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Precision Medicine
in Developmental Epileptic
Encephalopathy
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Precision medicine (PM) Aa n1sunnduaiugn unisdneiiussendldtayaiiuiugnssu (genetic) Auild

(v

o2
n1aWugnTIN (biomarker) 91AsuAAMINBLAZIRlY thanusulslinssgafudtheudasse Welilduusslovigean
manszurunIeds Jeaiu wazdnw Tuuwmmﬁ%nénﬁwé’nmiﬂizqﬂéﬂ%’msLwaéLLajuE]’ﬂums@LLa%'an,iﬂau%’ﬂ
Tngdauy

Developmental epileptic encephalopathy (DEE) fie Tsaautnsaafuimuinisunnsesiiennass duinldain
auvguadlsa vi3e Mnenstniesiennanuinunfvesaiulwihaues

auwusrenulsAaNtNUILIYIA (International League Against Epilepsy: ILAE) Tud w.a. 2565 (ILAE Task Force

2022) 1§uus DEE auineengifienns 16 2 4a1e1y Ae orgusniindanisnneu 2 U waztaauanerguinnd 2 U munisig

@15197 1 DEE Tudnangusnifindennsnengneu 2 Yuazludreiumnenguinnda 2 U

DEE Tudnsangusaiindanisnangnou 21U
(neonatal and infancy period)

DEE Tugasiuianarguinnda 2
(childhood period)

Early infantile developmental and epileptic
encephalopathy (EIDEE)

Epilepsy with myoclonic atonic seizures

Epilepsy in infancy with migrating focal seizure (EIMFS)

Lennox-Gastaut syndrome (LGS)

Infantile epileptic spasms syndrome (IESS)

DEE and EE with spike-and-wave activation in sleep
(DEE-SWAS, EE-SWAS)

Dravet syndrome

Febrile infection-related epilepsy syndrome (FIRES)

Ismandnindianmndniau
(Etiology-specific syndromes)

Hemiconvulsion-hemiplegia-epilepsy syndrome (HHE)

KCNQ2-DEE

Pyridox(am)ine 5’-Phosphate Deficiency (PNPO)-DEE
(P5PD-DEE)

CDKL5-DEE

PCDH19 clustering epilepsy

Glucose Transporter 1 Deficiency Syndrome (GLUT1DS)

Gelastic seizures with hypothalamic hamartoma
(GS-HH)
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Precision Medicine in Epilepsy Practice

Precision medicine "Lé'v‘h‘lﬁn’ls%’ﬂm‘[iﬂau%nLﬂ?iaugﬂuuummau Ao N15¥n¥ILUURISU (Reactive approach)
1'7iLLW‘Vléa“iw%ﬁaﬁanéummﬂiﬂau%’nLLa“H’mmué’ﬂwm“mmi%’ﬂﬁw%'uﬁﬂwmﬂu (One-size-fits-all) Wasuundu
N133N¥IMUULIeSN (Proactive approach) Tnelguan 4P-medicine U'iuﬂa‘uvl‘dmﬂ Personalized (’«J’]LW%‘Uﬂﬂa) Preventive
({oeiuld), Predictive (Vinunalé) uag Participatory (fldausan)® msﬂw 1 Fawamemsinwnasiindnnnsdai

Prediction: genetic Epileptogenesis

Individual with a biomarkers Not effective Individual
pathogenic variant Secondary prevention: with epilepsy

gene therapy

Effective

Causalinjury Epileptogenesis
Primary prevention l
y = Control of CNS Prediction: susceptibility
Healthy infections Presymptomatic and/or risk biomarkers
individual = Adequate prenatal Not effective | patient Secondary prevention: drugs Not effective
A A4 and peripartum care targeting epileptogenesis
» Reduce risk of TBI
Effective /’
\ Effective

\ Effective Precision medicine

[ Participation: patients are well informed about their health, participate in decision-making with the health-care team and provide feedback |

‘Uﬁ 1 Proactive approach: 4P-medicine UsznauluAae Personalized, Preventive, Predictive uay Participatory®

First, do no harm dw3ulunissnwnlsrandn Aegradiu n1sitiadeen1sAaietn (non-epileptic events) AUBINITTNDI
(epileptic seizures) ezt tosiunsasraiindniilisndu uenainiinsidedengueimsisaaudnliigndesuazlinisinu
NnszannssnwnvinliianadesagUae 1wu A5l carbamazepine Tulsaaudnuiinmia (absence epilepsy) %50

