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Functions of sleep:

• Physical restoration

• Mental restoration

• Memory functions

• Hormone secretion

• Immune system

• Performance restoration

• Synaptic homeostasis

Regulation of sleep:

Why do we sleep?



Insomnia:

• Disorders of initiating and maintaining sleep (DIMS)

(e.g. stress, light, noise, coffee, or pain)

Hypersomnia:

• Excessive daytime sleepiness (DOES)

• Unintended falling asleep during monotonous tasks

(e.g. too short sleep, or sleep apnea, narcolepsy)

Parasomnia:

• Disorders occuring during sleep 

(Bruxism=tooth grinding, sleep walking, frightening dreams)

Sleep disorders: complaints and symptoms 



International Classification of Sleep disorders

Main categories of ICSD-3

1. Insomnia

2. Sleep related breathing disorders

3. Central disorders of hypersomnolence

4. Circadian rhythm sleep wake disorders

5. Parasomnias

6. Sleep related movement disorders 
(a total of 67 definitions)

other sleep disoders

Appendix: 

A Sleep related medical and neurological disorders

B Substance induced Sleep disorders
Am. Acad. Sleep Med. ICSD-3, 2014



Cardiorespiratory polysomnography - AASM 2.4

• Parameters to be reported

• Technical and digital specifications

• Visual rules (for adults and children) 

• Arousal rule

• Cardiac rules 

• Movement rules

• Respiratory rules (for adults and children)

• Home sleep apnea testing

• Development process / procedural notes 

Berry RB, Brooks R, Gamaldo CE, Harding SM, Marcus CL, Vaughn BV for the American Academy 
of Sleep Medicine. The AASM Manual for the Scoring of Sleep and Associated Events: Rules, 
Terminology and Technical Specifications, 2st ed.: Darien, Illinois: American Academy of Sleep 
Medicine, (2017).



Cardiorespiratory Polysomnography

Sleep, respiration, cardiovascular signals, video monitoring

Snoring

Airflow

Ribcage

Abdomen



Cardiorespiratory Polysomnography

Sleep, respiration, cardiovascular signals, video monitoring, snoring



Sleep EEG – characteristic patterns



Sleep stage sequence as ideal plot

Current evaluation is statistics:
• Duration and percentages for Sleep stage over the night: TIB, TST, %NREM1 etc.
• Sleep efficacy: TST/TIB
• Latencies
• Transitions between sleep and wakefulness



Sleep and age



PSG report and comparison with reference data



Hypnograms in normal and sleep apnea



Time spent in sleep stages 



Preprocessing of sleep stage classification



Distribution of wake and sleep over duration

Lo CC, Penzel T: Europhysics Letters 2002; 57: 625-631



Exponential distribution for sleep: 
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Exponential law is valid for uncoupled random behavior, like throwing a dice



Power law for wake state:
ttp ~)(

Power law for self similarity in fractals  corresponds to fractal dimension



Power law in general:
ttp ~)(

The power law is applicable in 
fractals.  corresponds to fractal 
dimension. 



Distribution in normal subjects for sleep stages



Distribution in sleep apnea



Comparison across species

Lo CC, Penzel T: Proc. Natl. Acad. Sci. 2004; 101: 17545-17548. 



Duration of wake and sleep periods across species



Sleep wake transitions in Narcolepsy



Sleep structure summary

Arousal and sleep fragmentation do reflect the increased central nervous 
activation in sleep disorders such as sleep apnea

The regulation of the duration of wake (power law) and sleep 
(exponential law) follow completely different physical laws

The different distribution laws still are maintained in sleep disorders, only 
the constant values are different

This regulation is similar in different mammals. 

This can be achieved only by different neuronal brain centers responsible 
for the wake and the sleep function (sleep-wake switch)


