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Pathway of epilepsy management
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Sequential AED trials epilepsy

37 Drug
Monotherapy

Assessment of AEs & Seizures

Initial
Monotherapy LAEPs, GAD-7, NDDI-E, QOL-3I
j# 2" Duotherapy Quadruple Drug
Duotherapy - or Triple Therapy Therapy
I

New generation AED

Park KM, et al. J of Epilepsy Research 2019;9:14-26




Phenobarbital 1919
Phenytoin 1938
Primidone 1954

Ethosuximide 1960

Carbamazepine 1974

Valproicacid 1978

3 gen AEDs

Felbamate 1993
Gabapentin 1993
Lamotrigine 1994
Topiramate 1996

Tiagabine 1997

Levetiracetam 1999
Oxcarbazepine 2000

Zonisamide 2000
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4 Pregabalin 2005 )
Rufinamide 2009
Lacosamide 2009
Vigabatrin 2009
Clobazam 2011

Ezogabine 2011
Perampanel 2012

Eslicarbazepine 2014




Pattern of treatment response

Table 1 Seizure-free rates with successive antiepileptic drug regimens

Drug No. of Seizure-free on Seizure-free on Total no. % of cohort % Seizure-free
regimens patients monotherapy combination seizure-free seizure-free onregimen

First 1,098 543 0 543 49.5 49.5
Second 398 101 45 146 133 36.7
Third 168 26 15 41 3.7 24.4
Fourth 68 11 1.0 16.2

125

12.5

0.0

6 5
1 3
ol 1
1 i . 22.2
0 0
0 0

0.0

SZ freedom does not differ substantially
whether an established or a new-generation AED is used.

Brodie MJ, et al. Neurology 2012;78:1548-54



Epilepsia, 51(6):1069-1077, 2010
doi: 10.1111/j.1528-1167.2009.02397 .x
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Definition of drug resistant epilepsy: Consensus

proposal by the ad hoc Task Force of the ILAE Commission on
Therapeutic Strategies

*'Patrick Kwan, tAlexis Arzimanoglou, {Anne T. Berg, §Martin J. Brodie,
qW. Allen Hauser, #Gary Mathern, **Solomon L. Moshé, 1 Emilio Perucca, }{Samuel Wiebe,
and §§2Jacqueline French

aDrug-resistant or Medically intractable epilepsy

 “a failure of adequate trials of 2 tolerated, appropriately chosen and
used anticonvulsant drug schedules (whether as monotherapy or in
combination) to achieve sustained seizure freedom.”

Kwan P, et al. Epilepsia 2010



Exclude pseudoresistance
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Table 1. Some Reasons for Pseudoresistance to Antiepileptic Drug Therapy. \

Reason Examples

Wrong diagnosis Syncope, cardiac arrhythmia, or other condi-
tions; psychogenic nonepileptic seizures

Wrong drug (or drugs) Inappropriate for seizure type; pharmaco-
kinetic or pharmacodynamic interactions

Wrong dose Too low (overreliance on “therapeutic” blood
levels); side effects preventing drug
increase

Lifestyle issues Poor compliance with medication; alcohol or
drug abuse

Kwan P, et al. N EnglJ Med 2011;365:919-26.




Pathway of epilepsy management




Pattern of treatment response

Newly diagnosed epilepsy
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d Pattern A: Early and sustained
Pattern B: Delayed and sustained

Not seizure-free
within 6 months
N=574

Pattern D: Never SZ-free

1

'

Seizure-free
after 6 months

N=302

I

N=1,098
Seizure-free Seizure-free within 6 months
immediately after initial recurrence
N=350 N=174
Remained Seizure relapse Remained Seizure relapse Remained
seizure-free N=88 seizure-free N=28 seizure-free
N=262 (Pattern C) N=146 (Pattern C) N=246

(Pattern A) (Pattern A) (Pattern B)

!

Y

Seizure relapse Never
N=56 seizure-free

(Pattern C) N=272
(Pattern D)

'

Seizure-free at Not seizure-free Seizure-free at
last follow up at last follow up last follow up
N=63 N=53 N=32

Not seizure-free
at last follow up
N=24

DA @B ECHED

Neurology. 2012 May 15; 78(20): 1548—-1554.



