Wos lejnger a blinder lebt, alz mer
Set er.
The longer a blind lives the more he
sees.
Je langer ein Blinder lebt, umso
mehr sicht er.

Yiddish Saying
Jiddisches Sprichwort
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Biofeedback of Slow Potentials




Before training End of training 6 month follow up

Koutchoubey et al, Epilepsia, 2001




A Brain-Computer-Interface for ADHD

Strehl et al. Pediatrics (2006)




Near Infrared Spectroscopy-
BCI in Attention
Deficit Disorder

Figure 4 Measurement being performed using the port -
able, telemetric NIRS system.

From Ranganatha Sitaram et al Neuroimage, 2007
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Pat TY. F, 23. Persistent vegetative state
since 1995 after traumatic injury
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»Stuhl-Maus“,“Katze-Tisch*“

,»Stuhl-Tisch“,“Katze-Maus*“

mmh trinke Kaffee mit Socken*

»Ich trinke Kaffee mit Zucker*



— standards — deviants

o
-

Kotchoubey et.al., News in Physiol.Sciences,2003
Patient AG, age 38, Guillain-Barré-Syndrome




Koutchoubey et.al., News in Physiol.Sciences (2003)

Probabilities of cortical responses as a
function of the complexity of stimulation

minimally
responsive
state
_
non-
responsive

state
—

Response
present
absent







LubwiG HoHL (9. 4. 1904-3. 11. 1980) in seinem legendiren Genfer Keller




Der Mensch lebt in dem Malle, wie er
kommunikationsfahig ist: st die
Kommunikationsfahigkeit vorbei, so 1st auch
das Leben vorbei.

The human being lives according
to 1ts communication capacity:

loosing the capacity for communication
means loosing
live.

Ludwig Hohl
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Source:Report in Newsweek of Birbaumer et al. Nature (1999)




LIEBER-HERR-BIRBAUMER-
HOFFENTLICH-KOMMEN-SIE-MICH-BESUCHEN,-WENN-DIESER-
BRIEF-SIE-ERREICHT-HAT-.ICH-DANKE-IHNEN-UND-IHREM-TEAM-
UND-BESONDERS-FRAU-KUBLER-SEHR-HERZLICH,-DENN-SIE-
ALLE-HABEN-MICH-ZUM-ABC-SCHUTZEN-GEMACHT,-DER-OFT-
DIE-RICHTIGEN-BUCHSTABEN-TRIFFI.FRAU-KUBLER-IST-EINE-
MOTIVATIONSKUNSTLERIN.OHNE-SIE-WARE-DIESER-BRIEF-
NICHT-ZUSTANDE-GEKOMMEN.-ER-MUSS-GEFEIERT-WERDEN. -
DAZU-MOCHTE-ICH-SIE-UND-IHR-TEAM-HERZLICH-EINLADEN-,
EINE-GELEGENHEIT-FINDET-SICH-HOFFENTLICH-BALD.

MIT-BESTEN-GRUSSEN-IHR-
| (volistdndiger Name des Patienten)




LIEBER-HERR-BIRBAUMER-

HOFFENTLlCH-KOMMEN—SIE-MICH-BESUCHEN,-WENN-DIESER-
BRlEF-SIE-ERREICHT-HAT-.lCH-DANKE-lHNEN-UND-lHREM-
TEAM-UND-BESONDERS—FRAU-KUBLER-SEHR—HERZLICH,-DENN-
SlE-ALLE-HABEN-MICH—ZUM—ABC-SCHUTZEN-GEMACHT,-DER-
OFT-DIE-RICHT!GEN-BUCHSTABEN-TRIFFT.FRAU-KUBLER-lST—
EINE-MOTlVATIONSKUNSTLERIN.OHNE-SlE-WARE-DIESER-
BRIEF-NICHT—ZUSTANDE-GEKOMMEN.-ER-MUSS—GEFEIERT-
WERDEN.-DAZU-MOCHTE-|CH-S|E-UND-lHR-TEAM-HERZLICH-
EINLADEN-.EINE-GELEGENHEIT-FlNDET-SICH-HOFFENTLICH-
BALD.

