Epilepsy surgery in
the setting of
periventricular
leukomalacia and
focal cortical
dysplasia

Article abstract—We report an infant who had successful epilepsy surgery
for intractable infantile spasms in the setting of bilateral periventricular
leukomalacia and remote germinal matrix hemorrhage. Although MRI gave
evidence of a diffuse cerebral insult and EEG showed hypsarrhythmia, focal
epileptogenicity was suggested by previous partial seizures with onset over
the right temporoparietal-occipital region and PET hypometabolism in that
same area. Right temporoparietal and lateral occipital resection at 15 months
resulted in seizure freedom and dramatic developmental progress at 1-year
follow-up. Histopathologic examination of resected tissue showed cortical dys-
plasia, possibly due to the same insult that also resulted in the bilateral
periventricular leukomalacia. From an etiologic perspective, this is one of
very few reported cases strongly implicating acquired focal cortical dysplasia
in response to a prenatal insult. From a clinical perspective, the case illus-
trates that the spectrum of potential surgical candidacy in infants may be
broader than usually suspected.
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Chugani et al.' reported seizure-free outcome
after cortical resection in patients with intractable
infantile spasms due to focal cortical dysplasia iden-
tified by MRI or PET. We report an infant who had
successful epilepsy surgery for intractable infantile
spasms in the setting of bilateral periventricular leu-
komalacia and remote germinal matrix hemorrhage.

Case report. The patient was conceived after maternal
treatment with clomiphene citrate for infertility. During
the first trimester, no maternal trauma, illness, x-ray ex-
posure, or drug ingestion occurred, but pregnancy was
complicated by cervical incompetence. Early labor was suc-
cessfully treated at 25.5 weeks gestation with terbutaline,
magnesium sulfate, and cervical cerclage. The vaginal
birth was uneventful at 38 weeks with high Apgar scores
and no perinatal complications. Birth weight was 3.4 kg.
The infant was discharged to home on day 2 and did well
until 2 months old, when seizures began.

From 2 to 7 months old, partial seizures occurred in
clusters several times a day. Seizures variably involved
right eyelid twitching, right or bilateral limb stiffening and
trembling, labored respiration, facial grimacing, or eye
rolling. Many EEG seizures were recorded over the right
temporoparietal-occipital region at 2.5 and 4 months. A
single EEG seizure over the left temporoparietal-occipital
region was recorded at 5 months old. Failed medications
included phenobarbital, carbamazepine, phenytoin, val-
proate, and pyridoxine.

Infantile spasms replaced the partial seizures at 7
months old and occurred in clusters several times a day
despite treatment with adrenocorticotrophic hormone, phe-
nobarbital, phenytoin, clonazepam, and felbamate. EEG at
7 and 13 months showed hypsarrhythmia with generalized
electrodecrement during spasms (figure 1). Interictal sharp
waves were multifocal but tended to be more frequent over
the right temporoparietal-occipital region. Sleep spindles
were decreased over the right hemisphere.

Delayed development was first noted at age 3 months.
The infant made noticeable developmental gains during a
single brief seizure-free interval for 2 weeks at 7 months
old, but these were lost when the spasms recurred. At 13

months, he smiled responsively but did not coo or babble,
he could sit only briefly without support, and he would not
reach for objects or hold his bottle while feeding. Visual
attentiveness seemed decreased, but there was no evidence
of hemianopia. Muscle tone, strength, and deep tendon
reflexes were normal with no evidence of hemiparesis.
Head circumference was at the 60th percentile for age.

MRI at ages 2.5, 7, and 13 months showed volume loss
and abnormal signal in bilateral periventricular white
matter, worse in the right parietal region, with enlarge-
ment of the atrium of the right lateral ventricle (figure 2).
The white matter hyperintensity was pronounced and
well-defined on spin density and T, images. In contrast
with the normal increased T, signal of association fibers in
infants this age, the white matter changes in our patient
extended inferiorly to the ependymal surface and laterally
along the atrial margins. A small area of abnormal signal
in the right caudate-thalamic groove was consistent with
previous germinal matrix hemorrhage. There was no evi-
dence of cortical abnormality in the right temporoparietal-
occipital region or elsewhere.

Interictal PET with 18-fluorodeoxyglucose at 13 and 15
months old showed hypometabolism over the right tem-
poroparietal and lateral occipital region (figure 3). Electro-
corticography with bilateral subdural electrode strips pro-
vided no significant additional information.

Resection of right temporoparietal and lateral occipital
cortex was performed at 15 months old. Histopathologic
examination of resected tissue showed cortical dysplasia
with disruption of the alignment and positioning of neu-
rons within the cortex and increased numbers of hetero-
topic neurons in the molecular layer and deep white mat-
ter. Rare large balloon-type neurons with peripheralized
Nissl substance were present within cortical layer 6.

Recovery was uneventful with no new postoperative def-
icits. A few days after surgery, the infant had four brief
isolated head nods but none thereafter. One year after
surgery, at 27 months old, the child remained seizure free
on weaning doses of antiepileptic medication.

