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Abstract

Epilepsy is a common pediatric neurological condition, and approximately one-third of children
with epilepsy are refractory to medical management. For these children neurosurgery may be
indicated, but operative success is dependent on complete delineation of the epileptogenic zone. In
this review, surgical techniques for pediatric epilepsy are considered. First, potentially-curative
operations are discussed and broadly divided into resections and disconnections. Then, two
palliative approaches to seizure control are reviewed. Finally, future neurosurgical approaches to
epilepsy are considered.

Keywords
Pediatric epilepsy; Lesionectomy; Lobectomy; Callosotomy; Disconnection

1. Introduction

Epilepsy is one of the most common neurological conditions seen in pediatric patients.
While a majority of cases are effectively treated with anti-epileptic medications (AEDs),
roughly one-third of patients will remain refractory to medical treatment [1-3]. Failure to
appropriately address seizures in children can result in further negative outcomes, including
bodily injury and negative psychosocial sequalae [2]. Neurosurgical treatment offers an
alternate approach that can increase the likelihood of seizure freedom or provide better
seizure control in refractory cases. Despite evidence supporting surgical treatment in various
refractory epilepsies, the use of surgery has not significantly increased in the past few
decades [4,5].

The primary goal of epilepsy surgery is not necessarily to address a particular lesion, but
rather to isolate the epileptogenic zone (which may or may not correspond well with a
lesion). In this review, various surgical approaches are discussed. Potentially-curative
operations are covered first, which can broadly be grouped into resections (in which the
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epileptogenic zone is removed) and disconnections (in which the epileptogenic zone is
neurologically disconnected but left in place). These are covered in order of increasing
epileptogenic zone size, beginning with simple lesionectomy and ending with hemispheric
operations. Following this, palliative operations are discussed; these primarily include
corpus callosotomy and multiple subpial transections. Finally, a few future approaches to
epilepsy are considered.

2. Potentially curative operations

2.1.

Focal lesions

2.1.1. Indications—The most basic form of epilepsy surgery is a lesionectomy, which
refers to surgical resection of the lesion causing a patient’s seizures. In order to be a
candidate for lesionectomy, a patient must have (1) epilepsy localized to a relatively well-
defined and radiographically-apparent lesion and (2) be refractory to multiple (=2) AEDs.
Etiologies that commonly fit these criteria include focal cortical dysplasias, low-grade
tumors, cavernous malformations, and arteriovenous malformations (AVMs) [6-12]. Such
lesions generally result in complex partial seizures with or without secondary generalization,
but simple partial seizures are also not infrequent [9-15]. Using new International League
Against Epilepsy terminology, simple partial seizures are also referred to as focal aware
seizures while complex partial seizures are called focal seizures with impaired awareness,
with or without spread of bilateral tonic seizure activity [16].

Epileptogenic lesions may be found anywhere throughout the cortex; however, the location
of a lesion is not necessarily concordant with the epileptogenic zone. In fact, it is often
thought that seizures secondary to some tumors arise from the cortical tissue surrounding the
tumor, not the mass itself [7,10,13]. Additionally, secondary epilepto-genesis has been
reported in locations remote from the primary lesion [6,12]. Contrarily, other studies have
indicated that certain tumors (such as neuroglial tumors) may have inherent epileptogenicity
due to their neural makeup [13,17]. Such ideas complicate the surgical approach and
decision-making with regards to lesional epilepsy [6-8,10,13,14].

2.1.2. Technique description (lesionectomy)—There is no single surgical approach
to lesional epilepsy, as the procedure depends on the type and location of the lesion and on
epilepsy localization. Conceptually, epilepsy that localizes to the lesion in noninvasive
testing typically proceeds to resection, while discordant data prompts invasive monitoring
prior to resection. After localization, the most straightforward approach is gross total
resection of the lesion, in which the entirety of the lesion is removed with minimal resection
of other cortical tissue. Some surgeons prefer to additionally resect the perilesional cortical
tissue as well in an attempt to address the epileptogenic tissue [8]. This can be complicated
by proximity to eloquent tissue [13]. We have found that, in the setting of a radiographic
lesion, complete resection is critical when it can be safely performed.

Some surgeons prefer to use intraoperative electrocorticography (ECoG) to further delineate
the epileptogenicity of the perilesional cortex. Generally, for very well-defined lesions, such
as cavernous malformations or gangliogliomas, ECoG may not be needed. However, in
poorly circumscribed lesions such as cortical dysplasia, the boundary of resection is often
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less clear [11]. In the end, the use of ECoG is grounded in surgeon preference. At our
institution, success with ECoG is dependent on collaboration between the neurosurgeons and
the epileptologists. Preoperatively, there should be an established plan of how the ECoG will
guide additional resection and the limits of this ECoG based resection.

The preference of the senior author is to proceed to single-stage lesionectomy with
intraoperative ECoG in cases with concordant noninvasive data with a well delineated lesion
and often with shorter duration of epilepsy. In contrast, invasive monitoring is pursued in
patients with discordant data, poorly defined lesions, or long duration epilepsy.

Generally, because of the nature, location, and size of these lesions, resection is preferred
over disconnection.

2.1.3. Outcomes—Reported outcomes following lesionectomy are highly variable, and
there are no known prospective or randomized trials that compare lesionectomy to other
surgical techniques. As a result, there is controversy over the role of intraoperative ECoG
and cortical resection in the treatment of lesional epilepsy. Some studies report high seizure
freedom rates (up to 100%) following simple lesionectomy [11,13-15,18]. The extent of
resection has been shown to correlate with seizure freedom, with gross total resections
resulting in higher seizure freedom rates than subtotal resection [8,10,15]. Complication
rates are generally low and consist primarily of various infections (meningitis, osteomyelitis,
simple wound infections), cerebrospinal fluid (CSF) leak, and hemorrhage [7,10].
Neurological sequelae include hemiparesis, dysphasia, visual field defects (VFDs), and
psychosis, many of which are transient in nature and are dependent on the location of the
lesion [7,9,10,12,13,15,17].

Some studies have shown benefit in the use of intraoperative ECoG as a surgical adjunct
[7,9]. The leading hypothesis in this is the concept of secondary epileptogenesis, which
holds that the presence of an epileptogenic lesion can induce further epileptogenicity in
either perilesional or remote cortex [6]. Described by Morrell, this can be determined as a
function of (1) the duration of a patient’s epilepsy and (2) the number of seizures a patient
has [19]. This could explain the improved outcomes seen in patients with shorter epilepsy
duration reported in some studies [6,8]. Further, multiple studies have shown changes in
cellular architecture in remote areas near epileptogenic lesions, although the clinical
significance of this is unclear [9,17]. These findings may indicate that lesionectomy alone is
not sufficient in certain cases, and a combination of electrophysiological monitoring and
extra-lesional cortical resection may be indicated [6].

2.2. Temporal lobe epilepsy

2.2.1. Indications—Temporal lobe epilepsy (TLE), commonly arising from the hippo-
campus and amygdala in the mesial temporal lobe, is an especially common cause of both
adult and pediatric epilepsy (estimated 10-20% of all pediatric epilepsy cases) [20,21]. A
prior randomized control trial in adults set the precedent that surgery was the standard of
care for medically-intractable temporal lobe epilepsy, and this position was endorsed by the
American Academy of Neurology [4,22]. This position is similarly held in pediatric cases,
although there are some differences in both the etiologies of epilepsy and surgical outcomes.

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

Page 4

While mesial temporal sclerosis (MTS) comprises a large majority of TLE in adults, it is
significantly less common in children [23,24]. In addition to MTS, etiologies of TLE in
children include low-grade tumors, cortical dysplasia, vascular malformation, gliosis,
heterotopia, and trauma [21,23,25-28]. Dual pathology is frequently encountered in children
[24]. Some syndromic conditions can cause TLE, including tuberous sclerosis and
neurofibromatosis [21]. Neuropsychological problems (e.g. developmental delay), a history
of febrile seizures, and a family history of epilepsy are also commonly found among TLE
patients [21,27,28].

The most common seizure type is complex partial (with or without secondary
generalization) [21,23,25]. These generally involve a decrease in awareness; young children
are more likely to have a concomitant motor portion, while older patients are more likely to
describe auras and automatisms [23,24].

2.2.2. Technique description (temporal lobectomy)—While multiple techniques
can be used in temporal lobectomy, the most common is the anterior temporal lobectomy
(ATL), which is described here [21]. This has been the most effective technique used in our
practice due to the higher likelihood of dual pathology or an epileptogenic zone that
encompasses more than solely the hippocampus and amygdala. Additionally, because of
such issues, some surgeons will use intraoperative ECoG during certain temporal
lobectomies [20,21,27].

To begin the operation, the skin and temporalis muscle are opened, a craniotomy is
performed, and the dura is reflected. An incision is made in the middle temporal gyrus (4-5
cm from the temporal tip on the dominant side, and 5-6 cm from the temporal tip on the
non-dominant side) [21,29]. This incision is extended anteriorly into the superior temporal
gyrus. From the opening of the middle temporal gyrus, a corticectomy is performed
inferiorly to the fusiform gyrus and the anterolateral tissue is then removed. The temporal
stem white matter is then followed to the lateral ventricle, allowing further access to the
mesial temporal lobe. Using the ventricle and choroid plexus as landmarks, the hippocampus
and amygdala can then be removed [30]. In the authors’ experience, a challenge for many
surgeons is the extent of amygdala resection. A safe resection is to the line between the
choroidal point and middle cerebral artery, which can be visualized through the pia. To
identify the MCA through the pia, perform subpial resection of the superior uncus. As the
dissection proceeds posteriorly, the MCA and inferior insula will come into view. The
amygdala will be the remaining tissue between the choroidal point and MCA.

2.2.3. Technique description (selective amygdalohippocampectomy)—
Multiple methods of selective amygdalohippocampectomy (SelAH) have been described;
these include transcortical, subtemporal, and trans-Sylvian [31,32]. The trans-Sylvian
approach is described here.

The cortex is initially accessed similarly to an ATL. After the cranium is opened, the
sphenoid ridge is flattened to provide increased accessibility to the Sylvian fissure. The
Sylvian fissure is then dissected and opened to provide a window toward the temporal horn
of the lateral ventricle. Following complete dissection of the fissure, the inferior insular
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sulcus is incised to allow for opening of the temporal horn. From within the ventricle, the
amygdala, anterior hippocampus, and posterior hippocampus can be successively resected,
and the vasculature that directly supplies these structures is coagulated [32]. In our opinion,
the optimal resection includes all of the anterior amygdala and uncus anteriorly, and the
hippocampus to the level of the tectal plate posteriorly.

