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Anterior temporal lobectomy and amygdalohippocampectomy (ATL) is the gold standard surgical treatment for
drug resistant mesial temporal lobe epilepsy (mTLE). Nevertheless, seizure recurrence after ATL is not uncom-
mon. Insufficient resection of the mesial temporal structures remains one of the most common reasons for ATL
failure. Extending the resection leads to improved seizure outcome in amajority of patients. However, repeat cra-
niotomy can be higher risk for the patient and also can be technically challenging due to scarring and altered
anatomy. Laser interstitial thermal therapy (LITT) is a novel minimally invasive alternative to ATL, and it has
been shown to be safe and effective. However, it is unclear if LITT has a role inmanaging post-ATLmTLE patients
with recurrent seizures and residual epileptogenic structures. LITT is an attractive option for post-ATL patients
with residual mesial structures because the surgery is minimally invasive, and it allows precise targeting and
real time confirmation of tissue ablation under MRI guidance. We present a case of an mTLE patient with recur-
rent seizures after ATL who achieved long-term seizure-freedom after successfully undergoing LITT to ablate the
residual hippocampus. This approach, if demonstrated to be safe, effective and durable, can benefit select post-
ATL mTLE patients.

© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Anterior temporal lobectomy and amygdalohippocampectomy
(ATL) is the gold standard surgical therapy for patients with drug resis-
tant mesial temporal lobe epilepsy (mTLE) [1]. However, 20–30% of pa-
tients fail to achieve seizure-freedom after ATL [2,3]. Insufficient
resection of the mesial structures is one of the most common reasons
for seizure recurrence following ATL [2,4–8]. Further resection of the re-
sidual mesial structures can lead to seizure-freedom in approximately
50–60% of these patients [5–8]. Therefore, those who failed initial ATL
due to insufficient resection have traditionally undergone repeat open
surgery.

Laser interstitial thermal therapy (LITT) is a minimally invasive sur-
gery that is increasingly becoming a first-line alternative surgical option
for drug-resistant lesional temporal lobe epilepsy (TLE), and particularly
for mTLE [9,10]. LITT involves stereotactic insertion of an optical laser
of Medicine, Department of
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fiber into the mesial temporal structures to ablate them under real
time MR feedback. LITT has been associated with seizure outcomes
and complication rates that are comparable to those of ATL [9]. Although
there is no widely accepted protocol, patients who respond inade-
quately to LITT have subsequently undergone a repeat LITT or ATL
with improved seizure outcomes [11–13]. However, it remains un-
known whether LITT is safe and effective in mTLE patients with recur-
rent seizures after initial ATL. This is an important consideration
because patients are increasingly opting for minimally invasive surgical
options due to potentially lower morbidity, better cosmesis, and faster
recovery. Repeat craniotomy after a failed ATL can be technically chal-
lenging due to scarring and altered anatomy [4,6]. Furthermore, repeat
craniotomy is associated with higher risks of post-operative cerebrospi-
nal fluid leak, stroke, incisional complications, and neurocognitive de-
cline [14]. LITT is an attractive option for post-ATL patients with
residual mesial structures because the surgery is minimally invasive,
and it allows precise targeting and real time confirmation of tissue abla-
tion under MRI guidance [9–13].

Currently, there is no guideline or consensus on how to surgically
manage mTLE patients who fail their first surgery. With LITT becoming
an important part of an epilepsy team's armamentarium, it is important
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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and timely to define its role in managing this challenging population.
Here we report a case of anmTLE patient with recurrent intractable sei-
zures after ATL who achieved long-term seizure-freedom after success-
fully undergoing LITT to ablate the residual hippocampus.
2. Case presentation

