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KEY POINTS

o Laser interstitial thermal therapy (LITT) has a diverse use in epilepsy.
e Offers a minimally invasive option attempting to limit approach-related comorbidity.
e Long-term data are yet lacking compared with open surgical data.

INTRODUCTION

In recent years, laser interstitial thermal therapy
(LITT) has emerged as an alternative to open sur-
gery for many patients with drug-resistant epilepsy
or neoplasm. Increasing neurosurgeon experience
is creating potential for more widespread imple-
mentation for epilepsy management. The basic
physical premise is that high-density light is con-
verted to heat energy within the tissue of a
confined and controllable region, monitored with
magnetic resonance thermometry.

Advantages of LITT include a less-invasive
approach with faster recovery, increased tissue
preservation, the potential to recruit patients who
might decline open surgery, and preserved ability
to re-treat with either LITT or open surgery if
needed. LITT may be particularly useful for areas
of relatively high surgical risk or complexity, such
as the insular targets. Nonetheless, surgical out-
comes remain superior for some indications, and
there is relatively little prospective or long-term
data. For most indications, the preponderant pub-
lications remain based on small case series.

Use for treating epilepsy is unique in that the pri-
mary treatment endpoint may be either complete
ablation of a lesion or functional disconnection.
Specific focal lesions are numerous and include
malformations of cortical development, low-
grade neoplasms such as dysembryoplastic neu-
roepithelial tumor, hypothalamic hamartoma
(HH), tubers, cavernous malformations, and tem-
poral lobe encephaloceles. Functional disconnec-
tion is sought with temporal lobe epilepsy (TLE;
either nonlesional or with mesial temporal lobe
sclerosis [MTS]), corpus callosotomy, stereotactic
electroencephalogram (sEEG)-positive/MRI-nega-
tive seizures, and encephalomalacia-related
seizures.

A key consideration is that the treatment is
ideally the result of a rigorous multidisciplinary
evaluation. Neurologists serve a central role in
the initial diagnosis, medical treatment optimiza-
tion, semiology evaluation, and EEG interpretation.
Neuroradiologists optimize and tailor anatomic
and functional imaging protocols for diagnosis
and procedure planning. Neurosurgeons synthe-
size this information to formulate and offer
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appropriate surgical treatment options. At our
institution, complex cases are evaluated for pro-
cedure candidacy with a full review of all pertinent
information by a multidisciplinary committee. A
team approach during and after the procedure
was also implemented. This article will review the
key technical, clinical, radiologic, and neurosur-
gical considerations for LITT management of epi-
lepsy, emphasizing the advantages of a
multidisciplinary approach.

Background

Thermal ablation with resultant necrosis and cytor-
eduction is the primary mechanism used for LITT
for epilepsy. However, other potential mecha-
nisms are being explored for LITT more broadly,
such as blood-brain barrier opening effects. Ac-
cording to the Arrhenius equation, tissue necrosis
depends on temperature and time. In brief, necro-
sis does not occur less than 43°C and is instanta-
neous at 60°C. At 100°C, water vaporization and
carbonization can result in tissue cavitation,
referred to as a “steam event.”

Near real-time MR thermometry based on
temperature-dependent features of MRI signal,
typically with proton resonance frequency shift im-
aging,’ permits the creation of heat maps and esti-
mated cell damage maps during the procedure.
Temperature-limit markers are strategically placed
to avoid damage to nearby critical structures and
to prevent vaporization in the hottest region.

Laser fibers are produced by 2 major vendors,
each with unique designs, placement methods,
ablation patterns, and cooling methods. These
can be placed by a variety of standard stereotactic
techniques. Also varying by vendor, laser applica-
tors are available with varying diameters, laser
wavelength, diffusing tip length, and power levels.
Optical fiber diffusing tips are also available in
isotropic or directional variants depending on the
vendor. Specifics of available LITT equipment
continue to evolve. Trajectory planning and place-
ment are the key steps to a technically successful
procedure.