2.2.4. Technique description (temporal lobe disconnection)—Temporal lobe
disconnection is not as commonly performed and is not fully described here. As discussed
by Smith et al., such a disconnection (or “temporal lobotomy”) involves superior and
posterior disconnections of the temporal lobe, each of which can be subdivided into medial
and lateral components. Other than the superior temporal gyrus and amygdala, which are
resected, the rest of the temporal lobe and hippocampus are disconnected and left in place
[33].

2.2.5. Outcomes—Surgical outcomes for TLE in children are generally favorable, with
a recent systematic review showing complete seizure freedom in 76% of patients [20].
Consistent predictors of favorable outcomes include (1) a visible lesion on magnetic
resonance imaging (MRI), (2) a lack of secondarily generalized seizures, and (3) a lack of
bilateral epileptic activity on electroencephalography (EEG) [20,21,23,24,27,34,35]. Other
potential predictors include age at surgery, duration of epilepsy, and a history of febrile
seizures, but these are not consistent across studies [27,34,35]. Seizure freedom, in turn, is
the best predictor of an increase in postoperative quality of life [20]. Other possible
outcomes include improved attention and neurocognitive function, but these are not
consistently found [26,36].

Severe postoperative neurological deficits are unexpected in ATL. A number of cases are
affected by superior quadrantonopia due to damage to the Meyer loop coursing through the
temporal lobe [21,31]. Deficits in verbal learning (left-sided/dominant resection) and visual
memory (right-sided/non-dominant resection) have been seen in both children and adults;
however, children are more likely to fully recover from these deficits, likely due to an
increase in neuroplasticity [23,25]. Less common postoperative neurological deficits include
dysphasia and hemiparesis [21,27]. Other surgical complications are rare but may include
vasospasm (due to vessel manipulation), meningitis, hematoma, hygroma, and wound
infection [21,27,32]. Mortality rates are low [27,29,35].

In theory, SelAH could have improved outcomes compared to ATL due to smaller resection
volume; trans-Sylvian SelAH is also thought to spare the Meyer loop [31]. That said, a prior
meta-analysis noted that ATL led to higher seizure freedom rates than SelAH, although this
study focused on trans-Cortical SelAH and included primarily adult patients [36]. While
there is little data directly comparing SelAH and ATL in pediatric patients, ATL is generally
associated with more favorable seizure outcomes, possibly due to the higher likelihood of
dual pathology in children [23].

Extratemporal cortical resection

2.3.1. Indications—While TLE is the most common cause of epilepsy in adults, extra-
temporal lobe epilepsy (ETLE) is more frequent in young children [37]. ETLE covers a wide
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array of epilepsies originating in the frontal, parietal, and occipital lobes [38]. There is an
equally wide list of etiologies that can lead to ETLE; these include neoplasms, tuberous
sclerosis, cortical dysplasia, AVMs, porencephalic cysts, gliosis, gray matter heterotopia,
trauma, and perinatal insults [38-48]. While these may occur anywhere throughout the
cortex, frontal lobe epilepsy is seen more commonly than parietal or occipital lobe epilepsy
[39]. Complex partial seizures (with or without secondary generalization) are the most
common [38,44,45,47,49]. That said, many of the other presenting features are dependent on
the location of seizure origin.

2.3.2. Technique description (extratemporal cortical resection)—Because of the
breadth of extratemporal lobe epilepsy, there is not one single surgical technique.
Approaches range from lesionectomy to multilobar resection/disconnection [46,50]. The
amount of resection or disconnection depends on the epilepsy localization and location and
size of a possible lesion; frontal resection can be quite extensive, while peri-Rolandic lesions
require a more conservative approach to preserve motor and/or sensory function [46].
Multiple subpial transections can also be used in conjunction with resection to address
eloquent areas [46,49]. In the authors’ experience, durability of multiple subpial transections
is questionable and these patients may be better served with a responsive neurostimulator, as
this technology continues to evolve.

Electrophysiological monitoring plays a larger role in ETLE than most other forms of
epilepsy surgery. The epileptogenic zone may be difficult to locate or even multifocal, and it
may also involve eloquent structures in the cortex [43,46,48,49]. As a result, many cases
utilize intracranial EEG to localize the epileptogenic zone [37-40,48,49]. While
intraoperative ECoG and somatosensory evoked potentials (SSEP) may provide sufficient
information, some cases require a two-stage approach [40,46]. In the first stage, invasive
monitoring is performed either using stereotactic-EEG (SEEG) or subdural electrodes [49].
SEEG is often chosen as a minimally-invasive approach to map deep or multifocal regions
without requiring a craniotomy, whereas dense neocortical coverage and/or mapping of
eloguence cortex may be better accomplished with subdural grid and strip electrodes. The
patient then has extraoperative monitoring for seizures and mapping for surgical planning.
The second stage of the surgery involves resection of the indicated area of tissue [49].

2.3.3. Outcomes—Outcomes following extratemporal resection are somewhat difficult
to review, as many studies either combine highly variable operations (e.g. lesionectomy and
hemispherectomy) or focus on one specific indication [38,39,46,47,49]. A recent systematic
review of pediatric ETLE surgery (excluding hemispherectomy) found a seizure-freedom
rate of 56%, which is lower than the seizure-freedom rate following TLE surgery [41]. The
same review found short epilepsy duration, lesional etiology, absence of secondary
generalization, and ictal EEG localization to be predictors of better outcomes [41]. In
general, other studies have suggested better outcomes among frontal resections than those in
the parietal/occipital lobes [38,47,50]. No studies have directly compared disconnections to
resections in ETLE, but both techniques may be employed by a surgeon depending on
location, size, and preferred technique.

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

Page 7

Postoperative neurological deficits are not uncommon, but many of these are either transient
in nature or predicted and discussed preoperatively [45,49]. Deficits depend largely on the
location of resection; VFDs often occur after occipital resection, and hemiparesis may be
seen in operations near the precentral gyrus [37,39,40,44,46,48]. Surgical complications
include various infections, hemorrhage, hygroma, and shunt-dependent hydrocephalus
[39,44,47,48].

2.4. Posterior quadrant operations

2.4.1. Indications—A posterior quadrant (PQ) resection/disconnection is a unique
combination of treating both TLE and ETLE through a multilobar procedure. The posterior
quadrant consists of the parietal, posterior temporal, and occipital lobes [51]. Surgeries that
resect/disconnect the PQ involve large, multilobar, unilateral epileptogenic zones that spare
the frontal and Rolandic cortex [52,53]. While patients may present with various seizure
types, the most frequently encountered include infantile spasms, myoclonic, partial
(complex or simple), and generalized tonic-clonic (GTC) [51,52]. Most patients will have
normal motor function or mild hemiparesis and may have preoperative VFDs due to
occipital lobe involvement [54]. In younger children, speech will typically lateralize to the
normal hemisphere, but in older children speech should be localized prior to PQ surgery
[53,55].

Indications for PQ resection/disconnection most commonly involve multilobar lesions; these
include large cortical dysplasia, other large malformations, neoplasms, leptomeningeal
angiomas (Sturge-Weber), trauma, perinatal ischemic damage, and vascular malformations
[52,53,56-63]. Rarely, there are indications for PQ resection/disconnection in patients with
no visible MRI lesion [54,59]. In these cases, invasive monitoring is needed to precisely
localize the epileptogenic zone to the PQ.

2.4.2. Technique (posterior quadrantectomy)—The goal of a posterior
quadrantectomy (-otomy) is to remove or isolate the entirety of the PQ other than the post-
central gyrus (PCG), thereby sparing somatosensory function. Accurate localization of
important structures, namely the PCG, is crucial. Most surgeons now use neuronavigation to
accurately identify the PCG [53,56,59,61]. SSEP can also be used to electrophysiologically
identify the somatosensory cortex through phase reversal [53,56,59,61,63-65]. Both of these
options can be limited by myelination and technically be difficult in infants. Subdural EEG
and/or ECoG for mapping have been used pre-re-section but are not commonplace [53,54].

For both resections and disconnections, a large craniotomy is performed to expose the cortex
of the PQ. For anatomical resection, the operation begins by accessing the temporal horn of
the lateral ventricle and performing a temporal lobectomy with amygdalohippocampectomy.
The superior temporal gyrus is also resected, exposing the inferior circular sulcus of the
insula. The ventricle is then opened posteriorly to the atrium. This corticectomy is continued
superiorly towards midline, just posterior to the PCG, and continued to the falx. Lastly,
using the ventricle as the landmark, the medial and inferior surfaces are disconnected, and
the parietal and occipital lobes are removed as a single unit. All blood vessels perfusing
these areas are li-gated [53,56,59,61-63,65]. Because young infants have not fully developed
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the mature texture of their pia to allow for safe subpial resection that is required in
disconnective procedures, we have found posterior quadrantectomy to generally be superior
in these patients.

2.4.3. Technique description (posterior quadrantotomy)—There are multiple
disconnection methods, the most common being peri-insular disconnection and functional
resection (not described here). In the peri-insular disconnection, the temporal component of
the opercular cortex is removed to access the inferior insula and circular sulcus; this incision
is then deepened toward the temporal lateral ventricle. A similar incision is made in the
parietal component of the opercular cortex just posterior to the postcentral gyrus and
continued to the temporal lateral ventricle. The amygdala, uncus, and anterior hippocampus
are all resected. Similarly to the anatomical resection, an incision is made just posterior to
the PCG and continued to the falx. Finally, the posterior third of the corpus callosum is
disconnected along with the posterior hippocampus [62]. All efforts are made to retain blood
flow to any disconnected areas [53]. The author prefers this disconnection procedure over
resection in all children other than infants. The techniques described here are an
extrapolation from similar techniques used during functional/peri-insular hemispherotomy.

2.4.4. Outcomes—PQ surgery outcomes are often reported in combination with other
multilobar resections; additionally, almost all studies combine outcomes from adult and
pediatric patients. As such, the findings discussed below are not exclusive to children.

In general, there has been a trend away from resection and toward disconnection; this was
done to limit postoperative hydrocephalus and hemosiderosis (as seen following anatomical
hemispherectomy cases) [53,56,61-63,65,66]. Disconnection could technically lead to
seizure recurrence through incompletely-disconnected regions; this has been seen in a few
cases and is often amenable to repeat surgery [56,59,61-63]. Operative time and blood loss
are also thought to be decreased for disconnections, as in hemispheric operations [59,63,66].

