the daytime is perceived by adolescents or 
adults. So, most often the parents are addressed 
in the context of diagnosing sleep problems in 
early ages. As previously described, children who 
suffer from sleep deprivation or sleep difficulties 
often display symptoms of ADHD; therefore, a 

differential diagnostic examination is essential. 
Also, the long- term sequelae of sleep deprivation 
and sleep disorders are not actually known to the 
children or adolescents: they do not reflect or 
realize that they remain clearly below the perfor-
mance level they would be normally able to 
achieve and that they experience more disputes 
and conflicts with peers or family members. 
Even adolescents are not conscious of the conse-
quences of persisting sleep deprivation, espe-
cially in puberty. They do not classify their mood 
swings as sequelae of lacking sleep or poor sleep 
hygiene.

Practical Tip

Sleep deprivation and sleep disorders in 
children are often expressed by hyperactive 
and inattentive behavior during the day. In 
children who present with the suspected 
diagnosis of ADHD, sleep deprivation, 
insomnia, or another sleep disorder should 
always be excluded by differential diagnosis 
and assessed (e.g., by means of sleep diaries 
or questionnaires).

11.1.6  Examination Procedures

11.1.6.1  History Taking
At the beginning, comprehensive sleep history 
taking by means of sleep protocols and age-
appropriate screening questionnaires for children 
and parents is important to diagnose sleep disor-
ders. In cases of several sleep-specific differential 
diagnostic questions, an interview may also be 
performed (see following). Together with the clin-
ically physical and psychological examination, the 
patient’s history helps in discovering comorbidi-
ties or underlying disorders. A video clip display-
ing the child’s sleep behavior may also contribute 
to better findings. With only low light (e.g., a 
bedside lamp), informative sequences may be 
recorded that allow differentiating between pavor 
nocturnus disorder and possible epileptic seizure. 
In adolescents, questions about stimulant intake, 
and in children and adolescents also questions 
about drug intake, must be asked, because various 
pharmaceuticals may lead to sleep problems such 
as difficulties in initiating and maintaining sleep.
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11.1.6.2  Sleep Protocol
To assess sleep deprivation as well as different 
events during sleep, taking a sleep protocol may 
be helpful. A 24-h protocol is suitable for infants 
and children; a normal protocol is suitable that 
refers to the problems of initiating and maintain-
ing sleep whereas a detailed assessment of the day 
is not required. In young children, the parents 
should additionally record a sleep protocol from 
their own sleep to assess the consequences for 
parental sleep. Adolescents, however, are mostly 
better able to report about their sleep than their 
parents. Therefore, in these ages the adolescents 
are mostly a better source of information. 
However, it must generally be taken into consid-
eration that the assessment by the children in 
comparison to those of the parents may vary, so 
an evaluation from both the child’s and the par-
ents’ perspective seems to be reasonable.

By applying screening questionnaires, sleep- 
related information can be retrieved rapidly and 
effectively.

11.1.6.3  Questionnaires on Parents’ 
Information

Children’s Sleep Habits Questionnaire 
(CSHQ)
The CSHQ is a questionnaire for parents of pre-
school and primary school children (4–10 years) 
intended to screen typical, clinically relevant sleep 
problems in this age group: difficulties of going to 
bed, delayed sleep onset, insufficient sleep dura-
tion, sleep-related anxieties, waking up at night, 
parasomnias, sleep-related breathing disorders, 
and daytime sleepiness. An overall “sleep distur-
bance score” is calculated as well as eight subscale 
scores. The original questionnaire in English was 
evaluated in a clinical and a nonclinical sample.

Sleep Disturbance Scale for Children 
(SDSC)
The SDSC is a short screening questionnaire 
intended to identify sleep disorders in children 
and adolescents. This questionnaire can be com-
pleted by the children or adolescents as well as 
by the parents. Twenty-six items should be 
answered on a gradual Likert scale (rarely, once 
or twice per month; sometimes, once or twice 
per week; frequently, three to five times per 
week; always, nearly every day). The subscales of 
“disorders of initiating and maintaining sleep,” 
“arousal disorders,” “disorders of the sleep–wake 

transition,” “sleep-related breathing disorders,” 
“excessive sleepiness,” and “excessive sweating” 
allow a good overview of the most frequent sleep 
disorders. In healthy samples, the internal con-
sistency is in a good area, whereas clinical sam-
ples are found in the satisfactory range. With a T 
value greater than 70, the score is considered as 
suspicious. The cutoff for the scales of “disorders 
of initiating and maintaining sleep” amounts to a 
raw value of 17, for “arousal disorders” to 7, for 
“sleep-related breathing disorders” to 14, and for 
“excessive sleepiness” to 13; a higher score cor-
responds to greater severity of the disorder.

11.1.6.4  Questionnaires for Self- 
Reporting

Children’s Sleep Comic (CSC)
The children’s sleep comic (CSC) is a tool for self- 
reporting and assesses sleeping habits and age- 
typical sleep problems in young children. The CSC 
was conceived for children between the ages of 5 
and 10 years and was validated based on other tools 
such as the Children’s Sleep Habits Questionnaire 
(CSHQ) and the Diagnostic Interview of Pediatric 
Sleep Disorders (DIKS, Diagnostisches Interview 
Kindlicher Schlafstörungen). The internal consis-
tency is rather high. The comparison with respec-
tive diagnoses according to DIKS showed 
significant correlations. The children’s sleep comic 
may be applied as a reliable tool for self-assessment 
as well as maintaining the contact to the child and 
his/her sleeping habits.

Sleep Self-Report (SSR)
The Sleep Self-Report (SSR) is a validated tool to 
assess pediatric sleep disorders from the child’s 
perspective between the ages of 7 and 12  years. 
Because many items correspond to the version of 
the questionnaire for parents, a comparison 
between the answers of the parents and the chil-
dren is possible. The cutoff is reached at 25 (sensi-
tivity, 73%; specificity, 64%); a conspicuous 
stanine value of 8 is applicable as of a SSR total 
score of 31. However, to fill in the questionnaire, 
the child should be able to read and write.

Screening of Pediatric Sleep Disorders 
(PSS-J)
The screening of pediatric sleep disorders for ado-
lescents (PSS-J) is a short screening tool for diag-
nosis of possible sleep problems in adolescence. 
The PSS-J consists of seven screening items with 
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detailed questions for better clarification of the 
respective problem area. Based on the criteria 
mentioned in the PSS-J, the diagnosis may very 
rapidly reveal the symptoms of a sleep disorder.

Epworth Sleepiness Scale for Children 
(ESS-C)
Originally, the Epworth Sleepiness Scale is a self- 
reporting scale validated for adults for monitor-
ing daytime sleepiness (see 7 Chap. 2). The ESS 
version for children and adolescents (ESS-C) has 
been adapted for the age group of 6- to 19-year- 
old individuals. It encompasses seven items. On a 
four-point scale with the gradation of 0 (I never 
drop off), 1 (I rarely drop off), 2 (I frequently drop 
off), and 3 (I nearly always drop off), the children 
and adolescents estimate their likelihood to fall 
asleep in the listed situations. A verification of the 
psychometric properties of the ESS-C is currently 
not available. The cutoff for adolescents (age 
group between 13 and 19 years) amounts to a sum 
score of 13 points. Higher values have to be con-
sidered as noteworthy.

Nightmares Effects Questionnaire (NEQ)
Nightmares in adolescence may sometimes have 
massive impacts on daytime alertness. The Night-
mares Effects Questionnaire (NEQ) assesses the 
effects of nightmares on the daytime alertness of 
adolescents and adults. The NEQ includes more 
than 30 items to evaluate the daytime impair-
ment, which is characterized by six factors: (1) 
emotion regulation, (2) stress and aggressiveness, 
(3) depression, (4) attentiveness/concentration, 
(5) anxiety, and (6) hyperactivity. The NEQ has 
high reliability and may be considered as an excel-
lent tool for assessment of daytime impairments 
resulting from nightmares in adolescents and 
adults.

11.1.6.5  Interviews
Furthermore, several standardized interviews are 
available as comprehensive and very exact proce-
dures:

Diagnostic Interview of Pediatric Sleep 
Disorders (DIKS)
Based on the criteria of the ICSD-3, the DSM-5, 
and the ICD-10, an interview was developed for 
sleep disorders in preschool childen and school-
children between the ages of 5 and 10 years that is 
based on the parents’ report. Based on the parents’ 

reports, discrimination is possible among the 
most frequent sleep disorders.

Sleep Inventory for Children 
and Adolescents (SI-KJ)
The sleep inventory for children and adolescents 
(SI-KJ) encompasses the age group of 5 to 
10  years. Based on four different tools, detailed 
diagnostics of sleep problems and sleep disorders 
in children and adolescents are possible. The sleep 
inventory takes into account the child’s own as 
well as the parental perspective.

Diagnostic Interview of Adolescent 
Sleep Disorders (DIAS)
The interview is also based on criteria of the 
ICSD-3, DSM-5, and ICD-10 and can be applied 
either from the self-reporting perspective or from 
the perspective of the parents. Therefore, it con-
sists of two versions. The age relationship refers to 
adolescents between 11 and 21 years. Frequently 
observed sleep disorders are assessed and can be 
examined by differential diagnostics.

In general, the interviews have a high content 
validity.

For assessment of further effects such as 
behavioral problems, further instruments such 
as questionnaires on behavioral disorders in 
children and adolescents may be reasonable in 
addition to the application of sleep-specific tools 
to evaluate the daytime impairment or psycho-
logical problems. Besides the Child Behavior 
Checklist (CBCL) in the version for parents and 
the derived questionnaires for self-report of 
children/adolescents (YSR) and for teachers 
(TRF), also the Strengths and Difficulties 
Questionnaire (SDQ) as well as other tools may 
be applied.

11.1.6.6  Test Psychological 
Examinations

To differentiate a possible psychological or cogni-
tive impairment, a test psychological examination 
(performed by psychologists, psychotherapists for 
children and adolescents, or psychiatrists for chil-
dren and adolescents) may be recommended. 
Such an examination should be planned if hints 
are found of a cognitive or psychiatric disorder 
(e.g., anxiety disorder, ADHD). Comprehensive 
diagnostics are necessary because psychiatric dis-
eases may be associated in particular with disor-
ders of initiating and maintaining sleep and 
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nightmares, and sometimes also sleep-related 
breathing disorders. Intelligence tests (Wechsler 
Intelligence Scale for Children, WISC) as well as 
attentiveness tests (e.g., pediatric version of the 
test battery on attention, KiTAP; TAP for adoles-
cents; and the d2 test of attention) may reveal day-
time impairments as well as comorbid symptoms/
disorders.

11.1.6.7  Physical Examination
To exclude physical origins for sleep problems of 
children and adolescents, a comprehensive physi-
cal examination is essential. In this context,  possibly 
the melatonin level (in case of suspected sleep–
wake rhythm disorders) or also the iron level (in 
case of suspected restless legs syndrome in child-
hood) should be measured (see also 7 Chap. 2).

