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DEFINITION OF PHARMACORESISTANCE

\ Drugr e si st ant-resl’istarit\r eat ment

N.B. pharmacoresistance is diagnosed by history taking!

Medical intractability (pharmacoresistantepilepsy)




A. Failed 2 medications

2 trials ofASMs at optimal doses with appropriate medications are sufficient to
consider referral of patients with focal seizure disorder for presurgical evaluation

i Commission on Therapeutic Strategies of the International League Against Epilepsy (ILAE)
definition (officially adopted at the ILAE's 2009 meeting in Budapest, Hurjgary
"DRUG-RESISTANT EPILEPSY- failure of adequate trials ofvo tolerated and
appropriately chosen and us&8M schedules (whether as monotherapies or in
combination) to achieveustained seizure freeddrii i.e. complete epilepsy

control!

B. Failed 3 medications’ obsolete!!!
i some advocate at least 3 regimens, inclu@itggals ofhigh-dose monotherapy 1 trial of 2
drug therapy

1 these therapeutic trials can be accomplished witii@ months depending on frequency of seizures
at baselinei(e. how quickly can see treatment results).

1 no rationale to try different medicationstivthe same mechanism of action.

EPIDEMIOLOGY OF PHARMACORESISTANCE

20-30% patients are not controlled adequately V#M!
them are

(&

of

poten

tial

surgery

candi dat

Prevalence of pharmacoresistante¥ (if count > 1 sz / month) or 26% if count > 1 sz / year)

1 amongall patients with epilepsy60-70% are expected to become seizuee withASMs:

47% of patients respond to fir8iSM
additional 14% respond to secoA8M
additional 3% respond to thiiSM
36% of patients are refractory

1 20% of patients withdiopathic generalized epilepsye refractory*35% of
those with juvenile myoclonic epilepsy

1st ASD

Newly
diagnosed
epilepsy

N =470

Seizure-free
47%

Uncontrolled
seizures
53%

2nd ASD

Seizure-free
13%

\

Uncontrolled
seizures
40%

3r1 ASD

Seizure-free
1%

\_/

Uncontrolled
seizures

39%

Duotherapy

Seizure-free
3%

%

Uncontrolled seizures
36%
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Kwan P, Brodie MJ. Early identification of refractory epilepsy. N Engl J Med. 2000;342(53294

N.B. development of new medications did not change these figiseeake numbers in
2008 Kwan and Brodie stugdy0% seizure freedom iyear 1881datg

Response to firshSM is most important predictaf drugresistant epilepsy!

1982-1991 1992-2001 2002-2012

N
c
@ -
E Seizure 89 437 591
=)
& Free [63% 64% 61% |
S
a
=2
g
oy Continued 53 247 378
< Seizures 37% 36% 39%
1982 1987 1992 1997 2002 2007 2012 2014
Year
B Carbamazepine [l Lamotrigine  [] Topiramate [l Other antiepileptic
W vatproicacid  [[] Oxcabazepine [l Zonisamide drogs
[ Phenytoin [ Gabapentin [l Pregabalin N E U RO L()G\
[ clobazam [ tevetiracetam ] Lacosamide LBl Aok B

] The University of Kansas Medical Cent
Chen Z, et al. “Treatment Outcomes in Patients with Newly Diagnosed Epilepsy Treated with Established and New Antiepileptic Drugs:
A 30-Year Longitudinal Cohort Study.” [AM.4 Nexrol. 2018

. Cumulative effect of previous regimen schedule
[:] Additional effect of current antiepileptic drug regimen

80
70
60

® 501 pulm
f .
ls
20
10
0

1 2 3 4 5 6 27

Antiepileptic Drug Regimen Tried, No.

Chen et al., JAMA Neurology 2018
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CHALLENGING THE ABOVE FIGURES

ItistruethatilKwan and Br odi e 0,0nls4éomfithe antire udyocOhorsathieveg
seizure freedom afté&failed medications. And in the 2018 follewp by Chen et al, only 4.4% of the
study cohort became seiztfree on a third medication regimen.
N.B.most people in the 2000 and 2018-set ud
they cannot be includedh&n calculating a success rate @&zure freedom rate for any
given medication regimen must include only the patients who tried that regimen, and
exclude those who have fot
2018 Kwan and Brodie studymamng people who tried 3¢ medication, 23.6% achieved seizure freedom.
(15%- 4", 14.1%- 5", 14%- 6" medication:

Rates of 1-year seizure freedom with successive anti-epilepsy drug regimens

Regimen Number of Of those who Seizure Number
people attempted, freedom rate eligible to
attempting number try next
regimen achieving regimen*

seizure freedom

First 1,795 820 45.7% 975

Second 742 208 28.0% 534

Third 330 78 23.6% 252

Fourth 140 21 15.0% 119

Fifth 71 10 14.1% 61

Sixth 43 6 14.0% 37

Seventh 15 1 6.7% 14

Eighth 9 0 0% 9

Ninth 5 0 0% 5

Tenth 2 0 0% 2

Eleventh 1 0 0% 1

* This group includes all patients not achieving 1-year seizure freedom, including
those who stopped taking medication due to adverse effects, pregnancy, or other
concerns. Not all eligible patients go on to try subsequent regimens.

Data from Chen Z, Brodie MJ, Liew D, Kwan P. Treatment outcomes in patients with newly

diagnosed epilepsy treated with established and new antiepileptic drugs: a 30-year longitudinal
cohort study. JAMA Neurol. 2018;75(3):279-286. doi:10.1001/jamaneurol.2017.3949

1 another study showed slightly more optimistic resul&5%and 16.5% were made seizure free with

a thirdand fourthASM, respectively, and decreased0% after 5 or 6 previousSM failures.
Schiller Y, Najjar Y. Quantifying the response to antiepilegrigs: effect of past treatment history.
Neurology 2008;70(1):5465

1 CRT (16 U.S. centerg)f 38 patients withmesial temporal lobe epilepsy of yearsduration who
failed 2brandnameASMs:. 0 of 23 patients assigned to continued medical optimization achieved
seizure freedom with drug adjustments aldogng 2 years of follow up (v4.1 of 15 in

thesurgicalgroup became seizure free)
Engel J Jr, McDermott MP, Wiebe S, et al. Early surgical therapy for-desgtant temporal lobe
epilepsy: a randomized trialAMA. 2012 Mar 7;307(9):9230.

1 positive therapeutic expectationsABMs vary according to epileptic syndrome
0 80-90% of patients withdiopathic generalized seizurare &pected to become seizure
free;
o0 only 50% of patients witfocal seizure disorderare expected to become seiztiree
(seizurefreedom may decrease to 30% in cases of temporal lobe epilepsy secondary to


https://www.nejm.org/doi/full/10.1056/nejm200002033420503

\,‘ KTor’s NoTES

SURGICAL TREATMENT OF EPILEPSY

E11 ()

mesial temporal sclerosos be as high as 95% in casesehign rolandic epilepsy of

childhood.

)

100

Percentage without Seizures
Impairing Awareness

Surgical group (n=40)

e 58%

Medical group (n=40)

Wiebe S, et al. “A randomuzed, controlled tnial of surgery for temporal-lobe epilepsy.” NEJM 2001

SURGERY VS. M EDICATIONS

Surgeryis more cost effective than continued meds in DRE
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* 3 RCTs, 58-77% seizure freedom w/ surgery vs. 7-
8% w/ meds (Wiebe, NEJM 2001; ERSET JAMA 2012;
Dwivedi, NEJM 2017)

* NNT for epilepsy surgery is 2 (1.5 — 2.7) (Engel
2003); NNT for Tylenol is 3.8 (Barden 2004)

Madieal Group Surgleal Group
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MECHANISM OF PHARMACORESISTANCE

- remains incompletely understood.

Target hypothesis- changes in thASM targets, such as ion channels, lead to decreased drug efficacy.

Transporter hypothesis- efflux pumps are thought to restri@&M movement into cells and to be
overexpresskin patients resistant ®SMs; P-glycoprotein (Pgp) is one such multidrug transporter that
has been implidad in drugresistant epilepsy.

INDICATION S

Seizuresrefractory *** to appropriatenedical management
+ seizures seriouslymit patient'squality of life *
Ask - is patient impaired due to seizures?
+ well-defined epileptogenidocusnot involving eloquent corteix obsolete conditioft.

*patientsguality of life must be included
I high functioning pt maybe impaired with subclinical seizures
i even as few as-2 seizures year may logsabling to individual whose occupation
requires transportation with motor vehicle; kemebound patients who are not
physically harmed by their seizujes
I short consciousness impairments in debilitated patiembsneed to treat as
treatment is more harmful



**cortical resection must not intentionally produce significant neurologic dsficih as
aphasia or hemiparesis; this is obsoleRINS/ DBS / VNS/ cell therapycan treat those
patient$

***there are more and more experts talking albmoitwaiting for refractorines@sp. if
pathology is known to lead to refractory epilepsy) as medications have side effects.
FCD - if failed just one ASModds ratio that 2nd ASM will works 1:346
Even ptson< 2 ASMs but lesion in noneloquent cortex need consslggery
N.B. pharmacoresistance per se is not an indication for stirgery
DRUGRESI STANT | T-RESISTANENT

All patients are surgery candidates, just some are better than others

Make sure it is epilepsy and not something else (once a while a mistake is made when cardiac arrhyth
mimic epilepsy)i Not everything that shakes is epilept]

If insurance denies DBS (e.g. due to seizures not frequent enough), use SUDEP argument

Complex partial seizuresor partial seizures with secondary generalizatiorare
seizure types most amenable to surgical resection

Today, most i deal dightpsadeédhieonpooagope epilepsy sur gery i s
N.B. temporal lobe epilepsy isost medicdy refractorybut surgical results are the best!
I studies show that surgical results for frontal lobe epilepsy are also good.

Canadian AppropriatenesS of Epilepsy Surgery (CASES) tool - ahighly sensitiveguide for
determining candidacy for epilepsy surgery
Jette NQuanH,Tel | ez Z eal Developmedtlf,an anline tool to determine
appropriateness for an epilepsy surgery evaluatieurology.2012;79:108493

Online:www.epilepsycases.com

REFERRAL TO EPILEPSY CENTER

T individuals who have cont i nuAkSilslsasfailedarevery af t e
unlikely to achieve seizure freetio wi t h me di c al guideliees tecommend ttzal theesee

patients beeferred to a comprehensive epilepsy center
Engel J Jr, Wiebe S, French J, et al. Practice parameter: temporal lobe and localized neocortical
resections for epilepsy: report of the Quality Standards Subcommittee of the American Academy of
Neurology, in association with the American Epilepsy Soeietythe American Association of
Neurological Surgeons. Neurology. 2003;60(4):6387.
Labiner DM, Bagic Al, Herman ST, et al. Essential services, personnel, and facilities in specialized
epilepsy centersevised 2010 guidelines. Epilepsia. 2010;51(11):22X33.
Cross JH, Jayakar P, Nordli D, et al. Proposed criteria for referral and evaluation of children for
epilepsy surgery: recommendations of the Subcommission for Pediatric Epilepsy Surgery. Epilepsia.
2006;47(6):952959.


http://www.epilepsycases.com/

Pati ent s ASMs @ppropriate) chasen and toleratddve failed to
completely control epilepsy (sustained seizure freedom) should be considered |drug
resistant and referred to a comprehensive epilepsy center for surgical evaluation

National Association of Epilepsy Centers

T
T

if you see damily doctor and you are continuing to have seizures, you should askdtiner
opinion after3 months

if you are seeing aeurologist and the seizures have not been brought under caeifiteold to 12
months then you should ask for a referral tepgecialized epilepsy center

NB.only one third of cases gener al neur ol og
Erba G,Moja L, Beghi E, etl. Barriers toward epilepsy surgery. A survey among practicing
neurologistsEpilepsia.2012;53:35 43.