A 42-year-old woman presented with a history of recurrent focal
aware and, focal impaired awareness-non-motor seizures, and focal to
bilateral tonic–clonic seizures, despite ATL twelve years ago. She had fe-
brile seizures at 10-months-old, followed by recurring focal onset sei-
zures starting at age two, consisting of “heart racing” and
“disorienting” episodes. Her seizures were managed well with medica-
tions. At the age of 26, she began having frequent auras and 10–20
seizures a month in clusters of two to three events per day. Her auras
consisted of a 30 s period, during which she experienced tachycardia,
depersonalization, and fear. In 30–40% of the time, her auras progressed
to focal onset seizures that consisted of 1–2 min of partial awareness,
tonic posturing of the right arm, and aphasia followed by postictal con-
fusion. She also had focal to bilateral tonic–clonic seizures every
6 months. Her seizures were refractory to lamotrigine, phenytoin,
valproic acid, carbamazepine, and levetiracetam. A 3 T brain MRI dem-
onstrated increased signal in the left hippocampus without volume
asymmetry. No other intracranial abnormalities were detected. Video
EEG (vEEG) monitoring captured three typical auras and six focal im-
paired awareness seizures associated with rhythmic 3–4 Hz slowing,
which evolved into ictal spiking at 6–8 Hz in the left temporal region.
Interictal EEG showed left temporal slowing and sharp waves. Neuro-
psychological evaluation demonstrated no deficits and Wada testing
suggested left language dominance and shared memory function be-
tween the two hemispheres. She was diagnosed with mTLE.

The patient was deemed a good surgical candidate, and
subsequently underwent a left ATL. Post-operative MR was notable for
complete resection of the amygdala and residual posterior hippocam-
pus (Fig. 1A). Pathology showed severe loss of hippocampal pyramidal
neurons in CA1 and the hilus and dispersion and focal duplication of
the granule cell layer consistent with mesial temporal sclerosis (MTS).
Although she developed new difficulty with naming andword retrieval,
she otherwise recovered well and was seizure-free on levetiracetam
and lamotrigine for 21 months. She then had recurrent seizures of sim-
ilar semiology as her previous ones, which progressively worsened in
frequency and severity with focal to bilateral tonic–clonic seizures de-
spite up-titration of levetiracetam, lamotrigine, and lacosamide. Repeat
MRI confirmed the presence of residual posterior hippocampus (Fig.
1B). On vEEG, the patient had four typical focal impaired awareness sei-
zures associated with rhythmic theta (5–7 Hz) activity seen
maximally over the left posterior temporal region (T7, Fig. 2A). There
was also intermittent focal slowing (1–3 Hz) and breach pattern over
the left temporal region seen maximally at T7 (Fig. 2B).
Fig. 1. Post-ATL, pre-ablation coronal T1 MRI without contrast (A). Pre-ablation axial T1 MRI w
placement, pre-ablation MPRAGE axial MRI demonstrates the catheter placed within the re
enhancement of the ablated residual hippocampus (D). MPRAGE, magnetization-prepared rap
Shewas recommended a reoperationwith LITT to target the residual
hippocampus as an initial step with the plan to proceed with
stereoencephalography (sEEG) if she were to fail the surgery.
Extraoperative invasive monitoring was deemed unnecessary in her
case because the residual posterior hippocampus could be readily iden-
tified on brain MRI and the prominent autonomic features of her
seizures suggested involvement of the temporal lobe. The vEEG also in-
dicated that the left posterior temporal region was still involved in the
seizure onset, taking into account the possible bias localization due to
breach seen interictally. The patient's longperiod of seizure freedom fol-
lowing her initial surgery was also thought to be a favorable sign for
extending the original resection boundaries. Therefore, she underwent
LITT 12 years after her ATL. A Visualase™ (Medtronic, Plc, Minneapolis,
MN) laser cooling catheter was stereotactically inserted into the target
area using the ClearPoint™ navigation system (ClearPoint Neuro, Inc.,
Irvine, CA) and 1.5 T Siemens intraoperative MRI (iMRI) with radial
placement error b 1.0 mm (Fig. 1C). The details of LITT workflow
using the Visualase™ and ClearPoint™ systems have been described
elsewhere [14]. Two successive ablations were performed at
approximately 10 W for a total of 4 min. An intra-operative T1 post-
gadolinium MRI confirmed the ablation of the residual hippocampus
(Fig. 1D). She tolerated the procedure well without any complication
and was discharged home the next day. She was followed closely for
the next 39 months. She initially reported three auras at one-month,
one focal impaired awareness seizure aftermissing two doses of antisei-
zuremedications one year after LITT, and no auras or seizures since then
on reduced doses of levetiracetam and lacosamide.

