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This presentation was given as an introductory talk at the first BESA Epilepsy
workshop in Lund, Sweden, November 25-26, 2010.

The first purpose of this workshop was an introduction into the new BESA
Epilepsy program for fast clustering and reporting on interictal spikes in LTM EEG.

The second purpose was a training of new tools available in BESA Research for

the averaging, analysis and imaging of interictal spikes and spectral analysis of
seizure onsets.

For a better understanding of 3D mapping we suggest that you consult our new
BESA Quick Guide on 3D maps.



http://www.besa.de/tutorials/quickguides/

Practical, automated analysis of spikes

1. Review EEG spikes using optimized montages
and filters

2. Localize visually using dipolar 3D maps
3. Mark spikes for pattern search and average

4. Localize and image source activity using different,
automated strategies

5. Compare onset and peak for propagation
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Overviews of advanced methods of digital EEG review and source analysis can be
found in:

Scherg M, llle N, Bornfleth H, Berg P (2002). Advanced tools for digital EEG review:
virtual source montages, whole-head mapping, correlation and phase analysis. J.
Clin. Neurophysiol. 19: 91-112.

Scherg M, Bast T, and Berg P (1999). Multiple source analysis of interictal spikes:
Goals, requirements and clinical value. J. Clin. Neurophysiol. 16: 214-222.

Further papers on source analysis of interictal epileptic activity:

Bast T, Boppel, T, Rupp A, Harting I, Hoechstetter K, Fauser S, Schulze-Bonhage A,
Rating D, Scherg M (2006). Noninvasive source localization of interictal EEG spikes:
effects of signal-to-noise-ratio and averaging. J. Clin. Neurophysiol. 23: 487-497.

Bast T, Ramantani G, Boppel T, Metzke T, Ozkan O, Stippich C, Seitz A, Rupp A,
Rating D, Scherg M (2005). Source analysis of interictal spikes in polymicrogyria:
Loss of relevant cortical fissures requires simultaneous EEG to avoid MEG
misinterpretation. Neuroimage 25: 1232-1241.

Bast T, Oezkan O, Rona S, Stippich C, Seitz A, Rupp A, Fauser S, Zentner J, Rating
D, Scherg M. (2004). EEG and MEG source analysis of single and averaged
interictal spikes reveals intrinisc epileptogenicity in focal cortical dysplasia. Epilepsia
45: 1-11.

Scherg, M., Bast, T., Hoechstetter, K., llle, N., Weckesser, D., Bornfleth, H., Berg, P.
(2004). Brain source montages improve the non-invasive diagnosis in epilepsy.
International Congress Series, 1270C: 15-19

Papers can be obtained as PDF files from the author (mscherg@besa.de).



Traditional EEG montage: long. bipolar + FT. Time constant 0.3 s.
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As a first example, we will use the EEG data of a patient with temporal lobe epilepsy
to understand how improved montages and filter settings can enhance the
perception of interictal spikes in the EEG. We will inspect a 10-sec page of EEG
with different standard montages and filter settings.

Pressing F2, we obtain a standard EEG display with a longitudinal bipolar montage
that is extended to inferior and has an additional transverse FT9-FT10 channel
(Lueders montage). A standard EEG review filter is set: time constant of 0.3 sec, i.e.
a low forward filter of 0.53 Hz; no high filter.

Polarity reversal can be seen over the left hemisphere between F7-P7 showing 4
spikes (marked by tags 1 & 2) and on the right between F8-P8 showing 2 spikes
(tags 3 & 4).

The tags have been set by pattern search using the temporal lobe source montage
described below.

Instead of using the recorded channels, the montage uses virtual channels, i.e. the
EEG signals are interpolated at standard 10-20 and 10-10 locations on the scalp.
This reduces local muscle artifact and allows for interpolation of missing or bad
channels and to extrapolate to more inferior sites, e.g. FT9 / FT10 in cases where
only the standard 10-20 electrods are used. Thus, the EEG display always shows a
consistent set of channels that makes reviewing more easy and reliable.



Spike review montage: average ref. (AV33). Digital filters: 2-35 Hz.
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Pressing F4, we obtain the virtual average reference montage AV33 with inferior
electrodes F9/10, T9/10, P9/10. These electrodes allow for some differentiation of
spikes with tag 1/3 ( spike signal largest at T9/10, present also at P9/P10) from
spikes tag with tag 2/4 (spike signal largest at F9/10, not present at P9/P10).

Spikes, including inferior-temporal patterns, are better visible by using

1) avirtual montage that covers the whole head by extrapolating to
intermediate and inferior sites even in the absence of deep electrodes,

2) the grouping of channels in three longitudinal rows (e.g. the denser Fp1,
F7, FC5, T7, CP5, P7, O1 row), and

3) an optimized filter band (2 7 35 Hz) that suppresses slow EEG activities
and renders spikes riding on slow EEG activity more visible. At the same
time, the high filter removes a sufficient amount of EMG activity to enhance
the visibility of spikes.