DISCUSSION
Temporal Lobe Epilepsy—Lesional

TLE is one of the most common variants of focal ep-
ilepsy. Anterior temporal lobectomy (ATL) was re-
ported as a surgical option in treating medically
refractory temporal lobe epilepsy in 1950. Many still
consider this the gold standard surgical treatment
of TLE.? As techniques progressed, selective amyg-
dalohippocampectomy was popularized for mesial
temporal lobe epilepsy (MTLE) treatment. Compared
with ATL, a selective amygdalohippocampectomy

leads to seizure-free outcomes that are within 10%
of seizure-free rates of ATL.® However, visual field
and verbal memory deficits with ATL seem greater
than selective amygdalohippocampectomy (43%
vs 31%).* The potential for effectiveness balances
seizure freedom with the risk of “collateral damage”
incurred by neocortical resection of the anterior tem-
poral lobe.® MTS is the most common pathologic
condition in patients with MTLE.®~'° For treating pa-
tients with MTLE, many centers have transitioned
from ATL and selective amygdalohippocampectomy
to LITT. The surgical approach is typically performed
by occipital insertion of the LITT catheter following an
extraventricular trajectory along the long axis of the
hippocampal formation (Fig. 1 Hippo). Following
this, the hippocampus and amygdala ablation is per-
formed with concomitant MRI monitoring. Currently,
there is no class | evidence to compare the efficacy
and complication rates observed with selective laser
amygdalohippocampectomy (SLAH) and ATL. How-
ever, there is currently enrolling a Medtronic Industry
Sponsored study, Stereotactic Laser Ablation for
Temporal lobe Epilepsy (SLATE), to provide level
one evidence. Available literature from retrospective
case series studies (Class Il data) suggest an effi-
cacy rate of SLAH that is comparable but slightly
less than outcomes seen after ATL (38%-70%),
whereas surgical complication rates for SLAH that
are less than that for ATL."""?? Studies have sug-
gested that LITT has resulted in a lower rate of neuro-
psychological deficits compared with traditional
approaches. However, there may be no significant
difference in postoperative visual field deficits. 2024
Alarge analysis of 234 patients undergoing MRgLITT
at multiple institutions found a hemorrhage rate of
1.5% with a rate of persistent neurological complica-
tions in 11% of patients (majority visual field defi-
cits).?® Studies have performed a volumetric
analysis of patients undergoing MRgLITT and found
no correlation between total ablation volume and
seizure outcome. However, in patients with persis-
tent seizures following SLAH, there may be an asso-
ciation of mesial hippocampal head sparing with
persistent disabling seizures.'®?%?" As there has
been no significant correlation between length of
ablation or volume of ablation and seizure freedom,
there remains some controversy as to the ideal abla-
tion. Depending on the curvature of the mesial tem-
poral lobe structures, an adequate ablation could
require multiple trajectories, as has been suggested
by some studies.

Nonlesional temporal lobe epilepsy

It is well recognized that nonlesional epilepsy has
consistently demonstrated worse surgical out-
comes than lesional epilepsy, making this an
important area for improvement in our diagnostic
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and surgical approaches.?® The use of LITT as a
surgical ablation strategy for epilepsy patients
without an identifiable lesion detected on MRI is
increasingly used because of lower morbidity
than open resection. However, this technique re-
quires a precise sEEG-mapped seizure onset to
target in most cases. Further, the optimal extent
of ablation around an sEEG-mapped seizure onset
zone is unknown.

Laser ablation of the mesial temporal structures
provides the largest reported experience with LITT
for nonlesional epilepsy. Moreover, the reported
rate of seizure freedom across studies using ste-
reotactic  laser = amygdalohippocampectomy
(SLAH) in cases without MTS is highly variable,
ranging from 30% to 58%. In the largest series of
SLAH procedures (n = 234 patients), Wu and col-
leagues®® found no significant differences in
seizure freedom rate in those with imaging evi-
dence of hippocampal sclerosis compared with
those without after 24 months of follow-up. Addi-
tionally, across all patients, invasive intracranial
monitoring was not associated with an improve-
ment in seizure outcome, although the rate of
intracranial monitoring in nonhippocampal scle-
rosis patients was not separately reported. In a
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Fig. 1. hippo: T1-weighted sagittal im-
ages with MR tractography demon-
strating the relevant tract anatomy for
LITT ablation of the amygdalohippocam-
pus. (A) Lateral projection showing the
relationship of the inferior fronto-
occipital fasciculus (IFOF; cyan), uncinate
fasciculus (UF; yellow), inferior longitu-
dinal fasciculus (ILF; green), and vertical
occipital fasciculus (VOF; purple), which
lie lateral to the hippocampus (red) and
amygdala (blue). The UF, IFOF, and ILF
may be transgressed in open approaches
to resection the amygdala and hippo-
campus with potential for neurological
consequence. (B) Medial projection also
reveals the close association of these
tracts plus the optic radiations (OR; light
orange). The laser trajectory typically
traverses these tracts but limits injury as
opposed to open resection.

