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SUMMARY

Focal symptomatic epilepsy is the most common form of epilepsy that can often be
cured with surgery. A small proportion of patients with focal symptomatic epilepsy do
not have identifiable lesions on magnetic resonance imaging (MRI). The most common
pathology in this group is type Il focal cortical dysplasia (FCD), which is a subtype of
malformative brain lesion associated with medication-resistant epilepsy. We presenta
patient with MRI-negative focal symptomatic epilepsy who underwent invasive elec-
trode recordings. At the time of surgery, a novel ultrasound-based technique called
ShearWave Elastography (SWE) was performed. A 0.5 cclesion was demonstrated on
SWE but was absent on B-mode ultrasound and 3-T MRI. Electroencephalography
(EEG), positron emission tomography (PET), and magnetoencephalography (MEG)
scans demonstrated an abnormality in the right frontal region. On the basis of this find-
ing, a depth electrode was implanted into the lesion. Surgical resection and histology
confirmed the lesion to be type lIb FCD.
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Focal symptomatic epilepsy is the most common type of
epilepsy in humans and usually does not respond to medical
therapy. Although a majority of these patients will have a
demonstrable lesion on magnetic resonance imaging (MRI),
a small proportion will have normal MRI appearance, that
is, MRI-negative cases, where the surgical outcomes are not
as favorable." Because the surgical outcomes depend on
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completeness of resection of the epileptogenic focus,” to
improve detection of the lesion we employed a novel
technique of elasticity imaging, called ShearWave Elastog-
raphy (SWE; SuperSonic Imagine, Aix-en-Provence,
France). This is a noninvasive tissue elasticity imaging tech-
nique that maps tissue stiffness in real time. We hypothesize
that the epileptogenic focus would be stiffer than normal
surrounding brain and that therefore SWE may be used to
detect this difference.

CASE REPORT

A 7-year-old boy presented with 5-year history of medi-
cation-resistant frontal lobe epilepsy. He had two types of
seizures: focal seizures with epigastric aura followed by
vocal and bilateral motor seizure, and atonic seizures. Both
types of seizures occurred on average 10 times per day.

His neurologic examination was normal. Interictal elec-
troencephalography (EEG) recorded epileptiform spikes
over the right frontal/anterior temporal region. During a
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4-day video-EEG telemetry several stereotypical seizures
were captured. The ictal onset was consistently from the
right anterior areas (maximal F8 and F10). Interictal spikes
were seen over leads C4 and C6, with intermittent slowing
on the right frontal region. Four MRI scans, including a 3-T
MRI scan, did not demonstrate any lesion. Single photon
emission computed tomography (SPECT) showed relative
increased tracer uptake in the right cerebral hemisphere,
especially the posterior temporal region, not concordant
with EEG findings (Fig. 1A). Fluorodeoxyglucose positron
emission tomography (FDG-PET) scan revealed a focal area
of decreased tracer uptake in the right mid-frontal region
and anterior temporal region, concordant with EEG locali-
zation (Fig. 1B). Magnetoencephalography (MEG) local-
ized an abnormal area in the right frontal lobe.

Figure 1.

(A) Ictal SPECT showing area of
hypermetabolism in the posterior
frontal area (arrow). (B) FDG-PET
showing area of hypometabolism
over the right posterior frontal and
anterior temporal regions (arrows).
(€) Postimplantation CT scan and
(D) intraoperative photograph
showing the location of the subdural
grid and depth electrodes. DA,
anterior depth electrode; DP,
posterior depth electrode; SF,
superior frontal strip; IF, inferior
frontal strip; TS, temporal strip; G&R,
ground and reference; 1-64, Subdural
grid. (E) The display on SuperSonic
Aixplorer scanner, where the top and
bottom diagrams are elasticity map
with SWE and

B-mode ultrasound, respectively. The
area of increased stiffness (arrow)
was around 1.5 ¢cm from the brain
surface. The B-mode image did not
show any abnormality. (F) Subdural
grid and depth electrodes showing
ictal onset and spread, with
corresponding (G) EEG activity
starting at DAO3 and DA04 (red
arrows) with early spread to G34
(dotted red arrow). (H)
Intraoperative photograph showing
the grey abnormally stiff tissue at the
depth of DAO3 (arrow). Low (I) and
high magnifications (J) of the lesion
showing giant neurons (arrow) and
balloon cells (asterisks).

Epilepsia © ILAE

Based on the concordant EEG, MEG, and PET, invasive
electrode recording was performed in this lesion-negative
case. A 64-contact subdural grid (Ad-tech, 8 cm x 8 cm)
was placed covering the right frontal region, and two, 6-con-
tact subdural strips (1 cm x 6 cm) were placed over the
frontal and temporal poles, respectively (Fig. 1C,D). A two-
contact subdural strip was placed against the skull in the
posterior region for ground and reference. A depth electrode
was placed under neuronavigation and SWE guidance.