NAEC recommends that patients whose seizures are not fully controlled after treatroent\fear

be referred to a level 3 or 4 specializedegsy center.
N.B. patients benefit from the advanced care provided by epilepsy centers if they continue to ha
seizures despite treatment witho medicationsexperienceinacceptable side effecere/ want
to becomepregnant

Epilepsy surgery results in significantly

1) reduced mortality
Sperling MRBarshow SNei M,As a di P @& cegppraisalff mortality after epilepsy
surgery.Neurology.2016;86:193844

2) increased quality of life

Choi H,Sell RL Lenert L, el. Epilepsy surgery for pharmacoresistant temporal lobe epilepsy: a
decision analysisJAMA.2008;300:2497505

L EVEL OF CARE AND MORTALITY

T

patients with epilepsy are at an elevated risk of premature martality

Canadian study 1 all-cause premature mortality in epilepsy vslevel of care

EJE

Lowerison MW, Josephson CB, Jetté N, efakociation of Levels of Specialized Care With Risk of
Premature Mortality in Patients With Epileps)AMA Neurol. 2019;76:1352358.

retrospective study of 23 653 adu2022016).
carefully controffor age, sex, sociodemographic factors, akgeseverity, and comorbidities.
60% were not exposed to specialist neurological care, 40% received care by a neurologist, and 9%
received care in theomprehensive epilepsy program
standardized mortality rateas 7.2% for the entire cohplty level of care:
9.4%:- for those receiving nonspecialist care;
5.6%- for those seen by a neurologisiR 0.85; 95% CI 0.7-D.93)
2.8%- for those seen in thmomprehensive epilepsy progrdkiR 0.49; 95% CI1 0.38
0.62)
exposure to specialist cafmon-neurologistvs. neurologistvs. comprehensiveepilepsy program) is
associated with an incremental reduction in the risk of premature montaiiyall-causes Those
referred to a comprehensive epilepsy program received the greatest benefit.
N.B. importance of early referral!
possible causes of the observed benefit

1) expediting an accuta initial diagnosis
2) selecting the right antiepileptic drug at the first opportunity
3) experience in using rational polytherapy


https://www.naec-epilepsy.org/for-patients/common-questions/
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4) greater chances of receiving a new drug with fewer adverse effects
5) access to epilepsy surgery

Mortality Over Time

0.4

Unexposed to neurologist care
Exposed to neurologist care
Exposed to comprehensive epilepsy program care

o
w

Cumulative Hazard of Mortality
o
o

°
o -

Time, y
No. at risk by time
Exposed to comprehensive 16865 13200 11829 10648 9258 7970 6875 5889 4615 3277 2040
epilepsy program care
Exposed to neurologist care 5746 7167 6997 6772 6128 5262 4462 3679 2916 2120 1450
Unexposed to neurologist care 683 1284 1498 1608 1586 1443 1244 1033 805 598 355

UNDERUTILIZATION OF EPILEPSY SURGERY

E |

Underutilization of epilepsy surgery is a public health drisis

Only 15% of epilepsy surgeons survive only doing epilepsy surgery
30-40% of patients with epilepsy have DRE and therefore are surgical candidates.
75% of patients with DRE are not referred to an epilepsy specialist

A nonreferral byneurologistds greater than by PCPs
< 3% of surgical candidates receive surgery (4000 epilepsy surgeries performed per year out of
150,000 potential surgicednd mumber of edepsysurgeries is decreasing

A 1.2 M people in US are surgery candidates but only 6.5K get operated anriuahc

Health Crisis!

candidates 2003 joint position paper from the American Academy of Neurology, American
Association of Neurological Surgeons, and the American Epilepsy Soadbgequent studies have
demonstrated no change in epilepsy surgétization.
averagdime from diagnosis to surgefgr a medically refractorpatient is reported to be arouh@
years

Now that we know how great surgery is, what do you think is
the average time from diagnosis of refractory epilepsy to referral

for surgery? “Surgical treatment for epilepsy is arguably the most

underutilized of all proven effective therapeutic

2 O inf@entions in the field of medicine.” Engel 2003

Ryvlin et al., 2008; de Tisi et al. 201
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BARRIERS FOR TIMELY REFERRALS

1 referral rates from physicians and approval rates by patients for presurgical assessment remain
constantly low
1 neurologists from several countries defined medically refractory epilepsy as a falBbeA&M

monotherapy trials delaying referral to epilepsy surgery
Hakimi AS Spanaki MVSchuh LASmith BJSchultzLA sur vey of neurol ogi ¢
surgery and medically refractory epilep&pilepsy Behav2008;13:96 101.
Erba G,Moja L, Beghi E, etl. Barriers toward epilepsy surgery. A survey among practicing
neurologistsEpilepsia.2012;53:35 43.

1 intwo recent surveys from Canada and Italg086 of affected patients stated that they considered

epilepsy surgery to be very dangerous aGd% saw it as a last resort treatment only
Erba G,Messina PPupillo E,Beghi E;OPTEFF GroupAcceptance of epilepsy surgery among
adults with epilepsy what do patients thinkEpilepsy Beha2012;24:352 8
Hrazdil C,Roberts JIWiebe S, edl. Patient perceptions and barriers to epilepsy surgery: evaluation
in a large health regiorEpilepsy Behaw2013;28:52 65.

Study of 185 German patientsin tertiary epilepsy care center (Charité University Hospital) - how
many patients with intractable focal epilepsy were recommended by their epileptologists to undergo

presurgical evaluation with noninvasivieEGand how many patients followed this recommendation.
Mirja Steinbrenneet al. Referral to evaluation for epilepsy surgery: Reluctance by epileptologists
and patientsEpilepsia.17 January 2019

1 high decision rates against presurgical assessment:
0 43% were recommended presurgical evaluation by their epileptologistsnigr0% of
these patients consented (79% of these had VEEG).
0 10% ofall patients actually underwent noninvasive presurgical assessmebfoaridhese
eventually proceeded to resection.

Epileptologists
1 the most frequent reason for nonreferral by epil@gjiists- low seizure frequenc{B1%}
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Epileptologists' reasons for non-referral

low seizure frequency

no assumed success of surgery

low seizure severity

psychiatric comorbidity

other

old age

assumed post-OP neurologic deficit
patient yet not known well enough

progressive neurologic disorder

high administrative expenses

0% 10% 20% 30% 40%  50%

Comments:
0 low seizure frequency and severity may be reasonable in some cgsgm{ents who
have one or two focal seizures with impaired awareness per year or who have focal awar:
seizures exclusively)
0 severe intellectual disabilitye ven pati ents with an | Q of
become seizure free in 37% of cases.
0 age >60years is not associated with a more unfavorable outcome after seizure focus
resectionand patients of this age group should also be offered surgery if eligible
1 variables independently associated witimreferral by epileptologists:
1) older age of patien{®dds ratio [OR] = 1.03)
2) no previous evaluation feepilepsy surgery (OR = 4.04)
3) presence of legal guaashship (OR = 4.29)
4) O1l1lyears of professional experien@R = 4.62) reflects higher vigilance of younger
generation of epileptologists due to an update in training on the benefits of epilepsy
surgery.

Patients
1 patients declined most often due to overall fear of Hainsurgery (50%):



Patients' reasons for rejecting referral

overall fear of brain surgery
diffuse reasons

fear of post-OP physical handicap
no assumed success of surgery
other

low seizure severity

fear of post-OP cognitive deficits
low seizure frequency

hope for new AEDs
0% 10%  20% 30% 40%  50%

Other reasons:
0 wanting to wait for the evalwuation wunti |l
happened to them
0 being content with the current seizure situation and not wanting any cfeaggseizure
freedom may resuih reduction or loss of disability pension
T independent pr ed.i daidnofpresurficarevajuaioni ent sé r ej e
1) older agqOR = 1.08)
2) lifetime number of antiepileptcrdugs O 5 ( OR = 4. 47)
3) focal aware seizures (OR = 4.37)
4) absence of focal seizures with impaired awareness (OR = 11.24).



Disconnection Resection

RNS/DBS

Laser Ablation
Gene Therapy?

VNS

Invasiveness

FUS? SRS

0 50 100
% Seizure Freedom

TIMING OF S URGERY

Pediatric aspects on cognitive outcomeee below->

Surgery should bperformed as early as possiblgsurgery is no longetherapy of last resort)
\ Epilepsy is progressive diseagkindling, new foci, network damageb

I intractable seizureshe longer they persigbortend pocogr prognosis for seizure remission and
psychosocial outcome (e.g. "mirror” foci can become established as independent foci).

I strategy ofrying all combinations of drugis not acceptabla syndromes known to have
excellent chances of benefiting from surgery.

Kindling - in popular language: teaching to seize independently

Despite reported success, surgery for pharmacoresistant seizures is often seen as a last resort. Patier
typically referred for surgery after 20 years of seizures, often too late to avoid significant disability and
premature death.
i neurosurgery in patientsé minds is notorio
malignant tumors, vascular pathology.
i patients donét know that neurosurgery for
advances and multidisciplinary team work).

Tell patients about the risk of SUDEP in uncontrolled epilepsy! It is not to scare your patient; it is your
obligation (Al am obligated to tell you about
cancer and | ife expectancyo)
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Given results of Brodie (2000) and Schiller (2008) studies, timing of surgery should be individualized:

i for MTS in which the seizurdree rate idigh and the risk low after both ablative and resective
surgery, surgery may be consideeatlier, that is, after 2 drug failures

i whenthe chance of seizure freedom after surgepossibly lower, such as in tlasence of
MTS, and risk is correspondingly higher in the setifigireserved neurocognitive functions,
ablativesurgicaltreatment might be delayenhtil after a more exhaustive regimenASNs or
neuromodulation have been attempted

Refractory epilepsy
~1,000,000

REFERRAL GAP
- * 78% not referred

Evaluated at L4

CECs 220,000 -
TREATMENT GAP
Epilepsy * 98% are not surgical candidates/
surgeries B refuse surgery
3,000 * Can neuromodulation be an option

for many of these patients?

Do not delay neuromodulatianinvolved networks may get damaged as time goes.

Earlier surgery = Better outcome
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Duration of epilepsy before surgery (years)

Lamberink et al. Lancet Neurolp@020

STRATEGIES TO IMPROVE PATIENT AGREEMENT

1 we work in strongnultidisciplinary team
M reassure wedo not remove normal brain tissue
1

when counseling patiertlk about complications @helast stef(cf. car sales peopledo not start

with Awith the car you

60

can

get

nt o

acci

71 "do not refer for surgery; refer for comprehensive multidisciplinary evaluatieréluation for
surgery should be done earlier; surgery itself can happen later
1 PCPsare afraid of seizures so they refeeed to targegeneral neurologists they are comfortable

with treating seizures with medicines

CONTRAINDICATIONS

1) benign partial childhood epilepsy
2) significant noncompliance

3) progressiveneurologicdiseases
4) severe concurrent medical illness

Relative contraindications

1) generalized epilepsy (indication for corpus callosot@myNS or DBS

2) mental retardation / low 1Q (< 70)

dent



3) psychiatric diseas@$ychosis or other serious psychiatric disorder)

4) multiple seizure types arising from different brain regions (unless one seizure type is most frequent
and disabling)

5) coexistence of epileptic and nonepileptic seizures.

Not contraindications

1) epileptogenic focus idominanthemisphere
2) epileptogenic focus irloguent cortex

3) bilateral or multifocal epileptogenic foci

4) neurological deficitson examination

DEFINITIONS OF SURGICAL ZONES

Epileptogeniclesion s. Seizure Onset Zone (SOZ)lesion/ areaable toproduce seizuremeeds to be
included in resection.

Epileptogeniczone (EZ)(ictal onset zone + ictal forming zonejor topography see p. E1 >>
I cortical area thateeds to be resectédiisconnectedt h e rcoagulatedt her mo /abl at ed
desynchronized by multiple transectioimsorder to make patient seizure free
1 it cannot be determined direcilynless surgery is done and patient became seizurebfreg)s
deduced by outlining related cortical areas, including the irritative zone, the seizure onset zone,
epileptogenic lesion, the symptomatogenic zone, and the functional deficit zone.
1 may belarger than lesiorvisible on MRI(includes lesion and surrounding margometimes
extends beyond brain lobe boundaries; e.g. cavernoma itself is not epileptogenic but adjacent
hemosideridade cortex isi role ofintracranial EEG..

N.B. it is essential to resect EZ and not just SOZ

Irritative zone 1 cortical area generating epileptiform discharges but whessction is not necessaty
usuallylarger than epileptogenic zone

*irritative spikes cease after surgical resection of epileptogenic'zone

Symptomatogenic zoné& cortical area thabroduces clinical symptomisut whose removal is not
necessary (e.g. seizures may begin silently in frontal lobe and produce typical temporal lobe complex
partial seizure when discharge has spread there); cortical stimulation studies have shown that often re
producing auras iswuch larger than epileptogenic zone

Functional deficit zonei cortical area showingypometabolisnon FDG-PET; much larger than
epileptogenic zonge.g. in medial TLE, hypometabolism involves both medial and lateral temporal lobe
cortex * subtle regions of hypometabolism in frontal lobe).


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E1.%20Epilepsy.pdf#Epileptogenic_zone

Epileptogenic zone

Resection to control
seizures

Lesion

Functional deficit zone

Symptomatogenic zone

Epileptogenic lesion

Irritative zone Ictal onset

zZone

Epileptogenic zone

= Epileptogenic Zone ??