Seizure freedom rates range from 50 to 92% following PQ resection/disconnection, although
cohort sizes are small [52-57,59-63]. No studies have been done to definitively compare
disconnection to resection. Additionally, many patients without seizure freedom still show a
significantly decreased seizure burden [52,59]. These operations generally have better
seizure outcomes than both hemispheric operations and large focal resections, and they have
lower morbidity/mortality rates than hemispheric operations [51,52,54,60,62,66,67]. The
most common neurological sequela is hemianopia (essentially all cases); hemiparesis can be
a complication if anatomy is not properly identified [53,54,56,59,63]. Young age at
operation is generally considered a positive prognostic variable, but this finding has been
inconsistent [54,56,57,59-61].

Hemispheric operations

2.5.1. Indications—Hemispheric resection/disconnection involves the isolation of an
entire cortical hemisphere in cases of large, multilobar, unilateral epileptogenic zones that
also involve the frontal cortex (contraindicating PQ surgery) [68-71]. Most of these patients
will present with focal seizures (simple or complex) [69,72-74]. While EEG would ideally
only show epileptogenicity in one hemisphere, epileptic activity in the contralateral
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hemisphere is not an absolute contraindication [68,72]. Additionally, hemispherectomy has
been rarely described for palliative reduction of seizure burden in bilateral cases [75].

Most patients present with preoperative hemiparesis, although a majority maintain the ability
to walk [69,73]. As with PQ cases, language involvement is dependent on lateralization.
Patients commonly show deficiencies in developmental, cognitive, and behavioral domains
[69,71-73].

Indications for hemispheric operations can be broadly divided into (1) developmental/
congenital, (2) acquired, and (3) progressive. Developmental causes primarily include
multilobar cortical dysplasia and hemimegalencephaly [72]. The most common acquired
cause is perinatal vascular insult. Notable acquired indications include Rasmussen’s
encephalitis and leptomeningeal angiomas [69,76]. MRI can differentiate these from
bilateral contraindications to hemispheric operations, such as lissencephaly and band
heterotopia [70,72].

2.5.2. Technique description (anatomical hemispherectomy)—The original form
of hemispherectomy, the anatomical hemispherectomy, was first reported by Dandy in 1928
for the removal of large unilateral neoplasia. Currently, they are generally only used for
certain cases of cortical dysplasia/lhemimegalencephaly or based on surgeon preference. The
surgeon creates a large craniotomy and opens the dura, allowing access to the cortical
structures. The anterior and middle cerebral arteries (ACA/MCA) are identified through the
Sylvian fissure and clipped (distal to the basal ganglia branches, resulting in retained blood
flow to these structures). The entire hemisphere is then retracted and bridging cortical veins
are ligated. This allows access to the corpus callosum, which is subsequently disconnected.
The posterior cerebral artery is identified and clipped. The remainder of the frontal and
temporal lobe connections are severed, and the entire hemisphere is removed. The
hippocampus is resected as well [77]. Similar to posterior quadrant resections, our
experiences have found this technique superior in young infants who have not fully
developed the mature texture of their pia to allow safe subpial resection that disconnection
procedures require. However in infants, in addition to other known complications from
anatomic hemispherectomy, the surgeon must monitor for acquired craniosynostosis due to
loss of the primary driver for cranial growth (half of the cerebrum). The author prefers to use
rigid fixation with absorbable plates rather than suture in these cases to similarly attempt to
prevent a sunken bone flap and resultant cranial deformity in these infants.

2.5.3. Technique description (hemispherotomy)—There are multiple ways to
perform a hemispheric disconnection, or “hemispherotomy,” but all revolve around
disconnecting an entire hemisphere from the contralateral hemisphere, basal ganglia, and
brainstem.

A peri-insular hemispherotomy begins similarly to the peri-insular posterior quadrantotomy.
After opening the dura, an incision is made in the frontoparietal opercular cortex and
deepened to the lateral ventricle, which disconnects the suprasylvian hemisphere. The
corpus callosum can be disconnected from within the lateral ventricle. A similar incision is
made in the temporal opercular cortex and deepened to the lateral ventricle, thereby
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disconnecting the infrasylvian hemisphere. The amygdala, uncus, and anterior hippocampus
are subsequently resected. Lastly, the insula is disconnected due to potential
epileptogenicity. Many authors describe performing an insula resection, but we prefer
disconnecting the insula by following the white matter of the extreme capsule medial to the
insular cortex along the entire length of the insula. This avoids the technically difficult task
of subpial re-section of the insula, working between the MCA vessels. Following the
operation, a large majority of the hemisphere will be left in place, functionally disconnected
but still vascularized [68,78].

2.5.4. Outcomes—In general, seizure freedom rates are similar among the various
techniques. A recent systematic review showed that anatomical hemispherectomy had the
highest seizure freedom rate, but this was not statistically significant [79]. Reported seizure
freedom rates vary significantly between 50% and 85%, with additional patients having
significant seizure burden reduction [68,71,73,75,76,79-82]. Etiology is the most important
prognostic variable of seizure outcome, with acquired and progressive diseases have
significantly better outcomes than developmental malformations (particularly
hemimegalencephaly) [68-70,76,80,83]. Functional hemispherectomies are also
significantly worse for developmental malformations [79]. An unfavorable outcome is
predicted by bilateral involvement on preoperative EEG or prior resective surgery
[68,75,83].

Outcomes in other domains are also variable. Almost all patients have expected
postoperative homonymous hemianopsia [72,73]. Hemiparesis commonly becomes
transiently worse in the affected upper extremity, but a majority of patients retain the ability
to walk (some further regain this ability) [68,72-74,76,82]. Language outcome depends on
(1) language lateralization and (2) the age of the patient; greater language improvements are
seen in younger patients [72,73]. Interestingly, spoken language may show better recovery
than reading ability [74]. Behavioral and cognitive domains often show improvement, and a
majority of patients are able to attend school with or without specialized assistance
[69,73,74,76].

As with PQ surgery, there has been a shift in preference from hemispherectomy to
hemispherotomy due to postoperative complications, namely hydrocephalus and
hemosiderosis [70,76,84]. While the hydrocephalus rate is high for all hemispheric
operations (10-16%), it is significantly higher for anatomical hemispherectomy (up to 81%
in one study) [69,70,72,74,76,79,82,85]. Comparatively, hemispherotomies (and functional
hemispherectomies) are more likely to result in incomplete disconnection and seizure
recurrence, particularly in hemimegalencephaly cases [68,79,82]. This generally occurs via
midline and basal-frontal structures and is often responsive to re-operation [71-73].
Disconnections are associated with decreased intraoperative blood loss and procedure
duration. Other serious complications of both procedures include meningitis, hemorrhage
requiring transfusion, and infarction [29,68,69,71,73,82]. These advantages of
hemispherotomy over hemispherectomy have formed the basis of the trend toward
disconnection in other epilepsy surgeries as well.
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3. Palliative operations

3.1. Corpus callosotomy

3.1.1. Indications—Unlike the previously described operations, the goal of corpus
callosotomy (and other palliative procedures) is not complete seizure freedom, but rather to
reduce the seizure burden and other negative sequelae. Corpus callosotomy (CC), which
involves transecting most or all of the corpus callosum to disconnect the majority of
communication between the two hemispheres, is most commonly used to decrease the
frequency of “drop attacks”, or sudden tonic/atonic seizures that often result in unprotected
falls and subsequent trauma [86—92]. The average patient may have upwards of 500 seizures
per month, placing them at significant risk for physical injury [93]. Other concomitant
seizure types include spasms, atypical absence, myoclonic, partial, and GTC [86,90,92,94—
96]. Infrequently, CC has also been used to treat refractory status epilepticus [86,97].

Because of the diffuse nature of many of these disorders, a large number of patients present
with significant developmental delay and cognitive dysfunction [88-90,93,95]. In any case,
to be considered for CC, a patient must (1) be thought to benefit from seizure reduction, (2)
have epilepsy proven to be refractory to multiple AEDs, and (3) not be a candidate for
potentially-curative resection/disconnection [86,87,89].

3.1.2. Technique description (corpus callosotomy)—The most common
callosotomy technique is an open approach through an incision and craniotomy that follows
the coronal suture. Upon reflection of the dura, the surgeon dissects between the two
hemispheres toward the corpus callosum. All efforts are made to preserve vascular
structures, particularly the bridging veins and pericallosal arteries. When the corpus
callosum is reached, it is dissected to separate the two hemispheres. The two most common
techniques are a complete callosotomy and an anterior two-thirds callosotomy. These are
selected based on patient baseline neurocognitive abilities, age, and surgeon preference. The
lamina terminalis is generally considered the anterior extent of the dissection. There are
multiple methods that can be used to determine the posterior extent of dissection, including
neuronavigation systems and stimulation of the motor cortex [86,88-91,98]. The authors
find that, in their experience, more pediatric patients are better served by complete
callosotomy rather than anterior two-thirds callosotomy. This is due to the combination of
the better seizure controlled gained by complete callosotomy and by the predominance of
patients with low neurocognitive status prior to surgery. Selective posterior callosotomy has
not been described in the literature in the pediatric patient population.

3.1.3. Outcomes—Outcomes following CC are difficult to analyze, as many authors
report different criteria for a favorable outcome [99]. In general, while complete seizure
freedom rates are low (less than 10-20% in most studies), a significant decrease in drop
attacks is seen in a majority of patients [86-88,90,91,93,99-101]. A recent meta-analysis
found a complete seizure freedom rate of 18.8%, with significant predictors of freedom
including infantile spasms, normal MRI findings, and short duration of epilepsy. The same
review found a drop attack freedom rate of 55.3%, with significant predictors of freedom
including complete (vs. partial) callosotomy and idiopathic epilepsy etiology [102]. In
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patients who continue to have drop attacks, they are often noted to be less severe [89]. Other
seizure types, such as GTC, may also benefit to a lesser degree [87]. Parental satisfaction is
seen in a majority of cases; this is linked to both functional improvements and seizure
reduction [91,99,100]. Studies have shown possible improvement in emotional well-being,
behavior, and attention, among other things [91,92] (Table 1).