Postoperative developmental progress was dramatic. By
18 months old he walked, ran, and climbed on furniture,
and by 22 months he said “mama” and pointed to body
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Figure 1. EEG at the start of an infantile spasm (arrow)
showing a diffuse electrodecremental pattern replacing the
hypsarrhythmia.

parts. He became sociable, interactive, and playful. His
parents described him as “a new kid.”

Discussion. Some patients with infantile spasms
and periventricular leukomalacia have a benign
course with resolution of seizures after corticosteroid
therapy.? However, our patient had features of cata-
strophic epilepsy with persistent intractable spasms
in the second year of life and severe developmental
delay. Serious concerns about the child’s long-term
developmental outcome lead to referral for epilepsy
surgery evaluation. Reversibility of the developmen-
tal delay was suggested by the infant’s dramatic de-
velopmental progress during a single brief seizure-
free interval.

By 7 months old, the patient had several features
traditionally suggesting a multifocal or diffuse epi-
leptogenic process, including infantile spasms, hyp-
sarrhythmia, developmental delay, and periventricu-
lar leukomalacia. However, other features suggested
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a focal epileptogenic zone, including early partial sei-
zures with EEG onset predominantly over the right
temporoparietal-occipital region, PET hypometabo-
lism in that same area, predominance of sharp
waves over the right temporoparietal-occipital re-
gion, decreased spindles over the right hemisphere,
and MRI evidence that the periventricular white
matter loss was greatest in the right temporopari-
etal-occipital region. One of the most important clues
was that the early seizures were partial with re-
gional EEG onset. For infants with catastrophic epi-
lepsy, early video EEG during the phase with partial
seizures is critical because regional EEG seizures are
typically lost with the evolution to infantile spasms.

Chugani et al! showed that focal epileptogenic le-
sions may manifest as infantile spasms with hypsar-
rhythmia, and our patient’s seizure-free outcome af-
ter focal cortical resection confirmed this. However,
the criteria for identification of surgical candidates
with infantile spasms remain in evolution. In most
cases, MRI evidence of a severe insult to both cere-
bral hemispheres would speak against the advisabil-
ity of epilepsy surgery. Our case was unusual in that
other features suggested a focal epileptogenic zone,
despite MRI evidence of a diffuse insult.

Although not visible on preoperative MRI, focal
cortical dysplasia was suspected preoperatively
based on clinical features and PET and then con-
firmed by histopathologic analysis of resected tissue.
We believe that the focal cortical dysplasia was caus-
ally related to the remote intraventricular hemor-
rhage. If the bleed occurred during the time of late
neuronal migration at or before 20 weeks gestation,?
then the sequence of events could have been intra-
ventricular hemorrhage, acute hydrocephalus, dam-
age to bilateral periventricular white matter and
radial glial cells worst in the right temporoparietal-
occipital region, and disruption of neuronal migra-
tion in that area due to degeneration of the guiding
radial glial fibers. The timing of the prenatal hemor-
rhage in this case was unknown, but reactive gliosis

Figure 2. MRI at 15 months old show-
ing bilateral periventricular white mat-
ter loss and abnormal signal, worse in
right parietal region. The left image also
showed a focal area of gliosis with in-
creased signal in the right caudate-
thalamic groove (arrow), consistent with
remote right germinal matrix hemor-
rhage. Left image, TR 3,500/ TE 22;
right image, TR 3,500/ TE 120.



as seen on our patient’'s MRI may be present his-
topathologically after prenatal damage as early as 20
weeks gestation. An acute insult could have oc-
curred during the brief window between the final
stages of neuronal migration and the early stages
when cerebral insults may result in reactive gliosis,
or the bleed could have been an acute event superim-
posed on a more chronic ischemic process continuing
across both epochs. Perhaps because the disturbance
probably occurred late in neuronal migration, the
microscopic focal cortical dysplasia did not involve
gross structural abnormality detectable by MRI.

Others have suggested that prenatal insults may
be a cause of acquired cortical dysplasia.®® However,
the very few clearly documented cases are limited
almost exclusively to parabiotic twin pregnancies
with fetofetal transfusion” or early fetal co-twin de-
mise.”” An additional case'® documented focal
pachygyria at the margin of a congenital vascular
anomaly, with the focal abnormality of neuronal mi-
gration presumably due to gradual perfusion failure.
Our case also implicates focal cortical dysplasia ac-
quired during a prenatal ischemic event, in associa-
tion with intraventricular hemorrhage.

Appreciation of the possible mechanisms of ac-
quired focal cortical dysplasia may lead to increased
recognition of the possibilities for successful epilepsy
surgery in atypical clinical settings. Although the
identification of infantile surgical candidates is chal-
lenging, the potential rewards are great because of
the developmental progress that may occur when the
spasms are abolished.
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Figure 3. 18-Fluorodeoxyglucose-PET
showing hypometabolism over the right
temporoparietal and lateral occipital re-
gion.
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