% v W 1 . 2 o [ £ v 1 d a
nsliendudnlungy sodium channel blockers Tuidniiulsa Dravet syndrome aunsavinliennistnugas uaziinade
Aowmunslusyezenls Wudus

Do not fall behind n153fiadelsaaudnuazisulinissnunfivanzausgraiuiang aunsoannafiesewmuinmswioniz
unsndeuanarmsinlalulsaandnuansuiin wu Tsraudnuuunm (ESS) issniondnuisunizaelsailiiea 2 iin
1éun hormonal treatment (prednisolone #5® adrenocorticotrophic hormone) wagvigabatrin ﬁmmsamuau%’mmum'}
§Uszuns 30-60% Tuvaedidnlinsinundeeniudnuingu aunsaaudnranldiies 9% avdidnlulseil Ae szozina
fiflornisdannfiunuiuiy 2 weudeuldfunisine Tenasznevausssesifudnanauin’ yanainiilsaaudn
%in neurodegenerative disease L1 Neuronal ceroid lipofuscinosis type 2 (CLN2) ﬁwaﬂ'ﬁ%’ﬂm%ﬁﬁﬁumn alasunissnen
ms31U (targeted therapy) A28 recombinant human tripeptidyl peptidase 5\1Lmﬂ\ﬂﬁlﬁumm?‘hﬁ’mﬂmnﬁ%ﬁaﬁfaﬁgnﬁm
wazlinsshunlunanfiunzay

Evidence-based individual strategies 91nanufimviluanuiaunugaans vinldaunsassyameuadlsaaudnlauin

= v o t4 a wva ' Y 4 Py v o ' v o

Yu wazlszenddeyanisnisunndanluiesujifinmsungnissnunlimsadnludUrelsaaudnusiazauld wumiesnissne
] v @ a P

ansauudlalu 3 ¥iln muguin 2°
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SUPPLEMENTATION/RESTRICTION
OF SUBSTRATES

]

MODIFICATION OF SIGNALING
PATHWAYS

CHANNELS/RECEPTORS-GUIDED
POTENTIAL THERAPIES

X

N: SCN1TA, SCN2A, SCNBA Management of Na
a S
channel blockers basing on function
- oNT1, KCNT F  Quinidine
| N A
| Q3  Gol ach

=

.
o
%
=

SLC2A1 Ketogenic diet @
SLC6AS8 Creatine GTMT
SLC35A2 Galactose @ iﬂ-] ACh-R ‘: ANAS Lof tine
CHRNB2
ALDH7A1  Pyridoxine T K
Pyridoxal 5-'
PNPO y -
phosphate (P5P) @ Rap_am_ycm
PIG- Pyridoxine or P5P derivatives OTHER Po;sﬁ;:f:cngRApEurlc
FOLR Folinic acid . SCN1A STP/CBD/FFA
MOCS  oPMP @ @ PCDH19 LEV/CLB
. CDKLS Ganaxolone
TPP1 Cerliponase alfa ' STXBP1 LEV
TRPM6 Magnesium sulfate @ . SLC6A1 VPA +LTG
) @ PRRT2 Na blockers
. InvDup 15 Na blockers

5UN 2 Tspaudniiinanniugnssuiuuan1an1ssnwiieas Precision medicine®

u

Substitutive therapies u,mmaﬁi{f%'ﬂwﬂiﬂawﬁ’ﬂﬁLﬁﬂaﬂnﬁuqﬂssutumﬂuaﬁn LU vitamin-responsive epilepsies
(Pyridoxine-dependent, PNPO-dependent, P5PD-DEE) Snw1lagli vitamin fivranaunu wie Tsa GLUTI deficiency
syndromes 1An91n SCL2AL mutation dekalwauesliannsamimdsnuannglaalUldle asAnddsailudniidennis
Ynuuumianaueiy 4 U (early onset absence epilepsy) 58 81n15%n%wtin myoclonic-atonic seizures Im‘ﬁﬁmmiﬁ’]ﬁiy
fismnzanzasluiinnisn Ae paroxysmal eye-head movement msitesulsaiuazisulinsinundisemsalay
(ketogenic diet) lAl529vannaiduraaidayilaw