MIT-BESTEN-GRUSSEN-
IHR-HANS-PETER-SALZMANN-

Birbaumer et al., Nature (1999)




Levels of impairment and BCI-
control

# PATIENTS FROM THE LABORATORY
AT TUBINGEN UNIVERSITY

A PATIENTS FROM OTHER BCI
RESEARCH GROUPS INCLUDED
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Kubler & Birbaumer, (2008)







Classification of brain activity
during imagery

GR

Uber Lasion zentriert

irbaumer, Psychophysiology (2006)
Hinterberger et al.Epilepsy and
Behavior (2008)
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- Co <ed-in patient IR with permission of family and jutige

" _



George

(with patient‘s permission)




Completely locked-in patient GR with 120 electrode grid implanted
épidurally left fronto-central cortex

Imagery of hand movement Imagery of foot movement
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A\ <+— Reward by brain stimulation

O
Reward by escape from shock
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manuscript submitted

Dworkin&Miller ,Behav.Neurosc(1986)



S1 nos dejan solos, todo esta de
mas.

Wenn wir allein gelassen werden,
1st alles zu viel.

If we are left alone,
everything becomes too much.

Antonio Porchia



Quality of life in ALS-patients
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all satisfying  satisfying

Kubler et al. , 2005




Quality of life— patients and the
bias of significant others

ALS patients
W signifcant others

QoL mean scores

11

Kabler et
N=19;t,=2.75p<.05 al.Neuroreh.&Repair 2005




Mean scores of depression

Clinically
relevant

Mild /
moderate

Not
depressed
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Healthy individuals ALS patients Patients with
depression disorder

N =93 N =76 N = 56

Kubler et al., in press




Subjective responses to emotional slides

Arousal is diminished in
ALS-patients

ALS-patients rate more positive

ALS patients
B Healthy controls




ALS-patients minus healthy participants
(IASP. Lang, Bradley & Cuthbert)

Brain areas with
stronger BOLD-
activations in
I patients than
healthy controls

oL . Larger activation in right
after 6 B supramarginal gyrus (BA 40)
: involved in social processing
increases in the course of the
disease

months

Lule et al,Neurology (2007)




Birbaumer & Cohen, J.Physiol. (2007)



The Training Paradigm

Target
Presentation

T2 Task
—T21ITI
== T1 Task
— T1ITI

| JSMOd pezﬂeLde' |

Successful
Result

Screen Cursor Presentation i
Feedback

Unsuccessful
Result
Presentation

Buch et al, Stroke (2008)




MEG-BCI training in chronic stroke
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MEG-BCI: hand orthosis controlled
by ipsilesional central mu-rhythm

Buch et al. Stroke (2008)










Paretic hand executed movement
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Cerebellum




Die einzige Wahrheit auf der
Erde 1st unser Gefiihl

The only truth on earth 1s our

emotion.

Gustav Mahler




fMRI-BCI system

Signal Acquisition

|

Custom-built scanner program

raw images

Signal Analysis

BI Program

preprocessed
brain activity

pattern classification (Support Vector Machine)
sperformance measures

Participant




Ruckmeldung der Hirnaktivitat
[ Training]

mean +/-std

» 'S o o N

25 a0 155 220 285
Weiskopf et al. J.Physiol (Paris) 2005 Ume [IVMRI vome)




Operant Conditioning of BOLD

S1 (Yoo 02, deCharms 04, Yoo 04)
. M1 (Yoo 02, deCharms' 04, Yoo 04)

ACC (deCharms 05,
Weiskopf 03)

Weiskopf et al. Magn.Res. Imaging (2007)




Learning of right inferior frontal gyrus
activation

NE, SK = 12 sessions
SP, KL = 8 sessions

Rota et al., Human Brain Mapping, (2008)



