‘ MHOOPMAIINA 3A:
HaumeHoBaHMe HA 3260J15IBAHETO

CunapoM Ha Lennox-Gastaut (LGS)
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Onpenenenre Ha 3a60JIsIBAHETO

Panka, Texka paHHa emnuenTuyHa eHuedanonaTus, XapakTepusupalia ce ¢ Tphaza OT
MHTeNEeKTyaTHo yBpexXJaHe, MHOXECTBO BHIOBE IpPUCTBIIN U TUIHYHU
enektpoeHuedanorpabeku (EEI) aHomaimy.

IIpu 70-80% ot ameuara e cumrtoMatuyeH, a npu 30-50% oT neuarta cbe cMHApoM Ha West
npeMqu:maT B LGS.

Yerupunudpen koa Ha 3aboassanero no MKB-10 (ako TakbB e HaJIu4eH)

G40.4

Koa na'zabonsBanero no Orpha code

ORPHA:2382

EnugeyvuosioruyHu 1aHHHU 3a 3a6o0JisBaHeTo B Penybiiuka Bbarapus

Pasnpoctpanennero Ha LGS e 5% OT nauMeHTUTE ¢ eNHIIENCUs OT BCHYKH BB3PACTH ¥ OKOJIO
10% OT: nauMeHTUTE ¢ enuiencus noxd 15 roauiiHa Bb3pacT. Hait-uecTo ce cpema npu ;1eua Ha
Bp3pact 2-7 r. (amanazoH 1 — 14 r.). TlporHosara e HeOnarompusTHa — 3a00jABaHETO Ce
xapam#pmupa c BHCOKa CMBpPTHOCT (5%), uHTenektyaneH nebuuur npu 85 - 95% wu
nepcuctTupane Ha npunagbuute npu 78% no 96%, Hail-uecTH cnexy nybeprera ca HOUIHUTE
TOHPI‘{H;I/I IPUCTBIIH.

B T.4. HayyHn ny6aMKAUMM OT MOC/IEIHHTE MNeT TOAHHH H
TNPHJI0KEHA

HCILIPJIIT (2023). dapMakoTepaneBTHYHO PbKOBO/CTBO 3a JISHEHHE Ha HEBPOJIOTHYHH
naGonsBanus. JIOCTBIIHO Ha:
https://ncpr.bg/images/Naredbi/2023/%D0%9F %D 1%80%D0%B 8% D 1%82%D 1%83%D 1%80

EnuaeMHoJIOrHYHM JaHHU 3a 3a60/1BaHeTo B EBponeiickus cbio3
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NMHUAEMHUOIOTHYHHTE JaHHM 3a pasNpocTpaHeHHeTo Ha 3aboisBaHeTo B EBponeiickus chio3 ca
KbIHU. bonecTHocTTa Bapupa ot 4,2-60,8 Ha 100 000 npu Bepositen LGS, u mexnay 2,9-28 Ha
100 000 npu noTBBpAEHA AUATHO3A.
€3yJITaTH OT TOJIEMH EHHIEMHOJOTMYHM IPOYYBAHMS IIOKa3BaT, Y€ Pa3POCTPAHEHHETO Ha
epoaTteH LGS ot 39,2 Ha 100 000 B I'epmanus no 6,5 na 100 000 3a noTBBpAEHa JHArHO3a.
TloxnaasaHo e pasnpoctpanenue ot 10 Ha 100 000 B Ectonus, 2,1 -28 Ha 100 000 BpB ®uHitanaus
20 na 100 000 B [IBenus.
l:e'rpocnexmnen aHaJIU3 Ha 3acTpaxOBaTelIHM HCKOBE OT ['epMaHHA OTYMTA CMBPTHOCT
(NpOILIEHTHT Ha NOYHHAINTE NAIlMEHTH, pa3/ieieH Ha obuusa Opoll nalMeHTH B MPOYYBaHETO) 3a
10-roguinHus nepuox Ha npoyysareto ot 10,01% 3a nanueHTHTE CIIOpeR IMHpOKaTa AehHHALHS
Ha LGS u 2,88% 3a Tacumara medunuims copsmo 0,01% 3a xoHTpoiHaTa IOMyJalH,
CHOTBETCTBALIA Ha Bb3pacTTa U nosa (p < 0,001).

B T HAy'1HH nyﬁ.ﬂmcaurm OT MNOCJCAHHTE NE€T ToOAHHH H

NPHJI0KEHA
1. Strzelczyk A, Zuberi SM, Striano P, Rosenow F, Schubert-Bast S. The burden of illness in

Lennox-Gastaut syndrome: a systematic literature review. Orphanet J Rare Dis. 2023 Mar
1;18(1):42. doi: 10.1186/s13023-023-02626-4. PMID: 36859290; PMCID: PMC9979426.

2. Strzelczyk A, Schubert-Bast S, Simon A, et al. Epidemiology, healthcare resource use, and
mortality in patients with probable Lennox—Gastaut syndrome: a population-based study on
German health insurance data. Epilepsy Behav. 2021;115: 107647

Ounenka HAa CHOTBETCTBMETO Ha 3a00/IIBAHeTO ¢ AePHMHHIHATA 33 PAAKO
3afoasiBane ceriacHo § 1, 1. 42 0T 10NBJIHUTEJHUTE pa3nopeAdH HAa 3aKoHa 3a

3ApaBeTo
LGS orrosaps Ha KpuTepuuTe 3a pAaKo 3a00NsBaHe, CHrIACHO H3MCKBAHUATA Ha 3aKOHA 32 3[PaBeTo
(pasmpoctpaHenHe He noseye oT 5 Ha 10 000 ot Hacenennero Ha EBponecKus C5103).

Kputepus 32 IHarHoCTHIMPAaHe Ha 3200/ IIBaHETO
Kputepun 3a Tunudaus LGS ca:

1. TNomumop¢dHHU, TEpaNEeBTHUHO PE3UCTEHTHH NPHCTBIHM - TOHHYHH, ATOHHYHH, aTHIHYH
abcancu (2 or 3 Tuma). Be3amoxuu ca u I'TKII, npoctu QokanHH B MHOKIOHHYH
TIPHCTBIIN.

2. EET ¢ reHepanu3upanu paspsiau OoT OaBHH KOMIUIEKCH ocTpHe-O6aBHa BhiHa (< 3 Hz) B
6yaHocT ¥ reHepanusupany 66p3u putMy (> 10 Hz) mo Bpeme Ha CBH.

3. VBpeneHH HHTeNEKTYyalHH QYHKUHH - KOTHATHBHH, [TIOBENICHHE.

Haii-moxxonsmure qudepeHnaiiy AHardio3d BKIOYBAT MUOKJIOHHYHA aTOHHUYHA CIHJICNCHA,
cHHApoM Ha JlpaBe 1 (hOKaJIHU ENUIIETNICHH C BTOPHYHA JABYCTPaHHA CHHXPOHH3AIHMS.

ETHOMIOrHATA € XeTeporeHHa U BKJIFOYBA OpPraHUYHH MO3BYHM YBPEKAaHUA NPH NPCHaTATHH HJIHJ
[epHHATAIHE HH(ApKTH, WHOEKIMH Ha IEHTpajJHaTa HEpBHA CHCTEMa, TPABMATHYHH JIC3HH H

OpTHKaIHH MaadopMaluy; MeTaGoJIMTHE HapylIeHHs; UACHTHOHLIHPaHH TeHeTHYHH de-novo
Eiyramm uMa npu okojio 18-20% ot cnyuaute, kato Hanpumep B GABRB3 (15q12), CHD2
(15926.1) DNM1 (9q34.11), SCNI1A (2q24.3), MAPK10 (4q21.3), CUX2 (12q24.11-q24.12) u
ICACNAI1A (19p13.13).

B T4 Hay'1HH l'lyﬁJIHKallHH OT MNOCHACJHHUTE IN€T TroAMHH H
NPHJIOKCHA
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AJll"OpK‘TMH 3a THAarHOCTHUHpaHe HA 3afoJisIBaHETO

Hanuun¢ro Ha THINHMYHH KIMHUYHM XapakTepucTuku M EEI OTkjIOHEHus MOTBBpkaaBa
auarHosata. MarHMTHO-pe30OHaHCHaTa ToMmorpadusi yCTaHOBSBa CTPYKTYpHH aHOMANMH IpU
1oBeye éT JIB€ TPETHU OT MaLlUEHTHUTE.

I'eneTnynuTe M3cneaBaHus 1oMarar 3a pasrpaiuyaBane Ha LGS ot apyru 6osecTHU eAMHULIU U
Tps6Ba Ja ce M3BBPLIBAT B M36paHHU cyyau (Hamp. CbMHEHHe 3a Ty6epo3Ha CKepo3a KOMILIEKC,
KBbCHA ,flueTcxa HEBpOHAJIHA LepouJHa JIMNOpYyCUWHO3a, CHHAPOM Ha TMPBCTEHOBHAHATA
xpoMo3zoMa 20).
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[[pucnnme npu LGS ce nekyBaT Tpy[HO M JiedeHHeTO TpsAOBa Na MMa 3a Ll Aa nomobp
a4eCTBOTO Ha JKMBOT U []a HaMaJIM TE)XECTTa Ha JPOT-aTaKuTe. AHTHENIIWISIITHYHH JIEKapCTBa H
I'bPBH H300p ca HaTpueBHAT Bannpoar lamotrigine (LTG), topiramate (TPM). Karto anrepHaThs
ce mpuinarar ethosuximide (ESM), levetiracetam (LEV), carbamazepine (CBZ), phenobarbital
(PB), phenytoin (PHT), clonazepam, rufinamide, zonisamide (ZNZ), felbamate. Cannabidiol B
koMOunaims ¢ Clobazam cropen npeoGrnaiaBaiiiute NPUCTHIM B JaJ€HUS MOMEHT; KypCOBe
ACTH /xoptukocteponny. [Tpu LGS ce npunara u Xupyprus ¢ pe3eKuus Ha JIe3HH H KaJIO30TOMHUS
[IPH YECTH U TPaBMATH3UPAILH JPOI-aTaKH.

B T.4. HaydyHM nyOJMKANHH OT NOCJEeJHHTE MNeT TOAHHH M

NPHJI0KEHA
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AJITOpPHTMH 32 HNPOC/ieAsiBaHE Ha 3200/ 1IBAHETO
e HesponoruuHo uscieqaBase — MEPUOAUIHO

e EET u nepuoauued EE KOHTpOJI B 3aBHCHMOCT OT TEPaNeBTHYHHA e(EKT, PH
TepaneBTUYHO OBJIAJICHH NPUCTHIH - IIpe3 6 Mecena. EEI" e Heob6xonuma 3a
YCTaHOBSABAHE BUJA Ha CIMJICITHYHUTE IPUCTBIHN H 3a JOKa3BaHE Ha
¢oronapokcuzmaies otrosop. EEI" mo Bpeme Ha ChbH Ce U3BBPINBA IIPH HHAWKALMH NPH
Jela ¥ MJIJIM Xopa CJiel ChHHA JelpuBaiys wid ynorpeda Ha melatonin. Buneo-EEI e
HeoOXoauMa TMpH MaIlMeHTH ¢ JUArHOCTHYHH 3aTPyAHEHHUS.

B T.4. HayyHH nyO0JMKALHH OT TMOCJICAHHTE MNeT TrOJHHH H

NPHJIoKEHA
1. HCLPJIII (2023). ®apmaxoTepaneBTHYHO PHKOBOACTBO 3a JICYEHHE HA HEBPOJIOTHYHH
3a00N9BaHHuS. JlocTeIHO Ha:

https://ncpr.bg/images/Naredbi/2023/%120%9E% D 1%80%1D0%B8%D1%82%D1%83%
D1%80%D0%BA %1>0%B0.pdf

2. Nelson JA, Knupp KG. Lennox-Gastaut Syndrome: Current Treatments, Novel
Therapeutics, and Future Directions. Neurotherapeutics. 2023 Sep;20(5):1255-1262. doi:
10.1007/s13311-023-01397-x. Epub 2023 Jun 23. PMID: 37353676, PMCID:
PMC10480363.

ANropuTMH 3a pexabuyiuTanus Ha 3a00/1IBAHETO
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C TC‘!CHHC! Ha BpeMeTo ce HabmonaBa 3abaBsHe Ha pa3BUTHETO, IUIATO MJIM perpecus, KOMTO
BaBBLPIIBAT C yMEPEHa JO TEKKa MHTENEKTYalHa HeIOCTaThuYHOCT npu > 90 % oT mamueHTHTE.
[loBefeHYECKH pa3CTpONCTBA KAaTO XMMEPAKTHBHOCT, arpecds, ayTHCTHUHEH CIEKThp H
pa3CTpOICTBa Ha ChHsl Ca YECTO CPELaHy B JETCTBOTO U IOHOUIECTBOTO.

IPexabunutaloHHUTEe TepanmuM 3a CBHIBTCTBAINM 3a0OJsBaHM M IBJICOCPOYHHM pe3yITaTH
BKIIOYBAT|pr3KHuecKa, mpoheCHOHAIHA, peyeBa i KOTHHTHBHA TEpaIlis, IOBEIeHYeCKa TepanH s,
KaKTO cr{[eunanﬂo obpa3oBaHHe U TIOAKpENa OT IICHXOJIOT.

B T.u. HayyHn ny06JMKAUMM OT NOC/IeIHHTe MNeT TOAHUHM H
npuJjaoxeHa oudanorpadpcka cnpaBka

1. Specchio N, Wirrell EC, Scheffer IE, Nabbout R, Riney K, Samia P, Guerreiro M, Gwer
S, Zuberi SM, Wilmshurst JM, Yozawitz E, Pressler R, Hirsch E, Wiebe S, Cross HJ,
Perucca E, Moshé SL, Tinuper P, Auvin S. International League Against Epilepsy
c’assiﬁcation and definition of epilepsy syndromes with onset in childhood: Position
paper by the ILAE Task Force on Nosology and Definitions. Epilepsia. 2022
Jpn;63(6):1398-1442. doi: 10.1111/epi.17241. Epub 2022 May 3. PMID: 35503717.

2. Samanta D. Management of Lennox-Gastaut syndrome beyond childhood: A

comprehensive review. Epilepsy Behav. 2021 Jan;114(Pt A):107612. doi:

l
10.1016/j.yebeh.2020.107612. Epub 2020 Nov 24. PMID: 33243685.

Heo6xoiumu neiiHocTH 32 mnpodHIAKTHKA HA 3a00J1s1BaHETO (aKO TAKHMBa ca
NPUIT0KHMH)

He e nphnosxumo.

B T.4. HayyHu ny06aMKAMH OT NOCAEIHMTE MNeT TFOAMHH H
HPHJIOKEHA

Hee nplmlomumo.

leem:fmeHnﬂ 3a OpraHM3alks Ha MeJHIIMHCKOTO 00C/y)kBaHe Ha NAlHEeHTHTE H
3a puHaHCcHpaHe Ha ChOTBETHHUTE JEeHHOCTH, ChoOpa3eHH ¢ aelicTBamiaTa B
CTpPaHATAa HOpMaTHBHa ypeaba

B Briirapus 1MarHOCTHKATA M MPOCIIEAIBAHETO Ha OONHUTE ChC CHHAPOM Ha Lennox-Gastaut ce
M3BBPIIBA B PAMKHMTE Ha KJIMHU4HA 11bTeka Ne62. ,,ENUencus u enuIenTHYHH NPUCTBIHN, 8 B
M3BbHOOUTHUYHATA TOMOLI OT HEBPOJIO3U U IETCKH HEBPOJIO3H.

1
KnuHuuHa npreka No62. , Enmitericus ¥ enuaenTHYHU IPUCTHIX® BKJIIOYBA JUATHO3MTE 10
MKB-10 ,,G40.6. Grand mal npunansig (¢ MajIky npunaabuy [petit mal] unu 6e3 Tax),
neyTouHeHn“ W ,,G40.7. Manku npunaasuu [petit mal], 6e3 mpunanbuu grand mal,
HEYTOYHEHH ', KATO OT/IEJIHUTE BHJIOBE ENHMJIENTUYHH NPUCTBIIH, YYaCTBAIUM KaTO KOMOHHAIMY

|
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allHeHTBT CBC CHHIApPOM Ha Lennox-Gastaut ce auarHocTHuMpa Ha 6a3aTa Ha HEBPOJOIHYH
m3cnensare, EEl npu xapakTepHa 3a CHHIpoMa Haxojika ¥ HEBPOIICHXOJOTHYHO H3CJIEABAHE H C
NpHiara aHTHENHJICTITHYHO JIEYEHHE CrIope] aKkTyaiHusi KOHCeHCyC 3a AMarHOCTHKA U JIedeHHe H
CITHIICTICHUTE M aHTHEMHIENTHYHUTE CUAPOMH, 2023 r 1 dapMakoTeparleBTHYHOTO PHKOBOACTH;

R3a JIedeHHEe Ha HEBPOJIOTMYHHUTE 3abonsaBanus, 2023 r.

Kpurepuu 3a Tunmunus LGS, cnopea kouTo Toi ce quarHoctuuupa ca: 1. IMomamopduu,
TEPANEBTUYHO PE3HCTEHTHHU NPHUCTHIIM - TOHHYHU, aTOHUYHH, aTHIHYHHU abcaHcH (2 ot 3
THMna). Bp3mMoxxHH ca M emuienTH4HY ciia3Mu cien cuHapom Ha West, ITTKII, npoctu
¢oxanHu U MUOKIOHHYHH npucTbid. 2. EET ¢ reHepanusupanu pa3psnu ot 6aBHH
KOMILIEKCH OCTpHe - 6aBHa BhiHA (< 3 Hz) B 6y1HOCT U reHepanu3upaiy Obp3u pUTMH
(= 10 Hz) mo Bpeme Ha ChbH. 3. YBpeJI€HH HHTEJIEKTYaIHU (DYHKIIUH - KOTHUTHBHH,
HOBEIEHHE.

Jleyenue. He e BE3MOJXKEH 1TbJIEH KOHTPOJ Ha MPUCTBIIUTE. AHTHIBPYOBH JIEKapCTBa
(AT'JI) Ha mepBH u360p ca Bannpoar (VPA), Jlamotpmxun (LTG), Tonupamar (TPM),
anrepHatuBHH — Etocykuumuna (ESM), Jlesetupaneram (LEV), Kap6amazenun (CBZ),
®enobapburan (PB), Phenytoin (PHT), Clonazepam, Rufinamide, 3onu3zamun (ZNS),
Cannabidiol B xom6unanus ¢ Clobazam, Fenfluramine cnopen npeotnanapamure
NPUCTBIH B nafeHus MoMeHT; KypcoBe ¢ ACTH /koptuxocrepounu. ITpu LGS ce
Ipujiara ¥ XHpyprus ¢ pe3eKiys Ha JIe3ud, KaJIO30TOMHS M BarycC-HepB-CTHMYJIaLUs NIpU
YECTH M TPaBMaTH3UPAILM JPOI aTaKH.

HCLIPJIIT (2023). dapmakoTepaneBTHYHO PHKOBOJCTBO 3a JIEYEHHE Ha HEBPOJOTMYHH
3aboNnsaBaHus. JocTpnHO Ha:
https://ncpr.bg/images/Naredbi/2023/%10%91F%D1%80%1D0%B8%D1%82%D1%83%
D1%80%D0%BA%D0%B0.pdf

BoxxuHoBa B. JluarHocTHKa U HOBH BE3MOXXHOCTH 32 JieUeHHE Ha IETCKHTE CITHIICHITHYHI
eHlleasionaTuu- cHHIpoM Ha Dravet u cunapom Ha Lennox-Gastaut. GP MEDIC, 2023,
5(5);10-16.

Anexcanaposa M, boxxunoBa B. Tepanus npu cuapoMm Ha Lennox-Gastraux. 2017,
19(2):24-30.
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Abstract

Lennox-Gastaut syndrome is a severe drug-resistant developmental and epileptic encephalopathy with slow spike and wave
on EEG (DEE-SSW) composing about 1-2% of epilepsy patients. Seizures in DEE-SSW are caused by a variety of etiolo-
gies, and there is a large unmet treatment need as seizures are usually treatment-resistant and individuals are often unable
to function independently. The updated definition by the International League Against Epilepsy has established formal
diagnostic criteria allowing for more uniform diagnosis. This article provides a review of typical medication management
and treatment strategies, including new and developing surgical approaches. Future directions in treatment include expand-
ing genetic testing with the potential for gene therapy and continuously improving surgical options with the goal to prevent

progression to DEE-SSW.

Keywords Lennox-Gastaut syndrome - Developmental and epileptic encephalopathy - Anti-seizure medication - Novel

therapeutics - Review

Introduction

Lennox-Gastaut syndrome is a severe drug-resistant devel-
opmental and epileptic encephalopathy (DEE-SSW), con-
sisting of numerous underlying etiologies and as such has a
large unmet treatment need. About 1-10% of children with
epilepsy have transitioned to DEE-SSW, and it represents
around 1-2% of all epilepsy patients [|]. This epilepsy syn-
drome was first described in 1966 by Gastaut as a severe
type of childhood epilepsy, intractable to treatment, and
characterized by frequent tonic seizures, atypical absence
seizures, intellectual disability, and slow spike-and-wave
discharges [2]. He termed the syndrome “childhood epileptic
encephalopathy with diffuse slow spike-waves” or “Lennox
syndrome” [2]. The ILAE first recognized this syndrome
in 1989, further describing the condition, though has only
recently established formal diagnostic criteria [3, 4]. The
goal of this review is to provide an update regarding the

Julie A. Nelsan
Julie.nelson@childrenscolorado.org

Section of Child Neurology, Children’s Hospital Colorado,
Anschutz School of Medicine, University of Colorado,
Aurora, CO, USA

new diagnostic criteria and new and developing treatments
of this syndrome.

Definition

The ILAE has recently published updated criteria to define
DEE-SSW as a syndrome characterized by (1) multiple types
of drug-resistant seizures with onset prior to 18 years (one
of which must include tonic seizures); (2) cognitive and
potentially behavioral impairments, not necessarily present
at seizure onset; and (3) diffuse slow spike-and-wave (SSW)
and generalized paroxysmal fast activity (PFA) on EEG [3].
There has been evolution in the definition for DEE-SSW
compared to the prior definition from the ILAE in 1989, in
which DEE-SSW was described as an epilepsy manifest-
ing in children from ages 1-8 years with the most common
seizure types reported as tonic-axial, atonic, and absence
seizures, though other types such as myoclonic, GTC, or
focal seizures were also described [4]. Tonic seizures were
not considered mandatory. EEG criteria are now more spe-
cific, with the prior definition described as usually having
slow spike and wave (< 3 Hz), now updated to <2.5 Hz in
the 2022 definition. In addition, the EEG was previously
described as having bursts of fast rhythms nearing 10 Hz and
is now defined as diffuse or bilateral fast activity (=10 Hz)

2| Springer
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in sleep. Both SSW and PFA are now requirements in the
current defidition, while SSW was mentioned as a usual
characteristic in the prior definition. In addition, the prior
definition reported that there was intellectual disability
(previously defined as mental retardation) and mostly unfa-
vorable development, though this was not a clear criterion.
The updated 'definition has also expanded to include indi-
viduals with seizure onset prior to 18 years of age, allowing
more individuals to meet diagnostic criteria, rather than the
prior definitipn’s description of seizure onset between 1 and
8 years of age [3, 4].

Existing AS‘MS and Current Treatment Strategies

There are currently seven anti-seizure medications (ASMs)
with an FDA approval to treat DEE-SSW as adjunctive
treatment: félbamate, lamotrigine, topiramate, rufinamide,
clobazam, and the more newly approved ASMs fenfluramine
and cannabidiol.

The Amédrican Academy of Neurology (AAN), in con-
junction with the American Epilepsy Society, previously
reported that felbamate is effective for adjunctive treatment
in DEE-SSW in 1999, though caution was needed regarding
its use given the possible side effects of aplastic anemia and
liver failure I[5]. In an updated practice guideline in 2004, the
group reported that lamotrigine and topiramate were found
to be effecti{'e in treating drop attacks in DEE-SSW based on
level A evidence [6]. It has most recently revised its recom-
mendations for treatment-resistant epilepsy in 2018, with
the recommniendation that rufinamide was an effective add-
on treatment for DEE-SSW based on 2 class 1 studies [7, §]
with level A evidence [9]. It also reports that clobazam is
probably effective as add-on therapy for DEE-SSW based on
2 class I studies [10, 11] with level B evidence [9].

Both clobazam and rufinamide have been found to be pro-
tective against additional seizure types in addition to motor
seizures asrociated with a drop. The trials for clobazam did
find that at the high (1 mg/kg/day) dose, there was a signifi-
cant reduction in both drop and non-drop seizures [10, 11].
Rufinamide was found to significantly reduce all seizure
types (p=0.0015), have a greater reduction in absence and
atypical absence seizures (p =0.0222), reduce atonic sei-
zures (p=0.0125) in a double-blind, randomized, placebo-
controlled ‘trial in patients with DEE-SSW [7]. In addition,
rufinamide was found to significantly reduce the frequency
of tonic sejzures (p=0.031), myoclonic seizures (p=0.021),
and partial seizures (p=0.025) compared with placebo in
another mplti-center placebo-controlled trial {8].

Anti-seizure medications (ASMs) which may also be
common:f used may include valproate, levetiracetam,
zonisamide, ethosuximide, perampanel, and brivaracetam,
though tth do not currently have an FDA approval [12,
13]. In cht, recent clinical trials for DEE-SSW found
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levetiracetam, valproate, topiramate, clobazam, lamotrigine,
and rufinamide [14, 15] as the most frequent concomitant
medications for enrolled patients reflecting real-world evi-
dence for use of these ASMs.

According to the DEE-SSW Transition of Care advisory
board meeting in 2017, ASMs recommended for the treat-
ment of DEE-SSW were divided into tiers. Tier 1 included
the FDA approved ASMs for DEE-SSW, included clobazam,
lamotrigine, rufinamide, topiramate, and cannabidiol {12].
Tier 2 was composed of ASMs commonly used, ircluding
levetiracetam, perampanel, and zonisamide. Tier 3 repre-
sents the ASMs which are less frequently used in DEE-
SSW treatment and with limited data to support efficacy or
potential for side effects, including felbamate, lacosamide,
brivaracetam, and cenobamate [12].

An expert panel on management of DEE-SSW in 2017
reports that upon new diagnosis of DEE-SSW, the first ASM
should be valproate [13]. If seizures persist, lamotrigine
should be added. If seizures are still occurring, then rufi-
namide should be added, followed by attempts to wean the
valproate or the lamotrigine as there is no evidence of the
effectiveness of more than 2 ASMs in combination, other
than unnecessarily exposing the patient to possible side
effects [13] (Table 1).

Epidiolex, a highly purified form of cannabidiol, was
FDA approved for treatment of DEE-SSW in 2018 after the
results of two double-blind, placebo-controlled trials [14,
15]. In the first study, 225 patients aged 2-55 years with
DEE-SSW with 2 or more drop seizures (defined as sei-
zures associated with a fall) per week were given doses of
20 mg/kg/day, 10 mg/kg/day, and placebo. After 14 weeks
of treatment, the 20 mg/kg/day group had a 41.9% reduction
in drop seizures (p=0.005 compared to placebo), 10 mg/
kg/day group had a 37.2% reduction (p =0.002 compared
to placebo), and placebo had 17.2% [14]. The median per-
cent reduction of frequency of all seizures was 38.4% in
the 20 mg/kg/day cannabidiol group (p=0.009), 36.4% in
the 10-mg cannabidiol group (p=0.002), and 18.5% in the
placebo group. Fourteen patients developed elevated liver
aminotransferase concentrations [14]. In the second phase 111
trial, 171 patients with the same seizure frequency criteria
experienced a median percentage reduction in drop seizure
frequency of 43.9% in the 20 mg/kg/day group compared to
21.8% in the placebo group (p=0.0135). The most common
side effects were diarrhea, decreased appetite, somnolence,
vomiting, and pyrexia [15].

Fenfluramine was recently approved in 2022 for treat-
ment of DEE-SSW after approval for treatment of Dravet
syndrome in 2020 based on two clinical trials [16, 17].
The multi-center, double-blind, placebo-controlled, par-
allel group phase 3 trial for DEE-SSW consisted of 263
patients [18]. Patients must have experienced 2 or more sei-
zures associated with a fall (termed “drop seizures” in the
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study) per week during a baseline period and were treated
for 12 weeks with a 2-week dose titration with groups ran-
domized to placebo, 0.7 mg/kg/day dose, or 0.2 mg/kg/
day. Patients in the 0.7 mg/kg/day group achieved a 19.9
percentage point drop in seizures (»=0.001) compared to
placebo, the primary endpoint. Patients in the 0.2 mg/kg/
day group experienced a 10.5 percentage point reduction in
seizures (p=0.09). Generalized tonic clonic seizures (GTC)
were the seizure type most reduced with fenfluramine treat-
ment, with a 45.7% reduction in the 0.7 mg/kg/day group
(p=0.001) and a 58.2% reduction in the 0.2 mg/kg/day
group (p <0.001) [18].

Perampanel had been studied in a small case study
(n=13) of DEE-SSW patients treated with adjunctive ther-
apy, and at a 10-month follow-up, 69% were found to have
a>50% reduction in total seizure frequency [19]. In addi-
tion, it had briefly been studied as a potential adjunctive
therapy, though the trial was discontinued due to lack of
recruitment [20].

Novel Therapeutics

There are several new anti-seizure medications that are cur-
rently undergoing clinical trials. While there may be further
treatment options for the DEE-SSW patient population, this
is further evidence of the unmet treatment need.

There was a recent case series in 2022 describing four
patients with DEE-SSW who were treated with the newer
anti-seizure medication cenobamate, which was FDA-
approved for focal seizures in 2019 [21]. Focal seizures may
be a predominant seizure type in some patients with DEE-
SSW. The case series followed 4 patients with DEE-SSW
who are treated with cenobamate, a drug with a novel mech-
anism consisting of inhibiting persistent currents of voltage-
gated sodium channels and acting as a positive allosteric
modulator of GABA, receptor-binding sites. Four adults
with a diagnosis of DEE-SSW and history of focal seizures
and drug resistance were included, and after treatment with
cenobamate for 12 months, they experienced between a 25
and 74% reduction in seizures, two of which experienced a
greater than 50% reduction in seizures [21].

The drug soticlestat is a promising first-in-class selective
inhibitor of cholesterol 24-hydroxylase (CH24H). CH24H
functions to catalyze the conversion from cholesterol to
24S-hydroxycholesterol and is mainly expressed in neurons
[22]. 24S-hydroxycholesterol is thought to be toxic, leading
to oxidative stress and inflammation. In animal models, soti-
clestat has been shown to decrease glutamate levels and lead
to reduced hyperexcitability [22]. A phase 2, randomized,
double-bind, placebo-controlled study evaluated soticlestat
in children 2-17 years with either Dravet syndrome (DS)
or DEE-SSW [23]. Children with DEE-SSW were required

to have at least 4 or more seizures associated with a fall
(drop seizure) per month to enroll. One hundred and thirty-
nine children were recruited into study (51 DS, 88 DEE-
SSW). After an 8-week dose titration period and 12-week
maintenance period, median reductions in convulsive and
drop seizures approached significance 17.08% (p=0.116)
in children with DEE-SSW. The most common side effects
were lethargy and constipation [23]. As the phase 2 trial was
potentially underpowered in DEE-SSW patients, soticles-
tat is currently undergoing a phase 3 international, double-
blind, placebo-controlled phase 3 trial in DEE-SSW with
results expected in 2023/2024.

Carisbamate is currently being studied for treatment of
DEE-SSW, and in the recruitment stage of a phase 3 clinical
trial. This medication has been shown to inhibit voltage-
gated sodium channels expressed in rat hippocampal neurons
[24] in addition to reducing pre-synaptic glutamate levels
in rat dentate gyrus [25]. This drug had previously been
trialed in patients over 16 years of age with intractable focal
epilepsy though results were of mixed significance [26-28].
Carisbamate is currently undergoing in a phase I trial in
children and adults with DEE-SSW [29].

Lorcaserin is a novel therapeutic drug with a similar
mechanism of action to fenfluramine, working as a selective
serotonin receptor (5-HT2C) agonist for receptors located in
the central nervous system. It has been shown to decrease
the frequency of non-convulsive seizures in a rat model {30].
There is a retrospective case series without a control group
in a small multi-center cohort of children and young adults
with drug-resistant focal epilepsy (n = 3), intractable gener-
alized epilepsies (n=3) including Dravet syndrome (n=20)
and DEE-SSW (n=9) [31]. Lorcaserin was associated with
a reduction of motor seizures in all groups: 50% in DEE-
SSW, 43% in Dravet syndrome, and 23% in drug-resistant/
generalized epilepsies. Major side effects (reported by > 10
patients) were decreased appetite, decreased attentiveness,
and weight loss [31]. It is currently in phase 3 clinical trials
for Dravet syndrome.

Surgical Approaches

In addition to anti-seizure medications, there are also prom-
ising surgical approaches to offer other than the existing
treatments of VNS and corpus callosotomy. Deep brain
simulation (DBS) of the anterior nucleus of the thalamus
for treatment of focal onset seizures was approved in 2018
after the results of the SANTE trial [32]. However, there is
a growing body of evidence that chronic stimulation of the
centromedian (CM) nucleus of the thalamus may be effica-
cious in reducing seizures in DEE-SSW. The CM represents
a main source of input to the striatum, in addition to having
connections to the brainstem and cortex, and plays a role in
attention, arousal, and coordination [33]. In addition, the
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centromedian parafascicular nucleus has been shown to be
involved early on the generation of generalized spike wave
discharges, preceding involvement of anterior nucleus of the
thalamus, wﬁich is thought to have a role in propagation of
generalized-qnset seizures [34]. Given that the centromedian
parafascicular nucleus has projections to the bilateral fronto-
central cortices, the area of maximal prominence where gen-
eralized discharges are noted on scalp EEG, and is activated
early on in generalized spike wave discharges, this nucleus
is thought to gither drive, or have an important early role, in
the propagation of generalized onset seizures [34].

A case seﬂies from 2006 evaluated 13 patients with DEE-
SSW from 4 ‘to 22 years of age who underwent bilateral CM
implantatior and found that overall seizure reduction was
80% at 18 mpnths of follow-up [35].

The ESTEL trial, a prospective, double-blind, randomized
trial of deep brain stimulation (DBS} in the bilateral centro-
median (CM) nuclei of the thalamus in patients with DEE-
SSW was recently completed [36]. From years 2017-2019,
19 young adhlts with DEE-SSW underwent implantation of
DBS device’to bilateral CM nuclei, 10 in the treatment and
9in the con*rol group.

Three manths after implantation, haif of patients received
3 months of stimulation as part of the blinded phase, and
then all received 3 months of stimulation. The DBS stimu-
lation settings were slightly slower than the SANTE trial
(goal voltage of 2.5 V, while SANTE trial voltage began
at 5 V and ¢ould increase to 7.5 V). The remaining param-
eters of pu]|se width of 90 ps, 145 Hz frequency (though
in SANTE tould increase to 185 Hz), and cycling *on” at
1 min and “oft” at 5 min were the same as the SANTE trial
[32]. The primary outcome was the proportion of partici-
pants with > 50% reduction in diary-recorded seizures in the
last month jof the blinded period, which was achieved by
50% of the|stimulation group (n=35) compared with 22%
(n=2) of controls (p =0.25). The secondary outcome was
the proportion of patients with a > 50% reduction in electro-
graphic seizures on 24-h ambulatory EEG recording done
at the end of the third month of the blinded period, which
was 89% (l1=8) in the stimulation group compared with
none of the controls (p=0.05). In addition, after all patients
entered the|treatment group, subjective reports from parents/
caregivers|of increased alertness occurred in 95% (18/19)
and feelinés overall benefit were reported by 79% (15/19)
[36]. This study was only powered to find a large difference
(at least 7(#% seizure reduction with stimulation) and given
the relatively low number of subjects (n=19), it is possible
that a repeat study with larger numbers of patients, there may
be statistically significant results [36].

While limited, there is growing evidence for the use
of respongive neurostimulation (RNS) in DEE-SSW with
promising| results. One case series describes two patients
with clead benefit from RNS implanted into the bilateral

@_ Springexl

centromedian nuclei, with a 70-95% seizure reduction
8—12 months after implantation [37].

There is currently a phase II study in recruitment to eval-
uate RNS in DEE-SSW patients with the plan to implant
two neurostimulators with depth leads in the bilateral CM
in addition to cortical or strip leads targeting the prefrontal
cortex [38].

Future Directions

In addition to newly developing ASMs and expanding sur-
gical options, the importance of continuing the pursuit of
identifying the underlying etiology for the patient’s epilepsy
cannot be understated. With the continued development and
widespread use of genetic testing such as whole exome and
whole genome sequencing, there may be more targeted treat-
ments in the future, such as gene therapy [39].

In summary, there are promising new treatments of DEE-
SSW in both pharmacologic realm and with the advance-
ment of neurostimulation, including both DBS and RNS
devices. As future developments in novel therapeutics and
surgical techniques may lead to the increasing use of tailored
treatments for a patient’s epilepsy, the progression to DEE-
SSW may be able to be avoided in some patients. However,
the underlying heterogeneity and poorly understood patho-
physiology of DEE-SSW do remain significant challenges,
and more research is needed in this area.
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ARTICLE INFO ABSTRACT

Article history: Objective: This retrospective study examined patients with probable Lennox-Gastaut syndrome (LGS)

Received 13 October 2020 identified from German healthcare data.

Revised 16 November 2020 Methods: This 10-year study (2007-2016) assessed healthcare insurance claims information from the

ﬁ\‘;}:ﬁ: :’:l::"g'znge;ezzigr 2020 Vilua Healthcare research database. A selection algorithm considering diagnoses and drug prescriptions
identified patients with probable LGS. To increase the sensitivity of the identification algorithm, two pop-
ulations were defined: all patients with probable LGS (broadly defined) and only those with a docu-

Kuem):d-gasmut syndrome mented epilepsy diagnosis before 6 years of age (narrowly defined), This specific criterion was used as

Prevalence LGS typically has a peak seizure onset between age 3 and 5 years. Primary analyses were prevalence

Burden of iilness and demographics; secondary analyses included healthcare costs, hospitalization rate and length of stay

Healthcare costs (LOS), medication use, and mortality.

Healthcare resource utilization Results: In the final year of the study, 545 patients with broadly defined probable LGS (mean [range] age:

Rescue medication 31.4 [2-89] years; male: 53%) were identified. Using the narrowly defined probable LGS definition, the

number of patients was reduced to 102 (mean [range] age: 7.4 [2-14] years; male: 52%). Prevalence of
broadly defined and narrowly defined probable LGS was 39.2 and 6.5 per 100,000 people. During the
10-year study, 208 patients with narrowly defined probable LGS were identified and followed up for
1379 patient-years, The mean annual cost of healthcare was €22,787 per patient-year (PPY); greatest
costs were attributable to inpatient care (33%), home nursing care (13%), and medication (10%). Mean
annual healthcare costs were significantly greater for those with prescribed rescue medication (45% of
patient-years) versus those without (€33,872 vs. €13,785 PPY, p <0.001). Mean (standard deviation
[SD]) annual hospitalization rate was 1.6 (2.0} PPY with mean (SD) annual LOS of 22.7 (46.0) days.
Annual hospitalization rate was significantly greater in those who were prescribed rescue medication
versus those who were not (2.2 [2.3] vs. 1.1 [1.6] PPY, p < 0.001). The mean (SD) number of different med-
ications prescribed was 11.3 (7.3) PPY and 33.8 (17.0) over the entire observable time per patient (OET);
antiepileptic drugs only accounted for 2.1 (1.1) of the medications prescribed PPY and 3.8 (2.0) OET. Over
the 10-year study period. mortality in patients with narrowly defined probable LGS was significantly
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higher than the matched control population (six events [2.88%] vs. one event {0.01%], p <0.001).

Conclusion: Annual healthcare costs incurred by patients with probable LGS in Germany were substan-
tial, and mostly attributable to inpatient care, home nursing care, and medication. Patients prescribed
with rescue medication incurred significantly greater costs than those who were not. Patients with nar-
rowly defined probable LGS had a higher mortality rate versus control populations.

© 2020 The Author(s). Published by Eisevier Inc. This is an open access article under the CC BY-NC-ND

license (Lirip: !, creativecommaons.orgflicenses/by-ne-ndi4.0:).

1. Introduction |

[

Lennox-Gastaut syndrome (LGS) is a polyetiological, predomi-
nantly childhdod-onset, severe developmental epileptic
encephalopathy lassociated with high morbidity and mortality,
with an estimated prevalence rate of 1-10% of all childhood epilep-
sies {1 5. Treatment options for LGS are limited and long-term
prognosis is poor {3|. No single treatment approach has been
shown to be Eighly efficacious and many patients receive
polypharmacy without adequate seizure control {5.G1. The man-
agement of LGS is further complicated by its associated comorbidi-
ties, especially cognitive impairment and behavioral problems, and
the variety of different seizure types that characterize the syn-
drome ; | 1|. Such complexity can make it difficult to tailor thera-
peutic approaches to those without a clearly defined and
treatable etiology.

The burden jof LGS is multifaceted and extends beyond the
availability of §dequate treatment; seizure burden is typically
quantified usini seizure frequency but this gives limited scope
for understanding the breadth of impact |7]. The implications of
the syndrome tan be wide-ranging: patients often experience
mobility or behavioral impacts, while families/caregivers can expe-
rience limited career opportunities {5i. Furthermore, patients and
their families/caregivers can be exposed to decreased social partic-
ipation {5.91. TEE high cost of treatment and necessity for long-
term care can exacerbate these negative effects and create further
stress for thoseiliving with the burden of LGS {5 101,

Healthcare ¢ost and utilization data offer an opportunity to
quantify some of the burden associated with medical conditions
and may provide insight that can change treatment approaches
and improve pbtient care |1 1], Currently, there is a lack of such
analyses for LGS and other epileptic encephalopathies, particularly
for pediatric patients [ i2].

The general;lack of healthcare cost and utilization data for LGS
is most likely iue to its low prevalence and different underlying
etiologies, and a lack of appropriately captured healthcare informa-
tion in medical records/databases. Furthermore, the International
Classification df Diseases, 10th Revision (ICD-10) did not include
a specific code for LGS. The future release of ICD-11 (scheduled
for 2022) will include a code for LGS (8A62.1 Lennox-Gastaut syn-
drome), although it is believed that widespread adoption and
implementation of the code could take at least another decade,
and perhaps eyen longer, to yield data for research. In the mean-
time, the need for healthcare utilization and cost analyses in LGS
is beginning tp be addressed using patient selection algorithms
to identify patjents with probable LGS using ICD-10 data.

The few published healthcare utilization studies in patients
with LGS have all reviewed healthcare data from patients based
in the USA (Medicaid and MarketScan® databases) {i-.11.15.1:1.
Since all previous studies have used an algorithm to detect the
patients most likely to have been diagnosed with LGS, all studies
refer to patients with ‘probable LGS’ The algorithm used was
highly consistent between these studies {;, 1 1,173.141. As noted pre-
viously, LGS is a predominantly childhood-onset syndrome, most
commonly ménifesting itself between ages 3-5 years {4], yet no

previous study has included a maximum age cut-off for the first
diagnosis of epilepsy as an indicator for probable LGS.

The objective of this retrospective study was to examine epi-
demiology, healthcare cost and utilization, medication use, comor-
bidities, injuries, and mortality for patients with LGS. Using
information from a German healthcare insurance claims database,
this study is the first to present these analyses for patients with
LGS based in Europe.

2. Materials and methods
2.1. Data source

This study utilized healthcare insurance claims data obtained
from the Vilua Healthcare research database, which contains
entries for >4 million individuals, and represents approximately
5% of the German population covered by statutory health insur-
ance (Gesetzliche Krankenversicherung; GKV). The database is
continuously evaluated to ensure that it is comparable to the Ger-
man population by comparison to the annual publications of the
German Federal Office for Social Security (Bundesamt fiir Soziale
Sicherung) and has been used previously for epidemiological stud-
ies in epilepsy, status epilepticus, and multiple sclerosis {15--14].
All data obtained from this database were de-identified; entries
were routinely inspected for outliers, data errors, and longitudinal
changes. Analyses of these data were approved by the ethics com-
mittee of the University of Frankfurt and the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines were followed | 19,

2.2, Identification of patients with probable Lennox-Gastaut syndrome

In the Vilua Healthcare research database, there was no option
to select specifically for those diagnosed with LGS due to the
absence of an LGS-specific diagnosis code in the ICD-10 classifica-
tion system. All ICD codes used for this study are listed in Appendix
able S1,

To account for the lack of an ICD code for LGS, and to retrieve
those patients most likely to have a diagnosis of LGS, while also
excluding those with other neurological disorders, an identification
algorithm considering diagnoses and drug prescriptions was
defined (¥iu. 1). This selected patients with >1 ICD-10 diagnosis
of G40 (epilepsy)/G41 (status epilepticus) and >1 claim of either
rufinamide or felbamate (during the year of identification). If there
was no claim of rufinamide or felbamate, >2 different antiepileptic
drugs (AEDs) in combination with >1 developmental delay diagno-
sis and no diagnosis code for competing etiologies were required
(also during the year of identification; ICD codes are listed in
Appendix Table S1). For example, those with an ICD-10 code for
malignant neoplasms were excluded on the basis of competing eti-
ology. Patients with probable Dravet syndrome (DS) were excluded
from the present study population using a DS-specific algorithm
based on diagnosis of epilepsy and prescription of certain AEDs
that was defined for a separate analysis. Patients with tuberous
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Patients with 21 1CD-10 diagnosis of G40
(epilepsy)/G41 (status epilepticus)

I
Y ¥

21 claim of either No claim of
r—  rufinamide or rufinamide
felbamate or felbamate

A A

22 different
AEDs

A4

21 developmental delay diagnosis
No diagnosis code for competing ctiologies

L Exclusion of patients with probable DS

h 4

Patient population: Patients with
probable LGS (broadly defined)

h 4

21 G40/G41 claim before their 6th birthday

h

Patient population: Patients with
probable LGS (narrowly defined)

Fig. 1. Patient selection process for probable LGS. AED, antiepileptic drug; ICD-10,
international Classification of Diseases, 10th Revision; LGS, Lennox-Gastaut
syndrome,

sclerosis complex (TSC) were also excluded and are part of a sepa-
rate analysis.

To increase the sensitivity of the identification algorithm, two
populations were defined: all patients with probable LGS (broadly
defined probable LGS) and only those with >1 documented G40/
G41 claim before their 6th birthday (narrowly defined probable
LGS). Patients aged 6 years or older on the first day of the study
could not be included in the narrowly defined LGS population.
The selection of those with >1 G40/G41 claim prior to age 6 was
informed by previous literature; LGS typically presents before
age 8, with peak seizure onset between age 3 and 5 |ii. The strat-
ification of patients with probable LGS based on this additional cri-
terion increased the sensitivity (true-positive rate) of the study.

2.3. Outcomes

Data from a 10-year period between January 1, 2007 and
December 31, 2016 were assessed. The primary analyses were
prevalence, and age and sex distribution in the two populations:
broadly defined and narrowly defined probable LGS. These analy-
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ses were calculated using the number of patients identified in
the final year of the study (2016); the final year was chosen
because coding quality improved from study onset (2007) through
to completion (2016) and so presenting the final year data ensured
the highest possible reporting accuracy. Furthermore, with 2016
being the final year, it also allowed the study to present the most
recent epidemiological data available. Secondary analyses were
annual healthcare costs, annual hospitalization rate and length of
stay (LOS, measured in days; all patients, patients hospitalized
due to primary probable LGS diagnosis, and patients hospitalized
with mechanical ventilation), medication use, comorbidities, inju-
ries, and mortality. Secondary analyses were assessed using the
number of patients identified across the entire study (2007-
2016) and were only conducted in the narrowly defined probable
LGS population. All analyses, apart from prevalence, were based
on fully observable patients, defined as those whose data were
available for the complete observation year in question. Annual
healthcare costs were stratified by age group (0-1, 2-9, and 10-
19 years); given that most AEDs are only approved for use in
patients with LGS >1 year of age, it was of interest to evaluate
costs in younger patients. -

Previous analyses have suggested a lower age of seizure onset,
increased frequency of seizures, and an increased number of pre-
scribed AEDs in patients with rescue medication use versus those
with no rescue medication use |20}, To explore this further, sub-
group analyses of cost, hospitalization rate, LOS, and mortality data
were conducted based on prescription of rescue medication,
defined as at least one prescription of midazolam, diazepam (rectal
formulation), or chloral hydrate in at least 1 year during the study
period.

The cost of illness associated with probable LGS was assessed
using a top-down approach, from the perspective of the statutory
health insurer. This approach was applied to all hospitalization
admissions within the specified analysis period. Cost data by
age were evaluated over a 10-year period; within this, costs were
recorded annually according to age at the time of assessment. All
costs were calculated in Euros (€) and were adjusted to the 2015
price year using the German Health Consumer Price Index [21].
LOS at discharge was calculated using the database, The number
of different medications was determined from the number of dif-
ferent Anatomical Therapeutic Chemical Classification System
(ATC) codes noted throughout the study for a particular patient.
The most commonly prescribed AEDs (ATC code NO3A + cloba-
zam) were assessed using the data for each patient in their last
observation year; this was either the final year of the study or
the year in which the patient left the database (for example,
the patient may have switched to another insurance company,
left the country, or died). Injury and mortality were compared
to age- and sex-matched (standardized) controls over an equal
observation time. To generate these controls, the database was
searched for as many patients as possible who did not have a
diagnosis of probable LGS, probable DS, or TSC and were of the
same age and sex, and with at least an equal observation time,
as the patient with probable LGS.

2.4. Statistical analysis

All data were analyzed with SQL Server 2016 SP2, R 3.5.0 and
Microsoft Excel. P-values were derived from a t-test hypothesizing
that the mean costs (per setting) of the patients with prescribed
rescue medication were equal to the mean costs (per setting) of
the patients with no prescribed rescue medication. P-values were
also derived from a log rank test (using chi-squared distribution)
to assess the significance of mortality data versus standardized
controls.



A. Strzelczyk, S. Schubert-Bast, A. Simon et al.

3. Results
3.1. Patient demographics and characteristics

Using data from the final year of this 10-year study (2016), the
classification algorithm identified 545 patients with broadly
defined probable LGS, of whom 102 (19%) fulfilled the criteria for
narrowly defined probable LGS ( +'»'+* i ). During the 10-year study,
1571 patients with broadly defined probable LGS were identified
and followed uplfor 12,090 patient-years; 208 patients with nar-
rowly defined probable LGS were identified and followed up for
1379 patient-years.

Using data from 2016, the prevalence (age and sex standardized
to German GKV population) of broadly defined and narrowly
defined probable LGS was 39.2 and 6.5 per 100,000 people. The
mean (range) aée was 31.4 (2-89) years in the broadly defined
and 7.4 (2-14) ylears in the narrowly defined population. The nar-
rowly defined population included only those patients for whom
the initial epilepsy diagnosis took place within the overall study
period (2007-2016); thus, the oldest patient in this population
was 14 years old on the final day of study (<6 years of age on the
first day of study). Sex distribution (% male) was similar in the
broadly defined, (53%) and narrowly defined (52%) populations
and was consistent across all age groups in both populations.

During the 10-year study period, almost all (178/208, 86%)
patients in the jnarrowly defined probable LGS population were
prescribed rescue medication at some point during the follow-up
period. |

|
3.2. Healthcare qosts

All cost analyses were conducted using the narrowly defined
probable LGS pppulation (n=208; 1379 patient-years).

3.2.1. All patients
During the {10-year study period, the mean annual cost of

healthcare was, €22,787 per patient-year (1.1 ). The greatest
|

Table 1
Epidemiology of pa}ients with probable LGS (broadly and narrowly defined) in 2016.
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contributors to healthcare costs were inpatient care (33%), home
intensive nursing care/nursing care (13%), and medication (10%).
Inpatient costs resulting from hospital stays related to epilepsy
were high (€5636 per patient-year). However, AEDs alone
accounted for a small proportion (14%) of the medication costs.
High non-AED medication costs were influenced by several expen-
sive medications that were prescribed to a small number of
patients over the study period, for example anterior pituitary lobe
hormones and analogs to one patient (total of three prescriptions
at a mean cost of €3642 per prescription), systemic antimycotics
to two patients (four prescriptions, €1823), and immunoglobulins
to seven patients (31 prescriptions, €1215).

3.2.2. Patients with prescribed rescue medication

During the 10-year study period, the mean annual cost of
healthcare was significantly greater for those prescribed with res-
cue medication (patient-years in which patients received rescue
medication: 618/1379, 45%) versus those not (€33,872 wvs.
€13,785 per patient-year, p < 0.001; iable 2). Similar to the overall
population, inpatient care was the largest component of the total
costs and was significantly greater for patients with prescribed res-
cue medication than those without. Costs for home nursing, special
equipment, and other physical therapies were markedly and signif-
icantly greater in patients with prescribed rescue medication than
those without. Medication costs comprised 10% of overall costs in
the prescribed rescue medication subgroup and 9% in the subgroup
not prescribed rescue medication; the proportions of these costs
associated with AEDs were equivalent in both subgroups (14%).
In those prescribed rescue medication, mean annual cost per
patient-year was greatest in the 0- tol-year age category
(€53,073 per patient-year); costs were similar between the 2- to
9-year and 10- to 19-year age categories (€31,614 and €33,030
per patient-year). Higher costs in the 0- to 1-year age category
were mostly attributable to inpatient care (€26,359 vs. €7976
and €7817 per patient-year in the 2- to 9-year and 10- to 19-year
categories, respectively).

Patients identified with probable LGS

Broadly defined

Narrowly defined

No. of patients, n (%) 545 (100) 102 (19)

Mean age, years 314 7.4

Prevalence” (per 100,000 people)

Unstandardized to the German GKV population 41.1 7.7
Standardized to the German GKV population 39.2 6.5

Sex distribution‘ per age group, n (%)

Age range (yeaﬂs) Male Female Male Female
0-1 i 0(0) 0(0) 0(0) 0(0)
2-9 40 (14) 37(15) 39 (74) 34 (69)
10-19 i 56 (19) 71 (28) 14 (26) 15 (31)
20-29 53 (18) 36 (14) 0 (0) 0(0)
30-39 ‘ 38(13) 31(12) 0(0) 0(0)
40-49 38(13) 18(7) 0(0) 0(0)
50-59 ‘ 35(12) 31(12) 0(0) 0(0)
60-69 22 (8) 17 (7) 0(0) 0(0)
70-79 ‘ 7(2) 10 (4) 0(0) 0(0)
80+ ‘ 2(1) 3(1) 0(0) 0(0)

GKV, Gesetzliche J(rankenversicherung (statutory health insurance); LGS, Lennox-Gastaut syndrome.

