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Electroencephalography
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Brain Wave Recordings

 Recorded extra-cellularly from scalp
(EEG)

 Recorded from extra-cellularly from
surface of cortex (ECOG)

* Recorded extra-cellularly from deep
structures (electroneurogram)



EEG Subfields

1 EEG
Animal’
¥
Human
¥ . + L]
Spontaneous EEG® Evoked® or Event-related Potentials®

Depth® ECoG®

¥ ¥

Scalp Sealp Transiont® ' Scalp Steady State”
Clinical Applications * T— * Cognitive Science
epllapsy T sensory pathways11
head trauma stimulus encoding
drug overdoze mofor process
brain infection spatial task
slaep disorder varbal lask
coma mathematics
stroka short term memory
Alzheimer's disease® memory encading
brain tumor? selective attention
multiple sclerosis ' task context
surgical monitoring'® general intelligence'®
dynamic brain theory™

Figure 1-3 Common relationships between EEG subfields. Clinical applications are mostly
related to neurological diseases. EEG research is carried out by neurologists, cognitive
neuroscientists, physicists, and engineers who have a special interest in EEG, See text for a
discussion of numbered superscripts. Reproduced with permission from Nunez (2002),



Structural Relationships

Correlative Correlative
E/B M/B
EEG, MEG 4mmp | Gohavior/Cognition | 4 MRIPET |
A .
Causal I ausal
1.E A-B H Speculative 2.M
Al 2 . A-2
Cell Groups 1 | ooo}| CELL ASSEMBLIES | [Z77»|  Cell Groups 2
z!ﬂ\'. Ir_‘:'
Causal i i ’ Causal
E-1 F-A i i A-F i L Speculative F.o
L

Synaptic Action Fields Wy(r, t) and Wy(r, t)

Figure 1-8 A conceptual framework for brain function, Double arrows (near top) indicate
established correlative relationships between behavior/cognition and EEG, MEG, MRI, anel
PET. By definition, cell groups 1 generate FEG or MEG and cell groups 2 generate MRI
or PET. Cell groups 1 and 2, which may or may not be part of neural networks (or cell
assemblies), are embedded within the larger category (or “culture’) of active synapses,
the synaptic action fields '¥',(r, ) and W,(r, t). These excitatory and inhibitory synaptic action
fields may be defined in terms of numbers of active synapses per unit volume or per unit of
cortical surface area, independent of their functional significance. Cell assemblies and
cell groups | and 2 may or may not overlap. Causal and correlative (may or may not
be causal) interactions are indicated by hyphens and slashes, respectively. Reproduced

with permission from Nunez and Silberstein (2000).



Cortical Fibres

Extreme Sagittal Stratum

Figure 1-2 (a) Some of the superficial corticocartical fibers of the lateral aspect of the
cerebrum obtained by dissection. (b) A few of the deeper corticocortical fibers of the lateral
aspect of the cerebrum. The total number of corticocortical fibers is roughly 10'°, that is,
for every fiber shown here, about 100 million are not shown. Reproduced with permission
from Krieg (1965, 1973).



Overview (EEG)
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Figure 1-1 {a) The huwman bBrain, (b)) Section of cerebral cortex showing microcurrent
sources due o synaptic and action potentials, ‘\.. urons are actually much more closely
packed than shown, about 1V neurons per mm© of surface. (¢} Eac h sc alp EEG electrode

records space averages over many square centimeters of cortical sources. A foursecond
epoch of alpha rhythm and igs corvesponcding power speciram are shown,



Cortical Contributions

EEG

0.2-03 CM

Figure 2.3 Neocortical sources can be generally pictured as dipole layers (or “dipole sheets,”
in and out of cortical fissures and sulei) with mesosource strength varying as a function of
cortical location. EEG is most sensitive to correlated dipole layer in gyri (regions ab, de, gh),
less sensitive to correlated dipole layer in sulcus (region hi), and insensitive to opposing
dipole layer in sulei (regions bed, efg) and random layer (region ijklm). MEG is most
sensitive to correlated and minimally apposed dipole layer (hi) and much less sensitive to
all other sources shown, which are opposing, random, or radial dipoles. Modified version
reproduced with permission from Nunez (1995),



Instrumentation (EEG Electrodes)

Figure 428 The10-20 electrode system  This system is recommended by the
International Federation of EEG Societies. (From H. H. Jasper, “The Ten-
Twenty Electrode System of the International Federation in Electroencepha-
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Electrode Placement
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Cortical Electrodes

Ag/AgCl electrodes

Contacts ~l

Base

Insulated leads

(a)

Contacts — Insulated leads

Ag/AgCl electrodes

()

