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INVITED TOPIC ,ﬁl“@

How do genes influence drug
response in epilepsy?

Professor Emilio Perucca

Division of Clinical and Experimental Pharmacology,
Department of Internal Medicine and Therapeutics,
University of Pavia, and Clinical Trial Center, IRCCS Mondino Foundation, Pavia, Italy

Address correspondence to: Emilio Perucca, MD, PhD, Division of Clinical and Experimental Pharmacology,
Department of Internal Medicine and Therapeutics, University of Pavia,
Via Ferrata 9, 27100 Pavia, Italy, e-mail: perucca@unipv.it

The recognition that genetic factors influence response to medicines goes back to the
middle of the last century, when a clear genetic predisposition was identified for several
adverse drug reactions, including malignant hyperthermia induced by general anesthetics,
prolonged muscular paralysis following administration of succinylcholine, and hemolytic
reactions precipitated by a variety of medications in individuals with glucose-6-phosphate
dehydrogenase deficiency.(1) One of the first reports implicating a genetic defect in an altered
response to an antiepileptic drug (AED) came in 1964,when Henn Kutt(2) described prominent
CNS toxicity associated with very high serum phenytoin concentrations (87 pug/mL) in a 24-
year-old man started on a moderate dosage of phenytoin. A careful study showed that the
high phenytoin concentration was due impaired ability to metabolize phenytoin, and that
the same defect was present in the patient’s mother and in one of his four brothers, suggesting
that the condition was genetically transmitted. Over the next several decades, our unders-
tanding of how genes influence drug response in patients with epilepsy has increased
exponentially, to the extent that genetic testing is now becoming an important component
of therapeutic decisions.

Genes involved in the regulation of drug metabolism

Following the original observation by Kutt(1), research on genetic determinants of AED
response focused initially on enzymes involved in drug metabolism. There is now extensive
evidence that variation in the genes coding for the cytochrome P450 enzymes CYP2C9 and
CYP2C19 is a major determinant of the clearance of phenytoin and, to a lesser extent,
phenobarbital.(3,4) Patients that carry defective CYP2C9 and CYP2C19 alleles show an impaired
ability to metabolize these drugs, and require lower doses to achieve an optimal response.
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CYP2C19is also involved in the stereoselective disposition of methylphenobarbital. In fact,
individuals carrying defective CYP2C19 alleles, who represent about 13% of a Thai
population(s), show impaired 4-hydroxylation of methylphenobarbital and an increased
conversion of methylphenobarbital to the active metabolite phenobarbital, which accumulates
in serum at abnormally high concentrations.(6) In general, adverse consequences resulting
from genetically determined defective AED metabolism can be prevented and managed by
direct measurement of serum drug concentrations, coupled with careful monitoring for
potential signs and symptoms of toxicity.

Recent observations suggest defects in genes coding for AED metabolism can
predispose not only to CNS toxicity, but also to idiosyncratic drug reactions. In particular, a
recent case-control study that assessed patients from Taiwan, Malaysia and Japan found that
the presence of the CYP2C9*3 allele is associated with a markedly increased risk of developing
severe cutaneous reactions to phenytoin (odds ratio 11, 95% confidence interval, 6.2-18).(7)
Interesting, similar findings were also recently reported from Thailand.(5,8)

Major histocompatibility complex genes and related genes

In 2004, Nature published a single-page article from Taiwan reporting the landmark
discovery that the HLA-B*15:02 allele is strongly associated with the risk of carbamazepine-
induced Stevens-Johnson syndrome (SJS).(9) Several subsequent studies confirmed that the
risk of developing carbamazepine-induced SJS and toxic epidermal necrolysis (TEN) is highly
correlated with the frequency of the HLA-B*15:02 allele in the population.3,10) This frequency
is extremely low (<0.5%) in people of European or North Asian (Japanese and Korean) ancestry,
but relatively high in people from South and South-East Asia. Specifically, HLA-B*15:02 is
carried by 1-8% of Chinese(10,11), with a recent study reporting a prevalence of 16% among
Thai people.(12) Regulatory agencies now recommend testing for HLA-B*15:02 before
prescribing carbamazepine in Han Chinese and other South Asian ethnic groups, and
avoidance of the drug if at all possible in those individuals who are found to carry the allele.
Because most cases of SJS/TEN occur within 3 months of initiating carbamazepine, people
who have been on carbamazepine for 3 months or longer without ill effects are considered
at very low risk even if they carry the HLA-B*15:02 allele and can be maintained safely on
treatment. Studies have shown that systematic testing for HLA-B*15:02 in populations at risk
is effective in reducing drastically the incidence of carbamazepine-induced serious cutaneous
reactions.(11) It has been estimated that in populations at risk the number of person-tests of
HLA-B*15:02 screening needed to prevent one death from carbamazepine-induced SJS/TEN
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is in the order of 1,474 to 8,840, which compares favorably with the number needed to prevent
one death from cervical cancer with the PAP smear (n = 7,000) or from breast cancer with
mammography (n=7,150).(13) In the real world, however, the impact of HLA-B*15:02 regulations
in minimizing the incidence of AED-induced SJS/TEN has probably been less than expected,
and data suggest that from a public health perspective screening is cost effective only when
associated with interventions to improve clinical decision-making and to implement low-cost
point-of-care genotyping.(14) A study in Hong Kong, in particular, showed that introduction
of the requirement for HLA-B*15:02 testing resulted in physicians no longer prescribing
carbamazepine in patients with newly diagnosed epilepsy, and switching to other AEDs such
as phenytoin which also carry a significant risk of serious cutaneous reactions.(15) Individuals
who carry the HLA-B*15:02 allele also have an increased risk of developing SJS/TEN with
other aromatic AEDs such as oxcarbazepine, phenytoin, and lamotrigine.3) In Han Chinese
who are HLA-B*15:02 -positive, odds ratios (95% confidence interval) for the risk of developing
SJS/TEN syndrome have been estimated to be 115.3 (18.2-732.1) for carbamazepine, 80.7
(3.8-1714.4) for oxcarbazepine, 4.3 (1.9-9.4) for phenytoin, and 3.6 (1.1-11.2) for lamotrigine.
Based on these data, oxcarbazepine should also be best avoided in these patients, whereas
phenytoin and lamotrigine should be used with special caution.

Another major histocompatibility complex allele, HLA-A*31:01, has been associated
with an increased risk of experiencing carbamazepine-induced idiosyncratic reactions,
including maculopapular skin reactions, SJS/TEN and DRESS syndrome (drug-reaction with
eosinophilia and systemic symptoms).(16) The HLA-A*31:01 allele is relatively common in most
ethnic groups, including Europeans and Orientals, but its association with carbamazepine-
induced SJS/TEN is weaker compared with the HLA-B*15:02 allele. This makes the HLA-A*31:01
testing less compelling than HLA-B*15:02 testing, as discussed in the guidance paper by
Amstutz et al.(10) If an individual is tested and found to be positive for HLA-A*31:01, however,
carbamazepine should be avoided and consideration should be given to avoid using
structurally related AEDs, particularly oxcarbazepine.(3)

A number of other HLA alleles have been reported to be associated with an increased
risk of developing hypersensitivity reactions to carbamazepine and other AEDs(3), with some
of these studies being conducted in Thai populations.(12,17,18) The predictive value of testing
for these alleles, however, does not appear to be as high as that of testing for HLA-B*15:02.
In another recent study, a rare variant in the Complement Factor H-Related 4 (CFHR4) gene
has been found to be associated with an increased risk of maculopapular skin reactions to
phenytoin MPE in Europeans.(19) The relevant CFH allele, however, seems to be absent in
East Asians.
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Epilepsy genes

The last 20 years saw the identification of many gene defects which play a causative
role in the pathogenesis of several epilepsy syndromes, with the number of such discoveries
increasing exponentially after the advent of next generation sequencing (NGS).(20) Discovery
of epilepsy genes paves the way to elucidating the underlying functional defects, thereby
opening unprecedented opportunities to apply, or to develop, treatments which counteract
the mechanisms responsible for the disease in the individual patient. These advances also
permit to develop treatments which, unlike currently used antiseizure medications, no longer
target the symptoms but address the underlying cause of the epilepsy.(21) Ultimately, these
approaches will bring precision medicine to be broadly applied to the treatment of epilepsy.(22)