Modify cell-signaling pathways LLu’JWNﬁlI‘ff%'mﬂﬂuIiﬂ autoimmune epilepsy A28 immunomodulating therapy
wielsmaudniiiAeatosiu mTOR pathway i Tuberous sclerosis complex (TSC) %38 DEPDC5-related epilepsy #8811
lungy mTOR inhibitor (rapamycin) derivatives fi® everolimus %39 sirolimus!*

Function-based therapies wsiildllsrandniiinlfAnanuiauning gain-of-function %38 loss-of-function Va4
voltage-gated ion channels wag ligand-gated ion channels 14y Tsmandnfiiinainanuinunfivesdiu SCN2A mutation
‘:ﬁ!x‘lﬂ’mﬂuﬂ’liﬁ%‘ﬂuﬂlm voltage-gated ion channels &1nunfwuu gain-of-function FavinliAnlsraudnlunisn nsld
g1futn sodium channel blockers 1BaAN15¥i197uw84 sodium ion channels asnsaauaIMstnld Tuvmueiidnd
AURAUARYE98U SCN2A mutation WU loss-of-function nauvinlitinen1sesfiadnuazaftaypyiunnses

wana1nil Personalized medicine ahuuszgnaldlunsesiumsiinnnizunsndeuainnisshwilsaandnlugUiend

AMULANFANNIUNA LTBYIF 15ANTEANURAAUNANNUSIN (comorbidities) saufiutayaniu pharmacogenomic

WU AIULABIYBINISIAARULAEN carbamazepine WUUTLLSI #UWUSAUEYW HLA-B*15:02 Tuiouftewe sauvateuiflne

usiduNUSAUEY HLA-B*13:01 Tueunsglsy
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Gene therapy (Buthin) Whnineaeinsinunil e udlumsinuvesduifinunilaense wie Uiuwasunisyieuuesd
finundlfananuguusesnisitnuiiinund iiedwwalinugueintsinuazgauiaundsuiinusauléfitu uuamag
ms§nwiithanld fe antisense oligonucleotide (ASO) Tulsmandnilinanaruiinunfivesdu MECP2, SCN8A 138 SCN1A
Judu Tuitiezvenanie ns¥nuadae ASO Tulsa Dravet syndrome fitiannunlufiu SCN1A mutation ARAUNRLUY
loss-of-function Lﬁ@lﬁﬁu SCN1A ﬁﬂd’lulﬁu‘ﬁu (upregulate gene expression) wialsuNIALla Targeted augmentation of
nuclear gene output (TANGO) 9 ndayailesduvesnisAnunlulsemeanigoiu3ng (MONARCH waz SWALLOWTAIL trials)
wazluusznedange (ADMIRAL waz LONGWING trials) 7l Steric Blocking ASO (STK-001) Tunns3nun Dravet syndrome
Sufouiiunnu 2567 wudn STK-001 finathafissuszana 22-30% wazvanansaanein1sdnle 50% waz 80% nasnissnuii
3 iiouuaz 6 HeumuEIAU Sudesinmunanisihessezeneluineafusuthalulsaaudn:

From early to ‘preventive’ therapies (MsSnwnuuiaenu)

N133nIRaEAE nMsundusiugh Ae Uasunsinlsnauth (epileptogenesis) (Ui 1) andiayauas EPISTOP trial
wuiguhelsa TSC 71l epileptiform discharges naweny 2 U wazl@suen vigabatrin Apuiionnsdn aunsalasiumsiina
2INSTAULUUNIN {]aaﬁ’umﬂﬁuiiﬂau%'naamLLazizﬁUaaﬂfuumu'lam'ﬂnzjuﬁiﬁmué’amﬂﬁmmsifnLLé"J wWulReiu N5l
g1iudin phenobarbital $aufu aspirin Tulsa SWS Aeufiaziineinisdn WUI191998ULADUIDANAINTULIIVDINISLAN
Tsmaudnlataie