3. Discussion

We present an mTLE patient who developed recurrent drug-resis-
tant seizures after ATL who subsequently achieved long-term seizure-
freedom after undergoing LITT to ablate the residual hippocampus.
Using the iMRI, residual hippocampus was readily identified, laser in-
sertion into the target was achieved with high accuracy, and adequacy
of the ablation was confirmed in real time. iMRI also enabled real time
monitoring of complications, such as hemorrhage, throughout the
case. The patient had a short hospital stay and recovered without com-
plication. Notably, seizure-free duration after LITT was nearly twice as
long as that after ATL. Because the patient was seizure-free for nearly
2 years after ATL, a longer follow-up is desirable to determine LITT's
true therapeutic durability in this patient. This is particularly true
because the patient underwent LITT under the assumption that the
known residual hippocampus was the primary epileptogenic zone
(EZ), a hypothesis that was not confirmed with presurgical invasive
monitoring. This may represent a unique scenario and invasive moni-
toring may be necessary in other post-craniotomy cases for precise EZ
characterization. Nevertheless, the case suggests that it is feasible to
use LITT to discretely ablate the suspected EZ in the setting of insuffi-
cient surgical resection to achieve seizure control.
ith contrast demonstrating residual hippocampus (B). Intra-operative post-laser catheter
sidual mesial hippocampus (C). Post-ablation axial T1 MRI with contrast demonstrates
id gradient echo.



Fig. 2. Onset of typical focal impaired awareness seizure demonstrating evolution of 1–3 Hz focal slow activity into theta (6 Hz) activity (A). Inter-ictal focal slowing (1–3) over the left
temporal region, maximum at T7 and breach pattern over the same region (B).
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ATL is a safe and highly effective surgical treatment for drug-resis-
tant mTLE, with seizure recurrence rate of approximately 20% at 1–
2 years follow-up [1,3]. However, long-term outcomes have been asso-
ciated with recurrence in up to 60% of patients at 10 years [3,16,17],
with reoperation being performed most commonly 3–6 years after the
index surgery [6–8]. Reoperation tends to be performed much sooner
after LITT at 6–9 months potentially due to lower treatment efficacy
[11,13]. Although there are many possibilities for ATL failure, insuffi-
cient resection of the mesial temporal structures remains one of the
most common reasons [2,5–8]. Intra-operative overestimation of resec-
tion, variable extent of resection due to unintended deviation from the
surgical plan, and limitations of image-guided navigation have been
cited as potential contributors [2,4]. Although many patients do well
after an open reoperation, scarring and distorted anatomy can render
accurate identification and complete resection of residual structures
challenging [4,6]. Surgical risks can also increase with repeat
craniotomy. The minimal invasiveness inherent to LITT along with the
advantages of iMRI can be leveraged in carefully selected patients to
overcome the limitations of a repeat open surgery. High placement ac-
curacy (radial error b 1.0 mm) associated with iMRI compatible stereo-
tactic neuro-navigation systems can be used to selectively ablate
residual epileptogenic regions while accounting for the variable
anatomy of post-surgical patients [9,15]. Repeat LITT can also be per-
formed after the first LITT failure with potentially lower surgical mor-
bidity than multiple repeat craniotomies [11,13].

Applications of LITT in epilepsy management are growing rapidly
and potential indications include tuberous sclerosis, focal cortical dys-
plasia, cerebral cavernous malformation, periventricular nodular
heterotopia, poststroke epilepsy, and hypothalamic hamartoma [18].
Presently, mTLE is the epilepsy disorder most commonly treated with
LITT [18]. Furthermore, Selective laser amygdalohippocampectomy
(SLAH) using LITT has become the first-line surgical therapy over resec-
tion for mTLE at some centers [18]. Under this ‘LITT-First’ paradigm,
mTLE patients who fail LITT can either undergo another LITT or open
surgery after additional work-up, which can include invasive monitor-
ing [10–13]. Those who fail their initial resection can proceed with ei-
ther LITT or repeat craniotomy depending on patient characteristics,
as well as suspected EZs (e.g. type, location, number, and size) and im-
plicated networks. As in the presented case, it may be reasonable to use
LITT to selectively target residual epileptogenic structures in the setting
of biopsy-proven mTLE with no suspected extratemporal lesions. In
cases of adequate initial resection, other hypotheses should be consid-
ered, and optimal surgical technique should be selected based on EZs
delineated through additional work-up.