In fact, application of precision medicine is already a reality in some genetically deter-
mined epilepsies, the best example being use of the ketogenic diet in the treatment of epilepsy
associated with GLUT-1 deficiency. In GLUT-1 deficiency syndrome, mutations in the SLC2A1
gene result in impaired transport of glucose across the blood-brain barrier and insufficient
availability of glucose a source of energy in the CNS, leading to the manifestations of the
disease.(23) Utilization of the ketogenic diet in these patients provides symptomatic relief by
supplying the brain with an alternative source of energy. Other examples of treatments which
correct underlying functional defects include pyridoxine (vitamin B6) for epilepsy due to
antiquitin (ALDH7AT1) mutations(24), pyridoxal-5-phosphate for epilepsy due to PNPO
mutations(24), phenytoin and/or other sodium channel-blocking drugs in epilepsies associated
with gain-of-function mutations of the SCN2A gene(24,25) and the SCN8A gene(26), and
everolimus for focal epilepsies associated with tuberous sclerosis complex.(24,27) In other
instances, identification of the causative gene and underlying functional defect permits to
identify and avoid AEDs that can have a deleterious effect on the disease: for example,
carbamazepine, phenytoin, lamotrigine and other sodium channel-blocking AEDs can
exacerbate seizures in epilepsies due to loss-of-function mutations of the SCNTA gene, such
as Dravet syndrome.(28) Not surprisingly, innovative treatments being developed for Dravet
syndrome include selective activator of the sodium channel Nav1.1 coded by the mutated
SCNTA gene.(29)
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A recent elegant study by Sivapalarajah et al30) has shown that functional defects
caused by epileptogenic mutations can potentially be targeted by medications that are already
in the market for the treatment of unrelated conditions. Indeed, drug repurposing represents
an attractive strategy to develop innovative treatments for genetic epilepsies.(3,31) One
example is the potential usefulness of memantine, a NMDA receptor antagonist approved for
the treatment of Alzheimer’s disease, to manage seizures in early onset epileptic encephalo-
pathy secondary to a specific de novo missense mutation of the GRIN2A gene.32) In electro-
physiological studies, Pierson et al(32) demonstrated that the mutation identified in an affected
individual was associated with increased responsiveness of the NMDA receptor, which could
be counteracted by memantine. The same medication was then tried in the same patient,
resulting in markedly reduced seizure frequency. Another medication which has received
attention for its potential antiseizure activity is the antiarrhythmic agent quinidine. In some
patients with epilepsy of infancy with migrating focal seizures (EIMFS), West syndrome and
severe forms of autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE), the epilepsy
is known to be caused by gain-of-function de novo mutations of the KCNTT gene. In vitro,
such gain of function is partly reversed by quinidine.(33,34,35) However, reports on the clinical
usefulness of quinidine in these patients have been conflicting. Some infants and young
children with EIMFS have shown a positive response to treatment, whereas in older patients,
particularly those with other epilepsy phenotypes, response has not been encouraging.(36)
In a placebo-controlled double-blind trial of adults and teenagers with ADNFL, quinidine
dosages of 600 to 900 mg/day were found to cause unacceptable cardiac toxicity, and low
doses (300 mg/day) had no effect on seizure frequency.34) A possible explanation for these
findings is provided, at least in part, by the observation that the degree of responsiveness to
quinidine in gain-of-function mutations of KNTC1 differ depending on the specific type of
pathogenic variant.(35) In any case, the experience with quinidine illustrates the need for
special caution in trying to extrapolate electrophysiological data to the clinical situation,
and the pitfalls involved in generalizing anecdotal findings from case reports. The application
of precision medicine to epilepsy therapy is gradually becoming a reality, but development
of these therapies needs to be guided by sound scientific data, including well designed
clinical testing, before application to routine management can be recommended.
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Conclusions

For some time, the application of genetic testing to optimization of epilepsy therapy
has lagged behind the progress that has been made in understanding the genetic causes of
the epilepsies. However, therapeutic scenarios are changing rapidly, and they are increasingly
influenced by results of genetic studies. Much of the early work focused in identifying genetic
markers of idiosyncratic drug reactions, with some discoveries, particularly those concerning
HLA-B*15:02, having a definite influence on treatment decisions. More recently, exciting
advances are being made in unraveling the treatment implications stemming from the
discovery of epilepsy genes. The diagnostic yield of genetic testing in epilepsy has now
reached impressive figures, being as high as 80% for some conditions such as neonatal
epileptic encephalopathies, tuberous sclerosis complex, and metabolic diseases.(37)
Considerable efforts are being made in industry and academia to develop innovative
treatments designed to target the functional consequences of specific gene defects, and
there are already a number of conditions where a genetic diagnosis either drives the choice
of more effective treatments(24,38), or provides a rationale for initiating clinical trials of
repurposed drugs.(22,24) As elegantly stated in a recent commentary, ‘while often expensive
at the outset, genetic testing has the potential to provide a diagnosis that can avoid unnecessary
testing, shorten the time to diagnosis, reduce cost of care, and increase our ability to develop and
pursue precision treatments.(37)
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YW BIUNS Fu29A
NUIBIVRUSAENS N1AIYI1DIYTANENS
AMIUNNYAENSASINIINEIUNA

\uiinswlutagiuinlsraudnidulsaiifiamamsiugnssusiiannilade (multifactorial genetic
disease) @siitaduaniugnssusauivasndon msAnulundanuiudalylufertuiilenaduaudn
alefugeneiosas 67 Turauziiuialiauasluilomaiosdosas 17 [ 1 ] wazdsnuinaunBnasauniaves
vﬁﬂqaam%’n%ﬁﬂﬁﬂumﬁuﬁmu,azv‘f]u generalized idiopathic epilepsy #dns1nsiinaudngendnlunsal
focal onset and post natal epilepsy (incidence ratio = 8 vs 2.5) [ 2 ] mwﬁﬂﬂnaﬁﬁﬂsﬂau%’ﬂﬁﬁﬁ
ssluszaulaslulon sedudu ssaulusiu warlutliiudmuinfianufnunafissdunisuanseanvasiu
(epigenetics) A28 é’ﬂwmzmaﬂﬁﬁﬂ‘ﬁLﬁﬂmﬂmwﬁﬂﬂﬂamqﬁuqﬂﬁuméq‘ﬂ"ﬁaﬁamﬂwmnwmaashamn
VIEHNA Tneiinaduiganaliinnanelsanian1as (one gene-many disease) Suifignnolsaaudnuay
AMuRAUNRREN95UY (pleiotropic effect) wazlsaieuialdainuaiedu (locus heterogeneity)

ILAE 2017 classification [ 3 1 fildfqauszasdinauenlsnandnanuagniaiugnssulasianig
Fetulunisuislsnaudndandtn dademeiugnssuazsaueglungy genetic, metabolic, structural Ald
vannzdadildvanengu uazdnuazvesnstniiiivansuuusiaazliswsauenauviinvesnnsinldnn
afs dmuunnduaneiusmansnisussfiudiaslsnaudnindnnsfivasliinsanaunvasisnaudn
§Rndnnsuidlsrandnanudnuusisasingu [4,5] mawsnguuadlsraudniiadisifademaiugmans
wualeidu

1. mmﬂsﬂau%ﬂﬁwuéfmﬁ'unq’ummmaﬂsﬂmeﬁuqnssm (epilepsy associated with known genetic
syndromes) najuﬁﬁiiﬂagﬁluﬁﬂmumn mmiaLL‘u'amsJm’mﬁmUnamaﬁuqniiuﬁugﬁmﬁummﬁﬂﬂna
voslasTuley Buidier Sulululareunds ALK nguvadlsnmariidnuldvos Taun
1.1 Neurocutaneous syndrome léuA neurofibromatosis, tuberous sclerosis, Sturge-Weber
syndrome, Incontinentia pigmenti, linear epidermal nevus syndrome, Goltz syndrome
1.2 Inborn error of metabolism laun phenylketonuria, GLUT1 deficiency, biotin-thiamine
responsive basal ganglia disease, molybdenum cofactor deficiency, Menkes, nonketotic
hyperglycinemia, Sanfillipo syndrome, organic academia, peroxisomal disorders, MELAS,
MERRF sudiu
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1.3

1.4

Dysmorphic syndromes funnung wafisl epilepsy Yasuiniaus aun Fetal alcohol,
DiGeorge, Sotos, Borjeson-Forssmann-Lehmann, Angelman, Coffin Lowry, Coffin Siris
vWudu

Neurodegenerative disease auA DRPLA, Rett, Neuronal ceroid lipofuscinosis Wudu

2. 91n1515AANYNNNUTINAUNIILNITLRTYVaauaIidaunfAusnLila (epilepsy associated with

congenital brain anomalies) 383a8laa1n MRI laun

2.1

2.2

2.3
2.4

Schizencephaly fadl hemispheric cleft Wu3LAinaINN1INAWUEVDIEU EMX2, SIX3,
SHH wag COL4A1

Holoprosencephaly fisnnndrduriinges waznnviafivuuununisarenandu autosomal
dominant lngwu sporadic case 1hRe

Polymicrogyria samﬁa congenital CMV infection

Neuronal migration defect, pachygyria, and lissencephaly ‘mmﬂg\‘l Miller-Dieker
syndrome, periventricular heterotopia, subcortical band heterotopia, double cortex,
e Warburg syndrome WUULHUNSaNenantdu autosomal dominant, X-linked dominant

with male lethality wag X-linked recessive

3. ngueInsisnaudniiatenann1enugnssu (hereditary epilepsy syndromes) @audiandnidungy

idiopathic

generalized epilepsy wludlagtunuindanvanmeiugnssuludadiungamaniia familial

waz sporadic de novo mutation AsduluN1sIANGUAIN ILAE 2017 Fataualildaidn genetic

generalized epilepsy (GGE) Tunguiifinsvlinnnsrudusnaiuazyiiangelainsvunuivey uwazdelinany

anaulunsuusngunieaaiin sinliunslsadnaglunatenuin Tusuranliadansanuinudunalsanavun

nsuusngugasiiunazvualy nqugesndrfnylaun

3.1

3.2

3.3
3.4
3.5
3.6
3.7
3.8

Generalized epilepsy with febrile seizures fifunusBufingiu 7 dunis wazurewiinga
aglu 3.2 fy

Early infantile epileptic encephalopathy (EIEE) fianuiusiinuinnia 40 via lnsdianwae
37uAD AlsAaNTnIINAUANURAUNAVBINAUINIT IUINVDIATYY Anwauzauasidls
Childhood absence epilepsy (ECA) i 6 viintios audunalsa

Juvenile absence epilepsy (EJA) & 2 vlindag audunalsa

Juvenile myoclonic epilepsy (EJM) & 10 ¥iingag Wuduuaa 6 vin

Familial adult myoclonic epilepsy (FAME) & 7 wiiagios augunalsa

Progressive myoclonic epilepsy (PME) & 10 wiingas augunalsa

Benign familial neonatal seizures (BFNS; include myokymia) & 3 vtiagagiinainngueu
potassium channel KCNQ2 tag KCNQ3
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3.9 Benign familial infantile seizures (BFIS) il 5 wlingaaiinanduiidrdyAa SCN2A, SCNBA,
PRRT2

3.10 Autosomal dominant nocturnal frontal lobe epilepsy (ENFL) & 5 vintios anudunalsa
l@ungu nicotinic acetylcholine receptor waz#iu potassium channel KCNT1