large single institution series of 58 SLAH patients,
only 5/15 (833%) patients without MTS achieved
Engel | outcomes after at least 12 months of
follow-up.?” This reported outcome was compara-
ble to the 3 of 10 non-MTS patients achieving
Engel | with mesial temporal LITT in a similar series
of 21 patients.?® The question of whether non-MTS
patients who receive LITT benefit from preablation
sEEG was recently addressed in a retrospective
series. In this small study, Engel | was observed
in 7 of 12 (68%) non-MTS mesial temporal lobe
cases confirmed via sEEG, compared with 10 of
18 (56%) MTS cases with confirmatory sEEG, after
16 and 17 months of follow-up, respectively.?®
There is insufficient evidence to state that sEEG
should be routinely used to tailor laser ablation
whose semiology and scalp EEG are strongly right
temporal in the nonlesional setting. However, both
the Wu and colleagues®® study of laser ablation
and the recent Sone and colleagues®® study
reporting outcomes of open temporal lobectomy
have associated the ablation and resection of spe-
cific hippocampal subregions with seizure
outcome. Taken together, these data provide a
conceptual basis by which sEEG could be used
to interrogate tissue along the axis of the
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hippocampus to tailor a laser ablation. Further
standardization and study of hippocampal amyg-
dalar network sEEG before LITT will be needed
to determine its ability to improve outcomes in
nonlesional cases.

Extratemporal Nonlesional LITT

The efficacy of LITT for MRI-negative nonlesional
epilepsy is sparsely reported outside of the tempo-
ral lobe. Further, there is a lack of systematic
description of the sSEEG electrographic onset pat-
terns associated with targets for LITT therapy in
nonlesional patients. Outside of the mesial tempo-
ral lobe, LITT targeting electrographic seizure on-
sets in the insula and cingulate gyrus has been
commonly reported, although most series do not
report differential outcomes by anatomic region
of seizure onset. Recently, Gupta and col-
leagues®' described 35 patients with extratempo-
ral epilepsy targeted by LITT, and of these, 6 (17 %)
were nonlesional. In this series, 33% of nonlesional
patients achieved Engel | compared with 63% of
lesional patients. Uniquely, this study captured
electrographic seizure onset patterns from sEEG
data in a subset of 24 patients (lesional and nonle-
sional). The authors found that low-voltage fast ac-
tivity, a well-characterized sensitive biomarker of
the epileptic cortex, was associated with improved
LITT outcomes in both lesional and nonlesional
cases. In another series of 20 patients with 70%
nonlesional onsets, a small subset of 7% under-
went LITT treatment immediately after the sEEG
mapping.®? Of these nonlesional patients, 55%
achieved Engel | or Il seizure outcomes at a
mean of 17.2 months postop. Finally, Gireesh
and colleagues®® reported a series of 9 patients
with nonlesional epilepsy mapped to the insula or
cingulate. Five patients had LITT targeted at the
insula alone, 3 at the cingulate alone, and opercu-
lum. In this series, 6 of 9 patients (66%) had Engel
I, 2 of 9 Engel ll, and 1 of 9 Engel Ill, respectively.
As reported outcomes vary widely for nonlesional
LITT, different strategies for seizure onset zone
determination by epileptologist and neurosur-
geons, and the extent of ablation remain potential
sources of variability that may underlie differences
in outcome across series.

LITT within eloquent areas such as the insula or
near motor areas has a substantial advantage. It is
helpful to monitor critical and nearby structures
with low-temperature limits, typically around
43°C. These limits serve as posts to limit lesioning
temperatures within, for instance, the internal
capsule, extreme capsule, or motor cortex.
Accordingly, LITT has been a beneficial strategy
for treating lesions such as cavernomas within

these regions alternatively mapped cortical areas
by sEEG that would benefit by reducing
approach-related morbidity.

HHs are discussed in a separate article and
therefore, not covered here.

