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OBJECTIVE Hemispherectomy for unilateral, medically refractory epilepsy is associated with excellent long-term
seizure control. However, for patients with recurrent seizures following disconnection, workup and investigation can be
challenging, and surgical options may be limited. Few studies have examined the role of repeat hemispherotomy in these
patients. The authors hypothesized that residual fiber connections between the hemispheres could be the underlying
cause of recurrent epilepsy in these patients. Diffusion tensor imaging (DTI) was used to test this hypothesis, and to tar-
get residual connections at reoperation using neuronavigation.

METHODS The authors identified 8 patients with recurrent seizures following hemispherectomy who underwent surgery
between 1995 and 2012. Prolonged video electroencephalography recordings documented persistent seizures arising
from the affected hemisphere. In all patients, DTI demonstrated residual white matter association fibers connecting the
hemispheres. A repeat craniotomy and neuronavigation-guided targeted disconnection of these residual fibers was per-
formed. Engel class was used to determine outcome after surgery at a minimum of 2 years of follow-up.

RESULTS Two patients underwent initial hemidecortication and 6 had periinsular hemispherotomy as their first proce-
dures at a median age of 9.7 months. Initial pathologies included hemimegalencephaly (n = 4), multilobar cortical dys-
plasia (n = 3), and Rasmussen’s encephalitis (n = 1). The mean duration of seizure freedom for the group after the initial
procedure was 32.5 months (range 677 months). In all patients, DTl showed limited but definite residual connections
between the 2 hemispheres, primarily across the rostrum/genu of the corpus callosum. The median age at reoperation
was 6.8 years (range 1.3-14 years). The average time taken for reoperation was 3 hours (range 1.8—4.3 hours), with a
mean blood loss of 150 ml (range 50-250 ml). One patient required a blood transfusion. Five patients are seizure free,
and the remaining 3 patients are Engel Class Il, with a minimum follow-up of 24 months for the group.

CONCLUSIONS Repeat hemispherotomy is an option for consideration in patients with recurrent intractable epilepsy
following failed surgery for catastrophic epilepsy. In conjunction with other modalities to establish seizure onset zones,
advanced MRI and DTl sequences may be of value in identifying patients with residual connectivity between the affected
and unaffected hemispheres. Targeted disconnection of these residual areas of connectivity using neuronavigation may
result in improved seizure outcomes, with minimal and acceptable morbidity.
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cally refractory epilepsy is associated with excel-
lent long-term seizure control. Outcomes are de-
pendent on achieving a complete disconnection between
the affected, diffusely abnormal hemisphere and the nor-

l l EMISPHERECTOMY for children with unilateral, medi-

mal hemisphere. For the 15%-30% of children with re-
current seizures following procedures such as periinsular
hemispherotomy (PIH),'? regaining seizure control can be
problematic—requiring the addition of new anticonvul-
sant medications, a trial with vagal nerve stimulation, or

ABBREVIATIONS DTI = diffusion tensor imaging; EEG = electroencephalography; HD = hemidecortication; MEG = magnetoencephalography; PIH = periinsular hemi-

spherotomy; VP = ventriculoperitoneal.
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conversion to anatomical hemispherectomy.'>*° Whereas
the complications of hemispherectomy at the time of ini-
tial surgery, whether anatomical or functional, are well
described >!+1520 jssues relating to repeat hemispherotomy
are not as well described in the literature.

For children with persistent or recurrent seizures fol-
lowing hemispherectomy, it is imperative that the epilepsy
surgery team determines if disconnection of the affected
hemisphere has been successfully achieved. In addition to
prolonged video electroencephalography (EEG) record-
ings to demonstrate the semiology of the recurrent/re-
sidual seizure pattern, MRI studies should be obtained to
carefully demonstrate the completeness of the disconnec-
tion. Although this can sometimes be difficult given the
complexities of the relevant association, commissural, and
projection fiber systems—complexities that are caused by
congenital or acquired anatomical deformity in the affect-
ed hemisphere—advances in MRI technology have made
the determination of extent of disconnection easier to vi-
sualize, document, and correlate with the seizure semiol-
ogy. In this regard, the development of MR fiber tractog-
raphy in conjunction with diffusion tensor imaging (DTI)
has the potential in theory to be used to study persistent
white matter fiber tracts connecting the 2 hemispheres in
postoperative cases of hemispherectomy for which seizure
persistence or recurrence remains problematic.