SZ freedom rate after newly added ASM
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» 850 DRE focal epilepsy

* Study participants were
followed up prospectively
over 18 months (max 34
months) after the
introduction of another ASM
into their regimen.
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Figure 1: Seizure freedom rates after a newly added antiseizure medication, by number of previously tried
antiseizure medications

Perucca E, et al. Lancet Neurol 2023; 22: 723-34
Mula M, et al. Epilepsia 2019; 60: 1114-23



Rational polytherapy
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15t AED fails due to lack of tolerability =2 2" mono

15t AED fails due to inefficiency
—>Add-on (partially effective from 1t AED)
= 2" mono (totally ineffective from 15t AED)

*2"d mono should be considered in
oElder, women w/ child bearing age
oCompliance challenging
oCost




Rational Combination of AEDs
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Recommend

: Na-Channel blocker + GABAergic
: Na-Channel blocker + multiple mechanism AED
: Valproate + Lamotrigine

Not recommend
: Na-Channel blocker + Na-Channel blocker

- more neurotoxic side-effects; dizziness, diplopia and
ataxia



Synergistic combination regimen

VPA + LTG +++
VPA + ETX ++ In absence
LTG + TPM +
LCS + LEV ++
LTG + LEV ++
VPA + LEV +
VPA + clobazam + stiripentol +++  InDravet syndrome
VPA + LTG + BZP ++ In epileptic encephalopathy
+++ controlled trials
++ case series or observational studies
+ case reports

Lee BI, et al. Epilepsy Research 2019; 106-5
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Guidance for combining AEDs

Establish optimal dose of baseline agent

Add drug with multiple mechanisms

Avoid combining similar MOA

Titrate new agent slowly and carefully

Be prepared to reduce dose of original drug
Replace less effective drug if response still poor
Try range of different duo therapies

Add 3 drug if still suboptimum

M.J. Brodie. Seizure 20 (2011) 369—-375
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Interaction between 15t & 2"9 AEDs

AED Monotherapy

¥
SI-NEURO
Seizure control Seizure control unsatisfactory

Consider introduction of 2™ AED

2™ AED _assc_)ci‘ated wiFh 2™ AED not associated with
pharmacokinetic interactions pharmacokinetic interactions

2% AED is a 2™ AED is Metabolism of Metabolism l
hepatic a hepatic 2@ AED of 2 AED Introduce 2™ AED

enzyme enzyme induced by 18 inhibited by l

inducer inhibitor AED 1t AED
AED titration need not take into
< ‘ : * avsen azm ein oo : ‘ TP { : consideration complications
} Dose titration of 2™ AED will depend on the type of interaction between | resulting from drug interactions
the 2 AEDs
. v v
Dose of 1 AED  Dose of 15t AED will A higher dose A lower dose of 2
will need to be need to be of the 2@ AED AED will be necessary
increased as 2™ decreased as 2™ will be to achieve seizure
AED is introduced AED is introduced so necessary to control and to avoid
so as to maintain as to avoid achieve seizure drug-related adverse
seizure control precipitation of side control effects
associated with effects by 1t AED
1t AED




Expected changes in plasma concentration when new AED
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Effect of
eet o [JEnz inhibitor

On PB® PHT® PRM® ESM (BZ® VPAY FBME VGB GBP LTG TPM® TGB OXC® LEV PGB ZNS LC
P - 1 - - - ‘>~ r~ | - - - - 1 - - - -
PHT 1, - 1l - -~ - -1 - 1T - - - -
PRM - - . | - - - - -
ESM - . -

CBZ - - 1
VPA - -

FBM

VGB

GBP

LTG

TPM

TGB

OXC

LEV

PGB

ZNS

LCS

0C

Expert Opin. Pharmacother. (2010) 11(7)



Practice guideline update summary: Efficacy and
tolerability of the new antiepileptic drugs I:
Treatment of new-onset epilepsy

Report of the Guideline Development, Dissemination, and Implementation

Subcommittee of the American Academy of Neurology and the American Epilepsy Society
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Practice guideline update summary: Efficacy and
tolerability of the new antiepileptic drugs II:
Treatment-resistant epilepsy