Corpus Callosotomy

Corpus callosotomy is reserved for the most
extreme cases of intractable epilepsy. The pro-
cedure involves disconnecting the 2 hemispheres
by sectioning the corpus callosum. It is effective
specifically for the therapy for drop attack sei-
zures, both tonic and atonic.®* This disconnection
may produce a variety of side effects resulting
from the inability of the 2 sides of the brain to co-
ordinate cognition, sensory, or motor process-
ing.®® To mitigate these adverse effects, partial
callosotomies sparing the anterior or posterior
portions of the corpus callosum have been devel-
oped.®%37 When performing these via an open
craniotomy, there may be morbidity beyond the
expected collateral syndromes created by
isolating the hemispheres due to transgressing
the scalp, skull, and dura, retracting a cerebral
hemisphere, and manipulating vasculature. The
advent of LIIT allows the surgeon to perform the
callosotomy under MRI guidance and attempt to
minimize morbidity.

Using up to 4 laser trajectories separately tar-
geting the genu, the anterior body of the corpus
callosum, the posterior body of the corpus cal-
losum and isthmus, the splenium, and a complete
corpus callosotomy may be performed minimally
invasively (Fig. 2 CC).%® Fewer trajectories are
needed in many cases. However, this will depend
on each patient’s anatomy. A 2-trajectory laser
intervention may effectively complete the full
disconnection without reopening the prior crani-
otomy and dissecting through a scarred operative
field for patients who have previously undergone a
partial corpus callosotomy.>®

Neurologist Role

The relationship between neurology and neurosur-
gery is arguably closer in epilepsy than in any other
neurologic disease. Their combined efforts can
dramatically change lives but individually neither
can adequately care for patients with drug-
resistant epilepsy. The neurologist’s role is vital
for setting up patients and neurosurgeons for
success.

The most crucial role of the neurologist is con-
firming the diagnosis of epilepsy, the type of epi-
lepsy, and for focal epilepsies, localizing seizure
onset. Although this seems obvious, it bears
mentioning as poor seizure characterization and
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Fig. 2. CC: A 4-trajectory approach to laser corpus callosotomy. (A) Stereotypical trajectories for performing a
complete interhemispheric disconnection, separately targeting the genu, anterior body, posterior body, and sple-
nium. (B) Insertion sites for each trajectory. (C) The corpus callosum of the patient, with blue box indicating the
location of the panels in (H). (D) Genu trajectory, showing the insertion on the left with the damage estimate in
gold on the right. (E) As in (D) but for the anterior body trajectory. (F) As in (D) but for the posterior body tra-
jectory. (G) As in (D) but for the splenium trajectory. (H) Postprocedure parasagittal sections through the corpus
callosum, illustrating thermal ablation sites on a T1-weighted postcontrast MRI. Because ablations are ultimately
produced in varying lateralities in the corpus callosum due to the angles of the trajectories required, multiple
imaging views are needed to fully appreciate the complete ablation. Note that the most ventral aspect of
both the genu and splenium are ablated at particular locations along the left-right traversal of their callosal fi-
bers, though the nonablated portions of those same fibers will not have immediate postprocedure contrast
enhancement (red arrows). This appearance could be misleading if the entire width of the corpus callosum is

not evaluated.

localization prevent any chance of success with
surgical interventions. Once seizures are charac-
terized and localized, a risk assessment is per-
formed to weigh the potential of seizure freedom
against clinically significant deficits. This requires
an informed seizure-onset hypothesis with input
from anatomic, electrophysiologic, functional,
and neuropsychologic data. Therefore, a multidis-
ciplinary approach is mandatory, involving neurol-
ogists, neurosurgeons, neuroradiologists, and
neuropsychologists.

The eventualintervention counseling is shared be-
tween the patient’s neurologist and neurosurgeon.
Communication between the neurologist and neuro-
surgeon must ensure consistent messaging with the
patient. The neurologist counsels on the surgical op-
tion or options deemed appropriate and expected
rates of seizure freedom or, if appropriate, palliation
as well as the types of deficits and chances of their
occurrence. The neurosurgeon is instrumental in
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counseling on the performance of any offered pro-
cedure, limitations after surgery, expected recovery,
and discussion of potential deficits. It is important to
remember that surgery does not need to be
completely without risk to be performed, only likely
beneficial enough to outweigh the risks involved
based on the anticipated change to the quality of
life that surgery may provide. The patient ultimately
determines this through an informed discussion of
the risks and benefits.

Presurgical counseling from the neurologist is
also essential to set expectations for postoperative
antiseizure medication (ASM) management. Many
patients undergo surgical evaluations with the goal
of not just seizure freedom but also freedom from
ASMs. Neurologist counseling ahead of surgery,
and ideally at the start of the surgical evaluation,
should be clear that the goal of any surgical interven-
tion is to benefit seizure control but not necessarily
eliminate medications. Patients on multiple
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medications often can reduce doses and eliminate
some ASMs over time following successful epilepsy
surgery*®#! but complete ASM removalis hot a spe-
cific treatment aim.*?

