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Cortico-cortical evoked potential study of brain networks
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Fig. 1 Results for one patient. The locations of ictal onset zone and stimulation sites are shown on the left,
and the CCEP waveforms are shown on the right with the ictal onset stimulation (iCCEP: A) and
the control stimulation (nCCEP: B). Stimulation at the ictal onset zone evoked larger CCEP
responses than control stimulation. SF: sylvian fissure, STS: superior temporal sulcus, ITS: inferior
temporal sulcus. Adapted from reference 3).
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Fig. 2 (a) Definitions of the two ictal onset patterns: paroxysmal fast and repetitive spike patterns, and (b)
scatter plots of the proportion of the amplitude in ictal onset stimulation to control stimulation.
Adapted from reference 4).
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Fig. 3 (a)Review of seizure recording for one patient. Two experienced electroencephalographers marked
seizure onset and spread areas by visual inspection, and blind to each other’s results. The
consensus electrodes and later ictal propagation times between the two reviewers were acceptable
for further analysis. (b) The ictal propagations and CCEP results were correlated. Based on these
results, the electrodes were classified into three groups: Group I (CCEP (+), prop (+)): electrodes
detecting both CCEP responses and propagation of ictal discharges. Group II (CCEP (+), prop
(-)): electrodes detecting CCEP responses, but not ictal propagation. Group III (CCEP (-), prop
(+)): electrodes detecting ictal propagation, but not CCEP responses.
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Fig. 4 Results of patients without a history of secondary generalization: Gen(-) group (Top) and patients
with a history of secondary generalization: Gen (+) group (Bottom). The ictal propagation areas out

of CCEP-positive areas were significantly broader in Gen (+) group than Gen (—) group. Adapted
from reference 5).
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Fig. 5 CCEPs of stimulation of the primary negative motor area (PNMA). Circle maps of CCEP responses
are shown. Circle maps show the amplitude percentage distribution, in which the diameter of the
circle at each grid electrode represents the percentile to the maximal amplitude. PNMA stimuli
revealed CCEP responses in the frontal or parietal association cortices. Adapted from reference 7).
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Fig. 6 (a) Circle maps and waveforms of CCEPs in the stimulation of anterior language areas are shown.
The circle at each grid electrode represents the percentage to the maximal responses. Yellow
circles and dotted circles indicate posterior language areas. (b) Schematic depiction of the
relationship between CCEP distribution and the posterior language area. (Pattern 1) The posterior
language area is located within the CCEP distribution, but outside of the maximum responses in
the temporal lobe. (Pattern 2) Part of the language area is outside of the CCEP-positive area. The
gray area indicates the area densely connected with the anterior language area. AL=anterior
language area; ITS = inferior temporal sulcus; PL=posterior language area; SF = sylvian fissure;
STS = superior temporal sulcus. Adapted from reference 8).
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Fig.7 (a) Circle maps of the median values of root mean square of CCEPs in the stimulation of the

anterior and posterior hippocampus, amygdala, anterior, and posterior cingulate gyrus. (b)
Summary of connection patterns within limbic networks. The thickness of the arrow represents the
strength of connections, as determined by the median values of the root mean square of each
stimulation. ACG: anterior cingulate gyrus, Amy: amygdala, ant: anterior, dPM: dorsolateral
premotor area, Hippo: hippocampus, IPL: inferior parietal lobule, lat: lateral, med: medial, O: occipital,
OF: orbitofrontal cortex, PCG: posterior cingulate gyrus, PFC: prefrontal cortex, PHG:
parahippocampal gyrus, post: posterior, preSMA: pre-supplementary motor area, T: temporal, vPM:
ventrolateral premotor area. Adapted from reference 9).
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Summary
Cortico-cortical evoked potential study of brain networks
Rei Enatsu

In order to better understand the workings of the human brain systems, a detailed
knowledge of neuronal connectivity between the functional cortical regions is essential.
However, little information is available regarding human interareal or cortico-cortical neuronal
connectivity. This is largely due to the fact that there are limited techniques that are applicable
to the living human brain. Our group has reported an electrical stimulation method, termed
cortico-cortical evoked potentials (CCEPs). By means of intracranial electrodes chronically
implanted for the presurgical evaluation of epilepsy surgery, electrical stimulation is applied to
the cortex in order to record CCEPs produced in adjacent or distant cortices via direct and
indirect cortico-cortical fiber projections. This is a useful method for the evaluation of cortical
excitability. We reported that CCEP responses to electrical stimulation are enhanced in the
epileptogenic cortex as evidenced by increased excitability or decreased inhibition.
Furthermore, this technique provided new information of networks among various cortical
areas, including seizure propagation areas, reorganized language systems, the cortical negative
motor network, and the limbic network. This technique is beneficial not only for elucidating the
pathophysiology of epilepsy, but also for developing of understanding of neuroscience.

Ann.Rep.Jpn.Epi.Res.Found. 2016 ; 27 : 9-18