11.1.7  Sleep Medical Diagnostics

11.1.7.1  Actigraphy
An actigraph may be applied to measure physical 
activity and to identify disorders of the sleep–
wake rhythm or movements during sleep (see 
7 Chap. 2). In infants, the actigraph is placed at 
the lower leg; older children wear the actigraph 
at the wrist. It may be useful to assess the sleep 
for several days to identify recurrent patterns. 
Attention must be paid that the evaluation soft-
ware is specially developed for children because 
they move significantly more during sleep and 
thus produce other patterns. Evaluations per-
formed by software designed for adults would 
result in erroneous sleep and wake times. 
However, for extensive sleep medical examina-
tion of children, inpatient polysomnography is 
also required.

11.1.7.2  Polysomnography
If a sleep-related breathing disorder is assumed, 
or any other rather organic sleep disorder, a pedi-
atrics sleep laboratory should be involved, and 
polysomnographic examination should be initi-
ated. In particular in cases of suspected periodic 
leg movements during sleep/restless legs, epilep-
tic seizures at night, narcolepsy, disorders of the 
sleep–wake rhythm, or chronified insomnia, in 
general examination in a sleep laboratory is rec-
ommended. For diagnosis of nonorganic insom-
nia as well as nightmare disorder or pavor 
nocturnus, PSG usually is not necessary.

The basics of performing and evaluating poly-
somnography are described in 7 Chap. 2. In the 
context of childhood and adolescence, however, 
the following particularities have to be observed 
with regard to technical performance and the sub-
sequent evaluation because polysomnography 
examinations of infants, children, and adolescents 
are clearly more difficult and should meet special 
requirements. Children are often much more irri-
tated by the unfamiliar environment than adults so 
placing the necessary measuring instruments may 
be problematical. Therefore, a comfortable and 
friendly atmosphere should be created. The applied 
sensors have to be adapted to the children and 
their smaller body surface without disturbing them 
in their sleep behavior. Sometimes the electrodes 
have to be placed closer to each other (e.g., to assess 
leg movements). Technically, the application of 
high-resolution digitization parameters for assess-
ing and displaying the measured signals is impor-
tant for examinations in children because, in 
comparison to adults, children have a clearly 
higher breathing and heartbeat frequency. 
Furthermore, the EEG amplitudes are more vari-
able in this young age group. The electrodes should 
be placed according to age. For 2-year-old chil-
dren, the following structure is recommended 
because of the asynchronously occurring sleep 
spindles: F4-M1, C4-M1, O2-M1, F3-M2, C3-M2, 
O1-M2, C4-Cz, and C3-Cz (see also 7 Sect. 2.6). 
However, the feasibility is essential for the mea-
surement so that for routinely performed measure-
ments possibly only C3-M2 and C4-M1 should be 
measured in children younger than 2  years to 
minimize the stress for these young patients. In 
addition, young children react strongly to the sen-
sors for measuring oral and nasal breathing, so it is 
probably suitable to limit the measurements to the 
oronasal thermistor or nasal suction pressure. 
According to the recommendations of the 
American Academy of Sleep Medicine (AASM), 
the measurement of suction pressure should be 
preferred for the identification of hypopnea.

Because children might react strongly to unfa-
miliar environments, an examination during two 
nights is recommended. If after the first night 
clear results have already been obtained, assess-
ment on a second night can be omitted.

Limb movements as well as an overall high 
movement frequency are typical for children. 
Phases with such movement artifacts lasting more 
than 15 s are a frequently observed phenomenon, 
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but they are not regularly associated with a transi-
tion to another sleep stage. In children with 
ADHD or with sleep-related breathing disorders, 
movements lasting more than 10  s are often 
observed and are typical for the disorder.

With regard to the evaluation of the breathing 
pattern, the child’s age should be considered 
because the breathing frequency is modified 
depending on the development. According to the 
criteria of the AASM, at least two skipped breaths 
related to the previous breathing pattern allow the 
assumption of obstructive apnea if the amplitude 
of the oronasal airflow is reduced by 90% or more 
as well as a continuous or even increased effort is 
measured for breathing. However, only in chil-
dren up to the age of 8  years is such a pattern 
observed relatively often in the context of move-
ments. Therefore, the measurement of the leg 
EMG is essential for classification. If the symp-
toms occur during movement, they should not be 
considered.

11.1.8  Differential Diagnostics

As already mentioned, sleep complaints or disor-
ders also frequently occur in other psychological 
or physical disorders. In those cases, it has to be 
determined if the sleep problems are the focus 
and have to be treated first, or if the sleep-related 
difficulties have to be considered in the context of 
other disorders. Then, the treatment of the under-
lying disease is indicated together with a referral 
to a pediatrician, a pediatric psychiatrist, or a 
pediatric psychotherapist. Hence, it is important 
that the sleep disorder is included in the therapy 
and to treat it appropriately.

The Child or Adolescent Should Be Referred 
to a Sleep Specialist

 5 In cases of chronified disorders of 
initiating and maintaining sleep

 5 If the child/adolescent is not restored 
when waking up in the morning over a 
longer time or if it is difficult to wake 
him/her up

 5 In cases of relevant daytime sleepiness 
(falling asleep at school, during trips in 
buses/cars/trains of less than half an 
hour)

 5 In cases of chronic snoring/breathing 
noise at night or breathing interruptions

 5 In cases of behavioral disorders at night 
that cannot be explained otherwise

11.1.9  Insomnia Therapy 
in Childhood

11.1.9.1  Sleep Education and Sleep 
Hygiene

Age-appropriate information and psycho- 
education is an important component of sleep 
medical counseling in childhood and adoles-
cence. Information for parents but also for 
children regarding healthy sleep as well as the 
consequences of poor sleep quality are impor-
tant. In particular, providing information about 
age- appropriate and age-based sleep duration is 
essential. Furthermore, information should be 
given about factors influencing sleep, for example, 
the parental behavior or media consumption, and 
the importance of a healthy and age-adequate 
sleep quality environment should be discussed. 
Often, this information also contains recommen-
dations for good sleep hygiene to improve sleep 
quality and to achieve a higher sleep duration and 
efficiency. In this way, the daytime sleepiness of 
children and adolescents can also be reduced. It 
must also be taken into consideration that the 
recommendations regarding sleep hygiene should 
be adapted to the developmental stage and the 
cultural values of the children and adolescents as 
well as their families. The following examples rep-
resent age-oriented recommendations.

Sleep Hygiene Recommendations for Preschool 
Children

 5 Parents should take turns bringing their child 
to bed. In this way it can be avoided that 
going to sleep is associated to a certain 
person, which promotes the child’s autonomy 
regarding the behavior of sleep onset.

 5 Daytime activity and physical activity of the 
day have an impact on the evening tiredness 
and sleepiness of the child. An active waking 
time with sufficient physical activity as well as 
mentally stimulating and creative playing 
contribute to restorative sleep. These activi-
ties, however, should not take place directly 
before going to sleep.
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 5 Sleep-related self-soothing strategies of the 
child should be supported.

 5 When parents have put their child to bed, they 
should not hurry back and lift him/her up at 
the slightest noise. Waiting briefly may help 
the child to apply self-soothing strategies. Of 
course, it is important the parents let their 
children know that they are always there if he/
she really needs them.

Sleep hygiene recommendations for schoolchildren:
 5 The parents’ bed should only be available as a 

refuge in exceptional situations (for example, 
when the child is ill).

 5 It should be possible that the child perceives 
his/her room as shelter. The sleep environ-
ment should be designed according to the 
anxieties and preferences of the child if they 
have sleep- improving properties (calm, quiet, 
dark, etc.).

 5 At least 2 h before going to bed, watching TV 
and playing computer games should be 
discontinued. There must be enough time for 
the child to process the daytime noises and 
images. In this way, events that have 
happened during daytime can be discussed 
and may lose their probably stressing 
character.

Sleep hygiene recommendations for adolescents:
 5 Sun or light in the morning: allow the sun in 

the morning to shine into the room and to 
expose the room to as much daylight as 
possible; this helps getting awake and fit. At 
night, however, the room should be dark so 
that the body may relax and restorative sleep 
is possible.

 5 Avoid a clock at the bedside: removing the 
clock from the bedside so that the adolescent 
cannot read the time at night may be helpful 
in the context of unfavorable sleep-related 
cognitions.

11.1.9.2  Stimulus Control 
and Structured Bed  
Routine

Besides sleep education and sleep hygiene, stimu-
lus control also belongs to the standard elements 
in the context of treating insomnias in children 
and adolescents.

The Following Aspects of Stimulus Control 
and Structured Bed Routine Are Relevant for 
Children and Adolescents

 5 Sleeping area: The bed should be used only for 
sleeping. Activities such as watching movies, 
listening to music, learning, doing homework, 
or using other media (e.g., smartphone, tablet) 
should not be take place in bed and thus not 
be associated with sleep.

 5 Time of going to bed: The child or adolescent 
should go or be taken to bed when he/she is 
tired.

 5 Initiating sleep: Depending on the age, it is 
often recommended that the child or ado-
lescent leave the bed after 15–20 min if not 
able to fall asleep. Alternatively, the child 
may apply relaxation techniques or other 
mental distraction strategies (see below).

 5 Rhythm: In the morning, the child or adoles-
cent should get up if possible at the same time 
and in the evening go to bed at approximately 
the same time.

 5 Daytime sleep: Daytime sleep should be 
avoided as of a certain age (about 5 years); 
this is especially important for adolescents. 
Sleeping during daytime, too long and too 
late, may significantly impair night sleep and 
even support a rhythm shift. If day sleep is 
necessary, a nap should take place early in the 
afternoon and not exceed 20–30 min.

These recommendations of stimulus control and 
bed routine are effective, especially for parents of 
young children, and may significantly improve 
the sleep behavior.

11.1.9.3  Extinction
If a child opposes going to bed or wants to come 
into the parents’ bed at night, the procedure of 
extinction may be suitable and effective. In this 
context, the parents learn to remain consequent 
and to effectively ignore the child’s disturbing 
behavior. In case of disturbing behavior of the 
child (calling for the parents, leaving the bed and 
asking to be allowed to watch TV or sleep in the 
parents’ bed), the parents do not react with fulfill-
ing the wish. Hereby, it is important that the par-
ents remain consistent until the child’s behavior 
no longer occurs. This result is called extinction 
when there are no positive consequences con-
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cerning problem behavior. Regarding implemen-
tation, however, it must be ensured that the 
parents are confident with this method and that 
they are certain that their child is not afraid.