3.11 Familial temporal lobe epilepsy (ETL) & 8 vHintios audunalsa

3.12 Generalized tonic-clonic epilepsy alone Laudnaglunay idiopathic generalized
epilepsy (EIG) § 10 viingoe Aunudunda 9 fu waziinusdeousudunsausnuuy 3.1

4. TspaudniinsauiuaIman1enugnssudug Taun somatic mosaicism

5. Tsmaudnililfiinantademewusnssy

Hagtiudrenisnsramadalmiqilimsuinlsaaudniiinandunaeiusiulisidudesdienan
19 ndA113n1 winunsnanewusivai (de novo mutation) létane Feazvinlilianunsaifadelivse
asdeldannuszinnsaunia

lusfinnisnsaadunalsaaudninldernuazlifinasenisidsuwdanisinenazasdninuiingaiu

o

fudafisain vinlinmsnsradudou flantanralinunmanaiewusgauazsaiung AedumnnsngIams
AdfinUsd syndromic epilepsy Mildnwazdanu Mmsitadensnadnfiisane wewniinisastatiuien
fivinlgldenntinuazsiatliumng Huasndnazldiunisnsiabudu winmnkifannislagfiwansdia dysmorphic
syndrome taw1z nsnsraagldanansavild TutligiunievdsiifinnsAndumaluladniseusiawugnssy
ﬁﬁﬂixawgqua (massively parallel or next generation sequencing, NGS) yilviviasufjURAn1saunse
asramAaRaUnAluBus NN dnden afunazlunansudy nsasramBuneaudnisldsuaniasdd
\RANsRAILIYART2Y (NGS panel) Alianuaunsaiassidunalsaaudniduiestuldluufnisenfsauas
Tusanfignasaudisuazasauniaanunsavinninsiald wmdlfiaruazantulumsinduladasiaiie
gudugunelsnautnudidindUeazhiidnvasneediinanizlsalag

nsnsakaemaiia NGS ditenrsseisie fanafissnuBunelsngefiase udnaudsundasiing
anatianududou nanfe enawudnuuznisnatewugilisunsnssyanuddglddinelsaviala (variant
of uncertain significance, VUS) mawun']ina'mﬁusﬂuguﬁuﬁ‘lsjLﬂaﬁi'mafmﬁaauﬁnmﬁau 21ANUVBUND
Tsawugnssusuifilddslansaniuasdslifionnts wia aranuntsnanewusluduuinndwilsdu winwy
sorumsalfanaadonaiannueinduinlumsagUransavionansialintiveuld ssdudadniens
asnafivaussleniuazdasida nisnsaanugnssudelilfifudsisnduluguasnnsevielisuduudess
AnussdbgitaudniuAnnwugnasu
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MNTAINTIANNUTAENS wnndildeazdaafonviinvainisdensda aeil

- WINDINTHANIENAY specific genetic syndrome AasEandeni1InsaafSwaluien wie
specific gene panel ﬁﬁ%wwﬁ’vn's‘jummiﬁmﬁﬂ

- winfliitedlsaaudniilifioinisvesngueinismeaiugnssudue uisiilsaaudniauiuainsiiny
UaySAUNY WU mental deficiency A2518NEINTIA target exome NGS panel for epilepsy

- winfilsraudnsaudvainisdugiidutadeensazlifeadulsaaudn Wy a1n15va9szUUdUY
UBNANIZUUUSZEM ATSLaaNES whole exome NGS panel

- WmﬁQ’ﬂwmnwﬁmﬁmuiumaua%’q n1sdensralug (duo) nialunsaiasde autosomal
recessive N1384ATIANBUNGN (trio) szgaelinsudanadnetuld uimniidesiindasildane analdnns
a2 lugUneiNesAuAgIna WIS R39S BUTIBULUY target testing AuaunBnauduiitiulsa
Tumsaunsa

- wnlsaaudniialuinfifianufiaunfudfiiavatsviin adrsdensralasiuleudisauauazly
nsdifinsmsaalaslulanlinuanuiinund Tuiligiiuenfinnsundmsnlaedsiasdeniufe chromosome

microarray or NGS array

nszuruNsUsBfiunanugnssuiuanunswmduazUszanunng uazlunangqaselidndudes
o ¢ o ¢ . o W v [ P ¢ &
VINlAgUNNEINIYNUTAEAT W312 NGS for epilepsy MAazdIuTunIINTINUTLEMUNNGFINTI
Ideslunvlfun dallalinnuasdogeitanainainiugnisuuazdainisnistuduadnuraunfivassnenie
(birth defect or anomaly) #3adiaan1sn1sasranuanmiialiain NGS wialilguilunisudanansaa NGS
JenrsUinuuiedeiounndniaviugaians Tunsunisuszfiualsusznaudlaemsiiudaya N1sngaa
Uszialunail

1. UseiRnsauniiadsazidoniiosne 7ty epilepsy, neuromuscular disease, exercise
induced dyskinesia, visual/hearing abnormality, diabetes, mental deficiency, wag
parental consanguinity (aﬁuaqu autosomal recessive disease)

2. YiN®¥2N19M$23 major and minor anomaly 1agLan1z skin lesion (Café-au lait macules,
nevi, angioma, focal dermal hypoplasia, hypomelanosis), hemiatrophy/hemihypertrophy,
skull shape abnormality, abnormal head size, ‘smﬁ'& syndromic pathognomonic signs
Wi self mutilation, hypopigmentation of hair, stereotypic movements WDy

3. NIAATIVNUANYULVIINGUDINITNINNUFNTTN %3068 18d multiple or pathognomonic
anomaly/signs A2sUTAWLWMENITUgAanitaEusun1sItady
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4. nsalasdelsaiugnIsauntvada nsianianuiaunfdndungunieedinle laun carbo-
hydrate disorder $2u4 hypoglycemia with or without ketosis, organic acidemia, lactic
acidemia and energy defects, aminoacidopathy, storage disorders, #389u¢ lagldn1s
AsranaLuavaaaNaluinauenlsa (plasma amino acid analysis, urine organic acid,
serum and CSF lactate, blood spot or plasma carnitine/acylcarnitine profile #8331y
#413523 confirmatory specific enzyme analysis Laz#38 specific or NGS DNA test

5. WINLINUIINITUAALANIZYDINGUDINITNUFNTTN wazue lasdelsanugnssuniuaan T
a 174 1 g A A& 1 A 1 o Y 1 IS4 ] ‘=9|l %
W9150u190UYaIN15M 323 NGS viveddulelanilsadniiviselsl (iidesaly) nniidauil
#91529 NGS %30 specific DNA test ansuansel

Tuneuuinuinnisnsiniiadenanugaansdog NGS Wian1snsiafduaanizlsadmivaudn

U199 HANToUIYEHIUAIAUANNEIAYNBNITATI A9l

1. Tsraudnfifiuszifnsaunsadniuduies (Mendelian inheritance) waziluasauasivuialug
vietieazihlugmsAunmdnansazifesdalsauddelaifionnns

2. Tsmandniiluszidasauaiaudrivduided (Mendelian inheritance) wagziunasasdaiinng

Y Y
v o A

v = a a v o Y < K 4 9y = a A4 9uv o
Aaensilunsiiui velliiveazldviunesnsinisidulsadluyns vieldmalulagnieginssuivalvivan
desunsfiidulsadn

3. Lsnaudniiiludounisvaslsnnsanguain1smanugnssy wsien1sidadelsaiidamuazuiven
0491N159UN8192HIU wazwenIallsn

4. Tspaudniaedan1snalenugvas SCN1A (Dravet syndrome), SCN2A, SCN8A, GLUT,
pyridoxine responsive epilepsy @ta13ildayavasgiugniiadsifeniduazinaimaniags wsan1sine
LAWIZAUY (A197199 1)
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A157197 1 A1egn9vesdunalsaandniduselevunisnissnuiuazfnniu [adapted from ref. 6]

guralin nguaIN1IUIalIA Uszlewiannnimsnudunalsa
SCNIA Dravet syndrome, migrating | »aniaes sodium channel blocker
epilepsy of infancy 5
19299 sudden death in infancy [8]
KCNQ2 | Benign epilepsy, epileptic | fifiayadnnisldaieanynan potassium
encephalopathy . . .
channel 14 ezogabine 814 lHEANINNIN
TinaY
GLUTI Glucose transporter a1ainNNIMaLdURIAe ketogenic diet
deficiency -
FAARMINAINIT gait abnormality
ALDH7A1 | Severe early onset epilepsy | 1$inns5nwa3udiag pyridoxine
PNPO
PRRT2 Paroxysmal kinesigenic Carbamazepine LAz oxcarbazepine 81aay
dyskinesia, hemiplegic 12 L
migraine, infantile ARANINNITEAY
convulsion

5. lsrautnjuusiuazviianlinavauassasvaievila Alinuaiunndaauniendnisngianig
MRI/MRS 4agn135n332L0ANNUATUEA N19UNITATIANUENANNIINUTNTINAYeT09iUN1IATIaN

IRNSIAUNID U REGdBUEN

6. lsnaudninlifivszifnsauadnazlinuamnlagainmansiadue nsnsivenalifiauanduy
lunsdill Tnaianrzluaseuasrvunadniifisaundndes Lufiynsinawazautnatuauldfsee e wilamse

29U

Wansranunsivdsunuasvasdunalsaaudn vesujjiansassnesunisilasundasiulusieay

Nan13n323 laediszauarnuiulaindudunolsa wusldwy 5 seau [9] fail
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- szufivdle siuladndelsauwtuau (pathogenic) Lf]umsnmaﬁ'uﬁ:ﬁmaﬁmsmEmfmanué"a visatlu
wiinfivilhiAnTusAudifiaunfiognediaay 1wy nonsense or splice site mutation nManasugszAul
anusiulaununnd aunsauwdadunauinuiglisuasasaunia wazldnsavaundnlunsauadafidelisionnns
s'auﬁei%’msaﬂuu’%wmgaﬂﬁﬂuamﬂm‘lﬁ

| 1 1 . N O] w  gan 1 = L M
- szAUNdas U1aznalsa (likely pathogenic) smuJuminmﬂwqu‘luwumnaumawuuaEJ weilad
wuluauuni wazanwazvasnisilasuwlasinasiinnuddgy dunsalduauinilldadnanussaunni

