THE GEORGE
WASHINGTON
UNIVERSITY

WASHINGTON, DC

& 2023 GW
Epilepsy Board Review

& Best Practices
Epilepsy Surgery

Chima Oluigbo, MD, FAANS

Professor of Neurological Surgery, Neurology and Rehabilitation

Medicine, and Pediatrics,
Children’s National Hospital
George Washington University School of Medicine
Washington, D.C.

o/

Children’s National ..
Health System




* No disclosures



Objectives

* Describe the scope of Epilepsy surgery
* Discuss the recent advances in Epilepsy Surgery
* Discuss the evidence basis for the efficacy of Epilepsy Surgery



Not new: History of Epilepsy Surgery

19568
1861 MNI begins routine
Jackson first use of preoperative
tlascribes focal neuropsychological
molor seizures testing
T 1929 1956T 1989
Berger's first Introduction of Wada Clinical use of
1873 account of human o5 i North America MR spectroscopy
Jackson scaip EEG 1973 A
implicates 1935 W«degpread
cerebral cortex in First report of availability of CT
pathogenesis of intraoperative %
seizures 1914 electracorticography
A Cybulski and Jelenska- A
Macieszyna publish first 1980
photo of ictal EEG from dog 1954 PET used to localize
A Pentield describes chronic epileptogenic zone
1879 iinvasive electrographic recordings A
Macewen resects A
tumor localized by
seizure semiology 1937 1962 )
MGH opens Start of routine
first EEG lab use of video/EEG
| | 1 T i 1 T ]

1860 1880 1900 1920 1940 1960 1980 2000

1879-1935 Era of the symptomatogenic zone S '} .
1935-1973 Era of the irritative
and ictal onset zones

1958-present Era of the epileptogenic
lesion and functional deficit zone 1989-present Era of the microlesional zone —-1



Not new: History of Epilepsy Surgery
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Penfield’s drawing of operation
in 1932 to show vascular
features and double excisions,
including his first temporal
lobectomy for posttraumatic
seizures (Wilder Penfield
Archive).
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Epilepsy Surgery

* Surgery for Epilepsy o When ?
— when is it indicated / Timing
* How ?

- General principles / Evaluation
_Outcome (efficacy)  ° Is it effective ?



When ?



Epilepsy Care

Seizure
Epilepsy diagnosis
Medication trials
Imaging for pathology
Medical intractability>

Surgical Consideration

\ 4
Surgical workup

\
Surgery

ccige, merican Epilepsy Society



How °?



Invasive Intracranial Monitoring

Indications:
* nonlesional localization-related epilepsy, or

* in lesional epilepsy where clinical,
neuropsychological, EEG or imaging data are not
concordant



Grids and strips, most commonly subdural

Parenchymal “depth” electrodes, especially
for recording from hipppocampus

Identification of ictal onset

Brain mapping
cortical stimulation
Phase reversal for mapping the motor cortex




Surgical Treatment of Epilepsy

Figure 2
Curative Palliative

—

Pathologies

MTS TLE Non-MTS TLE

Lesional Frontal Lobe epilepsy

- Low Grade Glioma SMA/cingulate epilepsy

- Cav. Malformation Malformations of cortical development

Procedures
Lesionectomy Hemispherectomy Disconnection
Lobectomy Topectomy (Callosotomy)
MST’s

Modified from McKhann G.M. and Howard M.A.: Epilepsy Surgery: Disease Treatment and Investigative
Opportunity, in Diseases of the Nervous System: Clinical Neurobiology, 2002.

American Epilepsy Society



Established Epilepsy Surgical Procedures

¢ Resective Surgery:
¢ Lesionectomy
¢+ Selective amygdalohippocampectomy
¢ Corticectomy
¢ Lobectomy (e.g. temporal lobectomy)
¢ Multilobar resection
¢+ Anatomic hemispherectomy

¢+ Disconnective/Palliative Surgery:
¢ Functional Hemispherectomy
¢ Corpus Callosotomy »
¢ Multiple Subpial Transectionsj i,
¢ Vagus Nerve Stimulator T,

©2003 MCG




Epilepsy Behav. 2018 March ; 80: 68—74.do1:10.1016/j.yebeh.2017.12.041.

A Modern Epilepsy Surgery Treatment Algorithm: Incorporating
Traditional and Emerging Technologies

Dario J. Englot, M.D., Ph.D.

“These changes in the new era of epilepsy surgery hinge primarily on:

1. the improvement or development of minimally-invasive diagnostic and
ablative procedures

2. theintroduction of non-destructive neurostimulation techniques. “



Personal Experience

* Functional and Stereotactic Neurosurgery techniques becomes
an integral part of Epilepsy Surgery

* The increasing use of stereotactic techniques (typically minimally
invasive) and brain stimulation (neuromodulation) in epilepsy

surgery



Novel Epilepsy Surgical Techniques

Minimally Invasive Epilepsy Surgery (MIES)
1. Stereoencephalography (SEEG)
2. Stereotactic MRI-guided laser ablation of epileptogenic foci

Increasing application of Brain Stimulation (Electrical
Neuromodulation) in Epilepsy Surgery

1. Deep brain Stimulation (DBS)

2. Responsive Neurostimulation (RNS)
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Epilepsy Res. 2015 December ; 118: 68—69. doi:10.1016/j.eplepsyres.2015.09.012.

The persistent under-utilization of epilepsy surgery

Dario J. Englot2.0."

aUCSF Comprehensive Epilepsy Center, University of California, San Francisco, CA, United
States

bDepartment of Neurological Surgery, University of California, San Francisco, CA, United States

* Only a small proportion of potential surgical candidates with drug-resistant
epilepsy are operated each year.

e Concerns : surgical morbidity, pain, recovery.

 Limitations in surgical options for seizures from eloquent brain areas and
generalized epilepsies

* Advances in Epilepsy surgery are driven by advances in surgical technology
and these patient concerns and demands



Epilepsy Research 142 (2018) 179-181

Contents lists available at ScienceDirect

Epilepsy Research

journal homepage: www.elsevier.com/locate/epilepsyres

Epidemiologist’s view: Addressing the epilepsy surgery treatment gap with | )

minimally-invasive techniques e

Nicholas K. Schiltz**, Guadalupe Fernandez-Baca Vaca”

# Department of Population & Quantitative Health Sciences, Case Western Reserve University, School of Medicine, Cleveland, OH, United States
® Epilepsy Center, Department of Neurology, University Hospitals Cleveland Medical Center, Cleveland, OH, United States

ARTICLE INFO ABSTRACT

Keywords: Despite the fact that epilepsy surgery is both safe and effective, a considerable “surgical treatment gap” remains

Epilepsy surgery in that most persons who are eligible for surgery do not receive it. It has been argued that epilepsy surgery is one

Minimally-invasive surgery of the most underutilized of all accepted medical treatments in the world. In this article, we review the epi-

E“‘_“"dme,nl‘ 8ap demiology of the epilepsy surgery treatment gap, and consider the role minimally-invasive epilepsy surgery may
'pidemiology

Disnarities play in reducing this gap.