Report of the Guideline Development, Dissemination, and Implementation Subcommittee of

the American Academy of Neurology and the American Epilepsy Society
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Edward Faught, MD, and Jacqueline French, MD guidelines@aan.com

Neurolog® 2018;91:82-90. doi:10.1212/WNL.0000000000005756
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New-onset focal epilepsy:
* LTG (level B), LEV & ZNS (level c) are recommended

New-onset focal epilepsy (>60yo0):
° TG (level B), GBP (level C)

Absence epilepsy:
*VPA > LTG
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Practice guideline update summary: Efficacy and
tolerability of the new antiepileptic drugs II:
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Effective to reduce seizure frequency in focal epilepsy
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Rationale polytherapy

.
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Drug-drug interaction

Patient-oriented
VectorStock.com/26173931




Patient-oriented: To choose, To avoid

Obesity
Migraine
Skin rash

Neuropathic pain

Depression +/-
Behav/Psych

Cognitive dysfn
Concomitant drugs
Osteoporosis

Tremor

TPM, ZNS
TPM, VPA, ZNS, PGB, GBP

LEV, GBP, PGB, TPM, VPA,
PER, LCM

PGB, GBP, CBZ, OXC, PHT
LTG, CBZ, OXC, VPA, PGB

LTG, LEV, OXC

GBP, LEV, PGB, VPA
LTG, LEV

TPM, PER

VPA, PGB, GBP, PER

LTG, OXC, CBZ, PHT, PB

LEV, PV, PRM, TPM, ZNS,
PER

PB, TPM, ZNS

El-drugs

El-drugs, TPM, VPA, ZNS
VPA




Patient-oriented: To choose, To avoid

Restless legs syndrome GBP, PGB, CZP

Renal stone TPM, ZNS
Glaucoma TPM
Hematological disorder CBZ, VPA
Hyponatremia OXC, ESL, CBZ
Hepatic disease New AEDs VPA

Renal disease Old AEDs

Cardiac arrhythmia CBZ, LTG, LCM, PHT
Cancer VPA, LEV, PER El-drugs

Heat stroke TPM, ZNS
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Treatment Alternatives for DRE:




Type of surgical procedure

Anterior 2/3 callosotomy
Postenor 1/3
callosotomy

ol 2
\ ‘_‘_:,,r

Antenor temp oral

Amgdalohippo campeactomy
fobectomy

Frontal
wbedtony Caormpus callostomy

. 'I,—Cem-'a: area Motor cortex Sensory
/ . resection '

fan. || Vagus nerve

P, - 1 .

;.?T—._' Electrode lead

: f— Neurocybarenatic

N ‘ prosthesis
Compiaete te mporal .

Sy —

He mispherecto my transschon of ' Yo mesion
sansory motor cortex

Functional N EoKIy & iMiole 4 /
AR Multiple subpial ¢ W Lateral chest

Implantatin of vagus nerve stimulator




Resective surgery

- - . . SI—URO
Resect epileptogenic zone to eliminate or reduce SZ

Without causing deficits

Indication DRE with SZs that interfere daily living

The progression timeline should reach > 2 years, except
in patients with life-threatening SZs or in children

Epilepsies that can be treated with surgery




Contraindication
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No absolute C/I

1. Age; in elderly should be carefully assessed

2. Etiology; progressive neurological disease, except Rasmussen encep
3. Concerning comorbidity that high risk for surgery

4. Concomitant psychiatric disorder: if it may compromise the result
5. 1Q < 70 shows poorer prognosis; but not absolute C/I



Misconception re; epilepsy surgery

Many drugs need to be tried. After failing two AEDs, the chance of seizure remission
is very low.

Multiple or diffuse lesions on MRI contraindicate The epileptogenic zone may involve only one lesion, or

surgery. part of a lesion.

Bilateral EEG spikes contraindicate surgery. Bilateral interictal spikes are common in people with
unilateral seizure onset.

Surgery is not possible if eloquent cortex is involved. Risks and benefits can be evaluated on a case-by-case
basis.

If there is an existing memory deficit, surgery will Poor memory usually will not get worse after surgery,

worsen it. and may improve.