A DTI investigation is based on the principle that the
diffusivity of water molecules is restricted in highly orga-
nized tissues, such as white matter tracts, a process known
as diffusion anisotropy.'® Diffusion anisotropy is influ-
enced by intraaxonal organization, degree of myelination,
density of fiber and neuroglial cell packing, and fiber di-
ameter.?! Fractional anisotropy is a measure of anisotropy,
and quantitative maps of fractional anisotropy can be
generated, with higher signal representing greater degree
of anisotropy.?* Color vector maps reflect both anisotropy
and direction of the white matter, with intensity represent-
ing the anisotropy and color representing the direction of
the white matter. A tensor can be modeled whereby the
restricted diffusion is parallel to the direction of the fiber
bundles.® Fractional anisotropy and mean diffusivity are
measures that are used to quantify tensor-like phenomena
so that tractography and DTT maps can be created to esti-
mate the position of relevant white matter fibers.

To date, there have been few studies that have exam-
ined the benefit of a comprehensive workup of the pediat-
ric patient with failed hemispherectomy, including the use
of DTI, to guide treatment aimed at disconnecting persis-
tent connectivity fibers.>** Here we present our experience
with a subset of patients who were identified as having
persistent bands of white matter connectivity between the
2 hemispheres following hemispherectomy and who un-
derwent targeted resection of these bands in attempts to
improve their underlying intractable epilepsy. Our neuro-
surgical technique in these cases is described.

Methods

Index Hemispheric Procedures Performed for Intractable
Epilepsy
Prior to 1997, the surgical approach to hemispherecto-
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my at the Hospital for Sick Children, Toronto, was hemide-
cortication (HD). In 1997, a change in technique was ad-
opted in favor of PIH, which has been used since that time
for children with catastrophic, hemispheric epilepsy. Both
techniques were described in detail recently.*!? Briefly, HD
is performed after a large unilateral craniotomy. The dura
mater is typically opened widely, and the affected brain
tissue is resected lobe by lobe from the cortex to the white
matter, in stages. The Cavitron is used to resect the cortical
tissue by aspirating within the white matter planes. In the
end, only a small amount of cerebral tissue is left overly-
ing the basal ganglia and deep gray matter structures such
as the thalamus. The ventricle is not routinely exposed,
and mesiotemporal structures are not resected in cases in
which HD is used.*!7:26

For PIH, the frontoparietal opercular cortex is resected
down to the insular pial bank, creating the suprainsular
window; the infrainsular window is created by resecting
the temporal opercular cortex down to the pia overlying
the insula.>'32 Typically, an anterolateral temporal lobecto-
my including mesial structures is performed in most cases.
The corona radiata is then transected following the open-
ing of the lateral ventricular system. A complete calloso-
tomy is performed from within the lateral ventricle, using
the pericallosal vessels anteriorly and the free edge of the
falx and tentorium posteriorly as delimiting structures. A
frontal disconnection is then performed by following the
pia along the medial sphenoid wing of the anterior cranial
fossa floor to the interhemispheric fissure, and by joining
it to the frontal ventricular horn incision. Finally, the in-
sular cortex is resected either en bloc or piecemeal, de-
pending on the position of the penetrating insular cortical
arterial candelabra.

Patient Workup and Investigation Following Failed HD or
PIH

This series includes pediatric patients with recurrent
seizures following an initial hemispherectomy that was
performed between 1995 and 2012. With the recurrence
of seizures, all patients were extensively reinvestigated
with routine EEG, prolonged video EEG recordings in the
epilepsy monitoring unit, and neuroimaging (MRI scan—
either 1.5 or 3 T). MRI studies included high-resolution
volumetric T1-weighted imaging as well as axial and
coronal T2-weighted imaging and proton density, FLAIR,
and DTTI sequences. Color vector maps and fractional an-
isotropy maps were generated from the DTI.

Magnetoencephalography (MEG) was performed in
select cases as previously described.?” The results of all of
these investigations were discussed at a multidisciplinary
pediatric epilepsy surgery conference.

