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Early Intervention & Long-term Outcomes
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SPECIAL REPORT Epllepsla

ILAE classification and definition of epilepsy syndromes
with onset in neonates and infants: Position statement by
the ILAE Task Force on Nosology and Definitions

Sameer M. Zuberi' | Elaine Wirrell’® | Elissa Yozawitz'® | Jo M. Wilmshurst'® |
Nicola Specchio® @ | Kate Riney®”© | Ronit Pressler® © | Stephane Auvin'"c |
Pauline Samia' @ | Edouard Hirsch?© | Santiago Galicchio™ | Chahnez Triki' |
0. Carter Snead’® | Samuel Wiebe'*® | J. Helen Cross'™ @ | Paolo Tinuper™® |
Ingrid E. Scheffer” © | Emilio Perucca®™ @ | Solomon L. Moshé*#*% o |

Rima Nabbout®’ ©

Self-limited epilepsies

Self-limited neonatal epilepsy (SelLNE)
Seli-limited familial neonatal-infantile
epilepsy (SeLFNIE}
Self-limited infantile epilepsy {SeLIE)
Genetic epilepsy with febrile seizures
plus (GEFS+)
Myoclonic epilepsy in infancy (MEI}
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3D figure of epilepsy syndromes

Rima Nabbout? @ | Mathieu Kuchenbuch®**© | Paolo Tinuper®®® |
1. Helen Cross’ @ | Elaine Wirrell®*®

Groups of epilepsy syndromes

Em DEEEE ndromes with ressive
Pt & Syndromes with progr

ical doterioration
Bl Genetic Generalized Epilepsies
- a Ay

B Self Limited Epilepsies o

Combined
€ generalized and
3 focal seizures

Self-limited
and/for
pharmacoresponsive
epilepsies

Drug resistant
epilepsies
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Risk Factors of Infantile Epilepsy

Phenotype
* Perinatal injury ‘
* Cortical malformations -  tens

* Genetic etiologies  Syndrome

!

* New onset epilepsy or DRE ‘

~N

e Medical treatment

J

~N

e Dietary treatment

J

~N

e Surgical treatment

J

(B &
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Parcxysmal event suspected to be seizures. If history or home
video recordings are inconclusive, use EEGs or video EEGs

v
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Neonatal seizure subtypes (all focal) | hildhood seizure subtypes (similar to adults)
a) Motor
« Automatisms |
= Clonic*
e spams : * o :
= Myoclonic Fo<al seizures Generalised seizures Unknown whether focal Undlassifiect
= Sequential » Focal preserved R Earc S o1 generalised
= Tonic CONSCiousness seizure « Typical absence « Preserved consciousness
b) Non-motor » Focal impaired « Atypical absence seizure
= Autonomic (classified by heart rate, respiratory change, consclousness seizure « Myoclonic absence « Impaired consciousness
skin colour, or combinations thereof) » Fecal to bilateral tonic- « Eyelid myoclonia with or seizure
= Behaviour arrest clonic selzure without absence + Bilateral tonic-clonic
) Undlassified With semi descripters 3 . seizure
d) If there are no clinical signs, then electregraphic (often in d\ronol:{gk?g: sequence mﬁ 9:::"'“:" st
classified with in status epileptic monitoring or hypothermia se-zur’t DSCINES
s hypordc o Eneim ool « Generalised clonic seizure
« Generalised negative
myodonic sezure
» Generalised epileptic
spasm
« Generalised tonic seizure
= Generalised atonic seizure
= Generalised myoclonic-
atonic seizure
M
Focal epilepsy subtype Generalisad epilepsy Combinad focal and Undassified epilepsy
subtype generalised epilepsy subtype
subtypes
Proceed to classification of epilepsy syndiome (Figure 2) I

Figure 1: Classification of seizure and epilepsy subtypes in neonates and childhood
8/6/2026 EST 2026 6
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. " (Gene-STEPS): an international, multicentre, pilot cohort
study
Alissa M D'Gama, Sarah Mulhern, Beth R Sheidley, Fadil Boodhoo, Sarah Buts, Natalie | Chandler, joanna Cobb, Meredith Curtis,
Edward | Higginbotham, Jonathon Holland, Tayyaba Khan, Julia Koh, Nicole S ¥ Liang, Lyndsey McRae, Sarah E Nesbitt, Brandon T Oby,

Ben Paternoster, Alistair Patton, Graham Rose, Elizabeth Scotchman, Rozalia Valentine, Kimberly N Wiltrout, Gene-STEPS Study Group*, IPCHIP
Executive Committee*, Robin 2 Hayeems, Puneet Jain, Sebastian Lunke, Christian R Marshall, Shira Rockowitz, Neil ) Sebire, Zomitza Stark,
Susan M White, Lyn S Chitty, | Helen Cross, Ingrid E Scheffer, Vann Chauf, Gregory Costaint, Annapurna Pedurit, Katherine B Howeilf, Amy McTaguet

