Pediatric Epilepsy Column (Review Article)

Preoperative evaluation and surgical decision-making in pediatric
epilepsy surgery

Katrina Ducis"?, Jian Guan’, Michael Karsy’, Robert J. Bollo™*

'Department of Neurosurgery, University of Vermont School of Medicine, Burlington, VT, USA; *Department of Neurosurgery, University of Utah
School of Medicine, Salt Lake City, UT, USA,; *Division of Pediatric Neurosurgery, Primary Children’s Hospital, Salt Lake City, UT, USA
Contributions: (I) Concept and design: RJ Bollo, K Ducis; (II) Administrative support: All authors; (IIT) Provision of study materials: None; (IV)
Collection and assembly of data: None; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors; (VII) Final approval of
manuscript: All authors.

Correspondence to: Robert J. Bollo. Department of Neurosurgery, University of Utah, Primary Children’s Hospital, 100 Mario Capecchi Drive, Salt
Lake City, UT 84113, USA. Email: neuropub@hsc.utah.edu.

Abstract: Epilepsy is a common disease in the pediatric population, and the majority of cases are controlled
with medications and lifestyle modification. For the children whose seizures are pharmacoresistant, continued
epileptic activity can have a severely detrimental impact on cognitive development. Early referral of children
with drug-resistant seizures to a pediatric epilepsy surgery center for evaluation is critical to achieving
optimal patient outcomes. There are several components to a thorough presurgical evaluation, including
a detailed medical history and physical examination, noninvasive testing including electroencephalogram,
magnetic resonance imaging (MRI) of the brain, and often metabolic imaging. When necessary, invasive
diagnostic testing using intracranial monitoring can be used. The identification of an epileptic focus may
allow resection or disconnection from normal brain structures, with the ultimate goal of complete seizure
remission. Additional operative measures can decrease seizure frequency and/or intensity if a clear epileptic
focus cannot be identified. In this review, we will discuss the nuances of presurgical evaluation and decision-

making in the management of children with drug-resistant epilepsy (DRE).
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Introduction brain tumor, and stroke. Frequently, however, an underlying

. . . L cause is never identified.
Epilepsy is a common yet rarely discussed chronic disease.

In the United States, 5.1 million individuals carry the Several modalities for epilepsy treatment exist. Medical

diagnosis of a seizure disorder or epilepsy (1-3). In 2012, management in the form of antiepileptic drugs (AEDs) is
the first line of treatment and is successful in seizure control
in 60-80% of cases (5). At present, the United States

Food and Drug Administration (FDA) lists 18 AEDs, with

direct medical cost of epilepsy treatment amounted to
$9.6 billion (4); the cost of community services, lost wages
of individuals and caregivers, and immense social stress of

patients and their families add to the toll. The age of onset
of epilepsy is bimodal. Of the 5.1 million Americans with a
seizure disorder or epilepsy, 460,000 are age 17 or younger
and are actively undergoing epilepsy treatment (2,3).
Underlying etiologies of epilepsy include neonatal hypoxia,
congenital anomalies, traumatic brain injury, meningitis,
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several drugs having short-acting and extended-release
preparations. Drug-resistant epilepsy (DRE) is defined by
the International League Against Epilepsy (ILAE) as an
adequate trial of two or more appropriately selected AEDs,
alone or in combination, with failure of treatment resulting

in continued seizures or intolerable side effects (6).
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Uncontrolled seizures represent an important public
health problem. A recent study published by Berg ez al. (7)
prospectively analyzed 198 children based on age of first
seizure, pharmacoresistance, and cognitive outcomes. Patients
with DRE had statistically worse processing speed and verbal
comprehension scores, freedom from distractibility, and
overall intelligence quotients (IQs). Furthermore, among
children with DRE, younger age of seizure onset correlated
negatively with IQ. As these children age, continued epileptic
activity can prevent reaching major social milestones,
including driving and living independently.

Options for the treatment of DRE include lifestyle
modification and surgery. The ketogenic diet, consisting of
a combination of high fat and low carbohydrate content, has
been used to treat DRE with some success. It is the first-line
treatment for patients with glucose transporter type 1 and
pyruvate dehydrogenate complex deficiencies (8,9). The
ketogenic diet’s success depends on the ability of the patient
to maintain it. Among 59 patients initially enrolled in a recent
study, only 24 were able to maintain the ketogenic diet for
12 months. Although only a minority of patients were able to
sustain the diet for the entire study, 21 of those 24 children
experienced at least a 50% reduction in seizure frequency.