Surgical complications occur at a relatively low rate; these generally include infection
(meningitis or osteomyelitis), epidural or subdural hematoma, subgaleal CSF collection,
hemorrhage, and stroke [86,88,90,92,93,95,96,99,103,104]. There are a number of
interesting neurological sequelae that may occur after callosotomy, but these have been
noted to be transient in almost all pediatric cases (likely due to the increased ability of the
pediatric brain to adapt). A notable example is disconnection syndrome, wherein a patient
may not be able to process a unilaterally-presented stimulus [86,95,98,99,105]. Other
transient deficits include hemiparesis, alien limb, supplementary motor area syndrome,
ataxia, alexia, and mutism [86,88,89,93,95,99,106].

There has been debate regarding the extent of callosotomy, which some surgeons preferring
complete callosotomy and others preferring the anterior two-thirds. There is no significant
difference for blood loss, length of surgery, or length of hospital stay [95,103]. Total
callosotomy has consistently shown better seizure reduction, but it was previously thought to
raise the risk of complications and neurological sequelae (specifically disconnection
syndrome). That said, with the discovery that most neurological sequelae are transient in
pediatric patients, some surgeons now prefer complete callosotomy at first encounter
[91,95,101]. A prior systematic review showed the difference in surgical complications to be
insignificant [99]. There is also debate about the preference of callosotomy vs. vagus nerve
stimulators (VNS); while VNS is reversible, it is more expensive and is less effective than
callosotomy for drop attacks [99,104,107,108].

Multiple subpial transections

3.2.1. Indications—Multiple subpial transections (MST) is another palliative procedure
that was introduced by Morrell in 1989 as a method of reducing seizure propagation [109].
The operation is based on the notion that “functional” fibers in the cortex run vertically
(relative to the cortical surface), while fibers that propagate seizures run horizontally. As a
result, small transections are made just below the pia mater that sever these horizontal fibers
while leaving vertical fibers and blood supply intact, thereby preserving cortical function
[109-115]. These transections are generally made perpendicular to the longitudinal axis of
the gyrus, as seizure activity is suspected to propagate along the gyrus [116].

MST is primarily used when the epileptogenic zone encompasses any one of the eloquent
zones, primarily the motor/somatosensory cortices, Broca’s and Wernicke’s areas, and the
occipital pole [109-112,114,115]. As such, there are an enormous number of potential
indications for MST, and it is often used to augment resection for lesions such as cortical
dysplasia, tumors, post-infectious epilepsy, trauma, etc. [112-115,117,118]. It has also been
used in the treatment of status epilepticus, epilepsia partialis continua, and Rasmussen’s
encephalitis with incomplete hemiparesis [110,112,114,115,117]. MST has been particularly
associated with the treatment of Landau-Kleffner Syndrome (LKS), an acute pediatric
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disease characterized by aphasia, behavioral abnormalities, and seizures
[110,111,114,117,119].

3.2.2. Technique description (multiple subpial transections)—The operation
begins with a craniotomy over the lesion/epileptogenic zone and reflection of the dura. In
most cases, intraoperative ECoG is used to identify the area of epileptic discharge. There are
a few variations of the procedure that are primarily based on surgeon preference, but the
underlying principles are the same [116].

A gyrus in the epileptic area is identified, and the pia is punctured with a blade on one edge
of the gyrus. Using a subpial transector, a small subpial transection of made from one edge
of the gyrus to the other with a depth of approximately 4 mm. The transection should be
perpendicular to the longitudinal axis of the gyrus. All efforts are taken to not further
damage the pia overlying the cortical transection. Following this transection, the process is
repeated with successive transections that parallel each other and are spaced 5 mm apart
along the gyrus [110,112,115,117,119]. Following each transection, ECoG can be used to
define boundaries and determine whether further transections are needed
[109,110,114,115,119]. Ultrasound can also be used during the operation to evaluate for
possible intracranial hematoma [110]. This technique may be combined with resection of
neighboring tissue that is not eloquent. As novel neurostimulation treatments become
increasingly utilized in the pediatric population, it is possible that multiple subpial
transection may be less commonly performed in the future.

3.2.3. Outcomes—MST outcomes are difficult to accurately assess for a number of
reasons. Most cases of MST are performed alongside cortical resections and, given a lack of
control groups, it is difficult to attribute outcomes to any one part of the operation
[109,110,112,114,117,118,120]. Additionally, most studies combine adult and pediatric
patients [112,114,115,117,118]. There is also high variability among the results that have
been reported.

In general, per a recent systematic review of MST, seizure freedom rates were 55.2% (MST
+ resection) and 23.9% (MST alone) [117]. Other reported rates vary, but it is generally seen
that MST + resection leads to better seizure freedom rates (not controlled for etiology)
[117,118]. Other indicators of a good prognosis have been hypothesized to include young
age, small MST size, temporal lobe foci, and various EEG findings, but these have been
inconsistent [111-113,115,117,118]. MST can lead to an array of postoperative neurological
deficits depending on the location (hemiparesis, dysphasia, and VFDs are commonly cited),
but a majority of cases are transient and disappear in a few months (although some subtle,
persistent abnormalities may remain [109,110,112,114,115,117,118]. Other surgical
complications include cerebral edema, infection, intracranial hematoma, and CSF leak
[111,115,117,120]. Seizure recurrence has also been seen in many patients, raising concerns
about durability [113]. Due to this concern over durability and morbidity of the procedure,
the authors consider responsive neurostimulation instead of MST in patients with involved
eloquent cortex.
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LKS has a long history of being treated with MST, as it was initially thought that MST
would lead to improvement of language and communication [114,121]. However, it was
subsequently discovered that many patients with LKS regain language function without any
operation, perhaps to an even better degree [111,119]. Others have stated that MST can still
be used in improve behavioral status, but the exact role in MST in the treatment of LKS
remains controversial [119].

4. Future directions

While surgical approaches for epilepsy can be effective in a large number of patients, there
is still room for improvement. Large, open craniotomies and extensive cortical resections are
associated with increased levels of morbidity and neurological sequelae. As such, there are
multiple new and promising approaches to epilepsy surgery that seek to achieve seizure
freedom via alternative methods.

Laser interstitial thermal therapy (LITT) is a minimally-invasive approach that revolves
around laser-based ablation of tissue and was originally used for cortical metastases. In this
operation, a stereotactic rod with a 980 nm laser at the distal end is driven toward the target
area; once the laser diode is within the lesion/epileptogenic zone, the laser is used to ablate
the surrounding tissue [122]. MRI feedback it used to visualize the amount of ablation and
avoid damage to the applicator and healthy cortical tissue [123]. Curry et al. reported the
first outcomes of LITT in pediatric epilepsy and noted 100% seizure freedom in 5 patients
with focal epilepsy (although the follow-up period was very short) [124]. More recently,
Lewis et. al reported the use of LITT in 17 patients with various types of epilepsy (a
majority had focal cortical dysplasia); 41% of these had postoperative seizure freedom
[125]. Finally, Perry et al. reported a series of 20 pediatric patients with insular epilepsy that
resulted in 50% seizure freedom [126]. While these results may be promising for certain
patients, larger studies and populations are needed to accurately define appropriate pediatric
candidates for LITT. LITT could theoretically be used for both disconnection or lesion
elimination/destruction depending on intended use and planning.

Another promising development in adult epilepsy is responsive neurostimulation (RNS). In
this approach, leads are placed in the epileptogenic zone and attached to a generator that is
implanted in the patient’s skull. The leads are capable of detecting the onset of ictal activity,
and an electric current can then be applied in an attempt to abort any epileptic activity. RNS
has shown promising results in adult patients, with a recent randomized control trial showing
a statistically significant decrease in seizure burden when RNS delivered real vs. sham
current (—37.9% vs. —17.3%; P = 0.012). The same trial further described a progressive
decrease in seizure burden in the years following RNS implantation [127]. That said, RNS
has yet to be FDA-approved for use in pediatric patients. Two reports of pediatric RNS use
have been published to date. One is a case report describing decreased seizure burden in a
16-year-old patient with epilepsy arising from the eloquent cortex, and the other is a two-
patient case series reporting one patient with decreased seizure burden and another with
seizure freedom [128,129]. While larger studies and FDA approval are both needed to fully
implement RNS in pediatric epilepsy patients, a number of centers are beginning to explore
off-label uses of RNS in their practices.
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5. Summary

Epilepsy surgery is a useful but underutilized approach to intractable pediatric epilepsy. In
some cases, potentially curative operations can be performed in an attempt to either resect or
disconnect the epileptogenic zone. The success of these operations may depend highly on a
number of other factors, including the etiology of the epilepsy, presence of a discernable
lesion, and preoperative duration of epilepsy. In cases that are either bilateral or intimately
involve the eloquent cortex, palliative operations may be considered to decrease the overall
seizure burden. In any instance, surgery should be considered in most cases of intractable
pediatric epilepsy barring absolute contra-indications. Promising new technologies, such as
LITT and RNS, may prove to be useful in the future care of these patients.

Acknowledgement

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit
sectors.

References

[1]. Kwan P, Brodie MJ. Early identification of refractory epilepsy. N Engl J Med 2000;342:314-9.
10.1056/NEJM200002033420503. [PubMed: 10660394]

[2]. Shinnar S, Pellock JM. Update on the epidemiology and prognosis of pediatric epilepsy. J Child
Neurol 2002;17(Suppl. 1):S4-17. 10.1177/08830738020170010201. [PubMed: 11918462]

[3]. Engel J Surgical treatment for epilepsy: too little, too late? Jama 2008;300:2548-50. 10.1001/
jama.2008.756. [PubMed: 19050199]

[4]. Engel J Jr., Wiebe S, French J, Sperling M, Williamson P, Spencer D, et al. Practice parameter:
temporal lobe and localized neocortical resections for epilepsy. Epilepsia 2003;44:741-51.
10.1046/j.1528-1157.2003.48202.x. [PubMed: 12790886]

[5]. Englot DJ, Ouyang D, Garcia PA, Barbaro NM, Chang EF. Epilepsy surgery trends in the United
States, 1990-2008. Neurology 2012;78:1200-6. 10.1212/WNL.0b013e318250d7ea. [PubMed:
22442428]

[6]. Cohen DS, Zubay GP, Goodman RR. Seizure outcome after lesionectomy for cavernous
malformations. J Neurosurg 1995;83:237-42. 10.3171/jns.1995.83.2.0237. [PubMed: 7616268]

[7]. Gelinas JN, Battison AW, Smith S, Connolly MB, Steinbok P. Electrocorticography and seizure
outcomes in children with lesional epilepsy. Childs Nerv Syst 2010;27:381-90. 10.1007/
s00381-010-1279-7. [PubMed: 20857122]

[8]. Jo Il K, Shin HJ, Hong S-C. Seizure outcomes of lesionectomy in pediatric lesional epilepsy with
brain tumor — single institute experience. Brain Dev 2013;35:810-5. 10.1016/
j.braindev.2013.04.010. [PubMed: 23688973]

[9]. Jooma R, Yeh HS, Privitera MD, Gartner M. Lesionectomy versus electro-physiologically guided
resection for temporal lobe tumors manifesting with complex partial seizures. J Neurosurg
1995;83:231-6. 10.3171/jns.1995.83.2.0231. [PubMed: 7616267]

[10]. Khajavi K, Comair YG, Wyllie E, Palmer J, Morris HH, Hahn JF. Surgical management of
pediatric tumor-associated epilepsy. J Child Neurol 2016;14:15-25.
10.1177/088307389901400102.