Rota et al. Human Brain Mapping(2008)




Both schizophrenic subjects were able to regulate BOLD magnitude in the right anterior insula within the
sessions. Percent BOLD signal increased from an early-weak regulation session, to a late-strong regulation
session (p<0.05) (Fig. 2)

a) Weak regulation of Insula (early session)

BOLD time series

21 41 @1 81 107 1271 141 161 181 201 227 24

b) Strong regulation of Insula (late session)

BOLD time series

MY

O 2 m

SPM analysis of subject FM, showing the contrast up-regulation vs baseline during an early and a late
session. The time-series of BOLD signal for each session is also shown.




 Patient FM, schizophrenia negative symptoms, better accuracy in the
recognition of disgust faces after Up regulation compared to Baseline. Both
emotions (happy and disgust) were rated as more intense after Up regulation

Emotion Recognition E motion Intensity

Right answers

dizgust

Fig 4. Behavioural results of subject FM




Acquisition CS+/CS-




Aggressionsstudie: Bestrafung
schwacher Schmerz

starker Schmerz




Guilt in low versus high psychopathy trait

BOLD effect size

low psychopathy traits

. Veit et al
subject (2008)




Near Infrared Spectroscopy (NIRS) for
Operant Training of Cerebral Oxygenation

fMRI-BCI-Training of BOLD-Increase in the Right Anterior Insula
Caria et al, Neuroimage 2007
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Mental Imagery

Signal Change [%]

Sham Feedback

Signal Change [%]

Caria et al, submitted




Psychopaths

Linear increase of activation over time 1n the left insula

Fitted responses
learning

response at [-36, 30, -13]

Session

Caria et al submitted




Functional connectivity changes
due to training
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Fun lojter hofenung wer 1ch
noch meschuge.

Vor lauter Hoffnung werd® ich noch
verruckt.

[ am mad of hope.
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-Epllessia del lobo temporale
Crisi parziale semplice Crisi parziale complessa

Stato di cescienza
presenvatc,
Sensazicne di
paura e di déja vu

La diffusione all'ippocampo
contrelaterale porla ad allera-
zione dello stato di coscienza

Fecus temporale
mesiale

Sensazione
gasirointestinale
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Crisi parziale semplice (paura, Crisi parziale complessa (stato Crisi sacondariamente
senso di ripienezza epigastrico) di c;o:;cnenza altarato, postura - generalizzata tenice-clonica
sulle mani) 2

o oy A )

"o bRt e
TiTe WWM"V\N{W )\, VW‘M\N:?M‘
o st A b o

~EEG. Progressione delle crisi nell'epilessia dal lobo temporale




22-jahriger &¥ | -

( "”M “| Atmung

VEOG

" £ e B fun e i S PP o & S e



VLS| Model of CA3

s BEEBEEEE DN

MEmE" "

—»| Dentate

(b)

Berger et al, IEEE Eng Med Biol Mag 24, 30-44 , 2005




Emotional Processing in the Brain

Insular Cortex
Valence

UL

3l

9876543 21

Thalamus

Arousal Prefrontal Cortex

e i I Amygdala SCR * Arousal
RS REE 0 Y oo

987654321 startle * Valence




Hannah Arendt
Eichmann in Jerusalem

Ein Bericht von der Banalitdt des Bdsen
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Functional connectivity changes induced by BCI
training in schizophrenia

Weak /early insula regulation session

och\:gR \ Insula R

UU |_||_||_J|_H_H_l|_H_H_|

1 Z 3 4 5 6 7 8 9 10 11 12
Regions of Interest

. Functional connectivity form subject FM in a weak/early regulation session.
The figure show the bar chart of the causal flow: outgoing (+) and incoming

connections (-) in the network involved in regulation, and the respective direct
influence map.




