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Overviews of advanced methods of digital EEG review and source analysis can 
be found in:

Scherg M, Ille 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., Ille, 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).
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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.
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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) a virtual 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 �±35 Hz) that suppresses slow EEG activities 

and renders spikes riding on slow EEG activity more vísible. At the same 

time, the high filter removes a sufficient amount of EMG activity to 

enhance the visibility of spikes.