Lancet Neurol 2023; 22: 812-25

I Self-limited neonatal epilepsy [ Early infantile DEE [ Non-specific DEE
3 Self-limited infantile epilepsy [ Infantile epileptic spasms syndrome  El Other focal epilepsy
I Self-limited familial neonatal-infantile epilepsy [l Dravet syndrome 31 Other syndrome

-
S~ E

8/6/2026 A ] EST 2026 7
ge at seizure onset




th

ANNIVERSARY
ANNUAL MEETING

Yield of genetic testing and

Diagnosis

pathogenic variant (s)

Familial seli-limited neonatal / neonatal-infantile
epilepsy (SeLNE, SeLNIE)

Previously benign familial neonatalineonatal-infantile
epilepsy BENE/BFNIE

> 90% of familial cases

Self limited familial infantile epilepsy (SelIE) > 90% of familial cases

Previously benign familial infantile epilepsy [BFIE]

Autosomal dominant sleep related hypermotor
epilepsy (ADSHE) Previously autosomal dominant
nocturnal frontal lobe epilepsy (ADNFLE)

~ 30% of familial cases

Autosomal dominant epilepsy with auditory features  ~ 50% of familial cases
(ADEAF)

Familial focal epilepsy with variable foci ~ 80% of familial cases

Isolated FE Rarely due to identified
MONOZENIC Causes

recommended testing strategy

individuals

Genetic test(s) indicated

ESIGS*

ES/GS*

ES/GS*

ES/GS*

ES/GS*

ES/GS* only to be considered in
case of:

- positive family history

- additional symptoms (e.g. 1D,

autism, dysmarphology, etc.)
pharmacoresistance

~ 30% of familial cases
Up to 90%: repeat
expansion

Genelic epilepsy with febrile seizures plus (GEFS+)
Familial adult myoclonic epilepsy (FAME)

Idiopathic generalized epilepsy (IGE)
Childhood absence epilepsy (CAE)

Juvenile absence epilepsy (JAE)

Juvenile myoclonic epilepsy (IME)

Generalised tonic-clonic seizures alone (GTCA)

Rarely due to identified
monagenic causes

Isolated GE Rarely due 1o identified

monogenic causes

" 4

ES/GS*®
RP-PCR

ES/GS* only to be considered in
case of:

- positive family history

- additional symptoms (e.g. 1D,
autism, dysmarphology, ete.)

- pharmacoresistance

ES/GS*® only to be considered in
case of:

- positive family history

- additional symptoms (e.g. 1D,
autism, dysmarphology, etc.)

- pharmacoresistance

Developmental and epileptic encephalopathies (DEE)

Unspecified DEE and related ~ 50%
phenotypes (e.g. PME, complex MCD,
Fragile X, etc.)

Neonatal  Early-infantile DEE ~ 60%

ES/GS* andfor fragment length
analysis

ES/GS*

Epileptielisord 2022; 24 (5): 765-786

Mutated genes associated with

Specific classification of early-infantile-

onset DEEs

Dravet syndrome
Ohtahara syndrome

Wesl syndrome

Early myoclonic epileptic encephalopathy
GLUT1 deficiency syndrome

Malignant migrating focal seizures of
infancy

Early-infantile-onset DEE-BS
Early-infantile-onset DEEs with dyskinesia

Larly-infantile-onset DEEs limited to
females with cluster seizures

Early-infantile-onset DEEs starting with
febrile seizure

early infantile onset DEE

Associated gene

SCNI1A, PCDH19
KCNQ2, STXBP1

SCN3A, SCN2A, SCN8BA, CACNATH, DEPDC5, MECP2, DYNC1H1, CDKLS,
ALG11, CCDC88C, GABAAT, ILTRAPLT, RNASEH2B, SLC19A3, STXBP1,
OQARS, COL4A2

TBC1D24
SLC2A1
KCNT1

KCNQ2, STXBP1, SCN2A, PIGA
STXBP1, CDKL5, SLC2AT
SMCI1A

SCNI1A, PCDH19, HNRNPU

DEE: developmental and epileptic encephalopathy; DEEs: developmental and epileptic encephalopathies; DEE-BS: developmental and epileptic
encephalopathy with burst suppression; GLUT1: glucose transporter type 1.

EST 2026
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Phenotypic & Genotypi

Table 2. Summary of the phenotypic and genotypic information of epilepsy related to potassium channels.

channels.
Functional . . Recommended
Gene Syndrome Analysis Type of Seizures Treatment Used Teeatnseiit Reference
GEFS+ GoF febrile STRP, VPA, TRP + V
SCN1A - o Tonic—clonic, CLB, TPM, R [9-15]
myoclonic CBD, STCL, FEN CLB
BENIS GoF partial, secondary
’ ! generalized
DEE GoF nd
Episodic ataxia GoF nd PHT, CBZ, = P ) N
SCN2A Akl apacian . nd LEV. BDA,vpa  high-dose PHT - [20-2231)
disorder
lntcilucu:)aégmabll:ly, LoF wd
BENIE, DEE GoF tonic
EIEE13 GoF myoclonic
Autism spectrum ; PHT, CBZ, TPM, . o
SCNSA disorder LoF myoclonic LEV, VAL, PB high-dose PHT [27-31)
Intellectual disability LoF e o
g autonomic

