Hemimegalencephaly and Intractable Epilepsy Treated with Embolic

Hemispherectomy
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Summary: A patient with hemimegalencephaly and intractable
epilepsy underwent a preoperative embolic hemispherectomy. A
seizure-free interval of 1 year followed the embolization proce-
dure. In addition, the procedure was thought to be beneficial in
limiting blood loss during a subsequent surgical hemispherec-
tomy.
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Hemimegalencephaly is a rare dysplastic
malformation of the brain resulting from over-
growth of part or all of a cerebral hemisphere.
Clinical findings include psychomotor retarda-
tion, hemiparesis, and intractable seizures.
Early control of seizures is needed to allow max-
imal psychomotor development. Seizures asso-
ciated with hemimegalencephaly are difficult or
impossible to control medically. Hemispherec-
tomy has been used in several series to effec-
tively control seizures (1-9). This report de-
scribes a patient in whom staged cerebral
embolization was used to achieve initial seizure
control and was a preoperative adjunct to sur-
gical hemispherectomy.

Case Report

A 2829-g girl was born after an uncomplicated 39-week
gestation and delivery. The child was considered well when
discharged home on the third day of life. She was read-
mitted at 17 days of age for evaluation of frequent seizure
activity localized to the right cerebral hemisphere. Subse-
quent magnetic resonance (MR) imaging showed findings
of hemimegalencephaly (Fig 1A and B). The right hemi-
sphere was enlarged with thickened cortex and had an
abnormal gray-white matter distribution. The right lateral
ventricle also was enlarged.

Seizure frequency and duration increased, so that sei-
zures occurred typically more than once per hour. Seizures
were refractory to medical therapy including phenobarbital
and adrenocorticotropic hormone. Because of the intrac-
table nature of the seizures, hemispherectomy was con-
sidered. It was suggested by the neurosurgical team that
hemispherectomy be preceded by staged cerebral embo-
lization to minimize operative blood loss and possibly de-
crease the postoperative risk of hydrocephalus and hemo-
siderosis. After extended conferences with the infant’s
parents, the first stage of embolization was undertaken at
10 weeks of age.

Embolization of the right anterior cerebral artery distri-
bution was performed first, with the consideration that this
relatively small segment of the hemisphere would create
less swelling and mass effect than would the middle cere-
bral artery territory. The resulting encephalomalacia would
then provide a margin of safety if more mass effect were
experienced after embolization of the middle cerebral ar-
tery.

With the patient under general anesthesia, a coaxial
system was introduced via the right common femoral ar-
tery with a 5F catheter as a base. A Tracker 18 catheter
(Target Therapeutics, Fremont, Calif) was positioned be-
yond the anterior communicating artery in the right ante-
rior cerebral artery (Fig 1C). Embolization was performed
with a mixture of powdered absorbable gelatin sponge
(Gelfoam) and 200 to 300 um of polyvinyl alcohol parti-
cles suspended in nonionic contrast material. All branches
of the anterior cerebral artery distal to the anterior com-
municating artery were embolized (Fig 1D). Computed
tomography (CT) 24 hours after embolization showed in-
farction of the distribution of the anterior cerebral artery
(Fig 1E). There was no significant alteration in seizures
after the embolization.

Embolizations of cortical branches of the middle cere-
bral (Fig 1F and G) and posterior cerebral arteries were
performed in a similar manner at 10-week intervals after
embolization of the anterior cerebral artery. In each case,
catheter placement was distal to perforating vessels (len-
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Fig 1. A, Coronal MR image with short repetition and echo times shows enlargement of the right hemisphere with right ventriculo-
megaly.

B, Axial MR image with long repetition and echo times also shows enlargement of the right hemisphere. Abnormal white matter signal
and cortical dysplasia are present on the right as well.

C, Superselective preembolization injection of the territory of the right anterior cerebral artery with microcatheter positioned beyond
the anterior communicating and perforating vessels.

D, Postembolization injection of the right internal carotid artery shows occlusion of branches of the right anterior cerebral artery
beyond the anterior communicating level.

E, CT scan 24 hours after embolization of the right anterior cerebral artery shows high attenuation from the embolic agent and
relatively mild mass effect.

F, Angiogram immediately after embolization of the cortical territory of the right middle cerebral artery. Recanalization is present in
branches of the right anterior cerebral artery embolized 10 weeks earlier. (Figure continues.)

ticulostriate, thalamostriate, thalamoperforate, and thala- Seizure activity was present and relatively unchanged
mogeniculate). Provocative testing with amobarbital dem- during the course of embolization. Approximately 2 weeks
onstrated loss of evoked potentials in the selected after the final (posterior cerebral artery) embolization, clin-
hemispheric regions before permanent embolization. The ically evident seizures started to abate even though waves
basal ganglia were intentionally spared. No complications on the electroencephalogram remained epileptiform, par-
occurred during embolization. ticularly in the occipital region. At 6 and 10 months after
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Fig 1, cont’d. G, CT scan 24 hours after embolization of the territory of the right middle cerebral artery shows local edema and high
attenuation secondary to embolic material. Encephalomalacia is present in the anterior cerebral artery territory embolized 10 weeks

earlier.

