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Electroencephalography (EEG)

What is EEG?

Why is EEG used?

Where do the signals originate?
Normal patterns of activity
Pathological patterns

How to collect EEG

Artefacts

How to minimise artefacts



Electroencephalography (EEG)
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Clinical uses of EEG

Seizure management

Monitoring the effects of anticonvulsants used for seizure management

Supports the diagnosis and management of: Dementia, coma, head
Injury, vertigo, sleep disorders, tumour, abscess (build-up of infected
fluid), encephalitis (mflammatlon) haemorrhage (bleeding), cerebral
Infarct (tissue death), Developmental disorders

Monitoring the effects of anaesthesia during surgery - as anaesthesia
deepens, high frequency components decrease in amplitude, lower
frequencies increase

Not used in the diagnosis of death in the UK — investigation ongoing
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Cerebral cortex - outermost layer, 10 mm
thick, consists of approximately 1012
neurons.

Pyramidal cells contribute to the EEG signal:
10 — 300 pVv
0.5-40 Hz
Variation in impedance throughout the
meninges, cerebrospinal fluid, skull and the
scalp

Layers do not have uniform thicknesses

Not a true sphere



Volume Conductor Problem

Cerebral cortex - outermost layer, 10 mm
thick, consists of approximately 1012
neurons.

Pyramidal cells contribute to the EEG signal:
10 — 300 Vv
0.5-40 Hz

Variation in impedance throughout the

meninges, cerebrospinal fluid, skull and the
scalp

Layers do not have uniform thicknesses

Not a true sphere

Not currently possible to precisely localise
origins of electrical activity




Patterns of activity
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Patterns of activity
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10-20 electrode placement system
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10-20 electrode placement system
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Seizures (convulsions, epilepsy)

« Partial (or focal) seizures

— Simple 30 — 60 second, do not end in loss of
consciousness

— Complex 1 minute, end in loss of consciousness

» (Generalised seizures

— Absence Recurring, no awareness, bilateral
(Petit mal)

— Tonic-clonic Last for minutes, potentially dangerous
(Grand mal) high tone followed by clonic convulsions

— Myoclonic Sudden brief repetitive jerks

— Atonic Sudden loss of muscle tone



Absence selzure

Increased amplitude

Pre-ictal activity Spike and wave activity
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EEG Electrodes

Non-polarisable Ag/AgCI cup electrodes
Electrode cap
Needle electrodes
Bulb electrodes

Foll electrodes




Electrode Montages

A montage is an arrangement of electrode configurations used to
highlight different physiological features

A bipolar montage is one were two neighbouring electrodes on the
10/20 map are connected for simple differential amplification; this is
useful in detecting local events

An average reference montage is one were each electrode is
applied to one input of each amplifier, thereby contributing a fraction
to the total output; this is useful when recording global activity

A referential montage uses a single location to act as a reference
for all other electrodes. Midline electrodes are often used to enable
hemispheric localisation. Ears (auricular points) are also used

Commercial systems collect data from a single reference, allowing
the choice of montage to be made in software later during analysis



EEG Hardware

‘Headbox’

- Amplification, A-to-D conversion, signal conditioning

-1, 2,4, 8, 16, 32, 64 to hundreds of electrode connections
- Channels for references and ECG

Computer
Video Camera
Strobe Light




Outpatient

Controlled environment, designed for
EEG collection

Specialist staff
Remote video monitoring station
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Inpatient

24 hour monitoring ward
Remote video link

Ward staff familiar with EEG
Less controlled environment




Intensive care unit

Neonatal, paediatric, adult
Poor electrostatic environment
Staff less familiar with EEG

Prioritising data channels




Status Epilepticus
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Artefact - EMG
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Artefact
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Artefact - ECG
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Artefact - Feeding pump
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Artefact - IV drip




Data Quality - Minimising Artefacts

Placement of the department within the hospital
— away from lift switch gear, generators,
radiotherapy, radiography

Design of room — electrically insulated,
separate isolated power supply

No unnecessary electronic devices (radios,
clocks, lamps)

Comfortable chair, lighting, temperature

Care of electrode leads, short leads, placed
symmetrically

Use of electrode placement standard
Clean scalp with aluminium oxide gel
Abrade if necessary
Use of collodion gel

Impedance checks (< 6 kQ individual electrode,
< 2 kQ) between electrodes)

Use filters (mains notch)

Differential amplification - instrumentation
amplifier, high CMRR

Care of fontanel in neonates




Electrocorticography




Electrocorticography

Higher sensitivity,
spatial resolution and
sighal-to-noise ratio




Data Quality - Reporting

Compared to ECG data collection, there is a higher need for the
Consultant to be present during data collection

Technical Report — record of data collection process and signs
witnessed by the technician collecting the EEG data (role of Clinical
Neurophysiologist)

Diagnostic Report — clinical interpretation of the data, drawing on all
sources of data (role of Consultant Neurophysiologist)

Alternatively, some centres train Specialist Clinical Neurophysiologists
to interpret data



Other Uses

EEG Biofeedback — Personal development / meditation

Commercial - Screening & evaluating pilots, cockpit control interface, pilot
monitoring, assessing consumer reactions

Control of assistive devices — wheelchairs

Entertainment — computer games, virtual reality, music, artistic interface to
light and sound machines for performance

emotive

you think, therefore, you can


http://www.emotiv.com/apps/epoc/299/

Other bioelectric technigues

Electroencephalography (EEG) Cerebrum
Electrocorticography (ECoG) Cerebrum
Depth recordings (needle electrodes) Cerebrum
Auditory Brainstem Response (ABR) Brainstem

Electrooculography (EOC) Corneal-retinal dipole moment
Electroretinography Visual receptors
Electrocochleography (ECoG) Cochlear

Electroneurography (ENG) Peripheral nerves
Electrocardiography (ECG) Heart

Electrogastrography (EGG) Stomach

Electromyography (EMG) Skeletal muscle



Auditory Brainstem Response

« A sensorineural hearing test of the state of the retrocochlear pathway
(from cochlea to the auditory cortex, through the vestibulocochlear
nerve)
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Auditory Brainstem Response

« A sensorineural hearing test of the state of the retrocochlear pathway
(from cochlea to the auditory cortex, through the vestibulocochlear

nerve) A F,
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Auditory Brainstem Response

ms



Auditory Brainstem Response

 An evoked potential
« Signal magnitude in the order of 1-10 pV, appears for a few
milliseconds
1. Synchronise data sampling with the stimulus delivery

2. Signal averaging - 100 ps click stimulus repeatedly delivered, amplify
with a gain of 150000 to 300000(!), filter (100 Hz high pass filter & 1.5
kHz low pass filter), sample (in 10ms bursts), then average the result
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Auditory Brainstem Response
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Auditory Brainstem Response
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Auditory Brainstem Response
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Auditory Brainstem Response
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Auditory Brainstem Response

Absolute peak latency

Inter-peak latency
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Auditory Brainstem Response
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Acoustic Neuroma
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* Non-invasive

* Trans-tympanic

Electrocochleography




Electroneurography
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