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Spontaneous EEG and Sleep

Agenda

— Recording methods




Polysomnography

Electroencephalogram (EEG) —




Polysomnography

Electroencephalogram (EEG) —

Electrooculogram (EOG)




Sleep stages: N1

"
- slowing of EEG L
- disappearance of alpha /. <l
- slow eye rolling \ - —
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Sleep stages: N2

- sleep spindles (10-16Hz) /WW

- K-complexes (0.5-1Hz
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Sleep stages: N3

- deep sleep / slow wave sleep

- delta oscillations (<4 Hz)




Sleep stages: REM

rapid eye movements

wake like EEG

muscle atonia (paralyzed) \ - —
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Sleep stages: overview

/ S

Brain / EEG Eyes / EOG Muscles / EMG
wake S AANA_n_ L ]
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Sleep EEG: lab vs. home recordings




Sleep EEG headbands

SmartSleep
(Philips)
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Zmax
(Hypnodyne)

Aurora Dreamband
(IWinks)




Combined EEG/fMRI
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Combined EEG/fMRI: sleep spindles
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Combined EEG/NIRS




Combined EEG/NIRS d

real hand movements dreamed hand movements
HbO
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Dresler et al., 2011




Spontaneous EEG and Sleep

Agenda

— Oscillations on different time scales
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Sleep: nested oscillations
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Sleep: ultradian oscillations
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Sleep: circadian oscillations
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Sleep: synchronization through light

Via hormones
neural signals

Peripheral
tissues




Sleep: weekly oscillations
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18:00

Local Time (h)
200 600 1000 14:00 1800

]
rersr.rrrsri N

ol A
FF.FFFi FFFETFSF

mid-sleep on
workdays (MSW)

237
201

151

i) _-I| |IIII.-
2 -1 0 1 2 3 4

10

Jetlag (h)

%

B

Social jetlag (h)

35 6

Age (years)




Sleep: monthly oscillations?

Sleep latency (min)

Time to fall asleep

SC((C NNIPIPE((

14.75 14.75

Lunar cycle (days)
(0= full moon)

Cajochen et al., 2013
but: Cordi et al., 2014




Sleep: annual oscillations

Mid-Sleep Wake-Up
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Sleep regulation: two-process model

sleep deprivation

sleep

nap l

Process S

Process C

300 4

200 4

100 -

% slow wave activity




Sleep pressure

— microsleep

— local sleep




Combined EEG/fMRI: vigilance measurement d
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Spontaneous EEG and Sleep

Agenda

— Examples: functions of sleep




Sleep: more than a substitute for coffee!

brain clearance

Cortical surface of brain

hormones

Immune system

memory

emotions

simulation




Sleep: more than a substitute for coffee!

brain clearance




Brain clearance function of sleep

Cortical suﬂa__lce of brain

Awake

Reduced interstitial space
Restricted CSF flow ]
Metabolites accumulate

Asleep

60% increase in interstitial space
Better CSF flow

Xie et al., 2013




Brain clearance function of sleep

OPERATOR GRAPHICAL

USER INTERFACE

BLOCK NOISE

END STUDY

NOISE PARAMETERS

PITCH RANGE
minimum
maximum 5 khz

DURATION
minimum
maximum
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minimum
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SPECTRAL PARAMETERS
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Ooms et al., 2017
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Brain clearance function of sleep
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Brain clearance function of sleep d
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Sleep: more than a substitute for coffee!
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Endocrine function of sleep
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Endocrinological function of sleep

Prefrontal EEG signal

EEG amplitude (1V)

Auditory stimulation
via in-ear headphones

Normalized
SO power (Hz™")

SO amplitude (nV)
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Endocrinological function of sleep
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Sleep: more than a substitute for coffee!

Immune system




CD40L" HAV-specific
Th cells [%)]

Immunological function of sleep
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EEG amplitude (uV)

Immunological function of sleep
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Sleep: more than a substitute for coffee! d

memory




Slow wave activity

Post-sleep performance improvement
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Huber et al., 2004



Slow wave activity

EEG amplitude (1V)

Time (s)

Retention

30 -
25 A
20 -
15 -
10 -

*k*k

Stim

Sham

Ngo et al., 2013



Sleep spindles

~
§

[Learning — Non-Learning
Hemisphere]

Learning

Non-learning

Sleep spindle density [(30s)]

1 2 3 4 5 1 08 0

Subtracted Spindle Density
(MNo./min NREM)

Sleep cycle [90 min]
Gais et al., 2002 Nishida & Walker, 2007




Sleep spindles

Spindle Transcranial
detection stimulators

Response time ovemight reduction (ms)
o

Verum Sham

Lustenberger et al., 2016




Cued memory reactivation
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Sleep: more than a substitute for coffee! d

emotions




Emotional function of sleep

Not Threatening

5

Anterior Cingulate
Discrimination Index

524 D 477
Log Transformed Gamma (%PTOT)

Anterior Cingulate

[ Bilateral

w
'

Prefrontal REM 30-40Hz 4

(Log % of PTOT)

Anterior Insula
Discrimination Index

-

"
-

Anterior Insula

B Left
I Right

)

Prefrontal REM 30-40Hz
(Log % of PTOT)

Amygdala
.

Discrimination Index

w

Goldstein-Piekarski et al., 2015
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Depression and sleep deprivation

Sleep Deprivation
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Depression and sleep deprivation

VAS mood
score
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Hemmeter et al., 1998



Sleep: more than a substitute for coffee!

simulation







Dream experience vs. no experience d

REM

1-4 Hz

l t score
2 s

.DE-::NE
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Siclari et al. 2017




Dream experience vs. no experience d

NREM REM

20-50 Hz 25-50 Hz

t score

2 T 4

Siclari et al. 2017



Dream content

W Fusiform face area

Face > No face ] Face = No face

Spatial setting

B Superior
temporal sulcus

W Wemicke's area Siclari et al. 2017

Fresent = Absent (P < 0.05) = Present > Absent (P < 0.1)
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dreaming?



Lucid dreaming
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Neural correlates of dream content

real hand movement dreamed hand movement

Dresler et al., 2011




Neural correlates of lucid dreaming d

40 Hz gamma power

lucid REM non-lucid REM

Voss et al., 2009




Neural correlates of lucid dreaming

transcranial alternating current stimulation (tACS) 40 Hz: lucid REM
Scalp potential

P4 Tﬁj_.-"
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02 '.

Voss et al., 2014 Voss et al., 2009
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Conclusions

— Spontaneous EEG activity harbors important information
— In particular sleep before, during, after experiment!
— Cascade of nested oscillations

— Options to manipulate spontaneous oscillations
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