In conclusion, atypical benign partial epilepsy of child-
hood should be recognized as a unique and distinct epilep-
tic syndrome, characterized by an onset with focal motor
seizures and localized centro-parieto-temporal electroen-
cephalogram spike discharges, followed by negative motor
seizures and diffuse, semicontinuous epileptic aggrava-
tions on electroencephalograms, and remission before ad-
olescence. An inappropriale treatment slralegy may
prolong the catastrophic state, erroneously turning patients
into potential surgical candidates.

References

[1]  Aicardi J. Chevrie JI. Atypical benign partial epilepsy of child-
hood. Dev Med Child Neurol 1982:24:281-92.

[2] Kramer U. Atypical presentations of benign childhood epilepsy
with centroternporal spikes: A review. J Child Neurol 2008:23:785-90.

3] Hahn A, Pistohl ], Neubauer BA, Stephani U. Atypical “benign”
partial epilepsy or pseudo-Lennox syndrome. Part [: Symptomatology and
long-term prognosis. Neuropediatrics 2001;32:1-8,

[4] Fejerman N, Caraballo R, Tenembaum SN. Atypical evolutions
of benign localization-related epilepsies in children: Are they predictable?
Epilepsia 2000:41:380-90.

5] Shields WD. Saslow . Myoclonic, atonic, and absence seizures
following institution of carbamazepine therapy in children. Neurology
1983;33:1487-9.

[6] Nanba Y, Maegaki Y. Epileptic negative myoclonus induced by
carbamazepine in a child with BECTS: Benign childhood epilepsy with
centrotemporal spikes. Pediatr Neurol 1999:21:664-7.

[71 Snead OC 111, Hosey LC. Exacerbation of seizures in children by
carbamazepine. N Engl J Med 1985;313:916-21.

[8] Hahn A_ Fischenbeck A. Stephani U. Induction of epileptic neg-
ative myoclonus by oxcarbazepine in symptomatic epilepsy. Epileptic
Disord 2004;6:271-4.

[9] Oguni H, Uehara T, Tanaka T, Sunahara M, Hara M, Osawa M.
Dramatic effect of ethosuximide on epileptic negative myoclonus: mpli-
cations for the neurophysiological mechanism. Neuropediatrics 1998;29:
29-34.

[10]  Hirano Y. Oguni H, Osawa M. Epileptic negative drop attacks in
atypical benign partial epilepsy: A neurophysiological study. Epileptic
Disord 2009;11:37-41.

[11]  Wang PJ. Omori K, Utsumi H, Tzumi T, Yajima K, Fukuyama Y.
Partial inhibitory seizures: A report on two cases. Brain Dev 1984:6:
553-9.

112]  Oguni H. Suto X Hayashi K. Wang PJ. Fukuyama Y. A study of
unilateral brief focal atonia in childhood partial epilepsy. Epilepsia 1992;
33:75-83.

[13] Hahn A. Atypical benign partial epilepsy/pseudo-Lennox syn-
drome. Epileptic Disord 2000:2(Suppl. 1):S11-7.

[14] Parmeggiani 1., Seri S. Bonauni P, Guerrini R. Electro-
physiological characterization of spontaneous and carbamazepine-
induced  epileptic  negative  myoclonus in benign  childhood
epilepsy with centro-temporal spikes. Clin Neurophysiol 2004;115:
50-8.

[15] Fernandez-Torre JL., Otero B. Epileptic negative myoclonus in
a case of atypical benign partial epilepsy of childhood: A detailed video-
polygraphic study. Seizure 2004;13:226-34.

{16] Meletti S, Tinuper P, Bisulli F. Santucel M. Epileptic negative
myoclonus and brief asymmetric tonic seizures. A supplementary senso-
rimotor area involvement for both negative and positive motor phenom-
ena. Epileptic Disord 2000:2:163-8.

[17] Kubota M, Nakura M, Hirose H, Kimura 1, Sakakihara Y. A
magnetoencephalographic study of negative myoclonus in a patient with
atypical benign partial epilepsy. Scizure 2005;14:28-32.

[18] Ohtsuka Y, Sato M, Oka E. Nonconvulsive status epilepticus in
childhood localization-related epilepsy. Epilepsia 1999:40:1003-10.

[19] Bourgeois BFD. General concepts of medical intractability. In:
Luers HO, Comair YG, editors. Epilepsy surgery. 2nd ed. Philadelphia:
Lippincott Williams & Wilkins, 2001:63-8.

[20] Doose H, Hahn A, Neubauer BA, Pistohl J. Stephani U. Atypical
“benign” partial epilepsy of childhood or pseudo-lennox syndrome. Part
II: Family study. Neuropediatrics 2001:32:9-13.

[21] Oguni H, Hayashi K, Imai K, Hirano Y, Mutoh A. Osawa M.
Study on the early-onset variant of benign childhood epilepsy with occip-
ital paroxysms otherwise described as early-onset benign occipital seizure
susceptibility syndrome. Epilepsia 1999:40:1020-30.

