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OBJECTIVE. The multiscale relationship between scalp electroencephalographic (EEG) and intracranial 
(iEEG) field recordings has long been a central question for electrophysiological research. While both EEG 
and iEEG signals are thought to sum postsynaptic potentials of similarly oriented cortical pyramidal cells, their 
relative strengths, spectra, and other characteristics differ markedly and relatively little is known about the 
locations, spatial extent, and commonality of their contributing cortical source domains.  Independent 
Component Analysis (ICA) applied to sufficient sets of unaveraged scalp multi-channel EEG data identifies its 
maximally independent component processes (Makeig et al., 1996). In many cases, these appear to represent 
the volume-conducted projections to the recording electrodes of partially synchronized local field activities 
within one or two densely connected cortical patches. Since volume conduction to both EEG and iEEG 
electrodes is linear and without appreciable delay, ICA decomposition of simultaneously recorded scalp EEG 
and iEEG data should reveal which elements of EEG signals recorded at the scalp surface are scalp projections 
of processes generating the recorded iEEG activity, and vice versa. 
 
METHODS. Simultaneous scalp and intracranial EEG data were recorded using clinical cortical surface grids 
and strips from a patient undergoing pre-surgical continuous video-EEG monitoring for epilepsy. Maximally 
independent components of the simultaneously recorded scalp and grid EEG data (29 and 74 channels, 
respectively, with common reference) varied in their relative projections to the scalp and grid.  
 
RESULTS. Figure 1 (below) shows grid and scalp maps of three maximally independent components from 
simultaneously recorded scalp and intracranial grid and strip electrodes jointly decomposed by infomax ICA, 
either (IC1) projecting primarily to one grid electrode and very weakly to the scalp, (IC16) projecting to 
several grid electrodes and also to the scalp, or (IC4) projecting strongly to the scalp electrodes and widely 
across the grid. Here, the scalp maps are colored proportionately, while the grid maps are scaled differently. 
 

In a second patient, concurrent bilateral temporal depth electrode strips and scalp EEG data (31 and 16 
channels, common reference) were recorded during performance of visual word memory and cued motor 
response tasks. The black traces in Figure 2 (below) show the envelopes (most positive and negative channel 
values at each latency) of the cue stimulus-locked average event-related potential (ERP) in the cued motor 
response task, after removing two independent components accounting primarily for eye movements. The top 
panel shows the ERP envelope across the scalp electrodes, the lower panel the ERP envelope at the depth 
strips. Colored traces show the envelopes of the projections, and scalp maps the spatial distributions of the 
independent component processes with largest contributions to both the scalp and depth electrode ERPs. 
Arrows point to the linearly related activity of one component (IC10, red traces) at scalp and grid. 
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Figure 1 

 
 
 
CONCLUSIONS. These and related results suggest that joint analysis of electrophysiological data 
simultaneously collected at two or more spatial scales may help clarify the nature and function of field 
synchronization in brain function. 
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Figure 2 
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