1 Most patient preferred MIES as initial intervention when
offered the option between open or minimally invasive
surgery (Willie JT, Neurosurgery 2014)

2 May increase willingness to access epilepsy surgery
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Table 1

Epilepsy & Behavior 103 (2020) 106533

Contents lists available at ScienceDirect

Epilepsy & Behavior

journal homepage: www.elsevier.com/locate/yebeh

Brief Communication

What can Google Trends and Wikipedia-Pageview analysis tell us about

the landscape of epilepsy surgery over time?

Michael Owen Kinney **, Francesco Brigo ¢

2 Department of Clinical Neurophysiology, National Hospital for Neurology and Neurosurgery, Queen Square, London, United Kingdom
b Department of Neuroscience, Biomedicine and Movement Sciences, University of Verona, Verona, Italy
¢ Division of Neurology, "Franz Tappeiner" Hospital, Merano, Italy

Results from Google Trends search between first and final epoch of study.

Check for
updates

Google Trends search term First [3 years] epoch

Average relative

Final [3 years]
epoch

Percentage change in relative search
volume (RSV) between the epochs

search volume Average relative
(RSV) search volume
(RSV)
“Epilepsy surgery” 26.9 11.8 —56.1
“Temporal lobe epilepsy” 57.3 27.5 —52.0
“Frontal lobe epilepsy” 26.4 12.8 —515
“Occipital lobe epilepsy” 10.2 9.2 —9.8
“Hippocampal sclerosis” 36.9 12.8 —65.3
“Focal cortical dysplasia” 30.2 209 —30.8
“Hypothalamic hamartoma” 30.0 16.5 —45.0
“Anterior temporal lobectomy” 14.3 4.6 —67.8
“Frontal lobectomy” 319 6.6 —793
“Vagal nerve stimulation epilepsy” 2.8 10.8 +285.7
“Laser ablation epilepsy” 0 303 +30.3
“Intracranial EEG” 17.8 6.6 —629
“Long-term video-EEG monitoring” 394 25.5 —353
“Insular epilepsy”, “extratemporal epilepsy”, “posterior quadrant epilepsy”, “epilepsy Returned no results.
surgery center”, “epilepsy surgeon”, “frontal lobe epilepsy surgery”, “parietal epilepsy
surgery”, “parietal lobectomy”, “occipital epilepsy surgery”, “occipital lobectomy”




STEREOencephalography
(Stereo-EEG, SEEG)



Stereoencephalography (SEEG)

» Stereoelectroencephalography involves the strategic
placement of multiple depth electrodes for invasive
localization of focal epilepsy




Indications for invasive intracranial monitoring
for localization of epileptic focus

* MRI-negative epilepsy

* Electroclinical and imaging data discordance
* Multiple lesions, discordance

* Overlap with functional cortex

\" ; : : -
Subdural grid Stereoencephalography (SEEG)



Stereoencephalography

Differs significantly from the alternative subdural grid
approach in 2 major ways:

1. Conceptualization of epileptic zone (EZ) as a 3-D
distributed network, rather than as focal pathology with
contiguous spread

2. The method of sampling used which is sparse and
directed rather than continuous over adjacent brain areas




Journal of Clinical Neuroscience 53 (2018) 132-134

Contents lists available at ScienceDirect e

Journal of Clinical Neuroscience

ELS

journal homepage: www.elsevier.com/locate/jocn

Clinical Study
Increased nationwide use of stereoencephalography for intracranial 1))
epilepsy electroencephalography recordings S

Hussam Abou-Al-Shaar?, Andrea A. Brock*®, Bornali Kundu?, Dario J. Englot, John D. Rolston **

2 Department of Neurosurgery, Clinical Neurosciences Center, University of Utah, Salt Lake City, UT, United States
Y Department of Neurosurgery, Vanderbilt University, Nashville, TN, United States

The increasing adoption of stereoelectroenc e ) I ,;
a significant shift in the practice of epilepsy sérgery in.the.dJr 1 014 2016
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SEEG versus SDG

Table 1

A schematic for understanding technique advantages, limitations, and the best surgical candidates for
both SDE and SEEG

Advantages

SDE

Accurate anatomic electrical/functional
mapping of covered brain surfaces.

Vionitoring and resection within one
hospital stay.

SEEG

Enhanced targeting capability for deeper
targets.

Improved bihemispheric monitoring as
well as mapping of functional
networks.

More facile placement in the reoperated
patient.

Given smaller access to implant leads,
lessened wound healing morbidity.

Limitations

Difficulty in coverage of intrasulcal, deep
brain and interhemispheric targets.

Multilobar or bilateral sampling
challenges.

Morbidity associated with surgery:
infectious consequences, hemorrhage,
cerebral edema, if following previous
surgery potential for adhesions and
difficult dissection.

Inaccuracy encountered when SDG used
with additional depth electrodes.

Functional mapping restricted.

If hemorrhage associated with placement
of leads, can be large scale with
significant consequences.

Ideal surgical
candidates

The patient with a possible cortical target/
lesion within eloquent cortex, a virgin
surgical resection and/or goal of

surgery to perform cortical mapping.

The patient with nonlesional MRI, deep
lesions or EZ; and/or the previously
operated patient. Also, the patient in
whom bilateral exploration is required




SEEG versus SDG

Table 1

Clinical Scenario

Selection criteria for different methods of invasive monitoring in medically refractory focal epilepsy

Method of Choice  Second Option

Lesional MRI: Potential epileptogenic lesion is superficially SDG SEEG
located, near or in the proximity of eloquent cortex.
Nonlesional MRI: Hypothetical EZ located in the proximity of
Lesional MRI: Potential epileptogenic lesion is located in deep  SEEG SDG with depths
cortical and subcortical areas.
Nonlesional MRI: hypothetical EZ is deeply located or located
in noneloquent areas.
Need for bilateral explorations and or reoperations. SEEG SDG with depths
After subdural grids failure SEEG SDG with depths
When the AEC hypothesis suggest the involvement of amore  SEEG SDG with depths
extensive, multilobar epileptic network.
Suspected frontal lobe epilepsy in nonlesional MRI scenario SEEG SEEG

Alomar s. et al, 2016



Specific Criteria for SEEG

* Deep-seated or difficult-to-cover location of the
epilptogeniczone (mesial structures of the temporal
lobe, opercular areas, cingulate gyrus,
interhemispheric regions, posterior orbitofrontal
areas, insula, and depth of sulci)

* Failure of a previous subdural invasive study
* Extensive bihemispheric explorations
* Normal MRI



Patterns of SEEG Implantation

Gonzalez-Martinez et al
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Neurorobotics ( Stereotactic Robots
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Minimally Invasive Laser Ablation of
Epileptogenic Foci



Small 980nm diode laser
Readily interfaces with MRI

Software: real-time prediction model control
features

1.65mm in diameter and includes a
Cooling Catheter and Laser Diffusing Fiber






MRI-Guided Laser Technology For Neurosurgery

Laser Applicator is in target area.
Patient is in MRI.