Int. J. Mol. Sci. 2023, 24, 16280

8/6/2026
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Gene Variant Functional Analysis Type of Seizures Treatment Used R ded Tr Ref
<TRIG>A nd Focal VA cBz B
g v
<888GST GoF Tonie, focal 4AT.LEV. OKC. VPA, LCM, PEIT, 1641
KCNAT CLB, VGB, KD
p-Val368Leu LoF Tonic—clonic OXC, PB OxXc [65)
c213CT nd Clonic PB, CLB, CBZ, ZNS, VPA 1661
C124C> T nd Generalized convulsive PB; CBZ, LEV, PHT, LTG, VPA AZA 5]
Focal, myoclonic seizures, FDS, focal motor
c1214C5T LoF seizures, secondary generalized TPM, OXC, VPA, LEV AZA
tonic—clonic
788T>C LoF Myoclonic, myoclonic-atonic PB, VPA, OXC, LEV, CBZ, CLB, LTG CLB, LTG
C12UCT LoF Focal, focal dyscognitive, focal motor VPA, LEV VPA, CLB, TPM
KENA2 selioes; 120)
C1214C5T LoF fiebrille, focal motor seizures, secondary oy ypa, CLB, STM, LEV, PRED LEV
generalized tonic-clonic
HT, VPA,
CHMGST GoF Generalized tonic-clonic, myoclonic CBZ, LTG, CL8, Nd
TPM, OXC, LCM, LEV
CBNG>A GoF Generalized tonic-clonic, absences PMD, VPA, LTG L1G
C1678C>T nd PB, VGB ™
917C>T nd PB,CLB, LEV VGB, ZNS, KD
€997C>T nd rB "\
B0IC>T nd Myoclonie PB, CLB, LEV, PHT, TPM, VGB PHT, OXC
33T nd Tonic, clonic, autonomi OXC, high-dose stervids, KD
Chetr CT73AT nd Tonic, clonic, autonomic CBD LEV,KD s
KCNg? PGB, LEV, VPA 12]
CB8G>A nd Toniec, autonomic LEV, PB e
C629G>A nd Tonic, clonic PB, PHT, VPA, LEV PHT, OXC
63C>T nd Tonic VPA, VGB, TPM 116G
eTCST nd Tonic CBZ, CLB, LCM TG
1118 + 1G>T nd “Tonic, clonic VPA, OXC VPA, OXC
KCNQ1 817C>T nd Subsequent tonic—cloni CBZ [s0)
R " FIAM, generalized tonic, generalized XD QUIN, CAD [
- tonic-clonic
KCNT1 Gatiaalizad fonke N [69]
. 5 . P
CIB49G>A nd Lty KD, CBD LEV, PB
Int. J. Mol. Sci. 2023, 24, 16280 100f20
Table 2. Cont.
Gene Variant Functional Analysis Type of Seizures Treatment Used Treatment
cWIT>A nd Epileptic spasm PB. TPM nd 811
39206 nd Focal, migrating. VPA, TPM, LTG, NZP nd
C1690A>T LoF focal VPA, LTG, LEV nd
KCNT2 Focal seizures, myoclonus, epileptic spasm,  TPM, NZF, LEV, LTG, VBG, ETX,
eFUEA nd tonic, atypical absence LCM, KD o
C369GA, p. GoF Epllepticspasen, nochumal lonic, and VPA, VBG, RUE, PRED, KD, STM od

bilateral tonic—clonic

Treatments: AZA,

CBZ, carb:

mutation; LoF, loss-of-function muta

ation; nd, not detected.

CLB, clobazam: ETX, ethosuximide; KD, ketogenic diet; LCM, lacosamide; LEV, levetiracetam; LTG,
P PHT, phenytoin; PMD, primidone; PRED, prednisolone; QUIN, quinidine; RUF, rufinami ™, =
PA, valproate; 4-AP, 4-aminopyridine; ZNS, zonisamide. Others: FIANM, focal impaired awarencss nan-motor onset;

sulthiame;
in-of-function

9
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No comprehensive treatment guideline for infants with
* Undifferentiated syndromic
* Non-syndromic epilepsy
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Epilepsy Currents
2026, Vol 26(3) 174-202

© The Author(s) 2026

Article reuse guidelines:
b.com/journals-permissions

DOL 10.1177/15357597261433266
journals.sagepub.com/home/epi

S Sage

American Epilepsy Society Clinical Practice
Guideline: Infantile Epilepsy

Daniel Freedman, DO, lfeoluwa Babatunde, PharmD, MS? (), Rebecca L. Morgan, PhD,
MPH? {2}, Renad Abu-Sawwa, PharmD, BCPPS? ), Dara Albert, DO, MEd, FAES* ),
Mandana Behbahani, MD®, Kevin Chapman, MD, FAES® (), Erin Fecske, DNP, APRN,
CPNP-PC, CNRN, FAES’ (), William Davis Gaillard, MD, FAES® ("), Monika Jones, JD* (),
Mary Anne Meskis'® (7, Leah Schust Myers'" (), Kim Nye'?(®), Chima Oluigbo, MD, FAES® (7,
Heidi H. Pfeifer, RD, LDN, FAND'3, Reneé A. Shellhaas, MD, MS, FAES™ (),