- seuitanu linsuarudidguiuey (variant of uncertain significance) Wunsnanewugilsl
nsruddelsansell arsudsadunisnunswdsunlasvesudigilinsuniindunusiulsaautnudoll
waznuziinsreaudnluasaundifidlsraudnuieatuiBeudiiou w’%a?mmu%’agaLﬁu@m*’ummsﬂma
sugedatiluszesialuray

v A [ 1 . . <) v ¢al a 1 N Ao
- 9eiudd ldunaznalsa (likely benign) Wunisnaneugnnuluauunfetnanunds vivadiinuue
¥4 silent mutation W3aiinUAMBUTAMURAINTATEEY AdTudUleuazasauaTad lainunIsEY
wlasiinalsaaudn

- szaudii lidelsa (benign) Wunsiwasuwlaswuuarsmainvateinsiulugiudoya litien
flun1sialsautuay dnamilouiun1snaenugseaund

nsvenkanntaungisdlifionnisty Aesedeidifnugnssusisazhifiulsaaudninaslan
laiilduanseaniaualy (incomplete penetrance) WWNEIIABINIIUTIYALLDEAVIINUFAENTVILIANDY
TaUInwainuan1snga msasalinaauludauazunsailagnsiaainiden lianansaiaziusasinag
Lisiyasidulsadlédn udanudssazanasnn msznnsasaliawisanunisnateiugludniunsani

WHu gonadal mosaicism 1@

azwiulddnnsulanauuiinnududounnnnituinausssuan deyaieanunamaiiinasiiazedune
T Sun1sAsTIaNsUnauNnazAiunN1IsnsIa Wneanaluliuaulslaliansaunansia uanmilaarnuumin

u
o a

ANLLIUNTIIATIIUY whole exome NGS azlitayavasdunliinerfivantndie nsalwarinindnisnalsy

[ s v

< & a A < a % P Yo v a aa o
wuﬁszﬂumwuwsaaaﬂuauauﬂ ﬂﬂ'J'iWQ']'iﬂJ']LLQ\?N@LLﬂQSUﬂ'ﬁﬂ'ﬁ?Q@I'}U IﬂﬂLQW']ZEJuVI&Iﬂ"Iﬁiﬂ‘U']LL?I%

9

a 1 = 1 < o = 1 o/ Y a o o/ 1% < v
ANAIUNLRNIS bYU YUNDUSLIINNNUTNFIY aunaiiﬂm%mummmzuazwﬂaaumm wWuau
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Wasannisasiansnugaanslidauisavaslimanzaunazandunisialunnse delunsainly
ns1vdunalsaandn Auzdneganuaudesranisiingnluaseunsa Tduanni1svas empiric risk

17
a

counseling lagandedayani9szuInIneIsIuiuUszIAnTaUATILATNANTITUTLNUNIWUSAEAS Aall

o/

- anudeslundesvasdUisaudnuuu generalized Mlinsuanmg uazitiadenaueny 15 Y
UszaauSawaz 5 [4]

=

- anudssluntesvasUlsaudnuuu generalized Nlinsruannn uazitiadevasany 35 U i

WA UBEN e FALY

v

Yy ad 4 ' = o o e a X Y M i a vy
- QIUUIRTUN 1 UINNANUIAULUUANYN AMULTYILNNIUNINTDEAY 5 Lm‘lﬁJLﬂ‘uﬁaﬂaS 10

v

o A a =] I o [ a 14
- ﬂ’J']ilLﬁEJ\i‘U'eJ\‘iL‘IGﬁLSJE]‘Uﬂ"I‘Wi'e)&I']’iﬂﬂﬂauﬂlﬂluﬂﬁ%Uﬂiﬂﬂizuﬂmia863 5-6

- wndl parental consanguinity wazliynsidulsaaudnuileau ynsaudug analinudesgeds
Fowaz 25 NeilluAMNTIWNAZAINI1ULDIIN incomplete penetrance

Tsrandniianmanisiugnisuludadiuiige uazanvazlifivszifasauaiuasnld Srurudunalsadl
WINUY wazdnwuznnaliniianugrdeu Buheinanalenguaints wazlsantlaialdanvatedu fanuy
n1sasraneaddnazlidamnsauenaunnaudnludulrsduiuninld wnliliannsuansdnnig nsnse
ARUENDY YFBN1IATINRUURNIIUkaz M nSdnYetiadelaudt Tulagiunisasiatiuneaudn
14 a = ¢ & aa o =] v a 1o & a
arawmaila NGS a19aziiusglevinslunisitadeanvnigndas ann1snsianlidntu nasaalaniaiialse
Prluasaunid wazenaasunUasyiinvaseniudn $au9e13TBUaNlIATINLaTNEINTAIlIAANYNATY L
fensziuniInsvilaiiidedndauasasldluuTunvesnislidusnwiuuzdiniaugaansnmangauns

Y
1A

faulasndinsaTiaaue lngdadauslingndeuazidenviinvainsasiamiieawauslindrsauinuly
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INTEREST]|

 CASE |

15q duplication syndrome

WA ATEANALAY
NU1TIVANENAS 139NEIUIANIAINTH

=2
NIUANTYT

Y 3 & a A [ 3 1 =) o/ o/ v o < Y

JUleanvglneany 5 U Fuilonstnauseny 2 wheau dnwmuzdleaidiniaida inJausue 2 419
[ 1 a a R a a 3 1 £ Yo o ¥ .
WJurasiuuaY W 30 ufing 1wl f91n15 5-10 ASRaIU lAsUN15SNEIA1881 sodium valproate
40 mg/kg/day ngagluilasanideymn elevated liver enzyme nasanuulden topiramate, pheno-
barbital uag clonazepam eilan1stnagdsdedauniunsinensie

Useinenn: Ufiaslsauseindanu
Uszifnsauaia: ursnylulaguaasdng (sensory neural hearing loss) Ufjieslsmautnuasaun
nsdnlunsaunsa

Uszifnaen: ynsauil 1/1Asunviun 61AaenLilasain unfavorable cervix Wminusnaaan 2,930
n3u Apgar score 9,10 head circumference 35 cm (P75-90) Uagldsunsdadlnidunian 2 Juuagldsu
grein@aiduan 7 Jullasandsdoniig sepsis

WAIUINT: SUADLTY 6-7 HDU WANAIN 7 1Aau dvluaslild liadrvas Tidudes ldwuaudes
e lAsUN1I5AI2 ABR Naunf

M399319N78 (Mg 10 Liew)

General appearance: no overt dysmorphic feature

Body weight was 8.9 Kg (P25-50), head circumference 44 cm (P50)

Vital sign BT 37.2 ¢, pulse rate 128/min, BP 104/67 mmHg, RR 40/min

Skin: no rash, no birthmark, no hypo-hyperpigmentation

CVS: normal S1S2, no murmur

RS: no dyspnea or tachypnea, normal breath sound

Abdomen: soft, no distension, no organomegaly

Extremities: no deformity

Neurological examination: active, no eye contact, not follow, not track, pupils 2 mm reactive to light
bilaterally, no limitation of extraocular movement, no facial asymmetry

Motor: unable to sit or grasp object, generalized hypotonic, axial and truncal hypotonia, head lag,
move all 4 extremities equally

Deep tendon reflex 3+
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;ﬁﬂwlé’%’umsmmﬂé‘u‘lw%'lauaa (EEG) flang 5 thaunuinil generalized background slowing,
high amplitude spike waves §i P4 T4 T3 waz T5 Iﬂ&lW‘Uﬁqn 5 AuNinaenda9 recording Wull generalized
polyspikes followed by EEG decrement during sleep correlate with arms contraction or left hand
clonic movement linwudi hypsarrhythmia pattern (i 1,2,3) nan1sasrandulnfiauasfinaiu
wawﬂ%\awmf'lﬁ multifocal epileptiform discharges wag electro-clinical seizures video EEG
monitoring ﬂ%"\‘iqwﬁ’lﬂﬁmq 3 U 5 1au wull diffuse background delta-theta slowing uazil abundant
multifocal epileptiform discharges wuvselagianizii left posterior quadrant # multiple epileptic
spasms taz cluster of spams lagwudl high voltage delta with or without overriding beta followed

by electro-decrement vzl clinical spasm 1ag#ung events WusauAud right arm tonic extension

MW 1 dregnnaulniiauesuziuey 5 oy (interictal)

M 2 Aregrerdulviiauasunenauany 5 o (interictal)
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awi 3 Adulviiauesunzany 5 wauvaziiann1sdn (ictal)

a1nstnvasgilsdentuanlailaudlasueniudnuaesasiuie sodium valproate, phenobarbital,
clonazepam, topiramate, vigabatrin, levetiracetam, lamotrigine LLa¢ zonisamide é’ﬂ%ﬂ‘lﬁiﬁmiﬁau
fU946a intravenous pyridoxine 100 mg aaeﬂ%”’a, oral pyridoxal 5-phosphate 50 mg a2 folinic acid
15 mg daily, pyridoxine 100 mg 2 aSasiau LwiQ’ﬂwswﬁﬁmsmauauaaﬁﬁﬁia clonazepam Ingdiauau
nsinanasstnetaluy

mim’mmmLwﬁgtﬁutau‘lﬁl,tfi electrolytes, liver function test wag plasma organic acid wauni
serum ammonia 78 microgram/dL. urine organic acid Wuil high amount of beta-hydroxybutyric
acid Uraziduannketosis state ua arterial lactate g4 3.7 mM/L (0.5-2.2) Wan13n529 lactate Tui
ludunasun@ 1.2 mM/L (0.5-2.2) muscle biopsy lsinudl ragged red fiber, Type Il slightly smaller
than type | TneilinuiinanufinUnfiegn9du nan15»33a brain magnetic resonance image ﬁaﬂq 3%
(i 4) BinuiiaanuRaundeniudl diffuse brain atrophy Tagwawazil bilateral frontal wag anterior

temporal lobe

AT 4 MRI brain 2/12/2558
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AIATIIAUAZNITNTIAINISLABUAY auditory brainstem response (ABR) Wui1Unh Han15ns2a
Taslulwunwuindu 47,XY,+mar karyotype (0wl 5) nan1sasaalasiulonvasdnuazursawauni