Repeat Neurosurgical Procedure for Recurrent Epilepsy

In preparation for repeat craniotomy, the volumetric
T1-weighted and DTI sequences of all patients were im-
ported into the BrainLab workstation for intraoperative
navigation. Identification of the areas of suspected per-
sistent connectivity were outlined and color coded by the
neuroradiologist (EW.). The patient’s head was rigidly
fixed with a Sugita headrest for frameless stereotactic neu-
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ronavigation. The previous skin incision was used, and a
repeat craniotomy was performed, centered on the region
of persistent connectivity. The dura was opened, the mi-
croscope was brought in, and the neuronavigation probe
was used to identify the region of interest and the residual
points of connectivity on DTI. A targeted disconnection
was then performed using microneurosurgical technique.
A postoperative external ventricular drain was then placed
at the neurosurgeon’s discretion.

Seizure Outcome

Seizure outcome was graded using the Engel outcome
scale for epilepsy surgery.®

lllustrative Cases
Case 1

The patient presented with catastrophic epilepsy at age
3 months and was diagnosed with left hemimegalenceph-
aly on MRI (Table 1). A left HD procedure was performed
at 8 months of age. Seizures were not improved, and the
child required 2 additional procedures resecting residual
cortex, leaving the basal ganglia behind (Fig. 1). The child
also required insertion of a ventriculoperitoneal (VP)
shunt. Following these procedures, seizures were still not
improved, the child’s seizure outcome remained Engel
Class 1V, and he was receiving 4 antiseizure medications.
His primary seizure type comprised complex partial sei-
zures with secondary generalization. At age 15 years, 3-T
MRI and DTI were performed and demonstrated persis-
tent connectivity between a small remnant of basal frontal
cortex and the corpus callosum (Fig. 1). A small frontal
craniotomy was performed, and the area of suspected
basal frontal connectivity was sectioned at the level of the
corpus callosum using DTI-guided neuronavigation. The
postoperative recovery was uneventful. Following this,
the patient attained Engel Class II seizure outcome and
was receiving 2 anticonvulsant medications at the 2-year
follow-up.

Case 4

At the age of 6 years, the patient presented with sud-
den-onset intractable epilepsy. Workup and investigation,
including MRI, suggested right Rasmussen’s encepha-
litis. A temporal lobe biopsy was performed, the results
of which supported the diagnosis. A right PIH was then
performed, and the patient became seizure free for 7 years
and was successfully weaned from his medications. At the
age of 13 years, his seizures recurred and comprised com-
plex partial seizures with suspected right frontal lobe on-
set. DTI sequences suggested a small region of persistent
connectivity between the basal frontal lobe and the corpus
callosum (Fig. 2). A second surgery was performed via
a small frontal craniotomy, followed by resection of this
band of connectivity, for which neuronavigation and mi-
croneurosurgical technique were used. No postoperative
complications were noted. Following surgery, the child
once again became seizure free, was weaned from his
medications, and was Engel Class I at 2 years postopera-
tively.

Repeat hemispherotomy for intractable epilepsy

FIG. 1. Case 1. A 15-year-old boy with hemimegalencephaly and in-
tractable epilepsy. Following 3 prior failed HD procedures to control his
epilepsy, he underwent high-resolution volumetric 3-T MRI and DTI. A:
Axial T1-weighted MRI demonstrating extent of prior HD procedures with
preservation of the basal ganglia on the left side. Left VP shunt reservoir
is seen. Arrow denotes area of suspected connectivity at the rostrum of
the corpus callosum. B: Coronal T1-weighted MRI scan showing extent
of left cranial vault deformity following HD procedures. Arrow indicates
area of persistent connectivity between residual left posteroinferior
mesial frontal lobe and the right normal hemisphere across the rostrum
of the corpus callosum. C: Fractional anisotropy map from DTI shown
on axial MRI at the same level of the rostrum of the corpus callosum as
depicted in panel A. D: Color vector map of DTI at the same level as in
panels A and C, with red showing area of persistent crossing fibers at
the level of the rostrum of the corpus callosum (arrows in C and D).