Lindsey Thompson, PhD, RD, LD'® (), Howard L. Weiner, MD, FAES'S,

Courtney ]. Wusthoff, MD, MS, FAES"” ("', and Elissa Yozawitz, MD, FAES"®

Non-syndromic epileptic Treatment

8/6/2026

( ANNUAL MEETING

EST 2026

SN N\
INFANTILL LPILEPSY CLINICAL DLCISION TOOL

Antiseizure Medications

Disc aifrer: medicat ens are crderes alphabecaly, netin orde” of efficacy

FIRST-LINE TREATMENT

Focal Epilepsy
Carbamazepine [Rec J-A-5)
Lacosamide [Recs I-4-6]
Levetiracetam [Recs I-A-1; I-A-4}
Oxcarbazepine {Rec I-A-3]

... Topiramate [Rec I-A-5}

Generalized/Unknown Epilepsy
Levetiracetam [Recs [-A-1; I-A-d]
Lacesamide [Recs I-A-6)
Topiramate {Recs I-A-5]

o e
i g *yeeh certair qenatic edologles,
Persistent " > targeted therapies may be
- Seizures . evailsble

e

REFERRAL to Pediatric Epilepsy Center

SECOND-LINE TREATMENT

Generalized/Unknown Epilepsy Focal Epilepsy
Lacosamide Carbamaczepine
Lamotrigine Lacosamide
Leveliracelam Lamotrigine
Toplramate Levetiracetam
Oxcarbazepine

. Topiramate

*Wizhcerteir genctic edologies,
rarpeted theraples may he
avallable

Meets criteria for Drug-Resistant Epilepsy

DRUG-RESISTANT EPILEPSY ANTISEIZURE MEDICATION TREATMENT

Generalized/Unknown Epilepsy Focal Epilepsy
Brivaracelam [Ree I-8-3] Brivaracelam
Lamotrigine [Rec 1-8-5] Carbamazepine
Lacosamide Lacosamide
Levetiracetam Lamotrigine fRec i-8-3)
Rufinamide (Rec I-8-4] Levetiracetam
Topiramate [Rec I-8-2] Oxcarbazepine

Valproate* [Rec j-8-1] Topiramate [Recs 1-8:2f

» All Recommendations ceterred tc inth s
vistal a-e Conditional with Very Low
Certainty of Bvidence {Cok), excapt

Recommendatcns are JA4ard 13215
Conditional v th Low Cof

* Bvidence analyses for priority Clinical
Questans selected far the AHRG
Systemanic rev ew ard followed for the
AES Infantile Epd epsy Guldeline were
the bas i for all Recomrrendations
reforencac aheya excent whens nated
for clobazam, Epidio ex, ard zonisamide
Recorr mendations were develcped uzing
GRADE meotradolocy.

Special epllepsy syndromes

Lennox-Gastaut syndrome: Consider

chzbazam, rufinamide, valproswe. Epidiciex

Dravet syndrome: Consiger clobazarr,

va proate®, stiqipentol, Epidic ex [fallov

publ<hed aratnral)

“Yolpeogte: Use with coution witl: onknovo
etiplagy o in the abseoce of cther treatment,

(4 ¥ usec that were nor by this Guiceline:

tlobazan. pharnaceutica grade cannab ¢ o zunizam de, phenubarzital, prenviem, fenf u-am ne

Feibamate ond gobapentin M vsed often

*note thot zansomide does nat Mowe LA cpprowal 1 this oge range 11

/]



INFANTILE EPILEPSY CLINICAL DECISION TOOI
Surgical and Dietary

NEW ONSET SEIZURES

Specific Genetic Etiologies (GLUT1, PDH)
Early referral to epilepsy center with
dietary therapy

IRecs 1A, II-C)

Structural Lesion
Early referral to surgical epilepsy center

1st line medication trials

e
il >

Persistent ...
Sclzures

—~
e

REFERRAL to Pediatric Epilepsy Center with surgical and dietary therapy teams

2nd line medication trials

o

Meets criteria for drug resistant epilepsy

Dietary therapy as bridge to surgery or use additional antiseizure
medication while awaiting surgery if not a dietary therapy candidate*

*surgical & dietary therapy

cal Candidate candidacy is determined on a
case-by-case basis with periodic

re-evaluation of patients who
cantinue ta have persistent
seizures

y Therapy Candidate

Consideration for resection,
ablaton, or disconnection

Age Age
<24 months 24-36 months.

Persistent selzures after surgery

or not a surgical candidate* Qlassic Classic

ketogenic Diet  ketogenic diet
fRec LA, T-C] and/or Other

Dietary Cptions

[Rec Il-A, II-B,
i-C. -}

Disclaimer: infantile epl essy surgical svaluation requires highly spacialized care at on exserenced canter

Epilepsy Currents 2026, Vol. 26(3) 174-202

Table 3. Summary of Recommendations Related to Surgical Treatments for Infants (1 Month to <36 Months) Diagnosed With Specific Types of Drug-Resistant Epilepsy.