# Prevalence ca

culations are based on all patients, including those who changed insurance company or died during an observation year (patients identified with probable

LGS [broadly deﬁ#ed]. n=553; patients identified with probable LGS [narrowly defined], n = 104); all other analyses are based on fully observable patients only i.e. those
whose medical data were available across the entire observation year in question { patients identified with probable LGS [broadly defined], n = 545; patients identified with

probable LGS [nadrowly defined], n = 102),
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Table 2
Summary of cost data, including stratification into patient groups with/without prescription of rescue medication' for patients with narrowly defined probable LGS during the
10-year study period.
All patients Years where patients prescribed Years where patients not prescribed p-value®
with rescue medication with rescue medication®
Annugl cost per patient-year, €
Patient-years 1379 618 761
Total
Mean 22,787 33,872 13,785 <0.001
Median (Q1-Q3) 4439 (0-18,489) 11,897 (0-30,500) 2058 (0-9120)
Inpatient
Mean 7422 9776 5511 0.001
Median (Q1-Q3) 0 (0-5394) 1427 (0-10.628) 0(0-1947)
Epilepsy-related
Mean 5636 8336 3288 <0.001
Median (Q1-Q3) 0 (0-5243) 2580 (0-8814) 0 (0-2008)
Outpatient
Mean 1390 1826 1036 <0.001
Median (Q1-Q3) 708 (0-1681) 1122 (0-2005) 388 (0-1336)
Medication
Mean 2243 3479 1240 <0.001
Median (Q1-Q3) 427 (0-1991) 1126 (0-3797) 146 (0-971)
AEDs
Mean 309 483 169 <0,001
Median (Q1-Q3) 100 (0-354) 225 (17-576) 0 (0-196)
Services and devices
Mean 11,731 18,791 5997 <0,001
Median (Q1-Q3) 703 (0-5282) 2310(0-11,327) 27 (0-2256)
Intensive home nursing care
Mean 1971 3479 746 0.018
Median (Q1-Q3) 0 (0-0) 0 (0-0) 0 (0-0)
Special equipment
Mean 1309 2316 490 <0.001
Median (Q1-Q3) 0(0-0) 0(0-0) 0 (0-0)
Home nursing care
Mean 985 1761 354 0.027
Median (Q1-Q3) 0(0-0) 0 (0-0) 0(0-0)
Other physical therapies
Mean 573 1014 215 0.013
Median (Q1-Q3) 0 (0-0) 0 (0-49) 0(0-0)
Physiotherapy
Mean 187 3n 86 <0.001
Median (Q1-Q3) 0 (0-0) 0(0-0) 0(0-0)
Transport for medical needs
Mean 65 112 27 <0.001
Median (Q1-Q3) 0 (0-0) 0 (0-0) 0(0-0)
Other costs
Mean 6643 9799 4080 0.020
Median (Q1-Q3) 0 (0-2853) 354 (0-5632) 0(0-1439)
Mean annual cost per age group per patient-year, €
0-1year
No. of patients, n 113 49 99
Patient-years 210 61 149
Cost (SD), € 24,434 (82,453) 53,073 (138,514) 12,709 (36,686) <0.001
2-9 years
No. of patients, n 204 166 167
Patient-years 1038 496 542
Cost (SD), € 22,996 (63,199) 31,614 (73.093) 15,110 (51,356) <0.001
10-19 years
No. of patients, n 59 38 34
Patient-years 131 61 70
Cost (SD), € 18,487 (45,263) 33,030 (61,799) 5813 (13,748) <0,001

AED, antiepileptic drug; LGS, Lennox-Gastaut syndrome; Q1-Q3, interquartile range; SD, standard deviation,
4 Rescue medication use is defined by having >1 prescription of midazolam, diazepam (rectal formulation), or chloral hydrate.

b p-test for patients with versus without rescue medication prescription.

3.3, Hospitalization rates and LOS

All hospitalization and LOS analyses were conducted using the

3.3.1. All patients
During the 10-year study period, patients were admitted to hos-
pital a mean (SD; median) of 1.6 (2.0; 1) times annually and

narrowly defined probable LGS population (n=208; 1379 reported a mean (SD; median) annual LOS of 22,7 (46.0; 3) days
per patient-year (!:l:l¢ ). The range was wide for these data;

patient-years),
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Table 3
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Summary of hospitalization rates and LOS, including stratification into patient groups with/without prescription of rescue medication’ for patients with narrowly defined

probable LGS during the 10-year study period.

All patients Years where patients Years where patients not p-value”
prescribed with rescue prescribed with rescue
; medication medication’
No. of patients, n (?é) 208 (100) 178 (86) 188 (90)
N AHR LOS (days) AHR LOS {days) AHR LOS (days) AHR LOS (days)
All patients
Patient-years 1379 1379 618 618 761 761
Mean (SD) 1.6 (2.0) 22.7 (46.0) 22(23) 30.1 (55.4) 1.1 (1.6) 16.7 (35.6) <0.001 <0.001
Median (range) 1(0-13) 3 (0-804) 2(0-13) 10 (0-804) 1(0-13) 1 (0-309)
95% Cl | 1.5-1.7 20.3-25.1 2.0-24 25.7-34.5 1.0-1.2 14.2-19.2
All patients (due to primary probable LGS diagnosis)
Patient-years ‘ 1379 1379 618 618 761 761
Mean (SD) 0.7 (1.3) 10.3 (26.9) 1.1(1.6) 15.4 (32.3) 0.4(1.0) 6.2 (20.8) <0.001 <0.001
Median (range) 0(0-10) 0 (0-294) 1(0-10) 0 (0-294) 0(0-10) 0 (0-208)
95% Cl ! 0.7-0.8 8.9-11.8 1.0-13 12.9-18.0 0.3-0.5 4.7-7.7
Patients hospitalized with mechanical ventilation
Patient-years 32 32 17 17 15 15
Mean (SD) ‘ 1.3 (0.6) 40.5 (44.6) 1.5 (0.8) 215(17.3) 1.0 (0.0) 61.9 (56.0) 0.015 0.016
Median (range) 1(1-3) 27.5 (3-181) 1(1-3) 20 (3-66) 1(1-1) 40 (11-181)
95% Ci 1.1-15 25.0-55.9 1.2-19 13.3-29.7 1.0-1.0 33.6-90.3

AHR, annual hospitalization rate; Cl, confidence interval; LGS, Lennox-Gastaut syndrome; LOS, length of stay; SD, standard deviation.
4 Rescue medication use is defined by having >1 prescription of midazolam, diazepam (rectal formulation), or chloral hydrate,

b t-test for patients with versus without rescue medication prescription.

hospitalizations ranged from 0 to 13 and LOS from O to 804 days
per patient-yearl The main reason for hospitalization was epilepsy
and recurrent seizures (G40 ICD-10 code), occurring in 87% of
patients during the study; pneumonia (J18, 23%) and acute
bronchitis (J20, 19%) were the next most common reasons. Patients
hospitalized with mechanical ventilation had a mean (SD; median)
LOS of 40.5 (44.6; 27.5) days, almost double that of the overall
population.

3.3.2. Patients with prescribed rescue medication

The mean (SD) annual hospitalization rate was significantly
greater in those who were prescribed with rescue medication
{(n=178; 618 patient-years) versus those who were not (n = 188;
761 patient-years) (2.2 [2.3] vs. 1.1 [1.6] per patient-year,
p<0.001; taisié 3). This trend was also observed with LOS, with
a significantly longer LOS recorded in those who were prescribed
rescue medication versus those who were not. Among patients
who received mechanical ventilation, those prescribed with rescue
medication had a much shorter mean (SD) LOS than those who
were not (21.5i[17.3] vs. 61.9 [56.0] days).

3.4. Medicationiuse

All analyses‘ of medication use were conducted using the nar-
rowly defined'probable LGS population (n=208; 1379 patient-
years). During |the 10-year study period, the mean (SD; median)
number of different medications prescribed was 11.3 (7.3; 10)
per patient-year and 33.8 (17.0; 29.5) over the entire observable
time for each patient. In this same population, AEDs alone
accounted for @ mean (SD; median) of 2.1 (1.1; 2) of the medica-
tions prescribed per patient-year and 3.8 (2.0; 3) over the entire
observable time. Patients typically received between one and three
different AED |combinations in each year (range: 1-9) and most
patients received either two, three, or four different AEDs
(29%, 24%, and 16%) [range: 1-12] over the entire observable time.
During the last year of observation for each patient, the top six pre-
scribed AEDS/AED combinations (number of patients, ¥) were val-
proate (62, 37%), lamotrigine (25, 15%), lamotrigine and valproate
(16, 10%), oxcarbazepine (15, 9%), oxcarbazepine and valproate
(8, 5%), and clobazam (8, 5%). Over the entire study period, the

top five prescribed medications (number of patient-years, %) were
ibuprofen (782, 57%), xylometazoline (744, 54%), paracetamol
(609, 44%), diazepam (582, 42%), and valproate (571, 41%). Three
AEDs (valproate, levetiracetam, and lamotrigine) featured within
the top 20 most commonly prescribed medications.

3.5. Comorbidities

Comorbidities were common in the narrowly defined probable
LGS population; comorbidity and aggregated comorbidity data
are shown in Iig. 2A and B.

3.6. Injuries

During the 10-year study period, the frequency of reported inju-
ries was concordant between the narrowly defined probable LGS
population and the control group. At least one injury was reported
by 67% of patients (control: 69%); injuries to the trunk (46%; vs.
control: 50%) and head (41%; vs. control: 36%) were the most com-
mon injuries observed. ‘Epilepsy and recurrent seizures’ (G40) was
the most commonly reported secondary diagnosis in all patients
hospitalized due to a fracture (probable fall) during the study.

3.7. Mortality

Over the 10-year study period, the mortality rate in patients with
narrowly defined probable LGS was higher than that observed in the
control population (2.88% [six events] vs. 0.01% [one event],
p <0.001; Fiz. 3A). The mortality rate was greater in the broadly
defined probable LGS population versus the narrowly defined popu-
lation (10.01%[157 events] vs, 2.88% [six events], p < 0.001; }1z. iB).

In the narrowly defined probable LGS population, the mortality
rate was 3.39% (four events) in those prescribed with rescue med-
ication versus 2.22% (two events) in those with no prescribed res-
cue medication (Fiz. 3C).

4. Discussion

This retrospective study provides healthcare cost and utilization
data in patients with LGS in Germany. This is the first study to
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Fig. 2. Comorbidity (A) and aggregated comorbidity (B) data for patients with narrowly defined probable LGS during the 10-year study period. LGS, Lennox-Gastaut

syndrome.

report direct cost analyses for patients with LGS within Europe.
Furthermore, few studies have reported the prevalence of LGS,
with some published over 20 years ago i.::.. i . The present study
adds important recent epidemiological data to a small field and
provides a foundation for further research. These data from the
Vilua Healthcare research database cover a 10-year period up to
2016 and are representative of the German population covering
5% of the total population. Within this, the study provides a good
representation of the two probable LGS patient groups (broadly
defined and narrowly defined probable LGS).

In the final year of our study (2016), the selection algorithm
identified 545 patients with probable LGS (broadly defined); an
additional criterion was applied (>1 epilepsy diagnosis <6 years
of age) to increase the specificity of the patient selection algorithm
and strengthen the likelihood of selecting patients with LGS. The
application of this further stratification selected 102 patients from
the previous 545 (narrowly defined probable LGS). It should be
noted that patients were not excluded because they definitely
did not have LGS, but rather because there was less certainty
around their diagnosis as the age criterion with onset <6 years of
age could only be applied to a subset of patients (those born after
January 1, 2001). The lack of a specific code for LGS is a limitation
of all retrospective analyses that use healthcare database data. The

introduction of ICD-11 in the healthcare community will in future
yield data from which patients with LGS will be easier to identify,
providing that recommended data entry protocols are followed
and an ICD code for LGS is adopted.

In 2016, for the broadly and narrowly defined probable LGS
populations, the standardized prevalence was 39.2 and 6.5 per
100,000 people. A previous study of children in the USA aged 10
and born between 1985 and 1987 noted a prevalence rate of 26
per 100,000 for probable LGS [23]. The inclusion criteria used in
the previous study classified all patients with mixed types of gen-
eralized seizures and intellectual disability as having probable LGS
i1, In comparison, the present study employed selection criteria
that were based on previous analyses [G.11,13], but attempted to
increase algorithm accuracy by stratifying patients with probable
LGS based on age at diagnosis.

Our findings agree with previously published analyses that the
healthcare costs associated with LGS are significant [6,11.13]. All
previous studies note that the mean annual costs associated with
probable LGS are very high; where the comparison has been
shown, these costs exceed those of patients without LGS (Appendix

soie+2), and also exceed those of other encephalopathies such as
DS and TSC ;:-ii. In the present study, the largest component of
direct healthcare costs was inpatient care (33%). This trend is
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reflected by previous analyses of probable LGS, which showed that
hospitalization and inpatient-related expenses represented the
bulk of mean annual costs. It should be noted that the current
study only presents data from the child and adolescent population
(maximum age included: 14 years) due to the stratification algo-
rithm employed; direct comparisons with other studies in patients
with probable LGS with wider age ranges are therefore limited. The
substantial cost of home nursing care (13% of total costs) is also
noteworthy and highlights that children with LGS have complex
medical and physical needs and often require continuous care.

In the present study, the rate of hospital admissions was consid-
erable (mean: 1.6 per patient-year) and annual LOS was long
(mean: 22.7 days) for those within the narrowly defined probable
LGS population. Most hospitalizations were the result of epilepsy
and/or recurrent seizures, indicating that there is still a high unmet
treatment need in this population. It should be noted that there
was at least one instance of very long hospitalization (>804 days).
This trend was reflected in annual cost data: there was again at
least one instance of very high inpatient-related costs (range:
€0-€524,838).

Our findings are broadly consistent with previous studies that
have observed frequent inpatient admissions among populations
with LGS and other epilepsies. Twao studies conducted in the USA
reported lower hospitalization rates for patients with probable
LGS (0.3-0.7 per patient-year), although direct comparisons
between studies are limited by methodological differences
[11.13]. In line with our analysis, one of these studies reported that
seizure-related inpatient visits represented roughly two-thirds of
all inpatient visits for patients with probable LGS [i 3| A survey
conducted in Germany found that 15.7% of children and adoles-
cents with epilepsy were admitted to hospital at least once over
a 3-month period with a mean LOS of 9.3 days { i 2|. It is interesting
to note that our findings regarding high hospitalizations in patients
with probable LGS are also in line with those reported in two sim-
ilar recent bottom-up analyses of healthcare data from patients
with DS, another epileptic encephalopathy ... In particular,
both studies observed considerable inpatient LOS in patients with
DS. In the first study, mean LOS due to DS was 25.6 days over the
previous 12 months [24]. The second study compared patients
with DS to age- and sex-matched patients either with drug-
resistant epilepsy (without encephalopathy) or in seizure remis-
sion. LOS in the DS group was comparable with that in patients
with drug-resistant epilepsy (2.5 and 2.9 days over 3 months)
and significantly longer than for those in seizure remission
(0.3 days over 3 months) [25].

Patients with prescribed rescue medication incurred costs sig-
nificantly greater than those of patients without (€33,872 vs,
€13,785 per patient-year, p <0.001). Those patients with pre-
scribed rescue medication also had a significantly higher annual
hospitalization rate and longer LOS. Interestingly, mortality was
similar between those prescribed with rescue medication and
those who were not (3.39% vs. 2.22%). Several clinical or social fac-
tors may have influenced costs and hospitalizations in patients
who were prescribed rescue medication, but it is beyond the scope
of this analysis to evaluate such factors. It should be noted that all
comparisons of those prescribed versus not prescribed rescue med-
ication are limited by the difference in size of these populations;
few patients did not receive rescue medication at least once during
the study.

" As expected in this population, patients were prescribed multi-
ple medications including AEDs. However, the number of different
AEDs prescribed for each patient was generally low, suggesting
that AED treatment remained relatively stable throughout the
study period. This is supported by the fact that most patients
received either two, three, or four different AEDs (29%, 24%, and
16%) over the entire observable time. The most commonly pre-
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scribed AEDs in this study were valproate and lamotrigine; this
is in keeping with current expert opinion for the treatment of
LGS i4i. This trend was also observed in previous studies of
patients with probable LGS: patients generally used more non-
AED versus AED medications, and the number of different AEDs
prescribed was low | 11,13], The present study also shows that a
few patients were prescribed very expensive non-AED medications
which influenced mean treatment costs.

Over two-thirds of the narrowly defined probable LGS popula-
tion reported at least one injury. This may be partly explained by
the high incidence of drop seizures in patients with LGS. Drop sei-
zures tend to occur suddenly and with the potential to cause signif-
icant injury 13| Interestingly, however, there was no marked
difference between the frequency of injuries in patients with nar-
rowly defined probable LGS and matched controls. Each probable
LGS patient was matched to at least 100 Vilua Healthcare database
entries of the same age, sex, and observation time. Consequently,
the matched control population would be aged <15 years and it
is likely that a large proportion of this pediatric population would
have experienced at least one injury across a 10-year period,

In line with other published data in patients with LGS, most
patients in this study had other comorbidities besides epilepsy

-2, emphasizing the need for the impact of this additional
burden to be considered when contemplating both the costs asso-
ciated with LGS and the treatment plans that should be offered in
its management. In the present study, the most common aggre-
gated comorbidities were cognitive disabilities, although this is
unsurprising as cognitive disabilities formed part of the possible
patient selection criteria. The next most common comorbidities
were respiratory infections, physical disabilities, and injuries. It is
unclear if these comorbidities influenced the costs reported in this
study and this could form the basis for future analyses.

This study reports a mortality rate of 2.88% for patients with
narrowly defined probable LGS, which is comparable with other
published data for patients with LGS, which report mortality as
between 3% and 7% {i:- 23], Six patients aged <14 years died over
the 120 months of the present study. Since death in LGS can often
be attributed to status epilepticus, the result of an accident during
a seizure or sudden unexpected death in epilepsy {29-31], these
findings underline the unmet need in LGS as improved seizure con-
trol may reduce mortality {7 ].

5. Limitations

Although our selection algorithm was informed by the method-
ology of previous studies in LGS and other encephalopathies
i, it is possible that misclassification of LGS patients may

have occurred. In addition, the analyses were based on healthcare
insurance data; there may have been inaccuracies such as under-
or over-reporting within the Vilua Healthcare research database.
Although the requirement for >1 epilepsy diagnosis <6 years of
age for inclusion in the narrowly defined population may have
increased the sensitivity of the study, this excluded older patients
with LGS from the study population, This was unavoidable due to
the study duration (2007-2016) and the retrospective nature of
the analysis i.e. the need to verify a diagnosis before age 6 within
the 10-year study period. A prospective study that enrolls patients
following diagnosis would remove this exclusion, although data
would take many years to acquire. The present study was 10 years
in length and enrolled patients at different ages; individual
patients within the study may not have been longitudinally pre-
sent across all of the age categories they were captured within at
study conclusion. Patients with prescribed rescue medication were
identified in our analysis as those who were prescribed midazolam,
diazepam (rectal formulation), or chloral hydrate. However, recent
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data have indicated that unsuitable benzodiazepines with slow
absorption rate or off-label products are frequently used as
emergency medication for adults with epilepsy in Germany !i:%
Thus, our definition may have been too narrow to identify all pre-
scriptions that weére intended for use as rescue medication. Also,
patient data reviewed within this study were exclusively obtained
from the German Vilua Healthcare database. The hospitalization
rate may be high jn Germany compared with other countries, with
12% of the general population reporting inpatient treatment over
6 months | 32{. Hospitalizations in patients with active epilepsy.
however, have remained stable in Germany over the past decade
21 Further resehrch is necessary to validate the outcomes of this
study and ensure'that findings are applicable to patients with LGS
across Europe and the rest of the world.

6. Conclusions

|

This study presents a German healthcare database analysis that
provides a welcome assessment of the epidemiology and charac-
teristics of LGS within Europe. Annual healthcare costs incurred
by those with prébable LGS were substantial; inpatient care, home
nursing care, and medication were the greatest contributors to
these costs. Patients prescribed with rescue medication incurred
significantly greater costs than those who were not. Patients with
probable LGS with epilepsy diagnosis before 6 years of age had a
higher mortality rate versus control populations.
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ARTICLE INFO ABSTRACT

Article history: Lennox-Gastaut syndrome (LGS) is a childhood-onset epileptic encephalopathy characterized by multiple
Received 16 September 2020 types of medically intractable seizures, cognitive impairment, and generalized slow spike-wave dis-
icere;‘::g:g:‘?b'j%go charges in electroencephalography (EEG). Although the onset of this epileptic syndrome occurs typically

before eight years of age with a peak age between 3 and 5 years, lifelong persistence of the syndrome is
usual. The evolution of clinical features, EEG findings, and paucity of knowledge about LGS among adult
health care providers can make LGS significantly underdiagnosed in the adult population. Management of
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femxsd;suut ndrome (LGS) LGS remains problematic beyond childhood due to intractable seizures, the difficult transition from pedi-
Adolescence R4 atric to adult neurologists, challenging behaviors, impaired cognition, poor quality of life, and disabled

Adult social life. In focusing on the management of LGS beyond childhood, this narrative review describes med-
ical and surgical management of epilepsy, the transition from pediatric to adult care, and management of

Epileps!
|:m§t:;|¢ other common comorbidities associated with LGS. Several antiepileptic drugs (AEDs) such as lamotrigine,
Transition topiramate, felbamate, rufinamide, clobazam, and Epidiolex (pure pharmaceutical grade cannabidiol
Antiepileptic drugs (CBD) oil) have been noted to be effective in well-designed, randomized controlled trials. Other non-
pharmacological therapies, such as vagus nerve stimulation, ketogenic diet, and epilepsy surgery, have
been frequently utilized in the management of intractable seizures associated with LGS. However, effec-
tive management of LGS requires a broader perspective to not only control seizures but improve the qual-
ity of life by addressing cognitive and behavioral problems, sleep disturbances, physical disability, social
disability, and educational and employment challenges.
© 2020 Elsevier Inc. All rights reserved.
1. Introduction hood onset typical LGS |-|. Roger et al. followed 338 LGS patients

Lennox-Gastaut syndrome(LGS) is a childhood-onset epileptic
encephalopathy [1]. Many comprehensive reviews highlighted
diagnostic criteria of LGS: multiple types of medically intractable
seizures (tonic, atypical absence, myoclonic, tonic/atonic drop sei-
zures, generalized tonic-clonic, and focal seizures), cognitive
impairment, and generalized slow (<2.5Hz) spike-wave dis-
charges in electroencephalography(EEG) [ 2.3]. Although the onset
of this epileptic syndrome is typically before eight years of age
with a peak between 3 and 5 years, lifelong persistence of the syn-
drome is usual. However, LGS is significantly underdiagnosed in
the adult population due to evolution of clinical features, EEG find-
ings, and paucity of knowledge about LGS among adult health care
providers.

Although late-onset LGS has been reported with seizure-onset
in the 2nd decade of life, vast majority of adult patients have child-

* Address: 1 Children's Way, Littie Rock, AR 72202, United States.
E-mail address: dsamanta®uams.cdu

hueps:f/doi.org/10.1016/j.yebeh.2020.107G12
1525-5050/© 2020 Elsevier Inc. All rights reserved.

from the pediatric age group to adulthood and noted that 46.5%
of adult patients continued to have all the classic features of LGS
i+, An additional 15.6% of patients had persistent multifocal epi-
lepsy. The patients {37% of patients) with relatively better outcome
had later onset LGS {between 7 and 11 years of age) with a brief
duration {2-6 years) of active epilepsy. Even in this relatively good
outcome group, 20% of the total patients continued to have focal
seizures with persistent neurological and psychiatric abnormali-
ties. Although adult LGS patients may not experience frequent drop
seizures, nocturnal tonic seizures during sleep may continue and
remain undiagnosed without a high level of suspicion. Besides
the change in the seizure type and frequency, remarkable change
occurs in the EEG features of LGS during adulthood. Classically
described slow generalized spike-wave discharges are rarely seen
in adult patients with LGS. Background activity during wakefulness
may show slowing with multiple independent spike foci or may
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look apparently normal. However, paroxysmal fast frequency dis-
charges may be persistent during sleep.

Besides evolution of clinical and EEG changes, many adult LGS
patients are undiagnosed due to misclassification. Due to only
recent explosiony of genetic testing in pediatric patients with
epileptic encephalopathy, most adult LGS patients without known
etiology have not undergone genetic evaluation and categorized as
epilepsy of ‘unknown etiology'. There is profound difference in per-
ception and use of genetic testing between pediatric and adult
epileptologists. However, approximately 25-30% of LGS patients
may have underlying genetic causes. Limited research has been
done to understand genetic causes in adult LGS patients. Lund
et al. identified rare copy number variants (CNVs) in 8 (4 of the
highly probable as the causative agent) among 21 adult LGS
patients |, Pathogenic CNVs are also associated with particular
seizure types (afypical absence and tonic) in adult patients with
intellectual impairment and epilepsy to suggest potential useful-
ness of genetic testing in adult LGS patients, especially in patients
without obvious structural brain abnormality | 7].

Due to significant underdiagnoses and misclassification, adult
LGS patients mdy not receive appropriate treatment with poten-
tially efficacious AEDs. Besides difficulty in managing continuing
intractable seizures, management of LGS remains problematic
beyond childhood due to difficult transition from pediatric to adult
neurologists, and presence of challenging behaviors, impaired cog-
nition, poor quality of life, and disabled social life in these patients.
Additionally, adult neurologists may not feel completely comfort-
able treating LGS patients with various cognitive and behavioral
issues, especially with coexisting severe intellectual disability or
autism. In focusing on the management of LGS in adolescents
and adults, this narrative review describes medical and surgical
management of epilepsy, the transition from pediatric to adult
care, and management of other common comorbidities associated
with LGS (ihz. 1)

2. Medical treatment
2.1. Antiepileptic drugs (AEDs)

Most clinical studies and reviews concerning the treatment of
LGS have been focused on the pediatric population. Rigorous clin-
ical data or management guidelines have not been published to
guide treatment for adult LGS patients. The prescribing practice
is based on clinical experience, adverse effect profile, concomitant
medication effects, and the presence of other comorbidities. There
are some AEDs such as valproate that are commonly used, but
there are other AEDs-specifically approved for LGS- that are
underutilized. Commonly used AEDs with efficacy and safety data
from clinical studies are summarized in fablc 1.

2.1.1. Valproate

Valproic acid has never been specifically approved for LGS, but
many physicians use this as first-line medicine. Valproate is
broadly active! against many different seizure types and does not
worsen generalized seizures as compared with some other AEDs.
Vassella et al. teported that adjunctive valproate therapy with phe-
nobarbital waTs more effective in controlling seizures compared
with phenobarbital monotherapy in 17 LGS patients [%]. Covanis
et al. reported!that more than half of the patients had greater than
50% reductioﬁ of seizures when treated with valproic acid as a
monotherapy or in combination with other agents [9]. About 21%
of patients became seizure-free out of 38 LGS patients in this study.
The higher response rate was observed in drop, atypical absence,
and myoclonic seizures compared with tonic and tonic-clonic sei-
zures, Adult neurologists are extremely familiar with prescribing
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valproate due to its prevalent use against several seizure types in
all age groups. However, valproic acid should not be used in
fernales of childbearing potential: due to the risk of neural tube
defects and adverse neurodevelopmental outcomes in the exposed
fetus during pregnancy. Some countries regulate valproate use in
women of childbearing potential by following an annual risk
assessment protocol: assessing pregnancy risk regularly, educating
negative neurodevelopmental outcome and teratogenicity risk,
performing regular pregnancy tests, and providing information
about highly effective contraception. Female LGS patients with
no plan of becoming pregnant and good seizure control on val-
proate therapy can continue this with strict contraception. How-
ever, continuous scrutiny for adverse effects such as weight
gains, alopecia, hyperammonemia, low platelet count, coagulopa-
thy, pancreatitis, and the polycystic ovarian syndrome is necessary.
But, the most feared adverse effect in children- acute hepatic
failure- is rarely encountered in adults.

2.1.2. Lamotrigine

The Food and Drug Administration (FDA) approved lamotrigine
as an adjunctive treatment for LGS patients >2 years old. A double-
blind placebo-controlled trial demonstrated that 33% of patients on
lamotrigine had >50% reduction of seizures compared with 16% in
the placebo group (P = 0.01) over the 16 weeks of the study period,
with the most benefit in tonic-clonic and drop seizuras [ 10]. Atyp-
ical absence seizures did not improve in this cohort, but accurately
counting these seizures might be challenging. Additionally, lamot-
rigine can worsen myoclonic seizures in some patients. As an
adjunctive treatment, lamotrigine does not alter the concentration
of most other AEDs, and it has a synergistic pharmacodynamic
effect with valproic acid. A single-center, open-label, prospective
study in 14 adult patients (21-51 years) showed that add-on lam-
otrigine therapy decreased >50% of every types of seizures (drop,
focal seizures, and secondarily generalized seizures) in 12 patients
'11]. Most improvement was noted in drop seizures with 6
patients becoming completely free of this type of seizures. How-
ever, the metabolism of lamotrigine is affected by enzyme inducers
(phenytoin, phencbarbital, carbamazepine, etc.) and inhibitors
(valproic acid), and higher lamotrigine dose is necessary with
enzyme inducers, and a lower dose and a slower titration are
required when co-medicated with valproate. Clinical and labora-
tory monitoring is needed as valproate effectively double the
serum concentration of lamotrigine, and the sudden introduction
of valproic acid in a patient with stable lamotrigine dose can
induce lamotrigine toxicity. If lamotrigine needs to be replaced
with valproate, careful consideratiocn should be given to this com-
plex interaction. In spite of probable higher efficacy of lamotrigine
in combination with valproic acid, risk of skin rash, including
Steven-Johnson syndrome and toxic epidermal necrolysis, makes
physicians apprehensive selecting this combination. However, it
is unclear if the risk of serious cutaneous reaction is significantly
higher than some first-generation AEDs, such as carbamazepine,
phenytoin, or phenobarbital. A bidirectional relationship exists
between hormonal contraceptives and lamotrigine: Lamotrigine
modestly decreases levonorgestrel level, and combined systemic
contraceptives also accelerate lamotrigine clearance to decrease
its serum concentration. However, a significant advantage of its
use in women of childbearing potential is that the prevalence of
major congenital malformation from lamotrigine is significantly
lower than valproate, phenobarbital, phenytoin, and
carbamazepine.

2.1.3. Topiramate

Topiramate, a broad-spectrum AED, was approved by the FDA in
2001 as an adjunctive treatment for LGS patients. A double-blind
RCT demonstrated a significant decrease in the monthly seizure
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Fig. 1. Schematic illustration of the management plan for LGS patients beyond childhood.

rate and seizure severity in the topiramate group. Additionally, a
significantly higher seizure responder rate (>50% seizure reduction
rate) was noted in the topiramate group (33% in the topiramate
group versus 8% in the placebo group) [12]. However, this study
only enrolled patients up to 30 years of age, and it is unclear if
the older population would experience significantly higher cogni-
tive adverse effects with a higher dose of topiramate. Other
adverse effects to consider are loss of appetite, weight loss, pares-
thesia, kidney stone, hypohidrosis, and open-angle glaucoma. An
open-label extension of this study, lasting 6 months, showed that
more than 50% of patients had >50% reduction in drop seizures
and, more interestingly, approximately 15% of the patients ceased
to have drop seizures completely [ 13}]. Topiramate is categorized as
a Pregnancy Category D medicine as its exposure during pregnancy
increases the risk of cleft lip and cleft palate in infants. Addition-
ally, a higher dose of topiramate (>200 mg/day) may cause con-
tractive failure and unintended pregnancy in women of
childbearing age.

2.1.4. Felbamate

Felbamate is rarely used for any epilepsy indication currently
due to black box warnings of aplastic anemia and acute liver injury
[14]. However, felbamate has an approved indication for LGS if sei-
zures fail to control with 1st and 2nd line therapies. An RCT
demonstrated that felbamate could significantly reduce all seizure
types associated with LGS (P=0.002) [!5]. During treatment and
maintenance periods, a substantial reduction of atonic seizures
was observed; 10% of patients stopped having atonic seizures dur-
ing the treatment period, and approximately 18% were free of ato-
nic seizures during the maintenance phase. After the randomized
trial, an open-label 12-month follow-up study showed continued
benefit with >50% reduction of total seizures and a 67% reduction
in the drop seizures [16],

2.1.5. Zonisamide

Zonisamide has noted to be effective for the management of sei-
zures associated with LGS by retrospective evaluation. You et al.
showed that approximately 50% of LGS patients had >50% reduc-
tion of seizures over a 12-month period after the addition of zon-
isamide in the existing treatment regimen |17}, Sedation and loss
of appetite can be problematic as with topiramate; however, due
to the long half-life, zonisamide can be used once daily as a night
time dose to alleviate some of these adverse effects.

2.1.6. Clobazam

The FDA approved clobazam as an adjunctive treatment for LGS
patients two years and older in 2011. However, it continued to be
underutilized in the adult population. A phase II study in LGS
showed that high dose clobazam was more effective than the
low dose to reduce all types of seizures, including drop seizures
i 144, A placebo-controlled phase 1II trial in 238 LGS patients (2-
60 years) reported similar findings {19]. A dose-dependent
response was observed in the trial with an incrementally higher
chance of >50% of reduction of drop seizures across the low
(43.4%), medium (58.6%), and high-dose clobazam (77.6%) groups;
the placebo rate was 31.6%. Approximately one-quarter of patients
had complete cessation of drop seizures in the high dose ciobazam
group. Patients, after completion of the previous two trials,
enrolled in another study that demonstrated long term efficacy
of clobazam i1}, However, clobazam is still not widely used as
an AED in adult LGS patients. Though the exact reason for this is
unclear, concern about tolerance may be responsible for its under-
use. However, a post-hoc analysis in 200 LGS patients demon-
strated that tolerance to clobazam- defined as clobazam dose
increase of >40% in the setting of an increase in seizure frequency—
only rarely develops over two years [21]. Moreover, further
improvement in the seizure control may occur after the increase
of the clobazam dose if only a low or medium dose of clobazam
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Table 1

Clinical data for commonly used medications in Lennox-Gastaut syndrome,
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AED Trial design

Efficacy

Reported common side effects

Other considerations

Uncontrolled,
observational (N =336
epileptic patients, 38
LGSY

Valproate

Double-blind,
placebo-controlled
trial (N=169)°

Lamotrigine

Multicenter,
randomized, double-
blind, placebo-
controlled, 11-week
trial (N = 98)7
Open-label extension
(N=97)
Randomized, placebo-
controlled (¥ = 73)'°

Open-label extension
(N =70)"

Topiramate

Felbamate

Zonisamide Retrospective study

(N=62)"?

Multicenter, double-
blind, phase 2, dose-
ranging (high- versus
llow-dose) (N = 68)'?
Phase 3, double-blind,
;placebo-controtled'
Open-label extension
(N=267)"5

Multicenter, double-
‘blind, randomized,
placebo-controlled
“trial (N=138)°
Open-label extension
((N=124)
Multicenter, double-
blind, randomized,
placebo-controlled
trial (N = 59)22

_ Open-label extension
(N =54)23

Multicenter open-
label interventional
trial (N = 214 epileptic
patients, 30 LGS)*®
Randomized, double-
! blind, placebo-
controlled phase 3
trial (N=171)%
Randomized, double-
J blind, placebo-
controlled phase 3
‘ trial (N =225)*

Levetiracetam | Open-label,
multicenter,
observational clinical
trial (N =55)*

Prospective, singie-

center (N =13)%
|
|
|

Clobazam

Rufinamide

Cannabidiol

Perampanel

1 >50% in all-seizure frequency in 55%
patients

132% in frequency of major seizures
versus |9% in the placebo group
(p=0.002)

114.8% in frequency of drop attacks
versus 15.1% in the placebo group
(p=0.041)

156-58% median reduction in drop
attacks

134% in frequency of atonic seizures
versus |9% in the placebo group
(p=0.01)

1>50% in frequency of astatic seizures
in ~66% of patients

1>50% in all-seizure frequency in 33
{51.6%) patients

1>40% in drop seizures from baseline in
high-dose group

168.3% in seizure frequency in high-
dose group

versus 12.1% in the placebo group
191.6% in frequency of drop seizures at
2 years

132.7% in median total seizure
frequency versus 11.7% in placebo
group (p=0.0015)

1>50% in frequency of seizures in 45.1%
of patients

132.9% in median total seizure
frequency versus 3.1% in placebo group
(p<0.001)

136.1%(median) reduction of tonic-
atonic seizures at 52 weeks

1 > 50% in all-seizure frequency in 37%
LGS patients (the highest response rate
in patients with atonic seizures)
143-9% in monthly drop seizure the
cannibidiol group compared to 21-8% in
the placebo

141.9% in drop seizures the 20-mg
cannabidiol group, 37.2% in the 10-mg
cannabidiol group, and 17.2% in the
placebo group

>50% in all-seizure frequency in 58.2%
patients (the highest response rate,
66.7%, in epileptic spAEDs and the
lowest, 50.0%, in myoclonic seizures)

1 >50% in all-seizure frequency in 69.2%
Patients

Gastrointestinal effects, weight
increase, drowsiness, hair loss,
thrombocytopenia, and
abnormal liver function tests

Pharyngitis, fever, infection, skin
rash

Expressive language disorder,
confusional state,
disorientation, disturbance in
attention, memory impairment,
amnesia

Anorexia, insomnia, somnolence

Somnolence, anorexia, weight
loss, oligohidrosis, renal calculi

Somnolence, lethargy, sedation,
drooling, constipation,
aggression, hypomania,
insomnia

Vomiting, somnolence, rash.

Diarrhea, somnolence,
decreased appetite, pyrexia,
fatigue, vomiting, convulsion
and status epilepticus

Hyperactivity

Behavior disturbance, agitation,
and fatigue

Should not be used in female adclescents, in
women of childbearing potential and pregnant
women unless alternative treatments are
ineffective or not tolerated because of high
teratogenic potential and risk of
developmental disorders in infants exposed in
utero. An additional benefit of mood control is
present,

Counseling should be given regarding Stevens-
Johnson syndrome and hemophagocytic
lymphohistiocytosis. An additional benefit of
mood control is present. Lower dose and the
slower titration is required when used
concomitantly with valproate

Close surveillance is necessary to detect
cognitive impairment in older people it
increases the risk of cleft lip and/or cleft palate
in infants exposed in utero. A higher dose
(>200 mg/day) may cause contrzctive failure

Black box warning over risk of aplastic anemia
and acute liver failure

It can cause metabolic acidosis and skin rash.
Only night time use may prevent a problem
with sedation

Tolerance and physical and/or psychic
dependence may develop and discontinuation
may result in withdrawal or rebound
phenomenon Concomitant use with
cannabidiol may have a synergistic effect, but
has higher risk of sedation due to many folds
increase in active metabolite
desmethylclobazam

It is contraindicated in familial short QT
syndrome. Valproate may increase the serum
concentration of rufinamide. Rapid titration is
possible by increasing the dose every other
day to reach a daily target dose over one week

Concomitant use with valproate increases risk
of liver enzyme elevation. See interaction with
cannabidiol above.

A combination regimen of levetiracetam,
valproic acid and clobazam is an acceptable
option

It has a boxed warning for dose-related
serious or life-threatening neuropsychiatric
events (most often in the first 6 weeks of
therapy). It has a long half-life and has the
advantage of a once-daily regimen
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Table t (continued)
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AED Trial design Efficacy

Reported common side effects Other considerations

Lacosamide Multicenter,
retrospective, open-
label (N=18)8
Retrospective, open-

label (N=19)*°

129% in frequency of all-seizures, 31% in
tonic seizures and 20%, drop-attacks

| >50%-seizure frequency in 3/19 adult
LGS patients

Worsening of seizures,
aggressiveness, irritability
weight loss, tremor, memory
problems, nausea or dizziness

It binds selectively to the slow~inactivated
state of sodium channels, in contrast to drugs
like carbamazepine and phenytoin, which
bind tightly to fast-inactivated states
Worsening of tonic, atonic seizures and
behavior may occur

has been maintained from the beginning of the treatment. Isojarvi
et al, showed that the increase in the clobazam dose could further
improve seizure control in >80% of patients with LGS who had
responded to a lower dose of clobazam during the initial part of
treatment [22}]. Though clobazam has a different chemical struc-
ture (1,5-benzodiazepine) compared to other commonly used ben-
zodiazepines, increased sedation, drooling, and cognitive
deterioration can occur, and the patients need to be closely moni-
tored for such adverse effects and action needs to be taken. Inter-
mittent use may be necessary for some patients if effectiveness
diminishes after a certain period of treatment. Although the pre-
scription cost of clobazam is high, it can be an attractive option
due to its ability to reduce seizure-related medical utilization
and costs {23}, In 2018, a new formulation of an oral sofuble film
of clobazam has been approved by the FDA for the treatment of
LGS {24].

2.1.7. Rufinamide

Rufinamide, a third-generation AED, is much underutilized in
adult LGS patients, Rufinamide was approved in 2008 by the FDA
for LGS patients >4 years old. Two RCTs and open-label extension
studies demonstrated that rufinamide could decrease total sei-
zures, particularly drop seizures with acceptable adverse effect
profile [25-28|. A further European phase 1V, noninterventional,
multicenter registry confirmed its favorable safety profile [:1}. Val-
proate may increase the serum concentration of rufinamide by
inhibiting hydrolysis, and dose modification is necessary to pre-
vent adverse effects. Rapid titration of rufinamide is possible by
increasing the dose every other day to reach a daily target dose
over one week, but a lower dose and slower titration may increase
the tolerability. Rufinamide is contraindicated in familial short QT
syndrome as it can cause QT interval shortening | (], Kessler et al.
demonstrated in a retrospective cohort study that patients with
LGS compared with other epilepsy syndromes were twice more
likely to continue rufinamide without additional therapy, suggest-
ing better effectiveness in LGS {3 1]. McMurray and Striano showed
in a post-hoc subgroup analysis from a phase I study that rufi-
namide had a favorable efficacy compared to placebo in adults
|32]. Among 31 patients (18-37 years), 33.3% favorably responded
to rufinamide versus 0% for placebo for all seizure types and 57.1%
versus 10.0% (P=0.020) for drop seizures. Rather than counting
drop seizure rates, a novel outcome -a measurement of the
seizure-free days, which can be more closely associated with qual-
ity-of-life- was investigated in LGS patients receiving rufinamide
with positive outcomes [33],

2.1.8. Epidiolex (purified pharmaceutical-grade cannabidiol oil)

An initial open-label intervention study and two placebo-
controlled phase Il trials of pharmaceutical-grade cannabidiol oil
(CBD oil) demonstrated a significant reduction of drop seizures
compared to placebo in LGS patients | J-i- i, A systemic review
of the two randomized trials showed a responder rate (>50% sei-
zure reduction) of 40% for drop seizures and approximately 50%
for the non-drop seizures [37]. In 2018, the FDA approved the

pharmaceutical-grade CBD for LGS patients (>2-year-old). How-
ever, Epidiolex is expensive, and many patients will continue to
use artisanal cannabis products with variable CBD concentrations,
dubious quality, and unknown safety profiles. Although there was
high-profile (some might say, excessive) reporting on the effective-
ness of CBD oil, the effectiveness of artisanal CBD products has not
been rigorously tested.

Cannabidiol oil increases active metabolite of clobazam (des-
methyl clobazam) by many fold, and the combination of clobazam
and CBD oil can have a synergistic effect [38]. Epidiolex has been
associated with adverse effects, such as diarrhea, sedation, appetite
suppression, and elevation of bilirubin and liver enzymes. Abnor-
mal liver function tests occur most commonly when patients are
co-medicated with valproic acid but usually reversible with dose
modification of either or both of these AEDs. Significant improve-
ment in alertness and sleep were also reported from CBD. Long-
term (median treatment duration of 78.3 weeks) safety and effi-
cacy data have been available from the expanded access program
of pharmaceutical-grade CBD. In this cohort of 607 patients, 94
had LGS. After 12 weeks of add-on CBD treatment, a reduction of
median monthly major motor seizures by 50% and total seizures
by 44% were noted, with persistent reductions in both seizure
types up to 96 weeks. In this study, CBD was noted to have an
acceptable safety profile, with the most common adverse effects
were somnolence (30%) and diarrhea (24%) [39].

2.1.9. Levetiracetam

Though levetiracetam has not been specifically approved for
LGS, it typically gets introduced early in the treatment process
due to a favorable adverse effect profile. Other than relatively com-
mon behavioral adverse effects, it is usually well-tolerated and
stays in the medication list longer compared to other AEDs. An
open-label multicenter study of levetiracetam in 55 LGS patients
showed >50% seizure reduction in >50% of patients with surprising
seizure freedom rate of 27.3% {40]. However, further studies, par-
ticularly controlled trials, are needed for confirmation of this find-
ing. Due to favorable drug-drug interaction profile, levetiracetam
will continue to be used in combination with other specifically
approved AEDs for LGS. A combination regimen of levetiracetam,
valproic acid, and clobazam is an acceptable option for the treat-
ment of LGS.

2.1.10. Newer AEDs

Perampanel, a novel AMPA receptor antagonist, has shown early
promise for the treatment of LGS in retrospective and a small
prospective study {- i }. A large multicenter study is currently ongo-
ing. However, many LGS patients have significant behavioral
issues, and perampanel has a black box warning relating to behav-
ioral alteration.

Data regarding the efficacy of lacosamide in patients with LGS
are scarce. Cuzzola et al. reported three LGS patients who had
worsening of tonic seizures after the introduction of lacosamide.
One patient also developed tonic status epilepticus. Tonic seizures
improved after the withdrawal of lacosamide in all 3 patients {42},
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Grosso et al. reviewed data of 18 LGS patients who received
adjunctive oral lacosamide therapy !-:'. Though none of them
became seizure-free, during a follow-up period of 9 months, 33%
had more than >50% seizure reduction. However, four patients
had worsening of seizures and discontinued lacosamide. Addition-
ally, Andrade-Machado et al. showed in a retrospective, open-label
study that only three patients out of 19 adult LGS patients had
>50% seizure reduction |4, Additionally, 9 (47.4%) patients had
worsening behavior during treatment with lacosamide. Worsening
of tonic and drop seizures was reported in 16 (78.9%) and 7 (38%)
patients, respectjvely.

Fenfluramine, an amphetamine derivative, has a proposed
antiepileptic action by increasing serotonin transmission. It has
been studied as a potentially effective therapy for LGS. A phase Il
open-label study in 13 LGS patients showed >50% seizure reduc-
tion in >60% patients both during the first 20 weeks and an exten-
sion period of 15 months of treatment '::»}. A phase Il RCT is
currently ongoinig. Though cardiac monitoring for valvulopathy is
necessary, the previous pilot study did not reveal any echocardio-
graphic signs of cardiac valvulopathy or pulmonary hypertension.
Lorcaserin, selective serotonin receptor (5-HT,¢) agonist, has been
investigated in 9 patients with LGS with a reduction of motor sei-
zures in 50% of the patients !-1:l.

3. Ketogenic diet (KD)

Data regarding the efficacy of the KD for LGS has been investi-
gated in children. Although recent studies highlighted the efficacy
of the KD in adults with intractable epilepsy, specific efficacy and
safety data reg;ﬂrding LGS have not been explored. A Johns Hopkins
study retrospeq‘tively reviewed 71 children with LGS on high fat
and low carbohydrate diet, and >50% patients had >50% reduction
of seizures at 6/ months after the initiation of the KD, which per-
sisted during tqle one-year follow-up ‘i, Additionally, approxi-
mately 25% of the patients had >90% of seizure-reduction. This
study also reviewed data of 189 other pediatric patients with
LGS from 18 previous studies with an outcome similar to the Johns
Hopkins study. Adverse effects of the KD are mostly benign, such as
constipation, V\ﬂeight loss, hyperlipidemia, etc. Rarely more severe
adverse effects such as kidney stones and metabolic decompensa-
tion can occur, The KD formula is easy to administer in patients
with a gastrostomy tube, but adult patients without gastrostomy
tube may tolefate less restrictive- modified Atkins diet (MAD)
and low hypoglycemic index diet- better. Most studies on the KD
in adult patients with intractable epilepsy classified the individuals
in symptomatic versus cryptogenic intractable epilepsy without
specifying an qpilepsy syndrome diagnosis, such as LGS. Ye et al.
calculated an efficacy rate of 52% from the KD (with or without
medium-chain triglyceride) and 34% from the MAD in a meta-
analysis of muitiple studies involving adult patients :<<}. Adher-
ence was noted to be better with the MAD (56%) than the KD
(38%). Adverse  effects due to long term use of the restrictive diets
are understudied. Cervenka et al. published a prospective open-
label observational study from Johns Hopkins Adult Epilepsy Diet
Center, where 106 adult patients naive to diet therapy were
exposed to the MAD ||, At three months, 36% of these patients
had >50% seizlire reduction, and 16% became seizure-free. At one
and 4-year follow-up evaluation detected 30% and 21% of patients
continued to have >50% seizure reduction, respectively, and 13%
and 7% of the|patients remained seizure-free completely, respec-
tively. Hyperlindemia and weight loss were the most common
adverse effectﬁ. In summary, it should be emphasized that there
is a lack of specific evidence of the efficacy of the KD or MAD in
adult patients with LGS, and appropriate trials should be per-
formed to determine its usefulness in adult patients with LGS.
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4. Vagus nerve stimulation (VNS)

Several studies demonstrated the effectiveness and safety of
VNS in patients with LGS [50- 58], In general, seizures reduce by
>50% in more than half of the patients. Atonic and tonic seizures
respond more favorably than focal, tonic-clonic, or absence sei-
zures. In contrast to AEDs, improvement in seizure-control pro-
gressively  gets  better, presumably due to chronic
neuromodulation. Patients tolerate VNS well with rare incidence
of infection, local pain, cough, voice change, drooling, and throat
discomfort. Serious adverse effects such as bradycardia, vocal cord
paralysis, and sleep apnea are extremely rare. Besides seizure
reduction, the patients may be benefited from an improvement
in the alertness and mood, reduced doses of AEDs, decreased ictal
and post-ictal periods, decreased incidence of status epilepticus,
and reduced rate of hospitalization.

5. Epilepsy surgery

Douglass et al. reviewed surgical options for patients with LGS
.01, Standard pre-surgical evaluation with Video-EEGs, structural
high-resolution epilepsy protocol MRIs, and other advanced neu-
roimaging techniques as appropriate should be employed to iden-
tify surgical candidates for focal, lobar, or multilobar resective
surgeries. However, the surgical outcome is much better, both for
seizure control and improvement in the development, if the appro-
priate procedure is done in early childhood. However, approxi-
mately 40% of LGS patients older than 15 years of age were free
of disabling seizures (Engel class 1) after resective surgeries
‘6], Focal structural pathology in the neuroimaging makes a
patient an excellent candidate for resective surgery. Lennox-Gas-
taut syndrome patients with diffuse EEG abnormalities may still
be considered for resective surgery in the presence of a localized
lesion in the brain. Willey et al. reported good surgical outcomes
in patients with generalized or contralateral (to the structural
abnormality in the MR!) EEG abnormality in the presence of con-
genital or early acquired structural abnormality |62, However,
Liu et al. reported favorable surgical outcomes in the presence of
asymmetric EEG abnormality in amplitude, synchronicity, onset,
or duration. Though it would be rare for an adult 1.GS patient to
undergo resective surgery for LGS, palliative surgery such as corpus
callosotomy (CC) should be considered for appropriate patients
with disabling drop seizures. Other than a remarkable decrease
in the drop seizures, improvement in the attention level is consis-
tently reported after CC. Cukiert et al. reviewed 76 patients with
LGS or similar patients who underwent one-stage CC and noted
>90% patients had >50% reduction in the generalized seizures
(most improvements in atonic seizures followed by atypical
absence seizures) (3], More importantly, more than two-thirds
of the patients had >90% reduction of seizures, and approximately
10% became seizure-free. A similar but slightly modest improve-
ment was reported from a prospective study done in Taiwan
"4, Approximately two-thirds of the patients had »50% reduction
of seizures during follow-up; moreover, 18.9% of patients remained
seizure-free after the procedure in combination with AEDs. Physi-
cians and families use CC as a last resort due to concerns related to
surgical complications: specific to CC (disconnection syndrome
with hemiparesis, mutism, and impairments due to interhemi-
spheric transfer of tactile or visual information) and nonspecific
due to neurosurgical procedures, such as cerebral infarction,
extra-axial fluid or blood collection, ventriculitis, meningitis, and
hydrocephalus. The risk of hemiparesis, a particularly permanent
one, is very small. Cukiert et al. reported that no individuals devel-
oped hemiparesis after CC in a cohort of 76 patients. However, 72
patients showed postoperative signs or symptoms of an acute cal-
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losal disconnection syndrome (68 patients developed apathy, 54
experienced urinary incontinence, 8 had right hemineglect, and 6
developed low-verbal output). They had a subsequent improve-
ment over the next 1-7 weeks.

Though symptoms of disconnection syndrome typically
improve over time, the newer surgical techniques such as radiosur-
gical CC may further reduce the risk of complications. Feichtinger
et al. reported the use of radiosurgical CC, performed using 3-4 tar-
get centers via a collimator helmet, in two adult LGS patients with
a 60% reduction of drop attacks [G5].