Results

Patient Demographic Data, Neuropathological Findings,
and Initial Seizure Outcome

Between 1995 and 2012, 88 children underwent hemi-
spherectomy for catastrophic epilepsy at the Hospital for
Sick Children. Between 1995 and 1997, 8 patients under-
went HD; whereas 80 patients underwent PIH between
1997 and 2012. In the time period of this study, 8 of 88
patients (9.1%) were identified who experienced recurrent
seizures after hemispherectomy, with suspected fiber tract
connectivities between the 2 hemispheres. Two patients had
prior HD procedures, whereas 6 had prior PIH. There were
3 males and 5 females. Initial seizure onset occurred at a
median of 2.6 months (range newborn to 6 years). Initial
PIH or HD was performed at a median age of 9.7 months
(range 2-72 months). The neuropathological diagnoses
included hemimegalencephaly (n = 4), hemispheric corti-
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FIG. 2. Case 4. This 13-year-old boy was diagnosed with right hemi-
spheric Rasmussen’s encephalitis at age 6 years. At that time, he under-
went a right PIH. He became seizure free, and was weaned from all med-
ications. Seizures recurred 7 years postoperatively, and high-resolution
volumetric 3-T MRI and DTl were performed. A: Axial T1-weighted MRI
showing characteristic atrophy of the affected hemisphere in Rasmus-
sen’s after PIH. Arrow indicates an area of suspected connectivity be-
tween the affected right and normal left hemispheres across the rostrum
of the corpus callosum. B: Coronal T1-weighted MRI showing region of
suspected connectivity between the 2 hemispheres through the rostrum
of the corpus callosum (arrow). From this image, the right posteroinferior
portion of the mesial frontal lobe is suspected to be connected to the left
hemisphere. C: Fractional anisotropy map from DTI shown on axial MRI
at the same level of the rostrum of the corpus callosum as depicted in
panel A. D: Color vector map of DTl at the same level as in panels A and
C, with red showing area of persistent crossing fibers at the level of the
rostrum of the corpus callosum (arrows in C and D).

cal dysplasia (n = 3), and Rasmussen’s encephalitis (n = 1).
There were 4 left- and 4 right-sided procedures. Seven pa-
tients were seizure free following their initial hemispheric
procedure. The mean duration of seizure freedom after
initial surgery was 32.5 months (range 6—77 months) for
these 7 patients. Two of the 8 patients were treated with VP
shunts following initial surgery, albeit in a delayed manner.
Each patient had an expected hemiparesis after the first
surgery that was worse than the preoperative status.

Neurological, EEG, MEG, MRI, and DTI Investigations

All 8 patients with recurrent seizures posthemispher-
ectomy underwent detailed neurological examination,
prolonged video EEG monitoring, and repeat neuroimag-
ing with 1.5- to 3-T MRI and, in 4 cases, MEG. In all 8
patients, prolonged video EEG monitoring demonstrated

Repeat hemispherotomy for intractable epilepsy

persistent spike-wave disturbances from the surgically
treated hemisphere coincident with clinical seizure onset.
Careful attention was paid to the semiology of the seizure
events to ensure that those captured were stereotypical
and concordant with the other data from the workup. In
all 8 patients, DTI demonstrated residual connectivity
from the surgically treated hemisphere to the contralat-
eral side across the corpus callosum from residual basal
frontal lobe; across the anterior commissure from retained
temporal lobe elements; or from demonstrated residual in-
sular cortex (Table 1). An additional demonstration of the
potential value of DTI in our case series is shown in Fig.
3, which highlights areas of persistent connectivity not so
clearly seen on T1-weighted MRI in another patient. MEG
was performed in 4 patients; in 3 of them, spike clusters
were found over the affected hemisphere in a distribution
consistent with the suspected seizure onset zone.

Operative Findings, Postoperative Course, and Seizure
Outcome

The median time from seizure recurrence to reopera-
tion for the group was 14.5 months (range 6—120 months;
mean 34 months). The median age at second surgery was
6.8 years (range 1.3-14 years). Average operative dura-
tion was 3 hours (range 1.8—4.3 hours) with a mean blood
loss of 150 ml (range 50-250 ml). One patient required a
blood transfusion. The average hospital stay was 7 days
(range 6-—11 days). All patients were discharged home
without further physiotherapy or rehabilitation require-
ments. There were no cases of infection or aseptic menin-
gitis. There were no new cases of hydrocephalus or shunt
failure. There were no new neurological deficits in any of
the cases. One patient experienced an asymptomatic hem-
orrhagic conversion of a prior occipital lobe infarct. Five
children were seizure free, and 3 had an Engel Class II
outcome with a minimum follow-up of 24 months.