Immediately following surgery, the neurologist
provides inpatient support for any necessary med-
ical management. The neurologist also provides
longitudinal follow-up with the timing based on
the patient’s epilepsy and potential needs.
Although timing is not standardized, it is common
to perform postoperative EEG over the months
and years following surgery to help guide manage-
ment and assist in prognosis, although data on its
utility is mixed.*>** Postoperative neuropsy-
chology testing should also be performed within
the first 6 to 12 months after surgery to document
any new “baseline” cognitive changes compared
with preoperative functioning. The decision to
reduce or stop ASMs over time can be made at
the neurologist’s and patient’s discretion based
on shared decision-making. Early versus late re-
ductions may not alter the overall likelihood of
seizure freedom but earlier recurrence may be
more likely with earlier reductions.*°

Neuroradiology Considerations

Neuroradiology plays a central role in the preoper-
ative, operative, and follow-up phases of care for
patients undergoing LITT. Preoperative imaging
generally consists of standard seizure protocol
MRI examinations and potentially single-photon
emission computerized tomography (SPECT). An
MRI examination should include volumetric im-
ages with high spatial resolution and sequences
tailored to assess subtle findings. The primary pur-
pose of the initial examination is diagnostic, which
should include contrast. High-resolution se-
quences highlighting gray-white differentiation,
such as double inversion recovery or edge
enhancing gradient echo, help detect subtle mal-
formations of cortical developement (MCDs) that
may not be identifiable on other sequences. How-
ever, it may also be used for fusion with subse-
quent nuclear medicine examinations or
neurosurgical procedural planning.

Scrutiny of images for subtle abnormalities such
as peri-insular MCDs, subtle MTS, dual pathologic
condition, and temporal lobe encephaloceles is
critical. When these become available, some find-
ings are only confidently detectable on rereview in
the context of nuclear medicine, semiology, and
electrophysiologic data.

Additional advanced imaging may be useful for
select cases, such as 7 Tesla imaging, diffusion
tensor imaging (DTI) with tractography, fluorodeox-
yglucose (FDG)-positron emission tomography

(PET))/MRI, or functional MRI (fMRI). For example,
delineation of the white matter tracts near the insula,
such as the arcuate fasciculus with tractography for
a left-sided (language dominant) peri-insular abla-
tion planning (Fig. 3 Insula). The neurosurgeon
should be aware that the depicted results of
advanced functional imaging methods such as
fMRI and DTI with tractography depend on
numerous technical and user-dependent parame-
ters. The precise depicted border of white matter
tract streamlines, or BOLD activity cannot be
assumed to be discrete ground-truth borders. False
negatives and false positives occur in all such
advanced or mechanistic MRI techniques. This
distinction is critical in LITT, as opposed to open,
awake craniotomy, where extensive intraoperative
mapping can be performed to validate fMRI and
tractography findings further. A low threshold for
in-person discussion with the neuroradiologist is
prudent.

Intraoperative imaging requires stereotactic plan-
ning, ablation monitoring, and immediate postabla-
tion assessment. Stereotactic images with contrast
(MRI or computerized tomography [CT]) are used to
plan the trajectories and predicted ablation regions.
Routes are selected to avoid blood vessels or pre-
existing postoperative material and minimize the
traversal of sulci and ventricles. There are several
additional case-specific or pathology-specific con-
siderations. For example, it is useful to review any
advanced imaging performed, such as tractogra-
phy for trajectories or target areas near eloquent
areas; if this is unavailable, detailed knowledge of
the expected location of key functional areas of
the cerebral cortex as well as white matter tracts
on high-resolution anatomic imaging is invalu-
able.*® For cavernous malformations, delineating
of any associated developmental venous anoma-
lies is useful. For sEEG+/MRI cases, the correlation
of planned targets to sEEG lead positions and impli-
cated contacts is vital.

