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Basic Electrophysiology of the Electroencephalography
Seung Bong Hong, Ki-Young Jung
Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine

Although neuroimaging techniques and other diagnostic procedures has been devel oped, electroencephal ography
(EEG) is still very important for the evaluation of various brain diseases and functional studies of human brain. EEG is
formed mainly by spatial and temporal summations of postsynaptic potentials generated from alarge population of
pyramidal cells that can be considered as a collection of oscillating dipoles. EEG shows continuous rhythmic oscillation
depending on sleep-waking state. Alpha rhythms are generated in cortical areas acting as epicenters with local spread,
although the precise cellular mechanism is still unknown. 1t’s been known that neurons in the nucleus reticular thalami
are the pacemakers of sleep spindle. Alterations in the circuit of the reticular nuclei-thalamocortical relay neuron-corti-
cal neuron are responsible for generalized spike and wave complexes. At the intracellular level, large paroxysmal depo-
larizing shifts produce focal epileptic spikes. Slow waves of EEG appear to be related to thalamocortical and/or cor-
ticothalamic deafferentation. The interpretation of routine EEG requires a well training from a qualified EEG teacher
and reading adequate amount of EEG under supervision. Frequent misinterpretations of routine EEG have been
observed in both local clinics and genera hospitals. The most common findings of normal routine EEG misinterpreted
as abnormal are normal variants and artifacts of various sources. There are considerable variations of horma EEG
rhythms and pseudoepileptiform discharges. Eyeball movements produce prominent or subtle EEG changes over the
frontal regions that are sometimes hard to be differentiated from abnormal slow waves over that region. Systematic
approach was described for a good interpretation of routine EEG.
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Figure 1. Simulation model of dipole source representing relationship between orientation of dipole source and scalp potential field.
Suppose there is a fixed dipole source in left middle tempora gyrus, depicted as a dot indicating negative polarity (blue) and a rod
indicating positive polarity (red). In case of radial orientation of a dipole source (A), the maximal negativity of electrical potential is
recorded directly above the source. In case of tangentia orientation (C), the electrode picking up maximal negative voltage potentials
should be inferobasal electrode, such as sphenoidal or T9 electrode rather than midtemporal one. Note maximal positive potential can
record in vertex area at atime. As the orientation of dipole source is oblique to anterior aspect (C), inferior frontal and anterior tem-
poral area show maximal negativity.
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Figure 2. Two compartment model of functional connectivity of brain.

(A) Two compartment model of cortico-cortical organizaton are con-
sisting of 1) gray matter or alpha system demonstrating diffusive
synaptic dynamic described by the negative exponential and of 2)
white matter or beta system representing feedback loop spatial
dynamic. The two compartments appear to be dynamically linked and
exhibit competitive relationships in which changes in EEG coherence
in the two compartments are inversely related. (B) Injury to the gray
matter reduces both excitatory and inhibitory synaptic inputs to corti-
cal pyramidal cells, which results in decreased EEG amplitude, esp.
in the higher frequencies. Injury to the white matter only reduces the
excitatory inputs to the neocorticex, resulting in increased delta activ-
ity. (C) Increased T2 relaxation time in both the cortical gray and
white matter are related to decreased EEG coherence between short
interelectrode distance (e.g. 7 cm) and increased EEG coherence
between long interel ectrode distances (e.g. 28 cm).
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Figure 3. Incorrect interpretation of routine EEG. This EEG is
recorded and interpreted as sharp waves (arrow) at left parieto-
temporal region in alocal neurology clinic. However, when you
look into sharp-looking waves indicated by arrow, the rhythmic-
ity, shape and continuity of the underlying background activities
are not interrupted. There are no after-going slow waves that
occur typicaly after sharp waves. Thus, these waves are accen-
tuated underlying background rhythms during a little drowsy
state, not sharp waves.
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Figure 4. Incorrect interpretation of routine EEG. This EEG isinterpreted as seizure discharges ({ ) during routine EEG recording in
Neurology department of general hospital? A” of left EEG tracing shows rhythmic EEG discharges with phase reversal at T5, but
there were no electrical fields of* A” at adjacent electrodes (F7-T5, P3-O1) B” of right EEG tracing shows rhythmic EEG dis-
charges with phase reversal at P3 and C3 (double phase reversal), but there are no electrical field of B” at adjacent electrodes (T5-
O1). Paroxysmal EEG discharges recorded at only one scalp electrode and double phase reversal are usualy artifacts. The rhythmic
EEG dischargesin this patient are produced by rhythmic head movement with hyperventilation during routine EEG recording.
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Figure 6. Sharp transient is recorded at left hemisphere (arrow).
Although the indicated wave has relatively high amplitude with
a sharp wave appearance, it does not break down the underlying
baseline rhythm and is not followed by a slow wave.

Figure 5. Sharp waves are recorded at |eft frontotemporal
region with a phase reversal at F7 electrode. These sharp waves
break down the underlying baseline EEG rhythms and are fol-
lowed by slow waves.
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Figure 7. Drowsy response. There are slow eyeball movements
and alpha rhythms are slow and poorly formed, and run on and
off. This EEG features suggest that the patient isin drowsy
state. Paroxysmal medium to high amplitude waves with mixed
frequencies recorded diffusely with a parasagittal predomi-
nance. Although the shapes and patterns of these paroxysmal
discharges are totally different from the underlying baseline
rhythms and conspicuous, these waves are normal drowsy
response, so-called benign pseudoepileptiform patterns. The
paroxysmal drowsy responses should not be interpreted as
abnormal discharges.
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Figure 8. Asymmetry of alpharhythm frequency. The alpha
rhythm frequency of left occiput (7~7.5 Hz) is slower than that
of right occiput (9~9.5 Hz). This EEG finding suggests abnor-
mality of |eft cerebral hemisphere.
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Figure 9. (A) Alpha rhythm is nicely recorded at both posterior head regions. However, bipolar montage shows only the amplitude
difference of two electrodes (e.g., P7-0O1, P8-0O2), not the absolute amplitude of each electrode. Therefore, bipolar montage cannot
compare the amplitudes of alpha rhythms between right and left hemispheres. (B) Ear reference (A1, A2) montage is contaminated
by apha rhythm because A1 and A2 electrodes are placed within the active field of apha rhythm. Rhythmic activities recorded at
both frontal electrodes are false rhythms produced by A1, A2 electrode contamination. (C) Cz reference montage shows alpha
rhythm confined to both posterior head regions with little contamination at both frontal regions.
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Figure 10. (A) Longitudinal bipolar montage shows generalized spike-wave complex. Because all electrodes produce epileptic dis-
charges, the selection of reference electrode is aimost impossible. (B) RSH (right shoulder electrode) reference montage is able to
display a potential distribution of generalized spike-wave complex. Non-cephalic RSH electrode is far away from the brain, so rela
tively free from generalized epileptic discharges.
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Figure 11. Phase reversals are seen at C3 and T7 electrode with
a maximum deflection at C3. The location of maximum phase
reversal indicates the epileptic focus at C3 (left central region).
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Figure 12. EEG changes according to eyeball movements. (a)
upward eyeball movement, (b) downward eyeball movement,
(c) left lateral eyeball movement, (d) right lateral eyeball move-
ment, (e) left upward oblique eyeball movement, (f) left down-
ward oblique eyeball movement.
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Figure 13. Hypnagogic hypersynchrony. Paroxysmal dis-
charges of high amplitude slow waves intermixed with small
sharp-looking waves are recorded during light sleep. This

paroxysmal hypersynchrony is a normal drowsy response, not
abnormal discharges.
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