Discussion

In this series, we have shown that children with recur-
rent epilepsy after hemispheric disconnection procedures
may benefit from reoperation in which surgery is targeted
at demonstrated areas of persistent connectivities between
the 2 hemispheres. Using a combination of repeat video
EEG monitoring, MRI, MEG, DTI, and intraoperative
neuronavigation, we have been successful at identifying
residual white matter tract connectivities causing recur-
rent epilepsy. Transection of these residual white matter
tracts has been a successful means by which these chil-
dren can be rendered either seizure free or in a better sei-
zure outcome state.

Children with catastrophic epilepsy typically fit into
one of the main categories of disease processes that affect
the brain and for which hemispherectomy is recommend-
ed. In this group of patients, one can expect a 70%—85%
chance of seizure freedom following hemispherecto-
my.33%12:1415.18.1927.3031 The technique of hemispherectomy
has evolved over the past 30 years to include approaches
that primarily disconnect the affected hemisphere from the
contralateral side, and that have become more minimally
invasive, requiring less cerebral tissue to be removed. Al-
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FIG. 3. Case 8. A 5-year-old girl with underlying right hemimegalencephaly at the time of repeat hemispherotomy for recurrent
seizures. Following initial right PIH at age 3 years, the patient was free of seizures for 14 months. With the return of seizures, re-
peat imaging with MRI/DTI was performed. A: Axial T1-weighted MRI showing cranial vault asymmetry and distortion of the mid-
line. Itis difficult to ascertain the true location of the septum pellucidum. Arrow points to corpus callosum to the left of midline. B:
Fractional anisotropy map from DTl at the same level as in panel A. Arrow points to the corpus callosum. C: Color vector map of
DTI at the same level as in panels A and B, with red showing area of persistent crossing fibers (arrow) that helps to confirm suspi-
cions of persistent connectivity between the 2 hemispheres that were raised based on T1-weighted MR images. This region on DTI
was targeted at redo craniotomy, using neuronavigation to sever the connections. It is now 3 years after repeat hemispherotomy
and the patient has remained in Engel Class Il in terms of seizure outcome.

though these advancements have led to expedited patient
recovery and diminished length of stay in hospital, just
as with anatomical hemispherectomy, there are instances
of seizure recurrences or failures that arise after PIH or
other functional disconnection procedures. Such patients
with recurrent epilepsy after PIH can be problematic to
investigate, and it can be difficult to make determinations
regarding further treatments.

Recently, Vadera et al. described their experience with
36 patients who underwent reoperative hemispherotomy
for diffuse unilateral hemispheric disease.* These authors
reported that prior to anatomical hemispherectomy, pre-
operative MRI studies showed that 44% of disconnections
appeared to be complete, 44% appeared incomplete, and
11% were unknown. These investigators also showed that
review of the MRI findings after PIH revealed the basal
frontal and insular regions as the most likely sources of
recurrent seizures, similar to the findings in our study. In
their study, the majority of patients experienced improved
seizure outcome on conversion of a PIH to an anatomical
hemispherectomy. Finally, Vadera et al. determined that
generalized ictal EEG activity before the repeat hemi-
spherotomy and histopathological findings of cortical dys-
plasia correlated with a poorer prognosis in their patient
population.*

Both HD and PIH allow for good to excellent seizure
control while minimizing acute and long-term sequelae
when compared with anatomical hemispherectomy.!?
We have previously shown in our series of patients with
hemispherectomy that PIH was superior to HD for control
of catastrophic epilepsy. We have also characterized the
relevance of spike clusters in children undergoing hemi-
spherectomy.” In this study, we have shown that MEG
performed at recurrence of seizures posthemispherec-
tomy can be used as additive information together with
prolonged video EEG recordings and MRI/DTI. The po-
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tential true value of EEG and MEG is in determining the
unilateral nature of the epileptic disturbances to the af-
fected hemisphere and excluding patients who may pos-
sibly exhibit bihemispheric disturbances.