Independent of the ketogenic diet, children with persistent
seizures (due to failure to control seizures or intolerable
medication side effects) should be referred for surgical
evaluation as soon as they meet ILAE criteria for DRE (10).
Timing is critical because of the impact of persistent
seizures on the developing brain and because of the greater
neuroplasticity in younger children. If surgical intervention
necessitates resection or disconnection of eloquent areas of
brain and loss of function, potential for reorganization is
optimal at younger ages. Furthermore, continued epileptic
activity can lead to the spread of seizure activity to previously
normal areas of brain, an effect called “kindling”, leading to
further neurologic deficit and multifocal epilepsy, which may
be less amenable to surgical cure. Early patient assessment
is critical, especially in patients with developmental delay.
The factor most consistently associated with seizure freedom
is the ability to completely remove the epileptogenic zone
(11-13), which can often be identified through precise
preoperative planning.

Preoperative evaluation

There are several components to a thorough presurgical
evaluation. The core components include a detailed medical
history, physical examination, electroencephalography

© Translational Pediatrics. All rights reserved.

tp.amegroups.com

Ducis et al. Preoperative evaluation and decision-making in epilepsy

(EEG), and structural brain magnetic resonance
imaging (MRI). Other noninvasive tests including
magnetoencephalography (MEQG) and metabolic studies are
often complementary. In the context of discordant data from
noninvasive studies, epileptic foci near eloquent cortex,
or in patients with a normal structural MRI, intracranial
EEG recordings with subdural electrode arrays and depth
electrodes may also be required.

Electroencephalography

Ictal scalp EEG can be useful for localization of an epileptic
zone as it is widely available and relatively cost effective.
Among children with DRE and normal structural findings
MRI, EEG is critical for localization of the epileptic zone
or at least hemispheric lateralization. Scalp EEG is less
sensitive for epileptic foci located in the interhemispheric,
basal, or mesial temporal locations. In addition, although
interictal signal abnormalities may exist either remote
from a cortical lesion or in a multifocal pattern, this should
not influence eligibility or extent of resection if a solitary
structural lesion is demonstrated by MRI (14-16). Video
EEG is also useful in capturing and verifying auras. For
example, forced turning of the head and eyes with neck
extension localizes to the contralateral frontal eye fields
and can be the first indication of frontal lobe epilepsy (17).
Video EEG is also helpful in confirming whether
stereotypic, episodic behaviors are a manifestation of
seizure activity or are nonepileptic. If rapid seizure spread
is present, localization of the initial epileptic zone may
be limited, and additional modalities may be necessary
to augment localization. In specific regard to infantile
spasms, video EEG should be of sufficient length to capture
wakefulness, sleep, and wakening (18); 24-hour video EEG
monitoring has the best chance of capturing epileptic
spasms and detecting hypsarrhythmia (19).

Magnetic resonance imaging

The Pediatric Epilepsy Surgery Task Force created by
the ILAE recently published guidelines for evaluation of
surgical candidates. Of all the proposed testing, only two
modalities were uniformly agreed-upon core tests: scalp
EEG and MRI. A single lesion on MRI corresponding to
an EEG epileptogenic focus is a common situation with a
potentially straightforward surgical plan, but more complex
scenarios are frequently encountered. For example, in
patients with tuberous sclerosis complex, several cortical
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tubers may be present on imaging, making it more difficult
to determine the epileptogenic lesion noninvasively. In
addition, adult patterns of myelination do not appear until
18 months of age (20), and it is often difficult to resolve
subtle abnormalities including focal cortical dysplasia in
infants. Finally, while MRI is a widely available diagnostic
modality, barriers do exist. Strict contraindications include
cochlear implants and cardiac pacemakers, and images
can be degraded by presence of dental braces, ventricular
shunts, and any patient motion. Any image degradation
can be detrimental when attempting to detect subtle
abnormalities on high-resolution scans.