Laser Ablation in Pediatric Epilepsy Surgery

- Hypothalamic hamartoma

- Insula

- Periventricular nodular heterotopia
- Tuberous sclerosis

- Mesial temporal sclerosis



- 6 year old girl
- Intractable epilepsy, gelastic seizures since ag
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Coronal Oblique 3D Reconstruction
3mm Laser Diffusing Fiber
Stereotactic Placement using Leksell G Frame and Stealth Planning Software




Safety markers prevent damage of non-target tissues.
automatically when a selected tissue reaches 47°




2 Watts for 31 seconds
3 Watts for 18 seconds

Treatment Dose
5 Watts for 44 seconds

Visualase - Oblique

Visualase Treatment Monitoring Videos




2 Watts for 31 seconds
3 Watts for 18 seconds

Treatment Dose
5 Watts for 44 seconds







Insula Ablation




3D view

Sagittal view
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Tao et al



Periventricular nodular
heterotopia

Page: 40 of 154

Mesial Temporal Sclerosis

Cortical tuber



Epilepsy Research 142 (2018) 131-134

Contents lists available at ScienceDirect

Epilepsy Research

journal homepage: www.elsevier.com/locate/epilepsyres

MR-guided laser ablation for the treatment of hypothalamic hamartomas )
I I oaine
Daniel J. Curry™”, Jeffery Raskin™”, Irfan Ali“’, Angus A. Wilfong*
* Section of Pediatric Neurosurgery, Texas Children’s Hospital, Houston, TX, United States
® Deparmment of Neurosurgery, Baylor College of Medicine, Houston, TX, United States
“ Section of Neurology, Texas Children’s Hospital Houston, TX, United States
4 Section of Pediamic Neurology and Developmental Neuroscience, Baylor College of Medicine, United States
“ Division of Pediatric Neurology, Phoenix Children’s Hospital, Barrow Neurological Institute, Phoenix, AZ, United States
ARTICLE INFO ABSTRACT
Keywords: Hypothalamic hamartoma is an archetypal example of subcortical epilepsy that can be associated with in-
Hypothalamic hamartoma tractable gelastic epilepsy, secondary epilepsy, and epileptic encephalopathy. The history of its surgical treat-
Stereotactic laser ablation ment is fraught with mislocalization of the seizure focus, modest efficacy and a high complication rate. Many
MRgLITT minimally invasive techniques have been described to mitigate this high complication profile of which MR-

Gelastic epilepsy euided laser ablation is one. The technology combines instant effect of thermal coagulation with stereotactic

precision and guidance with real ime MR thermography. This article presents a series of 71 hypothalamic
hamartoma patients operated with laser ablation. Ninety-three percent (93%) were free of gelastic seizures at

one year wu.h 23% of the pdlltnlb n.qmnng more lhan one ablaum One paucnl prt:ncnu.d a slgmﬁunl

be a safe and effective surgical option in the treatment of hypothalamic hdmanomd




Brain Stimulation (Electrical Neuromodulation) in
Epilepsy Surgery



Neuromodulation

Responsive Neurostimulator (RNS) Anterior Thalamic Deep Brain Stimulation
FDA: 2013 FDA: 2018



(Electrical) Neuromodulation for Epilepsy — Brain Stimulation for

Epilepsy

* Two therapeutic strategies

e 1. Deep brain Simulation — electrical

stimulation of remote “pacemaker”

structures of an epileptogenic network.

Usually “Open loop” Stimulation

2. Responsive Neurostimulation (RNS);

direct stimulation of the ictal onset
zone (neocortex, hippocampus in

medial temporal lobe epilepsy). Usually

“Closed loop” Stimulation

Neural input

Deep brain Responsive ~ ~

stimulation neurostimulation” - .~

-

Implantable therapeutic device

Signal conditioning, Biomarker (feature)
digitization extraction

; : 15 Neurological disorder |
Neurostimulation | : -
detection




Responsive Neurostimulation (RNS)

IM:1 SE:1

Components: Cranially seated
neurostimulator connected to 1 or 2
depth or cortical strip leads

Each lead can be used for both sensing
and stimulating.

The physician programs detection and
stimulation settings and retrieves and
reviews data provided by the
neurostimulator

disy
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ek peewpe SO+ S RN
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RNS

Closed-loop responsive direct
brain stimulation

Components: The cranially
seated neurostimulator
connected to 1 or 2 depth or
cortical strip leads that are
surgically placed in the brain at 1
or 2 seizure foci.

Each lead can be used for both
sensing and stimulating.

The physician programs detection
and stimulation settings and
retrieves and reviews data
provided by the neurostimulator

=
NeuroPace

NeuroPace

4N Progremmer Patient Data

Management System

NeuroPace

RNS Neurostimulator and

NeuroPace Leads

{PDMS)

"\ Remote Monitor | L

_______________

|
35 40



Electrical Neuromodulation

* In general, neuromodulation therapies have excellent
safety profiles

* Not expected to provide freedom from seizures or
antiepileptic medications.

e Aim is palliative: reduce seizure frequency or prevent
secondary generalization.



Epilepsy Behav. 2018 March ; 80: 68—74. do1:10.1016/j.yebeh.2017.12.041.

A Modern Epilepsy Surgery Treatment Algorithm: Incorporating
Traditional and Emerging Technologies

Dario J. Englot, M.D., Ph.D.
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Does 1t work ?

