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ABSTRACT

Background: Evaluating residual motor function and functional compensation is essential before performing
hemispherotomy. We have been evaluating hand motor function using transcranial magnetic stimulation (TMS),
which cannot confirm the lower limb functions.

Case Description: A male teenager with a huge arachnoid cyst in the right frontotemporal region and extensive
polymicrogyria and gyral dysplasia in the adjacent lobes experienced focal to bilateral tonic-clonic seizures. We
performed functional magnetic resonance imaging (MRI) and electrical cortical stimulation in addition to TMS.
Functional MRI and TMS-motor-evoked potential (MEP) results suggested that the left primary motor cortex
elicited the bilateral motor response, while intraoperative cortical stimulation MEPs revealed that the primary
motor areas of each lower limb were controlled contralaterally. Consequently, we performed a total callosotomy
instead of a hemispherotomy.

Conclusion: The results suggest that a preoperative diagnosis of complete hemispheric damage based on
noninvasive examinations is not sufficient in some cases to determine the operative strategy. A combination of
pre- and intraoperative examinations may be required to prevent unexpected neurological complications.

Keywords: Functional magnetic resonance imaging, Hemispherotomy, Intraoperative electrical cortical
stimulation, Total corpus callosotomy, Transcranial magnetic stimulation

INTRODUCTION

Evaluation of the residual motor function of the affected cerebral hemisphere and functional
compensation of the unaffected hemisphere is essential before performing hemispherotomy.
Transcranial magnetic stimulation (TMS) and functional magnetic resonance imaging (fMRI)
are often used in addition to structural magnetic resonance imaging (MRI). Herein, we report
a case of a patient with intractable epilepsy with unilateral diffuse cortical dysplasia, in whom
there was a discrepancy between TMS, fMRI, and intraoperative electrical cortical stimulation
responses.

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
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CASE DESCRIPTION

The patient was a male teenager who had no visible
abnormalities at birth but had mild mental retardation.
Febrile seizures were observed at 3 and 7 years of age, but
neither was of the complex type. He had no family history
of central nervous system disorders such as epilepsy. At
6 months, diffuse cortical dysplasia of the right cerebral
hemisphere was detected through a detailed examination for
slight movement disorders of the left upper and lower limbs.
Antiseizure therapy was initiated when the patient first
experienced focal to bilateral tonic-clonic seizures at 14 years
of age. Because the seizure suppression was limited and
generalized convulsions persisted, the patient was referred to
our hospital for surgical treatment 2 years after disease onset.
At the first visit, he was alert and conscious. He had mild left
hemiparesis with predominance in the upper extremities,
poor finger dexterity, and poor pronation and supination
of the upper extremities. Although he was able to walk, his
left lower limb dragged slightly when he ran. He had focal
impaired awareness seizures that occurred weekly and focal-
onset bilateral tonic-clonic seizures that occurred monthly.
According to the Wechsler Adult Intelligence Scale-Fourth
Edition, his full-scale intelligence quotient was 62, which was
in the mild impairment range.

Written informed consent was obtained from the patient for
publication of this case report and accompanying images.

Examination

Interictal electroencephalography (EEG) showed rhythmic
slow waves, intermittent sharp waves, and spiked slow waves
from the right posterior temporal region to the occipital
region at a frequency of 1/1 min. The ictal onset on EEG
was in the right centroparietal region, with symptoms of
deviation of the eyes and head to the left and clonic posturing
of the bilateral upper limbs. MRI revealed an arachnoid
cyst measuring 8 X 4 cm in maximum diameter in the right
frontotemporal region, and extensive polymicrogyria and
gyral dysplasia in the adjacent frontal lobe, parietal lobe,
insular gyrus, and temporal lobe. Secondary atrophy of
the right thalamus, cerebral peduncle, pons, and medulla
oblongata was also observed. In addition, T2-weighted
images revealed signal attenuation and obscurity in the right
pyramidal tract [Figure 1].