H and I, MR images (short repetition and echo times) 14 months after embolic hemispherectomy show encephalomalacia in the right
anterior and middle cerebral artery territories with smaller changes in the region of the right posterior cerebral artery. Sparing of the basal

ganglia is noted in L

completion of embolization, the patient was free of clinical
seizures on a small residual dose of phenobarbital. The left
hemiparesis was abating; she could stand and was begin-
ning to take steps but had no dexterity of the left fingers.

At 14 months after embolization, clinical seizure activity
resumed and ultimately became intractable to maximal
medical therapy. MR showed encephalomalacia in the ter-
ritories of the anterior and middle cerebral arteries with
sparing of basal ganglia, but little apparent change in the
distribution of the posterior cerebral artery (Fig 1H and I).
An electroencephalogram demonstrated considerable ep-
ileptiform activity in the right occipital region. The neuro-
surgical team elected to perform a hemispherectomy
rather than attempt another embolization. At operation,
electrocorticography revealed nearly continuous epilepti-
form activity in the parietooccipital region; the right tem-
poral lobe and parietooccipital cortex were removed. Pos-
tresection electrocorticography revealed persistent,
frequent sharp-wave activity in the remaining embolized
tissue; the remainder of the hemisphere was removed.
Embolization was thought to be a positive adjunctive pro-
cedure that transiently controlled the seizures and mini-
mized intraoperative blood loss. The child recovered from
the procedure and was again seizure free.

Discussion

Hemimegalencephaly is a rare dysplastic
malformation of the brain that was reported by
Sims (10) in 1835. Macroscopically, there is
hemispheric enlargement, ipsilateral ventriculo-
megaly, and indistinct gray-white matter junc-

tions (4, 5, 11, 12). Gyral patterns range from
mild polymicrogyria to complete lissencephaly
and correspond to variable degrees of heteroto-
pia (1). Light microscopy reveals an increased
number and size of glial cells, foci of calcifica-
tion in subcortical white matter, and marked
neuronal enlargement. Increased DNA content
has been found, suggesting heteroploidy (13,
14). In addition, Rosenthal fibers have been dis-
covered in giant glial cells on electron micro-
graphs (4). Barkovich and Chuang (1) suggest
that an insult to the developing brain in the
middle to late second trimester could account
for both polymicrogyria and overgrowth of
hemispheric white matter.

Both CT and MR show hemispheric enlarge-
ment, ipsilateral ventriculomegally, and an ab-
normal gyral and white matter pattern. Affected
white matter has low attenuation on CT and
demonstrates abnormal high signal on T2-
weighted MR images (1).

Hemimegalencephaly can be an isolated find-
ing (as in our patient) or associated with extracra-
nial manifestations including hemihypertrophy
(15), hypomelanosis of Ito (16), linear sebaceous
nevus of Jadassohn (16), epidermal nevus (17),
Klippel-Trenaunay-Weber syndrome (18), and
neurofibromatosis (19, 20).

Patients with hemimegalencephaly often
have hemiparesis, hemianopia, and variable
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degrees of psychomotor retardation. However,
intractable seizures often dominate the clinical
presentation. Because seizures are usually re-
fractory to medical therapy, hemispherectomy
has been described by several authors as an
effective method of seizure control (1-9, 21). If
seizures are controlled early, psychomotor de-
velopment can again progress, particularly if
the basal ganglia are spared.

Before any type of invasive therapy, surgical
or embolic, every effort must be made to estab-
lish seizure control medically. Even with a
known lesion, long-term, continuous electroen-
cephalographic monitoring is also needed to
exclude an abnormal focus from a remote loca-
tion. Embolization as a primary therapy for sei-
zure control has not been previously described.
Embolization in the present case and its asso-
ciation with a period when this patient was free
from clinical seizures should not be construed
as evidence of a beneficial causal effect. In the
present case, it was requested as an adjunct to
surgical hemispherectomy in an attempt to limit
blood loss. As with hemispherectomy, emboli-
zation should spare diencephalic and basal gan-
glion structures. This can be accomplished by
careful catheter placement beyond proximal
perforating vessels, with embolization termi-
nated once major vascular stasis occurs and
before there is reflux.

Particle embolization has the potential disad-
vantage of delayed vascular recanalization.
Acrylic embolization might offer an advantage if
significant delay between embolization and sur-
gery is planned. Staged embolizations were
elected in this case to minimize complications
that might be associated with ischemic mass
effect. Even with this consideration, a more ef-
ficient approach could accomplish embolization
in two stages, combining the anterior and pos-
terior cerebral artery territories followed later by
embolization of the distribution of the middle
cerebral artery.

Embolic hemispherectomy was considered a
helpful preoperative adjunct to surgical hemi-
spherectomy in this patient. Initial seizure con-
trol after embolic hemispherectomy, though en-
couraging, cannot at this point be suggested as
having a primary therapeutic role. At present,
this technique is experimental and further inves-
tigation is needed.
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