Chronic psychosis contraindicates surgery. These individuals may benefit from eliminating or
reducing seizures.

Q<70 contraindicates surgery. These individuals may benefit from eliminating or
reducing seizures.

(Adapted from Vakharia et al. Ann Neurol 2018;83:676-690.)




DRUG RESISTANT EPILEPSY A \\\w‘\\‘,\é;
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NO LESION SEEN ON EPILEPSY PROTOCOL MRI: LESION SEEN ON EPILEPSY PROTOCOL MRI:
SUBSTRATE -VE SUBSTRATE +VE

+

STANDARD INVESTIGATIONS: EEG, MRI, VEEG

PATIENT NOT A SUITABLE CANDIDATE
FOR CURATIVE/PALLIATIVE SURGERY

ADVANCED INVESTIGATIONS: SPECT, PET

v

INVASIVE EEG*

Electrocorticography

EVALUATE FOR Vagal nerve stimulation v

(VNS)
[some role of VNS in patients suitable for corpus callosotomy] EPILEPSY SURGERY

Annals of Indian Academy of Neurology 2010 13(2):87-93




Anterior temporal lobectomy outcome £
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Surgical group (n=40)
Minimal mesial
resection

Amygdala y

Maximal lateral
resection

Impairing Awareness

Hippocampus
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Medical group (n=40)

10-30cm’

6.0-6.5 cm Nondominant
4.0-4.5 ern Dominant

al group (n=40)

Percentage without
Any Seizures

Medical group (n=40)
- 3%
T

8 10 12
Months

Wiebe S. N EnglJ Med 2001; 345:311-318



Results of epilepsy surgery

Surgically treatable syndromes
Mesial TLE -> amygdalohippocampectomy w/ or w/o ATL 70-80%

Neocortical epilepsy with single circumscribed lesion -> lesionectomy
- Temporal 70-80%

- Extratemporal 60-70%
Poorer outcomes

Neocortical epilepsy with single poorly-circumscribed lesion:
- Temporal

- Frontal

- Parietal

- Occipital

Non-lesional epilepsy
- Temporal
- Extratemporal

Neurologia. 2015;30 (7):439-446



Palliative surgery

* Multiple subpial transection * Corpus callosotomy SI-NEURO

sExclusively in eloquent area; =Partial or total
Landua-Kleffner syndrome =For atonic SZ

m55% SZ free, 4% with deficit " 70% shows SZ reduction

(illustration detail)
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---- Median: 10.1
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Recommendation
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1. Referral for a surgical evaluation should be offered to every patient
with DRE (up to 70 years of age), as soon as DRE is ascertained,

2. A surgical referral should be considered for
* older patients with DRE who have no surgical C/I
e patients who are seizure-free on 1-2 ASMs but have a brain lesion
in non-eloquent cortex

3. Referral for surgery should not be offered to patients with active
substance abuse who are non-cooperative with management

Jehi L, et al. Epilepsia. 2022;63:2491-2506



Guideline for suspected or confirmed DRE

Has the occurrence of non-epileptic events
(eg, psychogenic non-epileptic spells, syncope,
and transient ischemic attacks) been excluded?

.

Has a diagnosis of pseudo-pharmacoresistant
epilepsy” been excluded?

:
.

Investigate the cause of the seizure disorder.
Are targeted pharmacological or dietary
therapies indicated?

A J

No

Re-assess the diagnosis and adjust
management accordingly

No

v

No

Address the cause of poor seizure control by
providing counselling, or by adjusting
antiseizure medication

Is the individual a potential candidate for
epilepsy surgery?

SI-NEURO

h 4

No

.

Yes

Prescribe targeted therapy as appropriate
(eg, ketogenic diet for GLUT-1 deficiency or
immunotherapy for immune- related seizure
disorders). Should this approach not work,
proceed to the next step in the management
algorithm.

Consider further trials of antiseizure
medications or other therapeutic options,
including dietary therapies and
neuromodulation-based therapies. If seizures
persist after surgery, investigate the cause of
surgical failure and the possibility of repeat
surgery. Organise a comprehensive plan
including, as appropriate, management of
adverse drug effects, seizure exacerbation,
sejzure clusters, and risk of seizure-related
injury or mortality. Avoid overtreatment and
address comorbidities as needed.