Treatment Intervention and Comparator

Recommendation (Please see Summary of Evidence for Detailed Evidence Review of Each Intervention)

1Il-A. Hemisph y/hemispherotomy compared
with no

P ¥ P otomy

HI-B. Intralobar, multilobar, or focal resection,
posterior disconnections compared with no resections

1lI-C. Supratentorial brain tumor resection compared
with no resection

For infants and children 1 month to <36 months of age di d with drug: pilepsy. the AES guideline panel
made a stmng recommendation for hemispherectomy/hemispherotomy surgery for candidates who have been
ag! d with holch pheric drug-resistant epilepsy secondary to select structural pathologies, including but not
limited to her } phaly, R V's halitis, Sturge-Weber syndrome, perinatal stroke, and hemispheric
cortical dysplasia.
Remarks:

- Strong recommendation because of (1) the life-threatening nature of DRE secondary to sefect pathohg-cs, r2) the high risk of
‘morbidity and mortality in children when left untreated, and (3) the greater p ial for postop freedom compared
with additional antiseizure medications.

(Strong recommendation, Low certainty of evidence)

For infants and children 1 monith to <36 months of age diagnosed with drug-resistant focal or lesional epilepsy, the
AES guideline panel recommends intralobar, multilobar, or focal resections or posterior disconnections rather than
no intralobar, multilobar, or focal resections or posterior disconnections.

Remarks:

- Strong recommendation driven by the life-threatening nature of drug-resistant focal or lesional epilepsy and the high risk of

mortality in children when left untreated.

(Strong recommendation, Very Low certainty of evidence)

For infants and children 1 month to <36 months of age diagnosed with tumor-related epilepsy. the AES guideline
panel suggests supratentorial brain tumor resection rather than no supratentorial tumor resection.

Remarks:

- The biological character or grade of the tumor influences the dedision calculus regarding undergoing surgery and tole for
surgical complications.
(Conditional R . Very Low Cerainty of Evidence)

Abbroviations: AES, American Epilepsy Socioty: DRE. drug-resistant cpilepsy.

EST 2026
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Ol it Recommendations for Surgery

1. hemispherectomy/hemispherotomy surgery for infants and
children < 36 months of age with DRE secondary to select

underlying lesional pathologies.

2. Infralobar, multilobar or focal resections or posterior
disconnections for DRE or lesional epilepsy

8/6/2026 EST 2026 13
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O v, Case Vignette 1: Twin A: TCN

* 5 months old girl, twin A

* Development: normal for 5 months then...

* Sz type 1: generalized tonic +/- eye rolling/staring
* Sz type 2 (later): epileptic spasms

* Sz type 3 (later): myoclonic seizure

 DRE: PHT, VGB, PB, LEV, TPM
P T 0

BUN 7 mg/dl|

Albumin 44 g/dl

cr 0.19 mg/dl Blcod lactate 4.39 mmoliL (0.5-2.2)
Na 135 mmol/L Globulin 1.8 g/dl
K 5 Tl ALP 259 WL Blcod ammonia 73.5 mcg/dl (18.7-86.9)
d 105 mmol/L Cholesterol 148 mg
Total CO, 15 mmol/L e - T .
Anion gap 15 Serum Glycine 678.27 nmole/ml (103-386)
ALT 45 UL
Ca 10.4 mg/dl
B 0.43 /dl
8/6/2026 2 me/dI EST 2026 14

Mg 1.96 mEq/L DB 0.23 mg/dl
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3);&:3;55:@‘;};% Case Vignette 1: Twin A: TCN f
WES: Homozygous VUS of BOLA3

* 5 months old girl, twin A

 Development: normal for 5 months then...

* Sz type 1: generalized tonic +/- eye rolling/staring
e Sz type 2 (later): epileptic spasms

e Sz type 3 (later): myoclonic seizure
* DRE: PHT, VGB, PB, LEV, TPM




Ca Se V|gnette 2: TW|n ‘:\‘ TWR (same-sex dizygotic twin)‘ )
Twin A: death at 6 months WES: Homozygous VUS of BOLA3

* Presented at 9 months old
* Delayed development from 6 months of age, followed by regression
e |[PD: focal seizure, IS

Serum Glycine 747.397 nmole/ml (103-386)
e |X: CSF glycine 43.64 nmole/ml (< 12)

* ASMs: LEV, VGB, vitamin cocktails Twin B: death at 14 months

8/6/2026 : i 16
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Multiple Mitochondrial Dysfunction syndrome 2 (MMDS2) and
BOLAS-related variant NKH (disorder of glycine metabolism)

Clinical feature
* Severe neurodegeneration after a period of normal development
* Leukodystrophy
e Cardiomyopathy
* Optic atrophy
* Epileptic encephalopathy (seizure, often cluster of myoclonic seizure)

MRI: deep WM lesion, and/or spinal cord involvement, optic nerve
involvement

Mglycine in serum and CSF, MMlactate, deficient glycine cleavage enzyme
activity, ¥ pyruvate dehydrogenase activity