S T

mar

Bl % s, ;m oum g s

7 11 12

8 B4 @ 88 &8 8
13 16 17

14 15 18

3K ge s Ar ‘ 3
X Y

19 20 21 22

Ai 5 nsnsaatasiulyudy male karyotype wazwudl marker chromosome

ﬁﬂ%a‘lé’%’umimaa SNP array base analysis wazwudl 10.54 Mb duplication i long arm Va4
chromosome ‘17ll bands 15q11.1913.2 from nucleotide 20,071,673 - 30,611,102 encompassing
Prader-Willi/Angelman critical region (PWACR) SNP array §4wudl 618.82 Kb duplication i long arm
of chromosome 15 i band 15g13.3 which included exon 1-3 of CHRNA7 gene

Ao ) v = . ' A AN 1
vauzilfUaeang 5 U fiwmuinisardiann & severe hypotonia lidnunsaiiald livasny dades
Laiidudn defionnstndue nauaussisa clonazepam JU2eldsUn151912AB WAL percutaneous
endoscopic gastrostomy tlasandidgynsnunisnau

UNI50d

”Lué’il'wﬁﬁ epileptic spasm ai'nL’%'mﬁmms%’nimmmqﬂ'aumu"ﬂLLsnIﬂmaquiijN 3 LhauLaz
10 fiau Taesindlansvdsauluie ansiniduyaqadessds uazifinenatiaanisiesiudae ildenis
adnefuly colic ¥Se gastroesophageal reflux wAdBINNWUTINAILINMSANaBEIINEE Feualsazdas
ilsilsanguiiielilénisnaidadeuasBuinuoesnesania auualunguvas symptomatic 1dan
agaue Wy ANURAUNALUIATIE519898N9 N132VINBaNTY 13ANNY metabolic disease lsavaan
l@2AENBY neuro-cutaneous syndrome laglaniz tuberous sclerosis Iiﬂ‘l/l’mﬁ'uﬁqﬂiswﬂiu chromosome
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abnormality uag genetic mutations fisnusansaalaundulutagiu dwulugdUrennudnd epileptic
spasm ﬁﬂfmmi’ﬁLﬂuﬁaalé’%'Uﬂﬁimsa%wﬁaﬁLwﬁ; WU N15A5IAN19 metabolic disorder N1saEAINEUBY
ﬂ']'sm’mms‘iﬁ"léni'iu 1 chromosome study, array-CGH, target single gene testing, epilepsy gene
panel, fluorescence in situ hybridization (FISH), whole exome sequencing %38 mitochondrial

genome panel

Wirrell uazganugldinnisnsianeiugnssuluguie 112 579715l epileptic spasm WAZWUAILRAN
Un@enas 23.5 Tagdtlinuilaunatanundainldnsaidedeiuiusuiieafuudmaniniiaauas
Tnewudnd variant of unknown significance 4e8az 14.8 (1). MsAnEszEUdstinuIiBunaredud
o epileptic spasms WU ARX, TSC1 and TSC2, cyclin-dependent kinase-like 5 (CDKL5) (2,3),
FOXG, GRIN1, GRIN2A, MEF2C, SPTANI, STXP1, sodium channel protein type 1 subunit alpha
(SCN1A), sodium channel protein type 2 subunit alpha (SCN2A), huntingtin interacting protein 1
(HIP1), gamma-aminobutyric acid receptor subunit beta 3 (GABRB3) (4,5) a2 membrane
associated guanylate kinase inverted 2 (MAGI2) (6) anuRaUnfinslastuleuiinusauiu epileptic
spasms KU trisomy 21 (Down syndrome), deletion 1p36 syndrome, deletion 7q11.23 (Williams
syndrome plus), tetrasomy 12p (Pallister-Killian syndrome), deletion 17p13 (Miller-Dieker
syndrome) (5,7,8) wag maternal duplication 15911q13 (duplication 15 q syndrome)

1‘13;14’1']'3&1‘5’18% chromosome study Wu313l marker chromosome of unknown origin &9 marker
chromosome finulaevialuanadl inactive gene %39 active abnormal genetic part flonafiaatasiu
AMARAUNAYRLEUE UWag marker chromosome oraifintiutes sporadically videunannwauslld nsnsa
chromosome study %a&ﬁdﬁﬂﬂLLazuﬂiﬂﬂWUiﬂﬂna mmsm%’ywia‘l,ﬂa'mﬂu Fluorescence in situ
hybridization (FISH) %38 array-CGH WaYasuanderunuves supernumerary chromosome Lag
extent Y84 duplication Iﬂaiupﬁﬂaaiwﬁlﬁ%’un'ﬁmm array-CGH wagwud1dl 10.54 Mb duplication
UU long arm of chromosome 15 within bands 15q11.1g13.2 uaﬂmnﬁé’msfmwudﬂﬁ 618.82 Kb
duplication Ui long arm of chromosome 15 within band 15g13.3 §939u84 exon 1-3 of CHRNAT
gene WU11 CHRNA7 encoded alpha 7 subunit of nicotinic acetylcholine receptor §uWusnu
neuropsychiatric disorder w# pathologic significance ’Lupﬁﬂ’aamaﬁ%‘lsjﬁluﬁmmﬁ'ﬂLﬁ]u

159 duplication syndrome

15qg duplication Lfluﬂ?jm:{ﬂ’wﬁﬁmms hypotonia, motor delay, intellectual disability,
autistic spectrum disorder wag epilepsy @anwulauinnin 50% %aag’{{lwiﬂmawq: epileptic spasm
Tngadnugnvaslsaliinguwiuay uiaagds 1:5000 (9)
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ludUaedaulug 15q duplication finan maternal isodicentric 15q11q13 supernumerary
chromosome &4 azwudl 2 extra copy 989 15q11.2-q13.1 Tnenufiuszanadosas 80 wazfividauszuna
faway 20 Wunau1a1n maternal 15911913 interstitial duplication Favznudl 1 extra copy Va3 159
11.2-q13.1 Iﬂ&l‘ﬁE:J:ﬂ'zﬁlﬂa:uLLﬁﬂQ%ﬁBﬁﬂﬂﬁ§ﬂLL§x‘]N"lﬂﬂ’jq uanmnﬁiu;ﬁﬂw 15q duplication n153UAWN
I8laeniswuilognatioendle extra maternally derived copy ¥83U3taa4 Prader-Willi/Angelman critical
region (PWACR) Uszunau 5 Mb luu3iiau chromosome 15q11.2-13.1

81M13 hypotonia 9¥WU3UfU feeding difficulty wag gross motor delay JUasdlngjazaunsa
wuldvdsnatgaasteanst fUiednlngazwull ataxic gait waziinunUn@isng fine motor waz gross
motor skill §U183¢dl global developmental delay lngiianuraunamuaRlyyImazAiu e lusEAU
Ununansdaguuss wiouulugtaeset (10-12) Tasfianusuussasnwuldtissndrlunguiiiy maternal
15911qg13 interstitial duplication Lﬁ&lUﬁ’Uﬂ&jﬁJﬁLfJu maternal isodicentric 15q11q13 supernumerary

chromosome

21n159nlAgNInLnzdB1N15YNRA1BLUUSINAY epileptic spasm, generalized tonic-clonic,
focal, atonic, absence, atypical absence waz myoclonic seizure (13-14) Eﬂﬂ'ﬁ‘ﬁ'ﬂﬂnﬁmzwj'}\ia’lq 6
Wwouuar 9 U gU1e idic15 duplication dndl epileptic spasm ﬁqu“le’fmnLLazmssﬁ'ﬂﬁnw?{ﬂu”walu
Lennox-Gastaut syndrome waga n1sinuuudugiteranauaaldeonn Tnenwuldunndsiesas 40 vasiiae

¥
1 IS

#flan13tnuuu epileptic spasm wazlunguil¥osas 90 azliannisdnguuuudu TnedigUrediuniienians

q
Y o

fan1s¥nilunuu focal seizure agraiiala am%’wf{ﬂwﬁﬁ]u 15911913 interstitial duplication 3%
wunazdnladesndi

fisnenuidieitinnufinundmeeaulwihaussaznmansuimannirausswfazlinuiionnts
FnlAiiu (14) n1s5nu1n1azdnlaeuinsinnauduassa broad spectrum anticonvulsants 1% sodium
valproate, rufinamide, zonisamide wag lamotrigine Wsig1 carbamazepine way oxcarbazepine Al
Igna Ysdinnstnurendudnuae multifocal seizure annndnaziduuuu generalize seizure Tagfienly
ngu benzodiazepine finldliAaylanalagarvaiurelaaniinnuiaunfivas GABAergic transmission
370 duplication wa9 cluster Va4 GABAB3 receptor gene Tu 15q11.2-13 region (13)

