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A case of focal cortical dysplasia type Ib atypically showing reversible
intensity changes on magnetic resonance imaging which could be
affected by epileptic discharge activity
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Abstract
Focal cortical dysplasia (FCD) was first described as a distinct neuropathological entity in 1971 by Taylor and colleagues. FCD is
thought to be an embryological migration disorder and is thus considered a non-progressive, unchangeable disease throughout
life. A 9-year-old right-handed boy was referred from a local hospital for medically intractable epileptic seizures. Serial magnetic
resonance images (MRI) showed intensity changes that indicated exacerbation and remission. After presurgical evaluations
including intracranial video-electroencephalogram monitoring, we performed a lesionectomy aided by MRI and epileptic focus
resection. He has been free from seizures for more than 3 years. Neuropathological findings showed FCD type Ib. We surgically
treated a patient with FCD, which showed MRI intensity changes indicating exacerbation and remission. Although FCD type Ib
is generally invisible on MRI, in this patient, changes in intensity on MRI made FCD type Ib visible.
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Introduction

Focal cortical dysplasia (FCD) is one of the most common
neuropathological findings in the tissue resected from pa-
tients with medically intractable epilepsy [1, 2]. Sixty-two
percent of patients with FCD are seizure free after surgery
to remove the epileptic focus [1, 2]. The best predictor of
becoming seizure free after surgery is whether the entire
FCD lesion was removed [1]. The epileptogenic zone is
often larger than the lesion identified with magnetic reso-
nance imaging (MRI) [1].

We, herein, report a patient with an FCD lesion in whom
the intensity on MRI changed during the disease course.

Case summary

Clinical course

A 9-year-old right-handed boy was referred from a local
hospital. At 2 years old, he experienced the first focal
onset seizure, which consisted of unresponsiveness and
staring. T2-weighted and fluid-attenuated inversion re-
covery (FLAIR) MRI showed a left temporo-occipital
high-intensity lesion. Diffusion-weighted imaging (DWI)
showed no changes in intensity on MRI (Fig. 1). His
seizures had been controlled for several years.
However, the seizures recurred at 6 years of age and
were refractory to medications. He was referred to our
facility at the age of 9 years.

His first MRI at 9 years and 8 months old showed a left
temporo-occipital high-intensity lesion on FLAIR. At a
time when he had been seizure free, a second MRI
showed that the high-intensity lesion had decreased in
intensity, despite frequent interictal epileptiform dis-
charges seen on an electroencephalogram (EEG). We de-
fined that the Boccasional discharge^ had less than six
spikes per minute; the Bintermittent discharge^ had more
than or equal to six but less than 20 spikes per minute; the
Bfrequent discharge^ had 20 or more spikes per minute
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[3]. The third MRI, at a time when he was seizure free,
showed a slight increase in intensity. After being seizure
free for about 1 year, his seizures recurred monthly with
clear exacerbation seen on the fourth MRI. Seizures con-
tinued to occur monthly, but the fifth MRI showed remis-
sion again. Despite an increase in medications, seizures
became weekly, and exacerbation was seen on the sixth
MRI (Fig. 2).

Intracranial EEG showed that epileptic seizures arose from
the left temporo-occipital region of the ventral side adjacent to
the lesion seen on MRI. Fluorodeoxyglucose-positron emis-
sion tomography (FDG-PET) showed decreased accumula-
tion at the left mesial temporal lobe. Iomazenil (IMZ) or
technetium-99m ethyl cysteinate dimer (99mTc-; ECD)
single-photon emission computed tomography (SPECT)
showed no abnormality.

As the Wada test was suggestive of left language dom-
inance, we performed functional language mapping,
which showed no overlap between language area and es-
timated resection area. We performed an MRI-guided
lesionectomy as well as resection of the basal temporo-
occipital epileptogenic focus. He exhibited no post-
operative neurological deficits. He has been seizure free
for more than 3 years.

Pathological findings

Histological examination of the resected cortex showed
inc r ea sed neu rons and g l i a l ce l l s a s we l l a s
dyslamination, irregular orientation of dendrites, and

immature neurons. These abnormalities were consistent
with FCD type Ib. We did not observe dysmorphic neu-
rons, cytomegalic neurons, balloon cells, or grotesque
cells. In the resected occipital lobe cortex, the lesion
showed mild malformation of cortical development and
remnants of the columnar pattern.