Prognosis: early onset, rapid progression, often fatal in infancy

8/6/2026 EST 2026 17



Feature

MMDS2 (BOLA3) §

Variant NKH (BOLA3)

Genetic Cause

BOLA3 mutations

BOLAS3, LIAS, GLRX5 mutations

Biochemical Findings

Hyperglycinemia, lactic acidosis

Hyperglycinemia, low GCS
activity

Clinical Features

Developmental regression,
seizures, optic atrophy,
cardiomyopathy, leukodystrophy,
early fatality

Same as MMDS2 (when BOLA3

is the cause)

Imaging White matter lesions, necrosis, |Same as MMDS2 (when BOLA3
optic nerve/spinal cord is the cause)
involvement

Terminology MMDS2 = BOLA3-related variant |Variant NKH (BOLA3) = MMDS?2

NKH

8/6/2026

EST 2026
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Referral case

e 2-month-old male infant
* Sz type 1: right focal seizure since age 14 days

* Sz type 2 (later): focal with bilateral involvement, IS

* [x: R/O CNS infection (CSF/serum glucose 48/110 mg/dl)
 ABO + acyclovir Rx

 ASMs: PB, LEV, Vt B6, px1, TPM
* MRI, age 24 days

8/6/2026




Fp2-F8
F8-T4
T4-T6
T6-02

Fpi-F7
F7-T3
T3T5
T5.01

Fp2-F4
F4-C4
c4-P4
P4-02

Fpi-F3
F3-C3
c3-P3
P3-01

A PNV o AN NN e At e N PN\ AN A A e A
S APAAANN AN A AN \
WWWWWWWWWW

S G S R AN A e

e [P MME S0 mK B

« ASMs: PB, LEV, Vit B6, PHT, TPM
* 1s'Surgical TPO disconnection: at
age 3 months

* ASMs: LEV, PER, PHT, LCM, clobazam

* Plan 2"d Surgery FP disconnection at
5.5 months: family postpone

* Death at1yr9 months: SUDEP?

8/6/2026
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Case Vighétte 3: NP

Referral case

WES: heterozygous missense variantin COL4A1

. Evidence
Variant / Gene Change | Reported Phenotype Strength Notes
:cc:) ;?:ecnecpeh ar:?e/\,l Myltiple case
COL4A1 (general NEEP g . series and
I polymicrogyria, cortical | Strong . .
mutations) . reviews confirm
EUETEE) association
leukoencephalopathy
Not specifically

COL4A1 ¢c.4334G>T

Brain malformation

Unreported /

documented in
literature;

(possible) uncertain pathogenicity
plausible given
gene function

Other COL4A1 Infant'ile hemolytic Expanded

variants anemlai ocular Moderate— phenotype

e C = anomalies, strong beyond CNS
EST 2026 small-vessel disease malformations
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 8-month-old male infant

* Sz onset: 8 months
* associated with fever (atypical pneumonia)
2 seizures: 5 minutes and 2 minutes
Normal development
DDx: CNS infection, complex febrile seizure,
genetic epilepsy, etc.
ASMs: PB

8/6/2026 EST 2026 21
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Wi Case Vignette 4: K-

* Recurrent seizure at9, 10 months old:

« ASMs PRt ————
] noﬁ - e = e @
A v S i A AV ,\/ DBV VAVVE SENURV NGV, S “\w“/ A 7 /:ef "e)
) A A ! e
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* Recurrent seizure at 14 months old:
fever 38.5°C

Asym GTC seizure with eye deviate toward left,

4 seizures at ER .
PB+LEV —

8/6/2026 EST 2026

Ah Y likely pathogenic variant (NM_001165963.4:c.2415+2T>C) was identified in SCN1A [
gene. SCN1A is associated with autt L dominant Dravet synd:

ClnVar Vaniant Cussification

Lkaly Pathogenc  Lasiy Pathogens

[ reiH P Sepparneg, LY
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PHARMACOLOGICAL

NONPHARMACOLOGICAL

THERAPY

AVOID Na* channel blockers*

1*line
valproate

\’
2" line
stiripentol + valproate + clobazam
topiramate
ketogenic diet
from 2y onwards:
cannabidiol**
fenfluramine**

)

3 line
clonazepam
levetiracetam
zonisamide
ethosuximide
phenobarbital

OR consider vagus nerve stimulation

Management of cognition & behaviour Physiotherapy
(e.g., inattention & hyperactivity)
Speech & language Occupational
therapy therapy

*Na* channel blockers should also be avoided in adults. However, further
studies are needed to ensure that these drugs produce, as the disease
evolves, the same negative effects as in childhood. If already introduced
with no apparent negative effect, Na* channel blockers may be considered
as 2" line tB¢B(RO2&ults.

**To now, there is limited evidence on the use of CBD and FFA in adults.

Case Vignette 4: K-

CARDENAL-MUROZ ET AL.