81158 uqfinusaule Wy mild to moderate dysmorphic feature W upturned nose,
flattened nasal bridge, anteverted nostrils, long philtrum, epicanthal fold, downslanting palpable
fissures, micrognathia, low set ears, flat occiput, low forehead, high arch-palate, full lips (15-19)
uanmnﬁmawuﬁwqﬁnssuﬁﬂﬂﬂa WU hyperactivity, anxiety a2 emotional lability (14-16,20) 813
WUl psychosis waz sudden unexplained death sauaqglaudnulatos (21-22) Iﬂﬂ“lunfcjuﬁn'm?m
Fanluduasnguiiinasfnvurusunduuazdiusnndnnuluiesuuasdluajneuduiifinngdn
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o y & e ge e 1 o a & % o v % a
nssneazidudu multidisciplinary team tiWaUsstULAN TUATUNAIUINITTINI9ATUNSIAR DU
Tnauazatwn wazlit supportive care 114 occupational therapy, physical therapy, behavioral therapy,
psychotropic medications wazn1shvigniudninaniuaun1zdn

unagu

fUreiidulsrandnarslddunmsmamglasianizdueiidu epileptic spasm Taumgldanvane
AUMARINETT B19WITUINITATIINI metabolic NITEWAINENBS N1TATIINNAUFNTTU WY chromo-
some study, array-CGH, target single gene testing, epilepsy gene panel, fluorescence in situ
hybridization (FISH), whole exome sequencing #38 mitochondrial genome panel ‘ﬁuag}'ﬁ'ﬂmﬁ

a

= Y 1
ﬂmnﬂugmmmazsw

fUasRa9819n529ME MR Yae epileptic spasm wudnTuatnanugnisiugnssy Taed15q
duplication syndrome tusmgnsiugnssunguainisuisusinuldtosusnuingl epileptic spasm
32UA9Y LLaza'ﬁléfﬁ]\‘lﬁﬂﬁﬁuﬁﬂwﬁﬁmms moderate to severe hypotonia, motor delay, intellectual
disability, autistic spectrum disorder wuaz epilepsy lagLanie epileptic spasm Q’ﬂ’ws’l&lﬁm’m
TasTuTwandasdunudl marker chromosome ﬁaﬁﬂﬂejmmsw array-CGH analysis vinlilan1s3iaulsa
Tugitlas nsnsralasiulemdesiuludiasiindelsafifingmeiugnssudedisfianudifey arsiionsanms
A573 array-CGH %38n523 FISH Lﬁa‘lﬁlé\'mﬁﬁﬂﬁﬂiﬂué’ﬂ’wﬁL‘fl‘u epileptic spasm, developmental

delay wazwu313l unidentified location of marker chromosome

ANRNSSUUSZNIA

VBUNTTAMBIANTENIEIN AFATN, ANIAITENUINUTAIENTAIAIVINUITIVAIENT 159WeIUTa
PUIAINTA LAZAANANTINUIBNUTAEATAIAIYINUITRYAIEAT LSINEIUIATINIBUA
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epilepsy monitoring unit LLaSWU’j’m:"I'J’JEJﬁ posterior dominant rhythms Aaud199M 7 Hz WU focal
epileptiform discharges Ingnin¥agas 80 wuil frontal Msaaetng (FUN 1.1 wae 1.2) ivdeag fronto-
temporal Msaaet19 (UM 2) wuiu Tuaamduny epileptiform discharges 419iu Usingsaiiaanauy
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21msnnRlavsznaude flaeduniiu fnumentufuuy mudsurunszanisumeiiuean
ntufisnsinieuaznszaniieia anmadnuulszan 3-6 il urudrenganszgniludigavine anntu
HUreionn1sduaudn 10 w1l EEG vautnBuain arrhythmic delta-alpha activity #i fronto-temporal
hesesdng iufidnedne (gﬂﬁ 3.1) e diffuse background attenuation wag diffuse rhythmic fast
activity U@l frontal Haseedns 9ty EEG seizures Afiunsyanglusisaasdravesauas (3U7 3.2) nde
FWU postictal slowing fiusians fronto-temporal ﬁ'ﬂﬁm%”m wiufitnedng (g‘dﬁ 3.3)
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flesangdaeiitayann video-EEG fivadffs focality Usznaufufining drug resistance wan1s
m’aﬁ\igﬂ‘lﬂaﬁﬂ‘mﬂu presurgical case conference naafius1elu multidisciplinary team a@dq;ﬁﬂw
1in172 childhood onset intractable frontal lobe epilepsy $7uiUA17E multiple behavioral problems,
mild cognitive impairment wag learning disability 39AA09A12% ring chromosome 20 A25d4RS2ALHDN
ezl daunsinenseiiadily surgical candidate tiasarnuasineg i concordant fiu vagus nerve
stimulation 813ldnaanAuEdnlEluLee nan1snsraBu Tusneiiwudl ring chromosome 20 93¢ iilas
1ndihsuazaseunidlduaynnliassludussmaiian Sevsluiumsdnuniusamadsndsioly

Ring chromosome 20 (R20) ulsafiwulden nsidadsendedoyanienadndunanldun
refractory seizures with frontal lobe semiology, recurrent nonconvulsive status epilepticus tag
characteristic EEG alterations (brief frontal epileptic discharges and long-lasting high-voltage slow
waves) agnslsnAanwae triad Aenall specificity Lne93aeas 60-80 uA sensitivity fis 100 Wasidud (1)
ﬁqm“uquﬁ'uq fionaiianwaznenddnay triad 4 1@uA frontal lobe dysplasia, Lennox-Gastaut
syndrome, Dravet syndrome, continuous spike-waves during slow wave sleep syndrome (CSWS)

e ring chromosome 10
1Y o a ' ' v a £ o P
Anuvazdug fienavasuenlsa wud1dulsa Dravet syndrome onset sintinduluvautusn &

hyperthermia-induced seizures Tu Lennox-Gastaut syndrome dnwudl atonic seizures Ll,aﬂué'ﬂ’w

ring chromosome 10 dnwu delayed growth %38 genital alteration 32UA9Y
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daulu R20 dnwasnsadiinuanmile triad NYaelun1sitiady wu onset wuludaseny 2 fe 21 U
(2) 154 ictal fear uaz terrifying hallucinations (3) wag rhythmic theta activity pattern flsinau
dUadria eye opening (4) ag4lsAf R20 funsdiuiinauauaeiu combination vaseniutniaiuazing

ketogenic diet wag vagus nerve stimulation (1)
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KCNT1 mutation epilepsy

W.EY. NUTITIU NABYEYINA

AMATVINUITIVANEAT AUSUNNYAEAS
UM INSeBeeln
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Usziatagiu: fUaedinmelneeny 12 ¥ ufumsinuilsmaudniidnaglungu epileptic encepha-
lopathy(EE) u,azﬁ{]zuum drug-resistant epilepsy(DRE)
Current AED: Phenobarbital (PB), Lamotrigine (LTG), Lacosamide (LCM), Perampanel (PER)

Previous AED: Vigabatrin (VGB), Valproic acid (VPA), Levetiracetam (LEV), Phenytoin (PHT),
Carbamazepine (CBZ), Topiramate (TPM), Clonazepam (CZP)
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wazdiunany sreziatlseana 5-10 3unf leewade 8101590 3-10 ASY/IU wasdn 5-14 u/Lfau

WaWINT: ANwun1sngrlunndnu (global developmental delay) ¥aewmaanatadlild liaunn

Lilauilanirves finsiAnsevasdainuazdanen (joint contracture) ligunsayansadoasia

Uszifafn: Nonguszana 2 wauaw (25/5/2549) Guiiomnisdnuuuinisuauuasn 2 419 a6
U H91n15Uszaun3efanilaunil anuudinnseniu Wangaazdasli Bulion1sdnuinduises gaaiu
wananuuszezaneuntiifunasesdedunaiudndUqefionnisazdsioe soudae Fawunsaail

Tsane1una

Uszdfin1snasn: ARBASIINYIR [UuyRsALLSNLAZAUAE) UvtinusnAaaawinfu 2,690 N3N AzwuL

Apgar Winnu 10 waz 10 Adsuniivaziiuii

V- | [

Uszannsauns: WilUseIRlsaandnvisanuluasauasaNdnmuINIsEn

N139599319N18: wsnTufianguszanal 2 woulAe didusaudsuzaglunaeiun® nszvsiauniin 2x3

a & v | @ a . o o
cm nstadaulnInIuYNsdasdnawiniy wazll hypertonia wag hyperreflexia 179U
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mManaiiaduaznssiulsalusfndiddny
: urine metabolic screening test = negative
: serum amino acid Wa¥ urine organic acid = normal study
: CT brain (18 2 \auA3) normal study
: MRI brain (81¢ 6 t#iau) mild brain atrophy

: §i blood lactate gaantisausdillonsiagmaenss Sunauung upper normal limits 7 3.28 uaz
2.63 mmol/L (0.5-2.2 mmol/L)

. Msnsaanaulvfiauas (EEG) Tuafin (151991 1) EEG wlausn3u EEG arunsasuain1sdnuwuy
myoclonic spasms wazdl burst-suppression pattern (S-B pattern) LLamﬁﬂn'sju epileptic encephalo-
pathy(EE) fisnaazfinann early myoclonic epilepsy (EME) %38 early infantile epileptic encephalo-
pathy (EIEE-Ohtahara) & ufin15as573 EEG luassdaquiiBuny focal seizure 210914 right uas left
hemisphere #8814 EEG Untdauannmsnsiaiiionny 2.5 1oy uanafisguil 1 uaziegns EEG fleng 11
iouuanIfazUT 2 uasiegendulwnaussilany 12 U uandsguil 3

 ousswmdlneBufinmsnmanainglsnaudnansunanuiauninisiugaans dlaeneiie
IFid139ulATIN194aLTUNTATIY trio-WES (trio-whole exome sequencing) iatiausnsAy w.a. 2560
ngudanududamansunndiunviugaans lsaweutagunansal lasaglungudienuide uas
Wiawiauunsiau w.a. 2561 39ldwan1snsaa Fanuinfinanuinunfifi KCNTI cene (A heterozygous
missense ¢.2717A>G variant (chr9:138670656 A/G, p.Q906R, p.cAg906cGg, p.GIn906Arg)