Functional connectivity changes induced by BCI
training in schizophrenia

Strong/late insula regulation session
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IFGR  Insulal IPGR

. Functional connectivity form subject FM in a strong/late regulation session.
The figure show the bar chart of the causal flow: outgoing (+) and incoming
connections (-) in the network involved in regulation, and the respective direct

influence map.




Causal Densitiy Maps Change with Training
Time: Increase during Initial Training Phases -
Decrease during Late Training Phases
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Sitaram & Birbaumer, submitted




Instrumental Aggression and
Psychopathy

Protective Factors

Female

Classical Fear Conditioning
Rewards for Empathic Behavior

Genes and Perinatal Hormones
(1.e.0Oxvtocine, Androgens)

Strong Involvement of Parents in
Education

Consequent Educational Style

Models for Emotional and
Cognitive Self-Control

Intelligence and Success in School
Socio-economic Status Average

Enriched Social and Physical
Environment

Risk Factors
WEIRE

Deficient Classical Fear Conditioning
No Reward for Empathic Behavior,

Reward for Instrumental Aggression
Genes and Perinatal Hormones
(i.e.Oxytocine, Androgens)

Young, Single and Poor Mother
Chaotic Home Environment
Early Physical and /or Sexual Abuse

No Models for Emotional and
Cognitive Self-Control

Low Intelligence, Failure in School,
Attention Deficit Disorder and
Hyperactivity

Excessive Television, Aggressive
Computer Games, Aggressive
Pornography

Sensation Seeking, Monotonous
Environment, Sensitivity to Boredom

Alcohol and Drug Abuse
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Decreased connectivity in callous adolescents to fearful faces between
Amygdala and vmPFC

Correlation of amygdala-vmPFC connectivity and YPI scores

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
Amygdala-vmPFC connectivity

Marsh et al. Arch Gen Psychiatry (in press)




Recurrent BCI allows cortical cell activity
to control muscle stimulation

Computer &

Stimulator

Spinal cord

1. Utilizing muscles is more natural than prosthetic arm

2. Chronically implanted circuit will allow relearning




Murderous mind? A PET scan reveals less activity in the prefrontal
cortex of a convicted killer (right) than in that of a nonviolent control.
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Post

Auditory stimulation
— Visual stimulation

Anders, Birbaumer et al. 2004 Nature Neurosci.




yoomatic marker“ and blindsight

Anterior parietal activity
and reported emotional valence
across subjects

B
§
&
&

reported valence - starie amplitude

Anders, Birbaumer et al. Nature Neurosc. 2004







A. Amygdala
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Anders et al. 2004 Hum.Brain Mapping.
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White/Yellow regions indicate voxels of highest discrimination between emotional states




Classification Accuracy
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Classification of Emotional Brain States

Subjects

o Pictures: Neutral vs Happy
m Pictures: Neutral vs Disgust
O Pictures: Happy vs Disgust
O Recall: Neutral vs Happy

m Recall: Neutral vs Disgust
o Recall: Happy vs Disgust




from 'ltn_er et al



Exzessive instrumentelle Aggressivitat,

Kriminalitit und Psychopathie

Protektive Faktoren:
weibliches Geschlecht

klassische Konditionierung von Furcht
Belohnung fiir Empathie

Genetik und perinatale Hormone (Oxytozin,
Androgene)

Involviertheit der Eltern in das Leben der
Kinder

konsequente Kindererziehung

gute Modelle fiir Selbst- und
Emotionskontrolle

Intelligenz und Schulerfolg
geordnete soziookonomische Verhéltnisse

Risikofaktoren:

minnliches Geschlecht
keine Furchtkonsitionierung

keine Belohnung fiir Empathie, Belohnung
fiir instrumentelle Aggression

Genetik und perinatale Hormone (Oxytozin |,
Androgen 1)

junge, alleinstehende, arme Mutter

chaotische hausliche Umgebung und
Missbrauch

wenig Modelle fiir Selbst- und
Emotionskontrolle

geringe Intelligenz, kein Schulerfolg
Aufmerksamkeits-/Hyperaktivitdtsstorung

Langeweile/Sensationssuche, eintonige
Umgebung
exzessives Fernsehen




Fea!' Instruction | Regulation Rating Pause
Induction




Imagining spatial navigation (left) and playing tennis.