Check temporal lobe: source montage (TR). Digital filters: 2-35 Hz
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Pressing F11, we obtain the temporal-region source montage that estimates the
activity at 4 different aspects of the temporal lobe. The EEG activity is projected
onto the various brain regions using the potential distribution of all scalp electrodes
in an inverse model. Thus, the left (upper 4 traces, blue) and right (next 4 traces,
red) temporal lobe activities can be separated to a large degree from each other
and from the activities in other brain regions (below).

The 4 temporal lobe aspects from top to bottom in each of the left and right groups
are:

Atemporal-basal
Atemporal-polar
Atemporal-anterior lateral
Atemporal-posterior lateral

Spikes with tags 1/3 show the largest and earliest activity at the temporal base,
while spikes with tags 2/4 show a leading temporal-polar activity.

Based on this distinction, obvious only in this specific source montage, we were
able to search for similar spikes of these basal and polar types in the left (tags 1 &
2) and in the right temporal lobe (tags 3 & 4). The displayed EEG page shows
typical detections that were found using a clear template for each spike type in the
appropriate source channel.



Click on peak to understand topography: left temporal basal origin
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We page through the EEG and look for a prominent spike that has a flat,

undisturbed onset epoch (marked yellow block). This presents an ideal template for
pattern search.

The largest spike signal is seen at the left temporal basal channel (top) and

preceeds the spike activity at the left temporal pole and anterior-lateral region (= left
mesial basal spike).

Click on the spike and adjust to the spike maximum in the map using the arrow
keys.

Note: the 3D map is automatically rotated to set the viewpoint to the center of the
activity (between negative and positive poles in a dipolar topography).



Practical, automated analysis of spikes

1. Review EEG spikes using optimized montages
and filters

2. Localize visually using dipolar 3D maps
3. Mark spikes for pattern search and average

4. Localize and image source activity using different,
automated strategies

5. Compare onset and peak for propagation

®

| www.besa.de M. Scherg, 2010

In most case, the 3D maps at the onset-peak interval are sufficient to localize the
origin visually. You will learn the basics how to do this in the following slides. We
alos suggest to consult our new BESA Quick Guide on 3D maps.

Another recommendation is to use the DipoleSimulator program (download this free
software from www.besa.de) and place a dipole into the left sensorimotor region.
Leave the dipole at the same location change orientation by dragging on the current
dipole arrow.

You will see all kinds of different maps with the negativity oll over the scalp. But, if
you use the rules tought in the following, you will be able to see that all maps have
exactly the same origin:

All these changes are only due to the complex 3-dimensional folding of the cortex
resulting in different orientations of the source current.

Try out variations of the current orientation at other locations, export into ASCII files,
and load into BESA for 3D mapping.

You will then understand that characterizing the location of spike using the electrode

name closest to the negative peak (e. g.

inaccurate and sometimes misleading.


http://www.besa.de/tutorials/quickguides/

Visual localization by 3D maps: view negative & positive pole / gradients
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3D mapping can substantially improve spike review and understanding of the origin of
spikes. Let us learn how to interpret dipolar voltage topographies:

First, consider a line connecting the negative and positive maxima on the scalp (thin
arrows). This line follows the shortest route having the highest voltage gradient (~
narrowest distance between equipotential lines).

Second, find the region of highest gradients (near thick arrows).
Third, consider the relative strength of the negative and positive poles.

In a close-to-tangential map (left, origin only in sulcus), the equivalent location is
approximately below the area of maximum gradient (thick arrow).

In a perfectly radial map (middle, origin only on cortical convexity or deep), the center
location coincides with the peak of the negativity. Since all scalp fields are dipolar (by
physics) there is a positive pole on the opposite side of the head (cf. upper 2D map). It is
weaker since the posivity is widespread.

A typical EEG spike map has one stronger and one weaker pole. The origin lies below
the region of largest gradient along the line connecting both poles, but may be shifted
slightly towards the stonger pole if this is dominant (thick arrow).

In the presented simulation, the location of all 3 sources is identical. This illustrates the
predominant influence of source current orientation.

Download the free dipole simulator program from www.besa.de to gain a better
understanding of the effects of orientation on EEG scalp topography.



Visual localization of temporal lobe spikes using 3D maps
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How can we estimate the 'approximate source location' from these real temporal
lobe spike maps? We follow the same principles as before:

First, consider a line connecting the negative and positive maxima on the scalp (thin
arrows). This line follows the shortest route having the highest voltage gradient (~
narrowest distance between equipotential lines).

Second, find the region of highest gradients (near thick arrows).
Third, consider the relative strength of the negative and positive poles.

The left 3D map is a close-to-tangential map. The equivalent location is
approximately below the area of maximum gradient (thick arrow). The vertical
orientation is related to a current flow into the left temporal basal cortex (spike
current flows into the cortex and, thus, produces cortex negativity).

The middle 3D map is also a close-to-tangential map. The negativity has rotated
towards the left eye; the positivity is over the (left) posterior head. The center is
more anterior, the current orientation points backward and upward. The only
cancidate for such a pattern can be a spike source current at the left temporal polar
cortical surface. Here, the basal surface is still somewhat active. If not, the
negativity would have shifted more towards the left eye.