6. Management of status epilepticus

Although the incidence of SE in adult LGS patients is unknown,
these patients may present with nonconvulsive status with vari-
able clinical features such as mild confusion to a comatose state.
Rather than an abrupt change in behavior, an insidious decline in
the mental status also can be a presenting feature, and a high index
of suspicion is necessary with a comparison of the current EEG
with the patient's baseline EEG. Importantly, changes in the
antiepileptic regimen can induce status epilepticus in these
patients, Treatment for nonconvulsive status should be less aggres-
sive than convulsive status and in most situations, can be con-
trolled without IV anesthetic agents. Experts recommended
clobazam, steroid, or high dose IV valproate as preferred agents
for the management of nonconvulsive status |66,

7. Transitioning to adult care

The plan for transition may need to start during early adoles-
cence; the failure in planning may lead to poor seizure control,
increased risk of morbidity and sudden unexpected death in epi-
lepsy (SUDEP), and deficient management of comorbidities
[67.68]. A transition clinic with the availability of both pediatric
and adult neurologists is optimum; nonetheless, in most settings,
it is difficult to establish due to various reasons. However, a formal
transition plan can alleviate some of the challenges. Several years
before this transition, essential details of the process should be dis-
cussed among the patient, family, and provider. Responsibility of
transition should be not be endowed to the pediatrician or primary
care provider; as in most LGS patients, neurologists are most famil-
iar with the active issues- epilepsy, intellectual impairment, and
other common comorbidities associated with the epileptic
encephalopathy. Through advanced practice providers can provide
extensive help with the transition process, ultimately an experi-
enced epileptologist - with in-depth knowledge about LGS, includ-
ing the evolution of electroclinical phenotype during adulthood
and expert skills in pharmacological and nonpharmacological
management of LGS- needs to map out the most appropriate treat-
ment plan. It is not unusual to discover that LGS patients are taking
4-5 different AEDs concurrently. Over the years, medications are
added to the regimen due to continuing seizures without weaning
ineffective AEDs. Some AEDs such as sodium channel blockers can
potentially worsen drop seizures. However, rapid weaning from
these can trigger convulsive seizures. Both carbamazepine and
phenytoin can be effective in controlling tonic and tonic-clonic sei-
zures. Careful assessment is necessary to identify the most effec-
tive 1 or 2 AEDs and then, the other ineffective AEDs can be
slowly weaned. However, periodic worsening of seizure control
can occur in LGS without any external triggers and can be difficult
to differentiate from the worsening related to the withdrawal of a
particular AED. A careful seizure counts- several months before,
during, and after the weaning- may help objectively determine
the impact of the AED-withdrawal. Potentially synergistic combina-
tions such as valproic acid with lamotrigine or clobazam with CBD
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can be preferably selected at this time. A comprehensive note can
be included in the patient’s chart with the following information: A
plan for seizure clusters, alternative AEDs to be introduced if the cur-
rent regimen becomes ineffective, and documentation of previously
discontinued AEDs whether due to adverse effects or ineffectiveness.
As health insurance coverage of the patient may change after adult-
hood, knowledge about potential coverage of any particular service
or AEDs may guide specific treatment choices. As much as possible,
diagnostic workup, as well as necessary repeat neuroimaging and
EEG, should be completed if prior studies were performed many
years ago. That may help to decide if any new therapy can be useful
or change in the treatment plan is necessary before the transition. As
patients may continue with the fixed AED regimen for decades, spe-
cial consideration should be given to the adverse effect profile, partic-
ularly cognitive and behavioral consequences. Due to excessive
sedation, benzodiazepines (other than clobazam), phenobarbital,
and other 1st generation AEDs may not be ideal choices. Some newer
AEDs such as topiramate in higher doses can cause significant cogni-
tive slowing, and vigilant monitoring is necessary. Some caregivers
may not come forward with the concern of adverse effects, and direct
questioning about cognitive slowing is necessary. Occasionally
improved alertness and cognition after weaning of the culprit medi-
cine proves the impact of the adverse effects. During careful planning
of the AEDs, not only seizure count but the quality of life issues-sleep,
alertness, behavior, and cognition- should be carefully considered.

8. Management of other comorbidities
8.1. Cognitive impairment

Cognitive impairment brings new challenges during adoles-
cence and adulthood. Severe intellectual impairment reported in
43% of patients with cryptogenic LGS and 76% with symptomatic
LGS !i+|. To describe the employment status in LGS patients, Yagi
et al. investigated the job situation of 102 adult LGS patients {70},
In this cohort, only 12 individuals had been invoived in a regular
job. Although 36 additional patients had part-time or sheltered
jobs, the majority (54 individuals) were unemployed. Later onset
LGS may be associated with better cognitive prognosis. Ferlazzo
et al. reported moderate to severe intellectual impairment in
26/27 patients and behavioral abnormalities in 14/27 patients
(age 40-59 years) in a long term (average 35 years) follow-up
study | 71|. With the transition of care during adulthood, several
other difficulties arise for the family related to legal guardianship,
residential planning, financial planning, availability of ancillary
services, and employment challenges. Parents typically accept
the severity of the LGS diagnosis after passing through a difficult
grief stage but continue to be anxious about receiving adequate
treatment of their offspring throughout adulthood. Besides a high
risk of early death and physical disability, poor health-related qual-
ity of life is prevalent in adult patients with LGS. Nevertheless,
more research regarding quality of life issues is needed [72.73].
Several useful tips to deal with these challenges has been provided
in the LGS foundation website and summarized in table 2 {74,75].

8.2. Psychiatric and behavioral issues

Psychiatric issues, especially oppositional behaviors, intermit-
tent explosive outbursts, anxiety, and depression, may become
more prevalent with age. Cognitive impairment increases the risk
of these psychiatric comorbidities; however, confirmation of the
psychiatric diagnosis may be particularly problematic in the pres-
ence of intellectual impairment. Communication difficulties and
frustration may mimic psychosis, and non-pharmacologic inter-
vention with behavioral therapy can be surprisingly effective.
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Prompt evaluatioh and treatment by mental health care providers
especially valuable for these patients. Psychopharmacologic treat-
ment should be managed under the care of a physician with partic-
ular experience managing this complex group of patients, who are
already on polypharmacy for seizure management. Although there
is a general fear gf worsening seizure control from antidepressants
and antipsychotics, the actual risk is relatively minor, with rare
exceptions, such' as during treatment with clozapine. However,
close monitoring for seizure worsening and behavioral changes
are necessary after the addition of psychotropic medications, as
well as the use of a low starting dose, slow escalation of the dose,
maintenance of the minimal effective dose, and avoidance of com-
plex drug-drug i‘nteractions.

8.3. Sleep dysfundtion

Sleep dysfunétion is a common comorbidity in LGS. Adult LGS
patients may cease to have frequent day time seizures, but con-
tinue to suffer from nocturnal tonic seizures. Sforza et al. reported
that in adult LGS patients, interictal abnormalities are significantly
higher in the first 3 h of sleep with a progressive decline during
later part, possibly related to sleep homeostatic influences on the
epileptic threshold | “:i. The authors also found that epileptiform
activities were 'more prevalent during stage Il and slow-wave
sleep, which might be responsible for sleep alteration and poor
sleep quality compared with stage I and rapid eye movement
(REM) sleep. This paper suggested nocturnal video telemetry study
to identify the period of increased epileptogenicity and considera-
tion of a high dﬁuse of AED at night to counteract increased epilep-
togenicity. Eisensehr et al. reported that a higher level of activation
during the cyclit alternating pattern of non-REM sleep was associ-
ated with more generalized polyspike bursts and seizures than the
lower levels of arousal phase |~ '

8.4. Gender-specific issues for women

Women with LGS are susceptible to have unplanned, high-risk
pregnancies. Young maternal age, single parenthood, and poor
antenatal care are other potential risk factors. The risk of prema-
ture birth is higher in patients with intractable epilepsy. Folic acid
supplementatign and appropriate contraceptive plan need to be
discussed early with adolescent women !7#|. The risk of unin-
tended pregnancy is high in women with LGS due to reduced or
poorly effective (withdrawal or barrier methods) contraceptive
use. Moreover, enzyme-inducing AEDs such as phenobarbital,
phenytoin, carbamazepine, oxcarbazepine, topiramate (in dosages
above 200 mg ldaily), and glucuronidated AEDs (lamotrigine) can
decrease the effectiveness of systemic hormonal contraceptives.
Sexually active patients who are on enzyme-inducing AEDs should
take advantageé of the intrauterine devices (1UD; progestin or cop-
per) or tubal fligation to prevent pregnancy. Women with LGS
should be educated about prevention strategies against sexual
exploitation, abuse, sexually transmitted diseases (including HIV
infection). ‘

8.5. Falls and other injuries

Recurrent fflls may continue to cause physical injuries and poor
quality of life [|71|. These patients may suffer progressive gait dete-
rioration and‘ appearance of extrapyramidal features. Seizure
related adverse incidents such as drowning, near drowning, burns,
fractures, facipmaxillary, and soft tissue injuries are common in
patients with LGS. Due to the high frequency of seizures and drop
seizures, the risk of injury may be higher than other adult patients
with epilepsy. Moreover, associated intellectual impairment
increases the risk of falls and injuries. Many of these patients also
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Table 2
Planning for the future challenges for adolescents and adults with Lennox-Gastaut
syndrome.

Establishing care in a transition clinic to facilitate transfer to an adult
neurologist

Implementing a formal transition plan early in the process

Fostering an excellent relationship between parent and the pediatric
provider

Developing skills necessary for parental advocacy

Networking among LGS families

Building a strong support group within and outside the family
Expanding parent- support groups

Promoting knowledge in families to be able to interpret information
related to insurance and adult health care providers

Providing information to help access to adult providers specific to the
geographic location

Advancing parental and caregiver education (especially about the impor-
tance of guardianship or power of attorney, necessary changes related to
providers, insurances, and the loss of services with the end of special
education

take medicines that increase the risk of falls, such as anxiolytics,
antidepressants, antipsychotics, and sedatives. In spite of signifi-
cant diminution of quality of life due to recurrent falls, high-
quality evidence regarding various intervention strategies is lack-
ing. However, a comprehensive approach is necessary to increase
mobility and encourage physical exercise in these patients. Careful
assessment of the medications is necessary to identify any agent
that is potentially provoking falls. If falls are primarily due to sei-
zZures, an aggressive management strategy to control seizures
should be undertaken. Environmental modification and use of a
helmet may be necessary to prevent severe injury, particularly
head and faciomaxillary injuries. Daily exercise and physical move-
ment may reduce the risk of nonseizure induced fall risk. More-
over, other potentially effective strategies - the provision of
adaptive devices, modification of the environment, education
about safety, aggressive management of epilepsy, and scrutiny of
the medication-related adverse effects- can mitigate fall risk and
improve the quality of life of adult patients with LGS. Also, special
attention should be given to the bone health.

8.6. SUDEP (sudden unexpected death in epilepsy)

Sudden unexpected death in epilepsy risk is higher in LGS due to
the high-frequency of seizures and intractability of chronic epilepsy
inek1, Intellectual impairment and nocturnal seizures also poten-
tially increase SUDEP risk. It is essential to discuss SUDEP risk with
the patients, families, and other support workers (if the patient is liv-
ing in a residential unit) and address all the modifiable risk factors.
Nocturnal supervision by auditory monitors or other sophisticated
commercial epilepsy alarms can be helpful to detect seizures. In
some rare cases, the caregiver may need to sleep in the same room
or provide physical checks intermittently during nights.

8.7. Healthcare utilization

Reaven et al. demonstrated that significantly higher healthcare
utilization and costs were associated with LGS patients rather than
patients with other types of epilepsies [82]. Pina-Garza et al. sim-
ilarly showed that total healthcare and medical costs had been
much higher in LGS patients than other epilepsy patients in all
age groups, suggesting that the price- burden has a lifelong impact
without diminution after childhood {83}, In this study, a consider-
able proportion of patients were not treated with broad-spectrum
AEDs, including clobazam and rufinamide. Appropriate AEDs are
underutilized in older patients due to various reasons, including
diagnostic difficulty. Classical drop seizures of LGS are less fre-
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quent in adult patients. Although paroxysmal fast discharges dur-
ing sleep persist, diffuse slow spike-wave discharges may disap-
pear in adult LGS patients. A Refractory Epilepsy Screening Tool
for LGS (REST-LGS) has been developed to improve the identifica-
tion of patients with LGS [84]. As the clinical features of LGS may
change over time, adult patients with epilepsy and intellectual
impairment (particularly if no prior etiologic diagnosis) should
undergo genomic evaluation. Due to genetic heterogeneity of
LGS, a genome wide assessment such as CNVs (comparative geno-
mic hybridization array testing) and/ or gene sequencing (targeted
multiple gene panels, whole exome sequencing, or whole genomic
sequencing) is most appropriate. Besides improved diagnosis in
adult patients, genetic evaluation may provide enhanced under-
standing about the natural history of the disease. Additionally,
identifying the genetic cause may unravel the underlying disease
mechanism with future provision of precision medicine. For exam-
ple, a distinct phenotype of SCN2A encephalopathy patients may
have favorable response to sodium channel agents.

9. Conclusion

There are no consensus recommendations or guidelines on the
management of LGS beyond childhood. However, expert-opinion
favors valproate as one of the first-line therapies in LGS except in
women of childbearing age. Based on several phase 3 studies, sev-
eral AEDs are available for intractable seizures to be used sequen-
tially or in combinations: lamotrigine, rufinamide, topiramate,
clobazam, and CBD oil. Head to head studies to compare these
AEDs have not been performed. Prescribing pattern of AEDs is pri-
marily dependent on physician and patient preferences, presence
of other comorbidities, and available coverage from the payors.
During combination therapy, restricting the number of AEDs to 2
or 3 is justified to minimize adverse effects, and careful considera-
tion should be given to the synergistic combinations such as val-
proate and lamotrigine and clobazam and pharmaceutical-grade
pure CBD oil, Due to the risk of aplastic anemia and hepatic failure,
felbamate should not be used as a first or second-line therapy.
Nonpharmacologic therapies such as the KD, VNS, and paliliative
surgeries can be useful in patients with intractable seizures and
can be considered after failure of two appropriately chosen AEDs.
Care providers should give high priority to the cognitive, behav-
ioral, educational, and social requirements of these patients and
shift the perspective from only seizure management to a more glo-
bal approach in the improvement of quality of life in patients with
LGS. [the author’s opinion] Caregivers and providers should be also
aware of the unique challenges of LGS beyond childhood and use
appropriate resources to incorporate these patients into the social
structure of society [the author’s opinion].
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ARTICLE INFO ABSTRACT

Arzicr_e history: Lennox-Castaut syndrome (LGS) is a severe developmental epileptic encephalopathy diagnosed in childhood that
Regeuved 5 Febl.'uary 2020 persists through adolescence and into adulthood. While the characteristics of LGS in pediatric patients are well de-
Re‘"“;y April .2020 fined, including “drop attacks”, interictal slow spike and wave electroencephalogram ( EEG) activity, and intellectual
Accepted 24 April 2020 disability, these features can evolve over time, and different EEG activities may be present in adult patients with LGS.

Available onli 020 . . . . B . .
val nline 18 June 202 This may resutt in missed diagnoses in these patients and subsequent challenges for the adequate treatment of their

seizures. Based on discussions held during the LGS Transition of Care advisory board meeting and thereafter, we de-

Keywords:
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Transition of care

veloped proposed diagnostic and treatment algorithms for LGS in adult patients.
We highlight readily available assessments to facilitate diagnosis of LGS, based on past medical history and phys-
ical examination. The LGS diagnostic atgorithm recommends that clinicians consider the occurrence of wider sei-

Diagnosis

Treatment zure types and abnormal EEG activities to be potentially indicative of LGS. Seizure types may include atypical
Ad}lll absence scizures, myoclonic seizures, focal seizures, and tonic-clonic seizures, and EEG may demonstrate back-
Epilepsy ground slowing, focal or multifocal epileptiform discharges, and diffuse fast rhythms during sleep, among other

activities. Extended EEG during sleep and video-EEG should be used in equivocal cases.
Treatment of LGS in adult patients should incorporate both antiseizure drug (ASD) therapy and
nonpharmacologic approaches. Frequent reassessment of patients is considered a central aspect. ASDs were cat-
egorized based on order of preference for use in the treatment of LGS; Tier 1 comprises recommended first-line
ASDs, and includes valproate, clobazain, lamotrigine, rufinamide, topiramate, and cannabidiol. Other treatment
options include diet, neurostimulation, and surgical approaches.
Developments with the potential to improve diagnosis in the future include genetic screening, while novel ASDs
and advances in neurostimulation techniques may provide valuable treatment options. These algorithms should
be frequently revisited to incorporate improved technigues and therapies.
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1.Introduction |

Lennox-Gastaut syndrome (LGS} is a severe developmental epilep-
tic encephalopathy [1,2], with onset usually occurring between the
ages of 3 and 5 years, and typically before the age of 8 years [3]. Diagno-
sis of LGS still relies upon the presentation of the classical triad of char-
acteristics, which jnclude: multiple seizure types (including tonic,
atonic, and atypical absence seizures) [2,4]; abnormal electroencepha-
logram (EEG) activity (consisting primarily of an interictal pattern of
diffuse slow spike and wave (SSW) activity, occurring during wakeful-
ness) [2,4]; and intellectual disability {2]. Gastaut originally described
this triad of characteristics in 1966 [2]. and these historical criteria
now present challenges for the effective and reliable diagnosis of LGS
in adult patients, since the classic signs of LGS can evolve in patients
over time | 1.4,5]. This evolution could potentially result in differences
in EEG activities erherging in patients with LGS with increasing age, as
demonstrated in a patient with LGS and tuberous sclerosis in Fig. 1,
and the occurrence of seizure types beyond those most commonly asso-
ciated with LGS. Cansequently, adult neurologists may look for signs of
LGS that are no longer present in adult patients; therefore, patients
could be incorrectly characterized as having generalized epilepsy, rather
than receiving a cotrect diagnosis of LGS. In addition, many patients may
present to an adult neurologist for the first time, providing little or no
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medical history from infancy, further complicating the detection of any
preceding signs of LGS that may have occurred during childhood [5].
Additional challenges to diagnosis may arise from LGS having very diverse
etiologies, including genetic, structural, and cryptogenic [1].

American Academy of Neurology (AAN) and American Epilepsy
Society (AES) treatment guidelines for LGS, based on the assessment
of evidence available in the literature (during 1987-2015), indicate
that lamotrigine, topiramate, and rufinamide are established as effective
in treating LGS; based on clinical experience, clobazam is also
established as an effective treatment for LGS [6,7). Thesa four anti-
seizure drugs (ASDs) have each received approval from the Food and
Drug Administration (FDA) for the treatment of seizures associated
with LGS [8-11] and along with valproate, which has not been approved
for the treatment of LGS, comprise the most commonly used medica-
tions for the treatment of LGS [4]. Since the publication of the AAN
and AES treatment guidelines, cannabidiol has also received FDA ap-
proval for the treatment of seizures associated with LGS [12]. Felbamate
is considered to be effective in the treatment of LGS; however, in the
context of LGS and due to its unfavorable safety profile, felbamate is
only recommended for use in patients over 4 years of age who are un-
responsive to the primary ASDs [13]. However, long-term cessation or
control of seizures with ASD treatment may not be a realistic goal for
most patients with LGS due to the refractory nature of the seizures
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Fig. 1. EEGs demonstrating activities from a patient with LGS and tuberous sclerosis at the ages of (A) 13 years and (B) 25 years. EEG, electroencephalogram; LGS, Lennox-Gastaut syndrome,
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associated with the syndrome, and challenges in balancing ASD
polytherapy and adverse effects [14,15].

As patients mature, the transition of care from a pediatric to an adult
neurologist is particularly relevant in the context of LGS. As LGS persists
through adolescence and into adulthood, a more effective and compre-
hensive transition of care from pediatric to aduit care services is re-
quired in order to avoid patients becoming lost in the care system and
to maintain continued access to specialist care {15}, Notably, behavioral
issues may be exacerbated in patients with intellectual disabilities
during the transition to adult services, as a result of anxiety experienced
in leaving a pediatric neurologist with whom they have developed a
relationship over time for an unfamiliar adult neurologist, and also
due to disruption to an established routine [16-18]. Adolescent patients
can face challenges receiving treatment from pediatric care services,
which may prefer to move patients on to adult services rather than
retain them in pediatric care due to limited resources and a shortage
of pediatric neurologists [4,16,19]. However, adult healthcare services
may not always be suitably prepared for patients with intellectual dis-
abilities, may have a significantly different culture and approach to
care compared with pediatric services, and will not usually accept
patients aged under 18 years [4,1G]. Further issues can arise {from the
changes occurring in an adolescent patient's life surrounding their
sexual maturity, and social, financial, and legal status [16].

While the management of LGS has been reviewed previously |4],
approaches for the diagnosis and treatment of LGS specifically in adoles-
cent and adult patients are not as well established, potentially due to the
belief that LGS is a childhood syndrome. The underdiagnosis of LGS in
adult patients needs to be addressed in order to prevent patients from
receiving ineffective and unsuitable medications, and therefore a
broader definition of LGS and improved awareness of additional indica-
tors of LGS may reduce missed diagnoses. In addition, current treatment
algorithms are considered suboptimal for adults newly diagnosed with
LGS and for adult patients with LGS undergoing a transition of care, es-
pecially as many patients with LGS are refractory to ASDs, with reported
rates of patients experiencing seizures that persist long-term ranging

from 66 to 100% [20-23). In order to discuss the development of

proposed diagnostic and treatment algorithms for LGS in adult patients,
the LGS Transition of Care advisory board convened in November 2017,
with the objectives of supporting a smoother transition of care and
facilitating reliable and effective diagnosis and treatment of LGS in
adult patients. Here, we present the two proposed algorithms that
emerged from these discussions, both of which have been further devel-
oped subsequent to the advisory board meeting.

2. A proposed diagnostic algorithm for LGS in adult patients
2.1, Development of the LGS diagnostic algorithm

Given that the previous definition of LGS was considered outdated,
attendees of the advisory board devised a diagnostic algorithm based
upon their own clinical experience and expert opinion. {n addition, at-
tendees each developed two case studies prior to the meeting, which
described real patients or hypothetical or composite cases. The first
was based on an adult or adolescent patient with LGS, who was either
in the process of transitioning from pediatric care or had recently
transitioned from pediatric care, and the second was based on an
adult patient with LGS who had already transitioned. Cases were
reviewed and one case from each advisor was presented at the advisory
board meeting. A summary of these cases is provided in Table 1. Nota-
bly, these cases highlight the challenges associated with diagnosing
and treating LGS in adult patients. During the advisory board meeting.
a rudimentary diagnostic framework was created to facilitate discus-
stons around the core criteria that are essential for making a clinical
diagnosis of LGS in adults. The primary focus of discussion was to iden-
tify readily available assessments to facilitate the diagnosis of LGS in
adult patients with refractory seizures and in a community setting.

Since the advisory board meeting, advisors continued to discuss the
diagnostic algorithm to produce the version presented here,

2.2. Proposed diagnostic algorithm for LGS in adult patients

Readily available assessments to form the basis of the diagnostic
algorithm were identified, which can be applied on presentation of an
adult patient with refractory seizures. These assessments include past
medical history, physical examination, and review of medical records
(Fig. 2).

Although the occurrence of multiple seizure types during childhood
is already understood to be indicative of LGS 3}, a wider array of seizure
types should be considered when making assessments based on a
patient's medical history. The presence or history of two or more seizure
types that are often resistant to medical treatment may contribute to a
diagnosis of LGS. These seizure types include, but are not limited
to, drop attacks (including tonic, atonic, and myoclonic atonic sei-
zures), atypical absence seizures, myoclonic seizures, focal (partial)
seizures, and tonic-clonic seizures {including focal to bilateral
tonic-clonic {secondarily generalized] seizures and generalized-
onset tonic-clonic [primary generalized tonic-clonic] seizures).

Age at onset of LGS symptoms should also be considered. Although
Gastaut originally noted that a range from 1 to 6 years of age was gen-
erally the most common period for the onset of symptoms {2}, our
proposed diagnostic algorithm is consistent with more contemporary
guidelines that recognize that onset usually occurs between 3 and
5 years of age, and typically occurs before 8 years of age (Table 2) [3].
Childhood onset of developmental delays and cognitive impairment
should also be regarded as potential signs of LGS, and these may occur
alongside behavioral disturbances, such as aggressiveness, autistic
traits, and hyperactivity [24).

Findings from physical examination of an adult patient with refrac-
tory seizures may reveal neurological deficits or could inform the
etiology of their refractory seizures. Indicators from physical examina-
tion that may suggest a diagnosis of LGS include the presence of symp-
toms of neurocutaneous syndromes (such as tuberous sclerosis),
hemiparesis, quadriparesis, and cognitive impairment.

While the absence of medical records, case summaries, and referral
letters from pediatric neurologists may be problematic, the review of
such documentation, where available, may contribute towards the diag-
nosis of LGS. A possible history of West syndrome should be investi-
gated as this can often develop into LGS, as reported in 34% of patients
with West syndrome by Camfield et al. [25], and it may be regarded as
an antecedent syndrome to LGS, However, a history of West syndrome
should not be considered a requirement for a diagnosis of LGS.

In adults with LGS, EEG assessment has shown slow background
activity, diffuse slow spike-wave discharges during wakefulness, and
bursts of diffuse fast rhythms during sleep [26]. In equivocal cases,
where a diagnosis of LGS is not conclusive after readily available assess-
ments have been conducted, a routine EEG should be performed to dis-
tinguish abnormal activity that may be indicative of LGS, including SSW
activity (Fig. 3A). However, given that EEG activities in patients with
LGS commonly evolve as patients mature, SSW activity may no longer
be present in adult patients. Instead, other abnormal activities may be
detected and should be recognized as possible signs of LGS. These
include, but are not limited to, diffuse bilateral background slowing,
focal spike and wave discharges, multifocal epileptiform discharges,
generalized polyspike and wave discharges, and generalized paroxys-
mal last discharges (Fig. 3B-F). When a diagnosis of LGS remains uncer-
tain after EEG, admission of the patient to an epilepsy monitoring unit
for a multihour EEG with sleep features should be considered [26].

Based on this algorithm, if a diagnosis of LGS in an adult patient is
probable or possible, treatment of LGS should be initiated. While the
proposed treatment algorithm is outlined later in this paper, in patients
where multiple ASDs fail, referral to a tertiary center for video-EEG and/or
to an epileptologist is recommended. A summary to compare the criteria
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Table 1 ,
Summary of case studies presented at the LGS Transition of Care advisory board.
Patient  Age,  Summary of patient history EEG/V-EEG activities Treatments Course of care/challenges
years Current  Past
Challenges: Limited medical records at first
VPA, visit
Ree . { se since SE enisod RUF, RUF, LEV, CBZ, Treatment plans: History/EEG suggested
. “i‘!“m SELZUTES SINCE SE CPIOEC o ralized slowing: Bz, LCM, VPA. CNZ.  drop seizures; family reluctant with some
Patient . at 5 onths old; infantile spasms at L ) .2 e . NG ; R .
33 . multi-focal epileptiform discharges: ZNS, CLB, ZNS, options, including ASDs, VNS, and surgery
1 9 months, and hypsarrhythmia; . ) § . . N K
srebral palsy: frequent falfing generalized slow spike-wave discharges LEV, valaciclovir (for
ceredral patsys ! ae CLB, dizziness) Outcomes: Significantly reducec drop
VNS seizures and related injuries - patient more
alert, talkative, and in better mnod
. o Challenges: Lack of records from pediatric
Decreased muscle tone; episodes of . X )
RUF, neurologist - anly records for previous 1-2
myactonus and several drop attacks VIA ears reécived fr(;m the general
. per day; developmental delay; Generalized slowing; epileptiform o VPA, CNZ, CBZ, year: . . & * .
Patient : . b CLB, . - neurologist; relied on recollect on of
32 never developed speech discharges; slow spike and wave discharges: ZNS. PHT, GBP, Lo - .
2 S S : o . S BRY, o patient’s mother and description of initial
Seizure types: myoctonic jerks with  tonic seizures with generalized discharges - "M R .
. ¢ . S . PER, seizures; mother reluctant to consider
falls; tonic posturing; brief losses of e -
" NS VNS and some medication changes;
muscle tone (10 15/month} X X
aggressive behavior
Challenges: Tuberous sclerosis, behavioral
issues (chance of harming self), and drop
Tonic seizures (generalized paroxysmal fast  BRY, attacks
PDD. 1S, LGS activity) with focal features; multiple LCM, . .
. . . . : . . . Everolimus, C1LB, . .
Patient 18 Seizwne types: focal unaware independent spike foct; multifocal delta PER, TG, LEV. PHT Treatment plans: Rechallenge wirh RUF
3 (2-4/day), drop attacks slowing; asymmetric diffuse polymorphic PBT, lélJl:“ ]CB ’I‘I‘r\;l (previously RUF caused vomiting); decrease
(severab/weelk) delta-theta stowing; frontal rhythnyic VGT, L LCM; taper oft PER; taper PBT; consider VPA.
delta activity VNS Multidisciplinary team for TS;
comprehensive epilepsy team to seamlessly
continue care, full-time psychiatry services
Challenges: Mitochondrial encephalopathy,
Mitochondrial disorder, LGS, epilepsy: co.mple?( lranSlt_lon_s and .
I . e . . § re-challenging with medications require
developmental delay. Referred to Tonic seizures with spike-wave discharge . . .
S N ) . § . RUE, trust between patient/caregivers and
. palliative care; hospitalized for foliowed by generalized paroxysmal fast N R . . . R
Patient . SO oo i o - . VPA, LEV, STP, VGT, providers; comprehensive epilepsy team to
16 increase in tonic seizures, lethargy,  activity; generalized slow spike-wave . o i
4 T . R § . . CLB, ZNS seamlessly continue care
inability to eat discharges; electrodecrements in sleep: VNS
Seizure types: gelastic; tonic; 1C; background disorganization and slowin, ' o .
“Zl{ ¢ types ".( e, ron ket & o ¢ Treatment plans: Increase RUF as needed
atypical absence; atonic ) . N O .
andl as tolerated; consider increasing C1B
and moving to bedtime dosing
Challenges: Separated parents;
. . L bidities; i iatric
1 1SV meningo-encephalitis at comordi mes. pnn(l with pediatric [_eam
. S ) {(years); transitional care team reqjuired at
1 month; aspiration pneumonia; both ends
Patient SEPEIGS Background slowing with slow spike and VPA, LG, LEV, OXC, »
5 7 Sefzure types: Atypical absence: \A;]V:dlﬁ(‘hﬂ"(’(‘ﬁ m%)m )rnmin(*l[u in ;lcm CL, PBE. PHT, RUF, Treatment plans: Adult epileprologist
2 drop attacks:; FBIC; nocturnal 1€ A e { ! VNS TPM, CBD, KD e pians: A lﬂ ,'p B
R 3 identified and detailed clinical summary
seiztres {rare); clusters L ) )
{2-3month); 1 epicade of S provided; continue current regimen and
' T o consider PER or FBM; callosoromy an
option for refractory drop seizures
Transition of care: Adult neurnlogist
: identified and detailed clinical summary
SGE from 1 vear of age; 1D SCP; provided; mother complained that she
premarure birth; LGS; didn't feel as comfortable wirh the adult
Patient 2 { +) SCNIA mutation Background slowing with multifocal spikes;  LEV, PBL. OXC care facility; LTG added, resuited in
G Seizure types: TC seizures slow spike and wave discharges (+ L1G) n increased seizures
{monthly}; seizure clusters Recommendations from pedia:ric
(2-3:month); SE epileptologist: LTG may worsen patients
with SCNTA mutations; add RUF; BCP for
‘ catamenial seizures; social service referral
1 ‘tmrtal)lr seizures (from 2 years); -
dl’vclo mental delay; LGS diagnosis LEV.
Patient 48 s WSH © A ENOSIS Multifocal sharp waves; complex partial LTG, CBZ, LTG, PBT, Recommendations: Genetics workup; VNS;
7 i e § P seizure; multiple tonic type seizures Bz, PHT, VPA, (NZ stop CBZ; consider FBM., CLB, and diet
Segizure types: Drop attacks: GTC: RUF
K(Tni( (2-5/day)
lfthri]e SE; residual left Diffuse background slowing with multifocal  LEV,
Patient hemiparesis: developmental delay;  sharp discharges; clectrodecremental LTG, CBZ, LG, PBT, Challenges: 1D; intractable epilepsy.
SI 36 LGS diagnosis at 6 years generalized fast activity with tonic seizures:  VPA, PHT, ZNS, CLB, severe developmental disability; failed
Seizure types: G1C (1.'week); tonic  generalized asymmetric slow spike and CNZ, F8M multiple regimens
(tsday): atonic (1iday) wave activity VNS
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Table 1 (continued)

Patient Age,
years

Summary of patient history EEG/V-EEG activitics

Treatments Course of care/challenges

Current  Past

W 4
Infantile spasms (9 months); Previous: Slow spike and wave . |<m. !‘l(’.' I,l M,
. ) . . e LEM, CBZ, ZNS, FBM., .
Patient LGS (3 years) Reevaluation at transition of care: Spike and . . . Patient had no long-term response to any
32 > e e Lo LEV, CLB. RUF, VPA, :
9 Seizure types: TC tonic; atonic; wave activity: background stowing: VNS GBI PHT. PGB! ASDs; fuli-time care by mother and/or father
myocionic; absence; focal (partial)  generatized and focal spikes 'IfMl‘) ' !
Cognitive delay; hypotonia; crying; . . )
g. . ¥: hyp ! . YN previous: bilateral frontal spikes; mudtifocal  LIG, . . _—
aspiration pneumonia; fever; enileptiform spikes OXC Challenges: Anxiety over switching from
Patient weight loss; LGS (2 years) ,' F fmsp o o .' CLB, ZNS, CNZ, pediatric neurologist to adult neurologist
18 . Py Reevaluation af transition of care: LEV, N N N
10 Seizure types: GTC (2-4/month); L L N VPA Services available: Direct nurse to nurse and
P . N Generalized spike and wave activily; 8D,
tonic stiffening (1-3/day); absence o e ) ’ . doctor to doctor care
multifocal spike discharges Dzp

(4/day); myoclonic jerks: partial

for diagnosis based on this proposed algorithm compared with those of
the classical LGS diagnostic criteria based on Gastaut et al. (1966) is pro-
vided in Table 2 [2].

2.3, Future directions for the diagnosis of LGS in adult patients

Given the chalienges associated with diagnosing LGS in adult
patients, the implementation of novel assessments to facilitate swilter
diagnoses is desirable, as this may allow treatment with appropriate
ASDs to be initiated sooner and for more targeted treatments to be iden-
tified. In addition, earlier diagnosis of LGS can help the medical provider
in discussing the prognosis with families and caregivers. One possibility
to improve upon current approaches to LGS diagnosis is the develop-
ment of genetic testing. Currently, such testing is used in the diagnosis
of Dravet syndrome in pediatric patients, by screening for mutations as-
sociated with the syndrome, including in sodium channel SCN1A, which
are believed to be present in 70-80% of patients with Dravet syndrome
[27.28]. As numerous de novo and heritable mutations across multiple
loci are believed to be associated with LGS [24], this would require the
development of a muitigene panel to be tested. Such screening would
not be able to rule out a diagnosis of LGS, as structural or cryptogenic
etiologies unrelated to genetic mutations cannot be eliminated by
such approaches [1]. However, a significant proportion of the estimated
25% of patients with LGS of a cryptogenic etiology may benefit from an
additional diagnostic assessment based on genetic testing [30,31].

3. A proposed treatment algorithm for LGS in adult patients
3.1. Developinent of the LGS treatiment algorithm

As previous treatment algorithms were considered to be suboptimal
for informing treatment decisions for adult patients with LGS, coupled
with its multiple etiologies (structural, metabolic, and genetic) [32], at-
tendees of the advisory board devised a treatment algorithm based
upon their own clinical experience and experl opinion. Advisors com-
pleted premeeting surveys, which included questions surrounding
their preferred ASD for the treatment of seizures associated with LGS
{Table 3). The ASDs most frequently used to treat LGS in adult patients
were collated and the output served as the basis for categorizing ASD
treatment preferences into three tiers. Tier 1 represents ASDs that are
FDA-approved for the treatment of LGS and are recommended as first-
line therapies; Tier 2 represents ASDs that are commonly used for the
treatment of LGS; and Tier 3 represents ASDs that are less frequently
used for the treatment of LGS and may have limited systematic trial
data to support their efficacy and/or associated safety concerns. An
additional group of ASDs to be avoided in the treatment of seizures as-
sociated with LGS was also defined. The case studies described earlier
in relation to the diagnostic algorithm were also used to inform the de-
velopment of the treatment algorithm. Nonpharmacologic interven-
tions complementary to ASD treatments were also discussed and

included in the development of the treatment algorithm. Since the advi-
sory board meeting, further discussions have been held to revise the
treatment algorithm and account for recent developments, such as the
approval of cannabidiol by the FDA for the treatment of LGS [12].

3.2, Proposed treatment algorithm for LGS in adult patients

Based on the discussions to develop the treatment algorithm, fre-
quent reassessment and follow-up of adult patients with LGS is recom-
mended as a cornerstone of the proposed treatment algorithm (Fig. 4).
Reassessment may occur at least once every three, six, or 12 months,
and this should be determined based on seizure frequency, changes in
medication, and other medical needs. The management of behavioral
symptoms should also be considered when assessing treatment options.
Patients with vagus nerve stimulation (VNS) implants may require
more frequent visits for programming.

Antiseizure drug polytherapy is recommended alongside comple-
mentary non-ASD interventions; because of the refractory nature of
the seizures associated with LGS, successful treatment with ASD mono-
therapy is rare. FDA-approved ASDs specifically indicated for the
treatment of LGS have been categorized into Tier 1 of ASDs in the treat-
ment algorithm, and these currently include clobazam, lamotrigine,
rufinamide, topiramate, and cannabidiol {8,9,11,12]. Based on the
most common survey responses, valproate was also included in Tier 1
and was chosen as the top ASD for the treatment of seizures associated
with LGS, despite not being FDA-approved for the treatment of LGS [33].
Reasons for the frequent use of valproate in the treatment of seizures as-
sociated with LGS include the wealth of clinical experience of its use to
treat LGS, cost effectiveness, its effect as a mood stabilizer on comorbid-
ities, and the existence of multiple formulations. Lamotrigine is also
recommended as first-line therapy for the treatment of LGS, while
clobazam and rufinamide were the most commonly selected ASDs for
add-on therapy. To date, only one formulation of cannabidiol has re-
ceived FDA approval for the treatment of patients with LGS aged
2 years and older, and other pharmaceutical formulations are currently
still under investigation. In addition, while artisanal preparations of
cannabidiol are available, none are approved for the treatment of LGS.
Based on the approval of cannabidiol (June 2018} and the relative lack
of clinical experience of its use in the treatment of LGS compared with
the other Tier 1 ASDs, cannabidiol has been included in the LGS treat-
ment algorithm as the last-choice Tier 1 ASD [12].

Tier 2 ASDs include those which are commonly selected for the
treatment of seizures associated with LGS, and include levetiracetam,
perampanel, and zonisamide [34-36), Lacosamide and brivaracetam
are considered potentially valuable in the treatment of LGS but lack
systematic trial data to support their efficacy. Lacosamide may also
aggravate seizures in patients with LGS [37,38]. Both treatments are
therefore included in Tier 3 [39,40]. Felbamate has also been placed
into Tier 3, due to the increased risk of aplastic anemia and liver failure
associated with felbamate treatment [13,41], and therefore its use for
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Adult patient with refractory seizures
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|
the treatment of seizures associated with LGS should be considered
carefully. Cenob‘{mate has recently been approved by the FDA for the
treatment of focal (partial} seizures [42], and on this basis, has been
included in Tier 3 of the treatment algorithm. This positioning of
cenohamate will he reviewed as further evidence becomes available
from clinical trials and clinical experience.

Antiseizure drugs that should be avoided in the treatment of LGS
were also identig‘ﬁed. These include ASDs less frequently used in the
treatment of LGS and ASDs that have the potential to exacerbate certain
seizure types. This category includes carbamazepine, eslicarbazepine,

gabapentin, oxcarbazepine, phenytoin, pregabalin, and vigabatrin
[9,39,43-47]. It is important to observe any potential adverse effects
relating to behavioral dysfunction following the selection of an ASD
for the treatment of LGS.

Complementary interventions that may be applied in parallel with
ASD therapy include nonpharmacologic treatments, community ser-
vices, and psychosocial approaches. The implementation of a ketogenic
diet is a common approach for the control of refractory seizures, and its
use for the treatment of seizures associated with LGS in pediatric pa-
tients has been reported elsewhere [48]. Assessment of the ketogenic
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Table 2
Comparison of the classical criteria used for the diagnosis of LGS and criteria based on the
proposed LGS diagnostic algorithm.

Classical LGS diagnostic  Proposed LGS diagnostic
criteria® criteria

Presence of
intellectual Yes Yes
disability
Drop attacks (fonic, atonic, and
myoclenic atonic seizures)
Drop attacks (tonic and  Atypical absence scizures
atonic seizures) Myoclonic seizures
Focal { partial} seizures
Tonic—clonic seizures”

Seizure types

Slow spike and wave (awake ),
diffuse fast rhythms (sleep)
Background slowing
Focal epileptiform discharges or
slowing
EEG activity” Slow spike and wave Multifocal spike and wave
discharges
Generalized polyspike and wave
discharges
Generalized paroxysimal fast
discharges

Other considerations

Generally between 1 Between 3 and 5 years, typically

and 6 years befare 8 years

Physical May reveal neurologicat deficits o
examination = etiology of seizures

Age at onset

EEG, electroencephalogram; LGS, Lennox-Gastaut syndrome.

4 Based on Gastaut H et al. Epilepsia 1966; 7: 139-179.

® Including focal to bilateral tonic-clonic (secondarily generalized) seizures and gen-
eralized onset tonic~clonic (primary generalized tonic—clonic) seizures,

¢ In equivocal cases, the proposed diagnostic algorithm recommends the use of ex-
tended EEG to identify abnormal EEG activity.

diet in adult patients with LGS suggests that it is a useful therapy Lo
contribute towards seizure control, although sustained seizure free-
dom may not be consistently achieved [21]. The modified Atkins diet,
a variant of the ketogenic diet, may also be beneficial for adult pa-
tients with LGS [21], as it is better tolerated and can be initiated as
an outpatient.

Vagus nerve stimulation has been investigated as a treatiment for
adult patients with drug-resistant epilepsy and in pediatric patients
with LGS [49,50]; however, its application in adult patients with LGS
has not been as extensively studied. Based on the assessment of
available studies, AAN guidelines recomunend that VNS should be
considered for the treatment of seizures associated with LGS [S1].
The latest iteration of VNS (SenTiva®, LivaNova) allows detection of
seizure activity by time {during sleep vs wakefulness) and in prone
vs supine positions. This can be used as a surrogate marker to assess
risk of sudden unexpected death in epilepsy. In addition, if
confronted with predominant nocturnal seizures, the nocturnal
duty cycle can be preferentially increased over the daytime cycle.
Deep brain stimulation (DBS) also presents a potential non-
pharmacologic treatment [52]; however, there is currently limited
experience of DBS in adult patients with LGS.

Other more invasive surgical interventions that may be considered
for the treatment of seizures associated with LGS include resective sur-
gery and corpus callosotomy [53]. While resective surgery may be suil-
able for selected patients with surgically accessible epileptogenic loci,
corpus callosotomy and VNS are potential options for the treatment of
atonic seizures in non-lesional patients [53-55].

Patient and family education is also required to improve treatment
outcomes during the transition of care. Furthermore, the typical features
of LGS change over time and reassessment will be required to
adapt treatment to the patient's condition [18]. With continuing

developments in the field, assessments in future may also include ge-
netic testing. Ultimately, the transition of care from pediatric care to
adult care requires a significant level of trust to be developed between
the patient, caregivers, and providers, and the difficulties experienced
during this transition may be allayed by establishing transition clinics
and implementing a multidisciplinary management team [16).

3.3. Redefining goals of treatment during transition

Changes in the features of LGS during the period of transition call for
reassessment of treatment goals, and as quality of life becomes more
important in the longer term than measurements of seizure outcome,
goals should be tailored to include measures of behavioral symptoms
and cognition. For example, the International Classification of Function,
Health, and Disability (ICF) have developed a model that provides
examples of the different aspects of global assessment that should be
considered across the lifespan, and is applicable to patients aged 4, 12,
and 35 years. In the ICF model, assessments related to the functioning
of the patient are described as three dimensions: body function or struc-
ture (e.g., seizure freedom and cognitive improvements), activity and
participation (e.g., improvement in self-independence and relation-
ships), and environmental factors (e.g., burden on the family or part-
ner). However, this classification was intended for assessment of
stable disorders and its application in patients with LGS requires further
investigation {3].

3.4. Future directions in the treatment of LGS in adult patients

As further clinical experience is accumulated for the current thera-
pies included in the treatment algorithm, and new therapies that may
be suitable for the treatment of LGS are in development, revisions to
the proposed LGS treatment algorithm will be required. Several medica-
tions have the potential to be introduced into the treatment algorithm
in the future, depending on their performance in the treatment of LGS
and their safety profiles. Fenfluramine, which was previously approved
as an appetite suppressant, does not have approval for the treatment of
epilepsy. However, in pediatric patients, fenfluramine has demon-
strated efficacy for the treatment of seizures associated with Dravet syn-
drome in phase 11l studies (NCT02682927 and NCT02826863) [56] and
for the Lreatment of seizures with LGS in an open-label pilot study
(NCT02655198) [57]. An ongoing phase III study (NCT03355209) is
assessing the efficacy of fenfluramine in pediatric and adult patients
with LGS and is estimated to complete in December 2019 [58]. Based
on a case series of patients with childhood-onset epilepsies including
LGS and Dravet syndrome, lorcaserin, which also does not have FDA
approval for the treatment of these syndromes [59], may have some
efficacy in controlling motor seizures in these patients [60]. Other
drugs under investigation for the treatment of LGS include carisbamate
(phase 1; NCT03731715) and TAK-935 (phase II; NCT03635073 and
NCT03650452) [61-6G3].

Responsive neurostimulation (RNS) may also present an effective
therapeutic approach for the treatment of LGS in adult patients; how-
ever, RNS is not currently approved for the treatment of LGS and further
understanding on which patients may benefit from RNS is required
before any recommendations can be made as part of the LGS treatment
algorithm {64,65]. A potential advantage of RNS is in its provision of
chronic electrocorticography. which may be valuable as a diagnostic
application [65].

4. A note on nomenclature

Finally, it should be noted that there has been a move in the med-
ical community away from the naming of conditions and diseases
after individuals, particularly considering information that has later
come to light on Hans Asperger's and Fredreich Wegener's links to
the Nazi regime. This has led to the renaming of Wegener's
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Fig. 3. EEGs demonstrating activities associated with LGS in adult patients, including (A) generalized slow spike and wave discharges, (B} diftuse bilateral background slowing, (C) focal
spike and wave discharges, (D) multifocal epileptiform discharges, (E) generalized polyspike and wave discharges, and (F) generalized paroxysmal fast discharges during tonic seizure.

EEG, electroencephalogram; LGS, Lennox--Gastaut syndrome.

granulomatosis as ‘granulomatosis with polyangiitis’, whereas
Asperger's syndrome is no longer considered a separate condition,
but has been incorporated into the broader category of autism

Table 3
Summary of advisory board ASD survey for the development of the LGS treatment algorithm.

‘Therapeutic response

ASD Checky  ASD Yes Noo P No® provide reason(s) and
all that dosage action taken

apply

Clabazam
Divalproex

sodium
Ethosuximide
Felbamate
Lamotrigine
Levetiracetam |
Oxcarbazepine
Phenobarbital !
Phenytoin ‘
Rufinamide
Topiramate |
Valproic acid
Vigabatrin ‘
Zonisamide [
Other

{describe) |

ASD, antiseizure drug; LGS, Lennox Gastaut syndrome.

spectrum disorder [66). Similarly, there may be an argument for
the phasing out of the term ‘Lennox-Gastaut syndrome’. considering
that the condition was named after the neurologist William G.
Lennox (along with Henri Gastaut) and the former's support of eu-
genics [67]. However, ultimately this is an issue for consideration
by the scientific and patient communities moving forwards.

5. Conclusions

Based on our clinical experience and following discussions held during
and since the LGS Transition of Care advisory board in November 2017,
we have proposed diagnostic and treatment algorithms for the manage-
ment of adult patients with LGS. Several readily available assessments
have been identified to facilitate diagnosis of LGS in adult patients, and
these form the basis of the diagnostic algorithm. Many adults may present
wilh refractory seizures but without a previous diagnosis of LGS; the wid-
ening of the criteria used for the diagnosis of LGS, and raised awareness of
a broader group of indicators of LGS, should reduce the frequency of
missed diagnoses, and allow adult patients diagnosed with LGS to receive
appropriate treatment.,

The treatment of LGS in adult patients or in patients undergoing a
transition from pediatric care to adult care can be challenging, as
patients are often refractory to ASDs, and current treatment algorithms
are considered suboptimal. Here, we have proposed a treatment
algorithm to outline therapies that should be considered for the
treatment ol adult patients with LGS. Antiseizure drugs considered to
be effective in the treatment of LGS in adult patients have been placed
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antiseizure drug therapy
(monotherapy or polytherapy)

Follow-up
Frequent reassessment

nonpharmacek

L.ess frequently tise Fan
exacerbate cerlain seizu

Fig. 4. Summary of the proposed treatment algorithm for adult patients with LGS proposed by the LGS Transition of Care advisory board. Consider patient factors when selecting ASDs.
*FDA-approved for LGS. "Cannabidiol is included as the last-choice ticr 1 ASD treatment. At present, only one formulation of cannabidiel is FDA-approved for the treatment of LGS;
other pharmaceutical formulations are currently under investigation. ‘Cenobamate is inctuded in Tier 3, but may be re-positioned in future based on trial data and clinical experience.
“There is limited experience of deep brain stimulation in adults with LGS. ASD, antiseizure drug; FDA, Food and Drug Administration; LGS, Lennox-Gastaut syndrome.

into Tiers 1 and 2; the recommended first-line medications are
valproate, lamotrigine, clobazam, rufinamide, lopiramate, and
cannabidiol. Complementary interventions, to be used in parallel with
ASD therapy, include nonpharmacologic treatments, community ser-
vices, and psychosocial approaches.

Limitations of these algorithms include their development being
based on our own clinical experience and case studies, rather than on
a systematic review of clinical trial data. However, a previous systematic
review was unable to determine the most effective treaument for LGS,
due to the low number of randomized clinical trials in LGS and hetero-
geneity across the trials that have been conducted [ 14]; given this, the
review and discussion of case studies can provide valuable evidence to
inform treatment decisions.

Lastly, we have also identified ongoing developments that may
result in updates to the diagnostic and treatment algorithms.
Further advances in genetic testing for LGS may present innovative
tools to facilitate more effective diagnosis, while additional
treatment options could include novel ASDs and neurostimulation
therapies, Based on this, we encourage ongoing discussion to
reassess the recommendations of the diagnostic and treatment
algorithms, to improve outcomes in this highly refractory patient
population.
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TEPANNA NP CUHAPOM HA LENNOX-GASTAUT

PE3IOME

TEPAMWA NPV CUHOPOM HA
LENNOX-GASTAUT

U, AnekcaHgpoBa ', B. BoXuroBa '*

' Kauruka no wepBrHu Bonecmu 3a geua,
YMBAAHI .C8. Haym”
2 Kamegpa no HeBponozus,
MeguyuHeku gakyamem,
MY -~ Cogusa

Cungpombm Ha Lennox-Gastaut e mexkka snuaenmudHa
sHyedaronamun, xapakmepusupauia ce CuC SHauumeara
mepaneBmutiHa PB3UCMEHMHOCITI, KEIMo mépanuima ce yc-
AOKHSBR OM HAALULBITIO HA NOAUMOPGHL NPUCTBNU, Haau-
HUME aHmuenuAenmMuUYHL Megukamenmu nomazam 3a
pegykuus Ha npucinbnHarna uecmoma u nogobpaBane 1a
kauecmBomo Ha XuBom, 1O PAGKO ce nocmuaa mpaiiHa pe-
MUCUA Ha npucmbnume, PyduHamug, AaMompurkur, mornu-
pamam u 6eH30guasenuHu ca ocHoBHUME Megukamexmu Ha
usbop kamo gonbaBawa mepanus, Aeuaruemo npu Beeku
nauueHm e uxguBugyanto kamo ce Baumam npegbug no-
meHyuaAKume npegumcmBa om Beska rmepanusi u ce omuu-
mam BL3aMEKHUME CrnpaKuydHu epekimu.

KalouoBu gymu: cuxgpom #a Lennox-Gastaut, mepa-
neBmuYHa Pe3UCMeHIMHOCTN, PyduHaMUY, monupamam, Aa-
MOMPLIKUH

BbBEONEHNE

Cungpomem Ha Lennox-Gastaut (LGS) e mexkka
enuasnmuuHa eHuedasonamus, kosmo ce xapakme-
puaupa ¢ kauruuHama mpuaga om: 1) mepaneBmuuHo
PA3UCMEHMHU NOAUMOPQHU NPUCMBLNU;, 2) munuYHa
EEr naxogka ¢ Haauuue na 6abuu komnaekcu oc-
mpus/6aBHa Beana 8 BygHocm u Hbp3a akmuBrocm
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ABSTRACT

TREATMENT OF LENNOX-GASTAUT
SYNDROME

| Aleksandrova "2, V. Bajinova "2

' Clinic of Child Neurology, University Hospital for
Active Treatment of Neurology and Psychiatry
.St Naum*, Sofia, Bulgaria
2 Dgpartment of Neurology,

Medical University of Sofia

Lennox-Gaslaul syncrome is a severe epileptic en-
cephalopathy, characterized by a therapeutic resistance. The
therapy is significantly complicated by the persistence of poly-
morphic seizures. The antiepilaptic drugs help to reduce the
seizure frequency and improve the quality of life of the pa-
tiants, but rarely a complete remission of the selzures is
achieved. Rufinamide, lamotrigine, topiramate and benzodi-
azepines are the first line add-on drugs. The treatment of each
patient is individual and is guided by the potential-benefits and
the possible side effects of the antiepileptic drugs.

Key words: Lennox-Gastaut syndrome, therapeutic re-
sistance, rufinamide, topiramate, lamotrigine

no Bpeme Ha cwvH; 3) kozHumuber geduuum (16,24).
Hapywenrue 8 koznumuBHume dyHkuuu ce Habalo-
gaBa npu 20-60% om nauueHmume KbM MOMERMA Ha
nocmaBsiHe Ha guazHezama, a 8 pamkume Ha 5 20g.
kozHumuBer peapec ce omuuma npu 75-85% om cay-
vyaume (16). Omuumam ce noageruscku HapyWeHUR
U neuxuampuyHa cumnmomamuka,



Cungpomem Ha Lennox-Gastaut e egun om Hag-
MPygHUME 3a AeUEHUE eNUABNMUMHU CUHgROMU Kamo
mepanusma 3HauUImeAHo ce ycamkHaBa om Haauuue-
MO Ha NOAUMOPOHU, MepanaBmuyuHO pe3ucmeHmHU
npucmenu (12,16). HaauuHume aHmuenuaAsnmuyHL
MegukameHmu nomazam 3a pegykuus Ha npucmbn-
Hama yecmoma u nogobpaBaHe Ha kauecmBomo Ha
KuBom, Ho pagko ce nocmuea mpaiiHa pemucus Ha
npucmsnume, a edpekmbm Ha megukamenmume o6uk-
HoBeHo e npexoger (12,29). OcHoBHUMe usnoAzBaHu
megukameHmu ca AAMOMPUXKUH, monupamam, 68H30-
guasenusu U pyduHamug.