Owen et al, Science 2006




Cognitive regulation of emotions

ncreased acivity during up and
downregulation

i

¥ ]

Increased activation

during up-regulation
Decreased activation
during down-regulation







Pfurtscheller,Neuper,Bitbaumiet,(2005) ' 7"




Letter Bank on the Screen Response Type
ENIRSTAHDUGLCBMF Selection

ENIRSTAH Selection
ENIR | Non-response

STAH " Selection

ST Non-response

AH Selection
A Non-response

Selection

Perelmouter & Birbaumer, IEEE Biomed Engen (2002)




a o e 0 Nieolelis, Nature 2001
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Cortical Neuroprosthesis for Restoring Motor Functions

Primary motor cortex

Lesion of

A
f cervical spinal
| £ /B cord

Nicolelis, Sc.American




Cortical activity could stimulate spinal cord

Computer &
Stimulator

Spinal cord

1. Stimulating spinal circuits recruits motor units in natural order
2. Spinal sites can evoke co-ordinated movements
3. Effect of implant will be integrated with any remaining spinal function







Signal
acquisition

BCI system

Signal processing

Feature Translation

extraction | —> algorithm

_AIRM
EUSNG
OTQH2Z
LBPFJ
CDWX .
ViKeYe 20 1
Feedback A -
€« LW

Wolpaw, Birbaumer (2002)Clin.Neurophy




Es war gewissermassen schiere Gedankenlosigkeit —
etwas, was mit Dummbheit keineswegs 1dentisch 1st -,
die 1hn dafur pradisponierte, zu einem der grossten
Verbrecher jener Zeit zu werden ... wenn man thm
namlich beim besten Willen keine teuflisch-
damonische Tiefe abgewinnen kann ... Dass eine
solche Realitatstferne und Gedankenlosigkeit mehr

Unheil anrichten hat konnen, als alle in den
Menschen vielleicht innewohnenden bosen Triebe
zZusammen genommen.

Hannah Arendt: Eichmann in Jerusalem




Brain-Computer Interface

BCI SYSTEM

SIGNAL PROCESSING

SIGNAL Feature Translation| | __DEVICE __
ACQUISITION Extraction Algorithm COMMANDS

IABCDEFGHI

UKLMNOPQR)

STUVWXYZ
BACKUP

Wolpaw, Birbaumer et al. Clin.Neurophysiol.(2002)












Through the frayed curtain at my
window a wan glow announces the break
of day. My heels hurt, my head weighs a
ton, and something like a giant invisible

diving bell holds my whole body

prisoner.

Jean-Dominique Bauby: The Diving Bell
And The Butterfly
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. Selzures per week

All patients Patients without
large negativities

Kotchoubey et al., Epilepsia 2001




—_01Hz ©Sphincter-EMG, Patient EM, 3.8.02 55,591,

— 110 R: relax —— 100-400 Hz
—10-50 C: contract
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Connector

Hochberg et al, Nature 2006









Hochberg et al, Nature 2006




b Aktivierung: signifikante Verbesserung (FB, TF)
L Differenzierung: signifikante Verbesserung (FB, TF) (stren et al., 2006)







large effect sizes  Inattention and Impulsivity

medium effect size ~ Hyperactivity




NIRS Experimental Setup

Optical Fibre

Photon
Detactor

Conzrolling
Computer

Figure 2 Schematc of the expenmental set-up for NIRS
measurements acrass the head. In prachce the optodes are
rarely posiboned directl opposite each other.

® : Transmitting fibre ) . Receiving fibre
1 - 24 : Measuring position : Observation area

Figure 3 Probe posibon on the neonate’s head, and
measurement locations, over the sensorimotor cortex.