Functional MRI (fMRI) is another tool frequently
employed in the evaluation of patients with epilepsy.
Classically, fMRI has been used to map motor, speech,
auditory, and visual areas with the goal of avoiding them
during surgical resection. Areas of activation are identified
by blood-oxygen-level-dependent (BOLD) response
or increased blood flow to an identified region while
performing a specific task. It is critical that the specific tasks
used during fMRI are appropriate to the age and education
level of the patient, as responses are partially dependent
on this (21) and responses may be attenuated by tasks that
are too simple or too complex (22,23). Functional MRI is
limited in terms of seizure localization, as only a few case
reports exist of patients incidentally having a seizure while
undergoing BOLD sequence imaging. More commonly,
reflexive seizures, those that occur following a stimulus,
such as flashing lights or excessive heat, can be provoked
during imaging for localization purposes, as increased
blood flow will be present to the epileptogenic region.
The simultaneous use of scalp EEG and fMRI to localize
interictal discharges was successful in identifying the
epileptogenic region in 60% of cases in one report (24).

Magnetoencephalography

MEG is a more recent noninvasive method of epileptic
focus identification. This imaging modality detects magnetic
fields produced by the brain’s electrical activity. The signal
is created by cortical dendrites and is best detected when
oriented tangentially to the skull’s surface; signals from
deeper structures are not detected as well as those from
more superficial cortical regions. This modality is limited
by regional availability and cost, but has some advantages
in comparison to EEG. First, MEG is more sensitive than
EEG in detecting smaller epileptic foci, with a threshold
of 4-8 vs. 1015 cm’ for scalp EEG (25). Interictal MEG
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epileptiform discharges, including activity from insular
cortex (26-28), may be seen in approximately 50% of
patients without detectable interictal epileptiform discharges
on scalp EEG (29-31), which makes MEG particularly
useful in guiding the placement of intracranial electrodes
in patients without a structural lesion detectable by MRI. It
is also advantageous compared with scalp EEG recordings
for the detection and lateralization of interhemispheric
epileptiform activity (32-34) and can detect interictal mesial
temporal lobe discharges in as many as 85% of patients with
mesial temporal lobe epilepsy (35). In summary, MEG may
provide critical noninvasive localizing data when this cannot

be done with EEG and MRI alone (36).

Positron emission tomography (PET)

PET using fluorine 18 fluorodeoxyglucose (FDQG) is a study
of brain metabolism and has a role in epileptogenic focus
localization, especially when structural MRI is unrevealing.
The brain’s primary energy source is glucose, and the
labeled glucose may reveal areas of relative hypo- or hyper-
metabolism with PET imaging. Hypometabolism occurs
at an epileptic focus in an interictal state and is the result
of neuronal loss, decreased synaptic activity, or decreased
activity of blood-brain barrier glucose transport receptors
(37-39). Because of the typical infrequency of seizure
activity, the test is typically performed in an interictal state,
but EEG is usually performed concurrently to determine
whether seizure activity occurs during the examination. If a
seizure occurs during the study, the EEG can correlate areas
of possible glucose hypermetabolism and the epileptic focus.
One limitation of FDG-PET imaging is that the area of
glucose hypometabolism, or functional deficit zone, is often
larger than the focal epileptic zone (40). PET localization
plays the greatest role in MRI-occult epilepsy or in children
with discordant noninvasive data between MRI and EEG
studies. It is critical to note that regions of hypometabolism
cannot differentiate the primary epileptogenic zone from
secondary foci (41).

Single-photon emission computed tomography (SPECT)

SPECT is a noninvasive, metabolic imaging study similar
to PET, with the distinction that it can be performed
peri-ictally. Ictal SPECT is completed by injection of a
radioisotope at the time of seizure onset. To conduct the
study, children are admitted to the hospital, and long-term
video EEG is placed. A seizure is confirmed by EEG and
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at that time the radioisotope is injected, and imaging is
completed within subsequent hours. Interictal imaging
is completed at a separate time for digital subtraction to
identify areas of hypermetabolism during seizure onset.
If SPECT and PET localization are concordant with
EEG and MRI results, seizure freedom after surgery
is more likely than if these studies are discordant (42).
However, technical details may confound interpretation of
the results, including the length of time between seizure
onset and radioisotope administration, during which
propagation of the seizure may occur. Children with
focal cortical dysplasia, including those with a “normal”
structural MRI, have higher rates of seizure freedom with
complete resection of the perfusion abnormality identified

by SPECT (43).

Intracranial electroencephalograpby (EEG)

Intracranial EEG is an invasive measure to identify an
epileptic zone that incorporates subdural EEG strip,
grid, and depth electrode placement via craniotomy and
stereotactic depth electrode insertion (Figure I). Intracranial
EEG is often required if lateralization or localization of an
epileptic focus has not been identified using noninvasive
methods and also facilitates cortical stimulation mapping
of functionally eloquent cortex. Although this modality is
the gold standard of epileptic focus localization, limitations
exist. For example, general anesthesia, the definitive
treatment of status epilepticus, is required for intracranial
electrode placement and has a variable impact on seizure
activity (44).