JIAMOTPVDKIH (LTG)

Armuenusemuunuam edekm Ha LTG e c8upaan
¢ Baokupane Ha HampueBume kaxaau (17). Edukae-
rHocmma Ha LTG e uscaegBana npu 169 nauusHmu Ha
Bvapacm mexkgy 3 u 25 sogunu B gBouno-cAANO NAa-
uebo-koHmpoaupaHo npoyuBare, kbgemo meguka-
meHmMbM e npuaaegaH kamo gonbaBawa mepanus (19).
Tumpuparema Ha LTG e 3anovHamo ¢ 5 go 50 mg 8
3aBucumMocm om MEAECHOMQ MEZAD U ChNbmem-
Bawo Apuerue ¢ Baanpoam, a makcumaaHama gosa e
100-200 mg/greBHo npu komburauun ¢ Baanpoam u
300-400 mg/greB+o npu moHomepanus. B epynama Ha
nauuedmume, npuemawu LTG, 8 omuemena 32% pe-
gykuusl Ha npucmenNHama yecmoma, 3a pasauka om
naauefio 2pynama, 8 kosimo HamaaeHuemo e 9 %. IMpu
33% om caywaume, aekyBanu ¢ LTG, e omuemera pe-
gykuus Ha npucmbnHama uyecmormna 250% (19). Cue-
HupukaHmHo no-zoasma e pegykuusima ¢ 250% Ha
gpon-amakume U Ha 2eHepaAusupanume moHUYHO:
kaoHuuru npucmbnu (CTKT) npu npuemawume LTG
nauueymu 6 cpaBreriue ¢ nanaueto epynama. Mpu aHa-
AU3 Ha“apynama ¢ 250% pegykuusn Ha npucmbsnume e
yecmatpBeH no-gobup edekm Bupxy gpon-amakume
(mornufn-fu U amoHUYHL NPUCITLIUY) CNPAMO  2eHe-
paAuatj:paHume MUOKAOHUU U 2eHepaausuparume
monuqﬁo-k/\omuwu npucmubnu (T TKF). Om uscaegBa-
Hemo ga omnagHaAu camo 1 nayuenm, nekyBar ¢ LTG,

U 6 nauueHmu - ¢ naaueto, Nopagu 3HA4UMEAHC 3a-

uecmaBare Ha npucmsnume (19),

Edekmbm ma LTG e onucar u om gpyau aBmopu
(1,6,7.18,27). MNonwkaBaHe Ha npucmbnHama uec-
moma e omuemeno u 8 uscaegbare Ha Donaldson u
cbadm. (6). ABmopume onucBam gobbp epekm Bupxy
MOHUMHLIME U ameHUYHUIMe npuemenu, MK u amu-
nuyHUMe abeancu, Ho He U Bbpxy MUOKAOHUUHUME
npucmenu. Memgecem U mpu npoueHma om cay-
uvaume ca ¢ 250% pegykuus Ha npucmbnHama Jec-
moma, NpPu  CbWUA NPOUBHM OM CAydaume e
omuemeromo u nogobpenue B8 kauecmBomo Ha
*uBom. OBpuB e onucax npu 13% om nauueHmums
kamo npu egui om max moBa e goBeno go uskalou-
Bare Ha megukamenma (6). Koker 06puB e Habaloga-
BaH npu okoao 1 Ha 300 Bv3pacmiu u npu 1 Ha 100
geua, npuemawiu LTG (17). MssBama my & no-yecma
npu Bbp3a MuMpauus UAu cbnbmemBawa mepanus ¢
Baanpoam, koemo uauckB8a cnaaBaHe Ha cxemume 3a
6aBro BkalouBare Ha LTG. OnucaHu ca u cayvau Ha
xanamomokcuuHocm npu npuem Ha LTG kamo ce 06-
Crkgam Bb3mMoXkKHU aABPaUYHU MeXaHU3MU,

TOMUPAMAT (TPM)

MexaHuambm Ha gedcmBue Ha TPM ce cBbp3Ba
¢ Baokupane Ha Boamark-3aBucumume HampueBu ka-
HaAU, noruckade ra obpamuus 3axBam Ha GABA, ax-
magoHusbM Ha AMPA/kaunam cyBmunoBeme na
2aymamamHume  peuenmopu U uWxuBupade Ha
kapboarxugpasama (18). Fdakmpm va TPM npu LGS
e oueHeH B gBouro-cAANo, NAaueBo-KoHMpPOAURaHO
uscaegBare Ha 98 nauueHrnu Ha Bbapacm mexkgy 1 u
30 2og., kamo mapzem+ama gosa Ha TPM e 6 mgrkg
(26). YomaHoBeHa e pegykuus Ha vecmomama Ha
gpon-amakume npu 14.8% om npusmawiume meguka-
merma B cpaBreHue ¢ yBeauuaBane Ha npucmbnHama
Jecmoma npu 5.1% om nauuasmurme 8 naaueto 2py-
nama. 1pu 25.8% om nauuenmume, aekyBaru ¢ TPM,
€ nocmuarHama pegykuus Ha chegHama yecImoma Ha
npucmbnume {gpon-amaku u I'MKIM) 8 cpareriue ¢
BrowaBare Ha npucmbnume npu 5.2% B naauebo 2py-
nama. Yemupuma nayueHmu ca ¢ 275% pegykuus Ha

25



npucmenHama uecmoma. Pogumeackama ouerka no-
kasBa gBykpamro HamarsBane Ha medecmma na
ﬁpucrmnume B8 cpaBuetive ¢ nrauebo epynama. Had-
vecmume CcmpaxuyuHu ebekmu ca CoMHOASHMHOCM,
avopekcus, ' HepBrocm, noBegenuecku npoBaemu,
ymopa, samaltBare, sazy6a Ha mezao (25). DeBemge-
cem u cegem om CAyuaume ca npemMuNaAu B nocaeg-
cmBue B8 omBopeHo npayuBare (9). Mpu navuermume,
npuemasu TPM 3a 23 meceua uau 26 meceua, & omue-
meHa 250% pegykuus Ha gpon-amakume csomBemio
npu 57% u npu 85% om cayuaume. Kum kpas Ha npo-
BegeHomo uscasgBare 15% om nauueHmume He ca
umaau gpon-amaku 3a nepucg 2 6 meceya.

Edukactocmma Ha megukamerma e npocAegena
u 8 Hakoako gpyau omBopeHu npoyuBanus, Bkalou-
Bawu cayuau ¢ LGS (1,4,11,18). Kamo usiao, npu us-
caegBanume nayuenmu e onucaHa pegykuus 6
vecmomama Ha npucmobnume medkgy 33 u 75%. B us-
caegBane Ha Coppola u cvaBm. e yemaHoBena pegyk-
uus 8 npucmbnHama yecmoma npu okoao 40% om
nayusHmume (4). ABmopume He omkpuBam 3aBucy-
Mooem meXkgy KauHuuHus edekm Ha TPM, emuono-
auama U komBuHaLuama ¢ gpyau aKmuenuAenmuYHU
megukameHmu,

PYOMUHAMURD

MexaHuambm Ha geticmBue Ha Pyouramug e
¢Bbpsan ¢ noBaunBare Ha HampueBume karaau (17).
E¢ekmuBHocmma my e npocasgeHa 8 gBolHo-cARNO,
nAaueBo-koHMpPOoAUPaHO NpoyyBaxe npu 138 nauuen-
mu ¢ LGS Ha Buapacm mexkgy 4 u 30 20g. ¢ aHamHesa
38 NOAUMOPGDHU NPUCMBU (MOHUYHU U aIMOHUYHU
npucmbnu, amunuuku abearcu) (10). MNupBoHauas-
Hama gosa om 10 mg/kg e mumpupana 8 pamkume na
14 gHu go makcumym 45 mg/kg. Omuemena e pegyk-
uus Ha obuiama npucmunHa yecmoma ¢ 32.7% npu
npuemawume Pydunamug nauuermu. CpegHama vec-
fnoma Ha MOHUYHUME U aMOoHUYHUME NPUCMbNU @
HamMaAsAa € 42.5% npu aekyBaru ¢ Pydunamug nauu-
8HMU U ce 8 noBuwuaa ¢ 1.4% npu naauebo epynama
(10). YermaroBero e u cmamucmuueckyu 3HAYUMO NoO-
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gobpo noBausBane (geduHupaHo kamo NPOUBHM Ha
hayueHmume, NPpU Koumo e om4emeHo 250% HAMAAR-
Bare Ha npucmbnHama Yecmoma) kakmo Ha moman-
Hama npucmbnHa Yecmoma, maka U NOOMYeAHO Ha
MOHUYHUME NPUCMENU U HA ME@XECMMa Ha NPUCHIb-
nume npu aeveriue ¢ Pyduramug B cpaBuerue ¢ naa-
ueto apynama. Ha6alogaBaHo e u noBausBane Ha
amunudHume abcarcu U Ha 8MORUMHUIME NPUCHTENL.

Cmo gBagecem u yemupu nauuesmu ca B3eau
yvacmue 8 omBopero npoyuBane ¢ npogbAkuman-
Hocm om 44 meceua (13). MNauueHmume, kourmo ca
npuemany naaue6o, ca NPeMUHaAU Ha AsueHue ¢ Py-
$uramug ¢ nupBoHauasHa gosa om 10 mg/kg u no-
caegBawia mumpauus go 25-60 mg/kg. Omusmero o
noHwkaBaxe Ha momaaHama 4ecmoma Ha NpUCMb-
nume, kakmo u Ha Yecmomama Ha MOHUMHUME npu-
cmenu. MNpes nocasgHiume. 6 meceua Ha HabalogeHue
250% pegykuus Ha momaaHama npucmbnHa uec-
moma e nocmugHama npu 45.1% am cayvaume, a
275% - npu 27.9%, gBama nauuermu ca 6uau 6es npu-
cmbnu (13). o omHOWeHUE HZ MOHUMHU-MOHUY-
Hume gbpyoBe, 47.9% ca umaau 250% pegykuus Ha
npucmbnHama yecmoma, a 35.9% - 275% pegykuus,
9.4% ca buau Ges npucmbnu. Mau-yacmume cmpa-
HuU4HU peakyuu ca noBpbuiane, coHAuBocm, uHdek-
Ulu Ha 20pHUME. gUXameAHU Nmutla, OnUCaHY NP
Hag 10% om nauuermume, fBaHagecem nauusHmu
Ca HanycHaAu npoy4B8aHemo nopagu cpaHuuHy pe-
akyuu. CepuosHu, cBrp3aHu ¢ mepanusma cmpa-
HU4HU peakuuu, ca obpuB, konemunayus, esodasum,
3azyba Ha meano, 2acmpum, aHopekeus, noBpuusans,
Aemapeusn, onucanu npu 9 cayuas (13).

B uscaegBa+re Ha Ohtsuka u cbaBm, (22).ce yo-
maHoBeHu nogoBiHu pesyamamu Ha mesu Ha Glauser
(10), kacacuiu noBausBademo Ha momaaHama npu-
cmuNHa Yecmoma, HO NO-AOWU pe3yAmamu npu noé-
AUSBAHE HA MOHUYHUIME-AMOHUYHU NPUCMbNU (24.2%
Cnpamo 42.5%) (22). OnucaHo e noBAuABaHe Ha mor
HUYHUMe, MUOKAOHUUHUME U $okasHume. npucmbnu
cnpamo naauebo gpynama. AGmopume He omuumam
BausHue Bupxy edukacHocmma Ha PyduHamug om



cmpara Ha pakmopu kamo Bvapacm, noa, Bug Ha enu-

AENMUYHLIME NPUCMbNU, NpegLIecmBauy cuHgPom Ha
West, npugpykaBawa mepanus (22). NogodHu ca pe-
syamamume na Lee u cealm., koumo onucBam 3ago-
BoAumeaer edekm npu 34.8% om cBoume navuermuy,
koumo cneg 6 meceua ca 6uau ¢ 250% pegykyus Ha
npucmuniama yecmoma (15),

KNOBA3AM (CLB)

Kaobazam o GABA-gpauyen Megukamenm
(14,17). EdekmuBrocmma My e aHaausupawna 8
MyAmuuerripoBo yBotiHo-casno uscaegBate kamo ca
cpaBHeHu pesyamamume npu Hucka (0.25 mg/kg/
gHeBHo) u Bucoka goza CLB (1 mg/kg/gHeBra) (3). W3-
cregBamu ca 68 geua ¢ LGS na Buvapacm mexgy 2 u
26 zoguHu. osama Ha rekapemBomo e onpegeaera
Crpamo kuaozpamume npu meaao go 37.6 kg, a npu
NO-20AIMO Me2A0 NPULEAHAmMA go3a e 10 mg/grebro
3a apynama ¢ Mucka gosa CLB u 40 mg/gHetHo aa
epynama ¢ Bucoka gosa. QcHoBrama yea Ha uscaeg-
Banemno e yemaroBaBare Ha epekma va CLB Bbpxy
gpon-amakume, a ocHoBen nokazamen e HamanaBame
Ha Cpagrama CegMuuHa Yecmorma Ha mesu Npucmbiu
(3). Mpu Beuuku nauuenmu, npuemaiuu CLB B8 8y-
coka gosa, e omyemeHo 240% HamaasBare Ha gpon-
amakume. lNpu natueHmume, AekyBaru ¢ Hucku gosu
+a CLB, e omvemeno usBeemio nogobpenxue npu 78%.,
gokamo 22% ca Guau ¢ yBeauuaBare Ha npucrmun-
Hama Yecmoma. Omuemer e 3HAUUIMeAHo no-uapasex
epekm Bv8 Bucoko-gosoBama 2pyna - 225% pegyk-
uus 8 cegMmuuHama npucmbNHa Yecmoma Ha gpon-
amakume npu 89% am cayyaume cnpsamo 56% om
Hucko-gasoBama apyna, 250% pegykuun Ha npucmu-
nume npu 83% cnpsmo 38% U 275% pegykuus npu
67% cnpﬁ«mo 25%. [T0-20AAM npoueHm navueHmu, Ae-
kyBaru ¢ Bucoka gosa CLB, ca ¢ nbaro noBausBane
Ha npucmsNuMme - 22% cnpsamo 6% om CAyHaume, ae-
kyBanu ciHucka gosa CLB, Brnpeku ue paaaukara He
gocmued cmamucmuuecka zHauumocm. Cmpanuy-
HUMe edekmu, omuemeru B gBeme gpynu, ca nog-
06HU - cbHAUBOCM, xunepcaauBauus, koHcmunauus,

A2PECURA, UHCOMHUA, XUNOMaHUS (3).

B gpyao gBolHo-casino naayebo-koHmpoauparo
npoyyBare 3a cuenka edekmuBrocmma wa CLB
Bupxy gpon-amakume ca Bkaloweru 3 epynu nayu-
SHITIU C PA3AUYHU go3uU Ha MegukameHma (20). Tumpu-
paHemo Ha CLB e ocbusecmBero B8 pamkume na 3
Cegmuuu, mpume epynu nauueHmu ca npuemManu cu-
ornBemwo Hucka gosa - 0.25 mg/kg/gHeBro (Mmakcumym
10 mg/gHeBHo, n=58), cpegHa gosa - 0.5 ma/kg/
gHeBro (makcumym 20 mg/gHeBHo, n=62) u Bucoka
gosa - 1 mg/kg/gHeBHo {makcumym 40 mg/gHeBHo,
n=56) CLB, kamo pesyamamume ca cshocmaBenu ¢
me3du Ha naaueio epynama (n=59). Omuemeto e
41.2% HamaneHue Ha CpagHus cegmuueH fpoll Ha
gnon-amakume 8 Hucko-goszoBama epyna, 4€.4% na-
MaAeHue - Npu AeyeMue Cbe cpegHa gosa va CLB u
68.3% - npu npuaazane Bucoka goaa (20). Epekm e
omdemeH Bupxy Beuuku munoBe NPUCMBNLY ChE Cb-
omBemna pegykuus 34.8%, 45.3% u 65.3% B mpume
gpynu. Omuemena e 100% pegykuus Ha npucmbn-
Hama Yecmoma npu 25% om Bucoko-go3oBama epyna
U 250% npu 75% om caydaume om Chlwama epyna.

HBecma wetcem u cegem om nayueHmume om
gbeme npegxorkgauiu uscaegBanun ca Bkaloueny 8
omBopeHo npoyuBare, pe3yamamume om kosmo ca
ny6AukyBanu npes 2012 20g. (21). CpegHama gosa Ha
CLB e 0.94 mg/kg/gHeBHo, a Makcumaasams - 1,22
mg/kg/greBro. Tpuragecem nauuermu ca usknlouenu
nopagu cmpakuyHu peakuuu, Ha mpemu u gBagecem
u YemBupmu mecey om Habalogeruemo a yemano-
Bero cbomBemHo 71.1% u 91.6% HamaAgHuUe Ha cpeg-
Hama cegmuyHa yecmoma Ka gpon-armakume u 64.8%
U 81.5% pegykuus Ha Hecmomama Ha Bouuku enuasen-
MutkU npucmsnu (21). MpoueHmem Ha navuexmume
¢ 250% pegykuus Ha gpon-amakume ce e yBaauuun
om 61.5% Ha 3 Mmeceuy Ha 79.5% wHa 24 Maceu, a npo-
UBHITBM Ha nauueHmume ¢ 250% tpegykuua Ha
Beuuku munoBe npucmsnu - om 61.5% Ha 3 mecey Ha
60.3% Ha 24 mecey. Omuemero e U 3agbpikiHe Ha
nocmuaHamus noAoXkumeAeH edekm ¢ CLB 8u8 Bpe-
mMemo. Cnopeg aBmopume, Brnpeku ve moAsparcsm



MoXke ga e npoBaem npu Hakou cayuau, obukroBero
moll He e cuerupukarmen dakmop npu Aeyeruemo
(21). Te B3umam npegBug garHUMe 3a: AURCA Ha Ha-
mansBane Ha cmenexma Ha noBausBane Ha npuCMb-
nume 3a nepBume gBe 20guHU OM ABYeHUEMO; Aunca
Ha npomsaHa (kem yBeauuabBare) Ha cpegHama gosa
CLB 818 Bpememo; Haaudue Ha mexgeHyus 3a nama-
AsBaHe Ha Bpos Ha cbNbMeMBaWUMe aHMUKOHBYA-
caHmu. Nopagu auncama Ha naauefo-koHmpoaupaHa
epyna me oBaue gonyckam u Bb3MokHOCITING 34 Ha-
Auudle Ha gpyau pakmopu, noBausBaluu yecmomama
Ha NpLCMBNUMS - Hanp. ecmecmBeHama MeHgeHUUs
3a HamaasBade Ha npucmbnHama yecmoma 68 Bpe-
mMemo, He3aBucumo om AsueHuemo.

QOENBAMAT

®eabamam e nupBusim ogobper om FDA (US
Food and Drug Administration) megukamenm kamo go-
neABawa mepanus npu nauueHmu ¢ LGS (16). Hdeu-
cmBuemo my e cBbpaaro ¢ uHxubBupanre Ha N-metil-D
aspartate (NMDA) peuenmopume u nomeHyuupaHe Ha
GABA cBbpsanume omeoBopu (16). ToBa gBotito gell-
cmBue Bupxy ekcuumamopHu U UHXUBUMOPHU Nb-
muuia ¢ ymepero GABA-epauvHo gelicmBue u
NO-UspaaeH aHMmuzAymamamepauden epekm gonpu-
Haca 3a wupokus cnekmbp Ha geticmBue Ha meguka-
meHma. MauueHmu Ha Bb3pacm Hag 4 20guHy, Bea
edekm om nupBoauasHama mepariun, ce cuumam sa
kangugamu sa 3ano4Baxe Ha mepanus ¢ deabBamamn
(17). Bauma ce npegBug cbaue u BuamokHoomma 3a
3HaUUMeAHU CMpaHUYHU peakuuiu - anAaCMUUHa aHe-
MuA U YepHogpobra Hegocmamvburocm, Mexkgy 1994
U 2006 20g. ca onucaru 34 CAyuan Ha anaacmuyna
aHeMus u 18 cayuan Ha depHogpobHa Hegocmanbuy-
Hocm & CALL, nopagu koemo megukameHmsm ce
CHUMa 38 NogXogsul camo npu Aaunca Ha puckoBu dak-
mOopU, HanpuMep aHamHe3a 3a uumoneHud, abmo-
UMYHHU 3a60AABarus, NOSUMUBHU aHMuHykaeapHu
aHMUMeA8 UAU HepHogpobHa namaaazus (17).

®eabamam e nbpBomo aekapcmBo ¢ gokasan
édekm Bupxy npucmunume npu LGS, kotimo e ananu-
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3upar B paHgoMusupaHo, gBolHo-CAAND, naauabo-
kosmponuparo npoyuBare. N3caegBaremo BkalouBa
73 nauueHmu Ha Br3pacm mexkgy 4 u 36 2og. (8). Mbp-
BoriauasHama gosa om 15 mg/kg e mumpupaxa 8 pan-
kume Ha 14 gHu go makcumym 45 mgfkg uau 3600
my/gre6Ho. Mpu nauuexsmume, aekyBanu ¢ deaba-
mam (n=37), ca omyemenu 34% HamaAerue Ha gpon-
amakume u 18% pegykuus Ha momaaHama yecmoma
HA BNUABNMUYHUME NpucMbnume 8 cpaBHerue ¢ nAa-
uelo zpynama (n-36), kegemo moeau hpouokimu ca
chomBemHo 8% u 4% (8). YemaHoBeHo e u Hamaan-
Bawne va 'K npu nauueHmume, aekyBanu ¢ peata-
mam, kakmo u nogobpetue 8 kauecmBomo Ha kuBom.
Kamo usao 50% om yuacmuuyume 8 npoyuBaremo ca
umaau nore 50% pegykuus Ha yecmomama Ha npu-
embhume. MoBeuemo cuobuleHu cmpaHuuHy peakuuu
ca Aeku Uau ymepeHu no mexkecm u ca riogobru 8
gBeme apynu (8). AHopekcus, NOBpLLLAHS U ChHAU-
Bocm ca Hal-vHecmume cmpaHuuHu peakuiu npu Ae-
ueHuemo ¢ peabamam. Mouwmnu Beuuku nauuermu ca
Bkalouenu -caeg moBa 8 omBopero uscaegBare (5).
Nauuermume, koumo ca BuAu NEPBOMANAAHO Ha TiAa-
uebo, a 8 nocasycmBue ca NPBMUHAAU Ha ABYBHUS C
deabamam, umam chujume nokasameau Ha nogobpe-
Hue, kakmo nauueHmume ¢ NbpBaHaUaAeH NPUeM Ha
deabamam. Omuemera @ OKOAO 50% pegykuus na
npucmbnHama vecmoma npu 55% om mesu nauu-
oHMU 8 pamkume Ha nbpBuUA MeCey om AsyeHuemo
kamo mosu edekm ce e sagbpkas 3a nepuoga Ha Ha-
BalogeHue om 12 meceua (5).

APYIU AHTUVENMMNENTMYHN

MEOUKAMEHTI

W3noas3Baremo Ha gpyau aHMUEnUASNMUMHU MO-
gukamenmu ce ocHoBaBa Ha kauruueH onum U Ha
gaHHume om npegumMHO Maaku, naaus6o-Hakormponu-
paHu npoyqBanun (16,17). O6ukroBero ce onucBa us-
AocmHOmMo Bauskue Ha megukamenmume Bupxy
Beuvku munoBe npucmbnu, Gea Bunasu ga ce gude-
peHuLpa edekmnm Bupxy omgearuma munoBe enu-

ASNMUYHU NPUCIMbNAU,

vty v



BANNPOAT (VPA)

VPA ce usnonzBa 3a aguerHue Ha 'K, dokanHu
npucmbnu u gpon-amaku (1,17,24), MNpu Habalogerue
Ha 38 geua ¢ LGS e omuemeno 100% noBausBare Ha
npucmbnume nNpu 21% om caysaume u 250% - rpu
55% om cayvauine. OcHOBHUME HabalogaBanu
CmpanuiHu egekmu ca Aeku u He ca goBeau go
uskalouBaHe Ha megukameHma - ocHOBHO zacmpo-
uHmecmuHasHu - onaakBanus, yBeauuaBaqe Ha
MEABCHOMO MeaAo, BpemenHa ceHAuBoecm, mpomGo-
UUMOoNeHUs, HeymponeHus, HapyweHnue 8 yepHogpo6-
HUME eHsumMu. Mma gaHHu, ye VPA e no-edekmuBen
npu NbPBUYHO  2eHepaAsusupaHume MOoHUYHO-kAO-
RUYHU NpUCMBNU cnpamo Bmopuuko 2eHepasuzupa-

HUme.

APYTU BEH30SNA3ENMMHN

Kronaaenam noBausBa GABA mpancmucuama
kamo ce usanonsBa 3a AeueHue Ha pasaudHu munoBe
npucmuNU Npu geua u Bvrapacmeu (17,24). B uscaeq-
Bare Ha 37 geua ¢ Pe3UCMEHIMHU HA AGUEHUEMO npu-
CMbNU, 24 0rm Kourmo ¢ UHGAHMUAHU Chaamu U 13 - ¢
LGS, ca omuemenu nogoBpenue npu 3 geua ¢ LGS 3a
MuUHUMYM 6 Meceua U BpemeHHa PeMUCUA Ha npucmb-
nume chulo npu 3 cAyvas ¢ LGS (30). Cmpanuysu
edekmu ca HabalogaBaxu npu 19 om 37 geua ~ oc-
HOBHO xunepcaauBauus, mykoata o6empykuus Ha Ha-
3odapurke, npoGaemu 8 npeaavaremo. Nem geua
ca uskaloveru om uscaegBaremo nopagu no-cepu-
03HU cmpaHu4HuU peakuuu - amakeus, 06vpkarocm,
cuHAuBoCm.

Egekmurm Ha Humpasenam e uscaegBan 8 maaka
Koxopma 0m NayueHMU ¢ MepansBmuyHo pesucmen-
MHU enuAenMmUUHU Cnaamu U npucmsnu npu LGS,
kamo e chwemeH edekm npu ¥ om gauama (2).

ﬂpJ AeveHue ¢ Gernsoguasenuru mpsbBa ga ce
uma npebBug pucksbm 3a ekaauepBayus Ha MoOHUY-
HUMe npilcmbnu (26).

\
NEBETUPALLETAM (LEV)

Egekmbm na LEV e onucaH npu o2panuyeH 6poa

BoaHu ¢ LGS (23). Reyes u cvaBm:, npocaegrBam 6 na-

uueHmu, AekyBanu ¢ megukamenma kamo gonbaBauia
mepanus (23), MNpu 4 om msax aBmopume omuumam
100% pegykuun Ha uecmomama Ha MUOKAOHUMHUME
npucmbAU, Npu 2 - 250% HamaaeHue Ha 8MOHUUHUME
NPpuUCiLNU U Npu 4 ~ 100% HamMaAeHue Ha Yecmomama
Ha MK

30HUCAMMA (zns)

MexaHusMbm Ha geticmBue Ha ZNS e cBup3ari ¢
6ackuparie Ha HampueBume u Ha T kaauueBume ka-
Haau (17). Edekmum Ha megukamerma npu natiuenmu
¢ LGS e oueHeH B omBopero npoyuBate kamo peaya-
mamume nokasBam, ye ZNS e epekmuBen u gobpe
moAepupat (28). MacaegBanu ca 62 nauueHmu ¢ LGS,
Mpu 4.8% om max e nacmuakam 100% koHmpoa Ha
npucmunume, gokamo npu 22.6% - Hag 75% pegyk-
WUR Ha npucMenHama yecmoma (28). Hag 50% pegyk-
uua 8 uyecmoma Ha amoHuyHUMe npucmenu e
omuyemera npu 15 om 24 nayuermu (62.5%), 250% Ha-
MaaeHue B yecmomama Ha MUOKACHUYHUME npu-
Cmenu - npu 9 om 17 (52.9%) nauuemmu U 8
Hecmomama Ha I'TKIT - npu 3 om 8 (37.5%) CAyyas.

SAKJIOUEHNE

LGS ce omauvaBa cue aHavumeaHa mepaneB-
muyHa pesucmermsocm. MpoBegeHume uscaegBa-
HUA He nokasBam npegumcmBo Ha onpagenen
megukaMmeHm no omHOWeHUE Ha epekmuBrocmma.
Pydunamug, aamompuskus, monupamam u pealiamam
¢a nomeHuuaAHu megukamermu Ha u3bop kamo go-
neaBawa mepanus, a kao6asam uma npegumcmBa no
omHoWeHUe Ha gpon-amakume. AeueHuemo npu
Beeku nauueHm e uHguBugyaaHo kamo ce Baumam
npegéug nomeHuuassume npegumcmBa Ha Beaka me-
panus u ce omuumam BbIMOXKHUME CMPaHUYHU

edekmu.
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bouHOBa B. [MarHOCTUKa M HOBUM BBHIMOMKHOCTM 33 NedYeHUe Ha AETCKUTE enUAenTU4HU
eHuedanonatumn- cuHapom Ha Dravet n cuHapom Ha Lennox-Gastaut. GP MEDIC, 2023, 5,5,10-16.

JIHarHoCTHKA ¥ HOBH Bb3MOKHOCTH 32 CbBPEMEHHO JieYeHHe HA IeTCKHTE eNMHJICNTHIHA
eHItedasionaTuu - cunapoM Ha Dravet u cunapom Ha Lennox-Gastaut

IIpo¢. [I-p Benera bBoxkunuosa, a.M.
Kaunuka no HepBHH Gosectn 3a neua, YMBAJIHIT ,,Cs.Haym*, Copus
Pe3lome

H»EMuientuyHd eHuedanonatiu” W ,eHuedbanonaTMM Ha pasBuTHEeTO™ ce JAeQUHMpAT KaTo
(pamMaKOpe3UCTEHTHH EMUIIENCHH, NMPU KOUTO mpucTbiuTe W/unu EEIT paspsaaure yBpexaaT HeBpo-
NCHXUYHOTO Pa3BHTHE U KOTHUTHBHHUTE QyHKUMH. EHUedanonatuute Ha pasBUTHETO MPOTHYAT ChC
3a6aBEHO HEPBHO-MICUXUYHO Pa3BUTHE MW MHTENEKTYaleH AeHLUT, 00yClIOBEH OT HENPOTpecHpallia
MO3BYHA YBpeJa, ChUETAHO MM He ¢ enuiencus; HeBpOKOrHUTHBHMAT H MOBeJEHUYECKH AeHLMT
0CTasa, HC3aBUCUMO OT KOHTPOJHMpPaAHE Ha €NUJICNCHATa Hoga KOHUECMUHUA 3a euuetbanona’rm Ha
Pa3BUTHETO M 3a eNWIENTHYHNHTE eHUehanonaTHy ca 4e enusencuaTa U 3a6aBeHOTO pa3BHUTHE Ca [BE
CBCTOAHMA ¢ OOlna eTvonorus (CTPYKTYPHH M TEHETHYHH MPHYMHHM), TIPU KOETO arpeCHBHOTO
aHTHENWIENTHYHO JieyeHHe € Heobxoaumo. Enunentuunute eHuedanonaTHd ce AehHHHPAT KaTo
TpOLIEC Ha HEBPOJIOTHYHA YBPENa, NPUUHHEH OT eNUIIENTHYHATA aKTUBHOCT ¢ BapHaOHW/IeH noTeHuHan
3a Jedenue. EnunentuuHara akTHBHOCT B’bB}leﬁCTBa Ha HeBpoOreHesarTa, CHHarNToreHesara HOpMaJlHaTa
OpraHM3alMsi Ha  HEBPOHAIHHTE MpPEXH, TpUrepupa  HEBPOBL3MajeHHe, C  BB3IMOXHH
naroU3HOJIOrHYHA MEXaHU3MH 32 HeBpoHaiHa yBpena. Cropea Bp3pacTTa Ha U3ABa €NUIENTHYHUTE
eHuedanonatii ca: pannu undanmunnu (cunapom Ha Otahara, CHHAPOM C eNUAENTHYHH HHDAHTHIIHH
cnasMyd MAM cMHApoMm Ha West, wmurpupaiud QokanHu mpucTbnH, cuHapoM Ha Dravet) u xwcwu
(cunapom Ha Lennox-Gastaut, enuientuuHu eHuedanonaruu ¢ ocTpie — 6aBHa BbJIHA aKTHBALIHA B
ceH, cuHapoM Ha Landau Kleffner, atunuuna GeHurHeHa ¢okanHa enuiencus B AETCTBOTO,
XEMHKOHBYJICHSi- XEMHIIErHsl CHHAPOM, €NUIENTHYeH CHHAPOM CBBp3aH ¢ (heOpuiHu undexuun; C
HayaJIo B pa3jiM4yHa Bb3PacT ¢a CMNUAECNTHYHHU CHHAPOMH C MPOrpeCHBHH HEBPOJIOTMYHH YBPEAOH,
cuHIpoM Ha Rasmussen, nporpeckBHa MHOKJIOHWYHA enuiencus, GeOpHnIHO-HHPEKIHO3HO CBbP3aHH
CMWICTNITHYHA CHHAPOMH. l'lpu TAX HEMpEeKbCHaTara €nujenTuiHa aKTHBHOCT HIIH YECTUTE
eNWIENTHYHH NPUCTBNH OOyCNaBAT KOrHUTHBEH perpec. HeBpOKOTHUTHBHUTE M IOBEAEHYECKH
OTKJIOHEHHSI MOraT Ja ce NofoOpAT MNpH KOHTPOJ Ha ENWIENTUYHUTE MPHCTBRIH PeHyKUHA Ha
HHTCPHKTaNHATa €NHJICNTHYHA aKTHBHOCT. CBOGBpeMeHHOTO JAHarHoCTUUUpaHe Ha CNHJICNTHUYHHTE
euuetbanonamu INpH NO3HaHWE€ Ha OCHOBHHUTEC UM KJIMHHUYHH XapaKTCpHUCTHKH, ocobeHo Ha CHHApOMA
Ha Lennox-Gastaut u Ha Dravet W paHHOTO WM  JedeHue mnoAoOpsBa TAXHATAa [POrHo3a.
TepaneBTHUHUTE MOAXOMAHM 3a JICYCHHETO HAa ENUNENTHUHHTE eHUedaIonaTuyU ca ¢ MOHOTEpanus M
palHOHa/IHA MOJUTepanus BKJIIOUYMTENHO ¢ HOBM aHTUrbpuoBW JsiekapctBa (AIJI). Ilpencrass ce
vHpOpMaLMs 33 KIHHMYHATA XapaKTepHCTHKAa W CbBPEMEHHO JleHEHHE Ha CHHApoMa Ha Lennox-
Gastaut 1 Ha Dravet, sxi. ¢ Fenfluramin.

EnunencusaTa e couualHO 3Hau4MMO 3abolisgBaHe, ¢ BHCOKa 3a00IjI€MOCT B JETCKATa
Bp3pact (120 - 240/100 000), karto 50-60% oT enunencuute 3arnoypaT npeau 16 romdima
BB3pacT, a 40% or smeuara ¢ enuiencus 10 3 I. ca ¢ CNHICNTHYHH eHNedaaonarud.
»ENUIENTAYHY eHuedaronatuu” U ,.eHiedalonaTii Ha pa3sBUTHETO ce NEePHHHPAT KaTo



($aMaKope3UCTEHTHH EMUNENCHH, TIpH KOUTO npucThiuTe W/uix EEI paspsauTe yBpexnar
HEBPO-IICUXHYHOTO pa3BUTHE U KOTHUTHBHHUTE (YHKIHUM, a 4ECTO MMa H IIOBEAECHYECKH
npoMenH. JlucyTupa ce posista Ha aOHOPMHO HEBPOHHO Pa3BHTHE M CB3pABAHE Ha 6410TO
MO3BYHO BelllecTBO. EHuedanonaTuy _Ha_pa3BUTHETO NPOTHYAT ChC 3a0aBEHO HEPBHO-
MICUXUYHO Pa3BHTHE WJIM MHTENEKTyasleH AeuIuT, 00yClIOBEH OT HENporpecupailia Mo3b4Ha
yBpela, ChYeTaHO WIM He C ernuierncus; HeBpOKOrHUTUBHUSAT U IIOBEJE€HYECKU JeUIUT
OCTaBa, HE3aBUCHMO OT KOHTposinpaHe Ha emmiencusita (1) Specchio N, Curatolo P 2021).
EnunentuyHa ennedanonatus ce gepuHMpa KaTro MpoOLEC Ha HEBPOJIOTHMYHA YBpena,
INpHYMHEH OT eNnWIenTHYHaTa aKkTHBHOCT ¢ BapuabuieH MOTeHUMad 3a JIEUCHHE.
EnunentiuHata akTHBHOCT BB3jeiicTBA Ha HEBpOreHe3ara, CHHANTOreHe3aTa HOpMaliHaTa
OpraHu3aliis Ha HEBPOHAIHUTE MpEXH, TPUrepHpa HEBPOBB3MAJEHHE, C BB3MOXHHU
naToQU3MONIOTHYHY MEXaHW3MH 32 HeBpOHaiHa yBpeaa. HoBa koHuenuus 3a eHuedanonatus
Ha passutueTo (“developmental encephalopathy”) u 3a enunentiuHa eHuedaronaTus ca 4e
eNUIENCUsATa U 3a0aBEHOTO pa3BUTHE Ca JIBE CHCTOSHHUSA C 00IIa €THOJOTHA (CTPYKTYPHH M
reHeTUYHH TIPUYHHU) , TPU KOETO arpeCUBHOTO AaHTHEHHJIENITUYHO JICUEHHE € HE0OX0IMMO.
(1,2,3,4,5,6) (Kalser J, Cross JH. The epileptic encephalopathy jungle - from Dr West to the
concepts of aetiology-related and developmental encephalopathies. Curr Opin Neurol.
2018;31(2):216-222; Scheffer IE, Berkovic S, Capovilla G, et al. ILAE classification of the
epilepsies: Position Paper of the ILAE Commission for Classification and Terminology. Epilepsia
2017; 58: 512-521; Specchio N, Curatolo P. Developmental and epileptic encephalopathies: what we
do and do not know. Brain. 2021 Feb 12;144(1):32-43. Zuberi SM, Witrell E, 22 ; Specchio N,
Wirrell EC 2022). EnunentuuHuTe eHiiedanonaTum, Ciopes Bb3pacTra Ha U3sBa Ca: PaHHU
UHhaumMuAHY C HAYAJIO B HEOHAMANHUSL NEPUOO U PAHHAMA OemcKa 8b3pacm - CHHIPOM Ha
Otahara, CHHAPOM C €NMWISNTHYHA MH(PAHTHIHK cra3Md (CHHIpoM Ha West), MHUTrpHpalinu
¢oxanHu npucThIH, cuHapoM Ha Dravet (4) (Zuberi SM, Wirrell E, 22); ¢ nauano ¢ demcka
8b3pacm ca OCHOBHO CHHAPOMBT Ha Lennox- Gastaut, enuiencus ¢ MUOKJIOHHIHO-aTOHUYHU
IPUCTBITN, EMUIECITHYHN eHuedanonatul UM eHnedanonarui Ha pa3BUTHETO C OCTpHE —
0aBHa BBIHA aKTUBAIMS B CBbH, cuHApoM Ha Landau Kleffner, atTunuuna 6enursena gokanna
ENUNIENCUsT B AETCTBOTO, XEMUKOHBYJICHS- XEMHUIUIETHS CHHAPOM, EMUJIENTHYEH CHHAPOM
cBBp3aH ¢ $pebpuyiHy uHpeKuun (ocThp eHuedanut ¢ pedpakTepHH, NOBTAPALIM ce POKATHN
IPUCTBITH, WK Hanpe/Baila eHuedanonarus npy Aeua B yuninniHa Be3pacT) (5) (Specchio N,
Wirrell EC 2022); C Hayano B pa3nu4Ha Bb3pacT ca eNnuIenTHYHN CUHIPOMHU C IPOrPeCHBHU
HEBPOJIOTMYHHM YBpeAH, CHHAPOM Ha Rasmussen, nmporpecuBHa MHOKJIOHHYHA ENUJIEICHS,
tdebGpunHo-uHpeknrno3Ho cebp3anu enunentiuy cuagpomu (FIRES) (6) (Riney K, Bogacz A
2022). Ilpu Tax HempeKbCcHAaTaTa ENMJENTHYHA AaKTUBHOCT HIIM YECTUTE ENHICITUYHH
npucThy o0ycnaBsT KorHuTHBeH perpec (1) (Specchio N, Curatolo P 2021). (Purypu 1 a, 6).
HeBpOKOrHUTHBHHUTE M TOBEICHYECKH OTKJIIOHEHHS MOTaT [a ce MomoOpsT IpH KOHTPOT Ha
eNWIENTHYHUTE [PUCTBIIM PEAYKIINSA Ha MHTEPUKTATHATA EMWIeNTHYHA aKTHBHOCT. [lpu
eHuedaIONATHHTE HA PA3BUTHETO M eNWJIENTHUHHTE eHuedaJonaTHM KOTHUIUATA U
[OBEACHHETO ca YBpelleHH, HE3aBUCHMO OT HA4ajlOTO Ha EMHJIENCHATa, KOATO € C BHCOKa
YeCTOTa Ha MPHCTBINTE M C EMUIENTH(POPMEHa aKTMBHOCT; KOTHUTHBHHTE M TOBEIEHUYECKH
YBPEJ/IH OCTABAT, JIOPH TIPU OBJIa/isBaHe Ha eMUIENTHYHUTE IPUCTHIN; MOXE 32 MM U3BECTHO
nono6PeHue (1) (Specchio N, Curatolo P 2021).
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@ur. 1 a, EEI" ¢ xuncaputMus ¥ enwIeNTHYHY CIIa3MU IIpU CUHApoM Ha West

@ur. 1 6. EEI" ¢ renepanu3upany 6aBHH KOMILICKCH OCTHpYe OaBHA BbJIHA H OBP3H PHTMH
IPH TOHWYEH NIPUCTBHII IIPH JIeTe ChC cUHApoM Ha Lennox-Gastaut

[MpuunHuTe 32 PapMaKOPE3UCTEHTHOCT NIPH EMWIEITHYHATE EHIlE(aTONaTHH H
eHnedaJoNnaTHHTE Ha Pa3BUTHETO ENUJIENICHH € 00YCIOBEHO OT FCHETUYHH IIPHYHHH, Hal-
4ecTO ¢ FeHHH Je(heKTH ~1aTOJIOrHYHY BapHaHTH) IPUYMHABAIIY HATHEBO-HOHHH HIIH
KaJIMEBO MOHHM KaHasIomaTHH, koMiieke TyGepo3Ha ckieposa (TSK) ( Tabu. 1) u
CTPYKTYpPHH MO3BYHH YBPEXJaHUs KaTo BPOAEHH MO3bUHH Maj(opMaLuH, OCHOBHO KOPOBH
ManpopMalHy B JHCIUIa3HH, BKI. TyOepo3Ha ckiepo3a kommiekc (Pwur. 2 a, 6, B, I, ) ,
XHIOKCHYHO- MCXEMHYHH YBPEXIaHUs B pe- U llepuHatainHus nepuoj ( ®ur. 3 a,6) u
ennedanntu, yecto npu Herpes simplex ennedanut (Pur. 3 B), enuedanur Ha Rasmussen
(Pur.3r)

Ta6anna 1. I'eHeTHYHN NPHJIHHHE NPH eHUe(ATONATHH HA PA3BUTHETO M eNMJICATHYHHA
eanedanonaruun (DEE) (1) [Specchio N, Curatolo P., 2021]

XapakTepucT
HKA Ha
ennedpamonar | OrroBop KM
Hpote | Bua HATA HA JIEYEHHE C
len HH NpHUCTBLITH CunapoM | pa3BHTHETO Al'JI
SCNIA | Na"ch | Pasmuuen, Dravet, Dravet , Na* xananuu
annel: TUIIUYHHA GEFS+, YMCTBEH aroHUCTH-
Nayl.1 | I'TKII npu paHHa neduuur, BJIOLIIABAT
T® undantun | zabaseno HIIP




Ha EE

(West)
SCN2A Na'ch | Pasnuunu- West, VYMcTBed Na' kananun
annel: dboxanHu, Ohtahara, JnepuUIurT, aHTaroHHCTH
Nayl.2 | MUOKJIIOHHYH Lennox- 3abaBeHo HIIP, | momoGpsBa mwiu
U, aTOHHYHHU Gastaut, ASD BJIOIIIABAT
PSLIKO
BFNE
SCN8A | Na'ch | Pasznnuno West, YMcTBEH OtroBop KBM
annel: bokanHu, Lennox- nedunmr, Na'kananuu-
Nay1.6 | I'TKII, Gastaut, u 3abaBeHo HITP aHTaroHUCTH
CIIa3MH, Jp
MHOK/IOHHH,
abGcaHcHu
CDKLS5 | Kinase | Cnasmu, CDKL5 YMcTBEH PesucrentHa
MHOKJIOHHH deficiency | medwuumr,
T disorder JIBUTaTelieH
OHMHHH, (CDD) aeduIMT
TOHHUYHO-
KJIOHUYHH
KCNQ2 | K*cha | Pasnuunu Ohtahara-, YMmcTBEH Paznnuen +
nnels: BFNE aeduout OTTOBOP KBM
/KCNQ K.7.2, Tunuanu Petnrabun
3 K73 (boKaTHH KbM
v BI'TKII
PCDHI1 | Protoc | ®okanHu, YMcTBET
9 adheri | nmpoBokatus nedunur,
nl19 ot To ASD
TSCl/ mTOR | Cnamu, TSC YMcTBEH PesncrenHocT;
ISC 5 kinase | dokanuu, neHITUT, Vigabatrin,
‘ TOHWYHH ASD rapamycin




e

®ur.28

@ur. 2. MPT Ha riiaBeH MO3bK IIPH eMMJIENTHYHH eHIle()aTONATHH ¢ BPOJEHH MO3bYHH
maJipopmanuu a. Jlucennedanus; 6. J[BoliHa MO3bYHA KOPa ¥ HOJIMMHKPOTHPHS,; B.
CyOKkopTHKalHa XeTepoTonus; I. EAHoCcTpaHHa IOJIMMHUKPOTHPHS M KOHTpalaTepalHa
naxurupus; A. TyGepo3na ckieposa

®dur.3 a dur3 6

dur3.r
®nur. 3. Enunentuunu enuedaionatuu a. [IpeHatanHu Xunokcuu ¢ nopeHuedalHH KHCTH;

6. [MepuHaTanHa XMNOKCHYHO HCXxemuuHa eHuedanonarus; B. [Ipexapan Herpes simplex eHuedanur;
r. Enuedanur Ha Rasmussen

TepaneBTHYHHTE NOAXOM 32 IEUSHHUETO Ha ENHUICNTHYHUTE eHledalonaTHy ca ¢ MOHOTEpanua U
paLlMOHAJIHA NOJIUTEpanHsa aHTUIrbp4oBH siekapcTsa (AI'J]) ¢ pasnuueH MexaHW3bM Ha NEHCTBHE, KATO
npe3 nocnegHuTe 23 r. ca peructpupanu U 19 HoBH aHTUrbpUOBH Nekapersa (AI'JI), 7 or koHTO npe3
nocneauure 10 r.: 3a reHepaiusupaHi U GOKaTHU eNWIENCHH, EMUIENTHYHHA eHLehaNonaTHH ce
npunarat wupokocnekTbpHute AI'JI Lamotrigine (LTG), Topiramat (TPM), Levetiracetam (LEV). 3a
¢oxanHu enunencuu- Oxcarbazepine (OXC), Gabapentin (GBP), Tiagabin (TGB), Lacosamid (LGM),
Brivaracetam (BRV), Eslicarbazepin (ESC). 3a enunentuunu eHuedanonaTiy, perucTpupaHH oT



EMA ca Vigabatrin (VGB), Zonizamid (ZNS), Clobazam, Rufinamid (RFM), Stiripentol (STR),
Cannabidiol, Fenfluramin oT kouTo B cniMcbka Ha nekapctBa no wi. 266 1.2 ot 3JICXM)- Hapeaba 10
or 2011 r. ca Rufinamid (RFM), Stiripentol (STR), Cannabidiol, Fenfluramin (7,8,9,10,11)
(HauuoHanen KOHCEHCYC 3a AHArHoCTHKA W JleueHue Ha enunencusTa, 2022, 2023). 3a
enunentHyHuTe eHuedanonatuu ce npunara cneguute AIJ1 (Tabnuua 2, Tabauua 3) Arzimanoglou
A. Lennox-Gastaut syndrome: a consensus approach on diagnosis, assessment, management, and trial
methodology. Lancet Neurol. 2009;8(1):82-93. Cross JH,. Front Neurol. 2017 Sep 29;8:505. doi:
10.3389/fneur.2017.00505. eCollection 2017. Asadi-Pooya, Ali A. Lennox-Gastaut syndrome: a comprehensive

review Neurological Sciences. 2018; 39 (3): 403—41; Specchio N, Wirrell EC, 2022; Riva A, 2022): (Ta6auua
2, Tabanua 3)

Tab6anua 2. Enunentuunn evuedanonarun- u360p Ha AaHTUI'bPUOBH JIEeKAPCTBA
(AT'JI) B perckata Bb3pact - I, II MoHoTepanusg, nonbaBama tepanus (Hanuonanex
KOHCEHCYC 3a IMarHOCTUKA U JIeUeHHUE Ha enuencusra, bearapcka HeBposorus 2022, 2023)

M

Enunencus/Cunapom I monoTepanus AJITepHATHBHA MOHO-
/nombJaBama Tepanus

Cunapom ¢ wunHpanTnanu | ACTH, VPA CZP, LTG, TPM, VGB**, ZNS**

cnazmu (cuHaApoM Ha West)

Cunapom Ha LTG, TPM, VPA CBZ, CZP, PB, PHT, Rufinamide*,
¢ Cannabidiol* ¢ Clobazam**,

Lennox-Gastaut Fenfluramine*, ZNS**

Cungpom na Dravet (SMEI) { VPA,TPM LEV, Stiripentol*, Cannabidiol* ¢
Clobazam**, Fenfluramine*

Ennaenruuna VPA, ESM LEV, OeH3oAMa3enuHH,

eHuepanonarus ¢ CSWS Clobazam**, kopTukocTepou 1

HJIH €JIEKTPpHUYCH CTaTyC 1o
BpemMe Ha 0aBHOBBJIHOB ChbH

(ESES)

**peructpupanu ot EMA ca Vigabatrin (VGB), Zonizamide (ZNS), Clobazam

*BKJIFOYEHH B CITHCHKA Ha JiekapcTa o wi. 266 1.2 ot 3JICXM)- Hapeaba 10 or 2011
r. Rufinamide*, Stiripentol*, Cannabidiol* ¢ Clobazam**, Fenfluramine*, ZNS**

Tabauua 3. BugoBe u go3upane Ha AI'JI ¢ uHAMKaUuu 3a AeTcKa Bb3pacT,
HeperucTpupanu B bwirapus, perucrpupanu ot EMA, 2023 (Haunonanen xoHceHcyc 3a
IUArHOCTHKA U JIeUeHHUe Ha enunencuara, briarapcka nepposorus 2022, 2023)

ATl'J1 mg MonoTtepanust JonbsnBamia Tepanus

. Vigabatrin** or 4 Cunapom Cunapom Ha West
mg/k% tutpupate 1o 100-

150 mg ke Ha West




Rufinamide* - 45
mg/kg

Cunapom Ha Lennox-Gastaut >
4 roauHHu, Bb3MOXKHO [IPH
eNHJIENTHYHH CIa3MH, MHOKJIOHHYHO-
acTaTHYHA CIHJICIICHS

Stiripentol* - 50-
100 mr/kr

Cunapom Ha Dravet (SMEI) > 3
roAUHH

Pe3ucrentHn doxanan
NPHCTBIIN, eMNUJICNITHYEH CTATYC

Sulthiam o1 3

Posangosa ennjaencus cjen

> 6 r. ¥ JOHOIIH

>50 kg- 1 mg/kg
TATpUpaHe o 8-12 Mr/kr

mg/kg, THTpHpaHe 1o S - Heycnex ot Apyru AEJI; goxaiann
10 mg/kg npuctbiu u BI'TKII, cungpom na
Rett, ennienTHYHH eHIE(PATONATHH
Clobazam** Cunuapom Ha Lennox-Gastaut >
0.4-1 mg/kg 2 roauHu-DoKAJIHH H
reHepaJIH3HPaHH MIPHCTHITH ¢
TepanmeBTHYHA PEe3HCTEHTHOCT
Zonisamide** ®oxanuu u BI'TKII >6

roaAuHH

UI'E ¢ I'TKII, OME; Canapom
Ha West, Lennox-Gastaut,
MHOKJIOHHYHO-2CTATHYHA eNHICNCHS

Felbamat** ot 15
mg/kg Tutpupane o 30-
60 mg/kg mo 12 r.

Cunapom Ha West, Lennox-
Gastaut, West, Landau-Kleffner,
IOME, Ho npu Heycnex ot apyru AEJI
NOpaj iy CepHO3HH HeKeJaHH
JIEKAPCTBEHH peaKIHHu (YepHOAPOoOHH
YBpeau, anjiacTH4YHa aHeMHs H JP.).

Canabidiol*-- 5
mg/kg/nHeBHO, TUTpUpaHe
10 20 mg/kg

Cungpom Ha Lennox-Gastaut
syndrome u cuHapom Ha Dravet, B
KoMmOnHauus ¢ clobazam 3a nanuenaTH
> 2 roauHu. JleyeHHe NpH enUJIencHs
npu TyGepo3Ha cKjiepo3a

Fenfluramin*-
0.2- 0.7 mg/kg

Cunapom Ha Dravet, cunapom
Ha Lennox-Gastaut

HoBM Bb3MOXHOCTM NMPU NALMEHTUTE C enunenTuYHUTe eHuedanonaTm cbC CMHAPOM Ha Dravet u Ha
Lennox-Gastaut ca Cannabidiol (Epidiolex) u Fenfluramin (Fintepla), unato epeKkTMBHOCT Npu TE3N
cuu.qpomu W AOKa3aHa B ABOMHO cnenu nnauebo- KoHTpoanpaHu nscneasaHua (12,13,14;:15,16)

(De

Syndrome. New England Journal of Medicine 2018; 378(20):1888-1897) Thiele EA, Marsh'ED, Jag

15ky O, Patel AD, Cross JH, Villanueva V.Effect of Cannabidiol on Drop Seizures in the Lennox-Gastaut




French JA et al. Cannabidiol in patients with seizures associated with Lennox-Gastaut syndrome (GWPCARE4): A
randomised, double-blind, placebo-controlled phase 3 trial. Lancet 2018; 391(10125)); Thiele EA, Marsh ED,
Jacqueline A French JA et al. Cannabidiol in patients with seizures associated with Lennox-Gastaut
syndrome (GWPCARE4): A randomised, double-blind, placebo-controlled phase 3 trial. Lancet 2018;
391(10125). Lagae L, Sullivan J, Knupp K, Laux L, Polster T, Nikanorova M, Devinsky O, Cross IH,
Guerrini R, Talwar D, Miller |, Farfel G, Galer BS, Gammaitoni A, Mistry A, Morrison G, Lock M,
Agarwal A, Lai WW, Ceulemans B; FAIRE DS Study Group. Fenfluramine hydrochloride for the
treatment of seizures in Dravet syndrome: a randomised, double-blind, placebo-controlled trial.
Lancet. 2019;394(10216):2243-2254. Nabbout R, Mistry A, Zuberi S, Villeneuve N, Gil-Nagel A,
Sanchez-Carpintero R, Stephani U, Laux L, Wirrell £, Knupp K, Chiron C, Farfel G, Galer BS, Morrison G,
Lock M, Agarwal A, Auvin S; FAIRE, DS Study Group. Fenfluramine for Treatment-Resistant Seizures in
Patients With Dravet Syndrome Receiving Stiripentol-Inclusive Regimens: A Randomized Clinical Trial.
JAMA Neurol. 2020;77(3):300-308. Knupp KG et al 2022.