Zones may or may not overlap:




I Epileptogenic lesion (MRI)
B Irritative & functional deficit (EEG, PET, SPECT)
I Seizure onset zone (VEM, SPECT)

NODE vS. NETWORK DISEASE

Therewereare poponent experts in each theory:

In the 1950s, Penfield and Jasper establishefhce electrocorticographyas the

mai nst ay f oepilepdogehic facusnog aamd fBai | ey and Gi b

eradication of focal seizure activity w
VS.

SEEG philosophy (originated by Talairach and Bancaud) focuses on determining the

regions of cortex generating clinical manifestation of the seizure whereby the chronologic

occurrence of ictal <clinical aatagnodaectios e m

clinical o organization of seizures.

Paradigm shift in 2020€PILEPSY SURGERY AS NETWORK SURGERY!

(Epileptogenic zon¥ Epileptogenic netwoik
old school- if a resection is performed and the patient is not seizure free, the interpretatio
is that one Adidndét get emougho or did
new school take the seizure network offlinthat is, to prevent emergence of seizures by
disrupting the critical nodes of seizure organiza(emphasis is shifted fromesection&
seizure freedonto modulation& improved quality of life with the ultimategoal of
arresting seizures indefinitgly

New questions for intracranial monitoring

1. Whether a resection can be accomplished
2. How to take the network offline

1 generalized epilepsyEZ (node) is entire braim{eganodé

even generalized epilepsies likely have a focal trigger.

1 why some patients becorseizure free after callosotonfyit is node diseasetwo nodes across
corpus callosunsan no longer synchronizeoscillations.
9 focal epilepsyi small local networkrfininetwork ).

]Definition for focal epi |l epsyl: sei zure
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i focal epilepsy originates in network within ONE hemisphere
i treatment goail resect / ablatprimary source and neuromodulateetwork nodes( it ake s e

net wor ki rold of SEE® exggloration

In 2020s emphasis is shifted fraesection and seizure freedoto modulation and
improved quality of life with the ultimate goal of arresting seizures indefinitely.

Focus-Oriented

try again

\

repeat without
re-identification

identify the
seizure focus

i

yes

resection/ablation e

%ﬂ

A\

m seizure free?

yes

v

nonspecific

no

== neuromodulation, or

no surgical remedy

not

able

focus-directed RNS, or
no surgical remedy

no

m=fp Neuromodulation, or

nonspecific

outcome achieved

no surgical remedy

Richardson 2022



Network-Oriented
identify the
seizure network

re-evaluate hypotheses

hypotheses Wk confirmed via SEEG
n

yes

¥
network modulation \

* resection/ablation .
s combine
* network-specific RNS  therapies

/

no

no

desired quality of life

improvement?
|

yes

outcome achieved

= =

= =4 =

Richardson 2022
downfall of approachingpilepsy surgery solely fronhé perspective of focus huntinga resection is

performed and the patient is not ¢geti zauamreudhdae
not find fAthe right focus. o

Common Epileptic Pathologies

hippocampal sclerosis #1 among adults (44.5% surgical specimens; only 15% in children)
malformations of cortical developmearte#1 among children (39.3% surgical specimens \iottal

cortical dysplasiaccupying 70.6%).

tumors(mainly gangliogliomagre #2 in all aggroups

vascular malformation@nainly cavernomas)found in 6.1% of specimens

TBI, intracranial infections, neurosurgical procedurey leavelial scars (gliosis} found in 4.9% of
specimens hyperintense on Tand often asociated with cortical atrophy

infections- Rasmussen's encephalitis, herpes simplex encephalitis, neurocysticercosis (most comm
cause of infectiomelated epilepsy worldwide).



Presurgical Evaluation (Non-Invasive, Phasd)

- goal is to defin&EPILEPTOGENIC ZONE .

\ Surgical treatment is presently limited by auwability to localize epileptogenic focus\

Four pillars:
1. Electrophysiology
2. Imaging

3. Neuropsychology
4. Genetic testing

Comparison of phase | methods:

I

Spatial resolution (mm)

| msec 1 sec Ilmin 10min 1 hour

poral resolution

1 all methods can be done for patients of all age groups.

SCALP (SURFACE) EEG

All surgical candidates should begin presurgical evaluation Bl -audio-video monitoring to record
actual seizuresneaning from anticonvulsantsnay be necessary)so calledPHASEI MONITORING.




N.B. seizuregnay begin in areas distant from (or ewemtralaterato) location ofinterictal epileptiform
activity - ictal dischargesare most reliable means of localization!

T O 1 @ of conex must synchronously activate to generate a scalp spike or sharp wave, and deepe
sources may be missed
interictal EEGis normal in 30% cases; remaining of cases often have nonspecific findings.

100 people witmocturnal frontal lobe seizuresctal EEG was normal in 44%
Provini et al.Nocturnal frontal lobe epilepsy. A clinical and polygraphic overview of 100 consecutive
casesBrain 122 ( Pt 6), 10171031 (1999).

1 since it isimpossible to record from all cortical gubcorticaktruduresfrom which seizures may
arise, exact onset may not involve recording electrodes until spread of discharge has occurred (i.e.
early ictal changes are often not identified in scalp recordings).

N.B. scalp EEG can lateralize to the incorrect side of origin
N.B. contralateral spikes are not contraindication for epilepsy surgery! (interictal
spikes can be seen over the hemisphere contralateral to SOZ)

1 foci in mesialor basalcortical areas are particularly apt to escape detectidratemporal seizureare
more difficult to localize (e.g. epilepsy of occipital or frontal lobe origin may have interictal activity a
temporal region).

1 modified electrode placementsdense array,andsemtinvasive techniquesncrease yield.

T
T

HIGH DENSITY EEG, ELECTRICAL SOURCE IMAGING (ESI

1 ESI uses mathematical modeling to localize brain sources of epileptic activity by contbgting
density scalp EEGrecordings witiMRI .
1 ESlcan be applied to boihterictal spikes (identifying the irritative zone) aiadal events
(identifying SO2).
1 ictal ESI demonstrates superior localization accuracy compared to interictal ESI, with studies showi
median distances of 1B7 mm from subsequently identified intracranial EEG sources.
sensitivity 7490% (highest for ictal ESI) and overall accuracy offa0%6.
source localization ithe same as MEG for temporal seizufes extratemporal MEG is better
resectionof region identified by ESI correlates with favorable surgical outcomes

E g ]

NEUROIMAGING (ROUTINE)

see alsm. E1 >>, p. E9 >>(temporal lobe epilepsy, diagnosis)

CT

- itis now replaced by MRI (only need for higésolution CT is for intraoperative neuronavigation

planning

1 seizure focus may enhance with IV contrast shortly following a seizure

1 small cortical lesions, particularly in orbitofrontal and medial temporal regions, are not detectable or
CT.

MRI

All patientswith focal epilepsy should underddRI without and with 1V contrast.


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E1.%20Epilepsy.pdf
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E9.%20Epileptic%20Syndromes.pdf

MRI is usually not indicated for genetic arglfdimited epilepsy syndromesijch as benign
childhood epilepsy with centrotemporal spikes

Lesional MRI=less chances for medication success, more chances for surgical.success
Lesional MRI=2.5 times higher odds of seizure freedom following sutgery

T desirable O 3 Tesl a
N.B. higher field strength more geometrical distortiomotion and susceptibility artifacts
(causedbyaiy | | ed cavities such as nasal cavitie:
1 7T detects lesions in 229% of 3T MRInegative cases (MAP postprocessing increases it to 43%)
1 there is software (e.g. FreeSurfer) for auttedacortical thickness analysisesp. useful for focal
cortical dysplasia (FCD) detection

N.B. MRI and ictal EEG can be discordant or negative in up to 40% of potentially preoperative cases!

ILAE members can takieandson practice sessiorns review major neuroanatomical landmarks
https://www.epilepsymaging.org/#/

Look for atrophy £ b » Look for blurring,
(volume loss) : * irregularity, or

' ' abnormal T2/FLAIR
signal around the

Look for increased :
ventricles

T2/FLAIR signal >4
compared to cortex e / v Assess for periventricular
atrophy or gliosis

Look for blurring | | 4 % Look for periventricular

or loss of normal ( A £ Yo heterotopia

layering > : . (nodular gray matter
along the ventricular

margin)
Look for loss of

normal concavity
of hippocampal
head

3. LOOK AT SULCI AND GYRI

Look for normal gyral pattern and cortical thickness

Assess sulci: normal depth and symmetry

Look for cortical dysplasia, polymicrogyria,
or other malformations

Check gray-white matter interface: should be sharp

Look for transmantle sign on FLAIR
(linear/ radial signal extending from ventricle
to pial surface)
TRANSMANTLE SIGN Look for :iorti-ml tubers
focal areas of cortical thick
rmal FLAIR hyperintensity)



https://www.epilepsy-imaging.org/#/
https://www.linkedin.com/in/dr-soniya-tambe-9797a29a/

\

ILAE PROTOCOL

HARNESS-MRI pPrOTOCOL

- mandatory and optional sequences for epilepsy
Bernasconkt al., 2019

Mandatory sequences

1. 3D magnetizationprepared rapid gradient-echo(MPRAGE, Siemens), Spoiled gradieatho
(SPGR, GE), Turbo field echo (TFE, Phillips)

2. 3D fluid attenuation inversion recovery(FLAIR) - very useful for evalation of epileptogenic
lesions sagittal FLAIR provids a complete anterposterior view of signal distribution along the
length of the hippocampus and parahippocampus.

N.B. FLAIR images are not sensitive to epilefgsociated pablogy inneonates and
infants < 2 ygas the myelination process is not yet complete.

3. 2D coronalturbo spin echo(TSE) with acquisition plane perpendicular to the hippocampus long
axis)i T2 high in-plane resolutiorfior optimal visualization of hippocampablume, shapeand
internal structure on coronal cuts.

Optional sequences

1. 3D gadolinium-enhanced T1i to rule outtumorlike lesions, vascular malformations, or
infectious processes

2. 3D susceptibility weighted imagind’ T2 sensitive to iron deposits, blood products and
calcifications

Surgery planning sequences

1. 3D gadolinium-enhanced T1i to plan trajectories avoiding vasculature.
2. 3DFGATIR T to plan ANT DBS.
3. M2PRAGE T to plan CM DBS / RNS.

MRI -NEGATIVE CASES

1 even experienced observers may miss small arttedabions preferably, arobserver with expertise
in epilepsy imagingshould review the scans
1 itis often necessary t@peatedly review the MRin the context of new information such as PET,
EEG, MEG.
1 most commonly missed etiolo@yFCD (esp. bottom of sulcus); theemporal pole encephaloceles,
hypothalamic hamartomas and subtle double cortex
1 if truly MRI-negative proceed witradvancedutpatienimaging MEG,PET (i f nonr ev e a
inpatient imagingctal SPECT).
Positive result fromadvancedmagingoftenrequiresverification by depth electrode
SEEG recordings

Methods to increase MRI sensitivity

7 Teslascanners

Quantitative MRI

Voxel-based morphometry- MRI postprocessingp directradiologist to look closer at certain areas



https://www.jle.com/en/revues/epd/e-docs/mri_essentials_in_epileptology_a_review_from_the_ilae_imaging_taskforce_318269/article.phtml?tab=references#xref_note_bib9
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NEUROIMAGING (ADVANCED)

MRI with epilepsy protocol

1

! )
Lesion No lesion
!

Quality assurance :
* Excessive artifacts ?
¢ Epilepsy protocol OK ?
¢ Reviewed following guidelines ?

-

Re-review with other data :

History, semiology, video-EEG, PET,

SPECT and MEG

N

Advanced options :
* Postprocessing
e Higher-field MRI

|

4

Surgical hypothesis forming

I

!

13

No overlap with
eloquent cortex

with eloquent cortex

Potential overlap

.

Advanced options :

¢ {MRI for language mapping
e iMRI for sensorimotor mapping
e DTl for WM track visualization

J

!

Surgical planning

Special MRI pogprocessing

- displayswhite matter (WM) tracts

Is WM microstructure abnormality importaotedisposing factdior epilepsy? not known yet.