Yes



Explosion in publications related to Epilepsy surgery

* Challenging to stay current in the
1200 : :
PubMed Hits with ‘Epilepsy and Surgery” Keywords field of eXpertlse
1000 * Foundation for clinical practice
and future research.
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Engel J, Epileptic Disord 2019



Understanding the evidence hierarchy

« RCT, systematic review of RCTs +/— meta-analysis of RCTs

« Quasi-experimental study, systematic review of quasi-
experimental studies +/— RCTs, +/— meta-analysis

» Nonexperimental study, systematic review of
nonexperimental studies +/— RCTs/quasi-
experimental studies, +/— meta-analysis/synthesis

« Expert opinion based on scientific
evidence, clinical practice guideline,
consensus panel

» Literature review, quality
improvement, program
evaluation, financial evaluation,

Level 5 case report, opinion of expert

based on experimental evidence

Dearholt SL et al

Bibliometrics and Citation Frequency



Resective Epilepsy Surgery
Stereotactic Radiosurgery (SRS)

Deep Brain Stimulation for Epilepsy
Responsive Neurostimulation (RNS)
Stereoencephalography (SEEG)

Laser Interstitial thermal therapy (LITT)




Resective Epilepsy
surgery



The New England . .
Journal of Medicine Resective Epllepsy Surgery

Copyright © 2001 by rthe Massachuserrs Medical Sociery

VOLUME 345 Avcust 2, 2001 NUMEBER 5
The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE |

A RANDOMIZED, CONTROLLED TRIAL OF SURGERY |
FOR TEMPORAL-LOBE EPILEPSY

SAMUEL WiEBe, M.D., WARREN T. BLume, M.D., Joun P. GiRvin, M.D., PH.D., AND MicHAEL ELiasziv, PH.D.,

FOR THE EFFECTIVEMESS AMD EFFICIENCY OF SURGERY FOR TEMPORAL LOBE EPILEPSY STUDY GROUP* S llrger}’ fﬁor D rllg— ReSiStzlrlt EpilepS)l

o in Children
Google Scholar Citation: 3173
Rekha Dwivedi, Ph.D., Bhargavi Ramanujam, M.D., D.M
P. Sarat Chandra, M.Ch., Savita Sapra, Ph.D., Sheffali Gulati, M.D., D.M
Mani Kalaivani, Ph.D., Ajay Garg, M.D., Chandra S. Bal, M.D
Madhavi Tripathi, M.D., Sada N. Dwivedi, Ph.D., Rajesh Sagar, M.D.
Chitra Sarkar, M.D., and Manjari Tripathi, M.D., D.M

Google Scholar Citations: 253

Early Surgical Therapy for Drug-Resistant
Temporal Lobe Epilepsy

A Randomized Trial

Google Scholar Citations: 850



The New England
Journal of Medicine

Copyright © 2001 by the Massachuserts Medical Societ

I
VOLUME 345 AucgusT 2, 2001 NUMBER 5

A RANDOMIZED, CONTROLLED TRIAL OF SURGERY
FOR TEMPORAL-LOBE EPILEPSY

SAMUEL Wieeg, M.D., WARREN T. BLumeg, M.D., JOHN P. GIrvIN, M.D., PH.D., AND MICHAEL ELiasziw, PH.D.,
FOR THE EFFECTIVENESS AND EFFICIENCY OF SURGERY FOR TEMPORAL LOBE EPiLEPSY STUDY GROUP*

80 patients randomized: 40 to surgery, 40 to AED
Primary outcome : freedom from seizures

Results:

At one year, 58% in surgical group versus 8% in medical group (p<0.001)
One patient in the medical group died.



Table 1. Top 10 epilepsy-specific Citation Classics

Rank Article Citations
I Racine R). (1972) Modification of seizure activity by 31,749
) . electrical stimuldon: Il. Motor selzure
Ep.lle-p.\l(l. 53(5 )2-165—770.3()112 o E.[ﬂc!mtrftphdhgr Clir Nmmphy'ﬂd 32:281-294
doi: 10.1111/.1528-1167.2012.03455 x ) Kwan P, Brodie M}. (2000) Early identification of 1.419

CRITICAL REVIEW AND INVITED COMMENTARY L e e s

produced by lainic acid: mechanisms and relevance
to human temporal labe epilepsy. Neurascience

° . . . - 9 * ° |4:375—403
The most cited works in epilepsy: Trends in the “"Citation 4+ Mol Cohen DR Hempatead L Cumran T 303
Classics“ (1987 ) Mapping patterns of c-fos expression in the
central nervous system after seizure. Sdence
*George M. Ibrahim, 1O. Carter Snead lll, *)James T. Rutka, and *Andres M. Lozano 137:192-197
5 Nibuya M, Morinobu §, Duman RS. (1995) 1,193

Regulation of BOMNF and trkB mRMA, in rat brain by
chronic electroconvulsive seizure and antidepressant
drug treatrment. | Neurasci |5:7539-7547
6 Parent |M, ¥u TW, Leibowitz RT, Geschwind DH, 1162
Sloviter RS, Lowenstein DH. (1997) Dentate
granule cell neurogenesis is increased by seizures
and contributes to aberrant netwoark
rearganization in the adult rat hippocampus.
J Meurosci 17:3727-3738
7 Engel |. (2001) A proposed diagnostic scheme for 1,123
people with epileptic seizu res and with epilepsy:
report of the | LAE Task Force on Classification and
Terminalogy. Epilepsia 42:7 96—803
. . U . . . . .
Article is termed a “Citation Classic” once it has accumulated more than 400 citations. |? Hauser WA AnnegersJF, Kurlnd LT. (1993) 996
Incidence of epilepsy and unprovoked seizures in
Rochester, Minnesom: 1935—1984. Epilepsia
34:453-468
9 Shoffner |M, Lott MT, Lerza AM, Seibel P, Ballinger 961
SW, Wallace DC. (1990) Myoclonic epilepsy and
ragged-red fiber disease (MERRF) is associated with
a mitochondrial DMNA tRNALys mutation. Cell
£1-931 937

*Division of Neurosurgery, Toronto Western Hospital and The Hospital for Sick Children, University of Toronto, Toronto, Ontario,
Canada; and {Division of Neurology, The Hospital for Sick Children, University of Toronto, Toronto, Ontario, Canada

10 Wiebe 5, Blume WT, Girvin |P, Eliasziw M. (2001) A 211
randomized, controlled trial of surgery for
temporal-lobe epilepsy. NEng | Med 345:3 11-318




TABLE 1. Top 18 Epilepsy-Specific Citation Classics (All Articles With = 1,000 Citations)

Current 2011

Rank

n'a

Article

Proposal for revised classification of epilepsies and epileptic
syndromes: Commission on classification and terminology of
the international league against epilepsy. Epilepsia [Internet].
1985%30:389-3099.

Racine R. Modification of seizure activity by electrical
stimulation: Il. Motor seizure. Electroencephalogr Clin
Neurophysiol [Internet]. 1972;32:281-204.

Proposal for revised clinical and electroencephalegraphic
classification of epileptic seizures: From the commission on
classification and terminology of the international league
against epilepsy. Epilepsia [Internet]. 198122:439-501.
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Early Surgical Therapy for Drug-Resistant
Temporal Lobe Epilepsy

A Randomized Trial Engel et al, JAMA 2012

Design:

Multicenter, controlled, parallel-group clinical trial

16 US epilepsy surgery

38 participants with mesial temporal lobe epilepsy (MTLE) for no more than 2 consecutive
years following adequate trials of 2 brand-name AEDs

Participants were randomized to continued AED treatment or AMTR and observed for 2

years.