Fenfluramin e ¢ HOB, pa3;IiyeH OT U3BECTBUTE MEXaHU3bM Ha JIeHCTBHE:
a/EdexT BbpXy cepOTOHHHEPIrU4YHATA CHCTEMa

* Serotonin mau 5-hydroxytryptamine (5-HT) e HeBpoTpaHCMHTED ¥ HEBPOMOZYIATOP C
BB3EHCTBUE BbpPXY paznuuHu ¢pusnonoruyiu ¢pynxuuu (17,18) ( Ciranna L. Curr
Neuropharmacol 2006;4:101-14; Bagdy et al. J Neurochem 2007;100:857-73) 1.
npHu Bpb3kara npu auchynuus B 5S-HT HeBpoTpaHCMHCHS U ENMIIENICHS, KAKTO H KaTo
ArOHUCT Ha CHENU(PHYHM CEPOTOHUHOBU PELENTOPH B MO3bKa, BKJI. 5-HTip 1 5-HTac!
, a Taka cb1o 5-HT2a u 5-HT4 (19) (Sourbron J et al. Front Pharmacol 2017;8:191)

0/EdexT Bbpxy ol (sigma-1) penentopn

* TIO3UTHBEH MoAyJaTop Bbpxy ol penientopa (20) (Martin P et al. Epilepsy Behav
2020;105:106989). o1 peuentopuTe ca NPOTEUHHU, JIOKATU3HPAHU PEAUMHO B
eHJI0IIa3MeH U PeTUKYIYM Ha MUTOXOHApPUUTE HAa MHOTO opradH, Bkja. B LIHC (21)
(Ryskamp DA et al. Front Neurosci 2019;13:862) u neiicTBaT upe3: MOTHCKaHe
HaBJIN3aHETO HA KAIIMA B HEBPOHA M PEAYKIMS Ha €KCLIECHBHUS KaJIIHi U
MofynMpaHe Ha ionuuTe kaHanu — Ca®’, Na*, K kamanmu u NMDA penentopH, Koeto
3acsira HEeBpOHHATa Bb30YJMMOCT U CHHANTUYHATA aKTHBHOCT M CHHAIITHYHATA

MIacTHYHOCT, 0OyueHue U namet (21) (Ryskamp DA et al. Front Neurosci 2019;13:862)
2

To4HOTO H PAHHO THATHOCTHIIHPAHE Ha CUHApoMa Ha Dravet u Ha Lennox-Gastaut
€ HeoOXO0IMMO 3a CBOEBPEMEHHOTO JIeUeHHE Ha Te3U EeNWICNITUYMHH eHledaloNnuTany, Py
KOHTO YECTUTE eNMISNTHYHM NTPHUIAaABbIH U HENpeKbCHATaTa NPOABJDKUTENHA EMUIIENTHYHA
aKTUBHOCT, perucTpupana B EEI" BogsT 10 perpec B HEpBHO-IICUXUYHOTO pa3BUTHE.

CUHAPOMBT HA DRAVET (SMEI) e enunentuuHa eHuedanonatus ¢ nporpecupatl
nonumopdeH enuienTuueH CMHAPOM, MPOTHYALL € 4 TUNA PEIUCTEHTHHU NPUCTBIM € YCTAHOBEHH
MyTauuu ocHoBHO B SCN1A4 (80%), kakto u 8 SCNIB, SCN2A. SCNSA. SCN94. PCDHI9, GABRAI,
(IABR(]_ STXBPI1, [{CNI1, CHD2. KCNA2. (22,23) (Shorvon SD, Guerrini R, Cook M, eds. (2013). 2!
Y w; Lt i e .. Oxford: Oxford Univ. Press. p. [3. ISBN 978-0-10-063004-3 Berl\()wc SF
2019). ﬂpo*rw{a c YCJ'IO)KHCHM ¢e6pumm rbpuose - 6.0 £ 1.5 meceua - 100%; I'enepanuzupanu
npunanbuy (ToOHHUHO-KNOHWYHH - 92%; KnoHr4YHW; ACHMETPHYHHY TOHWUYHH / KIOHHYHHU - 72%;
XeMHKJIOHHYHH C MOCTHKTAHH XeMHUMNapesH - 72%); MUOKIOHUUYHU NIPUCTBIH ¢ HA4AN0 Mexay | - 5
r. - 72%; Atunuunu abcaHcu ¢ Hauano Mexay |- 12 r.; EET- abcancen EC - 30-40%; KomnaekcHu




NapUHaHK- ¢ Hauayio Mexay 4 mec.- 4 r. (43-79%); BropuuHo reHepajn3upaHd TOHHYHO- KITOHHYHH
npunansum (BI'TKIT) unu nnu dokanHu npucTbim ¢ €BOMOLMS KbM JABYCTPaHHH TOHHYHO-
knoHuuHH; Ipoctu dokanHu- no-peaku; Yectn enunentuvHu crarycu. [pucTenmre yecTo ca
npoBokHpaHH oT T°, poTocTumynauus. [TporHosara e HeGaaronpusTHa MOpaAH BUCOKA CMBPTHOCT
Nopajy enUIENTHYHH CTAaTYCH WIIM BHE3aMHa HeovakBaHa cMbpT npH enurencus (SUDEP ).
IIposexna ce neuenue ¢ VPA, LEV, CLZ, TPM, ESM, PHB, Stiripentol*, CBD* B xoMGiHaums ¢
Clobazam**, Fenfluramine* > 2 r. , ZNS**; Kerorenna nuera (7,14,15) (Lagae 1,2019;. Naﬁb"“ff R,
distry A Clinical Trial. JAMA Nulrol 2020, Muunanos 2022),

Fenfluramine (Fintepla) e moka3aH 3a jieueHue Ha IPHCTHITH, CBbP3aHU ChC CHHAPOM Ha
Dravet xaTo JOITBJIBallla Tepanus NP MalMEHTH Haj 2 T. , HA OCHOBaHHME Ha 3aBBPIIHIIH
KIHHHYHHA IPOYYBaHUsl, J0Ka3Ballu eukacHocTTa npw jeueHue ¢ Fenfluramine 6e3
Stiripentol B no3a 0.7 mg/kg/nHeBHO ¢ penyKuus Ha NpUCTHIHUTE ¢ 62.3% CIPAMO H3XOXHOTO
HuBO (14) (Lagae L, Lancet. 2019:394(10216):2243-2254) v npn koMOHHaUKg Ha
Fenfluramine cne Stiripentol B no3a 0.4 mg/kg/nHeBHO ¢ penykuus Ha npacTeiuTe ¢ 54. 0 %
(15) (Nabbout R, JAMA Neurol. 2020:77(3):300-308).

IIpenopbkH 3a no3upane

Bes stiripentol Cxe stiripentol

Enunanvna 1032 ~ nnpBa

ceaMuma 0.1 mg/kg asa nvTH aHesHo (0.2 mg/kg/day)

[Moanbprkawua no3a
Hen 7 — BTOpa cexMuua 0.2 mg/kg nBa muTH K
(0.4 mg/kg/day) 0.2 mg/kg ABa MBTH JHEBHO

(0.4 mg/kg/day)

den 14 - Axo e
Heo0xoauMo, Nno-
HATATBINHA THTPAHHUA

0.35 mg/kg twice daily
(0.7 mg/kg/day)

26 mg 17 mg

Makcumanso

npenopLuBaHa 1032 (13 mg aBa MbTH AHEBHO i.€. (8.6 mg nBa MbTH AHEBHO ,T.€..
6.0 mL aBa nbTH AHEBHO) 4.0 mL apa mbTH JHEBHO)

CHHAPOMDBT HA LENNOX-GASTAUT (LGS) ce oTHacs KBM €NHUJICNTHYHHTE
eHnedanonatuu ¢ Hayano B jeTckata Bb3pacT (1,8) (Arzimanoglou A,2009; Specchio:N,
Wirrell,2022) Toit € yecT- 1-2% OT BCHYKHU €MUNIENICHH, 0K0JI0 5-10% OT Jenara ¢ emuiencus.
Havanoro e mexxay 1-7r. (3 -10r.)c nuk- 3-5r1. B 70- 80% e cuMnToMaTu4eH, ¢ MPEXOR

ot cuHapoM Ha West B 30- 50% (8) (Arzimanoglou A,2009 ). Kpurtepuu 3a Tunuuen LGS ca:

1. Honumopgpru, mepanesmuyno pe3ucmenmuu NPUCMvny- TOHUYHHU, aTOHUYHH, aTHIIHYHH
abcancu (2 ot Te3w 3 Tuna); Bp3MOXHM €NUIISNITUHY cria3My, Thit kato LGS ce pa3BuBa ciex



cuaapoM Ha West npu okosio 30% M Te3u MalMeHTH NPOAL/DKAaBAT Ja MMaT M EMHJICITHYHH
cnasmu U 1o Bpeme Ha LGS; HekoHByicuBeH emnuientuueH crtaryc: mpu  50-75% ot
nauuentute ¢ LGS — npoAb/IKUTETHA aTHIMYHY a0CAHCH ChC CTENIEHHO YBPEAECHO Ch3HAHHE,
MEPHOAMYHO KpPAaTKd TOHHYHM NPHUCTBIH; (POKaJHHM HPUCTBIM CbC MM Oe3 ABycTpaHHa
reHepaiu3aiys Olle B HA4YaJlOTO MJIM Ha M0-KbCTHHE CTauH; MUOKIOHHYHH NPUCTBIH: NPH
11-28% - Buesanuo nagane; ¢ [ TKII (~ 56%), npoctu dokanuu, muoknoHuyHH (11-28%),
ENHJICTITHUHH CIIa3MH, aTHITMYHN abCaHCHU CTaTyCH.

2. EET" - reHepanm3upanu pa3pagu oT Judy3Hu 6aBHU OCTpUS U KOMILJIEKCH ocTpue-OaBHa
BbiiHa < 3 Hz B 6yaHO chCcTOSHUE M reHepanu3upany 0bp3u putMu (> 10 Hz) mo Bpeme Ha CbH
3. Vepedenu unmenexmyannu ynxyuu - kocHumugHu, nogederue. Ilaropuznonorus € koposa
CBPBXBB3OYAMMOCT B KPUTHYHH NEPUOAH 32 MO3BUHOTO pa3BuTHe. CumnromatuueH LGS e
Hasme npu 70-80%- Mo3buHM yBpexaaHusi: MosbuHu MandopMmanuu (JmceHuedamus,
nedroBugHa xereporonus (Double cortex syndrome), aBycTpaHHa mepHUCHIIBHEBA
NOJIMMHKPOTHPHSI, KOPOBM JUCILIA3UM INpH TyOepo3Ha CKJIEpo3a, areHe3mss Ha COrpus
callosum), nocrxunokcuuHa eHuedanonatus, nocreHuedanuTHa enuedanonarus. [lpu
uavonaruyHuTe ciydau (1o 20%) ca Hamuue pasinyHd de novo MyTaluu (IMaToJ0rMYHH
BapUaHTH), KOUTO CE CPEINAT U NPU JPYTH BUOBE CMUICIICHH U CTUIENITUYHH eHLedanonaTiu
u eHuedanonatiu Ha pasputueto (CHD2- n MuoknoHnyHa eHiedanonaTus; -4 Ipu CUHAPOM
Ha Rett , Pascrpoiicea ot aytuctuunus cnextsp (PAC); SCNIA- u npu GEFS+, cunapom Ha
Dravet u np.; SCN8A- v npu HHQaHTUIHY CIa3MU, TOHUYHH, (POKATHU NpUcThn; STXBPI- u
npy MHOGAHTHIHM CNa3MHu, paHHM enwienTu4yHd eHuedanonaruu, PAC; ALGI3- u mpu
HHOpaHTUIHM CHa3MHM, enuinentuyHa eHuedanonarus; DNMI-tipn uHDaHTHIHH Ccliasmu,
emunentuyHa eHuedanonarus; GABRB3- v npn vH(GaHTHWIHK cria3MH, CHHIApPoM Ha West;
GRIN2A- v npn uH(QaHTHWIHK cna3Mu, cMHApoM Ha West; IQSEC2 (Xpl1.22)-enunentuysa
eHuedanonatus, PAC).

Enexrpo-knuanyan ocobenoctu u nporpecust npu LGS (8) [Arzimanoglou A,2009] ca:
1. B nauanomo na 3abonasanemo ca HAUIMYHETO NMPH KPUITOTCHHUTE CIlydyad Ha aTOHHYHU
(actatuunu) npuctenu (Drop attaks), cnex ToBa u apyru npuctbnu; Cnen cuHapoM Ha West
ocraBar enwientuyHu cna3mu; EED" B Hayanoto e aGHOpMHAa, HO ChC 3ana3eHa peaKTHBHOCT,
EEl mo BpeMe Ha CbH - HOpMasiHa; HeBposioruueH AeQUIMT JIMNCBA, OCBEH HMa aKo
onpeneneHa npuuuHa; [IcMXOMOTOpHO pa3BUTHE € HOpManHoO unM 3abaseHo. 2. [lpu
paszevHama xapakmepucmuxa: BunoBere NpUCTBIM Ca aTHNMYHKM abCaHCH, ATOHHYHH
(actaTMYHH) ¢ BHE3amHO NajaHe, 3aryba Ha Chb3HAHHE, MUOKJIOHUYHHU, TOHUYHH IPHCTBIIH,
I'TKII; Hanuuue Ha HEKOHBYJCHUBEH €NWIENTHYEH CTaTyC- ABJTH aTHIHYHHA adcaHCH,
noBegeH4ecku npoMmenu, EED e cbe 3anmnoBe wnu audys3Hn 6aBHH KoMILIEKCH 2-2,5 B CeK B
O6yaHoct, 3anmnoBe oT Obp3u puTMUYHM BBIHM 10 x11 mo Bpeme Ha cbH; Hanmie e 3abaBeHo
pa3BUTHE, Iporpecupailo BsB Bpemero. [Ipornoza Ha LGS e HeGnaronpusTHa nopaxy BUCOKa
cMBpTHOCT (5%), wHTenekryanen aeduuur (85-92%, texwvk - 44-50%); mepcucTHpamu
enuienTH4HY npunaasim (78% - 90% - 96%, kato 6e3 npunagsuu ca camo 4%, KPUIITOTEHHU
cilyuan).

{EBomoumTa B EET npu LGS e 3 tuna: Tunuuna 3a LGS (cHUMIITOMAaTHYHH H OT C-M Ha
West); I'naBHo ¢ ¢doxanna aGHOpMHOCT - Haii-n00pa nporHo3a; MHOXECTBEHH HE3aBUCHMH
cnaifkoBu (Gokycu npu cHuxeHue Ha [Q mpu 40%, u “manku™ npunagbum. Haii-yecra e
knuauko - EET eBoymonusara ¢ kiuHuka Ha LGS- Tonnunu npHcTsH, abeancu (34%),



nocnem;aﬂa OT TEXKa eNHUIEICHs C HE3aBUCHMH MHOXKECTBEHH craiikoBH dokycH (31% ){(8)
(Arzimanoglou A,2009).

Judepenunanna anarHosa npu LGS ocHoBHO BKiIw4Ba: 1. MHOKIOHHYHO-
acratiuyHa enunerncus (Cunapom Ha Doose) - MHOKIIOHHYHH nipucThH, abcancu, I'TKIT, Hama
KOTHHUTHBEH perpec; npu LGS — TOHWYHM HOPUCTBIIM, AaTUNHYHU abCaHCH, MHOKJIOHMH,
nporpecus, I1I1, KIT ; 2. Cunapom Ha Dravet (SMEI), panHa Texka MUOKJIOHHMYHA CITHIICIICHA)-
XapakTepHa KOMOHHAIMS OT NMPUCTBIH ¢ Hadalo ¢ (ebpuiHa MpoBOKalMA OT KbpMadecka
Bp3pacT (OI', xemukonsyncusuu, ['TKII, Mmuoknonnunu, abcancy, KIT), reneTuyHa npA4HHA
(ocnoBHo SCNIA); 3. AtunuuHa OcHUrHeHa (oKajiHa EMHJIENICHA C LEHTPOTEMIIOPATHH
cmaiikoBe (Ponannmosa)= Pseudo-Lennox Gastaut syndrome - xapakrepra EEI’, akTuBanus B
ceH ¢ ESES.

LGS e TepaneBTHYHO PE3UCTEHTEH, HE € BE3MOXKEH ITbJIEH KOHTPOJI Ha MIPHCTHIATE (89
(Q’mss JH, Auvin S, Falip M, Striano P, Arzimanoglou A. Expert Opinion on the
Mianagement of Lennox-Gastaut Syndrome: Treatment Algorithms and Practical
Considerations. Front Neurol. 2017). ITposexaa ce neuenue ¢ VPA, TPM, LTG,
KopTHKOCcTepouau; AnrepHarusHu- CBZ, Clz, ESM, LEV, GBP, PB, PHT, Rufinamid* Han 4
r., CBD* B xomGunanus ¢ Clobazam Hag 2 r- **, ZNS**. OnepaTHBHOTO JIe4YEHHE BKIIOYBa
XUpPYPrHs Ha JIE3UH, KaJI030TOMHUS IPU pe3ucTeHTHH drop attacks. ITpn enunentrdeH cTaTyc -
IV GensoanasenuHy + KOpTUKOCTEpOrIn. (7,8,9,10,11,12,13,14,15,16) (Cross TH, Auvi S,

Falip M, Striano P, Arzimanoglou A. Expert Opinion on the Management of Lennox-Gastaut
Syndrome: Treatment Algorithms and Practical Considerations. Front Neurol. 2017 Sep
29;8:505. doi: 10.3389/fneur.2017.00505. eCollection 2017. ; Asadi-Pooya, Ali A. Lennox-
Gastaut syndrome. a comprehensive review Neurological Sciences. 2018; 39 (3): 403—414
Miinanos H, Boocunoea B.; Devinsky O, Patel AD, Cross JH, Villanueva V.Effect of
Cannabidiol on Drop Seizures in the Lennox-Gastaut Syndrome. New England Journal of
Medicine 2018; 378(20):1888-1897) ; Thiele EA, Marsh ED, Jacqueline A French JA et al.
Cannabidiol in patients with seizures associated with Lennox-Gastaut syndrome
(GWPCAREA4): A randomised, double-blind, placebo-controlled phase 3 trial. Lancet 2018;
391(10125); Riva A, Coppola A, Di Bonaventura C, et al. An Italian consensus on the
management of Lennox-Gastaut syndrome. Seizure 2022; 101: 134-140; Knupp KG et al.
Efficacy and safety of fenfluramine for the treatment of seizures associated with Lennox-
Gastaut syndrome A randomised controlled trialJAMA Neurol. 2022;79:554-564.)
WTanmuancKH KOHCEHCYC 3a JIeueHHe Ha cunapoMa Ha Lennox-Gastaut, 2022 (11) (Riva

A, ‘Coppela A, 2022) ¢ nosoapane Ha: American Academy of Neurology (AAN) u
American Epilepsy Society (AES) ¢ npasuia 3a neuenue Ha LGS (2004 r.), nocnennu or
2018 r. ca ¢ mpenopbka 3a Valproate- nbppa nuHua 3a LGS, nocnensanu ot lamotrigine,
topiramate, rufinamide u clobazam- Haii-edextuBHu npu LGS. Ot EBponeiickara
nuteparypa: Valproate-ocuoBen AEJI, lamotrigine, rufinamide, topiramate, cannabidiol,
clobazam, npuGassgHe u Ha perampanel, zonisamide, fenfluramine, cannabidiol noaxoasimm 3a
onpenenenu nanuent ¢ LGS. Ussoau kM 2022 r.: Valproate, lamotrigine, topiramate,
rufinamide, clobazam; zonisamide, fenfluramine, cannabidiol npu Haxon manuentu LGS.

Fenfluramin e HoBa TepalleBTHYHA Bb3MOXKHOCT IIPH JICUEHHE Ha CHHApoMa Ha Lennox-
Gastaut, B my6IMKyBaHO KJIMHHYHOTO [TPOyYBaHe 3a e(pHKacHOCT M 6€3011aCHOCT Ha
¢eHdIypaMHH 3a JIeYeHHE HA MPUCTHIIM, CBbP3aHH CbC CHHApPoMa Ha Lennox-Gastaut -
PannoMu3upado KOHTpoJIMpaHo MpoyyBaHe (16) (Knupp KG et al. 2022):



+ Tosa npoyuBaHe ¢ (aza 3 mpu NalKeHTH ¢ BUCOKO pedpakTepeH Ha nedeHue Lennox-
Gastaut (LGS) u mocTursHa cBosiTa MbPBUYHA KpadHa lieJl, KaTO JOI'BIHHTENHATA
tepanusi ¢ Fenfluramin 0,7 mg/kg/nen nemMoHCTpupa 3HAUUTENHO MOA0OpeHME B
YyecToTara Ha AaTOHHYHUTe /actatuuHute (drops)/ mpucTHMU (W3YHUCIEHA CpelnHa
paznuka [Hodges-Lehmann] ot nnaue6o : —19,9%)

*  Fenfluramin kaTto AONMBIHHUTENHA Tepamus ChbIIO € eheKTUBEH 3a HaMalisBaHe Ha
reHepajiu3upanure TOHHYHO-KJIOHUYHH npuctbiu (GTCS), ¢ 46% u 58% penykuus,
HaOmogaBann cboTBeTHO B rpynute ¢ 0,7 m 0,2 mg/kg/nueBno Fenfluramin, B
cpaBHeHHe ¢ BiomasaHe oT 3,7% B mianebo rpymara; aeMOHCTpupa ce o00Io
nogoOpeHre Ha BCUUKM MOTOPHH HPUCTBIH, MO-BHCOKA €(EKTHBHOCT 3a Jo3ara Ha
Fenfluramin 0.7 mg/kg/nuesno, orkonxoro 0.2 mg/kg/nueBHo cnpsMo miane6o

* Fenfluramin o6uxHOBeHO ce moHacs go0pe OT MAalMEHTH CHC CHHAPOM Ha Lennox-
Gastaut (LGS), xaro Haif-uecTUTe HEXENaHU PEeaKUHMHM BKJIIOYBAT HaMajleH aleTwuT,
CBHHJIMBOCT, YMOPAa, IIOBpBIIIaHe, AUapUs H MUPEKCUS

* B ToBa npoyuBaHe He ca Hab/moJaBaHH KJIallHO ChpAECYHO 3aboJIsiBaHe Witk 6enoapobua
apTepHaiHa XUIICPTOHUS

OrpanuueHue Ha TOBa [pOyYBaHE € KpaTkKara HpPOIBIIKUTENHOCT, HEOOXODMMH ca
I'BITOCPOYHHU OLIEHKH Ha Oe3omacHocTTa M edukacHocTTta. OT rOpEeH3IOKEHOTO € BUAHO, Ue
IIPH TepaneBTUYHO-PE3UCTEHTHUTE ENUJIENTHYHU eHlledanonaTuy, CHHAPOMHUTE Ha Lennox-
Gastaut, Dravet u kopoBu qucniasuu (Tyoepu) npu Ty6eposna ckieposa (TSC) ca Heo6xonumu
HOBH JICUCHHS 3a MOBJIMsABaHE HA pepakTepHUSI SITUIEITHYCH CHHIPOM.

HN3BOIH

¢ Jlerckute enuiaenTU4HY eHnedanonaruy/ exnedanonaTHi Ha pa3BUTHETO ca Hali-
CEpHO3HHS [TPO0IIEM B ENUIICTITOJIOTUATA: YECTH NIPUNIAAbLH, EIUICTITUYHH CTATyCH,
SUDEP, xorHuTHBeH perpec, CHH)KEHO Ka4eCTBO Ha KUBOT

* Heo6xonuma e Tepamnusi, peaynupaiia DIpucThbIHTe, MogoOpaBalna Ka4eCTBOTO Ha
x#uBoT: mupokocnekTbpHu LTG, TPM u LEV; Strilentol 3a cunapom na Dravet
(SMEI); Rufinamid 3a cunapom Ha Lennox-Gastaut; Cannabidiol 3a cunapom Ha
Lennox-Gastaut 1 cunapom Ha Dravet B xomOuHauus ¢ Clobazam u npu npuctenu
npu TyGepo3Ha ckieposa; Fenfluramine 3a cunapom na Dravet u cuaapom Ha Lennox
Gastaut, peructpupanu 3a ynorpeba or EMA u Bb3MOXXHH 3a Ipujarale y Hac no
u.266, an. 2 ot Hapen6a Nel0 o1 2011 r. oT 3akoHa 3a 1ekapCTBEHUTE IPOAYKTH B
xyManHara meaunuHa (3JIIIXM); peructpupanu or EMA, HO HEperHCTpHpPAHHUTE Y
‘Hac Vigabatrin 3a cunapom Ha West; Clobazam 3a cunapom Ha Lennox-Gastaut;
Felbamat 3a cungpom Ha Lennox-Gastaut 1 Ha West.
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Abstract

Background Lennox-Gastaut syndrome (LGS) is a severe developmental and epileptic encephalopathy character-
ized by drug-resistant epilepsy with multiple seizure types starting in childhood, a typical slow spike-wave pattern on
electroencephalogram, and cognitive dysfunction.

Methods We performed a systematic literature review according to the PRISMA guidelines to identify, synthesize
and appraise the burden of iliness in LGS (including “probable” LGS). Studies were identified by searching MEDLINE,
Embase and APA Psychinfo, Cochrane’s database of systematic reviews, and Epistemonikos. The outcomes were epi-
demiology (incidence, prevalence or mortality), direct and indirect costs, healthcare resource utilization, and patient
and caregiver health-related quality of life (HRQoL).

Results The search identified 22 publications evaluating the epidemiology (n = 10), direct costs and resource (n =
10) and/or HRQoL (n = 5). No studies reporting on indirect costs were identified. With no specific ICD code for LGS in
many regions, several studies had to rely upon indirect methods to identify their patient populations (e.g., algorithms
to search insurance claims databases to identify “probable” LGS). There was heterogeneity between studies in how
LGS was defined, the size of the populations, ages of the patients and length of the follow-up period. The prevalence
varied from 4.2 to 60.8 per 100,000 people across studies for probable LGS and 2.9-28 per 100,000 for a confirmed/
narrow definition of LGS. LGS was associated with high mortality rates compared to the general population and
epilepsy population. Healthcare resource utilization and direct costs were substantial across all studies. Mean annual
direct costs per person varied from $24,048 to $80,545 across studies, and home-based care and inpatient care were
significant cost drivers. Studies showed that the HRQoL of patients and caregivers was adversely affected, although
only a few studies were identified. In addition, studies suggested that seizure events were associated with higher
costs and worse HRQol. The risk of bias was low or moderate in most studies.

Conclusions LGS is associated with a significant burden of illness featuring resistant seizures associated with higher
costs and worse HRQoL. More research is needed, especially in evaluating indirect costs and caregiver burden, where
there is a notable lack of studies.

Keywords Burden of illness, Direct costs, Indirect costs, Caregiver burden, Health-related quality of life,
Developmental and epileptic encephalopathy, Epilepsy, Lennox-Gastaut syndrome, Seizures
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Background

The recognition of a specific disease entity is vital for
every aspect of patient care, from diagnosis, manage-
ment and treatment to advancements in health out-
comes through research and health policy (Fig 1). The
definition of Lennox—Gastaut syndrome (LGS) has been
evolving since Lennox and Davis (1950) [1] and Gastaut
et al (1960) [2] described the electroclinical features of
a severe, refractory, childhood epileptic encephalopathy
with slow spike and wave electroencephalogram (EEG)
formations (Fig 1A). Studies elucidating LGS over the
years have established a triad of classical features that can
be used in clinical practice and research [3-5] (Fig 1B):
1. Multiple types of drug-resistant seizures, including
tonic, atonic, and atypical absences, with onset gener-
ally before the age of 8 years (peak age of onset between
3 and 5 years). Tonic seizures and atypical absences are
mandatory for diagnosis. 2. Interictal EEG pattern of dif-
fuse, slow spike-wave complexes; and 3. developmental
delay. However, importantly, it has also become clear that
there are caveats to these features which can make LGS
challenging to define and diagnose [5]. For example, none
of the 3 features alone is pathognomonic, the main sei-
zure types are not always present, and the features and
progression of LGS is variable [6—11]. In addition, LGS
is associated with multiple etiologies, as opposed to the
known monogenetic causes that can be diagnostic for
other epilepsy syndromes such as Dravet syndrome (DS)
and tuberous sclerosis complex (TSC). Indeed, LGS can
often arise from another severe infantile epilepsy syn-
drome including infantile spasms syndrome, early infan-
tile developmental and epileptic encephalopathy, epilepsy
of infancy with migrating focal seizures and TSC [12].

Despite the challenges of defining LGS, there have
been significant clinical improvements over the years [5,
13-16]. There are now seven anti-seizure medications
(ASMs) specifically indicated in patients with LGS in the
US [15]—clobazam, felbamate, lamotrigine, topiramate,
rufinamide, cannabidiol and fenfluramine, with efficacy
demonstrated in clinical trials for seizures associated
with drops in LGS patients (Fig 1A) [17-23]. Other inter-
ventions include the ketogenic diet, vagus nerve stimula-
tion, and corpus caliosotomy [5, 13-16].

The term “burden of illness” encompasses outcomes
including the epidemiology (prevalence/incidence
and mortality), healthcare resource utilization, costs,
and patient and caregiver health-related quality of life
(HRQoL)} [24, 25]. In addition to clinical research investi-
gating therapies, evaluating the burden of iliness is key to
understahding the challenges and needs of patients and
their carégivers, together with understanding the impact
and challenges on healthcare systems and society. Sys-
tematic literature reviews (SLRs) evaluating the burden of
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illness in DS and TSC have recently been publishad [25,
20]. However, there are no SLRs on this topic for LGS.

We conducted an SLR with a narrative synthesis to
comprehensively identify, synthesize and appraise the
evidence associated with the burden of illness in indi-
viduals with LGS, as well as to identify gaps in the evi-
dence. The focus of this SLR was on the overall burden as
opposed to the impact of specific interventions.

Methods

We carried out an SLR following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [27]. The protocol was registcred
with Prospero (CRD42022333410).

Literature search

We searched MEDLINE, Embase and APA Psychlinfo (all
via OVID), Cochrane’s database of systematic reviews
(CDSR, Wiley), and Epistemonikos. The search strategy
took the following form: ({terms for Lennox—Gastaut
syndrome) AND (modified search filters for epidemi-
ology, resource use, and health-related quality of life))
and it was developed by an information specialist and
checked by the authors [28-31]. Conference proceedings
were searched via Embase and we checked the reference
lists of eligible studies and relevant systematic reviews
[32]. The search was not limited by language and it was
reported in web-only material using a search narrative
(33]. The search terms used to identify the relevarit litera-
ture can be seen in the Additional file 1: (Supplementary
information: Search terms). The databases were searched
from inception to 10th September 2021.

Eligibility criteria

A summary of the eligibility criteria for this review
according to population, intervention, comparator,
outcomes and study design (PICOS) is presented in
Table 1. Eligible studies were those that reported origi-
nal data on the above outcomes without the impact of
an intervention. In vitro and in vivo studies, preclini-
cal studies, review articles, SLRs, editorials, and case
studies were not eligible, however the reference lists of
reviews and SLRs were searched to ensure all relevant
studies were captured. In addition, economic evalu-
ations (e.g cost-effectiveness, cost-utility and budget
impact models) reporting on specific interventions
without any original data on e.g HRQoL (e.g utilities)
and healthcare resource utilization were excluded,
however the reference lists were searched for publica-
tions containing original data. No limits were applied
(e.g regarding publication dates or language), except for
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Fig 1 Timeline to show A the history of the characterization and treatment of LGS B the triad of symptoms characteristic of LGS and the clinical
implications of the characterization of the syndrome. From: Lennox et al (1950) [1], Gastraut et al (1966) [2], Niedermeyer (1969) [90), Beaumanoir
(1985) [91], ILAE 1989 [92], Engel (2001) [93], Arzimanoglou et al (2009) [31, Scheffer (2017) [94], World Health Organization (ICD-11) (2022} [64].
CLB, clobazam; CBD, cannabidiol; EEG, electroencephalogram; FFA, fenfluramine; FLB, felbamate; ILAE, International League Against Epilepsy; LGS,
Lennox-Gastaut syndrome; LTG, lamotrigine; RUF, rufinamide; TPM, topiramate
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Table 1 PICOS criteria for inclusion and exclusion of studies
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PICOS Inclusion Exclusion
Population Patients with LGS, including clearly defined “probable” LGS Other DEEs
Intervention Studies assessing the overall burden of iliness of LGS without the impact of an inter-  Studies assessing the impact of interventions®
vention
Comparator N/A _
Outcomes Prevalence/incidence -
Economic burden
Direct and indirect costs
Resource use
Patient and caregiver HRQoL and broader patient-reported outcomes
Mortality
Study designs/  Publications reporting original data, including: In vitro and in vivo studies
publication Healthcare insurance claims data Preclinical studies

type Chart reviews
Registry studies
Electronic healthcare databases studies
Epidemiologic surveys
Observational studies

Economic evaluations if they contain original data on resource utilisation and HRQoL

Limits
2018-current)”

Searches of conferences in Embase were limited to the previous 3 years (conferences

Case reports and case series

Clinical studies reporting only efficacy and
safety data

Economic evaluations reporting on specific
interventions®

Reviews, SLRs®, comments, letters, editorials
and press releases

None

HRQoL, health-related quality of life; LGS, Lennox-Gastaut syndrome; N/A, non-applicable; SLR, systematic literature review

2The focus is on the overall burden as opposed to the impact of specific interventions

® Economic evaluations reporting on specific interventions without any original data on e.g HRQoL {utilities) and healthcare resource utilisation will be excluded,
however, the reference lists will be searched to ensure all relevant studies are captured in this SLR.

¢ Reviews and SLRs will be excluded from final inclusion but the reference lists will be searched to ensure all relevant studies are captured in this SLR.

9The rationale for excluding conference abstracts > 3 years is that this should be sufficient time for the data to be published in peer-review journals i they are of
sufficient importance and quality. The rationale for including conference abstracts <3 years is to include the most up-to-date data.

conference abstracts that were limited to the previous
3 years.

Study selection

Publications identified via the bibliographic database
searches were managed and screened in Covidence,
which is an online tool that helps to facilitate the system-
atic review process [34]. To ensure the accuracy of the
screening process, two independent reviewers assessed
relevant articles. Initially, primary screening was per-
formed by reviewing the title and abstract and articles
were excluded if they were clearly not relevant accord-
ing to the PICOS eligibility criteria (e.g if the article was
about a different condition and clearly not about paticnts
with LGS etc). For all potentially relevant articles, full
articles were obtained, and secondary screening was per-
formed by reviewing the full text against the PICOS cri-
teria. The reasons for exclusion at secondary screening
were clearly documented according to the PICOS crite-
ria. Disagreements regarding the inclusion and/or exclu-
sion of studies at both primary and secondary screening
were generally resolved by discussion between the two
reviewers, or if needed by a third reviewer.

Data extraction and synthesis

Data were extracted into tables in MS Word by one
reviewer, which was checked for accuracy by a sec-
ond independent reviewer. The prespecified variables
were as follows: Study and population characteristics
i.e study type, observation period, population defini-
tion and number, age (mean, standard deviation [SD],
median, range), percentage of male patients, and out-
comes reported; epidemiology outcomes i.e incidence,
prevalence and mortality as reported by the authors;
healthcare resource utilization (mean and SD per per-
son per year [PPPY]} as reported by the authors includ-
ing inpatient, outpatient, home nursing, equipment,
physiotherapy, medications; annual hospitalisation
rates; length of hospital stay; anti-seizure medica-
tion use; direct costs i.e total direct costs and a break-
down of costs for individual healthcare resources as
reported by the authors (mean and SD PPPY); indirect
costs (e.g costs from loss of productivity). In addition,
quantitative HRQoL measures for patients or caregiv-
ers (measure used, patient or caregiver and value) and
qualitative HRQoL studies were described descrip-
tively. Data were extracted for patients with LGS, LGS
subpopulations (patients with and without seizures and
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with and without rescue medication) and control popu-
lations used by the authors (e.g age matched non-LGS
patients).

During the development of the protocol (Prospero:
CRD42022333410), it was anticipated that the studies
identified in this SLR would be diverse with regard to
study design, definition of LGS (especially as there is no
specific ICD-9 or 10 code for LGS in some regions and
diagnosis can be challenging), size of the populations,
the ages of the patients and the length of the follow-
up period, and therefore the synthesis of the data was
planned to be narrative in nature, without any statistical
analyses/comparisons (e.g meta-analyses). Costs were
extracted as given in the source. Summaries of the costs
across the different studies were provided in the narra-
tive synthesis in US dollars ($) using a simple conversion
from Euros (€) to US dollars at an exchange rate of €1.00
Euro =$1.06 (xe.com on 21st June 2022).

Quality assessment/risk of bias

The quality assessment of the prevalence studies was
performed using a tool developed by Hoy et al. [35]. The
quality of the cost of illness studies was assessed using a
tool from the British Medical Journal Checklist for eco-
nomic submissions [36] that was adapted by Molinier
et al. [37]. The quality assessment of the qualitative and
quantitative HRQoL studies was conducted using the
Critical Appraisal Skills Programme, CASP; https://casp-
uk.net/ that was adapted by Gallop et al. [38].

Results

Search results

The electronic database searches initially identified 868
articles, of which 595 were screened after the removal
of duplicates. After the primary screening, a total of 149
articles were retrieved for secondary screening (full-text
assessment), and of these, 22 met the eligibility crite-
ria (Fig 2). The study characteristics are summarized in
Table 2, epidemiology data are summarized in Table 3
and the costs and resource data are presented in Addi-
tional file 2: Table S1. The results of the quality assess-
ments/risk of bias are presented in Additional file 2:
Tables §2-5,

Epidemiology: Incidence/prevalence and mortality

Overall, 9 studies (10 publications) reported on the epi-
demiology of LGS (Table 3). Prevalence, reported in 7
studies, varied from 4.2-60.8 per 100,000 people across
studies for probable LGS and 2.9-28 per 100,000 peo-
ple for a confirmed/narrow dcfinition of LGS [15, 39-
44). Incidence, reported in 2 studies, was estimated at
approximately 1.9 per 100,000 people in both studies [42,
45]. In addition, 3 studies reported on the proportion
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of LGS among epilepsy patients, varying from 4 to 8.4%
during childhood [43, 44, 46] [42, 45]. The risk of bias in
the studies reporting on prevalence/incidence was low in
3 studies [40, 41, 47] and moderate in 5 studies [39, 42—
45] (Additional file 2: Table §2).

Trevathan et al (1997) reported the lifetime prevalence
of LGS at the age 10 years to be 26 per 100,000 people
(0.26 per 1000 people) [44]. The study used data from the
Metropolitan Atlanta Developmental Disabilities Study
(MADDS) that encompassed children aged 10 years who
were born from January 1, 1975, through December 31,
1977; children with LGS were identified via multiple
sources including public schools, special education pro-
grams, hospitals, selected physicians’ offices, and EEG
laboratories [44]. More recent studies (2019-2021) have
used databases covering large populations including
claims databases in the USA [41] and Germany [47] and
the Clinical Practice Research Datalink (CPRD) database
of health records in the UK [40]. These studies have esti-
mated the prevalence of probable LGS to be 13.0-60.8
per 100,000 people in the USA [41], 39.2 per 100,000
people in Germany [47], and 4.2 per 100,000 people in
the UK [40]. Using a more stringent definition of LGS
resulted in prevalence rates of 6.5 per 100,000 people
in Germany [47] and 2.89 per 100,000 people in the UK
[40]. Other older, smaller population-based studies have
reported the prevalence of LGS to be 10 per 100,000 peo-
ple in Estonia [39], 2.1~28 per 100,000 people in Finland
{42, 45], and 20 per 100,000 people in Sweden [43). While
LGS is a rare syndrome, Pifia-Garza et al. [46] reported
that LGS accounts for 8.4% of epilepsy cases at age 10
decreasing to 2% in the 60-year-old cohort in the USA.
In addition, Trevathan et al (1997) (MADDS study) [44]
reported that it accounted for 4% of childhood epilepsy
cases, while the study in Sweden [43] found that among
the childhood epilepsy syndromes, 5.8% of patients had
LGS (Table 2).

Mortality was reported in 3 studies, although with
different methods (mortality ratio, mortality rate as
a percentage of patients who died divided by the total
number of patients in the study, and mortality rate per
1000 person-years) [40, 47, 48]. Overall, the studies
showed that mortality was substantially higher in LGS
patients than in children with epilepsy and controls
(Table 3) [40, 47, 48]. For example, using the MADDS
data source, Autry et al. [48] reported a mortality ratio
(ratio of observed-to-expected deaths) of 13.92 (95%
confidence interval [CI] 7.19-24.31) for children with
LGS versus 3.11 (95% CI 2.39-3.98) for all children with
epilepsy over a 26-year follow-up period. The retro-
spective claims analysis from Germany reported a mor-
tality rate (the percentage of patients who died divided
by the total number of patients in the study) over the
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Fig 2 PRISMA flow diagram. Adapted from Page et al (2021) [45]

10-year study period of 10.01% for patients according
to the broad definition of LGS and 2.88% for the narrow
definition versus 0.01% for the age- and sex-matched
control population (p < 0.001) [47]. Using data from the
CPRD (electronic health records) linked to mortality
data from the Office of National Statistics (ONS) in the
UK, Chin et al. [40] estimated the mortality rates to be
6.12 deaths per 1000 person-years for confirmed LGS
and 4.17 deaths per 1000 person-years for probable
LGS over a follow-up period of 1796 and 1679 patient-
years, substantially higher than the mortality rates for
the general population and the epilepsy population (0.6
per 1000 person-years in England in 2018 [49], and 0.9
per 1000 person-years in the UK [50], respectively).

Healthcare resource utilization and costs

Overall, 9 studies (9 publications), all published from
2017 to 2021, were identified that reported on resource
utilization and/or direct costs; 7 reported on both
resource utilization and direct costs [46, 47, 51-55] (6
from the USA and 1 from Germany), and 2 reported on
resource utilization only (1 from the USA using insur-
ance claims databases and 1 from the UK using electronic
health records) [40, 56] (Table 2 and Additional file 2:
Table S1). By country, most of the studies were from the
USA (7 out of 9 studies). All of the costs studies were ret-
rospective analyses of insurance claims databases and
the mean annual direct costs were €22,787 in Germany
(n = 1 study), and varied from $28,461 to $80,545 in the
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USA across studies (n = 6 studies). The risk of bias in the
studies reporting on costs and/or resources was assessed
to be low in 6 studies [40, 46, 47, 51, 53, 54] and mod-
erate in 3 studies, which were conference abstracts that
provided limited information [52, 55, 56] (Additional
file 2: Table S3). No study reporting the indirect costs
of patients with LGS or their caregivers was identified,
although one paper reported that a large proportion
of caregivers of patients with LGS struggled to access
the available medical expense subsidies in Japan [57]
(Table 2).

Total healthcare costs and healthcare resource utiliza-
tion associated with LGS were substantially higher than
matched controls [54], non-LGS epilepsy patients [46],
and patients with other DEEs, including DS and TSC [52,
53, 55] (Fig 3A, Additional file 2: Table S1). For example,
Reaven et al. [54] reported that, compared to matched
controls, annual costs for services were 17 to 20 times
higher for patients with possible LGS, and annual costs
for drugs were 16 to 38 times higher (Fig 3B). In addition,
among LGS patients, costs and healthcare resource utili-
zation were reported to be higher in patients with a sei-
zure event versus those without (Fig 3C) (53], and costs
and hospitalizations/ length of stay (LOS) were higher
in those prescribed rescue medication vs those not [47]
(Additional file 3: Fig S1).

The studics showed that paticnts with LGS require a
multitude of healthcare resources including general/fam-
ily practitioner visits, outpatient visits to the neurologist/
epilepsy clinic, laboratory and radiology services, medi-
cation, physiotherapy/habilitation services and other
physical therapies, inpatient and emergency depart-
ment visits, as well as home-based nursing [40, 47, 51,
53, 54, 56] (Additional file 2: Table S1). Across the stud-
ies, inpatient care and home-based care were significant
cost drivers, whereas pharmacy costs, particularly for
ASMs, generally represented a smaller share of all health-
care costs (Fig 4A, Additional file 2: Table S1) (46, 17,
51-55]. In Germany the greatest contributors to health-
care costs were inpatient care (33%) especially hospital
stays related to epilepsy, followed by home nursing care
(including intensive home nursing) (13%), and medica-
tion (10%) (Fig 1A, Additional file 2: Table S1) [17]. ASMs
represented only 14% of the overall medication costs
despite their ubiquitous use. Similarly, Pifia-Garza et al.
[46] reported that the main contributor to healthcare
costs was home-based care in children aged 1-18 years
(mean costs of $12,396 to $18,360 PPPY across across
different. pediatric age groups) and long-term care in
the 60-year-old cohort ($16,215 PPPY), whereas mean
pharmacy costs encompassed a smaller proportion of
the costs at $1592-$5630 PPPY across all age groups. In
the study by Reaven et al. [54], the largest contributors to
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the healthcare costs in LGS patients were inpatient care
in the commercial-insured cohort and home health ser-
vices (home-based nursing, personal care, and residen-
tial habilitation services) in the medic aid-insured cohort
(Fig 4A, Additional file 2: Table S1).

While the costs of ASMs may account for a relatively
small proportion of the overall healthcare costs, data
from several studies suggest that the burden of ASMs
on patients and the overall pharmacy costs is high. For
example, in a study based on IBM® MarketScan® medic
aid database, the mean number of distinct ASMs during
the 12-month study period averaged 2.4, 2.3, and 2.2, in
probable LGS, probable DS, and other refractory epi-
lepsies, respectively, accounting for 67.3%, 62.8%, 52.3%
of the pharmacy costs [52). Likewise, using the IBM®
MarketScan® commercial database, the mean num-
ber of distinct ASMs was 3.4, 2.6, and 2.1, respectively,
representing 72.6%, 70.8%, and 65.8% of the pharmacy
costs [55]. In addition, Chin et al (2021) reported that
in patients with confirmed LGS the mean number of
ASMs was 6.7 (SD 3.4) during the 8-12 years follow-up
period, with only 3.7% being prescribed only one ASM
during this period, while the mean number of ASMs per
year was 1.06 during 201013 and 1.12 during 2014~17
[40]; this suggests that patients had to switch to different
ASMs many times over the course of the study period.
Similarly, in the study in Germany, patients generally
received 1-3 different ASM combinations each year
(range: 1-9) and most patients received 2-4 different
ASMs [range: 1-12] over the entire 10-year observable
period [47]. Of note, the use of other drugs was also sub-
stantially higher in LGS patients than in control popula-
tions (Fig 2B) [54]. In both Germany [47] and the UK [40]
the most commonly prescribed ASMs were valproate,
lamotrigine, clobazam, oxcarbazepine (in Germany) and
levetiracetam (in the UK); in the UK rufinamide was pre-
scribed in 27% of patients with confirmed LGS. In the
US, Pina-Garza et al. [46] reported LGS patients may
be inadequately treated; the majority, but importantly
not all probable LGS patients had >1 claim for an ASM
(62.6—82.3% across age cohorts), while clobazam and
rufinamide, both specifically licensed for LGS in the US,
were infrequently used, especially in the older cohorts
(17.5% for clobazam and 7.4% for rufinamide in patients
<5 years, 5.5% for both ASMs in the 20-year cohort and
<1.0% of patients in the 60-year cohort).

Regarding hospitalizations and LOS, in Germany
there was a large variation between patients, with some
being hospitalized many times (median hospitaliza-
tion rate: 1 [range: 0-13 PPPY]) with a median LOS of
3 days (range: 0-804 days) [47]. In a study describing
the nature of acute hospitalizations in LGS patients,
46—58% were considered epilepsy-related across health
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plans (Commercial and Medicaid) compared to 63-70%
for DS, 26% for TSC, and 37-51% for other DEEs; 6-7%
were pneumonia-related, and approximately 2% were
injury-related [56]. Across the different DEEs, admis-
sion to the intensive care unit (ICU) accounted for 31%
of all hospitalizations, and ICU use was associated with
a longer LOS (mean 8.0 [SD 16.8] days vs. 4.0 [SD 7.9]
days for non-ICU use). Furthermore, readmission rates
were high, with approximately 9-10% of patients read-
mitted within the month and 42-45% within a year of
discharge [56). Concerning injuries, 67% of LGS patients
reported at least one injury over the 10-year study
period in Germany [47], while in the study by Reaven
et al. [53], 22% (2329 of 10,618) of LGS patients with a
medically-treated seizure event across insurance types
had an injury.

Health-related quality of life

Five studies, published between 1993 and 2021, were
identified that reported on the HRQoL of patients with
LGS and/or their caregivers using qualitative and/or
quantitative methods; one study reported on both car-
egiver and patient perspectives [58], 2 focused on car-
egivers [59, 60] and 2 on patients [61, 62] (Table 2). Three
studies used qualitative methods (one for both patient
and caregiver HRQoL, and two for caregiver HRQoL);
the quality of the qualitative studies was assessed to be
grade I (highest methodological and reporting quality)
in one study and grade III (limitations in methodologi-
cal and reporting quality) in 2 studics (Additional file 2:
Table S4). Three studies used quantitative methods
(one assessed caregiver HRQoL using the SF-36 and the
HADS (Hospital Anxiety and Depression Scale), while
two studies used a VAS (visual analog scale). The qual-
ity of the quantitative studies was assessed to be grade II
(moderate-high methodological and reporting quality)
in 2 studies and grade III in one study (Additional file 2:
Table S5).

All three studies reporting on the HRQoL of caregivers
found that LGS had substantial negative effects. Gallop
et al. [58] investigated the HRQoL of parent caregivers
(N = 40) both quantitively and qualitatively. Using the

(See figure on next page)
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SF-36v2, a widely used generic instrument to measure
health status, the parents’ mental health summary score
(a composite of social functioning, vitality and mental
health) was found to be below average (45 for LGS par-
ents vs. 50 for US general population). In addition, 58%
of parents experienced anxiety according to the HADS.
Using semi-structured interviews with the parents, the
authors determined that the parents were impacted
physically, emotionally, socially and financially. Gibson
[59] similarly reported that LGS had a significant physi-
cal, emotional, social and financial impact on parents,
while siblings were also affected, frequently taking on a
caregiver role themselves early in life. Furthermore, Mur-
ray reported in 1993 that parents had to deal with a lot
of uncertainty around diagnosis, etiology, seizure activity,
treatment and prognosis, which caused feelings of guilt
and stress in some parents [60].

Gallop ct al. [58] also investigated parents’ percep-
tions of how LGS impacted their children, describing
the profound impact that the syndrome conferred on
the daily lives of children with LGS; in particular, physi-
cal, social, cognitive and behavioral aspects of their
lives were disrupted. Studies by Auvin et al. [61] and
Radu ct al. [62] used an alternative method of measur-
ing patient HRQoL in a quantitative manner whereby
patients and/or caregivers of patients with LGS, DS,
or other epilepsies were asked to score the patient
HRQoL based on hypothetical vignettes of patients
with LGS (or DS) according to how many seizures and
seizure-free days the hypothetical patient experienced.
These studies have suggested that fewer seizures and
additional seizure-free days are associated with bet-
ter patient HRQoL, with seizure-free days having the
greatest consequence on HRQoL (Fig 4B). Of note, this
vignette-based method for estimating HRQoL focused
specifically on the impact of seizure frequency/seizure-
free days as opposed to a more holistic HRQoL assess-
ment. The values were used in the NICE (National
Institute for Health and Care Excellence) appraisal in
the UK to inform the cost-effectiveness of cannabidiol
for the adjuvant treatment of seizures associated with
LGS [63].

Fig 3 ATotal direct costs in LGS patients (blue) versus control patients (grey), patients with other epilepsies (lilac), and in LGS patients with seizure
events vs without seizure events and LGS patients in years where patients were prescribed with rescue medication vs years where patients were not
prescribed rescue medication (blue) B resource utilization and costs in LGS patients vs controls; € resource utilization and costs in LGS patients with
seizure events vs without seizure events. Adapted from: Reaven et al (2018) [74], Pifa-Garza et al (2017) [46], Stockl et al (2019) {55}, Hollenack et al
(2019) {52], Reaven et al (2019) [53] and Strzelczyk et al (2021) [4 /] .* Costs were converted from Euros to US dollars on 21 June 2022 (exchange
rate 1.00 Euro =1.06 US Dollars [xe.com)). ASM, anti-seizure medication; DS, Dravet syndrome; ED, emergency department; LGS, Lennox-Gastaut
syndrome; PPPY, per person per year; OP, outpatient; TSC, tuberous sclerosis complex
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Discussion

We conducted a comprehensive SLR following pre-
specified inclusion/exclusion criteria to understand the
burden of LGS, providing a descriptive summary of the
literature while identifying gaps in the current knowl-
edge. The epidemiology studies confirm that LGS is a
rare syndrome, whereby the prevalence varied from 4.2
to 60.8 per 100,000 people across studies for probable
LGS and 2.9 to 28 per 100,000 people for confirmed/
narrow definition of LGS. Annual costs per patient and
healthcare resource utilization were substantial across all
studies, confirming the high economic burden associated
with LGS. In addition, studies showed that the HRQoL
of patients and caregivers was adversely affected, and sei-
zure events were associated with higher costs and worse
HRQoL. Furthermore, LGS was associated with high
mortality rates compared to the general population and
those with epilepsy in general.