Use of DTI can supplement detailed anatomical im-
aging to identify residual white matter connections that
could be responsible for seizure propagation. That being
stated, tractography has been of considerable value for
neurosurgeons embarking on intraaxial brain tumor sur-
geries. In this situation, DTT allows for the visualization of
the relationship between a neoplasm and the surrounding
white matter tracts for both preoperative planning and in-
traoperative resection when combined with neuronaviga-
tion. However, the use of DTI in epilepsy surgery has been
limited to a few descriptive studies.*!3?228 Toda et al. de-
scribed a case of a 5-year-old boy who underwent PIH for
hemispheric epilepsy resulting from diffuse hemispheric
cortical dysplasia.?® Three months after hemispherotomy,
the child developed recurrent seizures. MRI and DTI were
performed during follow-up, and these studies demonstrat-
ed residual crossing fibers at the genu of the corpus callo-
sum. On further resection of the genu in this case, the pa-
tient became seizure free once again, although the length
of follow-up was not provided. In the current study, DTI
was of value in identifying persistent white matter tracts,
including the rostrum/genu of the corpus callosum and the
anterior commissure, which connects bilateral temporal
lobes. Resection of the remnant temporal lobe would ef-
fectively remove the connection with the normal temporal
lobe. It should be stated here that thin-slice T1-weighted
images, particularly in the coronal plane, are also of con-
siderable value in evaluating the persistence of connectivi-
ties between the 2 hemispheres.

Neuronavigation is used routinely in neurosurgery in
the developed world. We have been using neuronaviga-
tion for complex pediatric neurosurgical procedures since
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1992167112325 Tn the present series, neuronavigation was
extremely helpful and reliable in delineating the residual
white matter tracts of connectivity across the corpus cal-
losum and anterior commissure. The neuroanatomy of the
lateral ventricle, the anterior cerebral and pericallosal ar-
teries, and the interhemispheric fissure may be somewhat
distorted at the time of repeat hemispherotomy—hence the
value of a tracking system such as neuronavigation.

Having studied our failed cases in detail, we conclude
that the main reason for failure was incomplete resec-
tion of the rostrum/genu of the corpus callosum, espe-
cially at its most inferior and anterior segment. Although
the pericallosal arteries serve as valuable and important
landmarks for marking the midline approach to section-
ing the corpus callosum during PTH, these arteries deviate
from the corpus callosum the more proximally the neu-
rosurgeon follows them toward the A, and A, segments
of the anterior cerebral artery. The second most common
reason for failure was the presence of residual temporal
lobe with a persistent anterior commissure. Based on our
experience, it is therefore critical during initial PIH sur-
gery that the corpus callosum at its rostrum be sectioned
carefully and completely to ensure that disconnection has
been achieved.

Interestingly, many of our patients were seizure free for
several years prior to the recurrence of their seizures. This
may reflect the fact that disrupting the vast majority of
connections between the 2 hemispheres renders a patient
in a seizure-free state after incomplete hemispherotomy.
Over time, and with the continued presence of neuropatho-
logically and electrically abnormal cerebral tissue and net-
works in the retained hemisphere, alternate epileptogenic
pathways may develop, leading to the onset of recurrent
epilepsy. The median time from seizure recurrence to re-
operation for the group was 14.5 months. This relatively
long time to repeat disconnection reflects the time taken
to adjust anticonvulsant medications in some cases, and
the time to repeat the epilepsy surgery workup, including
video EEG and MEG, among other studies.

Despite the repeat hemispherotomies we performed in
this series, there were 3 patients (37.5%) who continued to
have seizures even though we were satisfied with our de-
termination that the hemispheric disconnection was now
complete. As in the case series by Vadera et al. in which
there was a 36% failure rate of anatomical hemispherec-
tomy after PIH, we have concluded that these cases may
well represent true bihemispheric epilepsy.*

In the future, it would be interesting and important to
conduct a prospective study in which DTI is used postop-
eratively in all patients following PIH to assess the extent
of disconnection and to determine how many patients will
demonstrate seizure recurrence with or without identifiable
tracts of residual connectivity between the hemispheres.

Conclusions

The options available to children who have undergone
PIH or other functional hemispheric procedures for cata-
strophic epilepsy are somewhat limited. Here, we provide
our experience with a series of patients in whom recur-
rent epilepsy was traced back to persistent white matter

Repeat hemispherotomy for intractable epilepsy

tracts that were not identified or appreciated at the time of
original surgery. We suggest that it is an option to consider
repeat hemispherotomy in these patients, provided that the
seizure semiology and the electrophysiological and neuro-
imaging studies are concordant. Conversion to an anatom-
ical hemispherectomy may not always be necessary in this
population of patients. We have shown that repeat surgery
to ensure that a complete disconnection has been accom-
plished carries an acceptable risk and is straightforward
and beneficial in the majority of our patients. In these chil-
dren, our efforts provided them with a second opportunity
to achieve long-term good seizure control.
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