[11]. Montes JL, Rosenblatt B, Farmer JP, O’Gorman AM, Andermann F, Watters GV, et al.
Lesionectomy of MRI detected lesions in children with epilepsy. Pediatr Neurosurg
1995;22:167-73. 10.1159/000120897. [PubMed: 7619716]

[12]. Yeh HS, Tew JM, Gartner M. Seizure control after surgery on cerebral arteriovenous
malformations. J Neurosurg 1993;78:12-8. 10.3171/jns.1993.78.1.0012. [PubMed: 8416226]

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

[13].

[14].

[15].

[16].

[17].

[18].

[19].
[20].

[21].

Page 16

Giulioni M, Galassi E, Zucchelli M, Volpi L. Seizure outcome of lesionectomy in glioneuronal
tumors associated with epilepsy in children. J Neurosurg 2005;102:288-93. 10.3171/
ped.2005.102.3.0288. [PubMed: 15881752]

Kim SK, Wang KC, Cho BK. Intractable seizures associated with brain tumor in childhood:
lesionectomy and seizure outcome. Childs Nerv Syst 1995;11:634-8. [PubMed: 8608579]

Lee JY, Phi JH, Wang K-C, Cho B-K, Kim S-K. Transsylvian-transcisternal selective
lesionectomy for pediatric lesional mesial temporal lobe epilepsy. Neurosurgery 2011;68:582—7.
10.1227/NEU.0b013e3182077552. [PubMed: 21164375]

Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, et al. ILAE
classification of the epilepsies: position paper of the ILAE commission for classi-fication and
terminology. Epilepsia 2017;58:512-21. 10.1111/epi.13709. [PubMed: 28276062]

Giulioni M, Rubboli G, Marucci G, Martinoni M, Volpi L, Michelucci R, et al. Seizure outcome
of epilepsy surgery in focal epilepsies associated with temporomesial glioneuronal tumors:
lesionectomy compared with tailored resection. J Neurosurg 2009;111:1275-82.
10.3171/2009.3.JNS081350. [PubMed: 19408976]

Clusmann H, Kral T, Gleissner U, Sassen R, Urbach H, Blumcke 1, et al. Analysis of different
types of resection for pediatric patients with temporal lobe epilepsy. Neurosurgery 2004;54:847—
60. 10.1227/01.NEU.0000114141.37640.37. [PubMed: 15046650]

Morrell F Secondary epileptogenesis in man. Arch Neurol 1985;42:318-35. [PubMed: 3921008]

Englot DJ, Rolston JD, Wang DD, Sun PP, Chang EF, Auguste KI. Seizure outcomes after
temporal lobectomy in pediatric patients. J Neurosurg Pediatr 2013;12:134-41.
10.3171/2013.5.PEDS12526. [PubMed: 23768202]

Benifla M, Otsubo H, Ochi A, Weiss SK, Donner EJ, Shroff M, et al. Temporal lobe surgery for
intractable epilepsy in children: an analysis of outcomes in 126 children. Neurosurgery
2006;59:1203-14. 10.1227/01.NEU.0000245615.32226.83. [PubMed: 17277683]

[22]. Wiebe S, Blume WT, Girvin JP, Eliasziw M. Effectiveness and efficiency of surgery for Temporal

[23].

[24].

[25].

[26].

[27].

Lobe Epilepsy Study Group. A randomized, controlled trial of surgery for temporal-lobe
epilepsy. N Engl J Med 2001;345:311-8. 10.1056/NEJM200108023450501. [PubMed:
11484687]

Lee Y-J, Lee JS. Temporal lobe epilepsy surgery in children versus adults: from etiologies to
outcomes. Korean J Pediatr 2013;56:275-7. 10.3345/kjp.2013.56.7.275. [PubMed: 23908666]
Mohamed A, Wyllie E, Ruggieri P, Kotagal P, Babb T, Hilbig A, et al. Temporal lobe epilepsy
due to hippocampal sclerosis in pediatric candidates for epilepsy surgery. Neurology
2001;56:1643-9. 10.1212/WNL.56.12.1643. [PubMed: 11425928]

Gleissner U, Sassen R, Schramm J, Elger CE, Helmstaedter C. Greater functional recovery after
temporal lobe epilepsy surgery in children. Brain 2005;128:2822-9. 10.1093/brain/awh597.
[PubMed: 16014650]

Lee Y-J, Kang H-C, Kim HD, Kim D-S, Shim K-W, Eom S, et al. Neurocognitive function in
children after anterior temporal lobectomy with amygdalohippocampectomy. Pediatr Neurol
2015;52:88-93. 10.1016/j.pediatrneurol.2014.09.006. [PubMed: 25439484]

Mittal S, Montes JL, Farmer J-P, Rosenblatt B, Dubeau F, Andermann F, et al. Long-term
outcome after surgical treatment of temporal lobe epilepsy in children. J Neurosurg
2005;103:401-12. 10.3171/ped.2005.103.5.0401. [PubMed: 16302611]

[28]. Vadera S, Kshettry VR, Klaas P, Bingaman W. Seizure-free and neuropsychological outcomes

after temporal lobectomy with amygdalohippocampectomy in pediatric patients with
hippocampal sclerosis. J Neurosurg Pediatr 2012;10:103-7. 10.3171/2012.4.PEDS1233.
[PubMed: 22725696]

[29]. Vadera S, Griffith SD, Rosenbaum BP, Seicean A, Kshettry VR, Kelly ML, et al. National trends

and in-hospital complication rates in more than 1600 hemispherectomies from 1988 to 2010.
Neurosurgery 2015;77:185-91. 10.1227/NEU.0000000000000815. [PubMed: 26039224]

[30]. Al-Otaibi F, Baeesa SS, Parrent AG, Girvin JP, Steven D. Surgical techniques for the treatment of

temporal lobe epilepsy. Epilepsy Res Treat 2012;2012 10.1155/2012/374848.374848-13.

[31]. Adada B Selective amygdalohippocampectomy via the transsylvian approach. Neurosurg Focus

2008;25:E5 10.3171/FOC/2008/25/9/E5.

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

Page 17

[32]. Kovanda T, Tubbs R, Cohen-Gadol A. Transsylvian selective amygdalohippocampectomy for
treatment of medial temporal lobe epilepsy: surgical technique and operative nuances to avoid
complications. Surg Neurol Int 2014;5 10.4103/2152-7806.140651. 133-17. [PubMed:
25298915]

[33]. Smith JR, VanderGriff A, Fountas K. Temporal lobotomy in the surgical management of
Epilepsy: technical Report. Neurosurgery 2004;54:1531-6.
10.1227/01.NEU.0000125329.54172.2D. [PubMed: 15157314]

[34]. Jeong S-W, Lee SK, Hong K-S, Kim K-K, Chung C-K, Kim H. Prognostic factors for the surgery
for mesial temporal lobe epilepsy: longitudinal analysis. Epilepsia 2005;46:1273-9. 10.1111/
J.1528-1167.2005.33504.x. [PubMed: 16060939]

[35]. McIntosh AM. Temporal lobectomy: long-term seizure outcome, late recurrence and risks for
seizure recurrence. Brain 2004;127:2018-30. 10.1093/brain/awh221. [PubMed: 15215219]

[36]. Hu W-H, Zhang C, Zhang K, Meng F-G, Chen N, Zhang J-G. Selective
amygdalohippocampectomy versus anterior temporal lobectomy in the management of mesial
temporal lobe epilepsy: a meta-analysis of comparative studies. J Neurosurg 2013;119:1089-97.
10.3171/2013.8.JNS121854. [PubMed: 24032705]

[37]. Wyllie E, Comair YG, Kotagal P, Bulacio J, Bingaman W, Ruggieri P. Seizure outcome after
epilepsy surgery in children and adolescents. Ann Neurol 1998;44:740-8. 10.1002/
ana.410440507. [PubMed: 9818929]

[38]. Ansari SF, Tubbs RS, Terry CL, Cohen-Gadol AA. Surgery for extratemporal nonlesional
epilepsy in adults: an outcome meta-analysis. Acta Neurochir 2010;152:1299-305. 10.1007/
s00701-010-0697-3. [PubMed: 20524016]

[39]. D’Argenzio L, Colonnelli MC, Harrison S, Jacques TS, Harkness W, Scott RC, et al. Seizure
outcome after extratemporal epilepsy surgery in childhood. Dev Med Child Neurol 2012;54:995—
1000. 10.1111/j.1469-8749.2012.04381.x. [PubMed: 22816374]

[40]. Dorward IG, Titus JB, Limbrick DD, Johnston JM, Bertrand ME, Smyth MD. Extratemporal,
nonlesional epilepsy in children: postsurgical clinical and neuro-cognitive outcomes. J Neurosurg
Pediatr 2011;7:179-88. 10.3171/2010.11.PEDS10265. [PubMed: 21284465]

[41]. Englot DJ, Breshears JD, Sun PP, Chang EF, Auguste KI. Seizure outcomes after resective
surgery for extra-temporal lobe epilepsy in pediatric patients. J Neurosurg Pediatr 2013;12:126—
33.10.3171/2013.5.PEDS1336. [PubMed: 23768201]

[42]. Fish DR, Smith SJ, Quesney LF, Andermann F, Rasmussen T. Surgical treatment of children with
medically intractable frontal or temporal lobe epilepsy: results and highlights of 40 years’
experience. Epilepsia 1993;34:244-7. 10.1111/j.1528-1157.1993.th02405.x. [PubMed: 8453932]