Main Outcome Measures
Primary outcome variable was freedom from disabling seizures during year 2 of follow-up.

Results
0 of 23 participants in the medical group and 11 of 15 in the surgical group

were seizure free during year 2 of follow-up (odds ratio=; 95% Cl, 11.8 to ; P.001).



ORIGINAL ARTICLE

Surgery for Drug-Resistant Epilepsy

in Children Google Scholar Citations: 253
ekha Dwive Ph.C 1argavi Ramanujam, M.D., D.M
P r } M.Ch vita Sapra, Ph.D., She lati, M.D., D.M
Mani Kalaivani, Ph.D., Ajay Garg, M.D., Chanara S. Bal, M.D
1¥Tw+ "i1 C 4 : 'P»' D., Ra h —‘E‘;.:;r M.C N EngIJ Med 2017;377:1639-47

DESIGN:
Single-center trial
Random assignment of 116 pediatric patients (18 years of age or younger) with drug-resistant epilepsy
57 assigned to brain surgery versus 59 patients to receive medical therapy alone.
Primary outcome: freedom from seizures at 12 months.

RESULTS

At 12 months, freedom from seizures occurred in 44 patients (77%) in the surgery group and in 4 (7%) in the
medical-therapy group (P<0.001).
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Stereotactic Radiosurgery (SRS)

Accepted: 14 Feabmoary 3008

Dbl 10000 1fepi 14045

FULL-LENGTH ORIGINAL RESEARCH EpiIEpSid

Radiosurgery versus open surgery for mesial temporal lobe
epilepsy: The randomized, controlled ROSE trial

Google citation: 55
Nicholas M. Barbaro' | Mark Quigg®(® | Mariann M. Ward® | Edward F. Chang® |
Donna K. Broshek® | John T. Langfitt® | Guofen Yan® | Kenneth D. Laxer’ |
Andrew J. Cole®(® | Penny K. Sneed® | Christopher P. Hess" | Wei Yu® |
Manjari Tripathi'' | Christianne N. Heek'> | John W. Miller™® | Paul A. Garcia™ |
Andrew ?ﬂcEvﬂy's | Nathan B. Fountain® | Vincenta Salanova'™ | Robert C. Knowlion' |
Anto Bagi¢'” | Thomas Henry"® | Siddharth Kapoor™ | Guy McKhann® |
Adriana E. Palade® | Markus Reuber® | Evelyn Tecoma™

Design:

e 58 patients randomized (31 in SRS, 27 in ATL).

» Sixteen (52%) SRS and 21 (78%) ATL patients achieved seizure remission
(difference = 26%, P value at the 15% noninferiority margin = .82).

Significance: These data suggest that ATL has an advantage over SRS in terms of proportion of seizure remission
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Evidence for Anterior Thalamic Nucleus Stimulation in Epilepsy (SANTE Trial)

Epilepsia, 51(5):899-908, 2010
doi: 10.1111/5.1528-1167.2010.02536.x

FULL-LENGTH ORIGINAL RESEARCH

Electrical stimulation of the anterior nucleus of thalamus

for treatment of refractory epilepsy

*Robert Fisher, Vicenta Salanova, Thomas Witt, {Robert Worth, i Thomas Henry,
iRobert Gross, §Kalarickal Oommen, {ivan Osorio, §jules Nazzaro, #Douglas Labar,
#Michael Kaplitt, **Michael Sperling, {{Evan Sandok, {fJohn Neal, {{Adrian Handforth,

§8John Stern, IIAntoni({ D'eSaIIes, q9Steve Chung, ﬁHTAndrew Shetter, ##Donna Bergen, G fo) og | e SC h o) | ar C |tat|0 n: 1 3 09

##Roy Bakay, *Jaimie Henderson, **Jacqueline French, **Gordon Baltuch,
t1TWilliam Rosenfeld, {{fAndrew Youkilis, 11 William Marks, {1{Paul Garcia,
iiiNicolas Barbaro, §§§Nathan Fountain, §99Carl Bazil, Y9 Robert Goodman,

99 9Guy McKhann, ##K. Babu Krishnamurthy, ###Steven Papavassiliou, {Charles Epstein,
**¥]ohn Pollard, ****Lisa Tonder, ****Joan Grebin, ****Robert Coffey, ****Nina Graves, and the
SANTE Study Group'

*Stanford University, Stanford, California, U.S.A.; fIndiana University, Indianapolis, Indiana, U.S.A.; {Emory University, Atlanta,
Georgia, U.S.A_; §University of Oklahoma, Oklahoma City, Oklahoma, U.S.A.; YUniversity of Kansas, Kansas City, Kansas, U.S.A;
#Weill-Cornell, New York, New York, U.S.A_; **Thomas Jefferson University, Philadelphia, Pennsylvania, U.S.A.; { fMarshfield Clinic,
Marshfield, Wisconsin, U.S.A; {{Veterans Affairs Greater Los Angeles Healthcare System, Los Angeles, California, U.S.A,; §§Geffen
School of Medicine at UCLA Los Angeles, California, U.S.A.; §9Barrow Neurological Institute, Phoemx Anlona, uU.s. A. ##Rush

Presbyterian St. Luke’s Medical Center, Chicago, lllinois, U.S.A.; ***University of P ylvania, Philad P yl a, U.S.A,;
111St. Luke’s N. Medical Building, St. Louis, Missouri, U.S.A,; i{{University of California San Franclsco California, U.! S A.;
§§§University of Virginia School of Medicine, Charlottesville, Virginia, U.S.A.; §§9Columbia University College of Physicians and
Surgeons, New York, New York, U.S.A_; ##Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts,
U.S.A; and ****Medtronic, Minneapolis, Minnesota, U.S.A.

* Multicenter, double-blind, randomized trial - bilateral AN of thalamus DBS

e 110 participants randomized
* 3 month blinded phase, then unblinded stimulation

* In the blinded phase, patients with active AN stimulation reported a 40% decrease
in seizure frequency, versus a 15% decrease in the stimulation OFF group, a
significant difference (P = .002).