11.1.9.4  Positive Reinforcement
A very effective strategy to modify a child’s behav-
ior is positive reinforcement. The child is offered 
an attractive reward for showing a certain desired 
behavior. For example, the child could receive a 
small gift in the morning, deposited by the sleep 
fairy, if he/she has stayed in bed in the evening or 
has tolerated being brought to bed alternatively by 
the parents (the mother in one evening, the father 
in the other evening). The reward, however, can 
also be immaterial (for example, having special 
time exclusively with the father). In this context, 
the difference must be made between short-term 
reinforcement (direct) or long-term reinforce-
ment (for example, after 1 week or 1 month). In 
this way, a long-term reward may be agreed on for 
successfully modified behavior. In particular for 
young children, however, short-term reinforce-
ment strategies should be applied because their 
time perception is different from that of older 
children or adults. Adolescents, however, may 
well anticipate long- term reinforcement.

11.1.9.5  Relaxation Techniques
In children and adolescents, relaxation techniques 
may also be applied. It must be noted here that 
progressive muscle relaxation (PMR) is easy for 
children and adolescents to learn compared to 
autogenic training. Techniques that are related to 
this procedure, such as imaginative techniques or 
relaxation training are also suitable for children 
and adolescents as of a certain age. Regarding the 
implementation, care should be taken for an age- 
appropriate application. The general rule to be 
applied is the older the child the more complex 
techniques can be learned and implemented. 
Younger children need simpler and easier strate-
gies. In younger children of preschool age, mas-
sage techniques and physical relaxation strategies, 
for example, caressing the back, may contribute to 
the child’s relaxation and encourage sleep. Also, 
relaxing by singing a song to the child or repeat-
ing rhymes as more speech-oriented options may 
be helpful for some children. Parents should try 
different strategies to decide which is best suited 
for their child.

11.1.9.6  Cognitive Restructuring
Concerns, impairing cognitions, and irrational 
convictions may also develop in children and 
adolescents with sleep disorders at a certain age 
(mostly at the beginning of school age). Therefore, 
the procedure of cognitive restructuring may be 
applied in an age-appropriate way in cognitive 
behavioral therapy (CBT). Those unfavorable 
sleep-related cognitions may increase arousal in 
children or adolescents and thus contribute to the 
stability and chronification of sleep problems.

Also in childhood and adolescence, different 
sleep-related cognitions may be differentiated:

 5 Unfavorable cognitions about the origins of 
insomnia: “Mum and Dad have to be by my 
side otherwise I cannot fall asleep.”

 5 Unfavorable cognitions regarding sleep- 
encouraging strategies: “I can better fall asleep 
when I am online in bed and have my 
smartphone with me.”

 5 Wrong associations regarding the conse-
quences of poor sleep: “If I do not sleep well 
this night, I will not be able to provide good 
performances and I will fail in school.”

 5 Unrealistic expectations toward sleep: “I have 
to sleep well every night, otherwise I will 
get ill.”

11.1.9.7  Imaginative Techniques/
Modern Hypnotherapy

Generally, children and adolescents benefit from 
pictorial and imaginative techniques. A modifi-
cation of sleep is possible with such procedures. 
Hypnotherapeutic treatment of children and 
adolescents suffering from sleep disorders shows 
first results based on reports of single cases. 
Also, imaginary rescripting therapy (IRT) that is 
applied for treatment of nightmare disorders is 
included in the group of imaginative therapy 
approaches (see 7 Chap. 7). The implementation 
of this technique in age-appropriate ways shows 
very good results in the treatment of nightmares. 
The therapy of PTSD is based on the same pro-
cedure.

11.1.9.8  Bedtime Restriction
For children and adolescents who spend too 
much time in their bed when not using it for 
sleeping, bedtime restriction may be suitable. 
First, the time in bed is reduced to real sleep 
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duration the child or adolescent. The aforemen-
tioned sleep diary may serve as the basis for the 
calculation of the actual sleeping time. After 
1  week, the sleep efficiency is calculated (see 
7 Chap. 2). Based on the number of hours, the 
sleep duration is gradually increased if the sleep 
efficiency amounts to 85% to 90%. Then, the time 
of going to bed is gradually advanced in the fol-
lowing weeks until the desired sleep duration is 
reached. The positive outcome of such a proce-
dure is confirmed for cases of insomnia in par-
ticular for adults (see 7 Chap. 3). However, 
regarding the treatment of children and adoles-
cents, results are still possible.

11.1.9.9  Age-Oriented Interventions
In the following, age-appropriate structured treat-
ment programs are presented, which, according 
to age, are focused on parents, involve parents and 
children, or mainly concentrate on adolescents. 
These three age-oriented treatment programs are 
predominantly based on cognitive behavioral 
therapy with insomnia (CBT-I) and imaginative/
hypnotherapeutic techniques. The aforemen-
tioned techniques (rules of sleep hygiene, relax-
ation procedures, stimulus control, extinction, or 
other therapeutic procedures) are generally 
included.

Not all these procedures are suitable for each 
age. The younger a child is, the more the parents 
have to be included and involved in the treatment. 
Different sleep problems or disorders occurring 
simultaneously as comorbidities have to be taken 
into consideration. In this way, a child may suffer 
from problems of insomnia and at the same time 
from a sleep-related breathing disorder. Therefore, 
adequate diagnostics and a structured procedure 
are essential.

11.1.9.10  Treatment of Infants 
and Children of Preschool 
Age

For young children, the aforementioned methods 
of behavioral modifications such as stimulus con-
trol, sleep education, and extinction or restruc-
turing are especially effective approaches. Based 
on the following case report, symptoms are 
described that are typical for early childhood. It 
will become clear that the parents have to be 
involved in the intervention.

Case Report
A 3-year-old boy called Paul lives together with his 
younger sister (age 2 years) and both parents in the 
parental household. Both parents work during the 
day. They report that Paul has always had rather 
poor sleep. His birth was highly complicated and 
they had enormous concern for his health. Several 
weeks were needed after his birth before they 
could take him home. They always stayed with him 
until he had fallen asleep because they were afraid 
of missing some concern about their child. Thus, he 
was used to always having his mother or father 
around him in the evening. By and by, he increas-
ingly required his mother to be present in the eve-
ning and meanwhile refuses his father when the 
father tries to bring him to bed or wants to calm 
him at night. Each attempt to change the situation 
is refused by Paul, and he starts screaming and cry-
ing until his mother is there.

This case report makes clear that the sleep prob-
lems often start with an early disruption or an 
event. Based on the subsequent educational 
behavior of the parents regarding sleep, Paul 
developed a preference, and it is no longer the act 
of sleeping itself, but he chooses his mother and 
decides that only she “is allowed” to help him. 
Hereby the educational problem becomes obvi-
ous. If Paul was really afraid, he would also accept 
his father’s presence and would cooperate. The 
fact that he refuses being consoled by him shows 
that he wants to influence his parents by applying 
this behavioral pattern. In the context of such 
problems, the parents should communicate the 
altered roles, visualize them, and ignore Paul’s 
moaning and complaining (see further aspects 
under “Mini-KiSS”).

In the context of treating such sleep prob-
lems, parents might design a positive sleep envi-
ronment for Paul and modify the evening 
bedtime ritual in a way that it is new for Paul and 
interesting without stimulating him too much. 
By means of, for example, photos placed at the 
door that describe the procedure of going to bed 
and which the parents have already talked about 
with Paul during the day, Paul is already pre-
pared for going to bed in another way. Based on 
the possibility of extinction, parents may change 
their behavior starting at this point. In the 
 photos, the parents have the security of visual 
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support. However, it is important that the par-
ents reflect their previous, unconsciously rein-
forcing behavior (cognitive restructuring). The 
parents should also apply positive reinforcement 
(sleep fairy in the morning; see mini-KiSS) so 
that the probability for a change in Paul’s behav-
ior increases.

Mini-KiSS Training: Treating Early 
Childhood Sleep Disorders
Taking into account the aforementioned basics of 
age-adapted therapy in early childhood, the so- 
called Mini-KiSS program has been developed 
and comprehensively evaluated. Based on the 
structured and manualized procedure, the thera-
pist/physician has good options to treat typical 
age-oriented problems within six sessions. The 
age-appropriate treatment program focuses on 
insomnias, sleep-related anxieties, resistance 
when going to bed, and nightmares. It is based on 
training elements such as psycho-education, sleep 
hygiene, sleep-related educational competences, 
learning relaxation techniques by parents and 

child, learning appropriate sleep-related strategies 
of resolving problems of parents and child, and 
reduction of dysfunctional, sleep-related as well 
as general cognition of parents on the basis of 
CBT-I techniques. To ensure the integration into 
daily routine, parents receive exercises after each 
session for training. For physicians/therapists, a 
comprehensive trainer manual and the respective 
material for parents are available. . Table  11.1 
briefly describes the single sessions and thus 
allows an overview.

This sleep training includes all relevant topics 
for treatment of typical and frequently occurring 
sleep disorders in early childhood, in particular, 
regarding disorders of initiating and maintaining 
sleep, nightmares, and sleep-related anxieties.

Such a procedure is well accepted by parents, 
and according to several studies, it leads to a 
reduction of sleep problems as well as the 
improved psychological well-being of the chil-
dren. Parents also benefit from the training with 
regard to their own sleep and their psychological 
situation.

       . Table 11.1 Overview about the Mini-KiSS training

Session and purpose Contents

1 Psycho- education Introduction, information about sleep: day–night rhythm, function 
of sleep, sleep disorders, influencing factors regarding sleep, rituals, 
daily structure, etc., exercises to do at home

2 Thorough checkup of 
situations and sleep 
behavior

Correlation of sleep and behavior during the day, vicious cycle of 
sleep pressure, educational behavior and child’s sleep, educational 
rules for healthy sleep, house of healthy sleep, educational 
strategies, creative resolution of problems, Kalimba the sleep helper, 
exercises to do at home

3 Crying, screaming, and 
stubbornness

Crying and screaming, soothing techniques, stubbornness and 
childhood aggression, behavioral recommendations, alteration of 
the sleeping place environment, exercises to do at home

4 Stress and relaxation Stress and relaxation, escalation trap, stress enhancing factors, 
mental control techniques, time and attention for the child, time for 
oneself, imagination exercises, exercises to do at home

5 Anxiety and security Security and childhood anxieties, help in case of nighttime fears, 
help for nightmares, stepwise procedure in problem situations, 
modification of sleep and nutrition, relaxation and massage 
techniques for the child, imagination exercises, exercises to do at 
home

6 Concluding session Temptation to indulge: typical traps regarding sleep behavior, sleep 
habits, feedback, exercises to do at home
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11.1.9.11  Treatment of Schoolchildren
Schoolchildren are cognitively more able to think 
and worry. Also, anxieties occur frequently at that 
age. Based on the following case report, typical 
symptoms are described as well as the procedure 
in the context of schoolchildren.

