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MEG time-frequency analyses for pre- and post-surgical
evaluation of patients with epileptic rhythmic fast activity
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Background: Magnetoencephalography (MEG) is applied to localize the source of epileptiform
discharges in patients with refractory epilepsy, particularly in symptomatic localization-related
epilepsy, as it is noninvasive and exhibits excellent temporal and spatial resolution. MEG
localization of epileptiform discharges has been successfully achieved by single dipole modeling
(SDM), which is mainly used to analyze interictal epileptiform spikes. However, the application of
SDM appears to be limited to patients with localized spikes, since the algorithm is based on the
presumption that the cwrrent epileptic discharge originates from a single spot. Rhythmic
electroencephalography (EEG) activities are often the hallmarks of underlying epileptogenesis.
Rhythmic polyspike activities have been reported as indicative of an irritative epileptogenic zone in
the EEG. However, the resolution of EEG is not powerful enough to properly evaluate rhythmic
activity because EEG activity is affected by the conductivity of brain structures, and in some cases
EEG is unable to detect notable pathological activity. Recently, time-frequency analyses of EEG
and MEG have been used to investigate rhythmic activities. Short-time Fourier transform (STFT)
applies a short-time window to the signal and performs a series of Fourier transforms within this
window as it slides across the recorded data. This technique can be used to estimate the
time-frequency components of the signal and visualize the spectral distributions. It has been
proposed to apply this technique to patients with epilepsy, as it provides temporal changing
information on the time-frequency domain.

Purpose: To evaluate the effectiveness of surgery for epilepsy, we analyzed rhythmic fast activity
by magnetoencephalography (MEG) before and after surgery using time-frequency analysis. To
assess reliability, the results obtained by presurgical MEG and intraoperative electrocorticography
were compared.

Patients and Methods: Four children with refractory symptomatic localization-related epilepsy
caused by circumscribed cortical lesion were enrolled in the present study using 204 channel
helmet-shaped MEG (Neuromag Vectorview; Elekta-Neuromag Oy, Stockholm, Sweden) with
pairs of orthogonal planar gradiometers. The MEG data were collected at a sampling rate of 600 Hz.
A scalp EEG was recorded simultaneously using the international 10-20 system. One patient had
dysembryoplastic neuroepithelial tumor (DNT) and three patients had focal cortical dysplasia
(FCD). Single spikes were analyzed by SDM. The dipole-fit software (Neuromag, Helsinki,
Finland) was used to calculate the equivalent current dipoles (ECDs) with SDM. STFT was used to
reveal the distributions of MEG fast activity and the MATLAB (MathWorks, Natick, MA, USA)
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program was used to execute the STFT for the MEG signals. The time-frequency distributions are
displayed as graphs. A spectrum was considered to be aberrant when it was observed in the graph to
be isolated from the background frequency spectrum. An aberrant frequency spectrum on the graph
was superimposed onto the reconstructed 3-D MRI. The ECoG studies were performed during
surgery.

Results: In three patients, short-time Fourier transform (STFT) analyses of MEG showed rhythmic
activities just above the lesion with FCD and in the vicinity of DNT. In one patient with FCD in the
medial temporal lobe, rhythmic activity appeared in the ipsilateral frontal lobe and temporal lateral
aspect. In three patients, the EEG showed bilateral fast activity. In one patient, the EEG showed
only a spike or polyspike and a slow wave complex that corresponded to the MEG fast activity.
These MEG findings correlate well with the results obtained by intraoperative electrocorticography.
After the surgery, three patients were relieved of their seizures, and the area of rhythmic MEG
activity disappeared or become smaller. One patient had residual rhythmic MEG activity, and she
suffered from seizure relapse.

Discussion: This study indicate that time-frequency analyses using STFT can reveal the
distributions of rhythmic fast activity on MEG This method is useful for presurgical and
postsurgical evaluation. To improve outcomes from epileptic surgery, it is essential to define the
precise location of the epileptogenic zone and the margin of surgical resection by the presurgical
evaluation. For these purposes, MEG analysis is considered to be a suitable technique, as it offers
good temporal and spatial resolution and noninvasive. SDM has been used mainly to analyze the
interictal epileptiform spikes on MEG. In the present study, isolated interictal spikes were scarce in
two patients, and few in one patients. The data obtained from the SDM were, therefore, insufficient
for presurgical evaluation in our patients. In our study, epileptic rhythmic activity was
demonstrated more clearly by MEG in all patients. STFT analysis of fast activity is thus clearly
beneficial for predicting the epileptic foci in patients with poor or several ECDs and for placing the
ECoG electrodes. Our study analyzed the changes in epileptic rhythmic activity before and after
surgery for epilepsy and demonstrated the clinical value in predicting the outcome of surgery.
Postoperative MEG showing normal or notably improved aberrant rhythmic oscillation suggests a
favorable outcome, whereas postsurgical residual MEG polyspikes may indicate a risk of seizure
relapse. Our findings from MEG correlated with seizure outcome. Thus, MEG provides a useful
postsurgical evaluation procedure to indicate the need for a secondary operation. In this way, MEG
avoids redundant resection and is a safe and noninvasive procedure. Concerning the correlation
between the MEG and ECoG findings, the MEG fast activity locations demonstrated by STFT
colocalized well with the ECoG polyspikes in patients, while MEG areas were rather wider. This
could be due to the distance (several cm) between the cortical surface and the MEG sensors, the
size of the planar gradiometer sensor, and the distance between sensors. Recent studies
showed the clinical value of MEG for the epileptic rhythmic activities in correlation with ECoG.
Consistent with the results of previous studies, our findings suggest that STFT of MEG data can
depict fast activity that indicate epileptogenic zones associated with FCD and DNT, which are the
most significant etiologies of pediatric intractable symptomatic localization-related epilepsy. The
excellent postsurgical outcomes achieved for our patients strongly support the predictive value of
noninvasive MEG analysis. The rhythmic activities that are closely correlated to the ictogenesis in
the cerebral cortex can be demonstrated stereoscopically by noninvasive MEG.

Conclusion: MEG can detect fast activity in symptomatic localized-related epilepsy more clearly
and accurately than conventional EEG. STFT reveal the frequency and location of MEG fast
activity that could not be analyzed by SDM. The MEG fast activity findings correlated well with
the intraoperative ECoG findings and are therefore useful for presurgical evaluation. Ascertaining
the presence of fast activity after epilepsy surgery could predict the prognosis of seizures. This
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noninvasive evaluation provides valuable information for pre- and post-surgical evaluations to

define surgical strategies for patients with symptomatic localization-related epilepsy induced by
circumscribed cortical lesions.
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