TMS of the left primary hand motor area evoked bilateral
motor-evoked potentials (MEPs) in the first dorsal
interosseous (FDI) muscles and the biceps brachii muscles
during maximal voluntary contraction of each muscle (The
Magstim Company Ltd., Whitland, UK; figure-of-eight coil,
80% stimulus intensity). There were no differences in latency
between the left and right muscles. The MEP latencies for
the left and right FDIs were 21.7 and 21.8 ms, respectively.
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Figure 1: Preoperative structural magnetic resonance images. (a-d)
Short-T1 inversion recovery (STIR) images revealed an arachnoid
cyst in the right front-temporal region (arrows). (b-d) STIR images
also revealed polymicrogyria and dysplasia of the gyri in the right
frontal, temporal, parietal and insular lobes (arrow heads) adjoining
the arachnoid cyst. Conversely, the right occipital lobe and gyri in
the interhemispheric region appeared morphologically normal.

Similarly, we searched for and stimulated an area thought to
be the right primary motor cortex, but no MEP was evoked
from muscles of either side (80-100% stimulus intensity)
[Figure 2].

fMRIs were acquired using a 3.0 Tesla MRI (Discovery
MR?750, GE HealthCare, Chicago, IL, USA). The functional
scan had the following parameters: repetition time/echo time,
3000/30 ms; flip angle, 80° field of view, 220 mm; and slice
thickness, 3.2 mm. The fMRI paradigms were implemented
using block designs (block length: 30 s) with alternating
periods of silent rest and activation. Each scan consisted of
six blocks. A task of right finger tapping induced activation
of the left precentral gyrus, and a task of left finger tapping
induced activation of the bilateral precentral gyrus. In
addition, extension and flexion of the right ankle activated the
left precentral gyrus in the interhemispheric fissure, whereas
extension and flexion of the left ankle activated the bilateral
precentral gyri in the interhemispheric fissure [Figure 3]. The
Z-scores were +4.5 (right upper limb), +6.0 (left upper limb),
+6.0 (right lower limb), and +4.5 (left lower limb).

In the Wada test, propofol was injected at 1 mg/s from the
terminal end of the left internal carotid artery, and language
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Figure 2: Results of transcranial magnetic stimulation-motor-evoked potentials (TMS-MEPs). (a and
b) TMS of the left primary hand motor area evoked potentials in the left first dorsal interosseous (FDI)
muscle and right FDI. The MEP latencies of the left and right FDI were 21.7 and 21.8 ms, respectively,
during the preoperative examination. (c and d) No motor response was elicited from either the left
FDI or the right FDI when the right motor cortex was stimulated.

impairment and right upper limb paresis occurred after
15 mg was injected. When propofol was injected on the
right side, mild motor weakness of the left upper limb was
observed after 10 mg was injected.

Visual field testing revealed left homonymous hemianopia.

Clinical course

Based on the results of the preoperative fMRI and TMS, we
determined that the unaffected left primary motor cortex
controlled bilateral limb movements, and we decided to
perform a right hemispherotomy with a vertical approach.
Right frontal craniotomy was performed, and silicon-lined
platinum electrodes (inter-electrode distance, 10 mm;
diameter, 3 mm) were inserted back-to-back into the
interhemispheric fissure facing the lower limb primary motor
cortex. Electrical stimulation of those areas was performed
separately with a monophasic positive pattern (duration 0.5
ms, interval 2.0 ms, and 5 pulses). MEPs were elicited only in
the right lower limb at 20 mA when the left primary motor
cortex was stimulated, whereas they were elicited only in the
left lower limb at 15 mA when the right primary motor cortex
was stimulated. The MEP latencies of the right and left lower
limbs were 41.0 and 41.3 ms, respectively [Figure 4]. We

determined that right hemispherotomy was likely to cause
severe left lower limb paralysis; therefore, total callosotomy
was performed instead [Figure 5]. Postoperatively, the focal
to bilateral tonic-clonic seizures disappeared, but focal
impaired awareness seizures persisted. We subsequently
performed a right anterior temporal lobectomy, and the
seizure outcome was Engel class Ib.

DISCUSSION
Hemispherotomy requires that the healthy cerebral
hemisphere completely or largely compensate for

brain function on the affected side. The indications for
hemispherotomy are comprehensively determined based
on clinical symptoms, structural/functional imaging, and
functional evaluation of the motor cortex.