Case Report
The 8-year-old Sophie is presented with insomnia 
symptoms. Her parents report that she frequently 
needs more than 1 h to fall asleep. Sophie is the 
oldest of three children; her younger sister Clara 
shares the bedroom with her, and the youngest 
sister Marla (4  years) still sleeps in the parents’ 
bedroom. Sophie appears to be thoughtful and 
very considerate toward her younger sister, who 
suffers from asthma. She provides toys and enter-
tains her sister during waiting times. In the further 
course, it becomes obvious that Sophie is highly 
concerned about her sister’s health because Clara 
has already had to go to hospital several times 
because of her breathing problems. During KiSS 
training (see following), it became apparent that 
Sophie was afraid of falling asleep because her 
sister presents breathing problems at times. 
Sophie does not know if she will be woken up at 
night by her sister’s problem, and so she gradually 
developed the fear of falling asleep. Furthermore, 
she meanwhile dreams of falling and of monsters, 
which also cause anxiety.

For the treatment of Sophie, different procedures 
may be suitable. On one hand, Sophie should have 
a positive sleep environment giving her the feeling 
of safety and courage. The parents may, for exam-
ple, change her sleep environment with positive 
elements taken from Sophie’s preferred stories or 
fairy tales. Further, she should learn to relax 
(PMR, magic breath; see KiSS) so that she does 
not focus on her concerns in the evening but on 
relaxing her body. A cuddly toy as sleep helper, 
together with imagination techniques and respec-
tive bedtime stories, may work as a coping model 
(see KiSS) as well as being comforting and encour-
aging for the child. The evenings should be spent 
in a way that Sophie is able to better cope with the 
worries and concerns of the day. For this purpose, 
creative methods of CBT-I for children may be 
helpful (e.g., sorrow box). The evening bedtime 
ritual can be associated with encouraging slogans 
(CBT-I for children) so that Sophie is in a positive 

mood and likes going to bed. The parents should 
further apply positive reinforcements so that 
Sophie is rewarded when she succeeds in sleeping 
well and is motivated to implement the strategies 
she has learned.

For children of Sophie’s age – between 5 and 
10  years  – the sleep training for children was 
developed as is described in the following. Also 
here, comprehensive systematic verifications 
regarding the effectiveness of the therapeutic 
scheme have been performed so that also KiSS 
training is displayed as an example for a treatment 
program for schoolchildren.

KiSS Training: Treating Sleep Disorders 
in Schoolchildren
KiSS training addresses children between 5 and 
10 years of age suffering from insomnia or night-
mares. This treatment program also encompasses 
six sessions for children with sleep difficulties and 
disorders and is based on the aforementioned 
techniques (CBT-I and imaginative elements or 
hypnotherapeutic implications). The treatment 
program includes three sessions with the children 
and three sessions with parents: the contents of 
the sessions are summarized in . Table 11.2. The 
central element in the children’s sessions is the 
soft toy Kalimba, a stuffed leopard, that fulfills 
several functions: as a model, it is intended to 
associate properties such as strength, courage, 
speed, and fearlessness. Furthermore, it is com-
pany and an object of protection for the children 
to feel supported; and finally it serves as a mem-
ory keeper for the strategies that have been 
learned so that the children may easily recall the 
lessons although they often cannot read or write.

The children’s sessions are designed age- 
appropriately by Kalimba. Folders with drawings 
of Kalimba support active cooperation during the 
sessions and serve as memory keepers for exer-
cises to do at home. In this context it must be 
emphasized that there is no need for children to be 
able to read or write to memorize strategies and to 
implement or recall them later. Also, this training 
includes parents’ sessions with psycho- educative 
elements as well as sleep-related educational 
situations. In this age group, the focus is placed 
more on the topic of fears and sorrows because 
in school age thoughtfulness and concerns may 
have a sleep-impairing role and thus impede the 
restorative and sufficient sleep of the child.
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Also regarding the KiSS-intervention, several 
studies show a high satisfaction as well as a sig-
nificant reduction of sleep-related symptoms 
up to 1  year. Furthermore, the psychological 
well-being of the children may be improved.

11.1.9.12  Treatment of Adolescents
In adolescence, parents have a relatively less 
important role regarding sleep than in other age 
groups, but the changes of puberty, which are also 
changes sleep and the psychological shifts must be 
taken into consideration. Furthermore, media 
have a more and more important role. The follow-
ing case report tries to demonstrate this phenom-
enon.

Case Report
The 15-year-old Marius presents to the sleep 
medical center. He reports that he has often diffi-
culties calming down in the evening and needs 
quite a long time to fall asleep. He then often 
switches on the computer to play, increasingly 
even at night. Then he forgets about the time, but 
at least it distracts him. Just lying down, he sees 
his desk and immediately the next exams come to 
his mind. This stresses him because he could have 
bad results. Further, he does not get along with 
his teacher. And altogether, he does not like 
school at all! In the morning, he has difficulties 

getting up; he often feels absolutely whacked, 
and sometimes he is not even able to get up and 
thus misses school. Of course, the consequences 
are visible. He has concentration problems and 
worries that he cannot be promoted because of 
bad marks. He notices himself that he is mentally 
distracted and cannot focus. Also, the parents 
report that he is very tense and aggressive in the 
afternoon, which has a strong impact on the fam-
ily life. He sleeps poorly and is afraid of getting 
addicted to gambling.

This description makes clear that Marius already 
has many symptoms of insomnia as it is seen in 
adults (see 7 Chap. 2). He often worries in the 
evening, thinks about the consequences of his 
sleep problems, and fears sequelae regarding 
school performance and health. It is obvious that 
Marius has a typical teen bedroom with his bed, 
desk, and media, which can sometimes impair 
good sleep.

In the case of Marius, different aspects have to 
be taken into consideration. Besides comprehen-
sive and differential diagnostic examination of 
non-substance-related addiction problems, how-
ever, clearly the school-based stress is also the 
focus. Therefore, the treatment should include an 
adaptation of the sleep environment so that Marius 
is not confronted with the topic of school in the 

       . Table 11.2 Overview of the KiSS training

Session and purpose Contents

1 Parents’ session 1: psycho- 
education

Information about the development of sleep disorders 
(psycho-education); behavioral recommendations, educational 
strategies for healthy sleep behavior

2 Child’s session 1: sleep behavior 
from the child’s perspective

Information about healthy sleep; rules of sleep hygiene; 
introduction of Kalimba, magic breathing as relaxation 
technique

3 Parents’ session 2: sleep 
situations

Modifying specific sleep situations, sleep rules, activating 
resources for resolving problems

4 Child’s session 2: modifying 
sleep behavior

Modifying of sleep-specific behavioral patterns, using Kalimba 
to cope with fears of sleep

5 Child’s session 3: fears and 
sorrows

Overcoming sleep problems with Kalimba, coping with sorrows 
and thoughtfulness, learning review

6 Parents’ session 3: transfer Training of the learned strategies, going into detail of specific 
difficult sleep situations
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evening. Furthermore, general relaxation tech-
niques should be taught (PMR); it may also be 
helpful to apply imaginative procedures for cogni-
tive relaxation. By means of cognitive procedures 
in the context of insomnia (CBT-I), sleep- 
impairing thoughts may be identified and modi-
fied accordingly. Marius should also imperatively 
work on rules of sleep hygiene with the goal that he 
no longer plays computer games in the evening or 
at night. His depressive mood may be treated with 
the options of positive psychology.

JuSt Training: Sleep Training 
of Adolescents
In analogy to the KiSS training for younger chil-
dren, the JuSt training here is presented as sleep 
training for adolescents. Teens already show sig-
nificantly more sleep-related cognitions so that 
the treatment of adolescents with insomnia or 
nightmares is rather similar to that of adults with 
the respective CBT-I strategies (see 7 Chap.  2). 
However, in this training further sleep prob-
lems such as sleep–wake rhythm disorders and 
puberty-related imbalances of the chronotype are 
focused. It must also be taken into consideration 
that the strategies elaborated for adults cannot be 
fully applied in this age group.

Regarding their adolescent children, parents 
often do not know much about the puberty- and 
sleep-related changes and the necessary sleep 
duration (in particular, sleep duration of adoles-
cents amounting to about 9 h; see earlier). In this 
age group, the parents no longer have a crucial 
role at bedtime because teenagers mostly go to 
bed on their own. Also, the treatment program of 
adolescents encompasses six sessions, but 
because of the aforementioned aspects, five ses-
sions are conducted for adolescents. During the 
training, the adolescents meet “Sleep-Doc Prof. 
Paul Paulsen” in a fictional sleep lab who pres-
ents the appropriate strategy for the adolescent 
(see . Table 11.3).

Also the JuSt is well accepted by adolescents 
and their parents; after the training significant 
improvements of the sleep problems are seen. The 
problems of initiating and maintaining sleep are 
significantly reduced, and sleep efficiency as well 
as the overall sleep duration can be increased. In 
addition, the adolescents report a significantly 
less important tendency to worrying after the 
training and are less focused on their sleep prob-
lems. Even after 3  months to as long as 1  year, 
these significant results remain stable, and so a 
long-term effectiveness may be assumed.

       . Table 11.3 Overview of JuSt training

Session and purpose Contents

1 Adolescent session 1: 
psycho- education

Prof. Paul Paulsen as “Sleep Doc,” sleep lab, rules and rewarding 
system, development of sleep disorders (psycho-education), 
imagination exercises

2 Adolescent session 2: sleep 
hygiene

Discussion of the exercises, rules of sleep hygiene

3 Parents’ session: sleep and 
parental behavior

Sleep and sleep disorders, consequences of sleep problems, 
parents’ educational behavior and sleep of the adolescent, 
comfortable sleep environment

4 Adolescent session 3: sleep 
environment

Stimulus control, sleep rituals, rules of sleep hygiene, imagination 
exercises

5 Adolescent session 4: fears 
and sorrows

Dealing with sorrows and thoughtfulness, restructuring of 
sleep-impairing cognitions, imagination exercises

6 Adolescent session 5: stress Sleep and stress, techniques for stress reduction, imagination 
exercises, my private sleep lab, sleep quiz: “Who wants to be a 
sleeponaire?”
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11.1.10   Therapy of Other Pediatric 
Sleep Disorders

11.1.10.1  Treatment of Delayed Sleep 
Phase Syndrome

The treatment may be performed by means of so- 
called chronotherapy. This therapy includes a suc-
cessive delaying of going to bed by 2 to 3 h per day 
until an adequate time of sleep onset is reached. 
This bedtime should be consequently observed. If 
an adolescent goes to bed at 3 o’clock at night, for 
example, the timepoint of going to bed should be 
gradually delayed until the adolescent goes to bed 
at an adequate time. This procedure takes some 
days, but the effect is that a certain rhythm is 
achieved. In this way, a possibly existing absence 
from school may be eliminated, and a resumption 
of regular school visits can be started. In the con-
cept of JuSt training, elements to modify the 
delayed sleep phase syndrome are found (session 
3). Regularity of bedtime is an important objec-
tive of the treatment and should be emphasized 
for the adolescents. Hereby, the assessment of the 
evening activities (e.g., computer games) may be 
helpful for the identification of possible origins of 
the delay. Also the application of light therapy 
with 10,000 lux for 45 min in the morning is rec-
ommended by some authors, mostly applied in 
the inpatient situation. This measure is recom-
mended in particular with the background of 
comorbid depressive disorders.