Tavagy dagtumnudnuthossmmadmeduiusmansilidrlalunensiiiavesdsaaudniiduinn wazins
wwisusiugnUszgndldlunisine Tasuumansinviidauasugaanmsinvimuenis Tuidunsshuniigumauay
nalnnsiAalsmandn Jslusuandranii nsshudeBudialussezBuusnitensuntsinlsaaudninzdunsinuive
Yosfunsiinlsrandn anrathademineinisdnuasyililsanuiuuavaitanivu
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Non-ketotic Hyperglycemia-induced
Aphasic Status Epilepticus

UW.ANANS WadShuWusS / uw. wun Waoud / uw. Auns AuuA
amuuds:zaindnen

JUaevglneeiy 51 U Ufiasusyinlsauszdnsia
atplievn vinunassen eunsasUssma sinuthiiugyisndes nuaedyaianim
91N15dALY: WARFUAU 2 8191IM8 AouNTlTINeIUIa

Uszintagiu

1 ioudsunnlsane1uia isusimmududunnia p:{ﬂ'ml,'%'uﬁwqﬁmsmLﬂﬁlauuﬂaﬂmasﬁm'%mm’mum%u
prsuaffeunntu faufuiduionsvasduieafuanuiivinusgsting

2 FUavrouanlsmeuia emsvasdudunintu fuderieusouau udeaniuil waerduaulibuuselon
sUuseloaliianysal wu wBuegdng 4 1erdhun lifiGuanlitheme uiflhsamnsarhouduasadaldlibdym
Tailaumth uag teusamausni usdanadwilddnag

2 furouanlsmeua fiheduiomsduaumnntu diunmmasuduauitliveusnusgassiumi Fontedwes
Tallgoueniiag 4 101 werwnauszsinesiie Sausthlidiasuenaiunsusafiudussuulssamillsmeuna

Uszinann
UfiasuseTalsausesash laiferildegiduuses quyvd udlifiugs UjiasuseTadasedesveslsnaudn
71593379018
« Thai male patient, weight of 45 kg, height of 161 cm, and body mass index of 17.36 kg/m2.
« Vitalsigns: T 36.0 °C, BP 111/79 mmHg, PR 80 bpm, and RR 16/min.
»  Systemic examination: WNL
« Neurological examination
o Fully conscious but mildly confused patient.
o Comprehension: can follow only easy one step command but he can follow body language command without any
effort.
o Fluency: decreased with utterances and neologism
> Naming, Repetition, Reading, writing: severely impaired
o Cranial nerve examinations: all unremarkable.
o Motor system: muscle power grade 5/5 in all limbs by MRC scores.
o Deep tendon reflexes 2+ all and the Babinski’s sign was absent.

> No abnormal movement was seen during the examination.
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Lab Value Lab Value
Plasma glucose 557 mg/dL Calcium 9.0 mg/dL
Hemoglobin A1C 16.5% Phosphorus 4.2 mg/dL
Sodium 129.4 mmol/L Magnesium 2.1 mg/dL.
Potassium 4.12 mmol/L CSF autoimmune Negative
encephalitis panel

Chloride 95 mg/dL CSF viral panel Negative
Bicarbonate 27.1 mmol/L
Serum ketone Negative

NAN1ISMSIANISIAINYN
CT brain NC Unremarkable
MRI brain Mild cortical hyperintense and subcortical hypointense T2/FLAIR lesions expanding

from left mesial temporal, inferior temporal, and occipital areas, Restricted diffusion

was presented at the left mesial temporal area with involvement of left hippocampal

gyrus. These overall findings are consistent with non-ketotic hyperglycemia.

(gﬂmwﬁ 1)

5UA A 1: wan15m523 MRI aes 3T TudUhesieil wuindl anvazidnlaniu findings Tu non-ketoctic

hyperglycemia (§UA, B, C L‘flugﬂ MRI T2 FLAIR, axial, coronal (anterior) & (posterior) AMu&a16Y,

5U D ua E 1lugu MRI axial DWI, ADC augiy
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Routine EEG Three episodes of electrographic seizures were seen arising from left posterior head
region (arrow) (maximum at T5, O1). (g‘dmwﬁ 2A-D)
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gﬂmwﬁ 2: uana Electrographic seizure 91nU3LaaM left posterior head region
Tneiianweus typical spatiotemporal evolution (A > D)
G was recorded with bipolar montage and the filter set to 1-70 Hz using a notch filter of 50 Hz.
The sensitivity is 7 pV/mm)



Discussion & Review of literature
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1) The patient must have language production during seizures.