[43]. Gleissner U, Kuczaty S, Clusmann H, Elger CE, Helmstaedter C. Neuropsychological results in
pediatric patients with epilepsy surgery in the parietal cortex. Epilepsia 2008;49:700-4. 10.1111/
j.1528-1167.2007.01497 .. [PubMed: 18177357]

[44]. Kral T, Kuczaty S, Blumcke I, Urbach H, Clusmann H, Wiestler OD, et al. Postsurgical outcome
of children and adolescents with medically refractory frontal lobe epilepsies. Childs Nerv Syst
2001;17:595-601. 10.1007/s003810100497. [PubMed: 11685521]

[45]. Liava A, Francione S, Tassi L, Russo Lo G, Cossu M, Mai R, et al. Individually tailored
extratemporal epilepsy surgery in children: anatomo-electro-clinical features and outcome
predictors in a population of 53 cases. Epilepsy Behav 2012;25:68-80. 10.1016/
j.yebeh.2012.05.008. [PubMed: 22902651]

[46]. Pomata HB, Gonzalez R, Bartuluchi M, Petre CA, Ciraolo C, Caraballo R, et al. Extratemporal
epilepsy in children: candidate selection and surgical treatment. Childs Nerv Syst 2000;16:842—
50. [PubMed: 11156299]

[47]. Sinclair DB, Aronyk K, Snyder T, McKean JDS, Wheatley M, Gross D, et al. Extratemporal
resection for childhood epilepsy. Pediatr Neurol 2004;30:177-85. 10.1016/
j.pediatrneurol.2003.07.005. [PubMed: 15033199]

[48]. Tandon N, Alexopoulos AV, Warbel A, Najm IM, Bingaman WE. Occipital epilepsy: spatial
categorization and surgical management. J Neurosurg 2009;110:306-18. 10.3171/2008.4.17490.
[PubMed: 19046038]

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

[49].

[50].

[51].

[52].

[53].

[54].

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

[65].

[66].

Page 18

Bauman JA, Feoli E, Romanelli P, Doyle WK, Devinsky O. Weiner HL. Multistage epilepsy
surgery: safety, efficacy, and utility of a novel approach in pediatric extratemporal epilepsy.
Neurosurgery 2005;56:318-34. 10.1227/01.NEU.0000148908.71296.FA. [PubMed: 15670380]
Zupanc ML, Santos Rubio dos EJ, Werner RR, Schwabe MJ, Mueller WM, Lew SM, et al.
Epilepsy surgery outcomes: quality of life and seizure control. Pediatr Neurol 2010;42:12-20.
10.1016/j.pediatrneurol.2009.07.018. [PubMed: 20004857]

Novegno F, Massimi L, Chieffo D, Battaglia D, Frassanito P, Bianco LF, et al. Epilepsy surgery
of posterior quadrant dysplasia in the first year of life: experience of a single Centre with long
term follow-up. Seizure: Eur J Epilepsy 2011;20:27-33. 10.1016/j.seizure.2010.09.015.
D’Agostino MD, Bastos A, Piras C, Bernasconi A, Grisar T, Tsur VG, et al. Posterior quadrantic
dysplasia or hemi-hemimegalencephaly: a characteristic brain malformation. Neurology
2004;62:2214-20. 10.1212/01.WNL.0000130459.91445.91. [PubMed: 15210885]

Daniel RT, Meagher-Villemure K, Farmer J-P, Andermann F, Villemure J-G. Posterior quadrantic
epilepsy surgery: technical variants, surgical anatomy, and case series. Epilepsia 2007;48:1429—
37.10.1111/j.1528-1167.2007.01095.x. [PubMed: 17441997]

Harward SC, Chen WC, Rolston JD, Haglund MM, Englot DJ. Seizure outcomes in occipital
lobe and posterior quadrant epilepsy surgery: a systematic review and meta-analysis.
Neurosurgery 2018;82:350-8. 10.1093/neuros/nyx158. [PubMed: 28419330]

Davis KL, Murro AM, Park YD, Lee GP, Cohen MJ, Smith JR. Posterior quadrant epilepsy
surgery: predictors of outcome. Seizure: Eur J Epilepsy 2012;21:722-8. 10.1016/
j.Seizure.2012.07.017.

Dorfer C, Czech T, Milhlebner-Fahrngruber A, Mert A, Groppel G, Novak K, et al. Disconnective
surgery in posterior quadrantic epilepsy: experience in a consecutive series of 10 patients.
Neurosurg Focus 2013;34:E10 10.3171/2013.3.FOCUS1362.

Koszewski W, Czarkwiani L, Bidzinski J. Multilobar resections in surgical treatment of medically
intractable epilepsy. Neurol Neurochir Pol 1998;32(Suppl. 2):81-94. [PubMed: 9757434]

Leiphart JW, Peacock WJ, Mathern GW. Lobar and multilobar resections for medically
intractable pediatric epilepsy. Pediatr Neurosurg 2001;34:311-8. 10.1159/000056044. [PubMed:
11455232]

Mohamed Ahmad R, Freeman Jeremy L, Maixner Wirginia, Bailey Catherine A, Wrennall
Jacquie A, Simon Harvey A. Temporoparietooccipital disconnection in children with intractable
epilepsy. J Neurosurg Pediatr 2011;7:660-70. 10.3171/2011.4.PEDS10454Http://DxDoiorg/
103171/20114PEDS10454. [PubMed: 21631206]

Sarkis RA, Jehi L, Najm IM, Kotagal P, Bingaman WE. Seizure outcomes following multilobar
epilepsy surgery. Epilepsia 2011;53:44-50. 10.1111/j.1528-1167.2011.03274.x. [PubMed:
21955142]

Sugano H, Nakanishi H, Nakajima M, Higo T, limura Y, Tanaka K, et al. Posterior quadrant
disconnection surgery for Sturge-Weber syndrome. Epilepsia 2014;55:683-9. 10.1111/epi.12547.
[PubMed: 24621276]

Verhaeghe A, Decramer T, Naets W, Van Paesschen W, van Loon J, Theys T. Posterior quadrant
disconnection: a Fiber dissection study. Oper Neurosurg (Hagerstown) 2018;14:45-50.
10.1093/ons/opx060. [PubMed: 29253283]

Yang PF, Mei Z, Lin Q, Pei JS, Zhang HJ, Zhong ZH, et al. Disconnective surgery in posterior
quadrantic epilepsy: a series of 12 paediatric patients. Epileptic Disord 2014;16:296-304.
10.1684/epd.2014.0678. [PubMed: 25179817]

Babu KS, Chandy MJ. Reliability of somatosensory evoked potentials in intraoperative
localization of the central sulcus in patients with perirolandic mass lesions. Br J Neurosurg
1997;11:411-7. [PubMed: 9474272]

Daniel RT, Villemure KM, Roulet E, Villemure J-G. Surgical treatment of
temporoparietooccipital cortical dysplasia in infants: report of two cases. Epilepsia 2004;45:872—
6.10.1111/j.0013-9580.2004.65603.x. [PubMed: 15230716]

Daniel RT, Villemure J-G. Peri-insular hemispherotomy: potential pitfalls and avoidance of
complications. Stereotact Funct Neurosurg 2004;80:22—7. 10.1159/000075155.

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

[67].

[68].

[69].
[70].

[71].

[72].

[73].

[74].

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].

[83].

[84].

Page 19

Lawn N, Londono A, Sawrie S, Morawetz R, Martin R, Gilliam F, et al. Occipitoparietal epilepsy,
hippocampal atrophy, and congenital developmental abnormalities. Epilepsia 2000;41:1546-53.
10.1111/j.1499-1654.2000.001546.x. [PubMed: 11114212]

Marras CE, Granata T, Franzini A, Freri E, Villani F, Casazza M, et al. Hemispherotomy and
functional hemispherectomy: indications and outcome. Epilepsy Res 2010;89:104-12. 10.1016/
j.eplepsyres.2009.09.006. [PubMed: 19883995]

Devlin AM. Clinical outcomes of hemispherectomy for epilepsy in childhood and adolescence.
Brain 2003;126:556-66. 10.1093/brain/awg052. [PubMed: 12566277]

De Ribaupierre S, Delalande O. Hemispherotomy and other disconnective techniques. Neurosurg
Focus 2008;25:E14 10.3171/FOC/2008/25/9/E14.

Carreno M, Wyllie E, Bingaman W, Kotagal P, Comair Y, Ruggieri P. Seizure outcome after
functional hemispherectomy for malformations of cortical development. Neurology
2001;57:331-3. 10.1212/WNL.57.2.331. [PubMed: 11468323]

Lega B, Mullin J, Wyllie E, Bingaman W. Hemispheric malformations of cortical development:
surgical indications and approach. Childs Nerv Syst 2014;30:1831-7. 10.1007/
s00381-014-2483-7. [PubMed: 25296544]

Granata T, Matricardi S, Ragona F, Freri E, Casazza M, Villani F, et al. Hemispherotomy in
Rasmussen encephalitis: long-term outcome in an Italian series of 16 patients. Epilepsy Res
2014;108:1106-19. 10.1016/j.eplepsyres.2014.03.018. [PubMed: 24815913]

Pinto AL, Lohani S, Bergin AM, Bourgeois BF, Black PM, Prabhu SP, et al. Surgery for
intractable epilepsy due to unilateral brain disease: a retrospective study comparing
hemispherectomy techniques. Pediatr Neurol 2014;51:336-43. 10.1016/
j.pediatrneurol.2014.05.018. [PubMed: 25160539]

Lew SM, Koop JI, Mueller WM, Matthews AE, Mallonee JC. Fifty consecutive
hemispherectomies: outcomes, evolution of technique, complications, and lessons learned.
Neurosurgery 2014;74:182-95. 10.1227/NEU.0000000000000241. [PubMed: 24176954]

Delalande O, Bulteau C, Dellatolas G, Fohlen M, Jalin C, Buret V, et al. Vertical parasagittal
hemispherotomy: surgical procedures and clinical long-term outcomes in a population of 83
children. Oper Neurosurg 2007;60:19-32. 10.1227/01.NEU.0000249246.48299.12.