Exposed tip

(c)
Figure 5.16 Examples of microfabricated electrode arrays. (a) One-dimen-
sional plunge electrode array (after Mastrototaro er al., 1992), (b) Two-dimen-

sional array, and (c) Three-dimensional array (after Campbell er al., 1991). -

11



Amplifier Connections
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cording. With “monopolar” recording, the reference electrode is on the carioh. i, of neck
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EEG Signal Processing

e Spontaneous EEG iIs one of few
electrophysiological signals that has
Information primarily in frequency content

e Time-amplitude information in evoked
EEG and spontaneous EEG

e Spontaneous processing includes Fourier
(stationary) and Wavelet analysis (non
stationary)
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General Bandwidths
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Figure 59-1. Different types of normal electroencephalo-
graphic waves. g
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Alpha Predominance
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Fignure 1-4 (b) Alpha rhythm recorded from a healthy 25-yvear-old relaxed male with eyes
closed using a neck electrode as reference. Four seconds of data are shown [rom four scalp
locations (left frontal-30; right frontal-26; left posterior-108; right postervior-100). Aampli-
tudes are given in pV. (a) Amplitude spectra for the same alpha rhythms shown in (b) but
based on the full five-minute record o obtain accurate spectral estimates. Amplitudes are
given in pW per root Hz, Frequency resolution is 0.25 He The double peak in the alpha
band represents oscillations near 8.5 and
frequencies have different spatial properties and behave differenty during cognitive tasks

as shown in chaprer 10,
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Applications

1 EEG
Animal’
¥
Human
' ! 1
Spontaneous EEG® Evoked® or Event-related Potentials -‘

Depth® ECoG®

¥ ¥

Scalp Sealp Transiont® | Scalp Steady State”
Clinical Applications * T— * Cognitive Science
apllapay T sensory pathways11
head trauma stimulus encoding
drug overdoze mofor process
brain infection spatial task
slaep disorder varbal lask
coma mathematics
stroka short term memory
Alzheimer's disease® memory encading
brain tumor? selective attention
multiple sclerosis ' task context
surgical monitoring'® general inteliigence'®
dynamic brain theory™

Figure 1-3 Common relationships between EEG subfields. Clinical applications are mostly
related to neurological diseases. EEG research is carried out by neurologists, cognitive
neuroscientists, physicists, and engineers who have a special interest in EEG. See text for a
discussion of numbered superscripts. Reproduced with permission from Nunez (2002),
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Clinical Appllcatlons (Spontaneous EEG)

bral ct ty n the ba5|c rhythm of the elec- Stupor Sleep Psychomotor  Infants Relaxation  Attention Grand mal

troencephalogram. (From Gibbs and Gibbs:  surgical anestesia  Siow component Deteriorated epiieptics Fright Fast component of petit mal
Atlas of Electroehcephalography, 2nd Ed. Vol. of patit mal Confusion

I. Reading, Mass., Addison-Wesley, 1974. Re- Light ether
printed by permission.) sy

 |dentify presence of lesions (historical)

e Diagnosis and monitoring of epilepsy
(seizures)

e Sleep staging
e Estimation of depth of anesthesia
e Other organic brain disease

* Neuropsychiatry (depression,
schizophrenia, Altzheimer)
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Epilepsy
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Figure 59-5. Electroencephalograms in different types of epi-
lepsy.
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Epilepsy EEG Signal
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Closed Loop Epilepsy
Treatment

Source: Nat Clin Pract Neurol © 2008 Mature Publishing Group
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Sleep Staging
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Brain Evoked Potentials
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Future?
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Clinical Treatment
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Those with correctable pathophysiology may not respond
as standard methods place the colil in the wrong spot
(we are not very good at predicting RESPONSE using QEEG)

Standard positioning
Method incorrectly
Places colil here.
Magnetic energy is not
delivered to the
appropriate site

Possible site
Of correctable
dysfunction
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Stimulating over Correct Part of the Brain

Standard positioning
method correctly
places colil at the

appropriate site to
effect an
antidepressant
response

Possible site
of correctable dysfunction
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Amplitude (uV)

Sham (Acoustic —Averaged)

250F

200 +

—
LM
=

100

LM
=
T

0

0.01 0.02 0.03 0.04 0.05% 0.06 0.07

Time (s)

Fp1
Fp2
F3

F4
F7
F8
T3
T4

Lk
T6
C3
C4
P3
P4
01
02
AV

37



True Response Left BO9
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Amplitude (uVY)
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New Advances in EEG

Brain patterns very complex

Use mathematical processing (machine
learning) to analyse patterns to predict:

Which drug to use for Schizophrenia

Which drug to use for treating major
depression

Will rTMS work?
Diagnose neuropsychiatric disease?
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