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Definitionen des Bewusstseins

Spontane Oszillationen & Gehirnaktivität

Zirkadiane Rhythmik im “Wachkoma” 

Informationsverabeitung in veränderten Bewusstseinszuständen
�Wachkoma

�Schlaf

- Behavioral assessment remains the gold standard to monitor level of 
consciousness in patients with DOC. 
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- Neuroscientific Evidence for Consciousness and DOC
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F, prefrontal; 
MF, mesiofrontal; 
P, posterior parietal 
cortex; 
Pr, posterior 
cingulate/precuneus

Regional 
decrements in 
frontoparietal
association cortices.

Cooperation partners:

• Albert-Schweitzer-Klinik (OA Dr. Pichler, Graz)

• “Apalliker Care Unit” im Geratriezentrum am Wienerwald (Prim. Dr. Donis, Wien)

• Christian Doppler Krankenhaus (Primar Dr. Trinka, Salzburg)

• Hospital Hermanos Ameheiras (Havana, Cuba) - Prof.Dr. Calixto Machado



� Sleep spindles are related to fading of C but also learning

� Sleep architecture appears more complex in MCS than 
VS/UWS(Cologan, Schabus et al., 2010; Cologan et al., 2013) incl. spindles

Attempt to develop individual 
and quantitative markersfor 
diagnosis and prognosis. 

Advantage:
Resting state EEG isindependent of 
the patient‘s will to cooperateand 
does not rely on specific abilities!

Fellinger,…& Schabus, (2011)
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Schabus, M.et al. (2006). Sleep spindle-related activity in the human EEG and its relation to general cognitive and 
learning abilities.European Journal of Neuroscience, 23(7), 1738-1746.

• General 
Cognitive
Ability („g“)
measured with

Raven‘s
Advanced
Progressive 
Matrices (APM)

High

Medium

Low

APM Groups

0 5 10 15 20 25 30 35-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

Time (seconds)

R
es

po
ns

e 
A

m
pl

itu
de

 (a
.u

.)

Slow 
Spindles

Fast 
Spindles

D

Spindles
CONJUNCTION

0 5 10 15 20 25 30 35-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

Time (seconds)

R
es

po
ns

e 
A

m
pl

itu
de

 (a
.u

.) f

0 5 10 15 20 25 30 35-0.3

-0.1
0

0.1

0.3

0.5

0.7

Time (seconds)

R
es

po
ns

e 
A

m
pl

itu
de

 (a
.u

.)

E
kg

0 5 10 15 20 25 30 35
-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

Time (seconds)

h

0 5 10 15 20 25 30 35
-0.2

0

0.2

0.4

0.6

0.8

Time (seconds)

a i

ld

e

j

Bc

Ab

0 5 10 15 20 25 30 35
Time (seconds)

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

R
es

po
ns

e 
A

m
pl

itu
de

 (a
.u

.)

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

R
es

po
ns

e 
A

m
pl

itu
de

 (a
.u

.)

0 5 10 15 20 25 30 35
Time (seconds)

0 5 10 15 20 25 30 35-0.2

-0.1

0

0.1

0.2

0.3

Time (seconds)

0 5 10 15 20 25 30 35
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 5 10 15 20 25 30 35
Time (seconds)

-0.2

0

0.2

0.4

z = 6

x = -6

x = -4

x = -36

z = 8

x = -10

x = -6

x = -36

z = 6

x = -10

x = -2

x = 34

Schabus, M., et al. (2007). Hemodynamic cerebral correlates of sleep spindles during human non-REM 
sleep. Proceedings of the National Academy of Sciences USA, 104(32), 13164-13169.



Mesial Prefrontal 
Cortex
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Hippocampus

Schabus et al., PNAS, 2007

Nishida & Walker, PLoS One, 2007

Lower spindle 
activity relates to 
lower memory 
performancein 
Alzheimer’s Disease
(e.g., Schabus et al., 
2006; Rauchs et al., 

2008)!

� Even ipsilateral
deviationsafter 
hemisphericstrokes
(e.g., Gottselig et al., 2002)

Wyatt et al. (1999) Bekinschtein et al. (2009)



� Lichtstimulation &

� Identifizierung von „Arousal Windows“

� Protokollierung via „Tablet“

In DOC: In healthy 
SLEEP:

Stimulus-Material:
• Emotional-relevante 

Eigennamen
• bzw. Kinderreime

In Newborns:

Sequences of 8 equiprobable first names: 
the own name and 7 non-familiar first names

Simon Patrick HectorHelmut Helmut Manuel

Perrin, Schnakers, Schabus et al, Arch Neurol, 2006



(extended analyses from Schnakers, Perrin, Schabus et al., 2008)

12 controls (CO)

13 minimally
conscious patients
(MC)

8 vegetative state
patients (VS)

Event-related theta synchronisationto counted own vs. other 
names even in VS patients, yet delayed!!

Fellinger,…& Schabus(2011)

MCS

UWS

0-200 200-400 400-600 600-800 ms

Large-scale delta connectivity: passive – healthy controls

own name

targetsubseq

3 other

Symbolic transfer entropy (STE) in
consciousness (A), anaesthesia (B) and
disorders of consciousness (C + D; modified
from Jordan et al., accepted). WhileMCS (C)
looks more similar to conscious wakefulness
(A), VS/UWS (D) looks similar to propofol
induced unconsciousness.

(Effective Connectivity & Machine Learning Approaches )

Thul, Lechinger, .. & Schabus (2015)

�Kritischer Blick auf das „Bewusstsein“
• Störungen des Bewusstseins

• Schlaf-Wach bei Gesunden

• „vorsprachlichen“ Babys

� „Wachkoma“ und deren Diagnose/Prognose besser verstehen
• Mögliche Unterstützung der Genesung & „Arousal-Window“ Identifikation

…den Kern dessen besser zu verstehen der uns 
„menschlich“ macht…



Bewusstsein