VIKTOR'S Nores SURGICAL TREATMENT OF EPILEPSY E11 @28)

1 WM integrity correlates with cognitive abilities, i.e. cognition depends on network efficiency.
o abnormally low FA correlates with lower cognitive scofesgnitive phenotypes can be
derived from white matter characteristics).
WM microstructure is very heritable.
WM microstructure changes with aging!
TLE - white matter is affected in entire brain (not just temporal lobe); even siblings (of TLE patients’
have reduced WM volume

=a =4 =4

No Seizures Ongoing Refractory Seizures

affected tracts

\ depend on focus
| and propagation
of seizures

FOCAL

susceptibility to epilepsy >
EPILEPSY

)

familial morphological variants
eg small hippocampi

—sfocal GM injury -
eg hippocampal
A ) sclerosis y
L focal WM injury \ =

HiPPOCAMPAL VOLUMETRY

affected tracts are
bilateral & not directly
related to the focus

generalized seizures
and/or medications

Vaughan, Ann Neurol 2016

CORTICAL UNFOLDING

IHMR (Proton) Spectroscopy

Helps with pathology lateralization:
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fMRI

1 used to determine language dominant side; less comrhaalgtion of eloquent cortex to EZ

Task-based fMRI

Language/memory fMRI
No information of
electrical activity

Slow BOLD fluctuations (<.01 Hz)

Functional connectivity analysis EEG informs fMRI changes
Graph measures (BC, DC, EC..) (event related analysis)
Most of time w/o EEG

9 for frontal resections useverbal fluency and verb generation paradigms.
9 for temporal resectiorisuse picture naming and auditory naming paradigms.

RESTING STATE FMRI

I network analysis; becoming popular tteveloping surgical strategies and predicting surgery outcomes.
i TLE patients have different subcortical connectivity seen dnkéR | (Arecoverso af
surgery).
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EEG-FMRI (EVENT-RELATED F MRI)

- combines scalp EEG (gotemporal resolution) and fMRI (goodpatial resolution)- especially useful

for invedigatingdeepseated foci

Decimation
. Artifact removal
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ExTTY™

developed in 1993 by Ives et al.
i ndi cated for
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Cleaned EEG

patients
An et al (2013) demonstrated 87.5% sensitivity, 76.9% specificity, 70% PPV, 90.9% fPW.AE

BOLD map

t hat have

class | & Il surgery outcomes if resection included BOLD signal areas.
1 can be combined with SEEGresect area around electrode contacts with HFO {finegiuency

oscillations) + area with corresponding BOLD signal on fMRI.

Interictal
discharge

HFO -\ /\/\N\/\/w

52 year old female
IED - independent bite
MR unremarkable

mporal (mesial)

¢]

1

epil ept

4.0

© Active contact

Patient with refractory seizures arising from a brain tumor (possibly DNEMmgiteft mesial temporal region

associated with blurring of the greghite matter interface ithe ipsilateral temporal pole:

(A) FLAIR displaying the lesin (red box);

(B) Scalp EEGMRI analysis of left frontotemporal discharges {F3) shows a maximum BOLD response on the
left amygdala and hippocamptisdditional smaller BOLD cluster at the temporal pole (superior temporal gyrus).



NnTMS (navigated transcranial magnetic stimulatior)

M APPING FOR ELOQUENT CORTEX

T FDA approved for dApresurgical

1 possible fomoncooperative patien(es. MEG, fMRI)
1 cannot reackieep parts of brai(solutioni TDCST transcranial direct current stimulation).

1 studies show it may beore accurate than fMKas compared to gold standér®irect Cortical
Stimulation):

mot or and | ang



Several studies have evaluated accuracy of motor
mapping with nTMS vs fMRI (with DCS as gold standard)

— Forster 2011, Neurosurgery: 10 pts, mean distance to DCS
hotspot 10.5 +/- 5. 7 mm for nTMS vs 15.0 +/- 7.6 mm for fMRI

— Mangraviti 2013, Neurol Sci: 7 patients, mean distance to DCS
hotspot 8.5 +/- 4.6 mm for nTMS vs 12.9 +/- 5.7 mm for fMRI

nTMS MRI
Coburger 2013, Neurosurg Rev: 30 /F

patients; all 30 completed nTMS,
whereas only 23 completed fMRI.
Authors binned results into 4
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EPILEPSY PALLIATION

- see below >>

PET (positron-emission tomography

(FDG-PET,!C flumazen#PET)

- determinegunctional deficit zonen focal epilepsy.

showshypometabolisnin:

A. Epileptogenic zone

B. Diffuse cerebellari due to ongoing antiepileptic therapy

C. Mild symmetricthalamic - metabolic alteration/corticothalamic diaschisis secondary to temporal
lobe epilepsy

D. Temporal lobe (in normal conditions):

)l
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N.B. temporal lobe is relatively hypometabolic compared to other lobes.
N.B. PET often shows hypometabolism in temporal lobes of pediatric patigmtsre it
(esp. if symmetric)

FDGis made in an expensive medicgtlotronand "hotlab" (automated chemistry lab for
radiopharmaceutical manufacture), and then delivered immediately to scanning sites because of th
natural shor{110-minuté half-life of Fluorine18.

after injection need to scan the patient within 30 minutes (vs. SPEGVe 4 hours).

PET:

sensitivity of up to 90% in temporal and 50% in extgmporal lobeepilepsy

has highest accuracy for temporal lobe foci, which are diagnosed most easily with MRI
and EEG.

is least reliable for extratemporal nonlesional foci, which also are most difficult to define
with MRI and standard EEG.


https://en.wikipedia.org/wiki/Cyclotron

T PET is superior to interictal SPECT.

9 indications

a) discordant MRI and EEG findings

b) normal MRI findings.
cannot do PET if givemsulinrecently (glucose goes into muscle).
PET can be combined witimultaneous EEG helpsto avoid false lateralizations from
hypermetabolisndue to unrecognized ictal / postictal events as well as frequent interictal epileptiforr
discharges.
1 quantitatve PETTipati ent 6s PET s u b-hormalzdd eechplatePBTm p o p ul ¢

= =4

SPECT (single-photon emission computerized tomography

- gammaemitting tracer used B9MTcHMPAO (hexamethylpropylene amine oximegmits gamma

rays that came detected by a gamma camera.

1 HMPAO allows99mTc to be taken up by brain tissue in a manngpgrtional to brain blood flow
(i.e. SPECT is assessment of regiareakbral blood flown 3D).

1 SPECTreflects blood flow 4860 seconds aftenjection.

1 SPECT is more widely available (than PET), because the radioisotope isl&stgey and far less
expensive.

Interictal SPECT - showshypoperfusionresoldion is inferior to that of PET; useful only for SISCOM.

Ictal SPECT - hyperperfusiorduring seizure high localizing value* (only if ictal injection occurs within
20 seconds of ictal onsethenmay scan within next hours™*).
*70-100% in temporal epilepsy vs.-B3% in extratemporal epilepsy
**vs. PETT within 30 minutes
I may also see hyperperfusionifisilateral basal gangliacontralateral cerebellum
i forictal SPECT to be meaningfideizure duratiohas to be > 40 seconds

SISCOM (Subtraction Ictal Spect CO-registeredto Mri)

- much higher accuracy than either ictal or interictal SPECT! (may provide alternative to depth electrod
studies)

 requirestwSPECTscans (separated by O 48 h +tdoringac c
interictal period andwithin seconds of seizure onset
using computer software, these scans are subtracted from each other.

1
1 subtracted scan then can beregistered onto MRI to provide support for focus location.



MRI

Mask

Coregistration

Fusion

Ictal SPECT  Interictal SPECT SISCOM

N.B. in MRI-negativecases, reliability of functional neuroimaging is much reduced, and positive result
from functional imaginggenerally requires verification liepth electrode recordings

Multimodal imaging with interictal FD&ET (middle) and ictal SPECT (right) which guided focusectwew of
MRI (left, T1-weighted MPRAGE sequencehypometabolism on interictal PET (arrow) and hyperperfusion on
ictal SPECT both pointed to aregiortith e | ef t o r b irgreview o thetMRI revealed a certical Y
malformation characterized by grahite blurring and thickened cortex (arrow). Resection of this region led to
postoperative seizure freedom and sabpathologyconfirmed FCD:



MAGNETOENCEPHALOGRAPHY (MEG)

MEG in temporal epilepsy see p. E9 >>
- method for 3D diection of deep epileptic fodiecords magnetic fields produced by brain electrical
activity
1 can localize the source of magnetic field generated mainhebyons tangentially anted to the
skull.

EEG detectgyri (radial currentsys. MEG detectsulci (tangential currentd) not all MEG

dipoles have a counterpart spikes on EEG.
Sulci have larger area than gykilEG detects more spikps

Scalp
Skull


file:///C:/Dropbox/Neuroscience/E.%20Epilepsy%20and%20Seizures/E9.%20Epileptic%20Syndromes.pdf%23Temporal_MEG

@.mum NoTes SURGICAL TREATMENT OF EPILEPSY E11 36)

50,000 neurons need to fire to generate a
Readable signal.

Neurons near the outside of the brain generate
the strongest signals.

electric magnetic
current U intracellular
— current
(dendrite)

1 MEG is closer to pathophysiology (electrical discharge) than PET, SPECT.
1 MEG provides30% nonredundant informatiqus. PET is useful in only 10% of cases)
i attempt ictal MEGI occasional MEG scatapture seizures.

Procedure details
{ requires sophisticated expensive suite (well isolated, far from highways).

o\
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 stimulatorshave to be turned off;

0 no need to turn off ahead off time (to reduce residual magnetism), MEG suite uses
demagnetizers.

o0 brain leads have their own artefacts.
1 if need sedatiormay USECLONIDINE Or MELATONIN.

MSI (MAGNETIC SOURCE | MAGING )
- routine way to export MEG results ortRlI.
i dipole analysis has 80% concordance between MEG source and MRI lesion within 10 mm radiu

1 UK no longer does spike analysis but does averaging

ClusterisO56 di pol es with O 1 cm between sources.

MEG resolution:
Spatial resolution:

Superficial cortex 1 mm.

Deeper structuresl cm.
Temporal resolution 1000 Hz and more.

|dentifying Epileptic Spikes
(Merrifield et al., 2007)

Right Temporal Lobe Epilepsy

MSI patterns:



7 V¥ BAR .
Regional Scattered

1 diagnostic accuracy 570% in temporal cases (44% xtratemporal cases).

MEG -BASED BRAIN MAPPING

1 languagei MEG sensitivityis poor fMRI is much better).
1 visual cortexi good quality, not a part of routine protocol (so need to specifically request for it).

MEG -GUIDED SURGERY

Caseseries
Gregory W. Albert et al. Magnetoencephalograjgfuyded resection of epileptogenic foci in children.
J Neurosurg Pediatrics 14:58837, 2014

16 pediatric resectionsbased on MEG datnd no intracranial recordings.

all patients hadbcalized spikeclusterston MEG (results of other noninvasive evaluations are
concordant with the MEG datapd93.7%had abnormal findings on MKL patient had normal
MRI).

= =4

*® dipoles with O 1
1 most had either presumed cortical dysplasia or postopecdtargges from previous surgery
(most of these previous surgeries were prior attempts at surgi¢edlaoinepilepsy,1 patient
had undergone previous resection @fNdET).
91 pathology results: FCD, heterotopia, gliosis, postoperative changes, normal / nondiagnostic
1 outcome
62.5% of patients seizure free
20% of patients improvement in seizures (Engeilll).
2 case$ E n g e | additfona¥surgery was performed subsequently with intracranial
monitoring in attempts to obtain seizure control
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MEG in MRI-Negative Focal Epilepsy
Kreidenhuber R et al. MEG in MRNegative Patients with Focal Epilepsy. J Clin Med. 2024 Sep
26;13(19):5746.

23 studies512 nonlesional epilepsy patients
MEG detected IEDs in 3200% of patients.
MSI results were concordant with other modalities, such as EEG, PET, and SPEGT, in 38
92% of cases.
1 MSI contributed talecisionmaking processin 28-75% of cases analtered surgical plan
in 5-33% of cases
T if MSI concordant surgerywas performed, 589% of patients achieved seizure freedom.