11.1.10.2  Treatment of the Advanced 
Sleep Phase Syndrome

Generally, patients report relevant tiredness in the 
early evening hours and waking up very early in 
the morning. This disorder is much rarer in chil-
dren and adolescents compared to the delayed 
sleep phase syndrome. The treatment of the 
advanced sleep phase syndrome should be per-
formed in the opposite direction. Chronotherapy 
is oriented at the subjective sleep time. Every day, 
the adolescent should go to bed 2 to 3  h earlier 
until an adequate timepoint of sleep onset is 
achieved. Also, this type of therapy has to be 
planned accurately. It is often performed in a 
partly or completely inpatient setting because of a 
frequently existing comorbidity. As already 
described, several studies show that exposure to 
light may also be helpful for adolescents with 

chronotype-oriented symptoms. Application of 
light in the evening is considered to be effective in 
cases of advanced sleep phase syndrome. The 
application of light allows tiredness and sleepiness 
to start later so that the adolescents go to bed at a 
later time.

11.1.11   Drug Therapy

The administration of hypnotics leads to short- 
term improvement of the symptoms, in particular 
in cases of insomnia disorders; however, in the 
long term, behavioral therapeutic interventions 
seem to be superior. Thus, similar strategies apply 
for children and adolescents as for adults: for 
insomnia complaints and nightmares, psycho-
therapeutic procedures, generally based on the 
aforementioned techniques, are the measure of 
choice. For adolescents it must be observed that 
sleep-inducing drugs and hypnotics are applied 
only with permanent medical supervision.

The administration of melatonin may lead to a 
significant reduction of the duration of sleep 
onset, a prolongation of sleep duration, and an 
improvement of the quality of sleep. In previous 
trials, melatonin was well tolerated and did not 
cause severe side effects. Also, in children with 
ADHD and chronic problems of initiating sleep, 
different studies showed that the application of 
melatonin led to a reduction of the latency of ini-
tiating sleep and an increased duration of night 
sleep after an intake during about 4 weeks. Drug 
therapy with sleep-inducing homeopathic prepa-
rations may be started, only after careful decision. 
This rule is often neglected, and medication is 
taken because other options are not available. If 
the therapy with homeopathic drugs is not suc-
cessful, sleep-triggering non-hypnotics such as 
low-potent neuroleptics may be prescribed, and 
only if even this therapy does not have a positive 
effect, hypnotics may be taken.

11.1.12   Rehabilitation Measures

In cases of high chronification and family impair-
ment or impaired implementation of the sleep 
medical recommendations by the parents, reha-
bilitation measures may be suitable.
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Practical Tip

Possible indications of sleep medicine 
regarding pediatric rehabilitation might be, 
for example:

 5 Chronic insomnias without CBT-
treatment improvements

 5 Sleep-related breathing disorders
 5 Sleep-related hypoventilation syndromes
 5 Sleep disorders caused by other diseases 

(psychological disorders, chronic organic 
disorders)

 5 Hypersomnias, for example, narcolepsy
 5 Sleep–wake rhythm disorders
 5 Parasomnias
 5 Nocturnal movement disorders

Possible objectives of such rehabilitation 
strategies might be:

 5 Improvement of sleep hygiene by modi-
fying the context

 5 Including the family and implementation 
of sleep-related measures on an inpa-
tient basis

 5 In cases of sleep–wake rhythm disorders: 
measures of behavioral therapy for finding 
a day and night rhythm with specific 
support

 5 In cases of sleep-related breathing dis-
orders, possible introduction of weight 
reduction and nutritional advice

 5 In cases of comorbid disorders: reduc-
tion of comorbidities for improvement of 
the somatic and psychiatric risk profile

 5 Improvement or restoration of the limited 
participation ability and restoration of the 
psychological balance such as the renewal 
of the ability to go to school for adolescents

11.2  Sleep-Related Breathing 
Disorders in Children

In correspondence to sleep-related breathing disor-
ders in adults, sleep-related breathing disorders with 
and without obstruction of the upper airways are 
also found in children and they are substantially dif-
ferent with regard to their pathophysiology as well 
as diagnosis and treatment. The most important 
sleep-related breathing disorders in children that are 
discussed here are summarized in . Table 11.4.

11.2.1  Nonobstructive Sleep-Related 
Breathing Disorders

11.2.1.1  Congenital Central Alveolar 
Hypoventilation Syndrome

The congenital central alveolar hypoventilation 
syndrome or Undine’s curse syndrome is a con-
genital disease that is caused by a disorder of the 
autonomous central breathing regulation. It is the 
result of a mutation of the PHOX2B gene, which 
is also mentioned as an obligatory diagnostic 
criterion in the ICSD-3. In case of good geno-
type-phenotype correlation, the number of poly-
alanine repeat mutations determines the severity 
of the disease. Because of negligible or completely 
missing central sensibility toward hypercapnia or 
hypoxia, severely affected children experience 
increasing hypoventilation and hypoxia during 
wakefulness; in even all affected children, it is 
observed during sleep. Also during wakefulness, 
these children show no respiratory response to 
hypercapnia, but in wakefulness they are able to 
control their breathing consciously. Also, in cases 
of combined hypercapnia and hypoxia, almost no 
arousal reactions are observed during sleep.

The congenital central alveolar hypoventilation 
syndrome occurs very rarely; an incidence of about 
1 in 200,000 live births is assumed. The following 
possible origins of the breathing disorder have to 
be excluded before the diagnosis can be made:

 5 Neuromuscular diseases
 5 Pulmonary diseases

       . Table 11.4 Most important sleep-related 
breathing disorders in children and their incidence 
(as far as it is known)

Sleep-related breathing disorder Incidence

Congenital central alveolar 
hypoventilation syndrome

Very rarea

Sleep apnea in infants

Secondary sleep-related 
hypoventilation

Pediatric snoring 4–8 (10–21)%b

Pediatric obstructive sleep apnea 1–4%

aApproximately 1:200,000 live births
bPermanent (occasional) snoring (according to 
parents’ report)
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 5 Cardiac diseases
 5 Metabolic diseases
 5 Brainstem lesions

Children with congenital central alveolar hypoven-
tilation syndrome become suspect as newborns 
with cyanosis and hypoxia and have to undergo 
postpartum intubation. In rare cases, so-called 
late-onset congenital central alveolar hypoventila-
tion syndrome, the typical symptoms occur with 
delay in the course of further childhood develop-
ment. With attempted weaning from the respira-
tor, extended phases of hypoventilation occur, 
with hypercapnia and hypoxia.

Nearly all patients need lifelong ventilation 
therapy. In the course of further development, 
breathing becomes more stable in some children, 
at least during wakefulness, so that treatment is 
only required during sleep. The treatment consists 
of invasive ventilation via a tracheostoma or non-
invasive ventilation therapy. Alternatively, a dia-
phragmatic pacemaker may be discussed for 
stimulation of the phrenic nerve at a later time. 
The children should be diagnosed and treated in a 
specialized institution. By means of appropriate 
therapy, these children may reach adult age.

11.2.1.2  Primary Sleep Apnea 
of Infancy

In early infancy, a series of phenomena are found 
that are explained by the immature condition of 
the infantine respiratory center. From the sleep 
medical point of view, the two most important 
ones are these:

 5 Primary sleep apnea of prematurity
 5 Primary sleep apnea of infancy

Apparent life-threatening events (ALTE) may 
appear in the context of those breathing disor-
ders; however, their origins may be manifold. 
Apparent life-threatening events have several 
aspects in common with sudden infant death syn-
drome. The risk factors, however, are significantly 
different, so currently they have to be regarded as 
two distinct phenomena. The diagnosis and treat-
ment of these phenomena is a primary responsi-
bility of neonatologists and pediatricians.

The respiratory events in the context of the 
above mentioned sleep-related breathing disor-
ders may be central, mixed, or also obstructive; 
however, the central genesis is typical. Regarding 
the definition of respiratory events, certain par-

ticularities have to be observed as they are 
explained more in detail in the section on obstruc-
tive sleep apnea in children (see 7 Sect. 11.2.2). In 
this context, in particular the time-related criteria 
of apnea or hypopnea in children must be men-
tioned that are seen in relation to two previous 
breathing cycles of normal respiration.

The incidence of central breathing disorders 
in premature babies and newborns is directly 
dependent on the age of gestation. These disor-
ders can mostly (but not only) be registered dur-
ing sleep. Numerous external influences may 
trigger the occurrence of apnea. The breathing 
disorder ceases with maturation of the respiratory 
center; only in rare cases, for example, an inter-
vention with pharmaceuticals is required.

Infant apnea manifests in the first 2 years of life. 
Also in this field, a correlation with the incomplete 
maturation of the central nervous respiratory reg-
ulation is assumed. Furthermore, a gastrointestinal 
reflux is correlated with the occurrence of apnea. 
Infant apnea often remains asymptomatic, but it 
may also lead to apparent life-threatening events. 
In this context, a series of differential diagnoses 
have to be observed, in particular infections of the 
airways and congenital syndromes (e.g., Arnold-
Chiari malformation, Prader-Willi syndrome), but 
also syncope, breath- holding spells, convulsions, 
or diseases of the central nervous system.

11.2.1.3  Sleep-Related Hypoventilation 
Syndrome

Some types of sleep-related hypoventilation syn-
dromes in adults may manifest in children in a 
comparable way. In cases of secondary sleep- 
related hypoventilation syndrome, hypoventilation 
becomes obvious because of the lower respiratory 
drive and the decreasing muscle tone during sleep. 
Underlying diseases include the following:

 5 Obstructive and nonobstructive pulmonary 
diseases (e.g., chronic bronchitis, bronchial 
asthma)

 5 Neuromuscular and vascular diseases
 5 Central nervous diseases (e.g., epilepsy)
 5 Morbid obesity

Diseases that manifest typically in childhood and 
that in the further course may lead to secondary 
sleep-related hypoventilation include the following:

 5 Cystic fibrosis/mucoviscidosis
 5 Neuromuscular diseases such as Duchenne 

muscular dystrophy
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Obesity hypoventilation syndrome in childhood is 
rare; however, it is possible in adolescence and 
early adulthood. Similar to the findings in adults, 
the pathophysiological mechanism  consists of 
a reduction of the thoracic and abdominal respira-
tory excursion caused by obesity. Additionally, 
obstructive sleep-related breathing disorder may 
be observed that is often caused by an obstructive 
component from adeno- tonsillar hyperplasia 
besides the obesity-based obstruction of the upper 
airways observed in these children.

The diagnostics of sleep-related hypoventila-
tion syndromes in children are comparable to 
those of adult patients.