The right map shows the typical radial pattern of a left temporal-anterior spike
originating at the lateral cortical convexity. Only this pattern leads to the typical
polarity reversal in the longitudinal bipolar montage.

Without inferior electrodes or the whole head virtual montages and 3D mapping,
such temporal-basal and polar spikes can be easily overlooked.




Averaging is needed to identify spike onset map due to EEG noise
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The single spikes of this patient show a polarity reversal between F7-T7 and T7-P7
similar to typical temporal lobe spikes. The corresponding radial map at the spike
peak has a maximum negativity over the temporal lobe.

Spike onset is unclear and varies between the single spikes. The single spike map
during onset reflects mostly EEG background activity.

After averaging, the tangential topography during spike onset becomes apparent.
The onset pattern shows a negativity over the frontal cortex and a more superior
horizontally oriented, oblique dipolar pattern.

But, when just considering the spike peak, this seems to reflect a left temporal lobe
spike. Is this correct?



Not temporal but rolandic: importance of positivity and onset zone !
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Is this radial spike coming from the lateral surface of the left temporal lobe?
How can we estimate the 'approximate source location' from the maps?

Again, consider a line connecting the negative and positive maxima on the scalp
(red arrows). This line follows the shortest connection having the highest voltage
gradient (~ narrowest distance between equipotential lines).

Then, find the region of highest gradients and consider the relative strengths of the
positive and neagtive poles

The onset map is close-to-tangential (upper row), the equivalent location is
approximately below the area of maximum gradient (green arrow).

The peak map appear radial (lower row), but the center location is shifted slightly
from the negative peak towards the positive pole along the region of largest
gradient. The positive pole is not on the other side of the head, but superior!

The equivalent centers of both maps are similar and point to a circumscribed region
of origin in the rolandic cortex above the Sylvian fissure. Polarity indicates that the
tangential rolandic spike is likely to arise from the anterior wall of the post-cental
gyrus (~face area) with ensuing propagation to the surface of the gyrus (radial
map), since the tangential onset current is flowing backwards into the posterior wall
of the central suclus.

Exercise: DipoleSimulator
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Practical, automated analysis of spikes

1. Review EEG spikes using optimized montages
and filters

2. Localize visually using dipolar 3D maps
3. Mark spikes for pattern search and average

4. Localize and image source activity using different,
automated strategies

5. Compare onset and peak for propagation
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The origin of the spike onset zone can often be different from the apparent origin of

the peak due to rapid propagation (in about 20-25% of cases!). A peak can arise
from the overlap of activities in several regions involved in the propagation.

But, spike onset is hidden in the EEG background signals. Thus, we need to find
similar spikes and average to increase the onset signal over the background.

This can be done by spatio-temporal pattern search in BESA Research and will
become available in BESA Epilepsy 2.0.

The averaged spike signals can be used to compare onset and peak using 3D
mapping and more elaborate localization and imaging strategies.

12



Select a prominent spike as template to search for similar patterns
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We now illustrate how spike templates are used during the review process to detect
similar spikes and obtain an averaged signal allowing for the evaluation of the spike
onset topography in comparion to the peak.

Pressing F4, we obtain an optimized montage for detecting spikes in the on-going EEG.
This sets the virtual average reference montage AV33 including the inferior electrodes
F9/10, T9/10, P9/10, and intermediate electrodes, e.g. FC1, FC5, CP1, CP5...

Spikes, including inferior-temporal patterns, are better visible by using

1)

2)

3)

this virtual montage with 33 electrodes that covers the whole head by
extrapolating to intermediate and inferior sites even in the absence of such
electrodes,

the grouping of channels in three longitudinal rows (e.g. the denser Fpl, F7,
FC5, T7, CP5, P7, O1 row), and

an optimized filter band (2 1 35 Hz) that suppresses slow EEG activities and
renders spikes riding on slow EEG activity more visible. At the same time, the
high filter removes a sufficient amount of EMG activity to enhance the visibility of
spikes.

We page through the EEG and look for a prominent spike that has a flat, undisturbed
onset epoch (marked yellow block). This presents an ideal template for pattern search

Click on the spike and adjust to the spike maximum in the map using the arrow keys.

Press button SAV to obtain the search-average-view dialog box.

13



The SAV-box provides preset optimized values and the option to modify these for the
pattern search that starts when pressing OK.

The largest spike channel is identified and marked automatically, and one may
choose either this channel, manually selected channel(s), or all displayed channel for
template search. When using the average reference montage and a clear spike
patterrn, it is recommended to use the All channels template. With a source
montage, the largest spike channel can be used as proposed automatically.

Optionally, several channels showing a clear spike pattern can be marked for
template search (e.g. F9, T9, F7, FC5, T7) prior to pressing SAV.

If only one channel is selected, the marked pattern of this channel is shifted along the
whole on-going EEG and correlation is assessed at peaks.

If the selected threshold is exceeded, a detection marker will be created. Thus,
spikes are aligned optimally in time.

If several or all channels are selected, a spatio-temporal template is calculated and
aligned with all selected traces.
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