The burden of illness studics rclics heavily on how the
disease is defined. However, for LGS there are inherent
difficulties in using the currently available source data
where there has been no specific code for LGS in the ICD
coding in many regions. An extension code for LGS in
the ICD-10-CM coding system (G40. 812) has only been
available since 2015, and it is only used in some regions.
The recent release of ICD-11 includes a specific code for
LGS (8A62.1 Lennox—Gastaut syndrome) [64], however,
it may be many years before the benefits are scen in real-
world research, including the burden of illness studies,
which require a sufficient number of patients and obser-
vation period. Without a precise dcfinition of LGS and a
lack of consistency in using recent and specific diagnos-
tic codes for LGS, there was considerable heterogeneity
between studies on how LGS was defined. The retro-
spective claims analysis studies generally used a “prob-
able LGS” definition that included appropriate ICD-9 or
ICD-10 codes for epilepsy and developmental delay and a
prescription for a relevant ASM. Pifa-Garza ct al (2017)
developed a machine-learning classification model to
identify patients with LGS [46], which was subsequently
used and modified for other studies [53, 54, 56]. The
methods were latterly reported in more detail by Veke-
man et al (2019), showing that an LGS classifier that used
input variables including the number of distinct ASMs
received, epilepsy-related outpatient/inpatient visits,
electroencephalogram procedures and claims for delayed

(See figure on next page.)
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development, showed high sensitivity and specificity in
identifying LGS patients [65]. On the other hand, Chin
et al (2021) was able to circumvent the limitations of the
ICD coding by using the electronic medical records from
the CPRD in the UK that included a code for LGS (the
confirmed LGS group) [40]. Other smaller retrospective,
observational studies reporting on the epidemiology of
LGS included patients who had been diagnosed based
on standard diagnostic/ILAE criteria [39, 42-45, 48],
while the HRQoL studies generally recruited caregivers
and/or patients through support groups, patient associa-
tions, clinicians and/or websites [58-62]. Other areas of
heterogeneity across the studies included the size of the
populations, the ages of the patients and the length of the
follow-up period. Another limitation is that LGS is likely
to be underdiagnosed/ misdiagnosed, especially in adults
[11, 14], and therefore many aspects of the burden of ill-
ness may have been underestimated.

Many of the studies identified are recently published,
particularly those on costs and healthcare resources,
which may reflect the development of new treatment
options, whereby the data can be used to inform payers
and health technology assessment agencies. We did not
look at the impact of interventions on our outcomes.
However, compared to standard of care, studies have esti-
mated that rufinamide is a cost-effective treatment [66,
67], while cannabidiol was found to be cost-effective in
a model that was based on absolute seizure frequency
and seizure-free days and took account of the impact of
caregivers’ burden [68], but in a different model, it was
dctermined not to be cost-effective at a willingness-to-
pay threshold of $150,000/ quality-adjusted life-year [69].
As with DS [70-73], studies have suggested that seizure
events in LGS are associated with higher costs and worse
HRQoL, and therefore it is hoped that current and future
improvements in the treatment will help to alleviate
some of the burdens on healthcare resources and costs
and improve the HRQoL of patients and caregivers.

We found only a few studies evaluating the HRQoL in
patients and caregivers. In a recent SLR describing the
impact of a range of DEEs (including LGS) on the HRQoL
of caregivers and the wider family unit Gallop et al. [58]
identified only one study of sufficient quality regarding
caregivers of patients with LGS (also identified hererin)
[38]. However, across the DEEs, the authors found that
most of the studies reported a negative impact on the

Fig4 A Cost drivers according to inpatient and emergency department admissions (red), outpatient visits (orange), home health (home nursing
and physiotherapy; blue), equipment {yellow) and medication (green) costs (where reported) B Patient and caregiver HRQoL according to number
of drop seizures per month and number of seizure-free days in the UK and France. Mean health state utility scores for a hypothetical patient with
LGS and a hypothetical caregiver of a patient with LGS. A Adapted from: Strzelczyk et al (2021) [47] and Reaven et al (2018) [54]. Home health=
home-based nursing, personal care, and residential habilitation services. B Adapted from Auvin et al (2021) (61]. ASM, anti-seizure medication; ED,

emergency department; HRQoL, health-related quality of life; OP, outpatient
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HRQoL of caregivers, and they highlighted the chal-
lenges of evaluating caregiver HRQoL, especially using
generic instruments, because parents of young children
with complex chronic diseases adapt and become habitu-
ated to their decrease in quality of life [38]. The same can
apply to patients, although measuring HRQoL in patients
with LGS generally requires a parent proxy because of
the patient’s young age and/or cognitive dysfunction, as
well as not knowing a time before their condition with
which to compare to.

We identified no studies reporting on indirect costs,
and therefore it is likely that the overall economic bur-
den has been underestimated due to studies only report-
ing on direct costs. Indeed, the financial burden among
patients and caregivers has also been little studied across
other DEEs including DS and TSC [25]. However, the
few studies that are available on DS caregivers and TSC
patients or caregivers have shown that indirect costs are
relevant [72, 74-76], with a particular impact on moth-
ers having to reduce their working hours or stop working
completely [72, 74, 77]. Overall, evaluating the caregiver
burden including indirect costs, productivity losses and
HRQoL requires complex, preferably prospective, stud-
ies that may have been hindered by a lack of having large
patient advocacy groups from which to recruit par-
ticipants, as well as a lack of priority for health research
funding, among other factors.

Strengths and limitations
As far as we are aware this is the first SLR on the burden
of illness in LGS. The SLR has several strengths in that
it was a comprehensive review performed according to
the PRISMA guidelines, with no limitations on language
or date (except for abstracts), whereby the search terms
were developed by an experienced information scientist.
The main limitations have been discussed above,
including the challenges around identifying the LGS pop-
ulation and the paucity of studies, especially on caregiver
HRQoL and indirect costs. Furthermore, many of the
studies, especially regarding costs and resources, were
conducted in the USA, with limited evidence in Europe,
and no evidence from other parts of the world despite
not having any language restrictions. This country-bias
may reflect the lack of research funding as described
above, with perhaps some publication bias against non-
native English speaking countries [78, 79]. The situation
in low and middle income countries is especially com-
plex and many aspects of the burden of illness, especially
mortality, costs, and resources are likely to be very dif-
ferent from high income countries. For example, a study
of the global burden of epilepsy (among other conditions)
reported that 81% of epilepsy-deaths occurred in low and
middle countries [80], reflecting both the larger number

Page 17 of 21

of people with epilepsy and the limited resources with
which to effectively manage and treat patients [81]. Over-
all, there is an imperative need for innovative solutions to
improve the outcomes of patients in these countries [82,
83].

We restricted the search specifically to LGS, excluding
studies which encompassed refractory epilepsy in gen-
eral, even if they had a few LGS cases within a more gen-
eral population of refractory epilepsy patients, which may
have limited our evidence base, especially as LGS can
evolve from or be part of other epilepsy syndromes, e.g.
TSC [84]. In addition, while the literature was searched
in major electronic databases, we may still have missed
some studies from other databases or from the grey lit-
erature. We did not identify any extra relevant stud-
ies when we searched the reference lists of other SLRs,
reviews and economic evaluations suggesting that our
methods, including the search terms and databases used,
were robust.

Future research directions

In this SLR we have found that there is lack of studies
reporting on indirect costs, and patient and caregiver
HRQoL. These are extremely important and relevant
outcomes for this complex syndrome that goes beyond
seizures. In addition, there is a lack of studies on all
aspects of the burden of illness in low and middle income
countries, and more research is needed in these areas,
possibly through enhanced collaboration with estab-
lished research groups in high income countries and the
pharmaceutical industry. Patient advocacy groups for
LGS should be empowered across all countries, perhaps
through the use of virtual events and an increase in on-
line resources and communities.

Studies in this SLR have reported that seizure events
are associated with higher resource and costs, and lower
patient HRQoL. Cannabidiol and fenfluramine are the
most recently approved therapies for the treatment of
seizures associated with LGS (Fig 1). ASMs in clinical
development include soticlestat and carisbamate. Soti-
clestat has recently successfully completed Phase 2 clini-
cal deveopment as an adjunctive therapy in pediatric
patients with DS or LGS [85], with Phase 3 trials under-
way (NCT04938427 and NCT05163314). A Phase 3 clini-
cal trial assessing carisbamate in patients with LGS has
also been initiated (NCT05219617). It will certainly be of
interest in the future to determine the impact that these
potential and new ASMs [89] have on the burden of ill-
ness in LGS, especially patient and caregiver HRQoL. Of
concern though is the apparent lack of other therapies in
development for patients with LGS at present.

Also of note is that LGS has multiple and varied etiolo-
gies, and with advances in neuroimaging and genetics the
conditions within this syndrome are now largely defined
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and named by their etiology. These etiologies are a more
precise guide to prognosis and management than the
designation of LGS. William Lennox’s views on eugenics
[87, 88] have resulted in his name being removed from
named lectures in the USA. The International League
Against Epilepsy (ILAE) decided to keep the term Len-
nox—Gastaut in the 2022 ILAE Syndromes Definitions
arguing that this was because medications are licensed
for LGS and that a better collective name had not been
coined for DEE with slow spike and wave and tonic sei-
zures in childhood [86]. However, the term Lennox-Gas-
taut may gradually be retired in the next decade.

Conclusions

LGS is associated with a substantial burden of illness,
with seizure events associated with higher costs and
worse HRQolL. However, with no ICD-10 coding for
LGS available in many regions, several studies had to rely
upon indirect methods to identify their patient popula-
tions. More research is needed, especially in evaluating
the caregiver burden, including HRQoL, productivity
losses and indirect costs, where there is a notable laclk of
studies.

Abbreviations

ASMs Anti-seizure medications

[« Confidence interval

CPRD Clinical Practice Research Datalink

DEE Developmental and epileptic encephalopathy

[ Dravet syndrome

EEG Electroencephalogram

HADS Hospital Anxiety and Depression Scale

HRQolL Health-related quality of life

ICU Intensive care unit

LGS Lennox-Gastaut syndrome

LOS Length of stay

MADDS  Metropolitan Atianta Developmental Disabilities Study

NICE National Institute for Health and Care Excellence

ONS Office of National Statistics

PICOS population, intervention, comparator, outcomes and study design

PRISMA Preferred reporting items for systematic reviews and
meta-analyses

PPPY Per person per year

SD Standard deviation

SLR Systematic literature review

TsC Tuberous sclerosis complex

Supplementary Information
The online version contains supplementary material available at hitps /7ciol.

CAGAIG TR L R /R R0 4,

-
Additional file 1. Search terms.

Additional file 2. Supplementary Table $1: Healthcare resource
utilization and costs in patients with LGS; Table $2: Quality assessment
checklist for prevalence studies; Table $3: Quality assessment checklist of
cost-of-illness studies; Table $4: Quality assessment checklist for qualita-
tive HRQol studies; Table $5: HRQoL: Quality assessment checklist for
guantitative HRQoL studies.

Page 18 of 21

Additional file 3. Supplementary Figure $1: Costs, annual hospitaliza-
tion rate and length of stay (LOS) in LGS patients in years wherepat ents
were prescribed with rescue medication vs years where patients ware not
prescribed rescue medication.

Acknowledgements

Chris Cooper developed the search terms, and assistance with the literature
screening and medical writing, under the direction of the authors, was pro-
vided by Amanda Prowse (Lochside Medical Communications Ltd) a7d Emma
Melchor.

Author contributions

AS and SSB developed the idea for this study and conceived the pager. AS, SZ,
PS, FR and SSB wrote the paper, discussed the results, and contributed to the
final manuscript. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. Medi:al writing
assistance was funded by GW Pharma (Germany) GmbH.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

AS reports personal fees and grants from Angelini Pharma, Desitin Arzneim-
ittel, Eisai, Jazz/GW Pharmaceuticals companies, Marinus Pharma, Preci-

sis, Takeda, UCB, UNEEG medical, and Zogenix. SZ reports research support
from Epilepsy Research UK, Scottish Government Digital Health & Care,

UCB Pharma, Dravet Syndrome UK, Dravet Syndrome Foundation, Tenovus
Foundation and Glasgow Children’s Hospital Charity. He or his instit tion have
received honoraria for consultancy work, educational symposia anc advisory
boards from GW Pharma, Zogenix, UCB, Encoded Therapeutics, Takeda and
Eisai. PS reports personal fees and grants from Angelini Pharma, Eisai, Jazz
Pharmaceuticals Biomarin, UCB, Proveca, and Zogenix. FR reports personal fees
from Angelini Pharma, Arvelle Therapeutics, Eisai GmbH, GW Pharmaceuticals
companies, and UCB and grants from the Detlev-Wrobel-Fonds for Epilepsy
Research, the Deutsche Forschungsgemeinschaft, the LOEWE Programme of
the State of Hesse, and the European Union. SSB reports personal fees from
Eisai, Desitin Pharma, GW Pharmaceuticals companies, Ethypharm, UCB, and
Zogenix.

Author details

"Epilepsy Center Frankfurt Rhine-Main, Center of Neurology and Neurosur-
gery, University Hospital and Goethe-University Frankfurt, Schleusenweg 2-16
(Haus 95), 60528 Frankfurt am Main, Germany. 2LOEWE Center for Personalized
and Translational Epilepsy Research (CePTER), Goethe-University Frankfurt,
Frankfurt am Main, Germany. *Paediatric Neurosciences Research Group, Royal
Hospital for Children, School of Health and Wellbeing, University of Glasgow,
Glasgow, UK. #IRCCS ‘G. Gaslini'Institute, Genova, Italy. SDepartment of Neuro-
sciences, Rehabilitation, Ophthalmology, Genetics, Maternal and Child Health,
University of Genoa, Genova, Italy. SDepartment of Neuropediatrics, University
Hospital and Goethe-University Frankfurt, Frankfurt am Main, Germany.

Received: 22 June 2022 Accepted: 6 February 2023
Published online: 01 March 2023



Strzelczyk et al. Orphanet Journal of Rare Diseases

(2023) 18:42

References

1.

2

10.

20.

Lennox WG, Davis JP. Clinical correlates of the fast and the slow spike-
wave electroencephalogram. Pediatrics. 1950;5(4):626-44.

Gastaut H, Roger J, Soulayrol R, et al. Childhood epileptic encephalopathy
with diffuse slow spike-waves (otherwise known as "petit mal variant”) or
Lennox syndrome. Epilepsia. 1966;7(2):139-79. hutps/icorong/ 1311711/
1528-1167.1966.tb06263 x.

Arzimanoglou A, French J, Blume WT, et al. Lennox-Gastaut syndrome: a
consensus approach on diagnosis, assessment, management, and trial
methodology. Lancet Neurol. 2009;8(1):82-93. https://doiorg/ 101016/
$1474-4422(08)70292-8.

Camfield PR. Definition and natural history of Lennox—Gastaut syndrome.
Epilepsia. 2011;52(s5):3-9. https:/doiorg/ 1011 11/.1528-1 167201103177 .
Cross JH, Auvin S, Falip M, et al. Expert opinion on the management of
Lennox~Gastaut syndrome: treatment algorithms and practical consid-
erations, Front Neurol, 2017,8:505. httpsy/donong/ 10,3389/ tnea 201/
00505.

Kerr M, Kluger G, Philip S. Evolution and management of Lennox-Gas-
taut syndrome through adolescence and into adulthood: Are seizures
always the primary issue? Epileptic Disord. 2011;13(Suppl 1):515-26.
https//doiorg/10.1684/epd.2011.0409.

Yagi K. Evolution of Lennox-Gastaut syndrome: a long-term longitudi-
nal study. Epilepsia. 1996;37(Suppl 3):48-51. hitpsi/idoneig/ 101 11,
1528-1157.1996.tb01821.x.

Asadi-Pooya AA, Bazrafshan M, Farazdaghi M. Long-term medical and
social outcomes of patients with Lennox-Gastaut syndrome. Epilepsy
Res. 2021;178:106813. hitps.//doiorg/10.1016/).eplepsyres 20 1.
106813,

Asadi-Pooya AA, Bazrafshan M, Farazdaghi M. Cluster analysis of a
large dataset of patients with Lennox-Gastaut syndrome. Seizure.
2021,92:36~9. https://doi.org/1C.1016/)sei,u10.5021.08.605.
Asadi-Pooya AA, Farazdaghi M. Age at onset in patients with Lennox-
Gastaut syndrome: correlations with clinical manifestations, J Clin
Neurosci. 2022;100:138-42. https.//doiorg/ 10 1016/joc. 2027 04676,

. Pifa-Garza JE, Chung S, Montouris GD, et al. Challenges in identifying
Lennox-Gastaut syndrome in adults: a case series illustrating its chang-

ing nature, Epilepsy Behav Case Rep. 2016,5:38-43. hitps.//uoworn/ 10
1016/j.ebcr.2016.01.004.

. Riney K, Bogacz A, Somerville E, et al. International League Against Epi-

lepsy classification and definition of epilepsy syndromes with onset at

a variable age: position statement by the ILAE Task Force on Nosology

and Definitions. Epilepsia. 2022,63(6):1443-74. https//aoiog/ 1005 1
epi.17240.

. Asadi-Pooya AA. Lennox-Gastaut syndrome: a comprehensive

review. Neurol Sci. 2018;39(3):403-14, hitps.//aoioarg/ 101007/
s10072-017-3188-y.

. Montouris G, Aboumatar S, Burdette D, et al. Expert opinion: proposed

diagnostic and treatment algorithms for Lennox-Gastaut syndrome
in adult patients. Epilepsy Behav. 2020;110:107146. "1ttpis./ doiorg s 10
1016/j.yebeh.2020.107 146.

. Strzelczyk A, Schubert-Bast S. Expanding the treatment landscape for

Lennox—Gastaut syndrome: current and future strategies. CNS Drugs.
2021;35(1):61-83. https://doi.org/10.1007/s40263-020-00/84-8,

. Varadkar S. Cannabidiol for drop seizures in Lennox-Gastaut syndrome.

Lancet. 2018;391(10125):1006~7. https://coi.orc/10.1016/50140
6736(18)30135-1.

. Glauser T, Kluger G, Sachdeo R, et al. Rufinamide for generalized

seizures associated with Lennox-Gastaut syndrome. Neurology.
2008;70(21):1950-8. https://coiorg/10.1212/0TwnlO000 3038 1 3.49800
0d.

. Motte J, Trevathan E, Arvidsson JFV, et al. Lamotrigine for generalized

seizures associated with the Lennox-Gastaut syndrome. New Engl
J Med. 1997;337(25):1807-12. https://doiora/ 10.1053/NE M 190712
183372504,

. Ng YT, Conry JA, Drummond R, et al. Randomized, phase Il study results

of clobazam in Lennox-Gastaut syndrome. Neurology. 2011;77(15):1473-
81. https://doi.org/10.1212/WNIL.Ob0O1 303187376 /6,

Sachdeo RC, Glauser TA, Ritter F, et al, A double-blind, randomized trial of
topiramate in Lennox-Gastaut syndrome. Neurology. 1999,52(9).1882-7.
httpsy//doiorg/10.1212/winil.52.9.1882.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

30

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

Page 19 of 21

The Felbamate Study Group in Lennox—Gastaut S. Efficacy of felbamate in
childhood epileptic encephalopathy (Lennox-Gastaut syndrome). New
Engl ) Med. 1993;328(1):29-33. https://doi.org/10.1056/NEJM199301
073080105,

Thiele EA, Marsh ED, French JA, et al. Cannabidiol in patients with
seizures associated with Lennox—Gastaut syndrome (GWPCARE4): a
randomised, double-blind, placebo-controlied phase 3 trial. Lancet.
2018;391(10125):1085-96. https.//doi.org/10.1016/50140-6736(18)
s

Knupp KG, Schetfer It, Ceulernans B, et al. Efficacy and safety of fenflu-
ramine for the treatment of seizures associated with Lennox-Gastaut
syndrome: a randomized clinical trial. JAMA Neurol. 2022,79(6):554-

64. hitps//doiorg/10.1001/jamaneurol.2022.0829.

Brown ML, Lipscomb J, Snyder C. The burden of iliness of cancer: eco-
nomic cost and quality of life. Annu Rev Public Health. 2001;22:91-113.
NrtpsyAcoioms 10,0 1ae/annurev.publhealth.22.1.91,

ZdlIner JP, Franz DN, Hertzberg C, et al. A systematic review on the
burden of iliness in individuals with tuberous sclerosis complex

(TSC). Orphanet J Rare Dis. 2020;15(1):23. https://doi.org/10.1186/
AEEENTRPEC S

Sullivan J, Deighton AM, Vila MC, et al. The clinical, economic, and
humanistic burden of Dravet syndrome-a systematic literature review.
Epilepsy Behav. 2022;130:108661. https://doi.org/10.1016/j.yebeh.2022.
1080651,

Moher D, liberati A, Tetzlaff |, et al. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS Med.
2009:6(7):21000097. hitps://cloiorg/10.137 journal pmed.1000097s,
Royle P, Bain L, Waugh N. Systematic reviews of epidemiology in diabetes:
finding the evidence. BMC Med Res Methodol. 2005:5(1):2. https/doi.
g 10 L 18A/ 1471 2088 5 2.

Centre for Reviews and Dissemination. NHS EED economics filter: MED-
LINE (Ovid) York: CRD; 2010

Suzy Paisley, Andrew Booth, Shaila Mensinkai. Chapter 12: health-related
quality of life studies. 2005 [cited Jun 10 2020]. In: Etext on Health Tech-
nology Assessment (HTA) Information Resources [Internet]. [cited Jun

10 2020]. Available from: https://www.nlm.nib.gov/archive/20060905/
nichszehleschapter] 2html,

CADTH. Strings Attached: CADTH's Database Search Filters 2021 [Avail-
able from: hittps//wwwegadth.ca/stiings-attached-cadths-database-
earch fiiters.

Cooper C, Booth A, Britten N, et al. A comparison of results of empirical
studies of supplementary search techniques and recommendations in
review methodology handbooks: a methodological review. Syst Rev.
2017:6(1):234. htips//aolorg/10.1186/513643-017-0625-1.

Cooper C, Dawson S, Peters J, et al. Revisiting the need for 3 literature
search narrative: a brief methodological note. Res Synth Methods.
2018:9(3):361-5. htrps://coiorg/10.1002/rsm. 1315,

Covidence. Systematic review management platform {Available from:
s A Awonw Lovidence.org/]

Hoy D, Brooks P, Woolf A, et al. Assessing risk of bias in prevalence studies:
modification of an existing tool and evidence of interrater agreement. J
Clin Epidemiol. 2012;65(9):934-9. https://doiorg/10.1016/jjclinepi.2011.
11,014,

Drummond MF, Sculpher MJ, Claxton K, et al. Methods for the economic
evaluation of health care programmes. Oxford: Oxford University Press;
2015.

Molinier L, Bauvin E, Combescure C, et al. Methodological considerations
in cost of prostate cancer studies: a systematic review. Value Health.
2008;11(5):878-85. hitps://doiorg/10.1111/),1524-4733.2008.00327 x,
Gallop K, Lloyd AJ, Olt J, et al. Impact of developmental and epileptic
encephalopathies on caregivers: a literature review. Epilepsy Behav.
2021;124:108324. hilps/7doiorg/10.1016/].yebeh.2021.108324,
Beilmann A, Napa A, Soot A, et al. Prevalence of childhood epilepsy in
Estonia. Epilepsia. 1999;40(7):1011-9.

Chin RFM, Pickrell WO, Guelfucci F, et al. Prevalence, healthcare rasource
utilization and mortality of Lennox-Gastaut syndrome: retrospective link-
age cohort study. Seizure. 2021;91:159-66.

Hollenack K, Story T, Acs A, et al. Prevalence of probable dravet syndrome,
Lennox-Gastaut syndrome, and other refractory epilepsies in commer-
cial and medicaid populations in the United States. J Manag Care Spec
Pharm. 2019;25(3-A SUPPL):S58.




Strzelczyk et al. Orphanet Journal of Rare Diseases

42.

43,

44,

45,

46.

47.

48.

49.

50.

51

52,

53.

54.

55

56.

57.

58.

59.
60.

61.

62.

63.

(2023) 18:42

Rantala H, Putkonen T. Occurrence, outcome, and prognostic fac-

tors of infantile spasms and Lennox~-Gastaut syndrome. Epilepsia.
1999;40(3):286-9.

Sidenvall R, Forsgren L, Heijbel J. Prevalence and characteristics of epi-
lepsy in children in northern Sweden. Seizure. 1996;5(2):139-46.
Trevathan E, Murphy CC, Yeargin-Allsopp M. Prevalence and descriptive
epidemiology of Lennox-Gastaut syndrome among Atlanta children.
Epilepsia. 1997;38(12):1283-8.

Heiskala H. Community-based study of Lennox-Gastaut syndrome.
Epilepsia. 1997:38(5):526-31.

Pina-Garza JE, Montouris GD, Vekeman F, et al. Assessment of treatment
patterns and hea'thcare costs associated with probable Lennox-Gastaut
syndrome. Epilepsy Behav. 2017;73:46-50.

Strzelczyk A, Schubert-Bast S, Simon A, et al. Epidemiology, healthcare
resource use, and mortality in patients with probable Lennox-Gastaut
syndrome: a population-based study on German health insurance data.
Epilepsy Behav. 2021;115: 107647.

Autry AR, Trevathan E, Van Naarden Braun K, et al. Increased risk of death
among children with Lennox~Gastaut syndrome and infantile spasms. J
Child Neurol. 2010;25(4):441-7.

Office for National Statistics (ONS). Death registrations, Populations and
Age Standardised Rates, England 1981 to 2018 2020 [Available from:

htrps/ i ns govakioeoplepopalationandcommanity/hirthsceat
Msanmmeriic thsyacnocs/ 11T 168uesthregistiationspopuletionsa
pdegestansardisodietesenclena 198 11020318]

Myland M, Buysse B, Tsong W, et al. Seizure frequency, healthcare
resource utilisation and mortality in childhood epilepsy: a retrospective
cohort study using the THIN database. Arch Dis Child. 2019;104(11):1070.
htrpsy/raoiow/ 10,0 136/ archdischila 2019 316910,

Francois C, Stern JM, Ogbonnaya A, et al. Use and cost comparison of
clobazam to other antiepileptic drugs for treatment of Lennox-Gastaut
syndrome. J Mark Access Health Policy. 2017,5(1):1318691.

Hollenack KA, Story T, Acs A, et al. Pnd34 economic burden of probable
Lennox-Gastaut syndrome, probable Dravet syndrome, and other refrac-
tory epilepsies for united states medicaid health plans. Value Health.
2019;22(Supplement 2):5276.

Reaven NL, Funk SE, Lyons PD, et al. The direct cost of seizure events in
severe childhood-onset epilepsies: a retrospective claims-based analysis.
Epilepsy Behav. 2019,93:65-72.

Reaven NL, Funk SE, Montouris GD, et al. Burden of iliness in patients with
possible Lennox-Gastaut syndrome: a retrospective claims-based study.
Epilepsy Behav. 2018,88:66-73.

Stockl KM, Hollenack KA, Acs A, et al. Pnd27 economic burden of prob-
able Lennox-Gastaut syndrome, probable Dravet syndrome, and other
refractory epilepsies for united states commercial health plans. Value
Health. 2019;22(Supplement 2):5274.

Stockl K, Funk S, Reaven N, et al. Inpatient hospitalizations and readmis-
sions among patients with probable Lennox-Gastaut syndrome, dravet
syndrome, tuberous sclerosis complex, and other refractory epilepsies. J
Manag Care Spec Pharm. 2019;25(10-A SUPPL).S57-8.

Umeno J. A survey on the utilization status of social welfare ser-

vices for pediatric patients with epilepsy. {Japanese). No To Hattatsu.
2019;51(4):23-49.

Gallop K, Wild D, Verdian L, et al. Lennox-Gastaut Syndrome (LGS): devel-
opment of conceptual models of health-related quality of life (HRQL) for
caregivers and children. Seizure. 2010;19(1):23-30.

Gibson PA. Lennox~-Gastaut syndrome: impact on the caregivers and
famities of patients. ) Multidiscip Healthc. 2014;7:441-8.

Murray J. Coping with the uncertainty of uncontrolled epilepsy. Seizure.
1993;2(3):167-78.

Auvin S, Damera V, Martin M, et al. The impact of seizure frequency on
quality of life in patients with Lennox-Gastaut syndrome or Dravet
syndrome. Epilepsy Behav. 2021;123: 108239.

Radu X, Damera V, Martin M, et al. Pro58 quality of life in patients with
Dravet syndrome or Lennox Gastaut syndrome in the Uk: higher seizure
frequency has a substantial negative impact on quality of life. Value
Health. 2019;22(Supplement 2):5346.

National Institute for Health And Care Excellence (NICE). Cannabidiol
with clobazam for treating seizures associated with Lennox-Gastaut

64.

65.

66.

67.

68.

69.

70.

71,

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 20 of 21

syndrome 2019 [Available from: https//www.nice.org.uk/guicence/
lat 1 y/doc aments/hinal-appraisal-cetermination-document]

World Health Organization. International Classification of Diseases 11th
Revision (ICD-11) 2022 {Available from: https:/Awww.whoint/stancards/
classifications/c lassification of diseases)

Vekeman F, Pina-Garza JE, Cheng WY, et al. Development of a classifier

to identify patients with probable Lennox-Gastaut syndrome in health
insurance claims databases via random forest methodology. Curr Med
Res Opin. 2019;35(8):1415-20. https://doi.org/10.1080/03007995.2019,
140455,

Benedict A, Verdian L, Maclaine G, The cost effectiveness of rufinamide

in the treatment of Lennox-Gastaut syndrome in the UK. Pharmacoeco-
nomics. 2010;28(3):185-99.

Verdian L, YiY. Cost-utility analysis of rufinamide versus topiramate and
lamotrigine for the treatment of children with Lennox-Gastaut Syndrome
in the United Kingdom. Seizure. 2010;19(1):1-11.

Wijnen B, Armstrong N, Ramaekers B, et al. Cannabidiol for adjuvant
treatment of seizures associated with Lennox-Gastaut syndrome and
dravet syndrome: an evidence review group perspective of a NICE single
technology appraisal. Pharmacoeconomics. 2020;38(10):1043-53.
Neuberger EE, Carlson JJ, Veenstra DL. Cost-effectiveness of cannabidiol
adjunct therapy versus usual care for the treatment of seizures in Len-
nox-Gastaut syndrome. Pharmacoeconomics. 2020;38(11).1237-45.
Strzelczyk A, Kurlemann G, Bast T, et al. Exploring the relationships
between composite scores of disease severity, seizure-freedom and qual-
ity of life in Dravet syndrome. Neurol Res Pract. 2022;4(1):22. https//doi.
01101 TRE/542466-00 200 186-9,

Lagae L, Brambiila |, Mingorance A, et al. Quality of life and comorbidities
associated with Dravet syndrome severity: a multinational cohort survey.
Dev Med Child Neurol. 2018;60(1):63~72. hitps//doiorg/10.11 11/dmen.
13501,

Strzelczyk A, Schubert-Bast S, Bast T, et al. A multicenter, matched case-
control analysis comparing burden-of-iliness in Dravet syndromre to
refractory epilepsy and seizure remission in patients and caregivers in
Germany. Epilepsia. 2019;60(8):1697-710. https//dororg/10.11 1 Lrepr,
160754,

Strzelczyk A, Kalski M, Bast T, et al. Burden-of-iliness and cost-driving fac-
tors in Dravet syndrome patients and carers: a prospective, multicenter
study from Germany. Eur J Paediatr Neurol. 2019;23(3):392-403. https.*
GoLOIG/ 101016/)ejpn. 201902014,

Grau J, Z&liner JP, Schubert-Bast S, et al. Direct and indirect costs and
cost-driving factors of Tuberous sclerosis complex in children, edoles-
cents, and caregivers: a multicenter cohort study. Orphanet J Rare Dis.
2021;16(1):282. hitps//doioig/10.1186/513023-021 01899-x,

Sancho J, Pena P, Rufo M, et al. Health and non-health care rescurces use
in the management of adult outpatients with drug-resistant epilepsy

in Spain: a cost-of-iliness study (LINCE study). Epilepsy Res. 2003,81(2-
3):176-87. hitpsi//doiorg/10.1016/].eplepsyres.2008.05 008,

Z6lIner JP, Grau J, Rosenow F, et al. Direct and indirect costs and cost-
driving factors in adults with tuberous sclerosis complex: a multicenter
cohort study and a review of the literature. Orphanet J Rare Dis.
2021;16(1):250. htps//doi.org/10.1186/513023-021-01838-w,

Nabbout R, Dirani M, Teng T, et al. impact of childhood Dravet syndrome
on care givers of patients with DS, a major impact on mothers. Epilepsy
Behav. 2020;108:107094. hitpsy/cotorg/10.1016/j.yebeh. 2020107094,
Harris M, Macinko J, Jimenez G, et al. Measuring the bias against low-
income country research: an Implicit Association Test. Globalization
Health. 2017;13(1):80. hitpsy//aoorg/10.1186/512992-017-0304-y.

Harris M, Marti J, Watt H, et al. Explicit bias toward high-income-country
research: a randomized, blinded, crossover experiment of engiish clini-
cians, Health Aff. 2017;36(11):1997-2004. https//doworg/ 10,137 7/ithaff,
VTS

Feigin VL, Nichols E, Alam T, et al. Global, regional, and national burden
of neurological disorders, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016. Lancet Neurol. 2019;18(5):459-80. https.//
Gotorg/ 0. 1016/514/4 4422(18)30499-X,

Singh G, Sander JW. The global burden of epilepsy report; implications
for low-and middle-income countries. Epilepsy Behav. 2020;1(5:106949.
hitps//doiorg/ 101016/ yebeh.2020.106949,




Strzelczyk et al. Orphanet Journal of Rare Diseases (2023) 18:42

82.

83.

85.

86.

87.

88

89.

91.

92.

93.

95.

Davies EH, Fieggen K, Wilmshurst J, et al. Demonstrating the feasibility

of digital health to support pediatric patients in South Africa. Epilepsia
Open. 2021,6(4):653-62. https//aoiorg/ 101000414 15/ 7

Le VT, Le Thuy MA, Nguyen DH, et al. Epilepsy surgery program in a
resource-limited setting in Vietnam: a multicentered collaborative model.
Epilepsia Open. 2022;7(4).710-7. hilps//conong/ 10.1002/epid. 1 265010
1002/epid. 12650,

. Camfield P, Camfield C. Long-term prognosis for symptomatic (sec-

ondarily) generalized epilepsies: a population-based study. Epilepsia.
2007:48(6):1128-32.

Hahn CD, Jiang Y, Villanueva V, et al. A phase 2, randomized, double-blind,
placebo-controlled study to evaluate the efficacy and safety of soticlestat
as adjunctive therapy in pediatric patients with Dravet syndrome or
Lennox-Gastaut syndrome (ELEKTRA), Epilepsia. 2022:63(10):2671-83.
hitps//doi.org/10.1111/epi.1 736 /.

Specchio N, Wirrell EC, Scheffer IE, et al. international league against
epilepsy classification and definition of epilepsy syndromes with onset in
childhood: Position paper by the ILAE task force on nosology and defini-
tions. Epilepsia. 2022;63(6):1398-442. ht(ps//coiong/ 16111 epn] 7241,
Offen ML. Dealing with “defectives’ Foster Kennedy and William Lennox
on eugenics. Neurology. 2003,61(5):668. https://colorg/ 10,1217/ NI
61.5.668.

Rosso M, Chu D, Santoro JD. William Gordon Lennox (1884-1960). J
Neurol. 2021;268(9):3512-3. htips://doi.org/ 1C 100/ /3500415 020 Vs o,
Strzelczyk A, Schubert-Bast S. Psychobehavioural and cognitive adverse
events of anti-seizure medications for the treatment of developmental
and epileptic encephalopathies. CNS Drugs. 2022:36(10):1079-111.
https/doi.org/10.1007/540263-00 2-0095 ¢ 4.

. Niedermeyer E. The Lennox-Gastaut syndrome: a severe type of child-

hood epilepsy. Dtsch Z Nervenheilkd. 1969;195(4):263-82. nirtp</ /vt
0rg/10.1007/1:/00242459.

Beaumanoir A, et al. The Lennox-Gastaut syndrome. In: Roger J, Bureau
M, Dravet C, et ai,, editors. Epileptic syndromes in infancy, childhood, and
adolescence. London: John Libbey; 1985. p. 89-99.

International League Against Epilepsy. Proposal for revised classification
of epilepsies and epileptic syndromes. Commission on classification

and terminology of the international league against epilepsy. Epilepsia.
1989;30(4):389-99. https://doi.org/10.1111/.1528-11571989.1h05 3 16.x.
Engel J Jr. A proposed diagnostic scheme for people with epileptic
seizures and with epilepsy: report of the ILAE task force on classification
and terminology. Epilepsia. 2001:42(6):796-803. https:/7:0i orei/ 1010404
1528-1157.2001.10401 x.

. Scheffer IE, Berkovic S, Capovilla G, et al. ILAE classification of the

epilepsies: position paper of the ILAE Commission for Classification and
Terminology. Epilepsia. 2017,58(4):512-21. htipsi//doior/ 10,111 e
13709.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.
https//doi.org/10.1136/bmjn71.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 21 of 21

Ready to submit your research? Choose BMC and benefit from:

® e g Ll ravay Dy

i

exparienced researchers in your field

e

gl Al LOmLIen data types

sollabiwation and wereased citations

©ormer TOON alnale AEws per year

At BMC, rescarch is always in progress.

e IRBMC

Learn more




Received: 24 April 2021 | Revised: 16 March 2022 j Accepted: 17 March 2022

DOT: 10.1111/epi. 17241

Epilepsia

SPECIAL REPORT

International League Against Epilepsy classification and
definition of epilepsy syndromes with onset in childhood:
Position paper by the ILAE Task Force on Nosology and
Definitions

Nicola Specchio'® | Elaine C. Wirrell’ | Ingrid E. Scheffer’® | Rima Nabbout'® |
Kate Riney**® | Pauline Samia’ | Marilisa Guerreiro® | Sam Gwer® |

Sameer M. Zuberi'® | Jo M. Wilmshurst'' * | Elissa Yozawitz!?* | Ronit Pressler’*® |
Edouard Hirsch™® | Samuel Wiebe'*:: | Helen J. Cross'® | Emilio Perucca!”®*¢ |

2021 | gtéphane Auvin® &

Solomon L. Moshé'®*@ | Paolo Tinuper
'Rare and Complex Epilepsy Unit, Department of Neuroscience, Bambino Gest Children's Hospital. Scientific Institute for Research and Health Care,
Full Member of EpiCARE, Rome, Italy

Divisions of Child and Adolescent Neurology and Epilepsy, Department of Neurology, Mayo Clinic, Rochester. Minnesota, USA

3Austin Health and Royal Children's Hospital, Florey Institute, Murdoch Children’s Rescarch Tnstitute, University of Melbourne, Melbourne, Victoria, Australia
“Reference Center for Rare Epilepsies. Department of Pediatric Neurology, Necker=Sick Children Hospital, Public Hospital Network of Paris, member of
EpiCARE, Imagine Institute, National Institute of Health and Medical Rescarch, Mixed Unit of Rescarch 1163, University of Paris, Paris, France
*Neurosciences Unit, Queensiand Children's Hospital, South Brisbane, Queensland. Australia

"Faculty of Medicine, University of Queensland, South Brisbanc, Queensland, Australia

"Department of Pediatrics and Child Health, Aga Khan University. Nairobi, Kenya

¥*Department of Neurology, University of Campinas, Campinas, Brazil

9School of Medicine, Kenyatta University, and Afya Research Africa, Nairobi. Kenya

Ypaediatric Neurosciences Research Group, Royal Hospital for Children and Institute of Health & Wellbeing, member of EpiCARE, University of
Glasgow, Glasgow, UK

"hepartment of Paediatric Neurology, Red Cross War Memorial Children's Hospital, Neuroscience Institute, University of Cape Town, Cape Town,
South Africa

Isabelle Rapin Division of Child Neurology of the Saul R. Korey Depattment of Neurology, Montefiore Medical Center, Bronx, New York, USA

Bprogramme of Developmental Neurosciences, University College London National Institute for Health Research Biomedical Research Centre Great
Ormond Street Institute of Child Heaith, Department of Clinical Neurophysiotogy, Great Ormond Street Hospital for Children, London, UK
“Neurclogy Epilepsy Units “Francis Rohmer”, INSERM 1258, FMTS, Strasbourg University, Strasbourg, France

YDepartment of Clinical Neurosciences, University of Calgary, Calgary, Atberta, Canada

'*Programme of Developmental Neurosciences, University College London National Institute for Health Research Biomedical Research Centre Great
Ormond Street Institute of Child Health, Great Ormond Street Hospital for Children. and Young Epilepsy Lingticld, London, UK

17Departmem. of Neuroscience, Monash University, Melbourne, Victoria, Australia

*¥Department of Medicine, Austin Health, University of Mclbowrne, Heidclberg, Victoria, Australia

Isabelle Rapin Division of Child Neurology, Saul R. Korey Department of Neurology, and Departments of Neuroscience and Pediatrics, Albert Einstein
College of Medicine and Montefiore Medical Center, Bronx, New York, USA

Department of Biomedical and Neuromotor Sciences, University of Bologna, Bologna, Ttaly

Mnstitute of Neurological Sciences, Scientific Institute for Research and Health Care, Bologna, Ttaly

#Robert Debré Hospital, Public Hospital Network of Paris, NeuroDiderot, National Institute of Health and Medical Research, Department Medico-
Universitaire Innovation Robert-Debr¢, Pediatric Neurology, University of Paris, Paris, France

This is an open aceess article under the terms of the Creative Commons Attribution Licunse, which permits use. distribution and reproduction in any medivn, provided
the original work is properly cited.

© 2022 The Authors. Epilepsia published by Wiley Periodicals LLC on behall of International League Against Epilepsy.

1398 wileyonlinelibrary.com/journal/epi Epilepsia. 2022;63:1398-1442.



SPECCHIQ ET AlL.

Correspondence

Elaine C. Wirrell, Child and Adolescent
Neurology, Mayo Clinic, 200 First St
SW, Rochester. MN 55902, USA.

Email: wirrell. elaine@mayo.edu

Abstract

The 2017 International League Against Epilepsy classification hias-defined a three-tier
system with epilepsy syndrome identification at the third level. Although a syndrome
cannot be determined in all children with epilepsy, identification of a specific syn-
drome provides guidance on management and prognosis. In this paper, we describe
the childhood onset epilepsy syndromes, most of which have both mandatory seizure
type(s) and interictal electroencephalographic (EEG) features. Based on the 2017
Classification of Seizures and Epilepsies, some syndrome tiames have been updated
using terms directly describing the seizure semiology. Epilepsy syndromes beginning
in childhood have been divided into three categories: (1) self-limited focal epilepsies,
comprising four syndromes: sclf-limited epilepsy with centrotemporal spikes, self-
limited epilepsy with autonomic seizures, childhood occipital visual epilepsy, and
photosensitive occipital lobe epilepsy; (2) generalized epilepsies, comprising three syn-
dromes: childhood absence epilepsy, epilepsy with myoclonic absence, and epilepsy
with eyelid myoclonia; and (3) developmental and/or epileptic encephalopathies,
comprising five syndromes: epilepsy with myoclonic-atonic seizures, Lenriox-Gastaut
syndrome, developmental and/or epileptic encephalopathy with spike-and-wave acti-
vation in sleep, hemiconvulsion-hemiplegia-epilepsy syndrome, and febrile infection-
related epilepsy syndrome. We define each, highlighting the mandatory seizure(s),

Epilepsia”i—-"’”

KEYWORDS

1 | INTRODUCTION

The goal of this paper is to describe epilepsy syndromes
that begin in childhood (age 2-12 years). Additional
syndromces that have a variable age at onsct, includ-
ing in childhood, arc described in the paper on cpilcpsy
syndromes with onset at a variable age.! The childhood
onset syndromes can be broadly divided into three main
groups: (1) self-limited focal epilepsies (SeLFEs); (2) gen-
eralized epilepsy syndromes, which are thought to have
a genetic basis; and (3) developmental and/or epileptic
encephalopathies (DELs), which often have both focal
and generalized seizures, including Lennox-Gastaut syn-
drome (LGS), developmental epileptic encephalopathy
with spike-and-wave activation in sleep (DEE-SWAS),
and epileptic encephalopathy with spike-and-wave ac-
tivation in sleep (EE-SWAS), or may have generalized
scizures alonc, such as cpilepsy with myoclonic atonic sci-
zures (EMATLS), or focal/multifocal seizares alone, such as
hemiconvﬂlsion-—hemiplegia-—epilepsy syndrome (HHE)
and febrile infection-related epilepsy syndrome (FIRES).

EEG features, phenotypic variations, and findings trom key investigations.

benign occipital epilepsy, childhood epilepsy with centrotemporal spikes, continuous
spike-and-wave in sleep, eyelid myoclonia, febrile infection-related epilepsy syndrome,
hemiconvulsion~hemiplegia-epilepsy syndrome, Landau-Kleffner syndrome, Lennox-Gastaut
syndrome, myocionic absences, myoclonic atonic, Panayiotopoulos syndrome

Key Points

+ The ILAE produced a classification of epileptic
syndromes presenting in childhood

« Syndromes with onset in childhood are divided
into three categories: self-limited focal epilep-
sies, generalized epilepsies, and developmental
and/or epileptic encephalopathies

« Bach syndrome has mandatory seizure types,
EEG features, age at onsct, and findings from
key investigations

« Precise identification of an epileptic syndrome
can provide useful information on prognosis
and management

Childhood is also the typical age of onset of childhood
absence epilepsy (CAE); this syndrome is covered in a sep-
arate paper on the idiopathic generalized epilepsy (IGE)
syndromes.

' '9 "TLOT "L9NIBTS]

sdy woy p

D) PUE SULS L 34 9§ THT0Z/10/6 1] U Asmiqr] autuo A3y1 m “eLRBINgausIY0) AQ |HTL 1/ T111°01/40PALOY A3PM Al

“sduy)

Kalim K

ISUIOIT SUOUIO.) IANEL) 3{qesnjdde oy £q PoULIAOS 218 SIIIUE V() 195N Jo S| J0) AImiqr] aunuQ Aajem uo (



SPECCHIO ET AL,

= | Epilepsia

Recognition of these childhood syndromes requires
careful analysis of seizure semiology, evolution over
time, and the developmental course of the child, as well
as electroencephalographic (EEG) features (background,
interictal, and ictal patterns) and, in some cases, brain
magnetic resonance imaging (MRI) and genetic studies.
At times, childhood syndromes may have evolved from
other epilepsy syndromes or types, such as infantile epi-
leptic spasms syndrome, which may evolve to LGS, or self-
limited epilepsy with centrotemporal spikes (SeLECTS;
formerly known as benign rolandic epilepsy or benign ep-
ilepsy with centrotemporal spikes) or structural focal epi-
lepsy evolving to EE-SWAS. In other syndromes, children
with prior normal development present with a severe,
acute encephalopathy followed by drug-resistant epilepsy,
as typically seen in FIRES, or HHE. Moreover, for some
SeLFEs, there may be overlap with the IGEs or even evo-
lution to them, reflecting the patient’s underlying suscep-
tibility to epileptic seizures.**

The exact proportion of children with epilepsy who
meet criteria for a specific syndrome has not been well

TABLE 1 Childhood epilepsy syndromes

Genetic generalized epilepsies

studied prospectively; however, retrospective data suggest
that an epilepsy syndrome is identified in at least one third
of cases.™®

This paper will address the specific clinical and lab-
oratory features of epilepsy syndromes that begin in
childhood and provide rationale for any significant no-
menclature or definitional changes. Table 1 summarizes
the epilepsy syndromes, with updated nomenclature and
acronyms used in this paper.

2 | METHODOLOGY

The methodology for syndrome definitions is described in
“Methodology for Classification and Definition of Epilepsy
Syndromes with List of Syndromes: Report of the ILAE
Task Force on Nosology and Definitions.”” A working
group consisting of Task Force members with expertise in
pediatrics was convened. One member of the group was
assigned to draft a template for each proposed syndrome,
using data from a literature review through July 2019, the

Epilepsy
with

seizures

SeLECTS

Childhood epilepsy with CAE?
centrotemporal spikes, (benign)
Rolandic epilepsy, (benign)
epilepsy with centrotemporal
spikes

pdﬁlos syndrome, early EEM
enign) occipital epilepsy

Late onset (benign) occipital EMA
epilepsy or idiopathic childhood
occipital epilepsy-Gastaut type

syndromes

generalized

Formerly »
known as DEEs
Pyknolepsy, EMALS Doose syndrome
petit mal
Jeavons LGS
syndrome b
Rureau and DEE-SWAS Epileptic
Tassinari EE-SWAS encephalopathy
syndrome Landau-Kleffner with continuous
syndrome spike-and-wave
(subtype of in sleep, atypical
EE-SWAS) (benign) partial
epilepsy (pseudo-
Lennox syndrome)
FIRES o
HHE

Note: This table includes identified syndromes of this age group and not all epilepsy types.

Abbreviations: AERRPS, acule encephalitis with refractory, vepetitive partial scizures: CAE. childhood absence epilepsy; COVE, childhood occipital visual
epilepsy: DEE, developmental and/or epileptic encephalopathy; DEE-SWAS, developmental epileptic encephalopathy with spike-and-wave activation in sleep;
DESC, devastating epileptic encephalopathy in school-aged children; EEM, epilepsy with eyelid myoclonia; EE-SWAS, epileptic encephalopathy with spike-
and-wave activation in sleep; EMA, epilepsy with myoclonic absence: FIRES, febrile infection-refated epilepsy syndrome; HHE, hemiconvulsion-hemiplegia-
epilepsy syndrome; LGS, Lennox—-Gastaut syndrome; POLE, photosensitive occipital lobe epilepsy: SeLEAS, sell~limited epilepsy with aulonomic seizures;

SeLECTS, self-limited epilepsy with centrotemporal spikes.
CAE is addressed in the paper on idiopathic generalized epilepsies.’

I ‘9 ‘TTOT "L9L1BLST

3 K 19TL1"19/1111°01p0p w0 Aapa &

;
i
d
i
:
|
i
s
i
i
.z
E
i
|
¢
[



SPECCHIO BT AL,

most recent edition of “Epileptic Syndromes of Infancy,
Childhood and Adolescence.”® and current criteria listed
on www.cpilepsydiagnosis.org, which was circulated to
all members. Every draft was discussed at either an on-
line or an in-person meeting of Task Force members and
modified based on further input and clinical experience of
Task Force members, together with additional literature
searches.

For each syndrome, mandatory features (must Dbe
present for diagnosis) and exclusionary features (must
be absent for diagnosis) were proposed, along with alerts
(fcatures that arc abscent in the vast majority of cases, but
rarely can be seen). Alerts should lead to caution in di-
agnosing the syndrome and consideration of other condi-
tions. A Delphi process was then undertaken, surveying
all Task Force members, in addition to recognized external
experts in pediatric epilepsy, from all International League
Against Epilepsy (ILAE) regions (Europe. Oceania/Asia,
North America, Latin America, Africa, and the Eastern
Mediterranean region), to reach consensus.

Epilepsia-—

For each syndrome, the core diagnostic criteria, along
with a summary of other features, are provided. Based on
the Delphi process, tables with the mandatory and exclu-
sionary criteria and alerts for each syndrome are provided
at the end of the article.

Proposed syndromes are subdivided into (1) SeLFEs
of childhood, (2) genetic gencralized epilepsies, and (3)
developmental and/or epileptic encephalopathies of
childhood.

3 | SELF-LIMITED FOCAL
EPILEPSIES OF CHILDHOOD

Focal epilepsies with onset during childhood are often
self-limited and usually of unknown cause.*® Many
self-limited childhood focal epilepsies have a character-
istic electroclinical presentation and fall within one of
the SeLFE syndromes (Figure 1). These conditions have
been referred to in the past as “benign” or “idiopathic.”

Self-Limited
Epilepsy with
Centrotemporal
Spikes {SeLECTS)

Self-Limited
Epilepsy with
Autonomic Seizures
[ (SelEAS)
| ;

kanée 1-14 years (usual 3-6 ye

~ Multifocal high voltage sp

Childhood Occipital
Visual Epilepsy (COVE)

- Age-dependent occurrence ,

- Antecedent history is usually unremarkable.

- Cognition and neurological examination normal
- Remission usually occurs by | i :
-Classical seizure serniology

- Specific EEG features

nsitive Ocelpital
Epilepsy (POLE)

FIGURE 1

Self-limited focal epilepsies of childhood (SeLFE) syndromes are a group of conditions characterized by age-dependent

occurrence in otherwise normal children. Cognition and neurological evaluation are typically normal. Remission occurs in almost all
patients by puiberty. Presumed genetic factors have an important role. Seizure semiology and electroencephalographic (EEG) features are
specific for each of the syndromes included in this group. Within the SeLFEs. we recognize two levels of syndromes, based on the long-
term prognosis. The first subgroup (Group 1) includes two syndromes: the former syndromes of childhood epilepsy with centrotemporal
spikes or benign epilepsy of childhood with centrotemporal spikes or benign Rolandic epilepsy, now renamed as self-limited epilepsy with

centrotemporal spikes; and of Panayiotopoulos syndrome or early onset benign occipital epilepsy, now renamed as self-limited epilepsy with
autonomic seizures. The second subgroup (Group 2) includes two syndromes: the former syndromes of late onset benigh occipital epilepsy
or Gastaut syndrome or idiopathic childhood occipital epilepsy-Gastaut type, now renamed as childhood occipital visual epilepsy; and of
idiopathic photosensitive occipital lobe epilepsy. now renamed as photosensitive occipital lobe epilepsy. In Group 1, remission is expected in
all cases. In Group 2, remission is highly likely; however, a few patients may have persistence of seizures after adolescence. In the figure are
represented the age at onset and EEG findings for each of the syndromes
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The term “benign” is no longer recommended, as it fails to
acknowledge the comorbidities present in some individu-
als, The term “idiopathic epilepsy” is now restricted to
describing the four syndromes termed the idiopathic gen-
eralized epilepsies. Given the typical evolution of these
conditions, with age-dependent onset and remission, it
has been proposed to use the term “self-limited” when re-
ferring to such epilepsies.’ The Nosology and Definitions
Task Force of the ILAE proposes the term “self-limited

focal epilepsies of childhood” to encompass this group of

epilepsy syndromes.

Presumed genetic factors play an important ctio-
logical role, as supported by the higher incidence of a
positive family history of epilepsy and age-dependent,
focal EEG abnormalities. However, no specific genetic
variants have been identified so far. Rarely, genetic vari-
ants may be associated with more severe phenotypes of
these syndromes (i.e., GRIN2A in SeLECTS evolving to
EE-SWAS).'13

The SeLFEs account for up to 25% of all pediatric epi-
lepsies.'®*” These syndromes share the following features:

1. Age-dependent occurrence, specific for each syndrome.

2. No significant structural lesion of the brain.

3. Birth, nconatal, and antcccdent history is usually
unremarkable.

4. Cognition and neurological examination are typically

normal.

. Remission usually occurs by puberty.

Pharmacoresponsiveness if treated.

. Genetic predisposition for the EEG trait.