Whether a motor function of the affected cerebral hemisphere
remains or is impaired is evaluated using TMS and fMRI. In
patients with extensive lesions in one cerebral hemisphere from
the congenital or early birth stage, MEPs are not elicited by TMS
of the affected hemisphere but are recorded in the ipsilateral
distal muscles with TMS of the unaffected hemisphere.
These patient groups exhibit no complications even after
hemispherotomy.!"*¢l In our patient, MEPs with no left-right
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differences in latency were elicited from the FDI and biceps
brachii muscles with TMS of the unaffected primary hand

Figure 3: Activation patterns of functional magnetic resonance
imaging. (a) Right finger tapping activated the left precentral gyrus.
(b) Left finger tapping activated the bilateral precentral gyri. (c)
Right ankle transitive motion activated the left precentral gyrus
on the interhemispheric fissure. (d) Left ankle transitive motion
activated the bilateral precentral gyri on the interhemispheric
fissure.

motor area, suggesting that the compensatory function of the
unaffected hemisphere was working adequately.’) In contrast,
fMRI showed that the left primary motor cortex was activated
during right upper and lower limb movement tasks, and the
bilateral primary motor cortex was activated during left upper
and lower limb movement tasks with significant Z-scores. This
suggests that the left upper and lower limbs were controlled
bilaterally, which is consistent with the results of the Wada test
and inconsistent with the TMS results. One possible reason for
this discrepancy might be that the primary motor cortex in the
affected hemisphere might have been displaced by the arachnoid
cyst and gyral dysplasia, which might have resulted in a false-
negative TMS result. Second, the sensory cortex activity in the
fMRI study elicited by the motor task may have been interpreted
as a false positive. Even if the function of the primary motor
cortex deteriorates, the adjacent primary sensory cortex may
be activated normally because the timing of development of the
motor and sensory cortices is different.*® Regarding the motor
function of the lower limbs, because the primary motor cortex
is located within the medial aspect of the precentral gyrus, it is
technically difficult to stimulate the left and right sides separately
with TMS, and it is impossible to compare TMS and fMRL?
We believe that there are patients in whom the compensatory
function of the unaffected hemisphere cannot be determined
solely by preoperative noninvasive examinations.

In this patient, using intraoperative electrical cortical
stimulation, we determined that the affected hemisphere
controlled the contralateral lower limb. The surgical procedure
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Figure 4: Results of intraoperative cortical motor-evoked potentials (MEPs). (a) MEPs were not
detected in the left lower limb when the left primary motor cortex was stimulated. (b) MEPs were
elicited in the right lower limb when the left primary motor cortex was stimulated (arrow). (c) MEPs
were elicited in the left lower limb when the right primary motor cortex was stimulated (arrow). (d)
MEPs were not detected in the right lower limb when the right primary motor cortex was stimulated.
(b and c) The MEP latencies of the right and left lower limbs were 41.0 and 41.3 ms, respectively.
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Figure 5: Postoperative magnetic resonance imaging. Short (a-
d) Postoperative magnetic resonance imaging. (b and c) Short-T1
inversion recovery images revealed that midline of the total callosal
was removed (asterisks).

was changed from hemispherotomy to corpus callosotomy,
which might have prevented paralysis of the left lower limb.
If the patient were an infant, we would have anticipated that
he would recover through plasticity, even if severe lower-limb
paralysis had appeared after hemispherotomy.

This study is based on a single case report, which limits
the generalizability of our findings. Our results suggest the
potential limitations of preoperative functional assessments
and individual anatomical variations and may influence
the discrepancies observed between preoperative and
intraoperative evaluations.

CONCLUSION

In brain surgery for patients with brain malformations, it is
essential to determine the surgical procedure based on the results
of preoperative noninvasive examinations. However, flexibility is
also required to change the surgical procedure during surgery,
depending on the results of intraoperative electrical stimulation.

Disclaimer

This case highlights the potential limitations of preoperative
functional assessments and emphasizes the importance of
intraoperative motor function evaluation when discrepancies
arise between pre- and intraoperative findings.
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