= =4 =

NEUROPSYCHOLOGICAL TESTING (NEUROPSYCHOMETRY)

1 routinely,all surgical candidatesindergo extesive neuropsychological testing (possible exception
VNS candidates).
testing is not standardized between centers.
very sensitive but nonspecific.
cannot definitively establish language dominance laterality.
test battery contains
1) personality inventory (e.g. Minnesota Multiphasic Personality Inventory)
2) tests ofmemory andlanguage
Temporal mesial sclerosis in dominant hemisplieree mo r y Z
Verbal memory is always on the left!
3) tests forinterhemispheric transfer (before callosotomy) crossretrieval and naming of
objects, crosseplication of hand postures, crdssalization of fingertips.
4) other tests, depending upon interests of neuropsychologist.
1 goals of testing
1) to helplocalize epileptogenic focusubtle deficits in cognitive functioning might provide
additional localization that neurologic examination misses); it is not reliable because very few
tests reliably measure frontal and temporal lobe function.
2) identification ofsignificant cognitiveproblems(e.g. memory problemsmight not bea
candidate for temporal lobectomy).
3) predictingpostoperative cognitive deficits
4) formulatingpostoperative vocational goals
testingresults are validor max18 months
patients are instructed continue their medications as usuabut abstain from marijuanaf or O 7
hours
0 ASMs are known to affect processing spawadny tests are timed #&Ms may have effect on
results; there are no tools to differentiat®M side effect from true encephalopathy, thus,
neuropsychol ogistds expertise and insight
0 TOPIRAMATE is has welresearched negative side effectvenbalprocessing and memory.

d LEVETIRACETAM hasmoodeffects.

1 patients at risk for pogesection neuropsychological decline:
0 higher preoperative functioning
0 continued seizurgen-goinginterictal epileptiform dischargespntinued use of ASMs

E R
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COGNITIVE PREHABILITATION
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1 psychoeducatiohpackage of compensatory strategigsai | ored t o the i1indiyv

valued activities, and an opportunity f@hearsed implementationof these strategies) preparation
for anticipated cognitive losses

1 can protect against pesperative decline in naming ability.

Sabadell, V. et al. Anomia prehabilitation in temporal lobe epilepsy surgery: A pilot study. Epilepsia
66, (2025).

NEUROPSYCHIATRIC ASSESSMENT

1 untreated psychiatric comorbidity (depression, anxiety) can lead to worse outcomes from surgical
intervention.

GENETIC TESTING

Also see p. E1 >>

The National Society of Genetic Counselors (NSGC) published
2022 evidence-based practice guidelines recommending

comprehensive genetic testing, such as whole exome, whole

genome, or large multigene panel, in any-aged individual with
unexplained epilepsy.’

Additionally, as of 2022, the Genetics Commission of the

International League Against Epilepsy (ILAE) recommends
consideration of genetic testing in presurgical evaluation of non-

acquired medically refractory, lesional or non-lesional, focal
epilepsy.?

Practically indicated foevery surgical patien{co-existing genetic causes predict outcomegnetic
testing may exclude unsuitable surgical candidabeg especially:

*including acquired structural MRIslesion may be

incidental (9%) in addition to genetic cause
1) structural lesions with genetic causes (tuberous sclerosis, FCDs, MCDs, cavernomas)

2) focal MRI-negativeepilepsiege.qg. all suspected FCD/MCD cas&/-58% of operated FCD
cases)

3) patients with intellectual disabilities, family history, dysmorphic features, autistic spectrum

Material:
A. Germline mutation$ blood
B. Somatic mutations brain tissue (resected, SEEG electrode residuals)

MULTIDISCIPLINARY CONFERENCE



http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E1.%2520Epilepsy.pdf#Genetics

1 final results of noninvasive testirfghase lare presented tmultidisciplinary epilepsy surgery
conference(neurologist specializing in epilepsy, epilepsy neurosurgeon, neuropsychologist, epileps
nurse, speech pathologist, neuroradiologist, and psychiatrist).

Conference decides pn
1) need for WADA test (phase 1)
2) need for intracranial EEG (phase lll)
3) surgical plan

1 in most scenarios, there are several reasonable options, which are not mutually exclusive, and son
differences among centers, and even amongpltists, are expectedhis is why all
comprehensive epilepsy centers make decisions after discussions at multidisciplinary conferences.

Presurqgical Evaluation (Invasive, Phasdl )

Two goals:
1. Further defineepileptogenic zond intracranial EEG (icEEG)>

2. Map brain function:
4) fMRI >>
5) MEG >>
6) NTMS >>
7) WADA: chemical ¢>), electrical ¢>)

CHEMICAL WADA (INTRACAROTID AMOBARBITAL TEST )

I so calledPHASEII TESTING

T named aftedapanese epileptologisiuhn Atsushi Wada, of theUniversity of British
Columbia- he developed the test while he was a medical resident in Japan just after Wor
War Il, when he was receiving training in neurosurgery. Wada developed the technique
transient hemispheric anesthetization through carotid amytal injection to decrease the

cognitive side effects associated with bilateral electroconvulsive therapy
Wada J (1949). "A new method for the determination of the side of cerebral speech dominance. A
preliminary report of the intracarotid injection of sodium amytal in marngaku to Seibutsugaki,
Tokya 14: 2211 222.

T injection of 100 mgODIUM AMOBARBITAL (AMYTAL ®)* / PROPOFOLINtO carotid artery-
to temporarily anesthetize (inactivate) hemisphere in ipsilateral carotid artery distribution
(includes amygdala and anterior hippocampulows independeriestingfunction of
contralateral hemisphere

*barbiturate derivative that activates GABreceptors
T does WADA need to beilateral even ifpathology unilateral? Wada is the difference
score between the two hemispheres as they tel&ach other and to baseline (if the
second hemi spher e c ou ldedcisiontcantbenpagdeeafter whilateral t
WADA, it is just not idedl

I NDICATIONS


https://en.wikipedia.org/wiki/Juhn_Atsushi_Wada
https://en.wikipedia.org/wiki/University_of_British_Columbia
https://en.wikipedia.org/wiki/University_of_British_Columbia

- preparation for ablative surgefgnce epileptognic focus has been identifiednjection ipsilateral to
epileptogenic zone
1. Which hemisphere containsNGUAGE function( d o mi nant hemi sphasiae i na
nondominant Y dysarthria); fMRI is much | ess
2. Functional adequacy of contralateral hippocampusittairvEMORY (before anterior temporal
lobectomy to avoid permanent amnesia).
N.B. failure of memory function is contraindication to resection of hippocampus and
parahippocampal structures on injected side!
Some experts believe that WADA is more important for temporal neocortical resections
(and not so much for SAH).
3. Prognosingseizurefree OUTCOME.

1 never has been standardizeatiere is no such thing #seWada Test major efforts to establish
procedural uniformity across epilepsy centers have been made, but many difesentsof the test
still remain.

1 somecenters insist on Wada tests even when clearly-Hghtled patient is diagnosed with right
temporal focus

PROCEDURE DETAILS

1 instruct patient as to what is expected
1 catheter is passedto ICA (as for standard carotid arteriograms).
1 4-vessehrteriography must verifythatblood flows to corresponding hemispharel there is:
1) nocross flow
N.B. significant crosglow is relative contindication to anesthetizirgide of
dominant supply (patient goes to sleep).
2) nopersistenembryonal communication between anterior and posterior circulation (e.g.
trigeminal otic, hypoglossal, pratlantal arteries)i will cause brainstem failure!

Trigeminal A

Obc A

Hygoglossal AL

Type | PISA

;

2 ~ A
N.B. fetal PComAis not contraindication but will cause cortical blindness
3) no significantvascularabnormalities- Wada test may be grossly inaccurate with high flow
AV fistulas, such a&\VM
1 start on side desion(Wada testing is almost always performed with bilateral carotid amobarbital
injectiony.
1 have patient holdotharmsin airand count loudly inject Amytal rapidly;effect starts almost
instantaneously, begins to subside adt&rminutes
1 contralateral hemiparesis ipsilateral EEG slowing(> 50%)must appear (confiradadequacy of
injection); if not add 25 mg more of drug.
1 patient is monitored to make certain thetirculationhas not affected both sides simultaneously
during testing.
1 assesfanguageby showing patient pictures of objects and ask them to name eaohtdoad and
remember each one.
1 assessnemoryby asking patient to name as manyitures as they catb minutes after test: if they
have difficulty, ask them to pick out pictures from a group that containsaddibnes not shown to
patient.
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1 mayrepeat procedure on other side (use lower Amytal doses with each subsequent injection)
Caveats

0 portions of hippocampusmay be supplied bgosterior circulatiorfnot anesthetized by
ICA injection).

0 despite aphasisometimesbility to singis preserved music and singing uses a different
part of the brain thaspeech and language.

SIDE EFFECTS

1. Drasticpersonality changeare rarely not&, but disinhibition is common.
2. Shiveringare often seen.

3. Recovery of speech $ysphasiqcontains errors in speech or comprehension) after a language
dominant hemisphere injection

1% risk ofvessel dissection and strolte

INTERPRETATION

Memory scores of 50-67% have been deemed passing scores.
1 operational definition of failure sorrected score <5

ICA WADA mimics ATL
PCA WADA mimics LITT or SAH

1 if ICA WADA failed but ablation is stilhighly recommended

A proceed tselective PCA WADA if that is OK, then may ablate MT(but avoid
ATLIM

N.B. WADA test is still associated with false positives and negatives
N.B. PCA WADA may miss head of hippocampus!
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Intracarotid Artery vs. Posterior Cerebral Artery Wada Exams

Selective Amygdalo Anterior Temporal
-Hippocampectomy (SAH) Lobectomy (ATL)

Transsulcal \‘

e '—- ’f

5 % Stereotactic Laser Amygdalo

Before Surgery & “Hippocampotomy (SLAM)

| Subtemporal

- , 4
f : .:
VA 25V .

Hppoc

Drane, D. L.,* Acerbo, E., Rogers, A., Pedersen, N. P., Williamson, A., Stem, M. A, Dickey, A. S., Howard, B. M., Bearden, D. J., Okada, N.,
Staikova, E., Gutekunst, C. A., Alwaki, A., Gershon, T, Jirsa, V., Gross, R. E., Loring, D. W., Kheder, A., & Willie, J. T.* (preprint). Posterior
cerebral artery (PCA) Selective posterior cerebral artery Wada better predicts good memory and naming outcomes following selective
stereotactic thermal ablation for medial temporal Lobe Epilepsy Than Internal Carotid Artery Wada. MedRxiv, 2024 Mar 26:2024.03.24.24304488

\

Pre Post Pre Pre Post

SLAH Open

Drane, D. L.,* Acerbo, E., Rogers, A., Pedersen, N. P., Williamson, A., Stern, M. A., Dickey, A. S., Howard, B. M., Bearden, D. J.,
Okada, N., Staikova, E., Gutekunst, C. A, Alwaki, A., Gershon, T., Jirsa, V., Gross, R. E., Loring, D. W., Kheder, A., & Willie, J. T.*
(preprint). Posterior cerebral artery (PCA) Selective posterior cerebral artery Wada better predicts good memory and naming
outcomes following selective stereotactic thermal ablation for medial temporal Lobe Epilepsy Than Internal Carotid Artery Wada.
MedRXxiv, 2024 Mar 26:2024.03.24.24304488.




NONINVASIVE A LTERNATIVES TO WADA

Wada test hasngiography risk§ so check foalternatives
Electrical WADA

fMRI - can lateralizéanguage

nTMS

MEG - can lateralizéanguage

Near-infrare d spectroscopy

H2'%0-PET

UAMS PROTOCOL

Prerequisites:

ProvidersNeurology, Neuropsychology and Interventional Neuroradiology
Location: IR suite

Ancillary: EEG tech with VEEG setup (full montage)

Medication: Amytal (amobarbital sodium preparation) (at least 1 vial for each side)

Team member specific considerations
EEG tech
1. Must be VEEG (live) with patientdés face an
2. Audio recording should be ON with appropriately placed microphone
3. EEG tech at the machine side annotating the record
a. Injection times
b. Delta slowing
c. 50% deltatheta reduction
d. Strength assessment by MD
e. EEGreturn to baseline
4. EEG screen should also be clearly visible to the Epilepsy MD
5. Perform a baseline at least 15 min recording before the start of the procedure (during baseline
assessment by Neuropsychology, prepping etc)

Nursing
Amytal (amobarbital sodium preparation)

Needed 2@c of sterile water and 5009 of amobarbital for EACH side

ReconstitutdVAXIMUM 30 min before use

Add 5cc of sterile water to amobarbital vial.

Do not shake Only rotate vial.

The dose should also be mixed and allowedigeolve for >5minutes

Withdraw solution into a 2Bc syringe

Wash amobarbital vial with additionalcs of sterile water. Withdraw into 2% syringe

containing first 5cc or amobarbital solution

8. Add another 1@c sterile water to 26c syringe containing amobarbital solution. Mix

9. Final concentration: 25mg/cc

10. Carefully note and label the syringe with the time the medication was mixed.

11.Discard if not clear in 5 minutes and discard if a precipitate forms.

12. Attach0.22micron filter (yellow disc) to Amytal syringeGive 6 ml (150 mg) Amytal to IR
MD by pushing it through the 0.22 micron filter (not pulling up through filter) intoriPsterile
syringe MD is holding.