. Classic seizure semiology for each syndrome. Seizures
are focal motor or sensory with or without impaired
awareness and may evolve to bilateral tonic-clonic
seizures.

9. Specific EEG features: epileptiform abnormalities with
distinctive morphology and location {(dcpending on the
cpilepsy syndrome), often activated with sleep. The
EEG has a normal background.

® N o Ww

In most cases, children with SelLFEs have features
characteristic of one specific syndrome. However, some
have a mixed picture, or may evolve from one syndrome
to another over time.'® Furthermore, rare cases also show
overlap with the IGEs.>*

Within the SeLFEs, we recognize two levels of syn-
dromes, based on the long-term prognosis.

The first subgroup includes two syndromes:

1. Sclf-limited cpilepsy with centrotemporal  spikes
(SeLECTS; formerly called childhood epilepsy with cen-
trotemporal spikes, benign epilepsy of childhood with
centrotemporal spikes, or benign Rolandic epilepsy).

2. Self-limited epilepsy with autonomic seizures (SeLEAS;
formerly called Panayiotopoulos syndrome or early
onsct benign occipital epilepsy).

The second subgroup includes two syndromes:

1. Childhood occipital visual epilepsy (COVE; formerly
called late onset benign occipital epilepsy, Gastaut
syndrome, or idiopathic childhood occipital epilepsy-
Gastaut type; rare cases may begin around puberty/
adolescence).

2. Photosensitive occipital lobe cpilepsy (POLE; formerly
called idiopathic photosensitive occipital lobe epilepsy).

In the first group, remission in both SeLECTS and
SeLEAS is expected in all cases by adolescence, and if
treatment is started it should not be continued beyond
that age.

In COVE and POLE, the remission is highly likely;
however, a few patients may experience a persistence of
seizures after adolescence. Chronic treatment with anti-
seizure medications (ASMs) is often prescribed. In most
cases, ASMs can be successfully discontinued without sei-
zure recurrence; however, rare cases may require a longer
duration of ASM trcatment.

All the above nomenclature changes were carefully
evaluated by our working group. The main goal was to
have a uniform classification and terminology for the self-
limited childhood focal epilepsy syndromes. Our aim was
to improve diagnosis and management of these epilepsy
syndromes, for both counseling and treatment purposes.

3.1 | Self-limited epilepsy with
centrotemporal spikes

ScLECTS is a sclf-limited epilepsy syndrome, formerly
known as benign Rolandic epilepsy or benign epilepsy
with centrotemporal spikes, which begins in children
in their early school years (Table 2).)% Seizures are
often brief, and typically involve focal clonic or tonic
activity of the throat/tongue and one side of the lower
face, which may then evolve to a focal to bilateral
tonic-clonic seizure. This epilepsy syndrome occurs in
children who are otherwise neurologically and cogni-
tively normal, and imaging studies, if done, show no
causal lesion. The EEG shows a normal background
with high-amplitude centrotemporal sharp-and-slow-
wave complexes, which are activated in drowsiness
and slcep.?” Scizurces ccase by puberty. The finding of
a positive Tamily history and focal EEG abnormalities
in family members supports underlying genetic factors
contributing to the etiology of SeLECTS. %
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TABLE 2 Self-limited epilepsy with centrotemporal spikes

Seizures

EEG

Age at onset

Mandatory

Focal seizures with dysarthria,
sialorrhea, dysphasia, and unilateral
clonic or tonic-clonic movement of
mouth in wakefulness or sleep and/
or nocturnal focal to bilateral tonic-
clonic seizures in sleep only

If seizures occur during sleep, they are
seen within 1 h of falling asleep or
1-2 h prior to awakening

High-amplitude, centrotemporal
biphasic epileptiform abnormalities

Alerts

Focal motor or generalized
convulsive status epilepticus
>30 min

Usual seizure frequency more
than daily

Daytime seizures only

Sustained focal slowing not
limited to the postictal phase

Persistently unilateral
centrotemporal abnormalities
on serial EEGs

Lack of sleep activation of
centrotemporal abnormalities

>12 years

Epilepsia-*

Exclusionary;' o

Generalized tonic-clonic seizures
during wakefulness

Atypical absences

Seizures with gustatory hallucinations,
fear, and autonomic features

<3 years or >14 years

Development Moderate to profound inteflectual Neurocognitive regression with a

at onset disability continuous spike-and-wave pattern

in sleep (suggests EE-SWAS)

Neurological Hemiparesis or focal neurological

exam findings, other than Todd

paresis

Imaging Causal lesion on brain MR1
Course of Remission by mid to late adolescence Neurocognitive regression with a

illness No developmental regression continuous spike-and-wave pattern in

sleep suggests evolution to EE-SWAS

An MRI is not required for diagnosis but should be strongly considered in cases with alerts.

An ictal EEG is not required for diagnosis.

Syndrome without laboratory confirmation: In resource-limited regions, Sel.ECTs can be diagnosed without EEG and MR1 in children
without alerts who mieet all other mandatory and exclusionary criteria.

Note: Alert criteria are absent in the vast majority of cases. but rarely can be seen. Their presence should result in caution in diagnosing the syndrome and

consideration of other conditions.

Abbreviations: ELG, clectroencephalogram; EE-SWAS, epileptic encephalopathy with spike-and-wave activation in slecp; MRI, magnctic resonance imaging;

SeLECTs, self-limited epilepsy with centrotemporal spikes.

3.1.1 | Epidemiology

Sel.LECTS is the most frequent Sel.LFE and accounts for
approximately 6%-7% of all childhood epilepsies.”®® lts
incidence is approximately 6.1 per 100 000 children aged
<16 years per year.z“'25

3.1.2 | Clinical context

The age at onset is usually between 4 and 10 years (range
= 3-14 years) in 0% of patients, with a peak at approxi-
matcly 7 years.”® Both scxcs arc affected, with a slight
male predominance (60%).7>272

Antecedent, birth, and neonatal history is typically
normal. A history of febrile seizures is seen in 5%-15%

of cascs. Rarcly, a history of ScLEAS may be present.®
Development, cognition, neurclogical examination,
and head size prior to seizure onset are typically nor-
mal. SeLECTS may be seen in children with a history
of prior neurological injury or intellectual disability,
but these features are considered coincidental and not
causal. Prior to epilepsy onset, attention-deficit/hyper-
activity disorder and specific cognitive function deficits,
mainly related to language and executive function, may
be seen. ™’

3.1.3 | Course of illness

Seizures usually resolve by puberty but can occasion-
ally continue until 18 years of age.’' While the epilepsy
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» LEpilepsia

is active, behavioral and neuropsychological deficits
may rarely emerge or worsen, particularly in language
and executive functioning.’*** These deficits often
improve or resolve with age.* The social outcome in
adults is very good. Seizures typically respond well to
ASM. The prognosis for seizure remission is excellent
even for those whose seizures are initially difficult to
control.*®

3.14 | Seizures

Focal seizures with characteristic frontoparietal oper-
cular features and/or nocturnal bilateral tonic-clonic
seizures are mandatory for diagnosis. Seizures are brief,
typically <2-3 min, usually few in number (most chil-
dren have fewer than 10 lifetime seizures), and may
occur sporadically, with frequent seizures seen over a
few days or weeks and then several months passing be-
fore the next seizure.

Characteristic semiology of the focal seizures in-
cludes (1) somatosensory symptoms, with unilateral
numbness or paresthesia of the tongue, lips, gums,
and inner check?’; (ii) orofacial motor signs, spccif-
ically tonic or clonic contraction of onc side of the
face, mouth, and tongue, then involving one side of the
face; (iii) speech arrest—children have difficulty or are
unable to speak (dysarthria or anarthria) but can un-
derstand language; and (iv) sialorrhea, a characteris-
tic ictal symptom—it is unclear whether this is due to
increased salivation, swallowing disturbance, or both.
In some cases, focal seizures in sleep evolve rapidly to
tonic-clonic activity of the ipsilateral upper limb, to an
ipsilateral hemiclonic seizure, or to a focal to bilateral
tonic~clonic seizure. Todd paresis may occur postic-
tally. In nocturnal seizures, the initial focal component
may often not be witnessed.

Scizures occur during sleep in 80%-90% of paticnts and
only while awake in <20% of children.’” In seizures asso-
ciated with SeLECTS, cognitive (e.g., gustatory hallucina-
tions), emotional (e.g., fear), and autonomic features are
not seen. Moreover, focal motor or focal to bilateral tonic-
clonic status epilepticus, defined as seizure persisting for
>30 min, is rare’” and, if present, should lead to review
of the diagnosis. The occurrence of atypical absence sei-
zures, focal atonic seizures, and focal motor seizures with
negative myoclonus with loss of balance and falls should
suggest evolution to EE-SWAS, and evidence of cognitive
impairment or regression should be sought.

Generalized tonic-clonic scizurcs, as distinct from
focal to bilateral tonic—clonic seizures, during wakeful-
ness are exclusionary, but may be difficult to differentiate
clinically.

3.1.5 | Electroencephalogram
Background activity is typically normal, with the presence
of normal sleep architecture. If sustained focal slowing
without centrotemporal spikes or diffuse slowing is re-
corded, another epilepsy syndrome or a structural lesion
should be considered, and brain imaging is recommended.
High-amplitude (>200 pV, peak to trough),”® centro-
temporal sharp-and-slow-wave complexes that activate in
drowsiness and sleep are mandatory for diagnosis. They
are triphasic, high-voltage (100-300 pV) sharp waves (ini-
tial low-amplitude positivity, then high-amplitude nega-
tivity followed again by low-amplitude positivity), with a
transverse dipole (frontal positivity, temporoparietal neg-
ativity), often followed by a high-voltage slow wave.*"*
The abnormalities may be isolated or occur in trains of
doublets and triplets, and focal, rhythmic, slow activity
is occasionally observed in the same region as the spikes.
The abnormalities may be unilateral or bilateral and in-
dependent (Figure 2A). There may be abnormalities seen
outside the centrotemporal region (midline, parietal, fron-
tal, occipital). If a continuous spike-and-wave pattern is
present in sleep, the child should be evaluated for progres-
sive language or cognitive impairment or regression. This
EEG pattern should only lead to a diagnosis of EE-SWAS
if developmental plateauing or regression is present.?#
A marked increase in the frequency of epileptiform ac-
tivity in drowsiness and sleep is typical. The EEG pattern
may also change such that sharp waves or spike-and-wave
complexes have a broader field and become bilaterally
synchronous (Figure 2B). In 10%-20% of children, centro-
temporal sharp waves or spike-and-wave complexes may
be activated by sensory stimulation of the fingers or toes.*!
Seizures are typically infrequent; it is rare to obtain an
ictal recording, and there are few published reports in the
literature.** Seizures may be accompanied by a brief de-
crease in amplitude of the background EEG, followed by
diffusc sharp wave abnormalities of increasing amplitude,
predominantly in one centrotemporal region,* followed
by high-amplitude slowing and then a return to the usual
interictal EEG (Figure 2C). With focal to bilateral tonic-
clonic seizures, ictal rhythms may become bilaterally
synchronous (as opposed to generalized) sharp wave or
spike-and-wave activity,***

3.1.6 | Imaging

Neuroimaging is normal or may show nonspecific find-
ings. 1f the clectroclinical diagnosis of SeLECTS is made
and there are no atypical features, neuroimaging is not
required. If there are clinical, developmental, or EEG
features or evolution inconsistent with this diagnosis,
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neurcimaging should be considered. Nonspecific MRI
findings, such as hippocampal asymmetry, white matter
abnormalities, and enlargement of the lateral ventricles,
should not exclude a diagnosis of SeLECTS.* Patients with
focal epilepsy due to structural abnormalities such as focal
cortical dysplasia, heterotopia, or low-grade brain tumors
may mimic SeLECTS but usually show atypical features
such as unilateral EEG abnormality or drug resistance.

3.1.7 | Genetics

Genetic factors play an important etiological role, as sup-
ported by the higher incidence of a positive family history
for epilepsy or febrile seizures, and age-dependent, focal
EEG abnormalitics in the relatives of SeLECTS patients.
Siblings may show the EEG trait of centrotemporal abnor-
malitiesin an age-dependent, autosomal dominant fashion
without clinical seizures.* However, the clinical epilepsy
syndrome is likely complex in inheritance, as pedigrees
with multiple individuals with SeLECTS are very rare.*
At this time, there are no identified pathogenic gene vari-
ants found in most children with SeLECTS. Heterozygous
pathogenic variants in GRIN2A can be found in individu-
als with ScLECTS, who may show cvolution to EE-SWAS,
with associated language and cognitive impairment.'**
Also, copy number variants have been detected in rare
cases.*” Other genetic etiologies such as fragile X syn-
drome (FraX) should be considered.

3.1.8 | Differential diagnosis

Other epilepsies:

+ DEE-SWAS or EE-SWAS: Patients with DEE-SWAS
may present with similar scizures but can be dis-
tinguished by cognitive and language regression.
Children with Sel.ECTS may rarely evolve to this
syndrome.

« Focal seizures due to structural brain abnormality.

« Other SeLFEs: The morphology of the EEG abnor-
malities in the various SeLFEs may overlap, and their
seizure localization may change with age. If patients
present with prolonged focal nonmotor seizures with
prominent autonomic features, especially ictal vomit-
ing, SeLEAS should be considered.

« FraX should be excluded in males with intellectual im-
pairment, as EEG changes in FraX may mimic those
seen in ScLECTS.*®% In FraX, scizurcs arc most com-
monly tocal impaired awareness seizures, and less likely
focal motor without impaired awareness or focal to bi-
lateral tonic—clonic seizures.

Epilepsia

3.2 | Self-limited epilepsy with
autonomic seizures

ScLEAS, formerly known as Panayiotopoulos syndrome
or early onset benign occipital epilepsy, is characterized
by the onset in early childhood of focal autonomic sei-
zures that are often prolonged. EEG shows high-amplitude
(>200 uV, peak to trough)®® focal spikes with variable lo-
calization that are typically activated by sleep. Seizures are
infrequent in most patients, with 25% only having a single
seizure. The epilepsy is self-limited, with remission typi-
cally within a few years from onset.”™ The mean duration
of the disease is approximately 3 years (Table 3).>

3.2.1 | Epidemiology

The prevalence of Sel.EAS depends on the age range stud-
ied. 1t accounts for 5% of childhood epilepsies between 1
and 14 years®' and 13% of childhood epilepsies between 3
and 6 years.’? SeLEAS is the most common cause of afe-
brile nonconvulsive status epilepticus in childhood.>

3.2.2 | Clinical context

The usual age at onset is between 3 and 6 years (70% of
cases), and ranges from 1 to 14 years.™ Both sexes are af-
fected equally. Antecedent and birth history is normal. A
history of febrile seizures is seen in 5%-17% of patients.
Head size and neurological examination are normal.
Development and cognition are normal.>'*>3

3.2.3 | Course of illness

Scizure frequency is typically low, with approximately
25% of children having a single scizurc only, and the
majority having fewer than five seizures in total.”’
Seizures typically remit within 1-2 years, with normal
neurodevelopment, although approximately 20% of
patients may cvolve to other SeLFEs, most commonly
SeLECTS.” Rarely, SeLEAS may evolve to EE-SWAS.

3.2.4 | Seizures

Focal autonomic seizures, with or without impaired
awareness, are mandatory for diagnosis. Autonomic
fcaturcs at onsct may vary, but most frequently include
retching, pallor, flushing, nausea, malaise, or abdominal
pain. Vomiting, the most common autonomic manifesta-
tion, occurs in approximately 75% of children and leads
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Epilepsia-~

FIGURE 2 Self-limited epilepsy with centrotemporal spikes. Interictal and peri-ictal electroencephalographic (EEG) patterns seen in a
g-year-old child are shown. (A) Awake LLEG showing high-amplitude, spike-and-wave abnormalities over C4 and T4 electrodes, in the right
centrotemporal region. Abnormalities are isolated or occur in brief sequences. Synchronous or asynchronous stereotypic spikes are seen
also over the left central region or over the anterior vertex. (B) Sleep EEG shows an increase in interictal epileptiform abnormalities and

a higher amplitude. (C) Peri-ictal EEG. Repetitive spike-and-wave abnormalities are evident over right central and temporal regions. This
activity suddenly disappears, and over the right central and temporal vegion there is low-voltage fast activity that increases in amplitude and

decreases in frequency

TABLE 3 Self-limited epilepsy with autonomic features

Mandatory

Scizures Focal autonomic scizures, with or without

impaired awareness
Autonomic symptoms often involve

prominent retching and vomiting,
but may also include malaise, pallor,
flushing, abdominal pain, and pupillary or
cardiorespiratory changes

EEG High-amplitude, focal or multifocal
epileptiform abnormalities that increase
in drowsiness and sleep

Age at onset

Development
at onset

Neurological
exam

Imaging

Coursc of Remission by early to mid adolescence
illness No developmental regression

Alerts : Bxglusio;iary v

Seizure frequency greater
than monthly

Sustained focal slowing not
limited to the postictal
phase

Unilateral focal abnormalities
in a consistent focal area
across serial EEGs

<3 years or >8 years <1 year or >14 years
Moderate to profound Neurocognitive regression with
intellectual disability d-continuous spike-and-wave
pattern in sleep (suggests
EE-SWAS)

Hemiparesis or focal
neurological findings,
other than Todd paresis
Causallesion on brain'MRI
Neurocognitive regression with
a continuous spike-and-wave
pattern in sleep suggoests
evolution to EE-SWAS

An MRI is not mandatory for diagnosis but should be done in the presence of any alerts.

An ictal EEG is not required for diagnosis.

Syndrome without laboratory confirmation: In resource-limited regions, at a minimum, an interictal EEG is required to confidently

diagnose this syndrome.

Note: Alcrt criteria are absent in the vast majority of cases, but rarcly can be scen. Their presence should result in caution in diagnosing the syndrome and

vansideration of other conditions.

Abbreviations: EEG, electroencephalogram: EE-SWAS, epileptic encephalopathy with spike-and-wave activation in sleep; MRI, magnetic resonance

imaging.

to misdiagnosis of acute gastroenteritis or migraine.
Additional autonomic features include pupillary (e.g.,
mydriasis), temperature, and cardiorespiratory (breath-
ing, pallor, cyanosis, and heart rate) changes. Syncope
may rarcly occur. Scizures frequently evolve with cyc and/
or head deviation, gencralized hypotonia, and focal clonic

(hemiclonic) or focal to bilateral tonic-clonic seizure
activity. Awareness is usually preserved at seizure onset
and may fluctuate in degree of impairment as the seizure
progresses. More than 70% of seizures occur from sleep.
Scizures arc often prolonged and can last longer than
30 min."’
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“ | Epilepsia
3.2.5 | Electroencephalogram

The background activity is normal. If persistent focal
slowing is present, a structural brain abnormality should
be sought as an alternative etiology. Diffuse slowing is not
seen except in the postictal period.

Multifocal, high-voltage sharp waves or spike-and-
wave complexes are typically seen, often over the posterior
regions at disease onset. Abnormalities may show marked
variability in terms of localization in sequential EEGs, and
the predominance of abnormalities might move to either
centrotemporal region or frontopolar region. Generalized
abnormalities may also be seen.” EEG abnormalities are
activated both by sleep deprivation and by sleep, when
abnormalities often have a wider field and may be bilat-
erally synchronous (Figure S1A,B). Eye closure (climina-
tion of central vision and fixation-off sensitivity) typically
activates posterior abnormalities, but this finding is not
pathognomonic of this syndrome.

If seizures are recorded, ictal onset varics, but most
have posterior onset. The ictal pattern shows rhythmic
slow activity intermixed with small spikes and/or fast ac-
tivity (Figure S1C).™

3.2.6 | Imaging

Neuroimaging, if performed, shows no causal lesion. MR
should be considered in cases with recurrent seizures or
atypical presentations. Nonspecific MRI findings should
not exclude a diagnosis of SeLEAS.

3.2.7 | Genetics

SeLEAS is probably genetically determined; however, no
causative gene variants have been detected so far. There is
a higher prevalence of febrile scizures in first-degrec rela-
tives and case reports of siblings with other Sel,FEs.'®%
There is no clear indication to perform genetic testing in
most patients; however, rare cases with SCNIA patho-

genic variants have been reported.”™'

3.2.8 | Differential diagnosis
Other epilepsies:

« Focal seizures due to structural brain abnormalities.
Temporal lobe epilepsy in carly childhood and structural
occipital epilepsies may present with ictal vomiting,

+ SeLECTS should be diagnosed if seizures have promi-
nent frontoparietal-opercular features.

« COVE is distinguished by prominent visual symptoms,
as opposed to autonomic features.

Familial focal epilepsy with variable foci. Different focal
epilepsies occur in other family members, but SeLEAS
is not usually seen.

Other conditions:

+ Migraine-associated disorders such as benign paroxys-
mal vertigo.

+ Syncope.

» Other medical disorders associated with intermittent
vomiting.

3.3 | Childhood occipital visual epilepsy
COVE syndrome, formerly known as late onset benign oc-
cipital epilepsy, Gastaut syndrome, or idiopathic childhood
occipital epilepsy-Gastaut type, begins in later childhood
and is self-limited in the majority of patients. This syndrome
oceurs in developmentally normal children, with frequent,
brief seizures during wakefulness, with visual phenomena
without altered awarencss, which arc often followed by
hcadaches with migrainous features. Seizures may be con-
trolled, and remission of seizures often, but not invariably,
oceurs within 2-7 years from onset (Table 4).%

3.3.1 | Epidemiology
COVE has a prevalence of 0.3% of children with newly di-
agnosed, afebrile seizures,?

3.3.2 | Clinical context

Age at onsct is typically at 8-9 ycars, with a range from
1 year to 19 years.”® Both sexes are equally affected.
Antecedent and birth history is normal. Patients have nor-
mal development and cognition, although mild cognitive
impairment has been described. Head size and neurologi-
cal examination are normal %

3.3.3 | Course of illness

Remission oceurs in 50%-80% of patients by puberty with
or without administration of ASM.5>% Seizures are often
responsive to ASM. Remission is more likely in the 90%
of patients who only have focal seizures.* Occurrence of
bilateral tonic—clonic seizures is associated with a lower
rate of remission. Development usually remains normal.
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TABLE 4 Childhood onset visual epilepsy

Mandatory

Focal sensory visual scizures with
elementary visual phenomena
(multicolored circles), with or without
impaired awareness, and with or
without motor signs (deviation of the
eyes ot turning of the head)

Seizures arise predominantly or
exclusively from wakefulness

Scizures

EEG Occipital spikes or spikes-and-wave
abnormalities (awake or sleep)
Age at onset
Development
at onset

Neurological
exam

Imaging
Course of
illness

An MRI is required for diagnosis to exclude a causal esion.
An ictal EEG is not required for diagnosis.

Alerts

Prolonged scizure Jasting >15 min
GTCS during wakefulness

<6 years >14 ycars

Intellectual disability

Any significant neurological
cxamination abnormality

Epilepsia-~

Exclusionary .

Drop (tonic or atonic) seizures
Atypical absences

Progressive myoclonus

Sustained focal slowing not limited
to the postictal phase

<1 year or >19 years

Neurocognitive regression

Persistent visual field deficit

Causal lesion on brain MRI
Cerebral occipital lobe
calcifications
Neurocognitive regression
Development of myoclonic
seizures, ataxia, spasticity

Syndrome without laboratory confirmation: In resource-limited regions, at a minimum, an interictal EEG and MR1 are required to

confidently diagnose this syndrome.

Note: Alert eriteria arc absent in the vast majorily of cases, but rarcly can be scen. Their presence should result in caution in diagnosing the syndrome and

consideration of other conditions.

Abbreviations: CEG, electroencephalogram; GTCS, generalized tonic-clonic seizures: MRT, magnetic resonance imaging.

3.34 | Seizures

Focal sensory visual scizures during wakefulness are
mandatory for diagnosis. They have abrupt onset, are
brief (typically seconds, most lasting <3 min, rarely up to
20 min), and frcquent without trecatment. Typically, cle-
mentary visual phenomena occur, described as small mul-
ticolored circles seen in the peripheral vision, increasingly
involving more of the visual field and moving horizontally
across to the other side. This may be followed by deviation
of the eyes or turning of the head (to the side ipsilateral to
the hemisphere of scizure onset).*’

Other features consistent with occipital lobe onset
may occut, including ictal blindness, complex visual hal-
lucinations or illusions (such as palinopsia, micropsia,
metamorphopsia), orbital pain, eyelid fluttering, or re-
peated eye closure.®*® The seizure may spread outside
the occipital lobe, resulting in hemiparesthesia, impaired
awareness (14%), and hemiclonic (43%) or focal to bilat-
eral tonic—clonic (13%) seizure.®® Typical absence seizures
may rarely occur in some patients after onset of the focal
sensory seizures.”

There may be ictal or postictal headache, nausea, or
vomiting. Postictal headache with migrainelike features is
common (in 50% of patients) and may be associated with
nausea and vomiting.

3.3.5 | Electroencephalogram
The background activity is normal. Interictal occipital
sharp waves or spike-and-wave complexes are typically
seen but may only occur in sleep. Centrotemporal, fron-
tal, or generalized abnormalities are also present in 20% of
cases.”! Fixation-off sensitivity (facilitation of epileptiform
abnormalities with elimination of central vision) is seen in
20%-90% of patients but is not pathognomonic of this syn-
drome.?***? EEG abnormalities are enhanced by sleep
deprivation and sleep (Figure S2A,B). COVE may rarely
evolve to EE-SWAS; therefore, if cognitive regression oc-
curs, a sleep EEG should be performed.

At ictal onset, there is a decrease in the usual back-
ground occipital spikes or spike-and-wave complexes with
the sudden appearance of unilateral occipital fast rhythms
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with spikes of low amplitude. There may be slower spike-
and-wave abnormalities during oculoclonic seizures or
ictal blindness (Figure $2C).**%

3.3.6 | Imaging
Neuroimaging is normal. Brain MRI is required to exclude
a structural brain abnormality.”

3.3.7 | Genetics

Genetic testing is not required, as there are no genesiden-
tified for this epilepsy syndrome. 1t is presumed that the
etiology is genetic, and likely complex/polygenic in inher-
itance.® A family history of febrile scizures or epilepsy
occurs in up to one third of cases, and a family history of
migraine is reported in 9%-16% of cases."*%*

3.3.8 | Differential diagnosis

Other cpilepsies:

» Focal seizures due to a structural brain abnormality.

+ Celiac disease, epilepsy, and cerebral calcification syn-

drome is distinguished by occipital lobe calcification,

best seen on brain computerized tomography scan.

Mitochondrial encephalomyopathy, lactic acidosis, and

strokelike episodes (MELAS).

» Lafora disease is distinguished by the presence of re-
gression, prominent myoclonus, progressive ataxia, and
spasticity.

Other conditions:

« Migraine with visual aura can bc distinguished by the
more gradual development and longer duration of the
aura, and the character of the visual phenomena (linear,
zig-zag, or fortification spectral phenomena as opposed
to colored circles or light flashes that change in size or
move horizontally).

» Posterior reversible encephalopathy syndrome presents
with acute symptomatic seizures, which resotve with
control of hypertension.

3.4 | Photosensitive occipital
lobe epilepsy

POLE is a rare epilepsy syndrome that has onset in child-
hood and adolescence and is characterized by the presence

of photic-induced, focal seizures involving the occipital
lobe in individuals with normal development, neurologi-
cal examination, and intellect (Table 5). At seizure onset,
the patient experiences a visual aura with involuntary
head version with intact awareness. Prognosis is variable.

3.4.1 | Epidemiology

The prevalence of POLE is low. Epidemiological data are
limited. but estimates suggest that POLE accounts for
0.7% of childhood cpilepsics.”

3.4.2 | Clinical context

Age at onset is between 1 and 50 years, but is most com-
monly between 4 and 17 years (mean = 11 years), al-
though rare cases with adult onset are also reported.”
There is a strong female predominance.” Antecedent
and birth history is unremarkable, and development is
normal. Head size and neurological examination are
normal.

3.43 | Course of illness

Prognosis varies; some patients will have only a few sei-
zures, others have seizure remission over time, and others
continue to have photic-induced seizures.”

3.4.4 | Seizures
Photic-induced, focal sensory visual seizures (induced
for example by flickering sunlight) are mandatory for
diagnosis and the main scizure type. Young children
may find the aura hard to describe but they can some-
times draw a picture of what they see. Visual sensory
symptoms include lights, colored spots, formed visual
hallucinations, or visual blurring/loss that moves across
the visual field. There is associated head and eye version
in which the patient feels they are following the visual
phenomenon. Seizures can be induced by video games
or other photic stimuli, and in the past were often in-
duced by older analog televisions with slower frequency
outputs.77

Seizures are typically brief (<3 min), although pro-
longed seizures may occur. Seizures may progress to a
cephalic scnsation (including headache), autonomic epi-
gastric sensation or vomiting, and impaired awareness or
to a focal to bilateral tonic~clonic seizure.”*™ Infrequently,
seizures can arise frotn sleep without photic induction.
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TABLE 5 Photosensitive occipital lobe epilepsy

Mandatory

Focal sensory visual seizures (see text),
which may evolve to bilateral tonic-
clonic seizures

Seizures are triggered by photic stimuli,
such as flickering sunlight

Scizures

EEG Occipital epileptiform abnormalities
facilitated by eye closure and IPS

Age at onsct

Development at
onsct

Neurelogical
exam

Imaging

An MRI is required for diagnosis to exclude a causal lesion.
An ictal EEG is not required for diagnosis.

Alerts

Prolonged scizurces lasting >15 min

<4 yeirs or >17 yedrs

Moderate to profound intetlectual

Any significant neurological examination

Epilepsia-

. 'E)'k_clusinnary :

Eyclid myoclonia
Progressive myoclonus

Sustained focal slowing not limited to the

postictal phase

Photoparoxysmal response at slow photic

frequency (12 Hz; suggest CLN2
disease)
<1 ycar or >50 ycars
Neurocognitive
disability regression
Permanent visual field
abnormality deficit

Causal lesion. on brain

MRI

Syndrome without laboratory confirmation: In resource-limited regions, at a minimum, an EEG and MRI are required to cotifidently

diagnose this syndrome.

Note: Alert criteria are absent in Lhe vast majority of cases, but rarely can be seen. Their presence should result in caution in diagnosing the syndrome and

cousideration of other conditions.

Abbreviations: CLN2, ceraid lipotuscinosis type 2; EEG, electroencephalogram; IPS, intermittent photic stimulation; MRIE, magnetic resonance imaging.

Some patients also have focal sensory visual occipital sei-
zures without visual induction.” An overlap between this
syndrome and the IGEs is well described,””*" and thus
myoclonic, absence, and generalized tonic~clonic seizures
may also be seen. The frequency of seizures is variable.

3.4.5 | Electroencephalogram

The background EEG is normal. Interictal occipital
spikes or spike-and-wave abnormalities may be seen.
Generalized spike-and-wave complexes or centrotem-
poral spikes may coexist. Occipital spike-and-wave or
polyspike-and-wave complexes are facilitated by eye
closure and intermittent photic stimulation (Figure S3).
Generalized spike-and-wave or polyspike-and-wave (with
posterior predominance) complexes may alse occur with
photic stimulation.” Epileptiform activity is elicited by
sleep deprivation and by sleep.

Ictal onset is in the contralateral occipital lobe to the
visual tield containing the visual sensory phenomena, and
to the direction of head and cye deviation.””® Occipital
ictal patterns may spread to the ipsilateral temporal lobe
or the contralateral occipital lobe.

3.4.6 | Imaging

Neuroimaging is normal.

3.4.7 | Genetics

A family history is reported in one third of patients.”
A few familics with affccted members in multiple gen-
crations have been reported.”®28 There is considerable
overlap with the IGEs and with SeLECTS.2* No known
gene exists.

3.4.8 | Differential diagnosis

Other epilepsies:

+ Epilepsy with eyelid myoclonia (EEM) is differentiated
by the prominent eyelid myoclonia and by rhe absence
of visual hallucinations and head and eye version.

» ScLEAS is diffcrentiated by prominent dry retching/
vomiting and other autonomic features that are seen at
seizure onset.
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» COVE is distinguished by frequent focal sensory sei-
zures with visual symptoms that are not triggered by
photic stimuli.

Focal seizures due to a structural brain abnormality: If

present, focal sensory seizures with visual symptoms

are not triggered by photic stimuli.

Ceroid lipofuscinosis type 2 (CLN2) disease presents in

younger children (<5 years of age), and the EEG char-

acteristically shows a photoparoxysmal response at low
frequencies (1-3 Hz). Children have progressive cogni-
tive regression, ataxia, and visual loss.

« Lafora discasc prescnts with focal scnsory visual sci-
zures but is associated with a progressive myoclonic ep-
ilepsy with disabling myoclonus, cognitive impairment,
and ataxia.

Other conditions:

+ Migraine with visual aura has visual phenomena that
are longer in duration and qualitatively different (linear,
zig-zag, or fortification spectral phenomena as opposed
to colored circles or light flashes that change in size or
move horizontally).

4 | GENETIC GENERALIZED
EPILEPSY SYNDROMES OF
CHILDHOOD

Essentially all generalized epilepsy syndromes that have
onset in childhood have a genetic eticlogy. They are re-
garded as following complex inheritance, which means
they have a polygenic basis, with or without a contribu-
tion from environmental factors. Among the genetic
generalized epilepsies with onset in childhood, the most
common and best delineated is the IGE syndrome of
CAE, which is discussed in the IGE paper.’ Recent studies
have highlighted that some IGE syndromes may also be
due to monogenic disorders such as glucose transporter 1
(GLUT?1) deficiency syndrome.®> Genetic etiologies such
as Angelman syndrome or 15q inversion-deletion are
important causes of the more severe DEESs, and typically
arise de novo in the patient.

Other childhood genetic generalized epilepsy syn-
dromes include two distinct syndromes, epilepsy with
myoclonic absence (EMA) and epilepsy with eyelid myoc-
lonia (EEM). These syndromes have a more variable prog-
nosis than CAE, with a higher proportion of cases having
drug-resistant seizures and more frequent cognitive co-
morbidities. Although there is often a positive family his-
tory of epilepsy, the type of cpilepsy in family members
may include IGE syndromes as well as genctic epilepsy
with febrile seizures plus. Epilepsy with myoclonic-atonic
seizures (EMALS) is also a generalized epilepsy syndrome

that is classified under the DEEs, as children typically
show developmental stagnation or regression during the
period of frequent seizures. See Figure 3.

4.1 | Epilepsy with eyelid myoclonia

41.1 | Overview

This syndrome (previously known as Jeavons syndrome)
is characterized by the triad of frequent eyelid myoclo-
nia, with or without absences, induced by eye closure and
photic stimulation. Eyelid myoclonia is often most promi-
nent on awakening (Table 6).

A subgroup of patients with EEM have prominent
photic induction of eyelid myoclonia (with or witheut
absence), and absence or myoclonic seizures.* This sub-
group has previously been referred to as “sunflower syn-
drome,” due to sun-seeking behavior, as they may tum
their faces to the sun as a light source at seizure onset.*”
This subgroup can be termed “EEM with prominent pho-
tic induction.”

4.1.2 | Epidemiology

This syndrome is rare, and there are no population-based
studies on incidence. Several studies from epilepsy centers
have shown that it accounts for 1.2%~2.7% of all epilepsy

88,89
cases seen. ¥

4.1.3 | Clinical context

The peak age at onset is 6-8 years, with a range of
2-14years.* ¥ Thereisa 2:1 female:male predominance ¥
Antccedent and birth history is normal. Development and
cognition arc oftcn normal, although individuals with bor-
derfine intellectual functioning and intellectual disability
are seen. In the subgroup with prominent photic induction,
approximately half have intellectual disability or attentional
problems, which may become more apparent with age.*’
Neurological examination is normal.

4.1.4 | Course of illness

EEM is often, but not invariably, drug-resistant.’>%
Generalized tonic-clonic seizures are often controlled
with ASMs, whercas cyelid myoclonia are not fully con-
trolled. In adult life, eyelid myoclonia alone may not be
associated with EEG change, and thus represents a move-
ment disorder.”® EEM is often a life-long condition.***
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Childhood .-
Absence
Epilep;sy: T

Epilepsy with
Eyelid Myoclonia

Uncertain prognosis

——
L DEE )1
Epilepsy with
Mpyaoclonic-Atonic

- Genetic etiology (complex inheritance)
- Positive family history of epilepsy
- Cognition-and neurological examination variable

- Response to drugs variable Seizures
\ - Classical seizure semiology 7
\\ - Specific EEG features /
M

FIGURE 3 Genetic generalized epilepsies of childhood are a group of conditions characterized by genetic etiology with complex
inheritance, namely, with polygenic basis. A positive family history of epilepsy is frequent. Cognition, neurological examination, and
response to drugs are variable. Seizure semiology and clectroencephalographic (EEG) features are specific for each of the syndromes
included in this group. Genetic generalized epilepsies of childhood encompass childhood absence epilepsy, which is discussed in the
paper on idiopathic generalized epilepsy syndromes,” epilepsy with eyelid myoclonia, epilepsy with myoclonic absence, and epilepsy with
myoclonic atonic seizures. Epilepsy with myoclonic absence and epilepsy with eyelid myoclonia have a variable prognosis. Epilepsy with
Myoclonic Atonic Seizures is classified under the developmental and/or epileptic encephalopathies (DEEs). as children typically show
developmental stagnation or regression. In the figure are represented the age at onset and EEG findings for each of the syndromes

In the subgroup with prominent photic induction, be-
havioral management may be important to avoid excessive
medication, but is very challenging, particularly in those
with intellectual disability. Environmental measures to re-
duce light exposure are important in these patients, which
include wearing wide-brimmed hats and wrap-atound
sunglasscs. Specific bluc lenses (Z1) may attcnuate the

photoscnsitive response in some patients.”

41.5 | Seizures

Eyelid myoclonia, consisting of briet, repetitive, and often
rhythmic 3-6-F1z myoclonic jerks of the eyelids, with
simultaneous upward deviation of the eyeballs and ex-
tension of the head, is mandatory for diagnosis. These sei-
zures are very brief (typically <1 to 3 s, always <6 s) and
occur multiple times each day, even many times per hour.
They are typically induced by involuntary or voluntary
slow cyc closurc or exposure to bright light or sunlight.”’
During cyelid myoclonia, awareness may be intact or
mildly impaired; impaired awareness may be subtie and
not recognized by the patient.

Up to 20% of patients develop eyelid myoclonic status
epilepticus, with repetitive, recurrent eyelid myoclonia
associated with mildly impaired awareness and respon-
siveness. Eyelid myoclonia may also be associated with
absence seizures, with mildly impaired awareness. In ad-
dition, some patients have typical absence setzures with-
out cyclid myoclonia.

Generalized tonic~clonic scizures occur in the majority
of cases but are usually infrequent. They may be provoked
by sleep deprivation, alcohol, or photic stimulation.

In the patients with prominent photic induction, eyelid
myoclonia (with or without absence), absence, or myoc-
lonic seizures are typically associated with behaviors such
as facing a light source and hand-waving in front of the
eyes, rubbing the forehead, going up close to an analog
television, or using other means to create a flickering ef-
fect of light.***7%® Sustained triggering can result in a gen-
eralized tonic-clonic seizure.

Febrile seizures occur in 3%-13% patients.”** Patients
may also have myoclonic and typical absence scizures cven
if at relatively lesser frequency than eyelid myoclonias. The
presence of frequent limb myoclonus should suggest an alter-
native syndrome diagnosis. Focal seizures are exclusionary.
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TABLE 6 Epilepsy with eyelid myoclonia

Alerts

Seizures

Eyelid myoclonia (sce text) Inability to induce eyelid myoclonia

Exclusionary.

Any of the following seizure types:

in the office by slow eye closure
during exposure to bright lightin  « Myoclonic-absence seizures

an untreated patient

« Focal seizures

Myoclonic jerks affecting limbs—

strongly consider IME

ulation elicits fast
2) generalized
pikes or polyspike-
wave complexes

Age at onset

Imaging

Focal neurological findings

Potentially relevant abnormal

Focal slowing
Consistently unilateral’
Generalized slow:spike
< 2.5 Hz (unlessitis's
frequency bufst)
Ditfuse background slowd
postictal period ;.
Lack of EEG corrctats

<2 years or >14 years

Abnormal neuroimaging with causative lesion

neuroimaging, excluding
incidental findings (see text)

An MR1 is not required for diagnosis.

Progressive cognitive decimﬂ gver th
epilepsy

An ictal EEG is not required for diagnosis, provided that eyelid myoclonia has been observed clinically by the diagnosing provider and the
interictal study shows fast (3-6 Hz) generalized polyspikes or polyspike-and-wave complexes induced by eye closure or intermittent
photic stimulation. However, most untreated patients will have recorded photoparoxysmal response with eyelid myoclonia on a routine

EEG performed dunng intermittent light stimulation.

_'my confirmation: In resource-limited regions, epilepsy with eyelid myoclonia Can e
datory and exclusionary clinical criteria if they have eyelid myoclonia witnessed by thi

Note: Alert criteria are absent in the vast majority of cases, but rarely can be seen. Their presence should result in caution in diagnosing the syndrome and

consideration of other conditions.

Abbreviations: EEG, electroencephalogram; IML. juvenile myoclonic epilepsy; MR1, magnetic resonance imaging.

4.1.6 | Electroencephalogram

The background activity is normal; significant EEG back-
ground slowing should suggest an alternative diagnosis.
Interictally, brief bursts of fast (3—-6 Hz) irregular gen-
eralized polyspike-and-wave complexes are frequent.
Fixation-off sensitivity, which can be induced by ecye
closure, and intermittent photic stimulation activate the
epileptiform abnormality and often elicit eyelid myoclo-
nia with/without absence seizures (Figure 4).'°'"! Young
patients typically show photic sensitivity, which becomes
less apparent with age and ASM. Similarly, sensitivity to
eye closure may reduce with age. The epileptiform activity
is also elicited by hyperventilation.

In the subgroup with photic induction, genceralized
spike-and-wave abnormalities are also provoked by
photic induction. In those patients, intermittent photic

stimulation may trigger brief eyelid myoclonia, typical ab-
sence, or myoclonic scizures.

Bursts of gencralized spike-and-wave activity often be-
come briefer and fragmented in sleep. Fragmented gener-
alized spike-and-wave complexes can appear as focal or
multifocal spike-and-wave complexes but are not consis-
tently localized to one area. The morphology of the focal
spike-and-wave complexes resembles that of the general-
ized spike-and-wave pattern.

Ictal recordings of eyelid myoclonia show high-
amplitude, irregular generalized polyspike or polyspike-
and-wave complexes, which may be followed by
rhythmic spike or polyspike-and-wave complexes at a
frequency of 3-6 Hz. Eyelid myoclonia with/without ab-
scnee is terminated with complete climination of light.
Eyelid myoclonia may or may not be associated with loss
of awareness.
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FIGURE 4 Ictal electroencephalogramn of 14-year-old patient with epilepsy with eyelid myoclonia. Background activity is normal.
Each timce the patient closces the cyes (eye closure artifact is seen), there is a generalized polyspike-and-wave discharge lasting between
6 and 8 s, clinically associated with eyelid myoclonia. During the second event, soon after eye closure, there is a fast activity discharge

that builds up

4.1.7 | Imaging
An MRI is not required with a typical clinical presenta-
tion, but it done, shows no causal abnormality.

41.8 | Genetics

This syndrome likely has shared genetic etiologies with
other idiopathic generalized epilepsies. A family history
of scizurcs or cpilepsy is present in 25%-83% of cascs,
with nearly all affected relatives having generalized sci-
zures.”>® In approximately 20% of cases, there is a fam-
ily history of an I[GE—CAE, juvenile absence epilepsy,
juvenile myoclonic epilepsy, or generalized tonic~clonic
and nearly half the patients have a family
history consistent with genetic epilepsy with febrile sei-
zures plus.”

No single pathogenic gene variant is identified in the
majority of patients. In patients with this syndrome in the
setting of a DEE, several monogenic disease genes have
been implicated, including CHD2,*? SYNGAPI'™ and
NEXMIF'™ (formerly known as KIAA2022);, some pa-
ticnts with pathogenic variants in these genes have this
syndrome without a DEE.

4.1.9 | Differential diagnosis

Other epilepsies:

« IGE syndromes with absence seizures (CAE, juvenile
absence epilepsy, and juvenile myoclonic epilepsy) may
have photosensitivity on EEG; however, prominent eye-
lid myoclonia is not seen.

« POLE presents with visually induced seizures but with-
out eyelid myoclonia.

+ Other carly onsct epilepsics with myoclonus and photo-
sensitivity,” including rarc monogenic epilepsics such
as neuronal ccroid lipofuscinosis.

Other conditions:
« Facial tics.

- Compulsive blinking.

4.2 | Epilepsy with myoclonic absence
EMA is a very rare childhood epilepsy syndrome
that presents with daily myoclonic absence scizures
(Table 7).
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| Epilepsia

TABLE 7 Epilepsy with myoclonic absences

Seizures
type (see text)

Age at onset

Imaging

Myoclonic absence scizures as predominant

: Reguiar 3-Hz generalized spike-and-wave
- pattern time-locked with myoclonic jerks

Alerts Ex /

Focal seizures
Atonic, myoclonic~atonic, or tonic
sejzures

Moderate or greater
intellectual
disability

Focal neurological
findings

Abnormal neuroimaging with causative

course ofepilepsy.

An ictal EEG is not required for diagnosis, provided that myoclonic absences have been observed clinically by the diagnosing provider
and the interictal study shows regular 3-Hz generalized spike-and-wave complexes. However, most untreated patients will have

recorded myoclonic absence seizure on routine EEG.

des.

ory confirmation: In resource-limited regions, cpilepsy with myoclonic absences can
tandatory and exclusionary clinical criteria if they have myoclonic absence seizares:wi

Note: Alert criteria are absent in the vast majority of cases, but rarely can be seen. Their presence should result in caution in diagnosing the syndrome and

consideration of other conditions.

Abbreviations: EEG, electroencephalogram; MRI, magnetic resonance imaging.

42.1 | Epidemiology

The cxact incidence is unknown. This syndromece
accounted for 0.5%-1% of all cpilcpsics obscrved
in a specialty epilepsy clinic, Saint Paul Center in
Marseille.!%

422 | Clinical context

Peak age at onset is approximately 7 years, with a range
of 1-12 years, and males are more commonly affected
(70%).1951% The antecedent and birth history is unre-

markable; however, at presentation approximately half

of patients have developmental impairment. Intellectual
disability may become evident with age, and is ultimatcly
seen in 70% of cases.'® %7 Neurological cxamination is
typically normal.

4.2.3 | Course of illness

The cvolution of EMA is variable.}%*% Remission occurs
in approximatcly 40% of patients. In the remainder, myo-
clonic absences persist, or the epilepsy may evolve with the
development of other generalized seizure types. Prognosis
is more favorable if myoclonic absence seizures are the
only seizure type and are controlled with medication.'®

424 | Seizures

Myoclonic absence seizures are mandatory for diagno-
sis.'*® Absence seizures are associated with rhythmic 3-Hz
jerks of the upper limbs, superimposed on tonic abduction
of the arms during the scizure (giving a ratcheting appear-
ance). The seizures have an abrupt onset and offset. The
patient, if standing, typically bends forward during the
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SPECCHTO ET AL.

seizure, but falling is uncommon. The myoclonic jerks
are typically bilateral and symmetric but can be unilateral
or asymmetric. Perioral myoclonia and rhythmic jerks of
the head and legs may also occur. Seizures last 10-60 s
and occur multiple times per day.'” Alertness varies
from complete loss of awareness to retained awareness.
Occasionally, autonomic manifestations, such as a change
in breathing or urinary incontinence'® or complex ges-
tural automatisms, may be seen.'”® Myoclonic absences
are the only seizure type seen in one third of patients.
Myoclonic absence status epilepticus is rare. Generalized
tonic-clonic (scen in 45%), clonic. atonic, or typical ab-
sence seizures may also occur; multiple seizure types
may indicate a more unfavorable prognosis. Only 4% of
patients also have typical absence seizures without myo-
clonic jerks. Focal seizures are exclusionary.

425 | Electroencephalogram
The background activity is normal. Occipital intermittent
rhythmic delta activity is typically not seen.® Interictal
3-Hz generalized spike-and-wave and polyspike-and-
wave abnormalitics may occur {approximatcly onc third
of cascs). Focal abnormalitics that arisc consistently from
one region should raise consideration of an alternative di-
agnosis of a structural etiology.

Generalized spike-and-wave discharges may be pro-
voked by hyperventilation, which may also trigger my-
oclonic absence seizures. Intermittent photic stimulation
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Epilepsia-—~

triggers generalized spike-and-wave abnormalities in a
minority of patients (14%). Generalized spike-and-wave
complexes are also activated by sleep deprivaticn, drows-
iness, and sleep. Similar to other generalized epilepsies,
generalized spike-and-wave complexes often become frag-
mented with sleep deprivation or sleep. The pattern may
appear as focal or multifocal spike-and-wave complexes
but is not consistently seen in a single area. The morphol-
ogy of the focal abnormalities appears similar to the gen-
eralized spike-and-wave activity.

Regular 3-Hz generalized spike-and-wave complexes
accompany myoclonic absence scizures. The 3-Hz dis-
charge is time-locked with the myoclonic jerks (Figure 5).
The electromyographic (EMG) recording shows that the

myoclonic jerks precede the marked tonic contraction of

both deltoids. %

4.2.6 | Imaging

An MRI should be considered to exclude other causes,
but if done, it should be normal or may show mild diffuse
atrophy.

4.2.7 | Genetics

A family history (usually of generalized seizures) is pre-
sent in 20% of cases. Rarely, there is a family history of fe-
brile seizures. Although EMA is considered to be genetic,
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Tctal polygraphic electroencephalographic recording in an 8-year-old child with epilepsy with myoclonic absences, showing

a paroxysmal generalized 3-Hz spike-and-wave discharge. Electromyographic channels (right and left deltoids) show bilateral myoclonic
jerks synchronous with epileptiform abnormalities, and between jerks there is a sustained increase in muscle tone
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there are only isolated case reports of specific pathogenic
genetic variants,'®'%® with most cases likely to be poly-
genic. This syndrome is presumed to have shared genetic
etiologies with the IGEs.'"!

428 | Differential diagnosis
Other epilepsies:

» CAE: Although subtle myoclonic jerks may be seen with
absences in CAE, they are low amplitude, do not have
the sustained rhythmicity, and are not associated with
the stepwise (ratcheting) tonic abduction of the arms.

+ LGS often has atypical absences with rhythmic jerk-
ing or loss of tone; however, the presence of slow
spike-and-wave (2.5 Hz), generalized paroxysmal
fast activity and tonic seizures should suggest the
diagnosis.

+ Myoclonic absence seizures may rarcly be seen in
other DEEs but are not the predominant seizure
type.} 10

5 | DEES OR EPILEPTIC
ENCEPHALOPATHIES WITH ONSET
IN CHILDHOOD

“Epileptic encephalopathies” are defined as discases in
which the epileptic activity itself contributes to severe
cognitive and behavioral impairments above and beyond
that expected from the underlying etiology alone. These
disorders are characterized by frequent epileptiform activ-
ity associated with developmental slowing and often re-
gression. They may occur on a background of normal or
abnormal development.

In the 2017 Classification of the Epilcpsics, additional
terminology was introduced with the word “developmen-
tal” added to denote those children who had abnormal de-
velopment secondary to the underlying cause in addition to
an epileptic encephalopathy.''? This term was introduced
because many pathogenic gene variants cause develop-
mental impairment in their own right, with the epileptic
encephalopathy superimposed on the pre-existing impair-
ment, further impacting developmental outcome.'"?

Conversely, 2 “developmental encephalopathy™ refers to
developmental impairment without frequent epileptiform ac-
tivity, such as in a child or adult with intellectual disability.'"*

Moreover, the task force reviewed the use of the term
“developmental encephalopathy” in persons who had
fully completed development and agreed to establish a
wider term “epilepsy syndromes with progressive neu-
rological deterioration” in addition to developmental

encephalopathy. This can be applicable in older individu-
als with FIRES or Rasmussen syndrome.

In this section, we describe EMALtS, LGS, and DEE-
SWAS. We also include two syndromes characterized by
acute encephalopathy, followed by a developmental and
epileptic encephalopathy, namely, FIRES and HHE.

5.1 | Epilepsy with myoclonic
atonic seizures

EMALS, formerly known as Doose syndrome, begins in
carly childhood, in the setting of normal development
in two thirds of cases.'™ The full complement of clinical
and EEG features may be absent early in the course and
take time to appear. These children typically show devel-
opmental stagnation or even regression during the active
seizures (stormy) phase, which improves once seizures
are controlled. See Table 8. '

5.1.1 | Epidemiology

EMATLS has an incidence of approximately 1 in 10 000
children and accounts for approximately 2% of childhood
epilepsies.'’*

5.1.2 | Clinical context

EMALS typically begins at between 2 and 6 years (range =
6 months to 8 years). Boys are more commonly affected.’'®
Approximately one quarter of children have a history of a
febrile scizure," "%’ and such a history is associated with
a more favorable long-term outcome.'?’ Development prior
to seizure onset is normal in two thirds of patients, and neu-
rological examination is typically unremarkable at onset.
Moderate to scvere developmental delay preceding seizure
onset should be considered as an alert for diagnosis.'!

5.1.3 | Course of illness

The onset of EMALS is often abrupt, with explosive
“stormy” onset of many seizures and seizure types often
generalized tonic—clonic and myoclonic. In other cases, it
evolves more slowly, requiring careful follow-up over the
first year o distinguish it from LGS. Seizures often are
drug-resistant, particularly during the high seizure fre-
quency (explosive or stormy) phase, and recurrent bouts
of nonconvulsive status epilepticus with increased fre-
quency of other generalized seizure types are seen. During
this phase, developmental plateauing or even regression,
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TABLE 8 Epilepsy with myoclonic atonic seizures

epilepsy onset

Mandatory Alerts
Scizures Myoclonic—atonic scizures
EEG Generalized 2-6-Hz spike-wave or

Tonic scizures within 12 months of

Generalized paroxysmal fast activity in
polyspike-and-wave abnormalities sleep

Epilepsia-

Exclusionaty

Epileptic spasms or [ESS prior to
diagnosis

Focal seizures

Persistent focal abnormalities
Hypsarrhythmia

Generalized slow spike-and-wave
complexes of <2 Hz

Photoparoxysmal response at low
frequencies (suggests CLN2 discase)

Age atonset

Development
at onset

Neurological
exam

Imaging

<6 months or >8 yeats

Moderate to severe developiental delay
preceding seizure onset

Focal neurological findings

Causal lesioti on MRI

An MRI is not required for diagnosis but is typically done to exclude other causes.

Anictal EEG is not required for diagnosis. However, in a child with alerts or with clinical features that may suggest Lennox-Gastaut
syndrome or infantile epileptic spasms, a video at least is essential and ideally an ictal EEG should be recorded.