[

4

~ 100%

- 80%

— 60%

I~ 40%

- 20%

b Incidence

»

f
32y Age

infants and children

adults

FIGURE 1 Clinical manifestations of DS and their relative incidence according to age. Schematic representation of clinical
manifestations of DS and their relative incidence according to age, adapted from Gataullina & Dulac, 2017"*" with updated information
gathered in this review. AA, atypical absences; AE, acute encephalopathy; BD, behavioural disturbances; CG, crouching gait; DD,
developmental delay; ID, intellectual disability; FOSIA: Focal onset seizure with impaired awareness; FSz, complex febrile seizures; HS,
hyperthermia sensitivity; MGOS, Motor generalized onset seizures; MSz, myoclonic seizures; OS, obtundation status; SD, sleep disturbances;
SE, convulsive status epilepticus; SUDEP, sudden unexpected death in epilepsy.

EST 2026
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U s Case Vignette 5: NL

Twin A: different sex |

* At age 2 years: motor dev delay, maintains eye contact, but sometimes
twitches head when making eye contact

LEV then VPA was given due to head twitching
Language: able to say A-Z and 1-10, but not “mum-dad”

* PT/OT but not genetic test (economic)
° Not regu lar F/U Data Analysis: HP:0001250 | Seizure

HP:0001257 | Spasticity
° Age 11 yea rs: Sways Wh|le Walking, (=X HP:0001263 | Global developmental delay

Capture Kit: SureSelect V6+UTR-post Type of Sequencer: Illumina platform
: LP: WBC 100 mm3, RBC 100 m  resuursummany
. Gene Variant Associated disorder Zygosi Classification
protein 37 mg/dl, glucose 3 e

susceptibility to, 12 (AD)/ GLUT1
deficiency syndrome 1, infantile
onset, severe (AD, AR)/GLUT1
deficiency syndrome 2, childhcod
onset (AD)

Epilepsy, progressive myodionic, 12
(AR)
Neurodevelopmental disorder with
KDM68B €.2830C>T coarse facies and mild distal Heterozygous Not reported

8/6/2026 EST 2026 skeletal abnormalities (AD) ot

SLC2A1 ¢.558G>A Heterozygous Pathogenic

SLC7A60S €.559C>T Heterozygous Not reported



Common manifestation

Microcephaly
Cognitive impairment
Continuous movement disorder
Epilepsy: early infancy (absence, GT 2>
focal/myoclonic, astatic seizure)
Paroxysmal exertion-induced dyskinesia
(PED)

Uncommon manifestation

Paroxysmal kinesigenic and
nonkinesigenic dyskinesia
(PKD/PNKD)
Fatigue
Oculogyric crises

Table 2. Clinical Description of the Ocular Phenomenology in Our GLUT1 Deficiency Syndrome Patients

Pacient no. Birth date  Mutation CSF ratioc Onset (mo) Episode duration Frequency Disappearance (mo)

Clinical description

Other symproms

Figure |. Evolution of GLUT | deficiency syndrome symptoms and its frequency according to age. Symptoms shaded in dark to lighter color

corresponds to the frequency of occurrence of symptoms and were placed from top to bottom.

8/6/2026 EST 2026

5 March 29,  Q283X; exon 6; 033 3 Few seconds Daily 12 Brief upward deviation of eyes MR, ECE, PED, A,
1987 nonsense C.DS
6 September R126C; exon 4; 0.38 4 Few seconds Weekly 6 Eyeball revulsion MR, EOE, PED, A,
[ COGNITIVE IMPAIRMENT 28,1986  missense Ds
R EPILEPSY 7 March 22.  R249Afs131X: 037 2 565 Sporadic 10 Sustained upward deviation of eyes MR, EOE
E PAROXYSMAL EXERCISE-INDUCED DYSKINESIA it
8 June 16, RI53C; exon 4; 051 67 Few seconds Weekly 73 Episodes of tonic deviation of gaze EOE, PED
Q] 2005 missense upward and/or sideways
v 9 September R400H; exon @ 0.4 il Fewseconds  Monthly 180 Uncoordinated horizoncal left and right MR, PED
4, 1999 missense slow eye mavements
E 1 MNovember R400C; exon 3: 038 2 Few seconds Daity 9 Right eye convergence and fixed gaze MR, E
N 9, 2002 missense
1" March 7, LI24Wfsl2X: 036 13 60-120s Weekly 72 Darting conjugate rolling eye movements. MR, E. PED
[+ 2007 exon I; upward and laterally tonic deviation
v nonsense
12 December NA 039 5 12180 Monthly 10 Monolbilateral convergent paroxysmal MR, EOE
3 3 6 9 12 15 18 20 30 40 50 60 yers /| 24,2005 ptviaei= sl sl Lo

: A, axia; €, [
“After introduction of ketogenic diot

pinal fluid: DS, dysarchria; E, epilepsy. EOE, carly-anset epilepsy: MR. mentl

PED. paroxysmal duced dyskinesia

Journal of Child Neurology 2016, Vol. 31(9) 15574-1 180



Consensus Diagnostic Approach

Definite Glut1DS: Characteristic clinical features plus
hypoglycorrhachia plus pathogenic SLC2A1 variant

Probable Glut1DS: 2 from 3 criteria above

(clinical, LP, genetic)
Possible Glut1DS: Suggestive features but incomplete
criteria; consider further evaluation