EEG at age 2.5 months 2.7 months 3 months 4 months 11 months 12 years
AED No VGB, Vt B6, CZP VGB, CZP VGB, VPA, CZP VGB, VPA, CBZ, CZP PB, LTG, LCM, PER
Background : Asynchrony, : Asynchrony : Asynchrony : Asynchrony : B-S pattern :asymmetry
: Asymmetry, : Discontinuity : No B-S pattern : Asymmetry
: B-S pattern
Interictal : multifocal d/c | : multifocal d/c : multifocal d/c : multifocal d/c : multifocal d/c :infrequent d/c from L-T,
: short run of R-FC
sharp wave at
R-Tand L-T
Ictal : myoclonic : isolated :isolated : one focal seizure : 7 focal seizures from | : one suspicious of tonic
spasms myoclonic seizure | myoclonic seizure from R-H L-T seizure
: 2 focal seizures : 3 focal seizures
with bilateral from L-H (L-T, L-T,
involvement L-0T)
: 2 focal seizures
from R-H (R-T, R-
QoT)

mi’]\‘iﬂl 1 u,aﬂ<1Nam'm's'aaﬂﬁulw‘ﬁqauaﬂmmmqﬁLmnsmﬁ'u B-S pattern = burst-suppression pattern,
d/c= epileptiform discharges, H= hemisphere, L = left , R= right, OT= occipitotemporal area,
T= temporal area, AED: CZP-clonazepam, CBZ-carbamazepine, LTG-lamotrigine, LCM- lacosamide,
PER- perampanel, VGB-vigabatrin, VPA- valproic acid
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myoclonic spasms Waznu S-B pattern @anwunsluvmuzsiutaznauvinli epileptic encephalopathy (EE)
nindsludunesieiiinazdneglungs EIEE wia EME uldnnumgufiniaaslsniiinazny tonic spasms 11nA
myoclonic spasms a1 Tu EIEE sinwu S-B pattern lansluvaizndunaziy uanainiing EIEE was EME
fas1u130nU focal seizure lawiuiu fUqes1eiin1snsaa EEG Tunsesagluinu focal seizure fixnan
du09a09919 Tnguananeniwndy danweae focal seizure waz focal seizure with bilateral involve-
ment &3 focal seizures finularaulanaldindudnuilely seizure type fiwulu EIEE 5o EME %30019

(< . = . . A evy 1w

azLdU seizure type Anulalu epileptic syndrome dunlauny

msmwsﬁmé’uﬁmmﬁummmaa EE 1¢ufl urine metabolic screening, serum amino acid uag
urine organic acid YukalinuaURAUAR sAuBenIWaENY CT waz MRI &9 MRI fies mild atrophy
linudnwauzgluuunazamamfanuiiaunfitasiuld is1ee1udingu EIEE-Ohtahara Uua1a9znuAY
AaUNAYD9lAT985199898109 wag EME 81anWU inborn error of metabolism 16 wain1snsdawiainly
WasdulugUlesuildslinuamnvasensdniiuiaie auiudsanmnlaiiesitenadinuiaunfneaiv
gu fUreneildsunisuiueniudnuatsasiwazraneyinlunatelana aamsandslianunsantuauld e
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annnufutivnenisunnglnslanizatnedmisiuiugaanssuiiunumnndulunsmame
YadlsAautn Q’ﬂwswﬁlﬁ%’umsmsaa trio-WES anevidswuinfinaufaunfives KONTI (A heterozygous
missense c.2717A>G variant in the KCNT1 gene) Tag variant dgslsitaeiisngauniensunmduniou
ui mutation vasduifinefssaudiasanmevsamadgduinisatesiu EIEE14 wia autosomal
dominant early infantile epileptic encephalopathy-14 LLaxQ’ﬂ'wﬁﬁnwm: epilepsy of infancy with

migrating focal seizures(1)

Jufinsruiudndwsu epileptic syndrome Tngannzagnsdsly EE iy one syndrome &14138
WAINAMNAAUNRLARINYATY gene mutation WaT @1%5U gene mutation AuiufetainlAiig
phenotype vasgUqeldnasuuy nsaunuulmigfinelfinlsaiifianwazvasainisdniindreadeiuly
veasseravldiinanuendmiunsitesuld dwduanufinunfives KCNTI mutation v lusesy
mamsunngwuanansavinliiadnuaz phenotype fiinunfieatulsaaudnuazlsafiisadesiuszuy
Uszamlavaneayuszns

frgsvaslsmantnuazlsndue NNnan KCNTI gene mutation tAWA(2)

1. Early infantile epileptic encephalopathy (EIEE) #INN&a1709 Ohtahara syndrome 1“?14?13
«Ju epileptic syndrome fiudidnaranunedwiowindu EIEE widagUunsIudn Ohtahara syndrome
orafuriisanislundgy EIEE dwiu BIEE Yudayaaudda.a. 2016 fidu EIEET §a EIEE36 (FeTadud
uaneneduly) uazdwiudiufinanafiedmiu Ohtahara syndrome vuldun EIEE1-4, EIEE7, EIEE11, EIEE19
\Judu Taefinuvesiivszanadesas 30 auliuainufinun@iain STXBPI(EIEES) wazdosas 20 90 KCNQ2
(EIEE7) $awaz 10 910 SCN2A (EIEE11) wazdiesauds KCNTI (EIEE14) wazuduadnuinuadslinsiu
guAn1sal (3-5)

2. Epilepsy of infancy with migrating focal seizures (EIMFS) [w%a%aﬁ'anﬁuq malignant
migrating partial seizures in infancy (MMPSI) uaz migrating partial epilepsy of infancy (MPEN] &
s1eeuaInAuAnUnfives KCNT TdUssunadenas 50 wazain SCN2A fi%asay 25(3) usnainiuds
dusaiinl@ann SCNIA, SLC12A5, SLC25A22, PLCB1, TBC1D24 \Judu

3. Autosomal dominant nocturnal frontal lobe epilepsy (ADNFE) fanweazuad nocturnal
motor seizure il hyperkinetic movement wagil tonic waz dystonic features 1@ wanain KCNTI
gene WadgENITANUAMURAUNALAANEU CHRNA4, CHRNBZ, CHRNAZ waz DEPDC5 wazfiUaengy
ADNFE 4an21n32ila1n158nuad89ny intellectual disability waz psychiatric disorder 1@@28(6)

4. uanmnnajuiwau%’nﬁndnﬁaé’wuu KCNT1 gene §4lisngeuagUnsly West syndrome,
EME, multifocal epilepsy, leukodystrophy/leukoencephalopathy

5. §57991UV89 KCNT1 gene Tuies cardiac arrhythmia a2 pulmonary hemorrhage
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Lﬁaamﬂuﬁﬁﬂ'wmaﬁlﬁamfmwudqﬁﬂﬁgmﬁ KCNT! variant mutation slngdnuaizaas epileptic
syndrome lusneiiusludesdusinlsiings EIEE unnin EIMFS wmssdUagunlsane AR sENIUY
epileptic spasms usiaszazamnuludnuae EEG GuaaQ"ﬂ'aﬂﬂﬁuﬁﬁnwmzéﬁwﬁwmﬁa focal epilepsy
fiviundrtnefingy v?ﬂﬁpjﬂaaﬁ‘[amagaﬁauﬂu EIMFS ¢ wanannvudefiunessaumanisunndfinuin
Snwauzvas EEG Tulsa EIMFS Suuanainazwy focal seizure il migrating foci wiadsanunsany S-B
pattern l@guniu ﬁs'laemé’ﬂaﬂmnﬂszmwanﬁﬁuamé'nwmzﬁt%'ﬂé’ﬁu EIMFS Wazn1e%nasnedionnnsves
epileptic spasms W1lAfu West syndrome faetduiu G'TiaQ’ﬁwuﬁ‘mnsqmqumqmnmwéﬁuﬁm'q time-
specific pattern maturation Ya9au89311% electro-clinical syndrome uansaanlauanfinenu(7)

Lﬁaemn KCNT1 gene vJu sodium-dependent potassium channel ﬂiﬂ‘j%aﬂiﬂauﬁlﬂﬁtﬁﬂmn
KCNT1 mutation iinazifinann gain-of-function mutation dssunissnundnsenfudnuuuiialudusin
azlalawna ﬁmsﬁﬂmﬁlﬁwmﬁ'uifnm’t%’%’nméﬂ'm Fefown quinidine Tag quinidine dawdu partial
antagonist #ia KCNT1 channel #518971Un15AaUaUa9%® quinidine °1umi%’ms'1w:'{lwﬁﬁa'm'ﬁ%'mwu
epileptic spasms(8) waziisrgesugUqslagianizlungu EIMFS fiflnemauauas(9)uazliinauauassiosn
quinidine uanmnﬁé’qﬁﬁamumammwmémﬁ%’aﬁamm'jﬂmnéﬂ'wﬁﬁﬂzy,m KCNT1 gene mutation
vnldFunisinuniiengiesndn 4 U azmeuaussiinidUiefiGuinuiienguinndi 4 9(10) Tusiearums
nsuwndangalud a.a. 2018 Fssreaugiaeiiegluiisengvesiomsnuazinuiaun@ian KCNTI gene
uindulinauaussda quinidine Fudululdinssdvenluauasdudinnisnansazanfululiaunsaiildide
channel blockade 1#(11) ¥u1a¥a381 quinidine sulfate #il¥5nulsnaudniuslifinsaUagiaiy
manns udldfinsdauuasnisldenviatinandiaeiifilyvlseialanielsaldinande Taevuadildazes
581914 15-60 mg/kg/day wusl# 3-4 A%4(9)

é’m%’ﬂupﬁﬂwnm’iﬁnmswﬁ lasin1sanduleaasslden quinidine sulfate (200 mg) sauAUNS Y
gfutndaaue (PB, LTG, LCM, PER) Tna3ufiuuna 10 me/ke/day wazniendadiusdiu 15 me/ke/day Tne
fifhsziaadnafAeuas QT prolongation NAYBINITINEINUIN ﬂfmuﬁ%mmn’ls{fﬂdai’u@,mﬁaua}zaﬂm
\ntioy uinmendeinduaniianuduingy Weswnaseuadifeidymanuasugius lignansadosn
quinidine idasdsdafiAuansUsumdald duuingulalisunsinundedae quinidine Iusummﬁgq%u

ﬁeﬁuﬁm%’duﬁﬁ'saLﬁnﬁﬁé’nwmz early onset epileptic encephalopathy 3sdia31ua1AsyluNS
wmmummmqmaﬂmau%’nﬁu«]’Lﬁlﬁ uwlvauziinnuasiuimssunndiiistudos uitiymann
nsdamsraneiugaanslulssmalnedudegluasiisiauasdfilddiege Falumniigmilugaildan
sndulvuimaUssmaldifuanudidyuasmisiazudlouasdaemie lusuangunmiiavesdilaengu
tonaazaduldndnay
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A patient with intermittent short-lasting
focal neurological deficits related
to SMART syndrome

Chusak Limotai, M.D.