Fountas KN, Smith JR, Robinson JS, Tamburrini G, Pietrini D, Di Rocco C. Anatomical
hemispherectomy. Childs Nerv Syst 2006;22:982-91. 10.1007/s00381-006-0135-2. [PubMed:
16810492]

Villemure JG, Mascott CR. Peri-insular hemispherotomy: surgical principles and anatomy.
Neurosurgery 1995;37:975-81. [PubMed: 8559348]

Griessenauer CJ, Salam S, Hendrix P, Patel DM, Tubbs RS, Blount JP, et al. Hemispherectomy
for treatment of refractory epilepsy in the pediatric age group: a systematic review. J Neurosurg
Pediatr 2015;15:34-44. 10.3171/2014.10.PEDS14155. [PubMed: 25380174]

Schramm J, Kuczaty S, Sassen R, Elger CE. Lehe von M. Pediatric functional hemispherectomy:
outcome in 92 patients. Acta Neurochir 2012;154:2017-28. 10.1007/s00701-012-1481-3.
[PubMed: 22941395]

Moosa ANV, Jehi L, Marashly A, Cosmo G, Lachhwani D, Wyllie E, et al. Long-term functional
outcomes and their predictors after hemispherectomy in 115 children. Epilepsia 2013;54:1771-9.
10.1111/epi.12342. [PubMed: 23980759]

Peacock WJ, Wehby-Grant MC, Shields WD, Shewmon DA, Chugani HT, Sankar R, et al.
Hemispherectomy for intractable seizures in children: a report of 58 cases. Childs Nerv Syst
1996;12:376-84. [PubMed: 8869773]

Villarejo-Ortega F, Garcia-Fernandez M, Fournier-Del Castillo C, Fabregate-Fuente M, Alvarez-
Linera J, De Prada-Vicente I, et al. Seizure and developmental outcomes after hemispherectomy
in children and adolescents with intractable epilepsy. Childs Nerv Syst 2012;29:475-88. 10.1007/
s00381-012-1949-8. [PubMed: 23114926]

Oppenheimer DR, Griffith HB. Persistent intracranial bleeding as a complication of
hemispherectomy. J Neurol Neurosurg Psychiatry 1966;29:229-40. [PubMed: 5937637]

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

Page 20

[85]. Lin Y, Harris DA, Curry DJ, Lam S. Trends in outcomes, complications, and hospitalization costs
for hemispherectomy in the United States for the years 2000-2009. Epilepsia 2014;56:139-46.
10.1111/epi.12869. [PubMed: 25530220]

[86]. Asadi-Pooya AA, Sharan A, Nei M, Sperling MR. Corpus callosotomy. Epilepsy Behav
2008;13:271-8. 10.1016/j.yebeh.2008.04.020. [PubMed: 18539083]

[87]. Asadi-Pooya AA, Malekmohamadi Z, Kamgarpour A, Rakei SM, Taghipour M, Ashjazadeh N, et
al. Corpus callosotomy is a valuable therapeutic option for patients with Lennox—Gastaut
syndrome and medically refractory seizures. Epilepsy Behav 2013;29:285-8. 10.1016/
j.yebeh.2013.08.011. [PubMed: 24012506]

[88]. Bower RS, Wirrell E, Nwojo M, Wetjen NM, Marsh WR, Meyer FB. Seizure outcomes after
Corpus callosotomy for drop attacks. Neurosurgery 2013;73:993-1000. 10.1227/
NEU.0000000000000161. [PubMed: 24030172]

[89]. Graham D, Gill D, Dale RC, Tisdall MM, Corpus Callosotomy Outcomes Study Group. Seizure
outcome after corpus callosotomy in a large paediatric series. Dev Med Child Neurol
2017;60:199-206. 10.1111/dmcn.13592. [PubMed: 29058318]

[90]. Liang S, Zhang S, Hu X, Zhang Z, Fu X, Jiang H, et al. Anterior corpus callosotomy in school-
aged children with Lennox-Gastaut syndrome: a prospective study. Eur J Paediatr Neurol
2014;18:670-6. 10.1016/j.ejpn.2014.05.004. [PubMed: 24912732]

[91]. Maehara T, Shimizu H. Surgical outcome of corpus callosotomy in patients with drop attacks.
Epilepsia 2001;42:67-71. [PubMed: 11207787]

[92]. Rathore C, Abraham M, Rao RM, George A, Sankara Sarma P, Radhakrishnan K. Outcome after
corpus callosotomy in children with injurious drop attacks and severe mental retardation. Brain
Dev 2007;29:577-85. 10.1016/j.braindev.2007.03.008. [PubMed: 17507193]

[93]. Turanh G, Yalnizoglu D, Geng-Agikgdz D, Akalan N, Topcu M. Outcome and long term follow-
up after corpus callosotomy in childhood onset intractable epilepsy. Childs Nerv Syst
2006;22:1322-7. 10.1007/s00381-006-0045-3. [PubMed: 16552568]

[94]. Iwasaki M, Uematsu M, Sato Y, Nakayama T, Haginoya K, Osawa S-1, et al. Complete remission
of seizures after corpus callosotomy. J Neurosurg Pediatr 2012;10:7-13.
10.3171/2012.3.PEDS11544. [PubMed: 22681320]

[95]. Jalilian L, Limbrick DD, Steger-May K, Johnston J, Powers AK, Smyth MD. Complete versus
anterior two-thirds corpus callosotomy in children: analysis of outcome. J Neurosurg Pediatr
2010;6:257-66. 10.3171/2010.5.PEDS1029. [PubMed: 20809710]

[96]. Sunaga S, Shimizu H, Sugano H. Long-term follow-up of seizure outcomes after corpus
callosotomy. Seizure 2009;18:124-8. 10.1016/j.seizure.2008.08.001. [PubMed: 18799327]

[97]. Greiner HM, Tillema J-M, Hallinan BE, Holland K, Lee K-H, Crone KR. Corpus callosotomy for
treatment of pediatric refractory status epilepticus. Seizure: Eur J Epilepsy 2012;21:307-9.
10.1016/j.seizure.2012.01.010.

[98]. Bahuleyan B, Vogel TW, Robinson S, Cohen AR. Endoscopic total Corpus callosotomy:
cadaveric demonstration of a new approach. Pediatr Neurosurg 2012;47:455-60.
10.1159/000338984.

[99]. Graham D, Tisdall MM, Gill D. Corpus callosotomy outcomes in pediatric patients: a systematic
review. Epilepsia 2016;57:1053-68. 10.1111/epi.13408. [PubMed: 27237542]

[100]. lwasaki M, Uematsu M, Nakayama T, Hino-Fukuyo N, Sato Y, Kobayashi T, et al. Parental
satisfaction and seizure outcome after corpus callosotomy in patients with infantile or early
childhood onset epilepsy. Seizure: Eur J Epilepsy 2013;22:303-5. 10.1016/j.seizure.2013.01.005.

[101]. Jeong G-U, Kim H, Lim BC, Chae J-H, Kim KJ, Hwang YS, et al. Predictive value of
electroencephalography for seizure outcome following corpus callosotomy in children. J Epilepsy
Res 2011;1:65-70. 10.14581/jer.11012. [PubMed: 24649448]

[102]. Chan AY, Rolston JD, Lee B, Vadera S, Englot DJ. Rates and predictors of seizure outcome
after corpus callosotomy for drug-resistant epilepsy: a meta-analysis. J Neurosurg 2018;46:1-10.
10.3171/2017.12.JNS172331.

[103]. Kasasheh AS, Smyth MD, Steger-May K, Jalilian L, Bertrand M, Limbrick DD. Outcomes after
anterior or complete Corpus callosotomy in children. Neurosurgery 2014;74:17-28. 10.1227/
NEU.0000000000000197. [PubMed: 24089047]

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

Page 21

[104]. Lancman G, Virk M, Shao H, Mazumdar M, Greenfield JP, Weinstein S, et al. Vagus nerve
stimulation vs. corpus callosotomy in the treatment of Lennox—Gastaut syndrome: a meta-
analysis. Seizure. Eur J Epilepsy 2013;22:3-8. 10.1016/j.seizure.2012.09.01.

[105]. Jea A, Vachhrajani S, Widjaja E, Nilsson D, Raybaud C, Shroff M, et al. Corpus callosotomy in
children and the disconnection syndromes: a review. Childs Nerv Syst 2008;24:685-92. 10.1007/
s00381-008-0626-4. [PubMed: 18373102]

[106]. Sussman NM, Gur RC, Gur RE, O’Connor MJ. Mutism as a consequence of callosotomy. J
Neurosurg 1983;59:514-9. 10.3171/jns.1983.59.3.0514. [PubMed: 6886765]

[107]. Nei M, O’Connor M, Liporace J, Sperling MR. Refractory generalized seizures: response to
corpus callosotomy and vagal nerve stimulation. Epilepsia 2006;47:115-22. 10.1111/
J.1528-1167.2006.00377.X.

[108]. Rolston JD, Englot DJ, Wang DD, Garcia PA, Chang EF. Corpus callosotomy versus vagus
nerve stimulation for atonic seizures and drop attacks: a systematic review. Epilepsy Behav
2015;51:13-7. 10.1016/j.yebeh.2015.06.001. [PubMed: 26247311]

[109]. Morrell F, Whisler WW, Bleck TP. Multiple subpial transection: a new approach to the surgical
treatment of focal epilepsy. J Neurosurg 1989;70:231-9. 10.3171/jns.1989.70.2.0231. [PubMed:
2492335]

[110]. Benifla M, Otsubo H, Ochi A, Snead OCIII, Rutka JT. Multiple subpial transections in pediatric
epilepsy: indications and outcomes. Childs Nerv Syst 2006;22:992—-8. 10.1007/
s00381-006-0122-7. [PubMed: 16786370]

[111]. Downes M, Greenaway R, Clark M, Helen Cross J, Jolleff N, Harkness W, et al. Outcome
following multiple subpial transection in Landau-Kleffner syndrome and related regression.
Epilepsia 2015;56:1760—6. 10.1111/epi.13132. [PubMed: 26337264]

[112]. Hufnagel A, Zentner J, Fernandez G, Wolf HK, Schramm J, Elger CE. Multiple subpial
transection for control of epileptic seizures: effectiveness and safety. Epilepsia 1997;38:678-88.
[PubMed: 9186250]

[113]. Orbach D, Romanelli P, Devinsky O, Doyle W. Late seizure recurrence after multiple subpial
transections. Epilepsia 2002;42:1130-3. 10.1046/j.1528-1157.2001.45300.x.