Syndrome-in-evolution: Epilepsy with myoclonic atonic seizures should be suspected in the case of explosive onset of multiple
generalized seizure types in an appropriately aged child without other alerts or exclusionary features.

Syndrome without laboratory confirmation: In resource-limited regions, epilepsy with myoclonic atonic sejzures can be presumptively
diagnosed without EEG if the clinician has personally witnessed myoclonic atonic seizures, either directly by observing the patient, or
on video provided by the family. However, an EEG is strongly recommended.

Note: Alert criteria are absent in the vast majority of cases, but rarely can be seen. Their presence should result in caution in diagnosing the syndrome and

consideration of other conditions.

Abbreviations: CLN2, ceroid lipofuscinosis type 2; EEG. electroencephalogram; 1£SS, infantile epileptic spasms syndrome: MRI, magnetic resonance imaging.

predominantly on behavior and executive functions, and
ataxia are often evident. Behavior disorders such as hy-
peractivity and aggression, and sleep disturbances are
also common during the active phase, and typically im-
prove or remit after seizure control is achicved.

Despite seizures being drug-resistant initially, two thirds
of children achieve remission, usually within 3 years of onset,
and can be weaned off antiscizure therapics.'”'# In the re-
maining third, persisting scizures, cognitive impairment, ag-
gression, and hyperactivity are often seen. Once seizures are
controlled and the EEG improves, developmental progress is
seen. Development may return to premorbid levels of func-
tion, or the child may be left with a variable degree of intellec-
tual disability. Factors predictive of poorer outcome include
tonic seizures, recurrent nonconvulsive status epilepticus,
and an EEG showing very frequent or nearly continuous ir-
regular generalized spike-and-wave, slow spike-and-wave, or
generalized paroxysmal fast activity.!*"1227125

51.4 | Seizures

Myoclonic-atonic secizures are mandatory for diag-
nosis and are characterized by a brief myoclonic jerk

affecting the proximal muscles, often associated with a
slight vocalization, followed by a very brief atonic com-
ponent, which may be subtle, with a head nod, or more
prominent, with an abrupt fall (Video S1). Conversely,
pure atonic seizures, which are also commonly seen,
lack the myoclonic component at onset, and lead to an
abrupt but brief loss of axial tone, with head nods or a
suddcen fall.

Other scizures that arc frequently seen include myoclonic
(which are brief [ <100 ms] and can also lead to falls),'® ab-
sence, and generalized tonic-clonic seizures. The latter may
occur with or without fever and are the presenting seizure
type in approximately two thirds of cases.!'”!1%!2?

Tonic seizures appear in some patients later in the course
and are associated with a poorer long-term outcome.!™

Nonconvulsive status epilepticus is also common and
may be inaugural. It manifests as impaired awareness,
lasting hours to days, with atypical absence, myoclonic,
and atonic features, associated with somnolence, un-
steadiness, drooling, speech disorders, and erratic myoclo-
nus predominating in the face and upper limbs. Recurrent
nonconvulsive status epilepticus is associated with a less
favorable outcome.??!'?* Epileptic spasms and focal sei-
zures are exclusionary.
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= | Epilepsia
5.1.5 | Electroencephalogram

The background activity shows a normal, age-appropriate
posterior dominant rhythm at onset. Monomorphic, bipa-
rietal theta rhythms are characteristic of EMALS but are
not seen in all patients. With increased seizure frequency,
generalized, higher amplitude background slowing may
be seen.

Interictal abnormalities comprised of generalized 2-
6-Hz spike-and-wave or polyspike-and-wave complexes
often occurring in bursts lasting 2—-6 s are secn (Figure 6A).
Long sequences of generalized irrcgular spikc-and-wave
discharges should raise the question of nonconvulsive
status epilepticus. The generalized discharges can be-
come fragmented, and a consistent spike focus is not seen.
Generalized spike-and-wave abnormalitics are activated
with sleep. Generalized paroxysmal fast activity, consist-
ing of bursts of diffuse or bilateral fast (10 Hz or more)
polyspikes during sleep, is rarely seen and should suggest
LGS. Hyperventilation may elicit generalized spike-and-
wave discharges and absence seizures. Photosensitivity is
rare.

Ictal recordings of myoclonic-atonic seizures show
generalized polyspike or spike discharges with the my-
oclonus, followed by a high-voltage slow wave accompa-
nying the atonic component (Figure 6B,C). Simultaneous
recording of EMG with EEG is recommended for ictal re-
cordings; polyspikes correlate with brief myoclonus in the
neck muscles, whereas the slow wave correlates with loss
of muscle activity in the proximal limb muscles. Absence
seizures are associated with 2-6-Hz generalized spike-
and-wave complexes.

During nonconvulsive status epilepticus, the EEG
shows long runs of high-amplitude, 2-3-Hz irregular,
generalized spike-and-wave activity, with background
slowing,

51.6 | Imaging

The MRI is normal.

51.7 | Genetics
A family history of epilepsy or febrile seizures is found
in approximately one third of cases!! 112212327 4nd g
associated with a more favorable long-term outcome.'”
The familial epilepsy syndrome of genetic epilepsy with
febrile seizures plus is seen in familics of probands with
EMALS 128129

In the majority of children, EMALS has complex
inheritance with a polygenic pattern. In some cases,

pathogenic variants have been seen in genes including
SCN1A,"" SCN1B,**' SCN2A,'* STX1B,'® SLC6A1,"*
CHD2,'™ SYNGAP1'*®* NEXMIF'™ KIAA2022."%
Approximately 5% of patients with EMAC(S have GLUT1
deficiency associated with pathogenic variants in
SLC2A1Y

5.1.8 | Differential diagnosis

Other epilepsies:

« LGS can be distinguished by the presence of tonic sei-
zures early in the disease and the EEG, which shows
slow spike-and-wave <2.5-Hz and generalized parox-
ysmal fast activity in sleep. Additionally, children with
LGS more commonly have delayed development prior
to seizure onset and may have a history of infantile
spasms syndrome.

+ Myoclonic epilepsy of infancy is distinguished by the
lack of myoclonic-atonic and atypical absence seizures,
and typically presents earlier than EMALS.

« Dravet syndrome is distinguished by prolonged,
hemiclonic scizurcs triggered by fever/illness in the
first ycar of lifc and absence of myoclonic-atonic
seizures.

» DEE-SWAS or EE-SWAS is associated with regression

and marked activation of epileptiform abnormalities

in sleep, with nearly continuous diffuse spike-and-
wave complexes; myoclonic-atonic seizures are not
seen.

Subacute sclerosing panencephalitis is a rare condition

associated with fulminant/rapid progression of myoc-

lonic seizures, and episodes of falls. The EEG pattern is
diagnostic.

+ CLN2 disease typically begins in children with normal
development or isolated speech delay. Children may
present with a phenotype of EMALS; however, there is
progressive motor and cognitive decline and ataxia. The
EEG shows a photoparoxysmal response at 1-3 Hz, so
low-frequency testing is important.

5.2 | Lennox~Gastaut syndrome

1.GS is a DEE associated with a wide range of etiologies.
It results from high-trequency, synchronized activity in
bilaterally distributed brain networks that develops in a
susceptible age period in childhood.'®® This syndrome
is characterized by the presence of (1) multiple types of
drug-resistant seizures with onset prior to 18 years (one
of which must include tonic); (2) cognitive and often
behavioral impairments, which may not be present at
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Interictal and ictal polygraphic electroencephalographic (EEG) recordings in a 3-year-old child with epilepsy with myoclonic

atonic seizures. (A) Interictal EEG shows bilateral posterior slow waves (4~6 Hz). There are generalized abnormalities characterized by
high-amplitude spikes and spike-and-wave abnormalities intermingled with high-amplitude delta waves without any clinical changes. (B,
C) Examples of myoclonic atonic seizures associated with a generalized spike-and-wave discharge of brief duration. Electromyogtaphic
channels show loss of tone in the deltoids (B) and in nuchal and sternocleidomastoid muscles (C). Clinically, the child experiences abrupt

falls with both cvents

seizure onset; and (3) diffuse slow spike-and-wave and
generalized paroxysmal fast activity on EEG (Table 9).
Many clinicians use the term “LGS”
severe, early onset epilepsy with intractable seizures

to describe any

leading to falls, This approach is incorrect, as it failg
to recognize the specific features of LGS, and to distin-
guish it from EMALtS, which often has a markedly bet-
ter outcome, and many other severe epilepsies starting
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TABLE 9 Lennox-Gastaut syndrome

Tonic scizures (sce text)

Seizures

In addition to tonic seizures, at least one additional seizure
type must be present, which may include any of the

following:

+ Atypical absences

+ Atonic

« Myoclonic

« Focal impaired awareness

» Generalized tonic-clonic

« Nonconvulsive status epilepticus
« Epileptic spasms

finding on prior EEG)

Age at onset <18 years
‘Drug-resistant epilepsy

.-Mild to profound intellectual disability

+ Generalized slow spike-and-wave complexes of <2.5 Hz (or
history of this finding on prior EEG)
“-Generalized paroxysmal fast activity in sleep (or history of this

Photoparoxysmal

response
at fow: )
frequencies -
(consider
CLN2 dlsease}

>8 years

An MRI is not requlred for diagnosis but is usually performed to evaluate for underlying etiology.

An ictal EEG is not required for diagnosis. However, it should be strongly considered in a child with alerts or with clinical features that
may suggest epilepsy with myoclonic atonic seizures syndrome.
Syndrome-in-evolution: Approximately 50% of infants with a severe DEE, e.g., IESS or early infantile DEE, evolve over time to Lennox-

Gastaut syndrome.

Note: Alert criteria are absent in the vast majority of cases, bul rarely can be seen. Their presence should result in caution in diagnosing the syndrome and

consideration of other conditions.

Abbreviations: CLN2, ceroid lipofuscinosis type 2; 1ESS, infantile epileptic spasms syndrome; DEE, developmental and/or epileptic encephalopathy; EEG,

electroencephalogram; MRI, magnetic resonance imaging.

in childhood. The full complement of clinical and EEG
features is often absent early in the course and takes
time to appear. Young children presenting with char-
acteristic scizure types but lacking all the features need
close follow-up for evolution to LGS. Tn particular, a
number of severe infantile epilepsy syndromes. such
as infantile epileptic spasms syndrome, early infantile
DEE, and epilepsy of infancy with migrating focal sei-
zures, often evolve to LGS. Repetitive assessment for
LGS criteria may be helpful to access to ASMs licensed
for LGS.

52.1 | Epidemiology

LGS accounts for approximatcly 1%-2% of all persons
with epilepsy. In children, LGS is rarely diagnosed at
initial seizure onset (0.6%). LGS often evolves from an-
other severe infantile epilepsy syndrome or etiology, with

approximately 20% of cases evolving from infantile epilep-
tic spasms syndrome."? Ultimately, 3.6% of all children
with cpilepsy, and 19% of children with seizures starting

in infancy, cvolve to LGS. 138

5.2.2 | Clinical context

LGS usually begins between 18 months and 8 years of
age, with a peak age at onset of 3-5 years. Onset in the
second decade is rare.'® 1t is slightly more common
in males. Abnormalities on neurological examination
(for example pyramidal signs) are often found and are
related to the underlying etiology. Most children have
developmental impairment that predates seizure onset
in LGS, but developmental stagnation or decline can
occur with onset of frequent seizures. Less commonly,
development and behavior may be normal at seizure
onset.
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5.2.3 | Course of illness

LGS persists into adulthood in nearly all cases, and sei-
zures remain drug-resistant.'* Atypical absence and tonic
seizures remain frequent in adults, whereas atonic sei-
zures often settle, '

Over time, there is developmental slowing, plateauing,
or regression. culminating in moderate to severe intellec-
tual disability in >90% of paticnts.'***** Behavior disor-
ders such as hyperactivity, aggression, autism spectrum
disorder, and sleep disturbances are common in child-
hood and adolescence. 0!

5.2.4 | Seizures
Tonic seizures, consisting of a sustained increase in axial
and limb muscle contraction lasting from 3 s to 2 min, are
mandatory for diagnosis and are most prominent in sleep.
They may be subtle, with slow upward eye rolling or devia-
tion, at times with facial grimace or flexor movements of
the head and/or trunk, or more clinically obvious, with a
brief cry, apnea, abduction, and elevation of the limbs with
a vibratory component and bilateral fist clenching. If oc-
curring while the patient is standing, thcy may forcefully
throw the patient off balance, leading to a fall (drop attack),
with the patient often sustaining an injury. Tonic seizures
may be exacerbated by medications that lead to increased
sleepiness, such as acute use of high-dose benzodiazepines.
In addition to tonic seizures, a second scizure type is
mandatory for the diagnosis of LGS and may include any
of the following scizure types:

1. Atypical absence seizures: These are often frequent
and consist of periods of impaired awareness. They
may be challenging to identify with confidence due
to their gradual onsct and offsct in a patient with
undcrlying cognitive impairment.

. Atonic seizures: These lead to an abrupt loss of axial
tone, with head nods or a sudden fall (drop attacks),
often causing injury. They are frequent, particularly in
younger children with LGS. They are typically bricef,
lasting only one to a few seconds.

3. Myoclonic seizures: Myoclonic seizures are also very
brief (<100 ms) and may lead to falls (drop attacks). If
myoclonic-atonic seizures are present, the diagnosis of
EMALS should be strongly considered.

4, Focal impaired awareness seizures: These may remain

tocal or evolve to bilateral tonic—clonic seizures,

. Generalized tonic—clonic scizurcs.

. Nonconvulsive status epilepticus: Approximately half
to three quarters of patients with LGS have one or
more episodes of nonconvulsive status epilepticus,

N~

N

Epilepsia--*

which consist of ongoing atypical absence seizures
with altered awareness, with erratic, generalized, or
multifocal myoclonic and atonic components, and in-
terspersed clusters of brief tonic seizures.

7. Epileptic spasms.

5.2.5 | Electroencephalogram

The background activity is abnormal, with diffuse theta-
delta slowing, which may be more pronounced focally,
depending on the underlying ctiology. If promincnt bi-
parictal theta rhythms are seen, EMALtS should be con-
sidered. Two interictal patterns are mandatory for the
diagnosis of LGS:,

1. Generalized slow spike-and-wave: This interictal slow
spike-and-wave pattern is characterized by spikes
(<70 ms) or sharp waves {70-200 ms), followed by
negative high-voltage slow waves (350-400 ms), which
are bilaterally synchronous, often anterior predomi-
nant, and occur at a frequency of £2.5 Hz (Figure
7A). The slow spike-and-wave pattern is abundant
and often occurs in runs. It can be associated with
atypical abscnce scizures, but often waxces and wancs
without any clinical correlate both in wakefulness and
particularly in sleep. Generalized slow spike-and-wave
(2.5 Hz) complexes are more frequently present in
young children., whereas in adolescence and adulthood
there is a decrease in the frequency of the spikc-and-
wave pattern. After the age of 16 years, the majority
of patients no longer exhibit the typical slow spike-
and-wave pattern. !4

2. Generalized paroxysmal fast activity: This pattern
consists of bursts of ditffuse or bilateral fast (10 Hz
or more) activity often seen during sleep. These typi-
cally arc bricf, lasting a few scconds or less (Figure
7B).

Focal or multifocal slow spike-and-wave pattern may
also be seen. Abnormalities are not typically activated by
photic stimulation.

Tonic seizures, which are often subtle, and may not be
recognized by families, are typically recorded on sleep EEG.
The EEG pattern of tonic seizures consists of a burst of bilat-
eral 10-1Hz or higher frequency fast activity with a recruiting
rhythm—an initial diffuse decrement followed by gradual
increase in amplitude (Figure 7C). Polygraphic recordings
during tonic seizures often show a brief apnea with elec-
tromyographic axial muscle contraction. Because of these
characteristic findings, a sleep recording can be beneficial to
distinguish LGS from other epilepsy syndromes.

Atypical absence seizures are associated with slow
spike-and-wave (<3 Hz) complexes, although it can be
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FIGURE 7 Lennox-Gastaut syndrome. Interictal and icral polygraphic clectroencephalographic (EEG) recordings are shown. (A)
Generalized slow spike-and-wave abnormalities (between 2 and 2.5 Hz) are seen, asting 8 s, not associated with any clinical signs. (B)
Generalized paroxysmal 10-Hz fast activity. The discharge is seen during sleep and is not associated with any clinical signs. (C) Ictal EEG
showing a generalized electrodecremental response lasting 4 s associated with bilateral tonic contraction of the upper limbs, consistent with

a generalized tonic seizure

challenging to clearly distinguish between ictal and inter-
ictal slow spike-and-wave patterns.

52.6 | Imaging

As structural causes are the most common etiology,
MRI at onset is strongly recommended, as this may
impact on treatment decision-making.'*® A variety of
structural etiologics may be found, including focal or
diffuse cortical malformations, tuberous sclerosis com-
plex, tumors, or acquired brain injury such as hypoxic~
ischemic encephalopathy. Reinvestigation of older
patients with LGS can result in identification of struc-
tural ctiologics missed on previous imaging.'"’ MRI
may also be normal.

52.7 | Genetics

Pathogenic variants in many genes have been associated
with the etiologies that causes LGS and are usually de
novo in the child."**'* A range of chromosomal abnor-
malities and copy number variants have been associ-
ated with LGS, so chromosomal microarray is essential.
A range of next generation sequencing approaches can
be taken, idecally with whole exome sequencing, or an
cpilepsy gene panel, particularly if no etiology is found
after clinical examination and MRI. Furthermore, ge-
netic testing should also be considered for patients with
structural brain disordcrs suggestive of an underlying
genctic causc.

5.2.8 | Metabolic testing

Rarely, LGS can be due to a neurometabolic disorder.

Metabolic testing should be considered if an underlying
etiology is not found with imaging or genetic studies.

5.2.9 | Differential diagnosis
Other cpilepsics:

« Infantile Epileptic Spasms syndrome may progress to
LGS, and distinction between these syndromes during

the transition can be challenging. In distinction to
spasmns, tonic seizures are typically longer than 3 s and
do not occur in clusters on waking.

« EMATtS is distinguished by normal development prior to
seizure onset in many cases, myoclonic-atonic seizures,
and faster generalized spike-and-wave pattern, which is
typically >3 Hz.

« Dravet syndrome is distinguished by prolonged. hemi-
clonic seizures triggered by seizures in the first year of
life; tonic seizures (if present) do not occur until later.

+ Other early onset DEEs with multiple seizures types.

+ DEE-SWAS or EE-SWAS is associated with regression
and marked activation of epileptiform abnormalities in
sleep, with nearly continuous diffuse spike-and-wave
complexes. '

+ Ring (20) syndrome is associated with refractory epi-
lepsy, intellectual disability, and behavioral abnormali-
tics; tonic scizures usually appear during sleep, whercas
awake patients frequently cxpericnee nonconvulsive
status epilepticus.

+ Frontal lobe epilepsy may present with bilateral tonic
seizures, often with asymmetrical features. Slow spike-
and-wave and generalized paroxysmal fast activity are
not seen.

« Rare metabolic disorders may lead to an LGS phenotype.
CLN2 disease typically begins in children with normal
development or isolated speech delay. Following onset
of seizures, there is progressive motor and cognitive
decline and ataxia. The EEG characteristically shows a
photoparoxysmal response at 1-3 Hz.

5.3 | DEE-SWAS and EE-SWAS

DEE-SWAS and EE-SWAS refer to a spectrum of condi-
tions that are characterized by various combinations of
cognitive, language, behavioral, and motor regression as-
saciated with marked spike-and-wave activation in sleep.
Regression is seen within weeks from the EEG pattern.
DEE-SWAS and EE-SWAS share similar clinical fea-
tures (Table 10) and management implications. They arc
grouped together because they carry similar implications,
and the syndrome highlights the need to inquire about spe-
cific clinical features when sceing a child, such as auditory
agnosia, global regression of behavior and motor skills, and
negative myoclonus. This syndrome is intended to replace
syndromes previously named epileptic encephalopathy
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TABLE 10 Developmental and epileptic encephalopathy with §

Seizurés

:5-2.Hz) spike-and-wave
ormalities in N-REM sleep
rmalities are markedly activated in

ep

Age at onset

tive, behavioral, or motor regression

or plateatiing temporally related to

WAS an EEG

Remission of SWAS pattern on EEG by
mid adolescence, although EEG often
remains abnormal

Long-term
outcome

for diagnosis.

sleep EEG.

for diagnosis but is often performed to evaluate for underlying etiology.

WAS and epileptic encephalopathy with SWAS

Alerts

Epileptic spasms

Tonic seizures during sleep
Generalized paroxysmal fast activity it sle
(consider Lennox-Gastaut syndrom
Generalized slow spike-and-wave.com
of <2.5 Hz in both awake and-asli
(consider Lennox-Gastaut syndrome)

<1 year or
>12 years

>1and <2 years

Syndrome without laboratory confirmation: In resource-limited regions, this syndrome cannot be presumptively diagnosed without a

Note: Alert criteria are absent in the vast majority of cases, but rarely can be seer. Their presence should result in caution in diagnosing the syndrome and

consideration of other conditions.

Abbreviations: EEG, electroencephalogram; MR1, magnetic resonance imaging; N-REM, non-rapid cyc movement; SWAS, spike-and-wave activation in sleep.

with continuous spike-and-wave in sleep and atypical be-
nign partial epilepsy (pseudo-Lennox syndrome). Landau-
Kleftner syndrome (LKS) is a specific subtype of EE-SWAS,
where regression affects mainly language, with an acquired
auditory agnosia, and the eponym used to describe this syn-
drome should be retained (Figure 8).

Sleep EEG must be performed to confirm the diag-
nosis. The EEG pattern associated with EE-SWAS and
DEE-SWAS was known as electrical status epilepticus in
sleep (ESES).!* Historically, ESES was defined as nearly
constant epileptiform activity that occupies >85% of slow
wave sleep; however, lower percentages of sleep may also
be associated with significant regression in cognitive or
behavioral function.

EE-SWAS is now recognized in patients with pre-
existing normal development with an activation of slow
(1.5-2 Hz) spike-and-wave complexes in non-rapid eye
movement (N-REM) sleep.

DEE-SWAS occurs in patients with pre-existing neu-
rodevelopmental disorders and is defined on the basis
of a documented persisting worsening of various com-
binations of cognitive, language, behavioral, and motor
functions concomitant with significant activation of spike-
and-wave complexes during sleep. Caution is needed not
to overdiagnose the syndrome in the absence of clear and
persisting regression.

Specific focal epilepsy syndromes, such as SeL.ECTs and
SeL.EAS, or other structural focal epilepsies, may evolve to
EE-SWAS, either transiently or for a prolonged period.

5.3.1 | Epidemiology

DEE-SWAS and EE-SWAS are rare, accounting for 0.5%~
0.6% of all epilepsy presentations seen at pediatric tertiary
epilepsy centers.'* 7193

5.3.2 | Clinical context

DEE-SWAS and EE-SWAS are characterized by onset of sei-
zures at between 2 and 12 years of age (peak = 4-5 years),
with the EEG developing spike-and-wave activation in sleep
1-2 ycars after scizure onsct in association with cognitive/
bchavioral regression or plateauing, Both sexes are affected
equally. Antecedent and birth history are often normal,
however, structural brain lesions are a risk factor for DEE-
SWAS and EE-SWAS. Specifically, thalamic injury in early
life'™ and malformations such as bilateral perisylvian pol-
ymicrogyria are associated with this syndrome; therefore,
neuroimaging, particularly MRI, is recommended when-
ever possible. Neurological examination and developmen-
tal level may be normal or reflect an underlying structural
brain abnormality. Regression in cognitive, behavioral, or
psychiatric functioning is the cardinal symptom of this syn-
drome. All cognitive domains can be affected, including
language and communication, tcmporospatial orientation,
attention, and social interaction. Motor regression with dys-
praxia or dystonic features may also occur.!® Follow-up vis-
its with clinical assessment, EEGs, and neuropsychological
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EE or DEE with splke-wave actwatlon in sleep
et i .
/ SN
No DEE / \

- Cognition
< Behavior
- Motor

Focal or independ
bilateral spik

Atypical Benign Focal
(Partial) Epilepsy of
Childhood

EE: Fluctuation/regression in

Autistic features

A

Encephalopathy
with CSWS

-

 Landau-Kleffner*

FIGURE 8 Developmental and/or epileptic encephalopathy (DEE) and epileptic encephalopathy (EE) with spike-and-wave
activation in sleep (SWAS) refer to a spectrum of conditions that are characterized by various combinations of cognitive, language,

behavioral, and motor regression associated with marked spike-and-wave activation in sleep. Regression is seen within weeks from the
electroencephalographic pattern. This syndrome is intended to replace syndromes previously named Epileptic Encephalopathy with
Continuous Spike-and-Wave in Sleep and Atypical Benign Partial Epilepsy (pseudo-Lennox syndrome). *Landau-Kleffner syndrome

is a specific subtype of EE-SWAS, where regression affects mainly language with an acquired auditory agnosia. Specific focal epilepsy
syndromes, such as self-limited epilepsy with centrotemporal spikes (SeLECTS) and self-limited epilepsy with autonomic seizures (SeLEAS),
or other structural focal epilepsies, may evolve to EE-SWAS. either transiently or for a prolonged period. CSWS, continuous spike-and-wave
complexes during sleep, N-REM. non-rapid cye movement; PMG, polymicrogyria

testing should be scheduled at baseline and during the fol-
low-up to assess the evolution.'®

5.3.3 | Course of illness

Clinical seizures typically remit around puberty, even in
patients with a structural lesion.'” Resolution of clinical
seizures may precede. coincide with, or follow the resolu-
tion of the EEG pattern.’”” The SWAS pattern on EEG also
resolves, typically by adolescence.!™%° Focal abnormali-
ties may persist during both wakefulness and sleep. Sleep
architecture normalizes with resolution of SWAS, '

Neurocognitive and behavioral improvement is typ-

ically seen, with resolution of the SWAS on EEG.'®
However, many patients have residual impairment, which
is scvere cnough to limit independent functioning in ap-
proximately half of the patients.'*"'*? The duration and eti-
ology of DEE-SWAS and EE-SWAS are the most important
predictors of cognitive outcome: the risk of poor outcome

is higher if it is present for >2 years.’®* Poorer outcomes
are also seen with younger onset of DEE-SWAS.'®® Thus,
early diagnosis is of paramount importance to enable ini-
tiation of trcatment to improve long-term outcomce cven if
somc causcs arc not trcatable (the ctiology prevails), and
there may be no clinical improvement for some when the
EEG pattern is abolished. Nevertheless, residual deficits
may remain following remission of seizures and SWAS,
which may occur from months to 7 years after onset.

5.3.4 | Seizures
There is no mandatory seizure type. Seizure type is de-
pendent on the underlying etiology. Furthermore, EE-
SWAS and DEE-SWAS may occur in patients who do not
have clinical scizurcs.

In most patients, infrequent and drug-responsive sei-
zures are observed during the initial phase at between 2
and 5 years of age. These early seizures are typically focal
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motor, with or without impaired awareness, and focal to
bilateral tonic~clonic seizures. Seizures typically worsen
with the evolution of multiple seizure types. These in-
clude focal seizures with or without impaired awareness,
typical and atypical absence seizures, atonic seizures, and
focal motor seizures with negative myoclonus.

5.3.5 | Electroencephalogram

The EEG pattern depends on the underlying ctiology.
The background activity during wakcfulness may show
focal or diftuse slowing and often contains focal or mul-
tifocal abnormalities, but it may be normal (Figure 9A).

i i

Epileptiform abnormalities during wakefulness are not
continuous. In drowsiness and sleep, there is marked
activation of epileptiform activity, with slow (1.5-2 Hz)
spike-and-wave complexes in N-REM sleep. Typically,
this activity is also seen in Stage II sleep (Figure 9B).
SWAS is usually diffuse but may occur more focally (typi-
cally frontally) or multifocally. In rapid eye movement
sleep, the abnormalities become less frequent or may
even be absent. Normal sleep architecture (vertex sharp
waves, sleep spindles, and K complexes) is absent or dif-
ficult to distinguish. An overnight sleep EEG may be re-
quired, as slow wave sleep may not be achieved on an
outpatient sleep EEG. The ictal EEG correlates with the
seizure type.

aee Nt
e

i g R

e o) < o

WWWWWHAWW» Welponerdonitrity

LA e U it

" e ot

L I e i U LA L AR

AN iy

WM‘#NM‘&%«*VMWP&@'MM%W 4

"««,..\m e

W !

qu.m. :»’
o

T st .

"y o

e

B N R S VR e S

PO A o s Y, &‘wsf;% ¥ j i

ol o s 4 W

aatd

w,{M"M‘“w

e

i %, B bty
PN e ‘?fé““ e b % B

Carl

ek Pefie
g
N
iy

R
N

¥ wp o NPT

ok

e a2 nr

A L Al A it T et A

Wemacty? g el
.?/;1 R O R v ?M‘T«M:}:&?« ‘i”i““ﬁf""?“‘“ﬂf%"ﬁ”w%ﬁ”

o -
[T
f o

()
"r
weza
P
bl
e
"
e
WoH 3

A

4/ \..r"*» o

:..‘ Ie"'«wlw;« ] n 2

J\\
M e

- o Ak
J; 5 ::,. st ‘l“ “‘\~‘”x§\.m‘;‘iﬂw ~ “W

oo e e .“\‘ s f*m««u’ws/*w‘» P P et TEL ] { "‘u%"\}«'““

e oy oy e fo

Eelulals

O

«w-/‘

F”F“sﬂ

WA s )§ I( & \:‘ ..(
a4 ’\f“f‘/x o ‘yw‘« # id Va"‘},{w
P -Jc‘ } ~ &0.‘

"S: 3

i

-
y

x\’“

— “’VN&‘ Wty o]

'y l

&
r,

1]

2
“,,..ﬂ.« Py

im0, Jf!” ’y ”’\4{«‘*‘ 4

e
na
)
o
e

.o
"
k1
na
oo

“%

A
v
’“‘1

l. ‘«N]
}p‘ ‘\

-

R L i

: 1 e SRR LY
W 'q‘s\m <WM ‘«/ﬂ" i \;” .
m».).‘ » Nsong st
L7 P T e

S ‘Y‘ \q %
A,.,)f’v?r'{ e: u‘.‘

ey
L' m"x 1ij
e ol A

5 fﬂﬂ

] )‘}“\}"‘)‘

N o0,
,

N

"

w—-\ﬂ/ﬁ‘w“,«» o

K,umﬂ,, s
%

IGRE

SN AN b

iy
mwwrmf«wmw t‘v- 0 N 66 L6 g N M e e ~%‘*~

Ko
Sy e

gt

rg . m‘;,.w.ewm‘ ,v.r\ ur

~§

AAMLELD = NG AA

',ww

A

S -

B T T o W WO B
(8

I T s W |

N s T (s WK

100 pv L_

1sec

FIGURE 9 Epileptic encephalopathy with spike-and-wave activation in sleep. Awake and sleep polygraphic electroencephalographic
(EEG) recordings are shown. (A) Awake EEG shows a background activity characterized by 9-10-Hz alpha rhythm, with lower amplitude,
fast activity seen over the bilateral anterior regions. There are no epileptiform abnormalities. (B) During sleep, there are continuous

generalized spike-and-wave abnormalities
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53.6 | Imaging

Neuroimaging may be normal or demonstrate underlying
structural brain abnormalities that may be developmental
(e.g., perisylvian polymicrogyria) or acquired (thalamic
abnormalities can be observed).

5.3.7 | Genetics

Some cases have a genetic basis and may follow mono-
genic or complex inheritance. A family history of sci-
zures is seen in up to 50% patients with DEE-SWAS or
EE-SWAS."® The major monogenic cause is GRIN2A,
which encodes the N-methyl-D-aspartate (NMDA) recep-
tor glutamate receptor alpha 2 subunit.'* Pathogenic vari-
ants are associated with a range of severity of DEE-SWAS
phenotypes.'*'> These individuals have a characteristic
speech pattern, which may persist into adult life.'"*

5.3.8 | Differential diagnosis

Other cpilepsy syndromes:

« SeLFEs can have marked activation of epileptiform ab-
normalities in sleep, but there is not temporally related
cognitive or behavioral regression with the EEG finding
of SWAS.

+ Structural focal epilepsies may have abundant focal ab-
normalities that may activate in skeep, but there is not
temporally related cognitive or behavioral regression
with the EEG finding of SWAS.

» LGS is distinguished by the EEG, which shows promi-
nent slow spike-and-wave complexes during both wake-
fulness and sleep, and by the sleep EEG, which shows
generalized paroxysmal fast activity, and often tonic sci-
zures arc capturcd.

Other conditions:

« Children with autism spectrum disorders with or with-
out intellectual disability but without regression may
show activation of epileptiform abnormalities in sleep.

+ Cognitive regression due to other etiologies.

5.4 | Febrile infection-related
epilepsy syndrome

FIRES (previously also known as acute encephalitis
with refractory, repetitive partial seizures, or devastating

Epilepsia--

epileptic encephalopathy in school-aged children) is one
cause of new onset refractory status epilepticus, which
occurs predominantly in children and adolescents
(Table 11). A prior febrile infection occurs, starting be-
tween 24 h and 2 weeks, prior to an explosive onset of
superrefractory status epilepticus; there may or may
not be fever at onset of status epilepticus.'® The acute
phase, during which the seizure burden is very high,
lasts 1-12 weeks,'®” and during this phase, mortality and
morbidity are significant. This is followed by a chronic
phase, where most survivors are left with drug-resistant
multifocal cpilepsy and a variable degree of intellec-
tual disability or learning difficulties. The cause is not
known, but growing evidence suggests a heterogeneous
etiology resulting in fulminant non-antibody-mediated

neuroinflammation.2%:1%%
5.4.1 | Epidemiology

This is a rare syndrome, which is likely underrecognized,

with an estimated incidence of 1 per million,'”"

5.4.2 | Clinical context

FIRES occurs most commonly in school-aged children
(mean = § years) with a typical range of 2-17 years.'6*16%7!
It is exceedingly infrequent under the age of 2 years and
can begin at a variable age, but may rarely occur in young
adulthood. Both sexes are affected, with a slight male pre-
dominance.'”" Perinatal history is typically normal. At
presentation, children are developmentally normal, with-
out a history of prior neurological disease including epi-
lepsy, and have normal head size.

All children have a history of a prior febrile infec-
tion, most commonly upper respiratory or gastrointesti-
nal, between 24 h and 2 weceks before onsct of refractory
status epilepticus. At the time of seizure onset, patients
may still be febrile, or may have had recent resolution
of the fever.

Al presentation, patients are typically encephalopathic
and have frequent seizures despite ASMs. Head size is
normal. Persistent focal abnormalities on examination are
unusual, but transient Todd paresis may be seen.

5.4.3 | Course of illness

The prognosis is variable but often poor.!”* Mortality is
approximately 10% in the acute phase, due to intensive
care complications such as sepsis, or uncontrolled status
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TABLE 11 Febrile infection-related epilepsy syndrome

History of nonspecific febrile illness in
the 2 weeks preceding seizure onset
Focal and multifocal seizures that often
evolve to bilateral tonic-clonic
seizures
Seizures progress in frequency
and severity to culminate in
superrefractory status epilepticus
typically within 2 weeks of onset

S

Seizures

7ing of the background activity
with- multifocal epileptiform
sbnormalities and frequent, focal
1eci:mgijaphic and electroclinical

Age at onset
#Qphalopathy with'onset of
{ equent seizures

Neurological

Alerts

Unifocal seizures

<2 years
Intellectual disability prior
to seizure onset

History of epilepsy prior to onset of
symptoms

<1 year or >30 years

Neurological exam

exam abnormalities prior to
onset of seizures

Other testing

An MR is required for diagnosis to exclude a causal lesion.

Lack of drug-resistant focal
or multifocal epilepsy

Lack of learning difficulties
or intellectual disability

Lack-of variable degreesof
cerebral atrophy on MRI

An ictal EEG is required for diagnosis to confirm frequency and multifocality of seizures.

ratory confirmation: In resource-limited regions, this syndrome cannot be:presu

At presentatioy
lesion Conecord
text)

Lumbar puncture showing evidence of
central nervous system infection

Causal antibody on CSF or plasma
autoimmune testing

Documented metabolic or genetic etiology

Documented toxic encephalopathy

Note: Alert criteria are absent in the vast majority of cases, but rarely can be seen. Their presence should result in caution in diagnosing the syndrome and

consideration of other conditions.

Abbreviations: CSF, cerebrospinal fluid: EEG. electroencephalogram: MRI, magnetic resonance imaging,

epilepticus. Following the acute phase, most children are
left with drug-resistant, multifocal epilepsy.
Developmentally, in the acute stage, most children
regress, and at follow-up, in the chronic phase, the ma-
Jority are left with varying degrees of intcllectual disabil-
ity.!”* Approximately one third of survivors have normal
or borderline cognition (often learning disorders), one
third have mild to moderate intellectual disability, and

one third have severe to profound disability or are veg-
etative. Poorer outcome was associated with longer du-
ration of medically induced burst-suppression coma
and younger age at onset.!”’ Attention and behavior
problems, including aggression, are also common in
survivors.

In the chronic phase, many patients will have evidence
of motor dysfunction.
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54.4 | Seizures

Focal or multifocal seizures are mandatory for diagno-
sis and may cvolve to bilateral tonic—clonic scizures.
Common ictal symptoms are eye deviation and hemifa-
cial twitching. Seizures progress in frequency and severity
rapidly to culminate in superrefractory status epilepticus
(defined as >24 h) in the acute phase.

54.5 | Electroencephalogram

The EEG background activity is typically abnormal,
with slowing and multifocal abnormalities. Recurrent
extreme delta brush, consisting of a paroxysmal beta—
delta complex of 15-18-Hz beta superimposed on 1-3-
Hz delta in the frontal and central head regions, is often
seen (Figure S4A,B).'” This pattern may be modified
by anesthetic agents used for the treatment for status
cpilepticus.

Prolonged video-EEG monitoring at diagnosis
shows a gradual increase in seizure burden over the
first days to week of illness. Initially, seizure burden
may bc low, but over time, frequent, multifocal sub-
clinical and clinical scizures are recorded, usually with
a frequency of several per hour.!”? A typical scizure
pattern, consisting of focal activity of >10 Hz of low to
moderate amplitude, evolving to well-formed, rhyth-
mic spikes and spike-and-wave complexes, is seen, and
ictal activity often shifts from one hemisphere to the
other (Figure $4C).'"

5.4.6 | Neuroimaging

During the acute stage, the MRI is normal in approxi-
matcly two thirds of cascs. Approximatcly onc third may
show T2 hypcrintense changes in bilateral temporal re-
gions, insula, basal ganglia, and/or thalami, which may
be subtle. Leptomeningeal enhancement may also be seen
but is not specific to this syndrome,'”*

During the chronic stage, the MRI usually shows
variable degrees of diffuse cerebral atrophy, and/or sig-
nal changes over the temporal lobes, cerebral cortex,
periventricular white matter, hippocampi, and basal
ganglia'”?

54.7 | Genetics

This disorder is not suspected to be genetic, and no causal
genes have been identified. There is usually no family his-
tory of seizures.

Epilepsia--*

5.4.8 | Otherlaboratory studies

Examination of cercbrospinal fluid (CSF) is required to
exclude infection. The CSF is typically normal but may
show a mild pleocytosis. CSF protein and lactate are nor-
mal. Oligoclonal bands are negative. An immune etiology
should be excluded, but in FIRES, no causal antibodies
have yet been found.*® Serum and CSF autoimrune pan-
els are negative. It has been reported that Th1 chemokines
(CXCLY, CXCL10, etc.) are predominantly upregulated
in CSF, independently of interleukin-1 receptor (1L-1R)
signaling.!™ Metabolic studies are unremarkable, In some
cases, excessive neuroinflammation, which may be sec-
ondary to functional deficiency in IL-1R antagonist, has
been reported.!”>!78

5.4.9 | Differential diagnosis

Other epilepsy syndromes:

« Dravet syndrome is distinguished by its presentation
predominantly in the first year of life, and history
of intermittent prolonged scizurcs with interval re-
covery, as opposcd to a singular supcrrefractory sta-
tus epilepticus with the development of persistent
morbidity.

+ PCDH1Y clustering epilepsy is distinguished by its pre-
sentation in the first 3 years of life, and history of a clus-
ter of seizures usually induced by fever. Superrefractory
status epilepticus is unusual.

Other conditions:

« Meningitis or encephalitis.

+ Specitic autoimmune-mediated encephalopathies such
as anti-NMDA rcceptor encephalitis.

« Toxic cncephalopathics.

+ Metabolic disorders such as mitochondrial discase.

5.5 | Hemiconvulsion-hemiplegia-
epilepsy syndrome

HHE is a rare consequence of focal motor status epi-
lepticus in infancy and early childhood (Table 12).
The initiating event for this syndrome is a focal clonic
status epilepticus typically occurring in the context
of a febrile illness in children <4 years of age.!”’
Ncuroradiological studics at the time of the status
epilepticus show unilateral edematous swelling of the
affected hemisphere. The acute phase is followed by
hemispheric atrophy with subsequent appearance of
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TABLE 12 Hemiconvulsion-hemiplegia-epilepsy syndrome

‘ Alerts
Seizures Diagnosis requires both a history of acute stage Transient hemiparesis (Todd
and chronic stage disease paresis)

Acute stage: Episode of febrile, hemiclonic Unilateral focal motor seizures
status epilepticus, which is immediately that progress in a crescendo
followed by permancnt hemiparesis pattern over months to years,

Chronic stage: After a variable time (usually with late development of
<3 years after initial status epilepticus), progressive hemiparesis
unilateral focal motor or focal to bilateral (consider Rasmussen
tonic—clonic seizures appear encephalitis)

: lowing of background activity over the affected e
" hemisphere
. Focal or multifocal epileptiform abnormalities
“ "over the affected hemisphere in the chronic
Age at onset >4 years >6 years
: bl Intellectual disability prior to
: Hset - : seizure onset
Neurological Focal neurological
exam abnormalities prior to

initial episode of febrile
status epilepticus

Facial angioma suggestive of
Sturge-Weber syndrome

Rimmiediately following febrile status

ilepticus (acute stage) shows diffuse

al change with T2 hyperintensity and
¢ted diffusion of the subcortical region

e affected hemisphere, often with severe
na

me (chronic stage), there is atrophy of

: o s affected hemisphere _ o (

Other testing Alternative cause of hemiparesis
found such as acute ischemic
stroke, intracranial infection, etc.

Drug-resistant epilepsy
anent focal motor deficit

An MRI is required to diagnosis.
Anictal EEG is not required for diagnosis.

Syndrome-in-evolution: Children with acute permaunent hemiparesis following an episode of focal convulsive febrile status epilepticus,
with mandatory MRI findings, but who have not yet progressed to the chronic phase of the discase with recurrent, drug-resistant
focal motor or focat to bilateral tonic—clonic scizures should be suspected of having emerging hemiconvulsion-hemiplegia-epilepsy
syndrome.

h&gratory confirmation: In resource-limited regions, hemiconvulsion—hemiplegia-epﬂ 2
diagnosed without EEG in cases that meet all mandatory and exclusionary clinical criteria withou
(CT or MR) isrequired to exclude other causes. :

Note: Alert criteria are absent in the vast majority of cases. but rarely can be seen. Their presence should result in caution in diagnosing the syndrome and
consideration of other conditions.
Abbreviations: CT, computed tomography; EEG, clectroencephalogram; MRI, magnetic resonance imaging.

focal seizures, which arc drug-resistant. The majority  5.5.1 | Epidemiology

of patients have a resultant permanent motor deficit.

The etiology and the underlying mechanisms are not HHE is a rare syndrome and its incidence has declined
understood. markedly in resource-equipped countries over the past
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30 years since the instigation of aggressive treatment for
prolonged seizures or status epilepticus.!”

5.5.2 | Clinical context

Age at onset is typicatly <4 years, and there is no sex pre-
dilection.!”” Rirth and antecedent history are noncon-
tributory, and previous development and neurological
examination are normal. Children present with prolonged
focal status epilepticus and then develop immediate hemi-
paresis. The diagnosis of HHE should be considered when
a persistent hemiplegia is observed after febrile status
epilepticus in a child younger than 4 years. Aphasia may
also be present acutely in up to one quarter of cases, if the
dominant hemisphere is involved.

5.5.3 | Course of illness

The majority of children are left with a permancnt motor
deficit. However, this deficit may be minimal or resolve
within 12 months in 20%."” If present, aphasia most com-
monly resolves within 2 months' but may persist.™!
Subscquent focal scizures appear after a variable duration,
with 85% having seizure onset within 3 years of the ini-
tial status epilepticus.'”® Focal seizures during the chronic
phase are typically drug-resistant,'”® but may be amena-
ble to surgical treatment, such as hemispherotomy.'”*'#
Many children are also left with variable degrees of intel-
lectual disability.'”®

554 | Seizures

The first seizure is typically focal clonic febrile status
cpilepticus. The clonic componcent may be subtle. There
is typically a scizurc-free perviod after the focal status
epilepticus that can last months to years. After a vari-
able period, focal motor seizures and/or focal to bilat-
eral tonic—clonic seizures appear, and usually become
drug-resistant. Seizures may localize solely to the tem-
poral lobe or may arise from extratemporal regions or be
multifocal. '8

5.5.5 | Electroencephalogram

If an EEG is obtained during the acute focal status epi-
lepticus, the ictal discharge is characterized by rhyth-
mic (2-3 Hz) slow waves that are usually bilateral with
higher amplitude over the affected hemisphere (¥Figure
S5A.B).1™ tn addition, over the affected hemisphere,

Epilepsia-—

recruiting rhythms (10 Hz) are frequently seen.'” The
background activity may be normal at onset, but during
the chronic phase, there is excess slowing (often asym-
metric) and epileptiform abnormalities, which are most
prominent over the affected hemisphere, but may be
bilateral.

5.5.6 | Imaging

MRIimmediately following the status epilepticus dem-
onstrates diffuse hemispheric signal abnormalities with
T2 hyperintensity and restricted diffusion, predomi-
nantly of the subcortical white matter of the affected
hemisphere.'® Edema of the affected hemisphere can
be severe, leading to mass effect and possible hernia-
tion (Figure S5C-F)."” If magnetic resonance spectros-
copy is done, it shows decreased N-acetyl aspartate and
mildly increased lactate in the affected hemisphere.
On Day 8-15 after status epilepticus, cytotoxic edema
decreases, with normalization of apparent diffusion
coefficient images and ongoing T2 hyperintensity,
with evolving volume loss. Within 1 month, atrophy
of the affccted cercbral hemisphcere is clearly cvident.
Hippocampal sclerosis is also commonly secen (Figurc
$5G~1).1%

5.5.7 | Genetics and other testing

Genetic testing and evaluation for coagulation, meta-
bolic. infective, and immune disorders are typically
normal, 1%

5.5.8 | Differential diagnosis

Other cpilepsy syndromes:

« Dravet syndrome presents in infancy with prolonged
hemiclonic seizures in the context of a febrile illness,
which may result in transient Todd paresis. However,
this deficit resolves, and the typical MRI abnormalities
of HHE are not present.

+ Sturge-Weber syndrome may present with focal motor
status epilepticus, but the skin lesions and MRI show-
ing the typical features of this syndrome should suggest
the diagnosis.

+ Rasmussen syndrome presents with unilateral focal
motor scizurcs, but the progression is much slower,
and focal status epilepticus is seen later in the evo-
lution and is a more persistent feature when it oc-
curs. MRI may be normal at seizure onset or show
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mild insular atrophy but evolves to focal white mat-
ter changes and hemispheric atrophy over months to
years.

« Focal febrile status epilepticus or focal status epilepticus
due to other etiologies can be followed by Todd paresis,
which typically resolves within 24 h.

Other conditions:

« Meningitis and encephalitis.

+ Hemorrhagic or ischemic stroke.

Polymerase gamma- or MELAS-related mitochondrial
disease.

6 | DISCUSSION

Although not every child with epilepsy can be classified

as having a specific epilepsy syndrome, identification of

a syndrome can provide guidance on management and
prognosis. An electroclinical approach, combining a de-
tailed clinical history and an EEG recording, is needed
to reach a syndrome diagnosis. Most of the syndromes
described above have a mandatory scizure type or types
and often mandatory interictal EEG features. A diagnos-
tic hypothesis is crucial to ensure adequate EEG studies,
including both wakefulness and sleep, are recorded to
inform syndrome diagnosis. A sleep EEG is required to
identify mandatory EEG patterns in some syndromes,
such as LGS, DEE-SWAS, and EE-SWAS. Moreover, de-
tailed seizure semiology based on history is adequate to
diagnose many seizure types without obtaining an ictal
recording. However, for seizure types in certain syn-
dromes, an ictal EEG recording is required for diagno-
sis. For example, it is not easy to determine a specific
seizure type for a “drop attack” based on history alone.
Even the use of home video recordings, which arc un-
doubtedly helpful in many cascs, cannot always confirm
a definitive seizure type. Based on the diagnostic hy-
pothesis, a specific EEG type (sleep-deprived, prolonged
video-EEG) may be required to confirm a syndrome
diagnosis.

In many but not all cases, syndrome identification in-
forms likely etiology. This allows clinicians to initiate the
highest yield investigations to minimize discomfort and
invasive investigations for the patient, and to reach a spe-
cific diagnosis, in the most cost-effective manner. Specific
comorbidities also correlate strongly with specific syn-
drome, and thus identification of an epilepsy syndrome
may assist in their earlier reccognition and management.
In the context of a specific epilepsy syndrome, the oc-
currence of comorbiditics is of paramount importance,
as they may be responsible for a greater burden for the

patient than the seizures. Increasingly, precision ther-
apies are being identified that target specific etiologies,
and recent clinical trials in epilepsy are targeting specific
syndromes. :

Whereas some syndromes are highly correlated with
specific etiologies, others are associated with a diverse
group of ctiologics. Despite well-recognized electro-
clinical epilepsy syndromes, evolution and outcome are
often still challenging to predict accurately and often de-
pend upon the underlying etiology. With rapid advances
in genetics, immunology, and imaging, it is likely that
further ctiology-specific syndromes will be identified,
and it might be possible to predict which patients will
respond best to a specific treatment, or to identify a spe-
cific or novel therapy based on the causative genes or
pathway responsible for the disorder. Use of therapies
that target the underlying neurobiological process that
leads to epileptogenesis may significantly ameliorate co-
morbidities as well as seizures.

Furthermore, it is well recognized that specific ASMs
may exacerbate certain conditions, such as sodium chan-
nel agents for many of the IGEs. Moreover, some ASMs
are more likely to be effective for several seizure types,
such as absence scizurcs and generalized tonic-clonic sei-
zurcs. Thus, carly syndrome identification will allow for
sclection of the optimal therapy, which is most likely to
lead to early seizure control and to prevention of other sei-
zure types that may evolve into a specific syndrome.

Accurate syndrome definition will often inform natu-
ral history and likelihood of remission. Some syndromes
are selt-limited over time. For these, we can provide re-
assurance to families of the favorable long-term outcome
and can also avoid excessively prolonged use of chronic
ASMs, and unnecessary diagnostic tests or treatments.
Conversely, other syndromes have a much poorer out-
come, such as LGS, HHE, or FIRES. In those, we under-
stand from thcir onset that evolution will be unfavorable,
typically with drug-resistant and life-long scizures and
adverse neurodevelopmental sequelae. In such cases, a
more aggressive treatment approach may be undertaken,
with regular review, to attempt to ameliorate overall func-
tion and quality of life outcomes. However, it should be
acknowledged that treatment options for these syndromes
are often limited, the choice of the most appropriate
medication is not always clear from studies to date, and
polytherapy might increase the risk for adverse events or
in some cases, cause seizure aggravation. Many patients
with these syndromes might benefit from participation
in future clinical trials of novel medications. Some syn-
dromecs do not fall clearly into a sclf-limited cpilepsy or
DEE, but rather they might have an uncertain evolution:
EMA, EEM, EMALS, and EE-SWAS. Qutcome is variable,
in terms of both seizure remission and cognitive and
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psychiatric comorbidities. In these latter conditions, there
is a spectrum of severity: patients might present with or
cvolve to intellectual disability ranging from mild to se-
vere, with variable degrees of neurological impairment.
Sometimes, even if seizures remit, neurological sequalae
persist.

As described above. some syndromes may evolve to an-
other syndrome over time, such as Sel.EAS to SeLECTS,
and SeLECTS to EE-SWAS. This raises the question of the
possible neurobiological links between these syndromes.
To date, it is unclear why the majority of children have
just onc syndrome, whereas others evolve. Such evolution
is likely to be due to underlying neurobiological factors.
As future research provides insights into the underlying
ctiology, we may be able to more accurately distinguish
the patients who will not show progression from one syn-
drome to another. Such insights will modify therapeutic
approaches from the onset of their epilepsy. Identification
of biomarkers may allow intervention to prevent such
evolution.

The most significant nosological changes in the child-
hood syndromes are in the Sel.FEs, which were formerly
known as “benign” or “idiopathic” focal epilepsies, and
DEE-SWAS or EE-SWAS, which was formerly known
by the terms LKS, ESES, and cpileptic encephalopathy-
continuous spike-and-waves during sleep.

The nomenclature “SeL.FE” was chosen to reflect the
key features of the natural history, and the clinical pheno-
type. The term “benign” is inappropriate, as many children
have associated cognitive and psychiatric comorbiditics.
For each syndrome, the nomenclature used reflects the
major phenotypic features, such as centrotemporal spikes
in SeLECTs, autonomic scizurcs in ScLEAS, occipital se-
miology and EEG findings in COVE, and photic-induced
focal sensory visual seizures and genetic predisposition
in POLE. Similarly, the terms DEE-SWAS and EE-SWAS
comprisc the two cssential components, cognitive regres-
sion and the characteristic EEG pattern.,

We elected to keep the term LGS for several reasons. Most
importantly, the term LGS is crucial in allowing patients to
acquire the multiple supports including medical and dis-
ability support therapies that they require on a daily basis.
Replacing this term would lead to a lapse in services that
these patients critically require. Additionally, the syndrome
comprises multiple seizure type and etiologies, which would
be challenging to capture in a succinct name.

Our hope is that using clearer language, with terms
directly expressing the seizure semiology that are con-
sistent with the 2017 Epilepsy and Seizure classification,
will facilitate both recognition and accurate diagnoses, for
health care professionals and families caring for children
with epilepsy. The definitions for epilepsy syndromes pro-
vided in this paper will require validation in longitudinal

Epilepsia--*

studies and may be further refined as new data are pub-
lished over time. Future work may expand on the defini-
tions of more ctiology-specific epilepsy syndromes. This
may aid carlier clinical recognition of some etiologies that
benefit from prompt targeted treatment.
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