Identification of the central sulcus in adolescents with epilepsy:
MEG results confirmed by cortical stimulation of subdural grid
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1 Introduction

It is important to identify the central sulcus (CS)
for epilepsy surgery to avoid postoperative
functional deficits in children with medically
intractable extratemporal lobe epilepsy. There are
many papers focusing on the central sulcus
identification [2-6,9,11,12]. Coregistration
technique of MEG data and surface rendering MR
image can delineate functional magnetic field with
brain surface structure. The aim of this study is, to
compare the location of CS identified by MSI with
the actual CS that was defined with SEP and direct
cortical stimulation using subdural grid.

2 Patients

Six patients who presented with intractable
epilepsy underwent intracranial invasive EEG
recording (IVEEQG) epilepsy surgery. Age ranged
from 13 tol7 years (mean 14.5 years). Seizure
duration varied from 5.5 to 14 years (mean
10.1years). MRI showed normal in 5 patients, and
fronto-temporal abnormality in 1 patient.

3 Methods
3.1 Central sulcus identified by MEG

All patients were examined at the MSI laboratory
of the Scripps Clinic (San Diego, CA). Magnes 11
(74-channel), or whole head Magnes 2500 WH
(148-channel) (4D Neuroimaging, Inc., San Diego,
CA) was used to identify the sensory function area.
We identified somatosensory evoked magnetic
field (SEMF) by pneumatically tactile stimulation
of thumb (D1), index (D2), little finger (D5), and
lower lip (LL). Each patient underwent thin sliced
MRI examination to make a realistic brain model.
After MEG examination, SEMF was superimposed
on the 2D as well as 3D surface rendering MR
image. CS was estimated immediately anterior to
the gyrus located SEMF on the surface rendering
patient’s MR image (2,3).

3.2 Intracranial invasive video EEG

recording (IVEEG)

Subdural grid electrodes were constructed for each
patient based on scalp interictal and ictal EEG
results, the area of MEG interictal spike sources,
SEMF, and seizure semiology. The grids consisted
of platinum electrodes, 5 mm in diameter, which
varied between 55 and 137 (mean, 112), embedded
in silastic sheet (Ad-Tech Medical Instrument Co.,
Racine, WI). Center-to-center inter-electrode
distance ranged from 10 to 13 mm. Split-screen and
time-locked video-EEG was used to review the
clinical behavior of seizures (BMSI 5000, Nicolet,
Madison, WI). The digitized EEG data (200
samples/sec per channel) were selected by means
of alarm button triggers, automatic seizure and
spike detection, then stored for review.

3.3 Cortical and median nerve stimulation
procedures

Mapping of motor, sensory, and language functions
was done in one to two sessions on the third or
fourth day after grid implantation. This study
evaluated only primary motor and sensory
responses to identify the CS. Stimulations were
delivered with 50 Hz biphasic pulses (pulse
duration 0.2 ms) up to 25 seconds’ duration in one
train. Pulses were given to electrode pairs at an
initial intensity of 2 mA, increasing by 1-2 mA to a
maximum of 20 mA. We used the distance
reference technique described by Lesser [7],
stimulating between a target electrode in the area of
interest and a reference electrode situated at the
periphery of the subdural grid array.

Somatosensory evoked potential (SEP) was also
performed using 32 subdural grid electrodes before
motor cortical stimulation (Neuro Scan Medical
Systems). For the median nerve stimulation, a
stimulator bar with 2 silver-plated electrodes, 2cm
apart, was attached to the patient wrist. A constant
current device delivered electrical square pulses
with a duration of 0.2 ms at 4 Hz. The pulses were
given intensity around 8-12 mA, up to confirm the



twitch of patients thumb. Signals were averaged at
minimum 400 trials. All the SEP signals were
filtered from direct current to 30-1000 Hz and
digitized at 10,000 Hz.

34 Comparison between the MSI and
functional mapping results

We retrospectively compared CS identified by
SEMF on surface rendering MR image with actual
CS between sensory and motor cortices on the
subdural grid electrode.

4 Results
4.1 MEG result

In this study, we could identify more than three
SEMF on one hemisphere in all cases. SEMFs of
bilateral D 1, 2, and 5 were delineated in all 6 cases,
unilateral LL in 2 cases, and bilateral lower lip in
3cases. CS was identified on the 3D surface
rendering MR image immediately anterior to the
SEMF in all 6 cases (Table 1).

Table 1: Identification of central sulcus: Corelation between MEG and cortical stimulation

Patient MEG Identified electrodes Contralateral Central sulcus on
No. motor sensory median nerve MSI  agree  with
stimulation functional mapping
SEMF Face Hands Lip Finger  electrodes #

1 Blt-LL, Blt-D1,2,5 6 3 NA 1 9 Yes

2  BIt-LL, Blt-D1,2,5 5 no data 1 NA 5 Yes

3 R-LL, BIt-D1,2,5 7 4 NA NA 9 Yes

4  BIt-LL, BIt-D1,2,5 2 2 NA NA 8 Yes

5 L-LL, BIt-D1,2,5 5 3 NA NA 2 Yes

6 Blt-D1,2,5 6 3 NA 2 4 Yes

Blt= bilateral, D=digit, L= left, LL= lower lip, NA= not available, R= right, SEMF=somatosensory evoked

magnetic field

4.2 SEP and functional mapping results

N20 of SEP was found involving 2 to 9 electrodes
(mean 6.2 electrodes). Cortical stimulation
identified motor and sensory cortex, ranging 4 to 11
electrodes (mean 7.7), and up to 2 electrodes (mean
0.8), respectively.