[114]. Sawhney IM, Robertson 1J, Polkey CE, Binnie CD, Elwes RD. Multiple subpial transection: a
review of 21 cases. J Neurol Neurosurg Psychiatry 1995;58:344-9. 10.1136/jnnp.58.3.344.
[PubMed: 7897419]

[115]. Schramm J, Aliashkevich AF, Grunwald T. Multiple subpial transections: outcome and
complications in 20 patients who did not undergo resection. J Neurosurg 2002;97:39-47.
10.3171/jns.2002.97.1.0039. [PubMed: 12134931]

[116]. Wyler AR, Wilkus RJ, Rostad SW, Vossler DG. Multiple subpial transections for partial seizures
in sensorimotor cortex. Neurosurgery 1995;37:1122-8. 10.1227/00006123-199512000-00012.
[PubMed: 8584153]

[117]. Rolston JD, Deng H, Wang DD, Englot DJ, Chang EF. Multiple subpial transections for
medically refractory epilepsy: a disaggregated review of patient-level data. Neurosurgery
2018;82:613-20. 10.1093/neuros/nyx311. [PubMed: 28637175]

[118]. Spencer SS, Schramm J, Wyler A, O’Connor M, Orbach D, Krauss G, et al. Multiple subpial
transection for intractable partial epilepsy: an international meta-analysis. Epilepsia
2002;43:141-5. [PubMed: 11903459]

[119]. Irwin K, Birch V, Lees J, Polkey C, Alarcon G, Binnie C, et al. Multiple subpial transection in
Landau-Kleffner syndrome. Dev Med Child Neurol 2001;43:248-52. [PubMed: 11305402]

[120]. Shimizu H, Suzuki I, Ishijima B, Karasawa S, Sakuma T. Multiple subpial transection (MST)
for the control of seizures that originated in Unresectable Cortical Foci. Psychiatry Clin Neurosci
1991,;45:354-6. 10.1111/j.1440-1819.1991.tb02486.x.

[121]. Grote CL, Van Slyke P, Hoeppner JA. Language outcome following multiple subpial transection
for Landau-Kleffner syndrome. Brain 1999;122(Pt 3):561-6. [PubMed: 10094262]

[122]. Nowell M, Miserocchi A, McEvoy AW, Duncan JS. Advances in epilepsy surgery. J Neurol
Neurosurg Psychiatry 2014;85:1273-9. 10.1136/jnnp-2013-307069. [PubMed: 24719180]

Seizure. Author manuscript; available in PMC 2021 April 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallas et al.

Page 22

[123]. McNichols RJ, Gowda A, Kangashiemi M, Bankson JA, Price RE, Hazle JD. MR thermometry-
based feedback control of laser interstitial thermal therapy at 980 nm. Lasers Surg Med
2004;34:48-55. 10.1002/1sm.10243. [PubMed: 14755424]

[124]. Curry DJ, Gowda A, McNichols RJ, Wilfong AA. MR-guided stereotactic laser ablation of
epileptogenic foci in children. Epilepsy Behav 2012;24:408-14. 10.1016/j.yebeh.2012.04.135.
[PubMed: 22687387]

[125]. Lewis EC, Weil AG, Duchowny M, Bhatia S, Ragheb J, Miller I. MR-guided laser interstitial
thermal therapy for pediatric drug-resistant lesional epilepsy. Epilepsia 2015;56:1590-8.
10.1111/epi.13106. [PubMed: 26249524]

[126]. Perry MS, Donahue DJ, Malik S, Keator CG, Hernandez A, Reddy RK, et al. Magnetic
resonance imaging—guided laser interstitial thermal therapy as treatment for intractable insular
epilepsy in children. J Neurosurg Pediatr 2017;20:575-82. 10.3171/2017.6.PEDS17158.
[PubMed: 29027866]

[127]. Heck CN, King-Stephens D, Massey AD, Nair DR, Jobst BC, Barkley GL, et al. Two-year
seizure reduction in adults with medically intractable partial onset epilepsy treated with
responsive neurostimulation: final results of the RNS System Pivotal trial. Epilepsia
2014;55:432-41. 10.1111/epi.12534. [PubMed: 24621228]

[128]. Kokoszka MA, Panov F, La Vega-Talbott M, McGoldrick PE, Wolf SM, Ghatan S. Treatment of
medically refractory seizures with responsive neurostimulation: 2 pediatric cases. J Neurosurg
Pediatr 2018;21:421-7. 10.3171/2017.10.PEDS17353. [PubMed: 29393811]

[129]. Singhal NS, Numis AL, Lee MB, Chang EF, Sullivan JE, Auguste KI, et al. Responsive
neurostimulation for treatment of pediatric drug-resistant epilepsy. Epilepsy Behav Case Rep
2018;10:21-4. 10.1016/j.ebcr.2018.02.002. [PubMed: 30013930]

Seizure. Author manuscript; available in PMC 2021 April 01.



Page 23

Dallas et al.

"adA} 81npad0id 8y} JO MaIABL D17RLIBISAS JUSJ3I B Ul umco%w_m

[6TT
=/TT'STT-0TT]

[c0T'66'26
-06'88-98]

[es
—61'9.'G.'€/-89]

[e9-z<]

[0s'8r—8€]

[se've'se
-€2'12'02]

[81'5T-9]

(.Soene

-doup,,) ABojona a1yredoip|
(..syoene-doup,,) Awoloso|fes
a)91dwo) (sainzias ||e) uoleinp
1oys (sainziss |[e) |4 [eWIoN
(saunziss |[e) swseds ajuesu|

SUO1199531 1310 Jo Aloisiy
ON JUBWIBA[OAUI HTT [eIae|IuN
ABojona anissalbold/paiinboy

UOI}B20] [BIUOI UOIeZI[eI0]
933 [e19] uonezijessuab
Arepuoaas Jo xoe Abojona
leuolsa uoneinp Asdsjids 1oys

JUSWIBAJOAU

[eJa1e|1q 4O YoeT] UonezZIfelaush
KIepuoass J0 328 uoIsa| 8|qISIA

(e10)gnS "SA) UO128S3J [B10} SSOIS)

uoldasal
puon

UNM) %2'S5
mEo_SmmE

INOYNM) %6°EZ

(. S0eNR
-dolp,,) %¢€'SS

p(I[B1910) %8'8T

%58 — 05

%¢6-0S

%095

pY09L

%00T-09

3WOIPUAS Jauya|y-nepue] ul asn [eISISA0JIU0D

'wines) pue ‘Asdajida

snoioajul-1sod ‘siowny ‘eise|dsAp 12134090 Ul U012asal Juawa|dwiod 0}

pasn uay O Xa1l09 Juanboja ayy Ul paedo] si suoz d1usboidajida ayy uaym pasn

01109531 BAIIRIND-A
ale pue . sxoene-doup,, J0 Jaquinu Jueol

1ualod 0 3|qeUSWE-UOU 3SIMIBYI0
1S © asned Jey) saibojoyred Jo) pasn

(18 -abinis)

sewo1bue [eabuIuaLIo}aa] pue ‘SIHBYaaIuS S, udSSnLSEy ‘synsul jejeutiad
AJeydaousebaiiway ‘eisejdsAp [ealni0a abigl .ssjduwex3 aiaydsiway
s.Juaned e Jo Ayiofew ayy Buinjoaur suoiss| [esarejiun (Ajrensn) ‘abie]

synsur
Jereutliad pue ‘ewuinel) ‘SWAY ‘(19gam-abinis) seworbue [eabulusawioids)
‘stowny abirgl ‘eIseasAp [8ar1i02 abire) sajdwex3 (seqo] [endiogo pue ‘jelsnred
‘[esodwiay Jo181s0d) Juelpenb Jowislsod ayy BuiajoAul suolsa| [elalejiun abie]

SIS043]9S SN0JaqN] pue ‘SYNsuy [ereuriad ‘ewnes)
‘v1dojo.1913y ‘si1solfb ‘spsA2 aljeydaouaiod ‘SWAY ‘eIseldsAp [8a1L09 ‘siowiny
apelb-mof :sajduexg aqo| [eiodwial syl UeY) JBYI0 BalR Ue Ul SUOISS| |[ewS

SISOJBUWI0IQIJOINSU PUB ‘SISOJBIS SN0J8qn] ‘BuInes
‘vidojo.sajay ‘sisoll SNy ‘BIseldsAp [8a11109 ‘siowin) apeib-mof ‘SIS0181IS
Jel0dwa) [eisaw :sajduwexsy 9go| Jedodwal 8yl 03 paylwl| SUOISS| |[ewS

SWAVY PUe ‘SUOIIBLLIOJ B SNOUISNRD ‘Siowin] apell-moj ‘BIsejdsAp
8211109 8204 .S3)dwexT suoisa] Juasedde Ajfe aiydelBoipel pue paulap-|1a\

suonoasuel] [eidgns aidinin

Awojoso|eD sndio)

AwojosaydsiweaH
Awo10819ydsIWaH [ea1WOoleUY

Awojojueipend)
10113104 AwoioaiueIpend) J01I3IS0d

10110858y |B91LI0D) [esodwialenxd
U01193UU02s1J 300 [elodwal

AwoyoadwesoddiyoepbAwy
3AI199]9S AW0109g0] [eJodwia]

Awoydsuoisa]

So0UB B RY

SS900NS JO'SJ01DIPS Idf JUSISEUOD

arey
wopse 14 8.nNzS

suoleoIpu |

suolrerdo

Author Manuscript

Author Manuscript

‘suoljesado passnasip Jo Arewwns

T alqeL

Author Manuscript

Author Manuscript

Seizure. Author manuscript; available in PMC 2021 April 01.



	Abstract
	Introduction
	Potentially curative operations
	Focal lesions
	Indications
	Technique description (lesionectomy)
	Outcomes

	Temporal lobe epilepsy
	Indications
	Technique description (temporal lobectomy)
	Technique description (selective amygdalohippocampectomy)
	Technique description (temporal lobe disconnection)
	Outcomes

	Extratemporal cortical resection
	Indications
	Technique description (extratemporal cortical resection)
	Outcomes

	Posterior quadrant operations
	Indications
	Technique (posterior quadrantectomy)
	Technique description (posterior quadrantotomy)
	Outcomes

	Hemispheric operations
	Indications
	Technique description (anatomical hemispherectomy)
	Technique description (hemispherotomy)
	Outcomes


	Palliative operations
	Corpus callosotomy
	Indications
	Technique description (corpus callosotomy)
	Outcomes

	Multiple subpial transections
	Indications
	Technique description (multiple subpial transections)
	Outcomes


	Future directions
	Summary
	References
	Table 1