Chulalongkorn Comprehensive Epilepsy Center of Excellence (CCEC),
King Chulalongkorn Memorial hospital, The Thai Red Cross Society
Division of Neurology, Department of Medicine, Faculty of Medicine, Chulalongkorn University

Case

A 33-year-old lady presented with an episode of seizure which occurred three months
prior. She noted that at the time she had frequent hiccups lasting few hours, 4 hours thereafter
she developed a seizure described as sudden eyeball rolling up, teeth clenching, and
involuntary arm/hand movements lasting for 5 minutes. She was confused afterwards lasting
for another few hours. Upon admission, she was given intravenous antiepileptic drugs
including diazepam, phenytoin, and lacosamide. Capillary glucose (with Dextrostix®) was 76
mg% and serum sodium was 129 mEq/L.

In retrospect, she had uneventful perinatal period and normal developmental
milestones. She had one episode of febrile seizure at age 4 years. She had been in good
health state until she was 22 years old, where she presented with frequent vomiting, severe
headache, and then losing consciousness. Later she was found to have pineal parenchymal
tumor. She underwent tumor removal surgery with right occipital transtentorial approach
and subsequent left ventriculo-peritoneal shunt due to hydrocephalus. She received
chemotherapy and radiation. She had been doing quite well for a year after the surgery.
Thereafter, she began having intermittent headache described as throbbing pain, mainly
affecting right side of her head, lasting for hours to few days. At times, it was accompanied
by blurred vision (resolved by covering one eye) and then within minutes followed by left-
or right-sided lip numbness and dysarthria. Then within minutes up to an hour, there would
be left hand weakness. All of these symptoms would last up to 3 hours and then gradually
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disappeared. These episodes invariably started with blurred vision but with or without the
following accompanying symptoms. In several occasions, she had only headache without
other symptoms. She had been treated with escalating dose of levetiracetam being up to
500 mg twice daily, but without improvement.

Two months prior, she had transient right hemiparesis and dysarthria. MRI disclosed
evidence of acute infarct at posterior limb of left internal capsule, figure 1. Cilostazol (Pletaal
SR®) 200 mg per day was given.

Apart from evidence of cerebral infarct, there are also numerous scattered small
microbleeds representing radiation-induced vasculopathy seen on both cerebral hemispheres,
figure 2A. Single cavernous angioma was seen at right anterior temporal area, figure 2B. A
30-minute electroencephalogram (EEG), performed while she had neither headache nor
transient neurological symptoms, revealed continuous focal delta slowing noted over left
cerebral hemisphere, principally over left temporo-occipital regions, figure 3. Neither seizure
nor epileptiform discharges were seen.

Figure 1

Diffusion weighted image showed
evidence of acute infarction at
posterior limb of left internal capsule
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Figure 2 A Figure 2 B

Axial T2-weighted image showed numerous Axial T2-weighted image showed single
scattered small microbleeds representing cavernous angioma at right anterior
radiation-induced vasculopathy seen on temporal area

both cerebral hemispheres

In addition to cilostazol and levetiracetam, flunarizine 5 mg per day was added. On
the following visit a couple of months thereafter, she reported significant improvement of
her headache and episodes of transient numbness/weakness where they were reduced in
both frequency and severity. During the last visit about 5 months after taking flunarizine, she
has experienced 3 isolated episodes of headache without neurological deficits (i.e. blurred
vision, numbness, and weakness). Verapamil 40 mg twice daily was added. Neurological
examination revealed unremarkable findings, except for mild pronator drift of right upper
extremity and dysarthria.
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Figure 3

Continuous focal delta slowing noted over left temporo-occipital regions

Interesting points

1. Cranial radiation-induced vasculopathy:

Radiation is a treatment modality frequently used in conjunction with tumor removal

surgery in patients with brain tumors. As survival rates of patients with brain tumor improve

after more effective treatment available, long-term consequences of cranial radiation has

been increasing reported, particularly in children who received external beam radiotherapy

at young age (1, 2). These consequences include secondary cerebral tumor formation, brain

degeneration, and vasculopathy in the irradiated field (1, 2).
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Multiple types of radiation-induced vasculopathy have been reported (3). These
included cavernous angioma (2, 4, 5), ischemic stroke, and intracranial hemorrhage related
to angioma or due to ruptured fusiform aneurysm (3). Cavernous angioma can be single (4)
or multiple (5, 6). Cavernoma consists of berry-like collections of fluid-filled sinusoidal
channels lined by endothelium and collagen, with no intervening brain tissue in the core
of the lesion. Typical MRI finding is a multinodular popcorn morphology with prominent
central zones of T1 shortening surrounded by a rim of T2 shortening. The prevalence of
post-irradiation cavernoma is between 1.2% and 31% (7-9) which was found to be six times
the prevalence in the general population in one study (8). Irradiation may trigger cavernoma
production by either triggering growth of a pre-existing but radiologically occult cavernoma
(10, 11) or leading to de novo formation (11). Endothelium of the capillaries is significantly
vulnerable to radiation-induced changes and most vascular tissues respond to injury with
upregulation of angiogenic growth factors (12, 13). This is a main factor in the development
of radiation-induced microangiopathy (14). In addition, radiation damages the endothelial
cells and causes the proliferation of smooth muscle cells, leading to intimal thickening. As
a result, radiation induces intraluminal microvessel occlusion and activation of angiogenic
growth which produces development of cavernous angiomas (14).

2. Stroke-like Migraine Associated with Radiation Therapy (SMART syndrome):

SMART syndrome is an acronym for a rare recognized syndrome as a delayed
consequence of cerebral irradiation and consists of reversible, prolonged, unilateral,
migrainous neurological symptoms with transient gyriform gadolinium enhancement of
the affected cerebral hemisphere and is sometimes accompanied by generalized seizures
and ipsilateral EEG slowing (15, 16). Neurological deficits and MRl abnormalities often
resolve over a period of several days to weeks. Although most previous reported cases
diagnosed with SMART syndrome had transient cortical gadolinium enhancement, very
recently Di Stefano et al. reported that among 32 patients with SMART syndrome included
from 6 neuro-oncology departments in Italy and France there were 4 patients with short-
lasting focal neurological deficits (1-12 hours) whose brain MRI did not show acute
abnormalities (17). They thought that this may correspond with amputated episodes of
SMART lacking of a radiological correlate. In our case, apart from evidence of radiation-
induced vasculopathy, we did not notice acute abnormalities on MRI.
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As seen in our case, patients with history of brain irradiation prone not only to “stroke-
like” events but also to actual strokes (3, 17), and whether these two groups of conditions are
related is still unclear.

Pathophysiology underpinning SMART syndrome has remained inconclusive. Ardicli
et al. supported the notion that SMART is a vasculopathy evidenced by increased perfusion
on MR perfusion and presence of cortical laminar necrosis (18). This corresponded with
former hypothesis that radiation-induced vascular dysfunction secondary to endothelial cell
injury leading to an abnormal autoregulatory state (16, 19). Another hypothesis is described
as neuronal dysfunction induced by radiation (20-22). Lowered threshold to cortical spreading
depression may predispose SMART patients to migraines and focal neurological deficits.
However, most recent studies by using continuous EEG monitoring found electrographic
seizures or status epilepticus in many cases of SMART syndrome. These studies raised the idea
that seizure may underline the pathophysiology of this condition or account for the clinical
presentation of the syndrome (23, 24).

Specific treatment for SMART syndrome has not been well established. Anti-platelet
and verapramil have been found effective in long-term prophylaxis for preventing recurrences
and decreasing the severity of episodes (15, 18, 19, 25, 26). Antiepileptic drugs have been also
used in some cases and reported to be effective to control the patient’s symptoms (23, 24).
High-dose steroids or steroid pulse therapy have been recently reported to be effective in
speeding recovery from headache and neurological deficits (17, 27).
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EEG Quiz
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An 8-year-old right-handed boy with 1-year history of hyperactivity and
frequent starring spells has an electroencephalogram performed in order to rule
out absence seizures.

EEG is shown with a sensitivity of 15 uV/mm.
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Question

Which of the following is the most likely diagnosis of this EEG finding?

A: Posterior slow waves of youth

B: 14 and 6 Hz positive spikes

C: Rhythmic mid-temporal theta of drowsiness

D: Rhythmic sharp waves at bilateral parieto-occipital regions

E: Intermittent rhythmic delta activity, bilateral occipital regions
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Answer

E. Intermittent rhythmic delta activity, bilateral occipital regions

w3a Occipital intermittent rhythmic delta activity (OIRDA)
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