Stereo EEG (SEEG), which involves the placement of
multiple (often bilateral) depth electrodes, is commonly
used in children in whom accurate lateralization or
localization cannot be achieved with noninvasive diagnostic
means. In one report from a single institution, 18 children
underwent depth electrode placement because scalp EEG
results were unclear or indicated discordant localization
of an epileptic focus. An epileptic zone was identified in
15/18 patients, and resection of an area encompassing the
epileptic zone plus 5 mm in all directions was undertaken
without further electrocorticography. All patients who
underwent resection were seizure-free at the one-year time
point (45). Subdural strip electrodes have a similar goal of
lateralization or localization but can be placed through burr
holes only. Regardless of the technique, intracranial surveys
often require subsequent craniotomy and grid placement
for more precise localization once regional seizure onset is
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identified.

Craniotomy with insertion of large subdural electrode
arrays requires general localization of the epileptic zone,
either based on concordant noninvasive data or from a
previous intracranial survey operation. Various electrode
combinations are available, including dense grid electrodes
(5 mm between platinum contacts) or double-sided
interhemispheric grid electrodes. In certain cases, interictal
recordings under total intravenous anesthesia in the
operating room are sufficient to make surgical decisions.
Frequently, however, staged craniotomy with long-
term seizure monitoring to capture ictal onset and allow
cortical stimulation mapping of functional eloquent cortex
is required (46,47). Nearly two decades ago, Davies and
colleagues described their experience using MRI to evaluate
subdural and depth electrodes without complication (48).
At our institution, an MRI is completed on postoperative
day 1 to verify grid location and to identify possible
surgical complications including hemorrhage or ischemia
(Figure I).

The advantages to grid placement include dense electrode
coverage in the absence of a structural lesion identified by
MRYI, resolution of discordant noninvasive testing, evaluating
the relationship of a structural lesion to an epileptic zone,
evaluation of patients with dual pathology or multifocal
epilepsy, and extraoperative awake cortical stimulation
mapping to identify primary cortex and map eloquent
function (49). The risks of staged craniotomy and placing
large electrode arrays include intracranial hemorrhage,
compression of cortical vascular structures causing cerebral
edema and ischemia, as well as cerebrospinal fluid leak and
meningitis. Large single-center series report complication
rates between 10% and 20% (50,51).

Surgical decision-making

Epilepsy surgery requires a multidisciplinary team including
a pediatric epileptologist, a pediatric neurosurgeon, and
a neuropsychologist. Pediatric neuroradiologists, critical
care specialists, behavioral health specialists, and a program
coordinator are extremely valuable adjuncts. Dedicated
pediatric epilepsy surgery conferences for detailed review
of all component tests of the presurgical evaluation
together with multidisciplinary clinics facilitate optimizing
surgical decisions and communication with patients and
families. Prior to surgical intervention, neuropsychological
evaluation is mandatory. Neuropsychologists provide
objective, baseline testing to identify individual cognitive
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Figure 1 Intracranial eletroencephalography in two patients. (A) Intraoperative photograph before closure after right craniotomy and

placement of intracranial electrodes for long-term seizure monitoring in a 15-month-old girl showing a dense central 64-contact grid

electrode with 5 mm between contacts (arrow). This “mini-grid” is frequently used near eloquent cortex to optimize extraoperative cortical

stimulation mapping of motor function in very young children with immature myelination; (B) axial and (C) coronal T1-weighted spoiled

gradient (SPGR) MR images for patient in A on postoperative day 1; (D) intraoperative photograph before closure after right craniotomy

and placement of intracranial electrodes for seizure monitoring in a 17-year-old girl showing 32-contact double-sided interhemispheric

electrode array (arrows); (E) coronal and (F) sagittal T'1-weighted SPGR MR images for patient in B on postoperative day 1.

strengths and deficits, anticipate postoperative deficits, and
provide information regarding postoperative rehabilitation
and education (25).

Because the primary goal of epilepsy surgery in children
is seizure freedom, the previous section concentrated
on methods for localizing an epileptic focus in patients
with partial seizures with the goal of resection of the
epileptogenic zone. Secondary goals of epilepsy surgery
include palliation by decreasing seizure frequency and
improving quality of life, cognitive development, and
functional independence.