Also in children, the treatment should be 
based on the therapy of the underlying disease. If 
it is not or only insufficiently possible to treat the 
underlying disease, ventilation therapy at night 
may be required, probably also timely limited or 
intermittent, that might be performed as noninva-
sive CPAP ventilation or with bilevel devices. In 
cases of advanced neuromuscular diseases, often 
tracheostomy may be necessary in the further 
course for (initially nocturnal) ventilation therapy. 
Alternatively, also the nighttime application of 
oxygen may be discussed in the context of nonob-
structive pulmonary diseases. The basics of venti-
lation therapy are comparable to those of adult 
patients. Particularities with regard to ventilation 
therapy in children are described in more detail in 
the following part of this chapter (see 7 Sect. 
11.2.2). The treatment of pediatric sleep-related 
breathing disorders should be imperatively per-
formed in close cooperation with the institutions 
that are treating the underlying disease.

11.2.2  Obstructive Sleep-Related 
Breathing Disorders

In this context, the ICSD-3 mentions only pediat-
ric obstructive sleep apnea. Snoring in children is 
not explicitly listed, but it is found, as is also snor-
ing of adults, in its own paragraph on isolated 
symptoms and normal variants in the chapter of 
sleep-related breathing disorders.

The transition between these two phenom-
ena, however, is fluid, and the determination is 
not always reliable in clinical routine; but there is 
often no imperative necessity for clear definition. 

Furthermore, relevant overlapping is seen espe-
cially in the context of (surgical) therapy. Thus, 
both phenomena are described together in this 
chapter.

11.2.2.1  Definitions
A clear definition of pediatric snoring does not 
exist. From a practical point of view, pediatric 
snoring is diagnosed in general when relevant 
respiratory noise is reported by parents or guard-
ians, and further examination (history and poly-
somnography) does not reveal any hint for 
pediatric obstructive sleep apnea. The definition of 
pediatric obstructive sleep apnea is based on the 
patient’s history and polysomnographic criteria.

Diagnostic Criteria of Pediatric 
Obstructive Sleep Apnea According 
to the AASM

 5 Presence of at least one of the following 
symptoms:

 – Snoring
 – Strained, paradox, or obstructive 

breathing during sleep
 – Sleepiness, hyperactivity, behavioral 

problems, or learning difficulties
 5 The polysomnographic monitoring 

reveals one or both of the following 
particularities:

 – One or more obstructive apnea 
phases, mixed apnea, or hypopnea per 
hour of sleep

 – Signs of obstructive hypoventilation, 
defined as hypercapnia (PaCO2 > 50 
mmHg) during at least 25% of the total 
sleep duration in combination with at 
least one of the following phenomena:

 Ȥ Snoring
 Ȥ Flattening of the inspiratory nasal 
pressure graph

 Ȥ Paradoxical thoracoabdominal 
movements

As already mentioned, pediatric snoring may 
occur episodically and first manifest or increase/
aggravate in particular in the context of an acute 
infection. In clinical routine, the persistence of 
the complaints over a certain period of time, for 
example, during 4 weeks, has to be confirmed. In 

 Chapter 11 · Sleep Disorders in Children



279 11

its international classification of sleep disorders, 
however, the AASM does not include such a time 
criterion.

It can be easily seen that the definition is 
highly complex, and the diagnosis of pediatric 
obstructive sleep apnea according to the criteria 
presupposes a polysomnographic examination. 
However, in most healthcare systems, compre-
hensive polysomnographic examination of all 
children suffering from snoring or all children 
with suspected pediatric obstructive sleep apnea 
is not possible. With this background, it was 
implemented, for example, in German-speaking 
countries to confirm the indication of therapeutic 
measures in snoring children primarily based on 
medical history, clinical examination and ques-
tionnaires and to request previous polysomno-
graphic diagnostics only when the children 
belong to defined risk groups.

11.2.2.2  Etiology and Pathophysiology
Corresponding to the obstructive sleep-related 
breathing disorders in adults, in pediatric 
patients suffering from obstructive sleep-related 
breathing disorders an increased resistance of 
the upper airway is also observed, with consecu-
tive respiratory strain and sometimes reduction 
of airflow. The pathophysiological explanation 
models in this context mostly correspond to 
those of adults (see 7 Chap. 4). Also, in this way, 
hypotonia of the upper airway dilating muscles 
during sleep finally induces the nocturnal 
breathing disorder.

Although in adults functional aspects have a 
major role, the anatomical factors leading to 
mechanical obstruction of the airway, such as con-
genital malformations or syndromic diseases, are 
predominant in children.

Malformations such as micrognathia, retrog-
nathia, or midface hypoplasia are often associated 
with obstructive sleep apnea in children.

Furthermore, obstructive breathing disor-
ders at nighttime are often observed in children 
with trisomy 21, which can be explained by the 
macroglossia and the frequently accompanying 
obesity. More rare syndromes are, for example, 
Pierre Robin sequence, Crouzon syndrome and 
Apert syndrome, Goldenhar syndrome, or 
achondroplasia, which are associated among 
others with malformations of the mandible and 
often with severe obstructions of the upper air-
way. Of course, hyperplasia of the lymphatic tis-

sue in all these children, as is physiologically 
observed in this age group, may contribute to 
deterioration or manifestation of the nighttime 
breathing disorder.

The predominant significance of adeno- 
tonsillar hyperplasia in the pathophysiology of 
pediatric obstructive sleep apnea becomes evident 
with the incidental association between adeno- 
tonsillar hyperplasia and sleep-related breathing 
disorder in children and the high effectiveness of 
surgical removal or reduction of the mentioned 
structures. Furthermore, numerous studies with 
imaging procedures revealed that the primary 
location of obstruction in children is generally 
found in the area of the pharyngeal or palatine 
tonsils, mainly where these structures overlap. In 
many studies, an increase of the mentioned lym-
phatic structures correlated not only with the 
occurrence but also with the severity of the sleep- 
related breathing disorder.

First of all, adeno-tonsillar hyperplasia in 
children is a physiological reaction and not 
pathological per se. Depending on the severity 
of the hyperplasia of the pharyngeal and palatine 
tonsils, symptoms may be completely missing or 
manifest only in the context of aggravating fac-
tors such as infection of the upper airway. On the 
other hand, such hyperplasia of the mentioned 
lymphatic organs may lead to massive obstruc-
tive sleep apnea. Also in this case, anatomical 
variants or comorbid disorders such as concomi-
tant obesity may deteriorate the disease or favor 
its manifestation.

Unfortunately, obesity is increasing, even in 
children. Similar to observations in adults, obesity 
leads to fat deposits in the parapharyngeal soft tis-
sue and thus to stenosis of the upper airway. In 
the future, an increasing number of sleep- related 
breathing disorders in children may be expected.

Practical Tip

Enlarged palatine and pharyngeal tonsils 
are the most important origin of pediatric 
obstructive sleep apnea. Often pediatric 
obesity is an aggravating factor, with 
increasing incidence.

Based on the described pathophysiological 
aspects, some authors request a classification of 
pediatric obstructive sleep apnea into three types:
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 5 In type I, the adeno-tonsillar hyperplasia is in 
the focus.

 5 Pediatric obesity is predominant in type II, 
with less severe hyperplasia of the lymphatic 
system.

 5 Children with complex craniofacial or 
neuromuscular malformations are classified 
as type III.

From a didactical point of view, this classification 
seems to be reasonable; however, in practice it 
could not prevail.

Further factors contributing to sleep-related 
breathing disorder in children are neuromuscular 
diseases that may aggravate the hypotension of the 
pharyngeal dilators observed during sleep and 
laryngopharyngeal reflux that may enhance the 
airway obstruction via reflux-induced swelling of 
the mucosa.

In rare cases, surgical corrections of the palate 
as necessary for the treatment of cleft palates may 
contribute to postoperative occurrence or aggra-
vation of nocturnal airway obstruction. Also, 
children suffering from laryngomalacia may pres-
ent with primary or accompanying sleep-related 
breathing disorders.

11.2.2.3  Epidemiology
Snoring at night is widely observed in children. A 
recent epidemiological survey revealed that the 
incidence of permanent snoring in children 
reported by their parents amounts to 4% to 8% 
depending on the age, whereas the prevalence for 
occasional snoring is given as 10% to 21%. 
Because no standardized definition exists for 
snoring, these data, however, are not reliable.

The transition to obstructive sleep apnea is 
fluent, and the available literature regarding the 
distribution of obstructive sleep apnea in children 
can only be compared to a limited extent because 
different criteria for performing and evaluating 
the basic assessment procedures were applied.

However, it seems to be confirmed that 
obstructive sleep apnea has the highest prevalence 
in the age group of children between 2 and 8 years 
corresponding to the phase of lymphatic hyper-
plasia. Data in the literature regarding the inci-
dence in otherwise healthy children amount to 1% 
to 4%, whereby boys seem to be affected more 
frequently than girls. The incidences in younger 
children or adolescents are unknown. The rela-

tionship between children with habitual snoring 
and children with obstructive sleep apnea amounts 
to 3:1 and 5:1, respectively. In correspondence to 
adult patients, the prevalence of obstructive sleep 
apnea in children is higher in the Afro-American 
population compared to Caucasian people.

However, with regard to the incidence of pedi-
atric obstructive sleep apnea, it must be consid-
ered that the prevalence of the disease is 
significantly higher in high-risk cohorts. Based on 
polygraphic and polysomnographic trials, it can 
be expected that up to two thirds of the children 
with trisomy 21 are affected by obstructive sleep 
apnea.

In past decades, a change in the population of 
children suffering from obstructive sleep apnea 
could be observed. The incidence of children with 
concomitant obesity has significantly increased. 
Because of this development, an increasing num-
ber of cases of pediatric sleep apnea and an 
increasing number of complex cases that are dif-
ficult to treat must be expected.

11.2.2.4  Clinical Presentation
In both manifestations, that is, pediatric snoring 
and pediatric obstructive sleep apnea, snoring as 
defined by breathing noise during sleep noticed 
by an observer, is the leading symptom.

The fact that snoring might not be observed, 
however, does not exclude obstructive sleep 
apnea. Frequently, parents describe strained 
breathing, wheezing, or simply an intensive 
breathing noise. The assessment of what a normal 
breathing noise in children is and what acousti-
cally indicates an increased breathing strain, how-
ever, is certainly subject to the individual 
estimation of the observer, and some parents are 
more attentive or even more anxious than others.

With increased airway obstruction, generally 
also the snoring noise increases, or irregularities 
of breathing are observed as well as hints of 
hypopnea or apnea. However, it must be men-
tioned that children much more rarely show the 
pattern of obstructive apnea that is typical for 
obstructive sleep apnea in adults. If parents report 
classic apnea at night, often a severe pediatric 
sleep apnea is already present.

As indications of airway obstruction or 
increased breathing efforts, indrawing of the inter-
costal space or paradoxical breathing during sleep 
may become apparent. In cases of longer-lasting 
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pediatric obstructive sleep apnea, the presentation 
of funnel chest may result. To reduce the airway 
resistance, children often adopt unfamiliar body 
positions during sleep; for example, they stretch 
their arms over their heads or prefer sleeping in an 
upright position. These children frequently sleep 
restlessly and often change body position. Further 
symptoms in this context are sweating at night, 
headaches in the morning, and prolonged or recur-
rent enuresis during sleep.