13. Amytal once mixed it must be used within 30 minutes. Be prepared to mix a second dose.

a. The time gap between two sides injection must be minimum 30 min and preferably 40 mi
so the previously reconstituted via CANNOT be uledhe other side

NookwhE



14.Usual injection Amount

a. Firstinjection (either side); 3 ml (75 mg)
b. Repeat injections in 1 ml (28g) bolus up to 3 ml (75 mg)

155 Pati ent 6s both hands should be out of t he

IR

<

testing

D

N =

W

'—‘00.\‘.0’.0"

E %

Baseline assessment by Neuropsychology before catheter placement
Patientdés both hands should be out of the
testing
Sideplannedasthe surgical side to be injected first.
Pre (amytabinjection contrast ruthrough

a. Crossfiling?: Yes/ No

b. Fetal PCOM?: Yes/ No
Preinjection assessment by Neuropsycholqggdse see belgw
Re-explanation of strength testing to the patient by Neurology MD
Patient to raise both hands in air and count from 1 to 20 at a paced rate
Injectat cue of Epilepsy MD arour@ount~ #5-6

6 Inject 3cc (75 mg) over 3lseconds

a. If flaccid contralateral hemiparesis does not occur after 5 secs, inject additional 1 cc (25 |
I total 200 mg)
b. If flaccid contralateral hemiparesis still does not occur after 5 secs, inject additional 1 ccs
(25 mgi total 125 mg).
c. If flaccid contralateral hemiparesis still does not occur after 5 secs, inject remaining 1 ccs
(25 mgi total 150 mgs.
d. If flaccid contralateral hemiparesis still does not occur, stop procedure and check cathete
position.
i. If the lack of hemiparesis was due to inappropriate catheter placement, wait 45
minutes from initiation of injection, then repeat the original injection sequence.
ii. If catheter placement is appropriate, wait 45 minutes from initiation of injection.
1. Draw up 175 mg (€c) in 10 ccs sterile water. Hand inject 6 cc (150 mg)
over 4 seconds. If flaccid contralateral hemiparesis still does not occur aftel
5 secs, inject the final 1 cc (25 mg).
Usual range oAmytal dose 75125 mg
Preferred maximum dose: 150 mg
Absolute maximal dose: 175 mg
Time difference between two side injections, minimum 3@anoomplete recovery, whichever is
later) preferably 40 min.

Neurology MD

1.

2
3
4.
5

N o

Baseline strength or arm, sensation, vision AND grip
. Contralateral hemiparesis achieved? Yes/ No _ /5
. Check grip strength
Speech arrest? Yes/ No
. Amytal effect on EEG
a. Delta/theta slowing (ipsilateral)?
b. 50% reduction of EEG delta/theta ipsilateral to injection (or primarily theta background):
for memory item presentation by Neuropsychology
Regularly check strength (may need repeat dose if strength improving fast)
No items presented after strength had recovered toilfiteein the hand contralateral to
injection.
Repeat Neuro exam between side injections




1 Time difference between two side injections, minimum 30 min (or complete recovery,
whichever is later) preferably 40 min.

Neuropsychology
1. Once the patient is arrived and prior to beginning of procedure (catheter placement) approximat
5-10 minutes of baseline testing
Rule out crosdiling and fetal PCOM before Amytal injection
Two minutes prior to injection the first test stimulus is shown
One minute prior to injection the second test stimulus is shown
Re-explanation of strength testing to the patient by Neurology MD
Patient to raise both hands in air and count from 1 to 20 at a paced rate
Inject Amytal at cue to Epilepsy MD ~ at Count#85
a. Neurology MD to asses and confirm
i. Hemiparesis
ii. EEG ipsilateral delta slowing
8. Neuropsychology and neurology run Wada protocol (Neurology monitors strength and EEG;
Neuropsychology does language/memory testing per Emory Clinic protocol).
A 50% reduction of EEG delta/theta ipsilateral to injectimnpfimarily theta background),
A Per Neurology MD: Memory item presentation
9. No items presented after strength had recovered to-ifiteein the hand contralateral to
injection.
10. Assessment of both spontaneous and recognition memory:
a. After full motor recovery and returnofa-s0 epoch of the pati ent
frequencies.
b. At 12 minutes post injection recognition memory testing occurs
1 Time difference between two side injections, minimum 30 min (or complete recovery,
whichever is later) preferably 40 min.

Noohkwh

ELECTRICAL WADA

7 allows highprecision testing in preparation for higkdglective ablations (esp. when chemical Wada
wasnonpermissive)
using depth electrodes
simultaneously stimulating across all 8 electrode contacts while patient completes consecutive Wac
based memory tests
1 protocol(Dr. Gros$: different amplitudes (5, 7.9,0 mA), pulse frequency 108z, and 500 msec

pulse durationmore detail§ s ee A Emory case reporto

= =4

Emory casereport
i 51 yo F patient failed chemical Wada (0/8) but electrical Wada from longitudinally along hippo axis
implanted8 ont act s was permi ssi ve SLAHB 12 mdonths postope n t

evidence of verbal or visuospatial memory dedline
Kaestner, E. é Gross, R.E. and -Bugxaimemor. L. (.
testing: a case report. Epileptic Disorders, 24: 4416.

Proposed paradigm




Step 1: Fosphenytoin load provided for anti-seizure prophylaxis during cortical stimulation

Step 2: High frequency stimulation at 50Hz, pulse width 1msec, duration 5 sec, stimulus intensity increase by
0.5mA till after discharges or clinical symptoms noted up to maximum of 8mA
Electrodes stimulated
Step 1: Low frequency stimulation at 1Hz, pulse width 1msec, duration 60sec, stimulus intensity 80% of
maximum stimulus intensity at 50Hz which either produced after discharges or clinical symptoms
- during this, patient is presented with 8 pictures and asked to recognize and then memorize during
60sec stimulation. Once stimulation is completed patient is asked to repeat the images seen.
- a 2nd 60 sec stimulation period is applied where images are shown again. Following
stimulation, patient is asked to repeat the images seen.
- 10-15min later, the patient is asked to repeat the images shown (Free recall).
- Recognition task: In addition to the 8 images, 16 other images are added and
patient is asked to identify if they were part of the original stack or not. Errors are counted.

INTRACRANIAL EEG (icEEG)

(subdural strips and grids, depth electrodes) calledPHASEII MONITORING T only when noninvasive

studies fail to adequately delineate epileptogenic zoree p. EZ >>

1 it may includeStimulation Cortical Mapping determinesreas of eloquent cortesthat should not be
encroached upon at time of operation. see p. E3 >>

ALGORITHM (TREATMENT)

Seizuresemiologyis extremely important in diagnosing ictal zone and seizure propagation network!

Medica[ly refractory disabling focal seizures

z
Focus can be |UWSaDBSpré¢hdlamit RNSO Y
ZYES
How many fRNSi nior2e YWNSarBSorthalamic RNS
zZ 1
Safe to resect and c BNSornultiplessubpidl tsaksections?)l ow Y NO
ZYES
Will it be cRNSative Y NO Y
ZYES

Ablation (resection, laser, SRS, RF, FUS)

N.B. RNS data (in bitemporal epilepsy) may support later resection / laser ablation

Yale algorithm



http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%20Intracranial%20Electrodes.pdf
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%20Intracranial%20Electrodes.pdf
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Non-invasive workup including EEG, PET, MRI, fMRI, MEG, ictal
SPECT and neuropsychology +/- WADA .
Intracranial Study

|

v v

Singular lesion (tumor or cavernoma,
some MCD) with full concordance of

Direct to Surgery

Diffuse or multifocal lesion, normal MRI
and discordance of preoperative workup

preoperative workup (most MCDs )
|
v ‘ v v v
2 S CIEEG Intraoperative ECoG
Fi I F |
u::t('?::olcvz:" un?m;::nﬂ MTS Depths, strips and Tuberous sclerosis
grids and FCD 118
' ' ¢ } | '
Hippocampal Hippocampal
Resictice Wi IR Functional function function not Unifocal onset Multifocal /
to normal brain, laser mapping ed preserved network onset
ablation, SRS
TG'JJL'T"' l,._.__.L_.._l I,._.._l_.__l { l I..___l___l
1 lll;ser ;:::u:::"' : | RNS : | AMTL, laser : Functional cortex Functional cortex | Laser ablation, :
: RNS : DBS | | Wex ) not involved involved | RNS, DBS or VNS |
-S| | i i | s S | s it |
T'"l'"' l'uTJlm‘T'
| mited r on, |
: "e“ag:'i‘;"‘““ || laser ablation +/-
| : | RNS+/-MST :
GerardJ et al.
4.1 Focal
— 1 Mesial vs Extratemporal or
Mesiotemporal neocortical unclear Temporal neocortical
Clear
unilateral

N

RNS,VNS, DBS

Intracranial ‘
i \ \
\ v

Possibly
bilateral

Benbadis et al. 2018
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# of seizure onset
0 lConfident localization areas identified Not localizable

to one focus
e Other

Safe to resect? = neuromodulation
YES options
Low cognitive risks? L
YES v
NO

Seizure freedom likely?

YES
Resective Surgery Responsive

or Ablation Neurostimulation

Data from the RNS System may help identify surgery
candidates, and treatment may be combined with surgery

Alternative algorithm




VIKTUR'S Notes SURGICAL TREATMENT OF EPILEPSY
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Preoperative localizing data (PLD)
Phase | Possible substrates
History and physical Sclerosis (MTS, neocortical atrophy)
AVEEG monitoring and semiology Neoplasia
imaging Vascular
Neuropsychological evaluation Developmental
Phase Il Indeterminate
Intracarotid amytal procedures (IAP)

Nonconcordant or suspected
developmental abnommality
(See Fig. £0-2)
Invasive monitoring (Phase 1)

¥

Concordant PLD
With MRI suspected MTS, vascular
lesion (cavemous malformation),
naoplasm or major hemispheric

abnormmality)
: : :
Mesial ternporal Temporal neoplastic Extratemporal neoplastic
sclerotic substrate Or vascular substrates or vascular substrates
AMTR Resect to normal cortical
architecture, functional
{ testing if required
L
Lateral temporal | Medial temporal
L
Dominant temporal lobe Dominant lobe specific
Map language memory intact, passes
Resect substrate ipsilateral |AP
Resect subsirate,
presernve hippocampus
Mon dominant Nondominant or poor
- temporal lobe dominant lobe specific
Resect substrate memory, fails ipsilateral IAP
Resect mass, AMTR

Alternative algorithm{fig. 60-2)
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Nonconcordant preoperative localizing data (PLD)
or suspected developmental abnormality

Invasive study with depth and/or subdural electrodes

L

Multifocal or untocalized
No resective surgery, consider
callosofomy or neurostimulator

!

Extratemporal localization
Additional invasive studies

'

Resection based upon
Y ietal recording with
| Temporal lobe | functional localization
| as necessary
Unitempaoral Bitemporal
I
r L l
Medial Lateral PLD diffuse Cognitive, imaging
AMTR Grid study to define No surgery and |AP data
onset, functional unitempaoral
mapping AMTR
Regional
Focal lateral or medial onset
cannot be distinguished

Sometimes a second study

L | 3

Dominant temporal lobe MNon dominant temporal lobe
AMTR if poor verbal & cm neorcortical resection

memory and AMTR

FOCAL EPILEPSY

I key dichotonres:temporal vsextratemporal

Z
mesial vsneocortical

I distinguishing mesial vs neocortical temporal may at times require
intracranialEEG, but once that is done, the neocortical temporal group
generally follows the same course as extratemporal.

TEMPORAL

Outcomes in bilateral or nenesectable temporal lobe

1. VNST 60-62.5%response

2. ANT DBS1 SANTE trial - 44.2% response
3. RNS- 74 %responsén hippocampal epilepsy



Hippocampal DBSi 25-100% response in hippocampal epilepsy
CM DBS1 not as effective on focal epilepsy

STN DBSi too limited data

TMST probably ineffective for mesial TLE

M ESIOTEMPORAL

Unilateral

1 resective surgery or ablation is by far the treatment of choice.

1 traditionally,en bloc resection of anterior lateral and mesial temporal lobes strutcasrégen
performed. However, the potential for neuropsychological decline (especially in dominant temporal
lobe surgery) has led to the developmeraaictive amygdalohippocampectorfiyTT of the mesial
structuress an effectiveoption).

1 very rarely,neurostimulatiormay be preferable if memory is superior on that side, but this should be
exceptional because a minor verbal memory decline is usually offset by seizure freedom.

