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History
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1928 — Hans Berger “EEG — window on the mind”
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First EEG measurements by Example of EEG
| Berger around 1928. recordings by Berger
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History
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1963 — Joseph Kamiya and alpha training

Recognition of certain brainwave states - alpha
Self regulated production of alpha

Demonstated typical biofeedbackloop —a
twoway process

Anxiety Change Through
Electroencephalographic Alpha
Feedback Seen Only in High Anxiety
Subjects”

James V. Hardt and Joe Kamiya
Science, Vol. 201, pp. 79-81, 7 July 1978

WITH CHANGES IN STATE ANXIETY
{corselations are z-transformed!
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History

70s — Barry Sterman and sensorymotorrhythm
(SMR training)

“Neurofeedback treatment of
epilepsy: from basic rationale to
practical application.”

Tobias Egner & M Barry Sterman. Expert Rev.
Neurotherapeutics 6(2), 247-257, 2005)
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MEAN LATENCY OF ONSET (minutes)
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Neurofeedback
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EEG signal

v

Computer Loud-

EEG Amplifier
Screen speaker

Animation and
sound feedback
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# Today — brain network changes in mental
VERANCENTRET d | SO rd ers
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| Key: Il Hypoactivation (controls > patients) Il Hyperactivation (patients > controls) |
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& fMRI
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S500,000 - S3 millions
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o e e $500,000 to $3 million

- .

Participants

-
Data Acquisition
>

*Echo Time (~T,")
*EPI/ mEPI/ Spiral

Resolution (~4mm)
+Static Field Strength (1.5T/3T)

Key: Il Hypoactivation (controls > patients) Ill Hyperactivation (patients > controls) |

Social anxiety Specific phobia Fear
o 5 /2
g PN PN PN Feedback Signal On-line Analysis
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+Delay (1.3s - 120s)
“Interpretability

Key: [l Hypoactivation (controls > patients) [l Hyperactivation (patients > controls) —
| |

$10,000 to $20,000

Z Scores Full View

Hemi-Views

Symptom / Complaint
Ds a Problem

|Anoety

I-.Et of |Atiension Deficits - Easily Distractible
[Auditory Sequencing Problems
Symptoms Balance Problems

Blurred Vision

|Chronic Pain

[Compulsive Behaviors and/or Thoughts

Hypothesis Match
Mmm 13 = Left 13 Left
Hypotheses 3" Right 13 Right
26 Left 30 Left
2 Rght | f30 Right
30 Left Amygdala Left
0 Right Amygdala  Right
Amygdala  Left
Amygdala Right
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Theory
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Standard positions for placement of EEG electrodes.
Abbreviations: A= auricle (ear), C = central, Cz = vertex, F = frontal,
Fp = frontal pole, O = occipital, P = parietal, T = temporal.

Wires from electrodes are fed through an amplifier.

Raw EEG
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EEG Frequencies
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» theta 4-8Hz
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Figure 6.3 Examples of (a) delta, (b) theta, (c) alpha and (d) beta activity.
(e) Blocking of the alpha rhythm by eye opening. (f) 1 s time marker



Frequency analysis
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— Frequency analysis is a key component of the Clinical EEG examination
* Neurometrics

— Changes in the EEG Frequency Spectrum are seen in:
e Development and ageing
— Peak Alpha
» 6Hzat 1year
» 8Hzat 3vyears
» 10Hz at 10 years = 1Hz
» Decline in elderly

* Neuropathology

* Psychopathology

* Levels of consciousness
* Cognitive Processing

o

=2) FORSVARET
-

—



&

VETERANCENTRET

Lol

Neurometrics (John, 1987)

Thatcher Lifespan Normative EEG database
(LSNDB/NeuroGuide)

Sterman-Kaiser (SKIL) Database

The International Brain Database
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Normative Databases (1)

Table IV

List of “Gold Standards™ by which to judge

QEEG Normative databases

Standards

Yes

No

Amplifier Matching

2 Peer reviewed publications

3 Artifact Rejection

4 Test Re-Test Reliability

5 Inclusion/exclusion criteria

6 Adequate Sample size per age group
7 Approximation to a Gaussian

8 Cross-Validation

9 Clinical Correlation

10 | FDA Registered
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Normative Database Validation Steps

Transform & Re-Compute

Reliability |
»{Time Domain g
y ¥ ;.g
@

o 8
glEg ul::al & Means 4 =
Time F § g B - *| Scores| == g
Series = St. Dev. c

o
F 0
requency
— -1 E > . |__Real
EC Domain == 3
__EO | Ave-Ref —Imaginary L)
L Wavelets
— Task —CSD | LORETA
L Etc —Etc | Hjorth Descriptors
L Eigenfunctions
| ITFA
~ Etc

Clinical Correlations & Predictive Validity Il
Parametric & Non-Parametric Statistics
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Normative Databases (3)
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EYEs CLOSED EEG NORMATIVE DBASE_Sample Sizes_N=625 Subjects
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% Symptom Check List

[Symptoms| | Neuropsychological |

Symptom / Complamt
Anosognos:a - Denial of a Problem
Arcoety
Lisl Of ﬁle;nhon Deficits - Easily Distrachble
Auditory Sequencing Problems 0
Smn‘s Balance Problems 0
Blurred Vision 0 /
Chronic Pain 0 A
Compulsive Behaviors and/or Thoughts 0 /
1Conransation Rinhlams 0/
Hypothesis Match Mismatch
Anatomical _Brodmann | Hem {4l | Brodmann | Hem 1 _!me.l_rmjj
13 Left 13 Left 1 Right
Hypotheses 13" Right 1 Right 2 Right
26 Left 30 Left 3 Right
2% Right 30 Right 4 Lo#
30 Left Amygdala Left 4 Right
30 Right Amygdala Right 5 Leh
Amygdala Left 5 Right
Amygdala Right 6 Left
i I Right xf
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Thank you for your attention!!!
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