Once the laser fiber(s) are placed, intraoperative
MRI is required to confirm fiber position and
exclude significant hematoma. The planes and se-
quences used to monitor ablation are optimized to
sequentially depict each fiber’s extent of ablation
and vulnerable anatomy. During the laser activa-
tion for each trajectory, MR thermometry allows
near real-time assessment of tissue temperature
and an estimated ablation zone with thermal dam-
age threshold lines. One can monitor in 1 to 3
planes; however, as more planes are added, the
update time makes the monitoring less “real-
time.” Low-temperature limits are placed on
vulnerable anatomy (eg, 43°C-48°C), and high-
temperature limits (eg, 90°C) are set near the laser
fiber diffusing tip to surveil for excessive heating or
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catheter fracture. Commonly protected structures
such as the optic tracts or lateral geniculate nu-
cleus can be more difficult to visualize directly on
intraoperative imaging, requiring firm knowledge
of cross-sectional anatomy to identify confidently.
The treating surgeon must constantly visually
monitor the heating during each laser ablation to
surveil for vapor events should the heating in-
crease more than 100°C. The laser should be
immediately turned off. Because PRFS MR ther-
mometry is gradient echo-based, it is important
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Fig. 3. Insula: T1-weighted sagittal im-
ages with MR tractography demon-
strating the relevant tract anatomy for
LITT ablation of the insula. Sagittal T1-
weighted imaging from the (A) lateral
and (B) medial projections shows the
relationship of the long (red) and short
(blue) gyri with the arcuate fasciculus
(AF; light orange), superior longitudinal
fasciculus part Il (SLF 1lI; green), extreme
capsule (EC; purple), inferior fronto-
occipital fasciculus (IFOF; (cyan). and un-
cinate fasciculus (UF; yellow). The UF and
IFOF traverse the ventral aspect of the
claustrum and EC. (C) Axial projection
with AF and SLF Ill removed showing
the relationship of UF, EC, and IFOF
with the insula.

v

to recognize causes of susceptibility artifacts that
may degrade the thermometry, such as blood
products (commonly postbiopsy or cavernous
malformation) or proximity of the skull base. Le-
sions that are superficial in the brain may be diffi-
cult to evaluate with MR thermometry during
LITT if an artifact from a titanium skull anchor
bolt is near.

Immediate postprocedure diagnostic imaging
with the laser fiber(s) in place helps assess the extent
of ablation. Multiple zones of the ablated region have
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been described. The primary consideration is
whether the edge of ablation adequately addresses
the lesion or target anatomy for disconnection. This
edge is seen as rim enhancement on postgadoli-
nium T1-weighted imaging, T2-weighted FLAIR
hyperintensity, and a rim of restricted diffusion sur-
rounding a necrotic core with facilitated diffusion.
Recent postablation imaging analyses have sug-
gested that the patients with increased apparent
diffusion coefficient (ADC) intensity values on posta-
blation imaging have improved seizure reduction
rates after mesial temporal LITT.

The exact evolution of imaging findings over
time can vary. Generally, peri-lesional edema in-
creases with a peak around 1 to 3 days and can
persist for weeks.*® Peripheral enhancement per-
sists for months with eventual involution. The vol-
ume of ablation can temporarily increase after
ablation of focal lesions with subsequent involu-
tion and resolution of enhancement, although this
is better described for the treatment of neo-
plasms.*” One systematic review found that the
size of cavernous malformations decreased by
59% on average.*® Follow-up may also be useful
to monitor for recurrence or new lesions when
applicable. Downstream effects of network disrup-
tion may also indicate successful ablation in some
applications, such as a greater decrease in ipsilat-
eral mammillary body size after ablation of the hip-
pocampus in patients with seizure freedom.?? DTI
and tractography might also be useful to directly
assess such connectivity changes, although
limited data are currently available.*® In a small se-
ries where 4 patients had DTI performed before
and after completion of callosotomy, crossing fi-
bers persisted on postop day diffusion imaging in
3 of 4 despite intraoperative imaging demon-
strating contrast extravasation in the intended re-
gion of the residual corpus callosum. In one
patient, no crossing fibers were predicted on
postop day one imaging but was detectable on
follow-up imaging. Thus, the relationship between
the region of LITT lesioning as predicted by intrao-
perative contrast enhancement and subsequent
disconnection gauged by DTl still needs to be fully
understood, and further research will be required
to identify imaging sequences ideal for the predic-
tion of durable functional disconnection.

