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Magnetoencephalographic analysis of continuous spikes and waves during slow
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Magnetoencephalography in West syndrome
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Abstract )

Background: Localized lesions induce West syndrome (WS}, and patients with West syndrome
often subsequently develop focal seizures, Methods: We evaluated patients with West syndrome
using magnetoencephalography (MEG). Fourteen patients who currently or previously had West
syndrome were examined at 3 months to 6 years of age. MEGs were recorded using the 160-channel,
whole-head, laying-type MEG system. Equivalent current dipoles were estimated at the time of
spikes on the EEG. Results: The patients were classified according to MRI findings. Seven patients
were in the focal lesion group (group F) and seven in the non-focal lesion group (group N). Dipales
were distributed over a wide brain area in seven patients (pattern W). Three patients had dipoles
distributed over a wide area along with a dense dipole distribution in a specific cortical area (pattern
WC). Four patients had a closed dipole distribution in a unilateral cerebral focal area (pattern Q).
Dipoles were distributed widely over the bilateral cerebral cortex in patients with infantile spasms
with hypsarrthythmia. Conclusions: The change in the dipole distribution pattern in the MEG of
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patients with West syndrome correlated with the seizure type. © 2002 Elsevier Science B.V. All
rights reserved.

Keywords: MEG; Focal brain lesion; Partial seizure; Infantile spasms; Equivalent current dipole

1. Background

West syndrome (WS) is an age-dependent epileptic encephalopathy, and is classified as
cryptogenic or symptomatic generalized epilepsy in the international classification of
epilepsy syndromes. WS often develops into another type of secondary generalized
epilepsy, for example, Lennox—Gastaut syndrome sometimes develops into focal epilepsy
{1]. On the other hand, focal brain lesions, for example, brain tumors [2] and focal cortical
dysplasias [3], sometimes induce WS. We evaluated patients with WS for focal lesions and
progression to partial seizures using magnetoencephalography (MEG).

2. Methods

Patients with WS or who had previously had WS were included. We defined WS as
characteristic infantile spasms and hypsarrhythmia in the EEG. Fourteen patients were
included. There were six boys and eight girls, 3 months old to 6 years old at the time of the
MEG recording. All patients underwent magnetic resonance imaging (MRI) when the
MEG was recorded.

MEGs were measured in a magnetically shielded room using the 160-channel, whole-
head, laying-type MEG system (Yokogawa Electronics) [4]. Twelve channels of EEG and
ECG were recorded simultaneously. The band-pass filter was set from 3 to 100 or 250 Hz,
and the sampling frequency was 250 or 1000 Hz. The measurement time was 10 or 2 min
per set. The head sizes of young children are too small for the dewar of our whole-head
MEG system, so we rotated the patient’s head position and measured several sets to record
all of the cortical areas equally.

We drew an isofield counter map at the time of the EEG spikes and estimated the
equivalent current dipoles at the points of the dipole pattem in the isofield counter map.
We used a spherical model and one-dipole model for the estimation of the dipoles.
Estimated dipoles were superimposed onto the patient’s MRI.

3. Results

Fourteen WS patients, aged 3 months to 6 years, were included in this study. When
these patients were classified by their MRI findings, seven patients were found to have
focal lesions (group F) and seven had non-focal lesions (group N). The focal lesion group
included neuronal migration disorders, tumors, and tuberous sclerosis. The non-focal
lesion group included porencephaly with agenesis corpus callosum, patchy white matter
lesions, neonatal intracranial hemorrhage, and normal MRI findings.
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Fig. 1. The schema of dipole distribution pattemns. (A) Pattern W, (B) pattern WC, (C) pattern C.

We classified the MEG findings into three patterns according to the dipole distribution
pattern. Dipoles distributed over a wide brain area were designated as pattern W. Pattern
WC was defined as a dipole distribution over a wide area with a dense dipole distribution

Table 1
Examination data of each patient
Patient Sex Age at MEG Seizure type EEG at MEG  Time of MEG Group  Dipole
o, examination at MEG exarmination examination in MRI  distribution
examination findings pattern in MEG
l F 4 months tonic spasms Hy early F W
2 M 1 year, tonic spasms Hy early N W
1 month
3 F 1 year, tonic spasms Hy early N W
1 month
4 F 2 years, none irregular early N w
8 months diffuse SW
5 F 3 months tonic spasms and Hy, S-B early N w
tonic seizure pattern
6 F | year, tonic spasms multifocal SW, later F wC
1 month polyspike
7 M 1 year, postural seizure  HVS, focal later F wC
4 months and CPS spike
8 M 2 years, tonic spasms multifocal later F C
0 month spikes
9 F- 2 years, CPS focal spike, later F W
0 month HVS
10 F 2 years, none multifocal later 13 C
2 months spikes
11 F 3 years, tonic spasms nomnal later F C
0 month
12 F 2 years, tonic spasms multifocal later N C
9 months tonic seizure spikes ’
13 M 4 years, 1onic spasms irregular later N WC
2 months diffuse SW
14 M 7 years, tonic seizure Hy later N w
0 month

CPS: complex partial seizure; Hy: hypsarrhythmia; S—B pattern: suppression—burst pattern; SW: spike and wave;
early: MEG was recorded early in the disease; later: MEG was recorded later in the disease; F: group F; N: group
N; W: pattern W; WC: pattem WC; C: pattern C.
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in any one cortical area. A closed dipole distribution in a unilateral cerebral focal area was
called pattern C (Fig. 1).

The patients’ data and the results of the MEG examination are shown in Table 1. The MEG
was recorded during the early phase of WS in five patients and recorded at the later period of
the disease in nine patients. Of the four patients recorded earlier, who had infantile spasms
and hypsarrhythmia, one was in group F and three were in group N, and all were pattern W.
One patient without seizures who had diffuse spikes and waves also showed pattern W.

Of the nine patients recorded later in the course of the disease, six were in group F and
three were in group N. One patient with infantile spasms exhibited pattern W and one
exhibited pattern WC. A seizure-free patient exhibited pattern W. Three patients with
partial seizures had pattemn C. The three group N patients recorded at the later stage had
generalized seizures; two of them exhibited pattern WC and one exhibited pattern C.

4. Discussion

In this study, we assumed some preconditions for the analysis, including that random
discharges of cortical neurons in different brain areas cause hypsarrhythmia of the EEG in
WS, and that MEG would be able to estimate the dipoles for each spike of the
hypsarthythmia. Actually, we could estimate the dipoles around each spike that was
distributed over the cortex. However, the dipole was sometimes estimated to be deep in the
brain, which means that a broad area of cortical neurons had discharged; the dipole has no
physiological meaning in this case, and we excluded these dipoles from the analysis. The
distribution density of the dipoles will reflect the imitability of each cortical area in WS.

The proportion of patients with pattemn C was higher in group F (3:7) than in group N
(1:7). This reflects the larger number of patients with partial seizure in group F (3:7 vs,
0:7). Almost all patients with infantile spasms exhibited pattern W, and seizure-free
patients also had pattern W, whereas patients with partial seizures showed pattern C. Two
of the generalized-seizure patients exhibited pattern WC and one had pattern C. The MEG
dipole pattern agreed with the seizure type at the time of the MEG recording time in almost
all cases. The patients with pattern WC may develop partial seizures in the future,

In our study, dipoles in MEG were distributed over the bilateral cerebral cortex when
patients had infantile spasms with hypsarrhythmia. The dipole distribution pattern in MEG
changed according to the change in seizure type. We might, therefore, be able to detect the
evolution of the seizure type in West syndrome using MEG.
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