No ok

Bilateral
T the i ssue i s ficonbinnumbfronh rainineakroaweakiewddenice oft @ane side, to definitely
and clearly bilatera
a) highconcern for bilateral diseag@dependent seizures on surface EEG, bilateral mesial temporal
sclerosis (MTS) on MR, cohéting lateralizing findings)
b) low concern for bilateral diseageery rare interictbspikes on the opposite site)
c) most often anywhere in betweemgh and low concern.
1 options:
a) straight unilateral resection
b) bitemporalintracranial EEG
c) high concern f orRN®datamaly aloweah eveniual esectien*shoMd there be a
strong unilateral predominarjce
*RNSis preferrecbver shorterm intracranial EEG in order to ascertain lateralization
based on a larger sample of seizures (hundreds), rather than on a limited number of seiz
obtained inEMU (and usually on reduced dosesAGMs).

NONMESIOTEMPORAL (NEOCORTICAL TEMPORAL , EXTRATEMPORAL

Lesional

Here, much of the approach depends on the nature of the lesion and, specifically, its suspected nature
(tumor, vascular malformation, cortical dysplasia, etc.), size, location (with respect to eloquent cortex),
and the degree of certainty (based on sergiobnd EEG) that the lesion is indeed causing the seizures. |
the lesion is a suspected neoplasm, then its potential for evolution into higher grades becomes part of
equation, favoring resection for tumor reasons rather than epilepsy reasonsedighétself is static and

not concerning for a neoplasm, then lesionectomy has the highest probability of seizure freedom and v
usually be preferred, with neurostimulation being a distant second choice, and probably only appropria
the resection wald involve critical eloquent cortex. Here, a partial resection can be combined with
neurostimulation, though RNS can interfere with serial MRI surveillance of lesions. Another complicatir
factor in lesional focal epilepsy is the potential for dual patilResection can be done with or without
intracranial EEG or ECoG. Hemispherectomy represents an extreme example of lesional resection (e.
hemimegalencephaly, Rasmussen's Syndrome) and also belongs in this category.

Nonlesional
This scenario (neocortical + nonlesional) is the most challenging and a very common scenariglat level
epilepsy centers.



A. Strongly lateralized (hemisphere known) Strong lateralization can be based on interictal
discharges, ictal EEG, or seizure semiology (e.g., consistent head version prior to secondarily
generalized convulsions). This scenario, most commonly frontal, wilineintracranial EEG to
cover the area in question (frontal, frontotemporal, parietal, occipital, etc.). Since the area is
usually extensive, SEEG is increasingly preferred to subdural grids and strips, but both can be
used.

B. Not confidently lateralized (hemisphere unclear) Such cases have often been referred to as
Afi shing expeditions. o I n the past, they <c
(bilateral strips and grids), resulting in a higher rate of contmica and a relatively poor
outcome. For that reason, many centers have tended to not pursue these cases for possible
resective surgery. The advent of frameless ralssisted SEEG, allows better surveying both in
space (numerous depth electrodes on hd#sy and time (electrodes can remain in place for
weeks with |little morbidity). Therefore th
palliative neurostimulation treatments. One approach here is initially bilateral frontotemporal
SEEG, which #er the first few seizures can be focused by adding depth electrodes on the
confirmed side of seizure onset once clarified [24]. Subdural electrodes and SEEG can also be
combined. In this scenario, neurostimulation is also a reasonable option, simdestleas
morbidity and the chances of seizure freedom with resective surgery are lower than in tempora
lesional cases.

EXTRATEMPORAL

VNS efficacy in focal epilepsy does not appear to be limited to temporal lobe

RNST1 37% response rate in neocortical epilepsy

CM DBS1 not as effective on focal epilepsy

ANT DBS1 Sante trial did not demonstrate efficacy in this subgroup

STNDBSiwas efficacious in small #06s tested and
TMS1 may be effective for MCD

Hippocampal DBS N/A

NookwhE

1 posterior quadrant epilepsiegounsel for hemianopsia risk as often big resections (or disconnection)
is needed.

ELOQUENT CORTEX

A. Resections

1 needmapping- grids are ideal (but preceding SEEG may guide grip implantation)

1 resections in eloquent cortex are feasible and safe (as long as preservation of functional are
observed)
outcomes are excellentliasionalepilepsies.
in nonlesionalepilepsies, if intracranial recordings provide convergent data, seizure freedom
has high probability
1 role of LITT is limitedi cannot provide mapping

T
T

B. Neuromodulation/ Cell therapy
- reserved for nonresectaldesas (as determined by direct cortical mapping)



1 can be combined with resection (limited topectomy) and mapping (precisely guides RNS
electrode placement).

SENSORY CORTEX

See p. E16 >>

ChemicalWada
Electrical Wada
fMRI - can lateralizéanguage

Practice Guideline of American Academy of Neurology:

Szaflarski J.P. et al. Practice guideline summary: use of fMRI in the presurgical evaluation of
patients with epilepsy: report of the Guideline Development Dissemination and Implementation
Subcommittee of the American Academy of Neuroldgyrology 2017;88:395402.

i fMRI usingverbal memory or language encodsttpuld beconsidered for predicting
postoperativererbal memory outcome (Level B recommendation).

i fMRI using nonrverbal memory encodinmay beconsidered for predicting postoperative
visuospatial memoryoutcomes (Level C recommendation)

nTMS

MEG - can lateralizéanguage

High-density EEG

Near-infrare d spectroscopy

H2%0-PET

Cortical stimulation (intraop vs implanted electrodes)

Epilepsy onset < 6 yohigh chances of language dominance on R side.

Language on rightin 3.4 % general population (but 25% of pediatric epilepsy population)

GENERALIZED EPILEPSY


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E16.%20Posterior%20Quadrant%20Resections%20and%20Disconnections.pdf

epilepsy

) eplépsy

fir G s i
(p tial 3

complete)

Benbadis et al. 2018

GENETIC (S. IDIOPATHIC , PRIMARY ) GENERALIZED EPILEPSY

1 this group is usually not medibaintractable, but it can be.

1 occasionally, when bifrontal epileptiform discharges mimic generalizedispike complexes
(Asecondary bilateral synchronyo), distinguli
challenging, and it is generally satererr on the side of GG&nd only pursue surgically if there is
strong evidence for a focal onset.

L ENNOXT GASTAUT TYPE (S. SYMPTOMATIC , CRYPTOGENIC GENERALIZED EPILEPSY )

1 usually with cognitive impairment (developmental intellectual disability), neurologic abnormalities
such as cerebral palsy, andddcteristic EEG abnormalities.

cause may be genetic, structural, or metabaitddoften unknown.

this group can also be considered maltif a | rat her tepilepsywi®dnéfisati ae
equi valent to fAgeneralizedo)

1
1

Resective surgery and RNS are never options for the generalized epilepsies, but corpus callosotomy, '
and DBS can be. Technically, VNS for generalized epilepsy is off label in the US but is nonetheless on
of the most common uses of VNS (endorsed by Afpilelines). Corpus callosotomy is almost never
performed in patients with GGE since they are usually mentally and neurologically healthy, but is a via
option for LGS type and while it is most often used in childiecan be performed in aduliSompared

with neurostimulation, corpus callosotomy is more invasive, more ambitious, and may have more
immediate effects. Neurostimulation is less invasive than callosotomy (VNS less than DBS), and the
therapeutic effect is delayed, taking weeks to marftneferences to use callosotomy or VNS first vary,
and both are acceptable strategies that are not mutually exclusive. Additionally, since both are palliativ
procedures, some patients will benefit from both sequentially. Very rarely, patients witty h&&f
generalized epilepsy with a lesion can benefit from a focal (lesional) resection.

Lastly, patients with true multifocal epilepsy, i.e., related to truly multifocal discrete lesions such as tub
or cavernomas, can be considered for resection if it is confidently proven that one lesion is the source
majority of the seizures.



Outcomes

VNS 44-67%response

ANT DBS'i Sante trial limited to CPE
CM DBS1T 0-100% response

RNST by definition excluded
Hippocampal DBS by definition excluded
STN DBS N/A

TMS1 N/A

NookwNE

PREOPERATIVELY

ASM

1 VALPROATE can causéleeding disorders routinely check coags and bleeding timevalues are

abnormal, decrease or discontinue* valproate and recheck values beforelsurgery
*at least 3 weeks prior to surgery (replace with another medication)
1 on surgery morning, patient receives usual medication dosage with few sips of water.
1 some center@per anticonvulsants, and completely D/C 1 day before su{@e®y.

TYPES OF SURGERY

ABLATIIONS S, RESECTIONS (curative - resection of seizuretus (up to entire hesphere):
1) lesionectomy
2) neocortical resections

DISCONNECTIONS (palliative*) - used when eloquent brain is involvieddiscomect seizure focus from
other functional parts of brain:

1) callosotomy

2) hemisphestomy

3) multiple subpial transections

STIMULATION'S. NEUROMODULATION- (palliative*)
1) RNS
2) DBS
3) VNS

CELL THERARY.

*term palliative (alleviating symptoms but not treating the underlying diggasacorrect
and unhelpful becausetracranial neuromodulation has a neuroplastic effect on brain
circuitry!

Only 10-30% of pharmacoresistant patients are candidatesgectivesurgery (rest of patienis
neuromodulation)

SURGICAL PHILOSOPHY



Nodes vs. Networks biggest debate abopathophysiology of epilepsasnd may affecsurgical
philosophy

Goals of surgery node removal / disruption (i.e. lesion resection or stimulation with RNBBS) vs.
network disconnection(lesioning or neuromodulation (DBS /RNS /VNS).
1 one prominent hypothesis is that thstribution and organization of the epileptic netwbrk
rather than the precisecation of a single seizure focusletermines surgical success.
1 distributed, highly segregated networks are associated with poorer outcomes after resective
surgery.

Analogy with oncologyi hope to removeritical portion of abnormal neuronsso then local inhibitory
mechanisms will take care of the reminder.

More brain removed / albfiafedewobetteatisei bune
freedomo) .
1 modern surgicgblanningis shiftingfrom maximizing resection volum#o selectively
targeting thanost relevant network components

1.RESECTION / ABLATION

Posterior insulanddorsal amygdalamost dangerous areas for epilepsy surgeon

Temporal Resections

see p. E3Z >>

Lesionectomy

i for structural lesionglelineated byMRIi + electrocorticography.

1 most often in frontal lobe.

1 all larger arteries or veins adjacent to or crossing gyri should be preserved.

1 avoid resection of dedfber pathways in white matter, i.e. stay in cortex (white matter is not
epileptogenic).

1 most common mistake is to remove only gross tumor and not immediate surrounding tissue (leavin

epileptogenic tissue and clinical seizures).
e.g. small vascular abnormalities surrounded by hemosiderin can be extremely epileptogenic.

N.B. lesion ineloquent cortex needECoGto guide resection (else high riskmdstop status epilepticus
i i f planning awake mapping, tell t he
will implant grid and will send you to EMU forext@ap er at i ve map

Lesioning

a) for structural lesionslelineated bRl + electrocorticography.
b) for disconnectinde.g. callosotomy)


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E15.%20Temporal%20Lobectomy.pdf
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LASER ABLATION (LITT

Temporal lobe epilepsysee p. E& >>

(e.g. guided byand delivered througBEEG) see p. E3 >>

STEREOTACTIC RADIOSURGERY (SRS

o S AR gy

Mesiotemporal lobe epilepsy (MTLE)

Corpus callosotomy

FOCUSED ULTRASOUND (FUS)

see p. Rx15 >>
1 best for hypothalamic hamartomas
1 FUS of ANT trial is under way
1 may have role in terminating stategilepticusvia neuromodulation

Tailored Neocortical Resection

i for (nonlesiongl extratemporal epilepsy
Tailored- no two operations are identical!
1 eloquent cortical regionare spared.

Role of SEEG and/or intraoperativelectrocorticography (iECoG)
- resection guidnce!
1 epileptiform discharges recorded acutely during surgery define boundaries of cortical resection.



http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E15.%20Temporal%20Lobectomy.pdf#LITT
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%2520Intracranial%2520Electrodes.pdf#RF_TC
http://www.neurosurgeryresident.net/Rx.%20Treatment%20Modalities/Rx15.%20Focused%20Ultrasound.pdf#Epilepsy
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N.B. be prepared for larger craniotomyegsleptiform dischargesiay encompass larger
area than expected!

1 Brazilians call intraop ECoG as an alternative to SEEG in poor countries: ECoG uncovers (intericta
spikes) and guides resection of #fAdormanto EZ
removed.