A special-case consideration is planning and
performing a case in the setting of an implanted
medical device such as responsive Neurostimula-
tion (RNS) or vagal nerve stimulation (VNS).
Consultation with the radiology MRI safety team,
including medical physicists, is imperative. The
team can help determine if the procedure can be
safely performed (typically at 1.5 Tesla) with a de-
vice in place or pulled back or if device removal

would be needed. Additionally, tests can be per-
formed to predict the likely extent and degree of
resultant artifact in the areas of interest. This pro-
cess also helps guide appropriate informed con-
sent. Limited reports of LITT in the setting of
implanted devices are available.®°

Neuropsychology considerations
Neuropsychological assessment is an important
component of a comprehensive presurgical epi-
lepsy evaluation. Current recommendations for
neuropsychological assessment include adminis-
tering objective and subjective measures of cogni-
tion, emotional, psychosocial, and adaptive
functioning.®” The neuropsychological evaluation
provides a cognitive baseline, can help lateralize
and localize various cognitive functions, and inform
the risk of proposed surgical intervention. In addi-
tion, neuropsychological assessment can identify
any health-related concerns or psychiatric comor-
bidities that may need to be addressed preopera-
tively and/or postoperatively because untreated
symptoms of depression and anxiety can influence
the quality of life independent of seizure control.5?

From a cognitive perspective, LITT offers a prom-
ising alternative to traditional open resection, such
as ATL. Early studies suggest that LITT is associated
with fewer postoperative deficits in naming, verbal
fluency, and object recognition measures compared
with open resection.'>?3 Although there is still the
risk of verbal memory decline with LITT in the domi-
nant temporal lobe, there is some evidence of
improved memory outcomes. However, research
is still ongoing, and further studies with larger sam-
ples are needed.?>°® One critical consideration for
surgical planning is whether there are structural ab-
normalities on neuroimaging because an earlier
case study suggests patients with MRI-negative ep-
ilepsy may be more likely to experience memory
decline following LITT, although this was not repli-
cated in another independent sample.?'-** Interest-
ingly, a recent study by Kanner and colleagues®®
demonstrated that some patients with preexisting
mood and anxiety disorders had improved symp-
toms following LITT. Furthermore, those with
reduced anxiety and depression postoperatively
achieved better seizure control. Additionally, in 2 pa-
tients with refractory posttraumatic MTLE and post-
traumatic stress disorder (PTSD), the amygdala in
the ablation zone reduced PTSD-associated psy-
chiatric symptoms, suggesting that tailoring LITT
targeting may have the ability to reduce seizures
as well as ameliorate common comorbidities (REF
32259241). These studies provide early but encour-
aging evidence that LITT offers an alternative to
open resection that may reduce cognitive morbidity
and improve functional outcomes.
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Whether patients pursue LITT or open resection,
it is critical to consider individual patient character-
istics during surgical planning and counseling. No
procedure is entirely without risk, and patients
have varying risk aversions. It is particularly impor-
tant to consider each patient’s cognitive abilities
and level of functioning during the shared
decision-making process because previous study
shows that those with higher baseline functioning
are more likely to experience a decline.>® Finally,
postoperative monitoring is necessary to identify
any decline or changes in functional status to facili-
tate appropriate referrals for additional treatment,
such as cognitive rehabilitation or psychotherapy.®’

SUMMARY

Other forms of thermal ablation are beginning to
be used more frequently, such as radiofrequency
(RF) and MR-guided ultrasound. However, LITT
in epilepsy is by far the most used of these in the
United States. Europe, however, has had success
historically with RF ablation, and currently, LITT is
becoming more popular in areas outside the
United States. Because LITT ablations are
“tailored” resections that are markedly smaller
than what typically occurs in open resections, their
seizure freedom rates currently tend to be 10% to
20% less than standard open procedures. From a
patient perspective, therapies such as LITT with
significantly lower side effect profiles, despite their
comparably modest seizure reduction, may render
comparable larger improvements in quality from
seizure reduction because these gains are not
tempered by the quality of life debits from
treatment-associated morbidities.>” However,
this is matched by reduced side effects from sur-
gery and fewer complications, which is invaluable
to the individual patient. As we improve the target-
ing of LITT by further studying our interventions at
this time and developing ways to improve our
tailored techniques with LITT, we hope to find an
excellent balance eliminating of seizures with
fewer overall complications.

CLINICS CARE POINTS

e LITT has a prominent role in MTLE as a mini-
mally invasive effective technique that may
improve patient verbal memory outcomes
compared to open selective approaches.

e LITT has an emerging role in corpus callosot-
omy; however, long-term efficacy has not
been proven.
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