Practical Tip

Frequently, particularities of sleep behavior 
besides the respiratory disorder are found in 
children with obstructive sleep apnea: these 
include restlessness, sweating, or unusual 
sleeping positions that frequently change. 
The parents should be actively interviewed 
regarding those factors.

Comparable to adult age, in children respiratory 
obstruction during sleep also leads to the observa-
tion that sleep is not restorative even if the corre-
sponding arousal reactions and fragmentations of 
the sleep profile are less significant than in adults. 
The consequences may be impaired well- being or 
limited performance during the day. Sometimes 
excessive daytime sleepiness can be observed, 
although this phenomenon is usually not reported 
spontaneously by children. If respective question-
naires or objectifying examinations such as a mul-
tiple sleep latency test (MSLT; see 7 Chap. 2) are 
considered, signs of hypersomnia are frequently 
found, even if they are not as severe as it is typical 
for obstructive sleep apnea in adults.

Often children try to compensate their tired-
ness or sleepiness by increased activity, so hyper-
activity or aggressive behavior may also indicate 
nocturnal breathing disorders. For this reason, 
the workup of pediatric hyperactivity and accom-
panying behavioral difficulties should include the 
differential diagnosis of sleep-related breathing 
disorder and also sleep disorders (see 7 Sect. 
11.2). Finally, more and more data are available 
confirming that obstructive sleep apnea also 
impairs the quality of life in children.

Practical Tip

Obstructive sleep apnea in children often 
manifests clinically by behavioral difficulties 
and hyperactivity, whereas daytime 
sleepiness relatively rarely is the complaint. 
So, in children with relevant behavioral 
difficulties sleep-related breathing disorder 
should be considered as a differential 
diagnosis.

Furthermore, pediatric obstructive sleep apnea 
may also lead to cognitive deficits and deteriora-
tion of the school performance. Particularly critical 
in this context is the fact that recent trials could 
also document behavioral difficulties and poorer 
school performance in children when these chil-
dren only snore, that is, even when no other hints 
of obstructive sleep apnea were present. Thus, it 
can also be expected that isolated nocturnal snor-
ing in children may already indicate a pathologi-
cally increased airway obstruction. This symptom 
may further lead to relevant impairment of the 
daytime vigilance and cognitive performance of 
the children, even if no other changes of night-
time breathing can be identified with the cur-
rently available methods. Those correlations 
especially make clear why strict differentiation 
between pediatric snoring and pediatric obstruc-
tive sleep apnea is not possible from a clinical 
point of view.

Finally, relevant cardiovascular sequelae and 
metabolic changes may also result in children:

 5 Sinus arrhythmia
 5 Pulmonary hypertension
 5 Pulmonary heart disease
 5 Systemic arterial hypertension
 5 Increased insulin resistance 

Metabolic changes most often occur when addi-
tional obesity is present.

Relevant growth and development disorders 
may also be a sequela of an existing sleep-related 
breathing disorder. Even if the corresponding val-
ues are still in the normal range, nearly all chil-
dren experience a development boost after 
successful therapy.
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11.2.2.5  Examination Procedures
The basics of every diagnostic procedure consist 
of comprehensive history taking in which the 
aforementioned symptoms and hints have to be 
directly addressed, and the clinical examination 
that includes the assessment of size and weight as 
well as the general development status of the child.

In the clinical examination, the described ana-
tomical predictors of pediatric sleep apnea have to 
be addressed. In the first place, these include pos-
sible obesity of the children as well as externally 
visible hints and malformations such as are typi-
cal for the mentioned syndromes and that are 
often associated with obstructive sleep apnea. 
However, adeno-tonsillar hyperplasia is certainly 
most significant, so that an intensive inspection of 
the oropharyngeal space is the standard examina-
tion for all children with suspected nocturnal 
breathing disorder. In this context, the size of the 
tonsils has to be examined, which might have 
impressive extensions up to so-called kissing ton-
sils, especially in pediatric patients (see 
. Fig. 11.9). Further, enlarged adenoids have to be 
identified. Typical signs of pharyngeal obstruc-
tion in childhood in this context  include:

 5 Increased or exclusive oral respiration
 5 Adenoid facies
 5 Closed nasality
 5 Frequent infection of the upper airways
 5 Persisting nasal secretion
 5 Eustachian tube dysfunction
 5 Otitis media with effusion (OME) with 

associated hearing loss

In addition, parents should be asked about hear-
ing loss and probable existing delay of language 
development, and if necessary, middle-ear venti-

lation should be examined by means of otoscopy 
or ear microscopy as well as tympanometry.

Furthermore, a series of questionnaires exist 
to assess typical symptoms of pediatric sleep 
apnea. From the authors’ point of view, the sub-
scale for sleep-related breathing disorders of the 
Pediatric Sleep Questionnaire (PSQ-SRBD sub-
scale) seems to be the most suitable. By means of 
this questionnaire, patients with pediatric sleep 
apnea can be identified with high reliability.

Further technical examination procedures for 
assessing the upper airway of pediatric patients 
with obstructive sleep apnea include endoscopic or 
radiological examinations as well as the assessment 
of the collapsibility of the airway. These techniques, 
however, have a key role in the scientific evaluation 
of the disease or in the context of specific questions 
and are currently not part of routine diagnostics.

11.2.2.6  Sleep-Related Medical 
Diagnostics

Objectifying sleep medical examination in the 
sense of polysomnography (PSG) is still the gold 
standard in the diagnostics of pediatric sleep 
apnea. Polysomnographic examinations in chil-
dren are associated with higher staff-related and 
organizational efforts; they require the relevant 
technical equipment and specific experience.

Because of the described particularities, out of 
center sleep testing generally does not seem to be 
sufficient in children because of the low sensitivity 
to exclude a relevant sleep-related breathing disor-
der. Although a recent comparative study showed 
that pediatric obstructive sleep apnea in older chil-
dren (in this context, >10  years) can generally be 
diagnosed by means of outpatient recording poly-
graphic examinations in infants and preschool chil-
dren are almost nonsignificant or can only be used 
in cases of clearly pathological findings. In a recently 
published position paper, the American Academy 
of Sleep Medicine draws the conclusion that a home 
sleep apnea test for diagnosing pediatric sleep apnea 
cannot be recommended. Alternative examination 
procedures such as home audio or video recordings 
or an isolated nocturnal pulse oximetry are not suf-
ficiently sensitive, and at best they can only provide 
diagnostic hints.

Regarding polysomnographic examinations in 
children with suspected obstructive sleep- related 
breathing disorder, a series of particularities 
should be observed. In the context of evaluating 
respiratory events it must be considered that for        . Fig. 11.9 Tonsillar hyperplasia in children

 Chapter 11 · Sleep Disorders in Children



283 11

the definition of obstructive apnea no comparable 
rigid time limits (e.g., 10 s) exist, but the duration 
of the respiratory event relative to the duration of 
two previous cycles of regular respiratory activity 
is considered as a measure. If two cycles of unim-
paired inspiration and expiration are measured in 
the PSG, for example, with 6  s, a subsequently 
occurring respiratory event (e.g., apnea) is regis-
tered when it lasts longer than 6 s.

In analogy to the adult age, the breathing dis-
order may manifest as a typical cyclic sequence 
of apneas or also be associated with longer epi-
sodes of partial airway obstruction in the sense 
of obstructive hypoventilation with hypercapnia 
and desaturation. Furthermore, respiratory-
related arousals are found more rarely in children 
because of their higher arousal levels. The hypno-
gram is generally less remarkable than in adults. If 
airflow limitations, apneas or hypopneas occur in 
children, they are frequently associated with sig-
nificant desaturations because of the high breath-
ing rate and low functional reserve.

CO2 measurement at nighttime is generally not 
required if it is the case of routine diagnostics of 
obstructive sleep-related breathing disorders, 
even if the ICSD-3 defines obstructive hypoventi-
lation as an alternative diagnostic criterion 
regarding the presence of hypercapnia. For differ-
entiation against a respective nonobstructive 
breathing disorder, it may be very useful.

In addition to diagnostics of obstructive sleep- 
related breathing disorder, a video documentation 
at nighttime may be suitable to identify the 
described secondary signs of airway obstruction 
such as oral respiration, jugular or thoracic 
indrawings, or exceptional sleeping positions. 
During the night of documentation, it may also be 
helpful to observe the child in his/her sleep at the 
bedside to identify the presentation of the breath-
ing disorder. In particular, the acoustic aspects of 
breathing disorders can be better assessed in this 
way compared to merely technical monitoring.

Practical Tip

The criteria for definition of respiratory 
events in children are significantly different 
in some aspects from those for adults. Under 
no circumstances can the evaluation and 
assessment criteria of polysomnography in 
adults be transferred to children.

According to the criteria of the AASM, polysom-
nography is required for diagnosis of pediatric 
sleep apnea. If in otherwise healthy children with 
clear history, typical symptoms, and apparent 
adeno-tonsillar hyperplasia are presented, objecti-
fying sleep medical examinations before introduc-
tion of antiinflammatory or surgical therapy are 
not routinely required and from a practical point 
of view are not always possible. In these cases, the 
symptomatic adeno-tonsillar hyperplasia is the 
leading diagnosis and thus indication for therapy.

An indication for polysomnography, however, 
is obvious in the following constellations:

 5 Children with more complex craniofacial 
malformations or syndromic diseases

 5 Children with neuromuscular diseases
 5 Children with severe obesity
 5 Before introduction of ventilation therapy
 5 In cases of nondirective clinical findings 

(missing adeno-tonsillar hyperplasia)
 5 In cases of persisting complaints after surgical 

therapy

Case Report
A young mother presents her 4.5-year-old son Ian 
who, according to the parents, has been snoring 
increasingly in the course of the previous 
6  months. Being asked, the parents report that 
they have observed breathing interruptions in 
the past weeks. In the morning, the bed is rum-
pled, and the boy wakes up at night again and 
again. During the day, according to the mother, 
Ian can barely be kept under control, and in kin-
dergarten which he previously has attended 
without any problems, more and more conflicts 
with other children must be managed. 
Furthermore, he often suffers from a common 
cold and would then breathe only through the 
mouth and even hear poorly. Previous medical 
checkups were all unremarkable; the boy has a 
good health status.

The clinical examination reveals a slender boy 
who is otherwise regularly developed. The most 
prominent findings are massively enlarged pala-
tal tonsils and relevantly enlarged adenoids 
appearing in the examination of the nasophar-
ynx. Ear microscopy shows a retracted eardrum 
with middle-ear effusion; the tympanogram 
appears flat on both sides.