* Inlong-term (5 year) follow-up, the mean reduction in seizure frequency was 69%,
and 68% of patients reported 50% or better reduction in seizure frequency.
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Evidence for Efficacy of Responsive Neurostimulation

FULL-LENGTH ORIGINAL RESEARCH

Two-year seizure reduction in adults with medically
intractable partial onset epilepsy treated with responsive
neurostimulation: Final results of the RNS System Pivotal

trial

'Christianne N. Heck, *David King-Stephens, > Andrew D. Massey, ‘Dileep R. Nair, *BarbaraC.
Jobst, ®*Gregory L. Barkley, "Vicenta Salanova, "Andrew ]. Cole, *"Michael C. Smith, '°Ryder P.
Gwinn, ' Christopher Skidmore, "*Paul C. Van MNess, '*Gregory K. Bergey, '*Yong D. Park, '"*lan

Miller, "8 Eric Geller, Tpaul A Rutecki, "®Richard Zimmerman, ""David C. Spencer, WAlica . . .
Goldman, 1'jnl::n:il:h;m C. Edwards, H]ames W. Leiphart, BRobert E. Wharen, l"]:u‘mes Fessler, GOOgIe SChOIa r Cltat|0ns. 440

M athan B. Fountain, “GreguryA.WDrrell, "Robert E. Gross, uE'M:rlepnh:m Eisenschenk, YRobert
B. Duckrow, “Lawrence]. Hirsch, Wearl Bazil, e ormac A. O'Donovan, MEalice T. Sun, nTr:u:'_mr
A. Courtney, *1Cairn G. Seale, and 31‘33l“'|:1ri:h:1]. Morrell

Epile paia, 35(3)432-441, 2014
doi: 10,111 1epi. 12534

Results: All 191 subjects were randomized. The percent change in seizures at the end
of the blinded period was —37.9% in the active and —17.3% in the sham sttmulation
group (p = 0.012, Generalized Estimating Equations). The median percent reduction
in seizures in the OLP was 44% at | year and 53% at 2 years, which represents a pro-
gressive and significant improvement with time (p < 0.0001). The serious adverse
ving
Adverse events were consistent with the known risks of an implanted medical device,
seizures, and of other epilepsy treatments. There were no adverse effects on neuro-

psychological function or mood.




Responsive Neurostimulation

* Median % Seizure Reduction

66%

65%
60% 63%
53%
44% I

1 Year 2Years 3Years 4Years 5Years 6 Years
n=181 n=174 n=214 n=204 n=172 n=115

Heck CN, et al. Epllepsia, 2014.
Bergey GK, et al. Newrology, 2015.

 Median percent
reduction in seizures was
66% by year six.

* As with other stimulation
approaches, responder
rates improved over time

(Morrell, M.R. Investigators Nine-year Prospective Safety

and Effectiveness Outcomes from the Long-Term Treatment
Trial of the RNS® System. Brain Stimul. 2019, 12, 469 )



m CLASS OF EVIDENCE

Nine-year prospective ethicacy and safety of brain-
responsive neurostimulation for focal epilepsy

Dileep R. Mair, MD, Kenneth D. Laxer, MD, Peter B. Weber, MD, Anthony M. Murro, MD, Yong D. Park, MD, Correspondence
Gregory L. Barkley, MD, Brien |. Smith, MD, Ryder P. Gwinn, MD, Michael |. Doherty, MD, Dr. Morrell
Katherine H. Moe, MD, PhD, Richard 5. Zimmerman, MD, Gregory K. Bergey, MD, William 5. Anderson, MO, PhD, mmaorrell@neuropace.com

Christianne Heck, MD, Charles ¥. Liu, MD, PhD, Ricky W. Lee, MD, Toni Sadler, PA-C, Robert B. Duckrow, MD,
Lawrence |. Hirsch, MD, Robert E. Wharen, |r., MD, William Tatum, DO, Shraddha Srinivasan, MD,

Gy M. McKhann, MD, Mark A Agostini, MD, Andreas V. Alexopoulos, MD, MPH, Barbara C Jobst, MD,

David W. Roberts, MD, Vicenta Salanova, MD, Thomas © M il Cudoc L Coch B0 DhD Sodec Colo BAD

Google Scholar Citation: 35

Gregory A. Worrell, MD, PhD, Brian M. Lundstrom, MD,
David C. Spencer, MD, Lia Ernst, MD, Christopher T. Ski

Table 3 Seizure frequency reduction and responder rates at 9 years according to region of seizure onset

Eric B. Geller, MD, Michel ). Berg, MD, A. james Fessler, Region of seizure onset Median reduction (IQR), % Responder rate, %
Eli M. Mizrahi, MD, Robert E. Gross, MD, PhD, Donald €
Douglas R. Labar, MD, PhD, Mathan B. Fountzin MD, W All MTL (n = 68) 73 (58-96) T
Micole R Villermarette-Pittrman, PhD, Stephan Eisensche
Tracy A. Courtriey, BS, Felice T.Sun, PhD, Caim G. Seak  MTL bilateral {n = 48) 71.5 (56-50) 7
Martha |. Marrell, MD, on behalf of the RNS Systemn LT MTL unilateral (n = 18) 54 (64-100) 78
Neurology™® 2020;95:¢1244-€1256. doi:10.1212/WN
All temporal (n = 95) MTL, lateral, MTL + lateral 73 (47-93) 72
All neocortical (n =70) B1 (34-100) 70
Lateral temporal (n = 19) B1 {33-99) 58
Frontal (n =21) 93 (31-100) 71
Other (n = 30) 79 (52-93) 77
Abbreviations: IQR =intergquart|e range; MTL = mesial temporal lobe.
Copyright © 2020 MeuroPace, Inc.
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SEEG: Technique & Electrode Placement Accuracy

* No prospective controlled clinical trials

, , * Robotic trajectory guidance systems
Accuracy of intracranial electrode placement for J Y8 Y

stereoelectroencephalography: A systematic review and

meta-analysis

*Vejay M. Yakharia (0, fRachel Sparks, {Aidan G. O'Keeffe, *Roman Rodionov, *Anna
Mise rocchi, *Andrew McEvoy, *Sebastien Ourselin, and *john Duncan

* Supporting evidence is limited to class 3
only.

Epilepsia, S8(6):021-932, 2017
dod: 10111 Mepi. 13713




Robot-Assisted Stereotaxy Reduces Target Error: A
Meta-Analysis and Meta-Regression of 6056

Trajectories

Lucas R. Philipp, MD, MPH
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BACKGROUND: The pursuit of improved accuracy for localization and electrode
implantation in deep brain stimulation (DBS) and stereoelectroencephalography
(sEEG) has fostered an abundance of disparate surgical/stereotactic practices. Specific
practices/technologies directly modify implantation accuracy; however, no study has
described their respective influence in multivariable context.

OBJECTIVE: To synthesize the known literature to statistically quantify factors affecting
implantation accuracy.