Following dural opening and prior to implantation of
the grid, both intraoperative ultrasound and SWE were
performed using Aixplorer (Supersonic Imagine) scanner
equipped with a multifrequency sector transducer (SE12-3)
having a bandwidth of 3—12 MHz, with a center frequency
of 7.5 MHz. The ultrasound transducer was draped with a
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sterile transparent plastic sheath, which was filled with
sterile acoustic coupling aqueous-based gel. A sweep with
high quality B-mode imaging was performed, and no
lesion was detected. B-mode ultrasound showed no obvi-
ous lesion, but SWE revealed a focal area of increased
stiffness approximately 1.5 cm from the brain surface
(Fig. 1E). This area had a mean Young’s modulus (YM)
of 74.7 kPa, compared to the surrounding gray and white
matter, which had mean YM of 36.2 and 20.8 kPa, respec-
tively. Because of the SWE finding, a depth electrode was
implanted into this region.

During a 6-day period of recording, the patient had 11 diur-
nal and one nocturnal stereotypical seizures with consistent
EEG changes. During his seizures, electrographic onset
preceded clinical onset. At onset, low-amplitude fast activity
started at DAO3 (third contact of the anterior depth electrode
1.5 cm from brain surface), with early involvement of
contacts DAO4 (fourth contact of the anterior depth electrode
0.5 cm from brain surface) and G34 of subdural grid
(Fig. 1F,G). Sometimes the activity started at all three con-
tacts simultaneously. The activity then spread rapidly to con-
tacts G26, G33-35, and G42—44 before involving wider areas.

A resection was planned as shown in the schematic dia-
gram in Figure 1F. This involved resection of the inferior
frontal gyrus and frontal operculum along the anterior depth
electrode track. A circumferential resection around the
depth electrode was performed. At the depth of DAO3, the
brain tissue appeared gray and felt stiffer than normal brain,
which agreed with the SWE findings (Fig. 1H). The resec-
tion continued until normal brain was seen; the total volume
resected was around 0.5 cc. The lesion was confirmed to be
type 1Ib focal cortical dysplasia (FCD) on histopathologic
examination with the presence of dysmorphic giant neurons
and balloon cells (Fig. 1LJ).

Postoperatively the patient has remained seizure-free
(International League Against Epilepsy [ILAE] class 1)
with no focal deficit 6 months following the procedure.

DiscuUSSION

MRI-negative focal symptomatic epilepsy constitutes
only 16% of patients with focal symptomatic epilepsy
with surgical success rate of only 38%."' The surgical out-
comes depend on the extent of resection of the cortical
dysplasia,® as Chassoux et al.® reported a high seizure
freedom rate of 88% in this group where 20% underwent
further procedure. Therefore, these patients normally
require invasive intracerebral depth electrode recordings
to localize the epileptogenic zone. In our case, we per-
formed both intracerebral depth electrodes and subdural
grid recordings.

Although high-field 3 T MRI scan can improve detection
rates of epileptogenic zones by up to 20%," it is inferior to
standard 1.5-T MRI in detecting tissue loss and mesial tem-
poral sclerosis.” Our case underwent standard 1.5 T MRI
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scan first before undergoing 3 T MRI scan, but both scans
failed to demonstrate the lesion.

Ictal SPECT can identify areas of increased blood flow
following seizure onset, but in our case it failed to identify
the epileptic focus.

On the other hand, FDG-PET successfully detected the
area of the lesion concordant with EEG findings in our
patient. However, due to the poor resolution of FDG-PET, it
was not possible to pinpoint the exact area of the lesion.

Subdural grid recordings demonstrate epileptogenic
zones in two-dimensional view only without pinpointing the
exact location of the lesion.’ Furthermore, it may be mis-
leading especially if the lesion is at depth. In our case,
although the subdural grid improved localization of the epi-
leptogenic zone, it was the depth electrode that pinpointed
the exact location of the lesion, which was deep to this area.

Intracerebral depth electrode monitoring is considered inva-
sive, with complication rates for serious morbidity between
0.5% and 5%.” This was necessary in our case to localize the
epileptic focus and did not cause any complication.

MEG can localize eloquent cortex and epileptogenic
onset through magnetic fields produced by electrical activi-
ties in the brain. MEG-guided resection in MRI-negative
cases resulted in 61.5% achieving Engel class I and IL® In
our case, of the 50 recording datasets performed, only one
localized to the right frontal region. Although the yield of
this technique in our patient was low—2%—it was useful in
guiding presurgical planning.