Yes

Refer to presurgical evaluation and epilepsy
surgery if appropriate. Should the surgical
option prove to be unfeasible or ineffective,
proceed to the next step in the management
algorithm.

Schedule regular follow-up and review clinical
management as needed

Perucca E, et al. Lancet Neurol 2023; 22: 723-34



Non resection techniques
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*\Vagus nerve stimulation

* Trigeminal nerve stimulation

* Gamma knife radiosurgery



Vagus nerve stimulation

* Not surgical candidate SI-NEURO
oBoth focal and generalized epilepsy

* Median SZ reduction 44.6%

*50.6% of patients — SZ reduction > 50%
*4.6% - SZ free

*SZ reduction 60% in pt < 6 years old

What to Expect During VNS Implantation

J Neurosurg. 2011;115:1248—55



Efficacy of vagus nerve stimulation over time: Review of 65 consecutive patients with & 5\.‘.3,,
treatment-resistant epilepsy treated with VNS >10 years

v/l

Robert E. Elliott **, Amr Morsi ?, Omar Tanweer , Bartosz Grobelny 2, Eric Geller °, Chad Carlson €,
Orrin Devinsky ™“¢, Werner K. Doyle **
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Epilepsy & Behavior 20 (2011) 478-483




* Potentially regulate
cortical/subcortical circuit
* Targeted at
=anterior nuclei of thalamus
=Caudate nucleus
="Hypothalamus
=Cerebellum

°In ATN;
056% SZ reduction
054% of pt - >50% SZ reduction

Epilepsia. 2010;51:899-908



Responsive neurostimulation

Treat Seizures
at Their Source




DBS vs RNS
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Treatment Alternatives for DRE:
Outline




Ketogenic diet
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Ketogenic diet

* High fat -- Adequate protein -- Low carb
* Commonly used in epileptic children

* Force the brain to use “ketone” instead of glucose |
SRS

* KD promotes synthesis of glutamine (precursor of
GABA)
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Table 1. Example of Typical Ketogenic Diet Meals Typical American diet
Using a 1100 keal, 4:1 Ketogenic Diet (for a Typical 4-

Year-Old Child) X
Breakfast Sl—NEURO

90 g ketogenic pudding

44 ¢ cream cheese

13 g eggs

. Atkins (induction phase) Efflca Cy
29 g heavy cream

10 g strawberries ° 50% SZ red uction;

Lunch

40 g 36% heavy cream >50% Of pts

8 ¢ medium-chain triglyceride oil (mixed into cream)

Dark meat chicken salad ° 90% SZ rEd UCtlon; 1/3

20 g dark meat chicke _ o
e o Classic ketogenic diet 4:1 Of ptS

8 ¢ mayvonnaise
20 g avocado
Dinner
35 g 36% heavy cream
Ground beefl and cheese

11 g ground beef * Respond in 2 wks

10 g cheese

$ g butter MCT ketogenic diet e Recommendation to

26 g cooked broccoli
11 g butter try 3 mo
Snack
Ketogenic chocolate candy
3 g cocoa
6 g butter

6 g coconut oil O Carbohydratel Protein I Dietary fat B MCT oil [l Ch||d Neu rol . 2009’24 979-988




Table 4. Potential Beneficial Indications for Dietary
Therapy (Adapted From Ref 5)

SI-NEURO

Probable Benefit (at Least 2 Publications)

Glucose transporter protein 1 (GLUT-1) deficiency

Pyruvate dehvdrogenase deficiency (PDHD)

Myoclonic-astatic epilepsy (Doose syndrome)

Tuberous sclerosis complex

Rett syndrome

Severe myoclonic epilepsy of infancy (Dravet syndrome)

Infantile spasms

Selected mitochondrial disorders

Children receiving only formula (infants or enterally fed patients)
Suggestion of benefit (one case report or series)

Landau-Kleffner syndrome

Lafora body disease

Combined use with vagus nerve stimulation

Combined use with zonisamide

J Child Neurol. 2009;24:979-988



Treatment Alternatives for DRE:
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Take home messages
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