Lumbar Puncture (LP)
Hallmark: Low CSF glucose with normal blood glucose

CSF glucose: <40 mg/dL, but can be up to 52 mg/dL in
milder cases

CSF/blood glucose ratio: Usually <0.5

CSF lactate: Low-normal or low (helps distinguish from
mitochondrial diseases)

Best practice: Perform after 4-6 hour fast; check blood
glucose just before LP

8/6/2026

EEG Findings (Glut1DS)
Often normal between seizures (interictal EEG)

Infants: May show focal slowing and epileptiform d/c
Children (2+ years): 2.5-4 Hz GSW pattern can be seen
Unique clue: EEG abnormalities may improve after
feeding (pre-prandial worsening)

Key point: EEG can be normal, so a normal result does
not rule out Glut1DS

Genetic Testing
Main test: SLC2A1 gene sequencing
Findings: Pathogenic SLC2A1 variant in 81-89% of cases
Deletion/duplication analysis: Confirms 11-14%
Negative result: Does not fully exclude Glut1DS

if clinical and LP findings are typical

Genotype-phenotype: Missense = milder,
nonsense/splice site/deletions = more severe

Other tests: Erythrocyte glucose uptake, METAglut1TM
blood test (emerging)

EST 2026 26
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J (U Wt Gase Vignette 6&7 : T\%\ and TwinB

10 years old

Twin A, preterm 34 weeks, BW 1,680 Twin B, preterm 34 weeks, BW 1,700

8/6/2026 EST 2026 27



O s Case Vignette 6&7 : Twin A and Twin B

10 years old

Twin A, preterm 34 weeks, BW 1,680 Twin B, preterm 34 weeks, BW 1,700

MRI at 20 months

8/6/2026 EST 2026 28



® Q:‘:ﬁiﬁfﬁ‘;&‘é}[ . Case Vignette 6&7 : TwinAand TwinB

Last EEG at age 8 years old 10 years old Inframe-deletion KMT2B mutation

Twin A, preterm 34 weeks, BW1 680 Twin B, preterm 34 weeks, BW 1,700
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W Wi VDO of patient with KMT2 gene

©

Video 3. Patient C carrying a de novo
KMTZ2B mutation, c.3325dupC

Parkinsonism and Related Disorders 52 (2018) 55-61
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Outcome of Infantile Epilepsy

Condition

Interventions

Treatment

Genetic Epileptic
Encephalopathy

Early genetic testing

Precision therapy
Other supportive: KD, CBD,
targeted drugs for
channelopathies

Structural/Metabolic causes Brain imaging ASMs
Genetic with biochemical KD
/metabolic assays

Self-limited epilepsies EEG, phenotypes ASM

Idiopathic epilepsies Etc.

8/6/2026
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Outcome of Infantile Epilepsy

Condition/Prognosis

Seizure frequency

Development

Genetic Epileptic
Encephalopathy

Ongoing of seizures

Regression

Structural/Metabolic causes

Prognosis varies with
reversibility

Prognosis varies with
reversibility

Idiopathic epilepsies

Resolved/good controlled

Often better development

8/6/2026

EST 2026
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Therapy

Antisense

oligonucleotides

(ASOs)

Gene
replacement
therapy (AAV)

CRISPR/Cas9
gene editing

Base editing /

Prime editing

CRISPR
activation
(CRISPRa)

RNA

interference

S(RNR®

Mechanism

Modify RNA splicing or
increase/decrease protein

production

Delivers a normal copy of

the gene

Corrects the DNA
mutation permanently

Precise DNA correction
without double-strand

breaks

Increases expression of
the normal gene without
cutting DNA

Silences toxic mutant

transcripts

Best Suited For

Loss-of-function or
selected gain-of-function

disorders

Loss-of-function

disorders

Selected pathogenic

variants

Single nucleotide variants

Haploinsufficiency

Gain-of-function

disorder

Examples / Target Genes

SCN1A, KCNT1, SCN2A,
UBE3A

CDKLS, PCDH19,
SLC13A5, selected DEEs

SCN1A, STXBP1, KCNQ2,

SCN2A

SCN1A, SCN2A, KCNQ2

SCN1A (Dravet

syndrome)

KCNT1, SCNBA

EST 2026

Current Status

Most
advanced;
several Phase

1-3 trials
Early clinical
trials
Mostly

preclinical

Preclinical

Preclinical

Early

development

Key Challenges

Repeated intrathecal dosing,

long-term durability

AAV size limitation, immune

response, redosing difficuit
Off-target editing, safety,
ethical concerns

Efficient brain delivery, long-

term safety

Delivery to neurons,

sustained expression

Specificity, repeated

administration

ased ;'[hera pié§
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* Genetic diagnosis as the gateway to prognosis and therapy

e Shift from symptomatic antiseizure medication to mechanism-
driven interventions

* Guideline in epilepsy treatment base on international and country
resources

* Future therapies (ASOs, CRISPR, AAV, neuromodulation) as
paradigm-changing
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EST \f\) th
Q ANNIVERSARY

ANNUAL MEETING

/

Thank You for Your Attention
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