1 IECOoG significantly improves seizufece rates in glioma patientgerated for tumerelated epilepsy.
see p. E9 >>

Technigue for topectomy:
(a) The pia over the center line of the gyrus is coagulated with bipolar electrocautery and (b) divided w
microscissors. (c) The pial flap is then elevated and the gray matter evacuated with gentle suction.
Bipolar electrocautery is used for small vessel hemostasis, and occasionally to disrupt tissue that is no
easily suctionedd) The resection is carried down to the bottom of the gray matter of the sulcus. White
matter in the gyrus may be resected to lwel, but not further.

(@) (b)

(€) (d)
Source of picture: L¢sder s AT e PublisbenGRC Préss; BBBNLO: 1688418457605 ISBNGB:OT78y 0 1 s |
1841845760 >>

Preservation of vessels in topectomy. Respect for the vasculature is of the utmost importance, as sacr
of en passagarteries or bridging veins may result in infarction of adjacent, functional cortex, leading to
loss of function or a newpileptogenic focus


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E9.%20Epileptic%20Syndromes.pdf#TUMOR_RELATED_EPILEPSY
https://www.amazon.com/Textbook-Epilepsy-Surgery-Hans-Luders/dp/1841845760
https://www.amazon.com/Textbook-Epilepsy-Surgery-Hans-Luders/dp/1841845760
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Source of picture: L¢eder s ﬁ‘T e mbh'sbeDGRC Brés;‘; EBBNLO: 184184%7605 ISBNB.:€OT8y 0 1 s
1841845760 >>

1 resection near eloquent areas where cannot expect complete sz fréedoenRNS leads (no device)
during the same resection procedure (if mekedan add RNS IPG later).

- helps detect FCD and LGG intraop.

1 significant learning curve, artefactsmight be confusing (advisable to have radiologist helping).
9 itis OK to use US gel on cortex (just rinse off at the end).

1 use US first before opening dura.

Multilobar Resection

a) corticectomy (resection of grey matter)

b) lobe excision (resection of grey and white matter)

c) lobe disconnection

d) combination.
9 usually involvedrontoparietal parieto-occipitotemporal or parieto-occipital lobes
9 indications as for functional hemispherectomy.

2. DISCONNECTIONS

Multiple Subpial Transections (MST)
seep. E17 >>



https://www.amazon.com/Textbook-Epilepsy-Surgery-Hans-Luders/dp/1841845760
https://www.amazon.com/Textbook-Epilepsy-Surgery-Hans-Luders/dp/1841845760
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E17.%20Multiple%20Subpial%20Transections.pdf

Hemispherectomes (functional, anatomical)

see p. E9 >>

Posterior Quadrant Disconnections

see p. E& >>

Corpus Callosotomy

seep. E21 >>

Hippocampus Transections

see p. E3Z >>

3. NEUROMODULATION ( NnELECTROCEUTI CALS

1 electrical stimulation was first used therapeutically for epilepsy in the 1970s, when cerebellum beca
the firsttherapeutic target for electrical stimulation in human epilepsy, with mixed results.

AThe future of neurosurgery i s RichardDRenmMD we t al

Neuromodulation is not once and done. Programming is lengthy, lifelong prBbogsgian should be
involved in programminyg

Indications

1. Unable to localizeseizure focus

2. Unable to resect / ablateseizure focus:
a) eloguent cortex
b) multiple foci

3. Need to collecambulatory ECoG data

Neuromodulation may help bridge the treatment gap for many refractory patients


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E19.%20Hemispherectomy.pdf
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E16.%20Posterior%20Quadrant%20Resections%20and%20Disconnections.pdf
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E21.%20Corpus%20Callosotomy.pdf
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E15.%20Temporal%20Lobectomy.pdf#MHT

Low
Neuromodulation
- RNS
- VNS
a% - DBS
o
S
- Additional
> Medications
o
o
(& ]
High

Low CHANCE OF SEIZURE FREEDOM High

"Patiens tend to accept less effective but also less invasive procdure

Mechanism Of Action

Two theories (mutually nonexclusieed maybe overlapping

1. Modulation of Network / Node

2. Disruption of Network / Node abnormal resonance / synchrony
1 mostmodern approach thalamic neuromodulatioffor regional, multifocal, or generalized onsets)
influencing cortical seizure onset zones via diffuse cortical projections from the thalamus
stimulating tractss more important than regions (role of connectomics).
stimulated networks may not be pathologithéy may be normal compensatory tsact
connectivity in standardized connectome atlas (1000 normal subjects) may not be the same as in
particular patient

= =4 A

Two stimulation concepts
A. Closed loop(on-demand stimulatiori) RNS philosophyacuteabortiveeffectof stimulation
during a seizure might act throughute desynchronizationto arrest a seizurgike
electroconvulsive therapy in depression)
i Penfield and Jasper notethhibitory polarization caused by transmembrane
currents of applied curreit flattened local electrocorticography pattern
B. Open loop(continuous stimulatiori) DBS philosophychronicneuromodulatorydisease
modifying) effect
i synapsesaresaturated after the seizure ev@ntpairing longterm network
plasticity after a seizujess. stimulation during periods of relative ictal
quiescence leads tong-lasting functional network changes

Effect determinants
1. Target matters!
2. Stimulationparameters
a) don't matter(e.qg. lesion and DBS in the same target cause same effects)
b) matter a lot- maybe a reason for some failures (need lots of fine tuning to find the right
parameters); most importantssm frequency




I NWARD INTERICTAL |INHIBITION

1 precisemechanism leading to lorigrm seizure reduction is still debated.
1 evidence is emerging of inward interictal inhibition from brain regions not involved in ictogenesis on

the seizure onset zones during rest and sipglee stimulation.
Johnson GW, Doss DJ, Morgan VL, et al. The Interictal Suppression Hypothesis in focal epilepsy:
networklevel supporting evidence. Brain. 2023;146(7): 288315

Comparison Of Neuromodulations

Feature VNS DBS RNS
Closedloop Partially (newer modelg No (newer models Yes (detects
may detect tachycardig record LFPS) electrographic activity)
Tonic (continuous) Yes (by design) Yes (by design) No (by designput can
stimulation be turned on)
Recording capability | No Low resolution sensing| High resolution
6 data points/hr, 5 Hz | sensing: 250 data
range points/sec, 1125 Hz
range
Biomarker (for Very limited Limited (LFPs) Yes
epilepsy) collection
Newest model Sentival000(2017) Percept PC (2020) 320 (2019)
Sentiva DUO (2023)
Generalized or Yes Probably thalamic CM | Probably (thalamic CM
multifocal epilepsy nucleus nucleus)
Invasiveness No Yes Yes
(intracranial)
Anatomic region Vagus nervdleft side | Brain (FDA approved | Brain
by default) for anterior thalamic
nucleus)
Ease of surgical Usually, coils are left | Easiest Leaves skull defect
explantation on nerve (needs cranioplasty)
Recording capacity No LFPs Yes (1 MB)
Indication for Yes No No
depression
Positive effects on Yes Unknown Probably
mood & cognition
Children Yes( age O 4 |Off-label Off-label(predicted in
2024)
Patient compliance Not needed Not needed Yes
needed
Feedback to the patien] None/ swipe magnet tg Yes Yes
feel stimulation
Patient control None Yes None
MRI Yes exclude C7T8 Yes full body (up to Yes, full body (up to
region(upto 3 1) 3 T with Percept® 15T)
MRI exclusion zones | Yes No No
Side effects during Yes No (memory?, No
stimulation depression?)
IPG site Infraclavicular Infraclavicular Cranial




Regulatory approval | The whole world (FDA | USA (FDA - 2018), USA only (FDA -
(2018 December) I 1997 Europe- 1999 | Europe (CE mark 2013)

2010, Canada,
Australig not available
in UK

Outcomes
Biomarker pedictors of | Nor+lesional epilepsy, | Temporal thetdoand None
therapeutic responst | generalized seizures | desynchronization,
hippocampakvoked
potentials, increased
functional connectivity
between ANT and the
default mode network

Median seizure 45% (EOD) 41% (SANTE) 67% (Postapproval)

reduction at 1 year

Best nedian seizure 76% at10yrs 75%at 7 yrs 75% at 9 yrgtrial data),

reductiorf** 56% at 5 yrs (MORE) | 82%at 3 yrs (postrial

data)

Responder rate (> 50% 41% at median 3.5

seizure reduction) years(MORE)

Superresponder rate (5 35% of patients

90% seizure reduction)

Seizurefreedont** * Long term follow up: | At 7 yrs:18%of At 7 yrs:at least me

8% were seizure free | patientsexperienced at | seizurefree period

leastone 6month lasting:
seizurefree period, 7%| O 3 m-B%4 di s
were seizurdree for patients

the preceding2years | O 6 m®R9% dfi s
At 3.5 yrs: 46 (MORE) | patients

01 year- 16%of
patients

*value of recorded data is evident in at least 6 domains: informing additional surgical procedure
seizure forecasting, medication management, lifestyle management, spell characterization, and
biomarker detection.

o0 60% of individuals exhibit multidien seizure cycles, and 83%tcadian cycle.

0 RNS may predictvhether a new antiseizure drug would be efficacious wititnaeeks
**reliable predictors of therapeutic response are lacking across neuromodulation ¢gptsons
failure of oneneuromodulation optiodoes not predict response to anotieuromodulation
option)

***follow up studies dismissed patients who stopped using devices or were lost for foliodv up

to count those as treatment failures, responder rate (50% seizure burden reduction) remains ste
over time at & 40% across different device:
**** medical therapy alonia drugresistant epilepsgives12-month seizurgemissionin 33.4%

of patientsat 7years!
Handforth, Aet al.Vagus nerve stimulation therapy for part@hset seizures: a randomized active
control trial. Neurology199851(1):48-55.

SElIzURE OUTCOMES

With neuromodulationihere is no endpoir@sprogramming options are infinité
Therapy optimizatiormn neuromodulation is slow buaever plateaus



V.muﬂ’s Nores SURGICAL TREATMENT OF EPILEPSY E11 66)
VNS, RNS, and DBS all have RCTs (Rolston et al., 2012)
TABLE 1: Randomized controlled trials of VNS compared with other stimulation-based therapies*
No. Patients (no.In % w/ Selzure Reduction, % w/ Seizure % Responder % Responder _Regulatory Approval
Study active group) Blinded (95% Cl) Reduction, 1 Yr Rate, Blinded  Rate, 1 Yr FDA CE Mark
VNS yes yes
EO3 114 (54) 24.5 (14,1-34.9) 43 3
EOS 196 (94) 279 (21.0-34.8) 45 234
thalamic DBS—SANTE 109 (54) 40.4 (NR) 4 NR t yes
cortical stimulation—RNS 191 (97) 37.9 (27.7-46.7) NR 29 t t

* Seizure reduction Is defined as change in actively treated patients compared with their baseline seizure frequency. Responder r yes e defined as a
= 50% reduction in seizure frequency experienced In actively treated patients. The = 50% responder rate is not reported in the S# yes lal, although it
was not significantly different from the untreated group. NR = not reported.

t Pending review.

Median Seizure Reduction
Versus Baseline (%):

Responder Rate
= 50% Seizure Reduction:

Seizure Freedom Rate:

VNS RNS DBS
(LilaMova) (HeuroPace) (Medtronic)
» 45% (N=195, EO5) » 44% (N=181) » 41% (N=99)
Year 11, 333 (N=102, E03)

""" Year 2 | 41% (N=51, EO3) |+ 53% (N=174) [« 56% (N=82)
. 53% (N=75)
. 66% (N=76)
. 69% (N=59)

. 43% (N=99)

. 54% (N=81)

= 2 Years

* 5.4% (5 years)




STIMULATION TIME

Average time stimulation is delivered in 24 hrs:

RNST 6 mins(in patients with frequent detections, stimulation time may approach DBS)
VNS 130 mins

DBSi 240 mins

RECORDING CHRONIC INTRACRANIAL DATA

Value of these data is evident in at least 6 domains:
1) informing additional surgical procedures
o among 15RNSpatients with presumed bilateral epilepsy, 25 pati€r%o) had a mesial

temporal lobe resection informed by chronic ambulail6BG.

Hirsch LJ, Mirro EA, Salanova V, et al. Mesial temporal resection following longterm ambulatory

intracranial EEG monitoring with a direct brairesponsive neurostimulation system. Epilepsia
2020;61(3):40820

2) seizure forecastinginterictal epileptiform activity oscillatesith subjectspecificmultidien
(multiday) periodicity (60% patients)in addition to the welknowncircadian rhythms (89%
patients)
0 seizures occur preferentially during the risplgase of these multidien rhythms of interictal

activity i information to adjust medication timing to increase efficacg reduce side
effects.

3) medication management









































