© Translational Pediatrics. All rights reserved.

tp.amegroups.com

Focal lesions

In the context of a discrete lesion on MRI with a
corresponding epileptic focus on EEG, the goal is
typically gross total resection of the lesion. If suspicion
exists that the ictal focus may extend beyond the borders
of the MRI abnormality, further testing with intracranial
EEG is possible. This may also be desirable if the
lesion is near eloquent cortex. Noninvasive functional
mapping such as fMRI is often useful to localize eloquent
function preoperatively and determine whether cortical
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stimulation mapping is required. In younger children,
task-based fMRI may be especially challenging. A wide
range of heterogeneous pathology may represent the ictal
substrate in the setting of a solitary structural lesion such
as focal cortical dysplasia, brain tumors including World
Health Organization grade 1 developmental tumors such
as ganglioglioma or dysembryoplastic neuroepithelial
tumors (DNET), vascular lesions including cavernous
malformations and arteriovenous malformations, and
postinfectious etiologies and perinatal insults (25,52-55).

Hypothalamic hamartomas, which are usually
characterized clinically as gelastic seizures, are other discrete
lesions encountered in children with DRE. EEG may
demonstrate different patterns of focal or generalized seizure
onset, but disconnection or resection of the hamartoma
usually confers seizure freedom regardless of the patterns on
the EEG. Previous microsurgical and endoscopic treatments
for hypothalamic hamartoma have carried high morbidity,
but over the past several years, the combination of laser
ablation and disconnection with real-time MR thermography
has emerged as a minimally invasive treatment option
associated with excellent preliminary results (56).

Lobar lesions

Mesial temporal sclerosis is a frequent cause of DRE in
adults, but less commonly identified in children. When
it occurs in the pediatric population, it is most frequently
in older children and adolescents (57-59). In younger
children, temporal lesions including cortical dysplasia and
developmental tumors like ganglioma and DNET are more
common. When younger children present with mesial
temporal sclerosis, dual pathology should be suspected and
carefully investigated (25). In patients with a larger, more
diffuse epileptogenic zone, including poorly defined cortical
dysplasia as well as DRE with a normal MRI, larger regions
of resection may be considered, including a lobar resection
extending to the borders of primary cortex. This poses
minimal risk beyond simple lesion removal if the anterior
temporal and frontal lobes are involved, especially in the
nondominant hemisphere. Careful functional and seizure
mapping is mandatory when eloquent areas, including
primary vision, language, or motor cortex, are adjacent to
the ictal onset zone or possibly involved (25).

Hemispberic and multifocal lesions

Disease affecting an entire cerebral hemisphere requires
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special consideration. Many patients present with
catastrophic epilepsy, developmental delay, and focal
neurologic deficits including hemiparesis and hemianopsia.
Disconnection of the dysfunctional hemisphere will prevent
further seizure propagation and allow for stable and
possibly improved function of the contralateral hemisphere.
Hemispheric dysplasia such as hemimegalencephaly,
encephalomalacia in the context of remote middle cerebral
artery infarction, Sturge-Weber syndrome, and Rasmussen
encephalitis are common causes of DRE that may require
hemispherectomy (60,61). Patients with pre-existing focal
manifestations of hemispheric dysfunction, including
hemiplegia and hemianopia, may not need additional testing
if scalp EEG and MRI are convincing of a dysfunctional
hemisphere, especially if it is the nondominant hemisphere.
Extensive presurgical evaluation should be conducted
in patients with less severe neurologic deficits, and
preoperative functional mapping of language function is
mandatory, especially in older children with DRE localized
to the left hemisphere.

Vagus nerve stimulation (VNS)

VNS is currently FDA-approved in children 12 years and
older to decrease seizure frequency. VNS is considered a
second-line treatment as it is not does not produce seizure
freedom but does result in a reduction of seizures. Its use is
indicated in patients with DRE who are not candidates for
resection or disconnection procedures. In 2011, a single-
center retrospective study from New York University
reviewed 141 consecutive patients who underwent VNS,
61% under the age of 12 years, with a minimum of one-
year follow-up (mean, 5 years) (62). Seizure frequency was
reduced by at least 50% in 64.8% of patients and was reduced
by 75% in 41.4% of patients. The complication rate was
6.4%, and two-third of complications were minor. Despite
the successtul reduction in seizure frequency, the number
of seizure medications (average 3) was not reduced (62).
VNS therapy is an excellent palliative therapy in all children,
including those under 12 years, who have persistent seizures
after surgery or who are not candidates for focal resection
with curative intent.