Fig. 3. Standard occipitotemporal (A, yellow line), frontal (B, red line), and temporal (C, blue line) trajectories can be consideredwhen ablating residual amygdala and hippocampal head
after anterior temporal lobectomy. Axial (A) and coronal (C) views also demonstrate temporal (blue line) and frontal (red line) trajectories, respectively.
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However, the role of LITT in epilepsy management is still being de-
fined. Our case report demonstrates technical feasibility in a carefully
selected patient and attempts to raises awareness of this relatively
under-recognized application of LITT. Studies with large cohorts and
long-term follow up are needed to determine whether LITT should be
considered as one of the viable options in themanagement of mTLE pa-
tients who have failed ATL either due incomplete mesial temporal re-
section or other active EZs. Also, comparative therapeutic durability of
LITT versus ATL after failed initial surgerywith either of the surgicalmo-
dalities needs to be explored. Importantly, patient selection criteria
based on anatomic, electrophysiologic and clinical characteristics
needs to be further defined so that a subset of post-ATL patients who
benefit the most from the approach can be identified. In addition, tech-
nical considerations and challenges associated with performing LITT in
post-surgical population is currently lacking in the literature and must
be discussed further. These endeavorswill help establish a standardized
surgical management protocol that incorporates invasive monitoring,
open surgery, and LITT to achieve the highest chance of long-term sei-
zure freedom with the fewest number of procedures and the lowest
total surgical risk.

Hippocampus is the structuremost frequently associatedwith reop-
eration for a failed epilepsy surgery in mTLE [2,5]. Nevertheless,
extrahippocampal mesial temporal structures, such as the amygdala,
entorhinal cortex, and parahippocampal gyrus can be implicated in re-
current seizures [2,4]. One key advantage of LITT is its ability to target
virtually anywhere in the brain to cause a discrete thermal lesion with
minimal disruption to the surrounding tissues. LITT has been shown to
selectively and safely ablate the hippocampus and the
extrahippocampal mesial temporal structures to achieve good seizure
outcome [9,11]. Standard occipital approach can be considered when
performing LITT in post-ATL patients, because it can reach nearly all
the mesial temporal structures (Fig. 3A). Non-standard approaches,
such as frontal and temporal trajectories, can be considered when the
region of interest predominantly implicates the anterior mesial tempo-
ral structures. A frontal trajectory may allow maximal targeting of the
residual amygdala, head of the hippocampus, and entorhinal cortex
while entirely avoiding the previous surgical site (Fig. 3B, C). One
must be mindful of the laser catheter's proximity to the basal ganglia
during a frontal approach, and real timeMR thermometry can helpmit-
igate the risk of unintended heat spread. The advantage of the temporal
trajectory is that it provides excellent approach to the residual struc-
tureswhileminimizing traversing of the normal brain (Fig. 3A, C). How-
ever, the temporal approach may not be feasible in patients with
significant amount of missing temporal bone or healing craniotomy be-
cause iMRI stereotaxic navigation systems require rigid fixation to the
skull. Also, traversing a resection cavity may affect targeting accuracy
and treatment efficacy through catheter deflection and heat sink effect,
respectively. Also, traversing of resection cavities with laser catheters
can cause hemorrhage. Thus, risks and benefits of eachmust beweighed
against individual anatomical characteristics (i.e. location and shape of
the target structures, proximity to eloquent structures, degree of scar-
ring, proximity to large blood vessels or cerebrospinal fluid filled spaces
that can act as heat sink, etc.). Determining the safety and efficacy of dif-
ferent laser trajectories in post-surgical patients as well as improving
our understanding of LITT thermodynamics remain critical in establish-
ing a standardized practice protocol.

LITT has brought exciting advances to epilepsy management and
techniques, strategies and procedures will continue to evolve in the
foreseeable future. Ultimately, continued efforts to devise and standard-
ize novel management strategies and surgical approaches will be im-
portant in improving long-term seizure outcomes and quality of lives
of epilepsy patients.
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