2) Language production must show aphasic features.

3) Consciousness must be preserved

4) The seizures must be correlated with the aphasia as documented by EEG monitoring and behavioral testing.

5) The aphasia should resolve, or nearly so, concurrent with successful treatment of the seizures
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Conclusion
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Epilepsy Quiz
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1. The 2021 American Clinical Neurophysiology Society definition of an electrographic seizure includes any rhythmic or
periodic pattern lasting at least 10 seconds with definite evolution. What three main elements can be considered when
assessing for evolution of an EEG pattern that is suspicious for an electrographic seizure?

a. amplitude, morphology, and location
b. frequency, morphology, and location
c. frequency, amplitude, and location

d. frequency, amplitude, and morphology

2. A 50 year old woman presents to the emergency department with new onset involuntary facial movements on the
right or left side. During the evaluation, you witness several brief episodes of hemifacial clonic activity with
associatedstiffening and elevation of the ipsilateral arm. She has no alteration in level of awareness with the events.
Which of the following tests is likely to yield the most specific information necessary to diagnose this patient's
condition?

a. MRI brain with contrast

b. Polymerase gamma 1 gene sequencing
Video EEG monitoring

d. Anti LGI-1 antibody testing

3. Inaneuropsychological evaluation of a patient with epilepsy, what factor is most likely to limit the validity and reliability
of test results?
a. Mood disorder
b. Level of education
c. Familiarity with computerized tests
d.

Seizure type

4. A A45-year-old patient with a history of left middle cerebral artery stroke presented with seizures. He was intubated in
the emergency department and transferred to the intensive care unit. Continuous EEG was obtained due to persistent
coma off sedation. The initial EEG was notable for continuous 1 Hz left hemispheric lateralized periodic discharges
with superimposed fast activity. After administration of 4 mg of IV lorazepam, there was clear improvement in alertness
and resolution of the lateralized periodic discharge pattern on EEG. Which statement best describes this clinical
scenario?

a. lIctal-interictal continuum
b. Electroclinical status epilepticus
Electrographic status epilepticus

d. Possible Electrographic status epilepticus
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Epilepsy Quiz-Preferred Responses

1. The 2021 American Clinical Neurophysiology Society definition of an electrographic seizure includes any rhythmic or
periodic pattern lasting at least 10 seconds with definite evolution. What three main elements can be considered when
assessing for evolution of an EEG pattern that is suspicious for an electrographic seizure?

a. amplitude, morphology, and location
b. frequency, morphology, and location
c. frequency, amplitude, and location

d. frequency, amplitude, and morphology
The correct answer is: b. frequency, morphology, and location

Commentary:

Spatiotemporal evolution criteria are part of both the ACNS and Salzburg definitions for electrographic seizures
and nonconvulsive status epilepticus. The ACNS nomenclature defines electrographic seizures as epileptiform discharges
averaging >2.5 Hz for at least 10 seconds, or any pattern lasting at least 10 seconds with definite evolution. Evolution is
defined as at least 2 unequivocal, sequential changes in frequency, morphology or location. Evolution in frequency includes
at least two consecutive changes of at least 0.5 Hz in the same direction. Evolution in morphology is defined as at least
two definite changes to a new morphological pattern, while evolution in location is defined as sequential spread of a
pattern to at least two new electrode locations in the standard 10-20 EEG array. In each case, each change in the rhythmic
or periodic pattern should last for at least three cycles. Change in amplitude is not sufficient to qualify as evolution of a

rhythmic or periodic pattern.
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Epilepsy Quiz-Preferred Responses

2. A 50 year old woman presents to the emergency department with new onset involuntary facial movements on the
right or left side. During the evaluation, you witness several brief episodes of hemifacial clonic activity with
associatedstiffening and elevation of the ipsilateral arm. She has no alteration in level of awareness with the events.
Which of the following tests is likely to yield the most specific information necessary to diagnose this patient's
condition?

a. MRI brain with contrast

b. Polymerase gamma 1 gene sequencing
c. Video EEG monitoring

d. Anti LGI-1 antibody testing

The correct answer is: d. frequency, morphology, and location

Commentary:

This seizure semiology is most consistent with faciobrachial dystonic seizures, which are highly associated with
LGI1 antibody autoimmune encephalitis. The sudden onset and high frequency of events is another clue for an underlying
inflammatory/autoimmune etiology.