METHODS: A systematic review and meta-analysis was conducted to determine the
inverse-variance weighted pooled mean target error (MTE) ofimplanted electrodes among
patients undergoing DBS or sEEG. MTE was defined as Euclidean distance between
planned and final electrode tip. Meta-regression identified moderators of MTE in a
multivariable-adjusted model.

RESULTS: A total of 37 eligible studies were identified from a search return of 2,901 potential
articles (2002-2018) — 27 DBS and 10 sEEG. Random-effects pooled MTE = 1.91 mm (95% Cl:
1.7-2.1) for DBS and 2.34 mm (95% Cl: 2.1-2.6) for sEEG. Meta-regression identified study year,
robot use, frame/frameless technigue, and intraoperative electrophysiologic testing (iEPT)
as 5|gn|ﬁcant multwarlable -adjusted moderatﬂrE of MTE (P = .0001, FI2 = 0.63). Study year

robot use with a 0.79-mm decrease (P = .0019). Frameless technique was assoclated with a
mean 0.50-mm (95% Cl: 0.17-0.84) increase, and iEPT use with a 0.45-mm (95% Cl: 0.10-0.80)
Increase in . Registration method, imaging type, intracperative iImaging, target, an
demographics were not significantly associated with MTE on multivariable analysis.
CONCLUSION: Robot assistance for stereotactic electrode implantation is independently
associated with improved accuracy and reduced target error. This remains true regardless
of other procedural factors, including frame-based vs frameless technique.

KEY WORDS: DBS, Electrode implantation, Meta-analysis, sEEG, Stereotactic accuracy, Stereotactic technigques,
Target error

www.neurosurgery-online.com

Neurosurgery 88:222-233, 2021 DOIA0093/ neuros/nya=428




Outcomes: SEEG versus Subdural Grids

Seizure: European Journal of Epilepsy 70 (2019) 12-19

Contents lists available at ScienceDirect

Seizure: European Journal of Epilepsy

journal homepage: www.elsevier.com/locate/seizure

Surgical outcomes related to invasive EEG monitoring with subdural grids or | M)

e for

depth electrodes in adults: A systematic review and meta-analysis s

Marton Toth™*, Kata Szilvia Papp”, Noemi Gede®, Kornelia Farkas”, Sandor Kovacs®, Jean Isnard’,
Koichi Hagiwara™*, Csilla Gyimesi®, Diana Kuperczko®, Tamas Doczi™', Jozsef Janszky™’

Results: 19 articles containing 1025 SDG-interventions and 16 publications comprising 974 SEEG-moni tors were
researched. The rate of resective surgery deriving from SDG-monitoring hovered at 88.8% (95%CL83.3-92.6%)
(I* = 77.0%;p < 0.001); in SEEG-group, 79.0% (95%CI:70.4-85.7%) (I° = 72.5%;p < 0.001) was measured.
After SDG-interventions, percentage of post-resective follow-up escalated to 96.0% (95%CL92.0-98.1%)
(I* = 49.1%;p = 0.010), and in SEEG-group, it reached 94.9% (95%CI:89.3-97.6%) (' = 80.2%:p < 0.001). In
SDG-group, ratio of seizure-free outcomes reached 55.9% (95%CLS0.9-60.8%) (17 = 54.47%;p = 0.002). Using
SEEG-monitor, seizure-freedom occurred in 64.7% I,"-]E-%CLE-"-].‘?.—-&"ZIE%] (F = 11.9%:p = 0.32). Assessing le-
el Toutcome was To P =

using SDG; while in SEEG-group, it was 71.6% If"-:lEn‘?-'h'Cl.-bl 6%—79, "-H-'if.i Ifl = 24 S%:p = 1]225} In Ll:l.'n'pu‘l.'dl
subgroup, ratio of seizure-freedom was found to be 56.7% (95%CLE51.5%—61.9%) (P = 3.2%:p = 0.412) in SDG-
group; whereas, SEEG-group reached 73.9% (95%CL64.4%81.6%); (1? = 0.00%;p = 0.45). Significant differ-
ences between selzure-free outcomes were found in overall (p = 0.02), lesional (p = 0.031), and also, temporal
(p = 000} cormpar sons.

Conclusions: SEEG-interventions were associated, at least, non-inferiorly, with seizure-freedom compared with
SDG-monitors in temporal, lesional and overall subgroups.




Is the use of Stereotactic Electroencephalography
Safe and Effective in Children? A Meta-Analysis of
the use of Stereotactic Electroencephalography in
Comparison to Subdural Grids for Invasive Epilepsy

Monitoring in Pediatric Subjf:cts

Matthew F. Sacino, MD*
Sean S. Huang, PhD*
John Schreiber, MD?®
William D. Gaillard, MD?
Chima 0. Oluigbo, MD*

*Department of Neurosurgery, Children's
Mational Medical Center, George
Washington  University, Washington,
District of Columbia; #Department
of Health Systems Administration,
Gegrgetown  University, Washington,
District of Columbia; *Department of
Meurclogy, Childrens National Medical
Center, George Washington University,
Washington, District of Columbia

BACKGROUND: Stereoelectroencephalography (SEEG) is an alternative addition to
subdural grids (SDG) in invasive extra-operative monitoring for medically refractory
epilepsy. Few studies exist on the clinical efficacy and safety of these techniques in
pediatric populations.

OBJECTIVE: To provide a comparative quantitative summary of surgical complications
and postoperative seizure freedom associated with invasive extra-operative presurgical
techniques in pediatric patients.

METHODS: The systematic review was conducted following Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA). A literature search was conducted
utilizing Ovid Medline, Embase, Pubmed, and the Cochrane database.

RESULTS: Fourteen papers with a total of 697 pediatric patients undergoing invasive
SDG monitoring and 9 papers with a total of 277 pediatric patients undergoing SEEG
monitoring were utilized in the systemic review. Cerebral spinal fluid (C5F) leaks were the
most common adverse event in the SDG studies (pooled prevalence 11.9% 95% confidence

Correspondence:
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Childran's Mational Medical Center,
M Michigan Avenue NW,
Washington, DC 20010

E-mail: coluigbogonmc.ong

Recetved, December 4, 2017,
Accepted, Novemnber 9, 2018,
Published Online, Cctober 22, 2018,

interval |L1] 5.7-23.3). There was one case of LsF leak in the SEEG studies. Intracranial hemor-
rhages (SDG: 10.7%, 95% Cl 5.3-20.3; SEEG: 2.9%, 95% Cl -0.7 to 10.8) and infection (SDG:
10.8%, 95% Cl6.7-17) were more commeon in the SDG studies reviewed. At the time of the last
postoperative visit, a greater percentage of pediatric patients achieved seizure freedom in
the SEEG studies (SEEG: 66.5%, 95% C| 58.8-73.4; SDG: 52.1%, 95% C| 43.0-61.1).