In the lesion in the subcortical region and the
parasubiculum of the hippocampus, many Olig2-positive glial
cells and glial fibrillary acidic protein-positive cells were pres-
ent that may have indicated overgrowth of glial cells such as
oligodendroglia and astrocytes. Few MIB-1-positive cells
were seen. The hippocampus itself showed no findings of
hippocampal sclerosis or a brain tumor.

Overall, the pathological diagnosis was FCD type Ib
(Fig. 3). We did not find malignancy, other tumors, autoim-
mune encephalitis, multiple sclerosis, demyelination, or vas-
culitis upon pathological examination.

Discussion

In our case with FCD type Ib, exacerbation and remission
were seen as changes in intensity on MRI, which was per-
formed with the same MRI machine.

As FCD is thought to be an embryological migration
disorder, FCD is considered a non-progressive, un-
changeable disease [1, 2, 4–7]. Exacerbation or remission
is rarely seen with neuroimaging in patients with FCD.
Lesions that show changes on MRI may indicate malig-
nant transformation of a benign tumor, autoimmune

Fig. 1 The first MRI study at 9 years 8 months old. a Fluid-attenuated
inversion recovery (FLAIR) MRI (left side) revealed a high-intensity
cortico-subcortical area in the left temporo-occipital area and involved
the medial temporal region and the hippocampus. b T1-weighted

imaging with gadolinium contrast showed slight enhancement in the
left hippocampal body and tail area. c This area showed no intensity
changes on diffusion-weighted image (DWI) MRI
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inflammation such as Rasmussen encephalitis [8], demy-
elination, or edema related to status epilepticus [9]. In
our case, N-methyl-D-aspartic acid antibody staining
was negative, and no cells were present in his cerebro-
spinal fluid.

Only two reports of FCD with lesions with alternat-
ing intensity on MRI have been published [6, 7].
According to Owens et al. [7], the neuroimaging change
in FCD is due to edema after an epileptic seizure. In
that case, the seizure frequency increased drastically
while showing high-intensity changes on MRI. Status
epilepticus or frequent seizures induce cytotoxic edema,
which mimics the growth of the lesion [9]. Another
paper described MRI intensity alterations in FCD with-
out status epilepticus or frequent seizures [6]. In this
case, the patient also had increased seizure frequency
and increased interictal discharges. The authors specu-
lated that alterations in MRI intensity in our case were
related to ongoing subclinical seizures from a deep-
seated focus that was inaccessible by the scalp EEG.
These two cases of FCD were reported as FCD type

IIb. However, the neuropathological diagnosis of our
case was FCD type Ib. The lesions in FCD type Ib
are generally thought to be invisible on MRI.
Therefore, the MRIs at ages 9 years 11 months and
11 years 7 months, which showed negative findings,
were considered his baseline MRI findings.

Seizure activity can produce pathological changes,
and pathological changes can worsen seizure activity.
This theory is considered the mechanism of hippocam-
pus sclerosis, which is the state of acquired irreversible
pathological changes resulting from this vicious cycle
following an initial disease or injuries such as trauma,
FCD, or infection [10].

This theory may explain the mechanism of the changes in
our case. According to this theory, changes in the lesion are
considered to be induced by latent epileptic discharge.
However, anti-seizure medications may stop the vicious cycle
in the latent stage while it is still reversible, and thus, the lesion
may show exacerbation and remission on MRI. It is well
known that status epilepticus is shown as high intensity on
DWI [11]. On the one hand, changes in DWI intensity were
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Fig. 2 Period, seizure frequency, medications, and MRI intensity
changes. We observed a high-intensity area in the left medial temporal
lobe with fluid-attenuated inversion recovery (FLAIR) at the age of
9 years 8 months. The high-intensity lesion improved on FLAIR at the
age of 9 years 11 months. However, the high-intensity area appeared

again at the age of 10 years and disappeared at 11 years. Re-
exacerbation was seen at the age of 12 years. FSIQ, full-scale
intelligence quotient; TPM, topiramate; LEV, levetiracetam; ZNS,
zonisamide
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found in 19% of patients with status epilepticus. On the other
hand, single seizure was found in 2.5–3% of patients [12].
This could explain why DWI in our case did not show a
change in intensity.

We found slight enhancement in the left mesial temporal
lesion and the fronto-basal lobe on MRI. This could be ex-
plained by peri-ictal dysfunction of the blood-brain barrier due
to subclinical epileptic state [13].

Our case represents a lesion of FCD type Ib with a high-
intensity area on MRI. Latent epileptic activity may cause a
signal change in the lesion that is usually invisible on MRI.
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