Video EEG monitoring may confirm that these events are seizures, but will not have findings specific for an etiology.
MRI brain could show hyperintensity in the basal ganglia or medial temporal lobes but the latter finding could be seen in
infectious and other autoimmune seizure etiologies. Pathogenic variants (mutations) in the polymerase gamma 1 gene
cause Alpers syndrome, which can present with epilepsia partialis continua. However, this disorder typically presents at a

much younger age than the patient in this case, and follows a neurodegenerative course.

References:
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Epilepsy Quiz-Preferred Responses

3. Inaneuropsychological evaluation of a patient with epilepsy, what factor is most likely to limit the validity and reliability
of test results?
a. Mood disorder
b. Level of education
c. Familiarity with computerized tests

d. Seizure type
The correct answer is: a. Mood disorder

Commentary:

The patient's motivation is by far the biggest factor that can limit the validity and reliability of neuropsychological
test scores. If a patient is not willing to do their best on the tests, we will not get valid data. A neuropsychological assessment
can be a tough investigation. Unless they are in the top 2% of the population, every patient will be pushed until they
cannot answer the questions. As they reach the limits of their cognitive capacity, it requires increasing effort not just to
give up. Patients who are anxious and depressed or who just do not see the point of the investigation will often give up
before we can establish the limits of their capacity.

Premorbid 1Q is important to interpret scores and it affects baseline expectations but does not limit validity unless
the effort is suboptimal. Patients level of education affects test interpretation, but not validity. Lack of familiarity with
test formats like computerized tests may low responses or reduce accuracy.

Testing should be scheduled in seizure free period as post ictal state can impair validity, however type of seizure

does not effect validity.

References:
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Epilepsy Quiz-Preferred Responses

4. A A45-year-old patient with a history of left middle cerebral artery stroke presented with seizures. He was intubated in
the emergency department and transferred to the intensive care unit. Continuous EEG was obtained due to persistent
coma off sedation. The initial EEG was notable for continuous 1 Hz left hemispheric lateralized periodic discharges
with superimposed fast activity. After administration of 4 mg of IV lorazepam, there was clear improvement in alertness
and resolution of the lateralized periodic discharge pattern on EEG. Which statement best describes this clinical
scenario?

a. lIctal-interictal continuum
b. Electroclinical status epilepticus
Electrographic status epilepticus

Possible Electrographic status epilepticus
The correct answer is: b. Electroclinical status epilepticus

Commentary:

The patient presented with persistent coma following clinical seizures, which is a suspicion of nonconvulsive status
epilepticus with coma per the 2012 Neurocritical Care Society (NCS) Guidelines for the evaluation and management of
status epilepticus.

The EEG findings alone fit the definition of ictal-interictal continuum per the 2021 American Clinical
Neurophysiology Society's (ACNS) Standardized Critical Care EEG Terminology guideline. However, the best classification
shifts to electroclinical status epilepticus due to the clinical and EEG improvement following a parenteral antiepileptic
drug trial.

If the anti-seizure medication trial resulted in EEG improvement, but not clear clinical improvement, then possible
electroclinical status epilepticus would be the best answer.

Electrographic status epilepticus is not the correct answer because the EEG pattern does not fit the definition of

electrographic seizure.

References:
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evaluation and management of status epilepticus. Neurocrit Care. 2012 Aug;17(1):3-23. PMID: 22528274.
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12:00-13:00 Lunch Break

13:00 -14:00 Hands-on EEG Workshop 2 (Small Groups)

4:00-14:30  § Prognostication & Bi
EEG + Other markers

14:30 -15:00 Quantitative EEG in Practice:

Spectrograms, seizure trends, ICU pitfalls

15:00-15:45 @ Hands-on EEG Workshop 3(Small Groups)
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Tel. (662) 716-5114 Fax. (662) 716-6004
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E-mail: Epilepsy09@gmail.com

Epilepsy Society of Thailand

th floor, Royal Golden Jubilee Building,
Soi Soonvijai, New Petchburi Road,
Huaykwang, Bangkok, Thailand 10310

Website: thaiepilepsysociety.com