CONCLUSION: SEEG Is a sate alternative to DG and should be considerad on an individual

basis for selected pediatric patients.
KEY WORDS: 5EEG, Pediatric, Epilepsy, Invasive maonitoring

Neurosurgery 84:1190-1200, 2019 DiOE00093 neuros myy466 www.neurosurgery-online.com
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Magnetic Resonance Imaging-Guided Laser
{1@ ‘-}pnthght Interstitial Thermal Therapy for Epilepsy: Systematic

Review of Technique, Indications, and Outcomes

Brett E. Youngerman, MD, M5 BACKGROUND: For patients with focal drug-resistant epilepsy (DRE), surgical resection

Akshay V. Save, BS of the epileptogenic zone (EZ) may offer seizure freedom and benefits for quality of life.

Guy M. McKhann, MD Yat, concerns remain regarding invasivenass, morbidity, and neurocognitive side affects.
Magnetic resonance-guided laser interstitial thermal therapy (MRgLITT) has emerged asa

Department of Meurological Surgers, @SS invasive option for stereotactic ablation rather than resaction of the EZ.

Lotambia Universty Medical Lenter New OB JECTIVE: To provide an introduction to MRgLITT for epilepsy, induding historical devel-

Yok, Hew York . . .

opment, surgical technique, and role in therapy.
Corraspondanca: METHODS: The development of MRgLITT is briefly recounted. A systematic review
Guy M. Mckhann, MO, identified reported technigues and indication-specific outcomes of MRgLITT for DRE in
Department af Neumlogical Surgery, human studies regardless of sample size or follow-up duration. Potential advantages and
Columibia University Medical Center, . . . . . .
710 Wes 168th 5, disadvantages compared to available alternatives for each indication are assessed in an
M Yiork, WY 10002, USA. unstructured raview.

Emait gmlf@Eoumccolumbiasdu

RESULTS: Techniques and outcomes are reported for mesial temporal lobe epilepsy,
Shacatwad, Juree 6, 200 hypothalamic hamartoma, focal cortical dysplasia, nonlesional epilepsy, tuberous
Accapted, Novemiver 20, 2079, sclerosis, perventricular nodular heterotopia, cerebral cavernous malformations,
Published Onlina, Jaruary 24, 200 poststroke epilepsy, temporal encephalocele, and corpus callosotomy.

COMNCLUSION: MRgLITT offers access to foci virtually anywhere in the brain with minimal
disruption of the overlying cortex and white matter, promising fewer neurological side
effects and less surgical morbidity and pain. Compared to other ablative technigues,
MRgLITT offers immediate, discrete lesions with real-time monitoring of temperature
bayond the fiber tip for damage estimates and off-target injury prevention. Applications
of MRgLITT for epilepsy are growing rapidly and, although more evidence of safety and
efficacy is needed, there are potential advantages for some patients.

KEY WORDS: MRI-guided laser interstitial thermal therapy (MRgLITT), Epilapsy, Mesial temporal lobe epilepsy,
Measial temiporal sclerosis, Focal cortical dysplasia, Hypothalamic hamartoma, Sterepelectroencephalography
(SEEG)
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CH = cranial nerve; C AW - Cosman-Robert-Wells head fame: fAur - llosup HH = homonymous hemianopsia; K H = intracerebral hemorthage: IVH = Intraventric ular hemorhage: Leksel = Leksell head frime:
MTS= mesialtemporal s lersis; HR = not reporied ;O = laserfiber placed inoperating roomy notothersise spec ified ; SOH = subdu ml hematoma; SUDEP = sudden unespecisd death inepllepsy; V= Visualase;
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rcludes 2 patients with low-grade glioma.

Bincludes 1 patients with koewgedeg lioma
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TAELE 2. Hypothalamic Hamartoma
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AS - absence seizures; ATL - anterior temparal lobectomy; AXRGE - Monteris AXiiE skull-mounted mini-frame; ClearPoint - ClearPoirt shull-mounted sterectactic system; OP5 -
comiplex partial seizre; CRW - Cosman-Ro bert-Wells stereotactic head frame; DI - dabetes insipidus; EDH - epidural hematoma; FOD - focal cortical dysplasia; ffu - follow-up; GF
- gedastic seizures; HF - head frame, unspecfied; Leksell - Leksell sterectactic head frame; LITT - laser interstital thermal thempy; M8 - NeurcBlate laser ablaton system; NGS -
nongelastic seizures; MR - not reported; M5 - nocturnal seizures; A - mge attacks; ROGA - ROSA robotic surgical assistant; 555 - secondary generalized sezures; 5P5 - simple partia
seirunes; TCS — tonic-chonic seures; ¥ — Wisualzse bsar ablation system.

"4 total of 33% of patients requinred more than 1ablation; 255% had faied other surgical or radicsungical interventions; T7% wene seizure free off medication. A total of 71 patients “hac
secondary seizures that were bessened by ablation and controlled with medicines”
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MR-guided laser ablation for the treatment of hypothalamic hamartomas )
I I oaine
Daniel J. Curry™”, Jeffery Raskin™”, Irfan Ali“’, Angus A. Wilfong*
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4 Section of Pediamic Neurology and Developmental Neuroscience, Baylor College of Medicine, United States
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ARTICLE INFO ABSTRACT
Keywords: Hypothalamic hamartoma is an archetypal example of subcortical epilepsy that can be associated with in-
Hypothalamic hamartoma tractable gelastic epilepsy, secondary epilepsy, and epileptic encephalopathy. The history of its surgical treat-
Stereotactic laser ablation ment is fraught with mislocalization of the seizure focus, modest efficacy and a high complication rate. Many
MRgLITT minimally invasive techniques have been described to mitigate this high complication profile of which MR-

Gelastic epilepsy euided laser ablation is one. The technology combines instant effect of thermal coagulation with stereotactic

precision and guidance with real ime MR thermography. This article presents a series of 71 hypothalamic
hamartoma patients operated with laser ablation. Ninety-three percent (93%) were free of gelastic seizures at

one year wu.h 23% of the pdlltnlb n.qmnng more lhan one ablaum One paucnl prt:ncnu.d a slgmﬁunl

be a safe and effective surgical option in the treatment of hypothalamic hdmanomd




Conclusions
* Epilepsy Surgery continues to evolve

* Major advances: Minimally Invasive Epilepsy Surgery
(Stereoencephalography, Laser ablation) and
increasing use of Brain Stimulation (Responsive
Neurostimulation, Deep Brain Stimulation)

* Increasing number of cases

* HIFU is a technology to watch out for (FDA approved
for functional neurosurgery but still in research for
epilepsy)

* Challenge may be in how to integrate the old with the
new
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