Intraoperative B-mode ultrasonography in neurosurgery
has been used for real-time diagnosis and surgical guidance
since 1980.” It was shown to be helpful in defining type IIb
FCD in a small series.'© However, in our case B-mode ultra-
sonography failed to show the abnormality.

Strain ultrasonography is a technique whereby the soft
tissues are subjected to an external force to generate strain
within the soft tissues. Selbekk et al.,ll with the transducer
held stationary on the brain surface, used brain pulsation as
the external force to generate strain, whereas Chakraborty
et al.'? and Uff et al."* used gentle pressure from the trans-
ducer on the brain to create strain within the brain and tumor.
As the external force used to generate strain is not uniform, it
is not possible to calculate the Young’s modulus, and thereby
quantify the stiffness in soft tissue. The external force used is
also subjected to variation between operators; therefore, the
quality of strain elastograms (the images generated by strain
ultrasonography) is also operator dependent and thus poten-
tially has higher interoperator variability compared with SWE.

SWE estimates the Young’s modulus by measuring the
shear wave propagation speed in soft tissues, which is gen-
erated by highly focused ultrasound beam, known as acous-
tic radiation force, emitted by the ultrasound transducer.
Therefore, SWE does not require external force and thus has
less interoperator variability. The Young’s modulus is
related to shear wave speed by the equation E ~ 3pc?,
where E is Young’s modulus, p is soft tissue density, and ¢
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is the shear wave propagation speed. Therefore, SWE is also
able to quantify Young’s modulus.

Clinically, SWE has been used to characterize different
lesions in salivary gland, thyroid, breast, gastrointestinal
tract, prostate, and liver.'* The only SWE evaluation in the
brain was performed in trepanated rats, where a three-
dimensional brain elasticity map was created with good spa-
tial resolution.'” Using intraoperative SWE, the dysplastic
lesion was successfully outlined as abnormally stiff with a
mean Young’s modulus of 74.7 kPa, which was much
higher than in normal brain. This abnormal area was con-
firmed as type IIb FCD on histopathology. Therefore, our
case demonstrated, for the first time, the use of SWE intra-
operatively to localize epileptogenic focus absent on both
3 T MRI and B-mode ultrasound.

Shear wave propagation speed is influenced by anisot-
ropy of the soft tissue. For example, in skeletal muscles,
shear wave propagates faster along the muscle fibers than
across them.'® Similarly, Macé et al.'> demonstrated anisot-
ropy in white matter, that is, there was a significant differ-
ence in the shear wave speeds in the same tissue on different
scan planes, and postulated that the orientation of the axonal
fibers is responsible for the anisotropy. Therefore, as the
area of increased stiffness at about 3-cm depth corresponds
to white matter, it is possible that the white matter tracts run
horizontally in that region. On the B-mode, the speckle pat-
tern in that region, which has the appearance of horizontal
lines, is also suggestive of a horizontal orientation of the
white matter tracts. In addition, the depth electrode did not
pick up any electrical disturbance in that area. Therefore,
SWE should be used as an intraoperative adjunct and inter-
preted with electrophysiologic studies.

This case report illustrates how we converted a nonle-
sional epilepsy case into a lesional case. The MRI and
ictal SPECT did not identify the lesion. The FDG-PET
detected the lesion, and therefore helped guide the craniot-
omy and electrode placements, but was not sufficiently
precise to guide resection. By exploiting the abnormal
stiffness of this lesion, SWE successfully delineated the
lesion, which was later confirmed by electrophysiologic
and histopathologic findings. Although B-mode ultrasound
did not show the lesion, it demonstrated the anatomic
details that were not present on SWE. Therefore, by super-
imposing the two images, which could be configured eas-
ily with this scanner, we could pinpoint the lesion with
reasonable certainty. This case report has demonstrated
that SWE can detect MRI-negative and ultrasound-nega-
tive lesion. Therefore, in the future, SWE with B-mode
ultrasound should be considered in all patients with
nonlesional epilepsy.

SWE can quantify stiffness and does not require deforma-
tion of soft tissue by external force. Therefore, SWE can
inform the neurosurgeon regarding the consistency of the
lesion prior to resection, thereby facilitating safer surgery.
Second, because B-mode ultrasound sometimes does not

show the lesion clearly, and in this case not at all, SWE
allows the neurosurgeon to visualize the lesion and its
boundaries. Third, as it does not require external force, it
has less interoperator variability, and is also more attractive
for intraoperative use, especially in neurosurgery where
unnecessary manipulation of the brain is not preferred.
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