The diagnosis of bilateral adeno-tonsillar 
hyperplasia with middle-ear effusion is made as 
well as the suspicion of pediatric obstructive 
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sleep apnea, which is confirmed by a conspicuous 
score in the respective questionnaire (PSQ-SRBD). 
Based on the clear symptoms, polysomnography 
is not performed, and adenotomy and tonsillot-
omy with insertion of tympanostomy tubes are 
indicated. Surgery and postoperative healing 
take place without complications.

In a follow-up examination, the mother 
reports the nighttime breathing disorder has 
ceased, with a relevant improvement of his well-
being during daytime. In the months after the 
intervention, her son has experienced a physical 
development boost, and the problems in his 
social environment have significantly improved. 
Under these circumstances, postoperative con-
trol-PSG is not performed.

11.2.2.7  Differential Diagnoses
In the clinical routine, a differentiation of nonob-
structive sleep-related breathing disorders may be 
difficult, especially when in the individual case 
such a breathing disorder is associated with an 
obstructive component or overlapping is 
observed.

In the context of central sleep apnea, classi-
cally thoracic and abdominal breathing excur-
sions are missing; in cases of hypoventilation 
syndromes, however, typically snoring or hints of 
paradox breathing are not found. In particular, in 
severely obese children signs of airway obstruc-
tion as well as hypoventilation are observed.

If nocturnal snoring is observed in children, it 
nearly always indicates airway obstruction or 
increased airway resistance. It is then important 
to identify the severity and the clinical relevance 
of the airway obstruction. The clear differentia-
tion of obstructive sleep apnea from snoring may 
be difficult even with PSG because the transitions 
are fluent.

Peculiar nocturnal movements or positions 
must sometimes be differentiated from pediatric 
parasomnias (see 7 Chap. 7). In the context of 
hypersomnia without any hint of obstructive 
sleep-related breathing disorder, other origins of 
hypersomnia have to be excluded, as, for exam-
ple, restless legs syndrome, periodic limb move-
ments (see 7 Chap. 8), or narcolepsy (see 7 Chap. 
5). A differentiation of nocturnal epilepsy may 

further require the performance of a complete 
sleep EEG.

If behavioral difficulties are the leading symp-
tom, differential diagnostics of neurological and 
psychiatric diseases may be indicated.

11.2.2.8  Treatment
In analogy to the treatment of obstructive sleep- 
related breathing disorders in adults, the treatment 
of children may also be classified into conserva-
tive, device-related, and surgical concepts.

Conservative Treatment
Regarding all overweight or obese children suf-
fering from snoring or obstructive sleep apnea, a 
reduction of body weight should be achieved, 
and the parents should be informed about the 
significance of obesity for the development of 
pediatric breathing disorders (as well as other 
problems and diseases, of course). It seems to be 
necessary not only to state an appeal but also to 
give specific recommendations. Because the 
therapy of pediatric obesity, in particular, severe 
obesity, is highly complex and not every sleep 
professional acquires the relevant experience, it 
is recommended to obtain an overview of the 
locally available sites and institutions that might 
offer or provide the required therapeutic con-
cepts. Those sources may include specially 
trained and experienced pediatricians but also 
training programs of the health insurance.

In the past years, the data regarding topical 
nasal steroids significantly improved so that their 
effectiveness in the context of pediatric snoring as 
well as pediatric obstructive sleep apnea is mean-
while confirmed. Because of the high tolerance, a 
conservative treatment attempt is generally justified 
and often achieves a successful outcome. In cases of 
severe symptoms, severe tonsillar hyperplasia, or 
hearing loss existing for a longer time because of an 
impaired Eustachian tube ventilation, however, sur-
gical therapy should not be delayed.

If the respiratory situation is aggravated by 
infections, the timely restricted application of 
decongesting nose drops or spray, adapted to the 
child’s age, may also be indicated. In particular for 
persisting problems, it must be discussed if ade-
notomy performed on an outpatient basis cannot 
be preferred.
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Device-Related Therapy
For treatment of obstructive sleep apnea in chil-
dren, different orthodontic treatments are avail-
able; however, they have not all been scientifically 
verified to date. Hereby, the (forced) rapid palatal 
expansion is of particular interest, which consists 
of the expansion of the still open midpalatal 
suture by means of an intraoral distractor that 
may be applied in children. The phase of active 
expansion generally takes only a few weeks 
(“rapid” palatal expansion). Afterward, the phase 
of consolidation follows. By means of this tech-
nique, the maxilla and thus the midfacial struc-
tures may be expanded relevantly in the 
transversal axis. The children’s airways may be 
significantly enlarged in this way, and the existing 
sleep-related breathing disorder is improved.

In cases of respective conspicuities such as ret-
rognathia, dental malposition, maxillary constric-
tion (narrow, high palate), or midfacial hypoplasia, 
a specific orthodontic consultation and examina-
tion should be performed. This examination is 
particularly important when no adeno- tonsillar 
hyperplasia is found or the breathing disorder 
persists after surgical therapy.

Nocturnal positive airway pressure therapy for 
obstructive sleep-related breathing disorder alone 
is only rarely required in children because in this 
age group the alternative (especially surgical) 
therapies are very effective. Frequently, ventila-
tion therapy is necessary when the children suffer 
from severe malformations that cannot be cor-
rected currently or in the long term. Further, 
severe obesity with respective hypoventilation 
and airway obstruction may require ventilation 
therapy in individual cases.

The implementation of ventilation therapy is 
performed in analogy to the adult treatment in form 
of a nocturnal continuous positive airway pressure 
(CPAP) therapy that is generally applied nasally also 
in children. Even if the introduction of ventilation 
therapy in children requires particular experience 
and intensive counseling, generally the compliance 
is not poorer than in adults. It is certainly most deci-
sive that parents or reference persons of the child 
can be convinced of the necessity of the treatment 
and commit themselves accordingly.

Regarding the application of CPAP therapy in 
children, however, one must bear in mind that 
this therapy may lead to midfacial growth retar-
dation or impairment of the child’s cranium, 

which may further aggravate the underlying sleep 
apnea. The necessity of CPAP therapy in children 
should be regularly checked, and the fitting of the 
mask should be adjusted at regular intervals.

Practical Tip

Because of the problems of long-term 
ventilation therapy in children (e.g., with 
regard to the development of midfacial 
hypoplasia), the necessity of ventilation 
therapy or the possibility of applying 
alternative measures in children should be 
regularly verified.

Surgical Therapy
In contrast to the adult age group, the surgical ther-
apy of obstructive sleep-related breathing disorders 
of infancy is not controversially discussed, and 
because of its high effectiveness, it is meanwhile 
widely distributed. The most important surgical 
intervention is at the same time one of the most fre-
quently performed operations in children: the (par-
tial) resection of the pharyngeal and palatal tonsils.

The success rates regarding polysomnographi-
cally confirmed elimination of respiratory events 
amount to 75 to 100%, according to the scientific 
literature, and also the respective improvement of 
the already described clinical symptoms seems to 
be evident even if the perceived clinical improve-
ment does not always correlate with the polysom-
nographic outcome. Because of the effectiveness of 
the intervention, (adeno-)tonsillectomy is interna-
tionally considered as the standard procedure for 
therapy of pediatric obstructive sleep apnea in 
cases in which hyperplasia of the pharyngeal and 
palatal tonsils is found in the clinical examination 
and no contraindications exist. In a large patient 
population of more than 450 children suffering 
from obstructive sleep apnea, a recent randomized 
trial performed in the US compared the outcome 
after tonsillectomy with a wait-and-see strategy. 
This elaborate project allowed important insights 
in the surgical therapy of pediatric obstructive 
sleep apnea and could confirm that surgical ther-
apy is highly superior to wait and see with regard 
to the normalization of polysomnographic param-
eters. However, it became also clear that in the 
control group that did not undergo therapy, an 
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important percentage of the children experienced 
a normalization of the sleep laboratory findings 
during the evaluation period of 7 months, which 
confirms the frequently self- limiting character of 
the disease in the context of physiological hyper-
plasia of the palatal tonsils in this age group. 
Furthermore, it became evident that even tonsil-
lectomy does not always lead to healing of the 
breathing disorder. In particular, children with 
severe sleep apnea, obesity, or craniofacial malfor-
mations may expect postoperative persistence of 
the disease, which confirms the necessity of clini-
cal and in cases of doubt also objectifying control, 
in particular in this last- mentioned cohort. The 
indication to perform tonsillectomy has to be 
made in a highly differentiated way and further 
has to take into account the severity of the disease, 
expected course of the disease, clinical complaints, 
risks that are associated with the intervention, and 
the parents’ hopes and expectations.

Practical Tip

Surgery of the tonsils, if needed also in 
combination with adenotomy, is the most 
important therapeutic measure in the 
context of pediatric obstructive sleep 
apnea, in particular with existing 
hyperplasia of pharyngeal and palatal 
tonsils. Because of the high effectiveness, it 
is the treatment of first choice even when 
aggravating factors such as obesity or 
craniofacial malformations are also found.

In some European countries, partial resection of 
tonsils (tonsillotomy) is recommended or even 
exclusively performed as an alternative to tonsil-
lectomy, mentioning the reduced postoperative 
risks and the lower postoperative morbidity. If 
tonsillotomy is really comparable to tonsillectomy 
regarding its therapeutic  effect in the context of 
pediatric sleep apnea, cannot be estimated based 
on the reduced data available and generally 
depends on the surgical technique used. Besides 
adeno- tonsillectomy, a series of other surgical 
procedures must be mentioned even if they are 
not frequently used. For children with severe ret-
rognathia, as is typical for certain malformation 

syndromes, distraction osteoneogenesis may be 
helpful and avoid ventilation therapy or tracheos-
tomy of these children. Tracheostomy is necessary 
only in exceptional cases or for bridging airway 
obstructions that otherwise cannot be directly 
eliminated. With this indication, it is highly effec-
tive. Also, children with a breathing disorder 
resulting from laryngomalacia may benefit from 
relevant surgical interventions (e.g., supraglotto-
plasty).

11.3  Questions

 ?  1.  Please describe the similarities and 
differences of the clinical symptoms of 
sleep disorders in children and ADHD 
disease.

 ?  2.  Please list questionnaires that assess 
sleep disorders in children from the 
parents’ and the children’s perspective.

 ?  3.  Which interventions should be applied 
for treatment of insomnia in children and 
adolescents?

 ?  4.  Which interventions should be applied 
for treatment of nightmares in children 
and adolescents?

 ?  5.  Please describe the similarities and 
differences of the clinical symptoms of 
obstructive sleep apnea in adults and 
children.

 ?  6.  Please explain the polysomnographic 
criteria of obstructive sleep apnea in 
children.

 ?  7.  Please list the most important origins of 
obstructive sleep apnea in children.

 ?  8.  Please characterize the most important 
therapeutic options in the context of 
pediatric obstructive sleep apnea and list 
the indications for these procedures.

 ?  9.  Please explain practical problems that 
occur in the differentiation of pediatric 
snoring and obstructive sleep apnea.
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