Corpus callosotomy

The corpus callosum, the largest white matter tract
connecting the two cerebral hemispheres, allows rapid
seizure propagation. Children with atonic seizures or
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“drop attacks” often fall, which may lead to severe brain
injury and bodily harm. Atonic seizures are a frequent
component of Lennox-Gastaut syndrome and other epileptic
encephalopathies (63,64). Callosotomy of the anterior two-
thirds or complete corpus callosum is a surgical option for
children with pharmacoresistant drop seizures who have
failed or are not candidates for focal resection and who have
failed a trial of VNS therapy (65,66). Corpus callosotomy
has also been successful in patients with recurrent or
medically refractory status epilepticus (67). Preservation of
the splenium, especially in older children with good language
skills, may prevent a disconnection syndrome, characterized
by temporary or permanent language and memory deficits.

A recent study conducted in Sweden prospectively
analyzed 31 patients with DRE treated with corpus
callosotomy (68). The mean age at surgery was 13.3 years,
and only one patient had no clear neurologic deficit
preoperatively. Twenty-five (81%) patients had two or more
different seizure types, and 18 patients suffered from atonic
seizures. All patients were monitored for at least two years,
and 20 patients had follow-up for more than ten years.
For all seizure types, nearly half (15/31) of the patients
had at least a 50% reduction in seizure frequency at two
years, with three patients experiencing worsening seizures.
This benefit was durable, with a mean overall reduction in
seizure frequency of 68% ten years after surgery. One third
of the 18 patients with atonic or drop seizures experienced
complete remission at two years, while two thirds of the
remaining 12 patients had at least a 50% reduction. Ten
years after surgery, 10/18 (56%) patients with atonic
seizures had complete resolution, 6/18 (33%) had at least
50% improvement in atonic seizure frequency, and two
patients were lost to follow-up (68).

Special considerations: infants

Rates of epilepsy are highest in the infant age group (69-77),
with an estimated incidence of 70.1 per 100,000 (77).
Furthermore, in one third of children presenting at less than
36 months of age, the epilepsy will become drug resistant (78).
As surgical and anesthetic techniques continue to improve,
surgery for DRE in infants has become safer. Thus, given the
natural history of DRE with seizure onset in infancy (7), early
surgical intervention is preferred, including relatively large
resections or disconnections when indicated. In addition to
seizure remission, it may be possible to avoid the financial
burden and potentially harmful side effects of antiepileptic
medications during early brain development (79-84). Early
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surgery also takes advantage of increased neuroplasticity in
infants, which rapidly decreases with age.

A recent prospective cohort study of 47 children with
a history of DRE who had epilepsy surgery before the
age of four analyzed clinical outcomes at 2 and 10 years
after surgery; 68% of patients had preoperative
neurodevelopmental impairment. The mean age of seizure
onset was 15 months, and the mean frequency was 150 seizures
per month. The mean age at surgery was 25 months. The
most common operations included frontal lobectomy,
temporal lobectomy, and hemispherectomy (12 each); eight
of the 47 patients ultimately required additional epilepsy
surgery. The most common pathological substrates were
malformations of cortical development. The complication
rate was low: one child had an epidural abscess, one
patient had pneumonia, and two children who underwent
hemispherectomy required cerebrospinal fluid diversion with
a shunt. Seventy percent of children (33/47) experienced a
decrease of at least 75% in seizure frequency, and 21 (45%)
achieved complete remission. Four children had worsening
seizures. The best outcomes were seen in patients who
underwent temporal lobectomy or hemispherectomy. In
long-term follow-up, two children achieved late remission
and four had late seizure recurrence (85).

Conclusions

DRE is a significant public health issue, with extremely
high direct and indirect costs. Early age of seizure onset
and DRE are major risk factors for poor cognitive
development (7). Children with DRE face barriers to
social integration and living independently, including
driving and employment. Dedicated multidisciplinary
teams of pediatric subspecialists are necessary to evaluate
and treat these patients early in the course of their disease
to optimize outcome. Seizure localization is important
because it offers the best opportunity for complete
lesion removal and seizure freedom. In patients in whom
noninvasive methods of seizure localization fail to indicate
a seizure focus, invasive methods can provide more detailed
information. Once an epileptic focus is identified, resection
or disconnection of the lesion from normal brain structures
may help achieve the ultimate goal of complete seizure
remission.
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