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SUMMARY

Localization of the epileptogenic focus is essential in surgical treatment for intractable
epilepsy. Intracranial electrical recording is now one of the accurate but invasive methods
for preoperative investigation. As a possible non-invasive method for estimation of the
epileptogenic focus, we have developed a topographic mapping method for two dimensional
localization and the distribution of epileptic spikes (spike voltage topography: SVT).
Recently, a new computer-aided method was developed to estimate the location of brain
electric sources by Abeyratne et al. In this method, artificial neural network trained with
a back propagation algorithm (back propagation neural network : BPNN) was used for
single dipole estimation of epileptic spikes. In this paper, our clinical experiences with the
BPNN method as a dipole estimation of epileptic spikes are presented and discussed. The
interictal spike discharges from 11 patients (6 with partial seizures and 5 with generalized
seizures) were analyzed by SVT for two dimensional localization of the epileptic spikes and
the BPNN method for three dimensional localization of the dipole. The EEG of 11 patients
with epilepsy was recorded from 16 channel electrodes of international 10-20 system. These
data were displayed with Signal processor 7T18 for SVT, and were analyzed with the
BPNN method. In five cases with partial seizure, we were able to estimate the dipole
localization corresponding to the intraoperative findings with the BPNN method. On the
other hand, the dipole moments of each spike showed the same direction. The dipoles of
epileptic spikes in four patients of generalized seizures were estimated in the deep and
central cerebral structure and the dipole moments were rotated in a clockwise or counter-
clockwise direction with the BPNN method. However, in another patient, the dipole
existed in the left frontal region and propagated to the contralateral fronto-temporal region,
and the dipole moments showed the anterio-superior direction. This finding might be
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implied secondary generalized seizure. Although further studies are necessary to explain

the electrophysiological significance of the dipole estimation with the BPNN method, it has

so far been possible to identify the three dimensional localization of epileptic spikes in most

cases with partial seizure.
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Table1 Clinical Profile of 11 Patients with Epilepsy
Case | Name Age Sex | Type of  Onset EEG and SVT CT and MRI
No. V. 0. Seizure y. 0.
1 M.Y. 22 F CPS 18 Rt. T spike Rt. T mass lesion
2 S.8. 22 M CPS 16 Rt. F spike Rt. F contusion
3 Y.N. 31 M CPS 21 Rt. O spike Rt. O atrophy
4 K.H. 31 F CPS 23 Lt. F-T spike Rt. T mass lesion
5 K.W. 42 F CPS 32 Bil. F-T spike Lt. T contusion
6 K.M. 50 F CPS 17 Rt. T spike Rt. T atrophy
7 M. K. 18 M GS 13 diffuse spike N.P.
8 S.T. 22 M GS 12 diffuse spike N.P.
9 M. Y. 20 F GS 16 diffuse spike N.P.
10 Y.F. 28 M GS 15 diffuse spike Lt. F atrophy
11 M.O. 29 M GS 0 diffuse spike N.P.

EEG : electroencephalography
CT : computed tomography

SVT: spike voltage topography
MRI : magnetic resonance imaging

CPS: complex partial seizure GS: generalized seizure

F: frontal T: temporal P: parietal

O : occipital
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Fig.1 Schema of the BPNN method (1)

The three-concentric-shell head model of the BPNN method by Abeyratne et al.
(upper), and the general organizational details of the type of feed-forward
neural network (lower).

Neurons and connection strengths have been represented by circles and arrows,
respectively. The number of neurons in the input layer is equal to the number
of electrodes. The output layer has one neuron, corresponding to the one dipole
parameter.
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Fig.2 Schema of the BPNN method (2)
EEG data for 2 seconds included interictal spike (upper) and three dimensional
localization of the dipole with the BPNN method (lower).
The open circle (O) showing the beginning of the spike discharge. The closed
circle (@) showing the peak of the spike discharge.
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Table2 BPNN Data and Location of Intraoperative Epileptogenic Focus in 11 Patients with Epilepsy

S Dipole (BPNN) }ntraop '
Case Seizure . Epileptogenic

Location Moment Focus

1 CPS Rt.deep T Lat. Ant. Sup. Rt. deep T

2 CPS Rt. deep F Lat. Ant. Rt. deep F

3 CPS Rt. superficial O Lat. Post. Inf. Rt. superficial O

4 CPS Lt. deep T Lat. Ant. Sup. Rt. deep T

5 CPS Lt. deep T Lat. Sup. Lt. deep T

6 CPS Rt. deep T Lat. Ant. Sup. Rt. deep T

7 GS deep cerebral structure clockwise rotation —

8 GS deep cerebral structure counterclockwise rotation —

9 GS Lt. F—Rt. superficial F-T Ant. Sup. —

10 GS deep cerebral structure Lat. Ant. Sup.—~Med. Ant. Sup. —

11 GS deep cerebral structure counterclockwise rotation =

BPNN : back propagation neural network CPS: complex partial seizure

GS: generalized seizure F: frontal T : temporal

P: Parietal O: occipital

Rt.: right Lt.: left Ant.: anterior Post.: posterior Sup.: Superior

Inf.: inferior Lat.: lateral Med.: medial
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Fig.3 MRI, SVT and dipole estimation in case 3
MRI (T2WI: T2 weited image) revealed cortical atrophy (arrow) in the right

parietal lobe (upper left).

Spike voltage topography (SVT) showed the spike location in the right

parieto-occipital region (upper right).

The dipole localization was estimated in the right parieto-occipital region and
the moments showed the lateral posterio-inferior direction with the BPNN

method (lower).
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Fig.4 Intraoperative recordings in case 3
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Intraoperative photograph showed cortical atrophy in the right parietal lobe,
and the grid electrodes for electrocorticography (ECoG) (upper).

ECoG before multiple subpial transection (MST) showed multiple spike dis-
charges in the right parieto-occipital lobe (lower left), and ECoG after MST
showed no spike discharge (lower right).
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Fig.5 Preoperative MRI and dipole estimation in case 4

Preoperative MRI (T1WI: T1 weighted image, Gd-T1WI : T1 weighted image
with gadolinium) revealed the right temporal mass lesion (upper).
showed the spike location in the left fronto-temporal region (middle). The
dipole localization was estimated in the left deep temporal region and the
moments showed the lateral anterio-superior direction with the BPNN method

(lower).

SVT
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Fig.6 Subdural EEG recordings in case 4
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Subdural EEG by 4 strip electrodes placed in the bilateral temporal bases
showed interictal spike discharges in the bilateral temporal regions (upper),
and focal ictal discharges in the right deep temporal region (lower).
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Fig. 7 EEG, SVT and dipole estimation 3 weeks after operation in case 4
EEG data (upper left), and SVT showed the spike location in the left fronto-
temporal region (upper right). The dipole localization was estimated in the left
deep temporal region and the moments showed the lateral anterio-superior
direction with the BPNN method (lower).
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Fig.8 EEG, SVT and dipole estimation in case 8
EEG data showed diffuse spike discharges (upper left), and SVT showed the
spike location in the fronto-central region (upper right). The dipole localiza-
tion was estimated in the deep central region and the moments were rotated
with the BPNN method (lower).
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Fig.9 EEG, SVT and dipole estimation in case 9
EEG data showed diffuse spike discharges (upper left) and SVT showed the
spike location in the frontal region (upper right). The dipole localization was
estimated in the left frontal region and propageted to the contralateral right
fronto-temporal region although the moments showed the anterio-superior
direction with the BPNN method (lower).
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