4.3 Comparison between MEG and SDG
results

In all 6 cases, CS delineated on surface rendering
patient’s MR image was concordant to that
identified by SEP and cortical stimulation on
chronically implanted subdural grid electrodes.

4.4 Postoperative outcome

There was no permanent deficits reported in all 6
patients. In 5 patients, MST was performed over
the sensory-motor cortex. Temporally hemiparesis
was noticed for lasting up to 2 weeks.

4.5 Iustrative Cases
Case 1 (Figure 1)

This 13-year-old girl had a history of intractable
frontal lobe seizure for 7 years. MRI was normal.
Single photon emission computed tomography
revealed right frontal hypoperfusion. MEG
demonstrated spike sources on the right front-
central region and SEMF of LL and D1,2,5 on the
bilateral central regions. Video scalp EEG
monitoring showed all seizures originated from the
right frontal region. Right hemispheric subdural
grid array (110 channels) was placed for 6 days.
N20 of SEP was found over 9 electrodes. Direct
cortical stimulation identified 9 electrodes with
motor function and 1 electrode with sensory
function of finger. CS localization identified by
MEG agreed with the CS delineated between the
electrodes of motor response and SEP. Partial
frontal lobectomy and multiple subpial transection
was performed for ictal and predominant interictal
zone. Seizure frequency was markedly decreased
13 months after surgery (Engel’s class II). The
patient has no permanent functional deficits.



Figure 1 (Case 1): a) Surface rendering brain MR image: Central sulcus was delineated immediately
anterior to the SEMF of right LL and D1, 2,5. b) Intraoperative brain surface picture: Nine electrodes were
identified as sensory area by N20 of median nerve electrical stimulation within solid line, and 9 electrodes
as motor cortex by direct cortical stimulation within dot line. The sulcus between the sensory and motor

areas was defined as CS.

Figure 2 (Case 2): a) Surface rendering brain MR image: Central sulcus was delineated immediately
frontal to the SEMF of right LL and D1, 2,5. b) Intraoperative brain surface picture: N20 of median nerve
electrical stimulation was recorded on 9 electrodes within solid line. Direct cortical stimulation defined 11
electrodes as motor area within dot line. The sulcus between the sensory and motor areas was defined as CS.

Case 2 (Fig.2)

This 16-year-old left-handed girl had suffered from
intractable left-sided simple partial seizure and
complex partial seizure since the age of 5 years.
MRI was reported as normal. MEG showed right
central spike sources and SEMF of right LL and
bilateral D1,2,5. Long term video scalp EEG
monitoring captured right fronto-central and
parietal ictal onset. She underwent IVEEG with 82
channel subdural grid electrodes. We captured 24
seizures for 2 day monitoring. N20 of SEP was

found at 9 electrodes, and cortical stimulation
delineate motor area (11 electrodes) anterior to N20.
CS delineated just anterior to SEMF of left D1, 2,
and left LL on surface rendering MR image was
matched the sulcus between motor and sensory
cortices. Ictal zone was localized in the right
centro-parietal region. Multiple subpial transection
was performed over the centro-parietal region
across the sensory-motor cortex. She had no seizure
without any functional deficits for 38 months after
the operation (Engel’s class I).



5 Discussion
5.1 Advantage of MEG

MSI is a useful tool to localize somatosensory
cortex with SEMF on MRI. The accurate
delineation of CS and utility of MSI for
preoperative planning were reported [2,3-7,11,12].
Non-invasive method is for functional mapping
especially preferable for younger pediatric cases.
The pneumatic piston stimulator used in this study
is painless, requires no setting up time, and causes
no electromagnetic artifact for MEG [2,3,11]. In
addition, electrical stimulation for median, tibial
and facial nerves has been applied to delineate
further functional mapping for MEG. Then precise
identification of CS would be promised.

5.2 Identification of central sulcus

The CS identified by SEMF on surface rendering
patient’s MR image was concordant to the result of
SEP and cortical stimulation using subdural grid
electrode. In our series, there were no overlapped
sensory and motor cortices. Penfield and Boldrey,
however, reported the overlapped area of sensory
and motor function [10]. Nii et al. also found that
this mixed functional area existed on subdural grid
electrodes [8]. Then CS cannot always be
delineated as the single sulcus. The cortical
stimulation using subdural grid electrode is a gold
standard technique to define the motor cortex. We
reserve this invasive method for the certain patients
who need precise localization of eloquent cortex
for epilepsy surgery [13]. Recent MEG-EMG
coherence study [1] would improve to delineate
more accurate CS combined with the SEMF for the
patient with extratemporal lobe epilepsy.

6 Conclusions

MEG could precisely localize the CS that was
confirmed by extraoperative cortical stimulation on
the subdural grid electrodes. MEG is a useful non-
invasive tool to identify the CS for presurgical
planning in children with epilepsy surgery to
minimize functional deficts.
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