[22] Loiseau P, Duche B, Cordova S, Dartigues JF. Cohadon S. Prog-
nosis of benign childhood epilepsy with centrotemporal spikes: A follow-
up study of 168 patients. Epilepsia 1988:29:229-35,

Fujii et al: Atypical Benign Partial Epilepsy 419

- 137 -



B & FEIE Fa28-H45) 5 Rl

2010 % 7 H 1 H¥AT

# 4 BT Ru B oW oL R E

= 138 —



g = %&3E 2010 ; 42 1 262— 266

[
=N
[

=R E & X =
NROT A B A DR R
~ Expert Consensus filf 745 R [ AWML —
A gL T g fbr
E‘g ' ufm’w P BREICASAS (AED) OBFIAMICE L TIDRKOER W L2452 HIT,

ENEN % J17- Expert Consensus (EC) FfJeB# L L7 v 7 — PHEET -7 WRIETA PAEM
!Lﬁ’{é 5 ELLE O NERHER 41 B TH D, FiEFEETAPAERNEOEAI MM T 5 AED & 9 &1
Al (AL L, FORP LA L TR, £~ 3 BREL TRz #iRe L
valproate sodium L7k AED O BARMEAL KK THA L RE (7% Y benzodiazepine H#D AED OfERA D 72 {
oxcarbamazepine, lamotrigine, topiramate, levetiracetam % & OFHL AED 7 HIIBEA S Tz, KERO EC B9E
OEEHE, AR, BRICBOTHHR AED DEHOBELLS .

RHUE MTARAEER, AT

T, carl hmnwepme.

LT A A A, Expert Consensus Fif%E

AT /u,

[0 .l: - IJ\E/{u—m tﬁffﬁ‘ﬂf% 7 316 . H 4\“}3 e ’6 5_'
2006 12 gabapentin (GBP) 2%, 2007 12 topiramate (TPM)
VI T A D ASEBER N A RO TR AT, A LT 2008 1214 lamotrigine (LTG) A%E A S Tw

LRSI A, 5517 levetiracetam (LEV) b ABRIEH VL TREHD
e & =2

i U & I

iamiepihptic drug ; AED) Th %
%A A

LT AD ASDE AN,

TR 21N T AN 8 L
HEfE 2 7 5 £ R LR
DAL L S0 )

AED i
ER2 E DY A Y SRTIRL
:ﬁﬁ._,rz} ‘f)ﬁ'&

eETwnh Y,

)3’3%@

LT,

B2 75 Ao LR
‘@ﬁi",\ﬁﬁ
LR HT S,

e
A AR

oL b 9Lk
TR T A D AR, I

7, @'ﬁ;@aﬁ*ﬁli’f”’)k K iL’

{:/]\ID,

Jid veieiien

- /]\7‘)1,, 3.’

h;u;

i "Iﬁfﬁ’;“u 7.0 Expert Consensus (EC) %8 /’)‘ﬁ‘ﬂ
fféi)\ HUZIRA STV Y, SAUT, FEORRESRER

L>/_;§gﬁ‘1[‘;;cr)»‘;(§&é>f;"ié/). AT T A TR T B ik

T, TTINLTADAETD EC HFFEERARIETIE

NSRS =

2005 12, FORKIMRZT 2007 ’ri:-f':% siL7z. MEONYE
BRSBTS L o T b B LJ?F'”ﬁ AsdziE
Al DL AED R4 {RIE A ’,gm AED ek D L 128

bHao THRA I TWLEL %, L I Liao A5k 4

AL
S M BT LIRT 1
A ENETIAS

el TR

A

162-8666

{72009, 9. 15}

nTwab,

AED Lo HEgs, BB

OWRCHB L, W OPOHTADARITIE

NS DHEILT AP AFD BIRIGELIEARD
T4 A AR L EE R
g;’L/)Z‘L/o Sl NETADATU SICTADPAFEBEE X
504 C’)/J\)ﬂfm?ﬁ“/u@mJ?‘-ﬁ-;}:ﬁ’ Fhi
a:*r/:)f-&* 12, HEOPBTAPAE r‘*i[‘r:::xj L dHﬂ?\ T Hi

73417 BECHFFeiciE L 727 , bR
BLoT, Zo#REHE

MG, TAPAHEMEZRGLTS
HCHD. Tidk LTRIET
of Pediatric Epilepsy : Expert Opinion, 2005 ¥ 2 CAIPA
SiE i TF O (G R AR CTREP AN
#IRE LT, %TA *wm 1» f*\ ay,,Jn,th}ﬁ T 54 9 mEY
i GEYE D T TN L (Y A
SN O I T TR TR AL B

N AR VN
FiT7 &917: Wheless JW 5@ “Treatment

PABHERT 123

e onwWTT s — b

yie

FEA B TRl o ad# R
9 & fe THEY), (el kdoT
4 L)
7~ R ETILEY, (oo, U U A H

- 139 -



2010 -7 A

BERT Tl B BT AED \_H ‘7 ;,n..ﬁ,'o H’J R

. 95% L.ﬁil*f’rﬁ k’/w

g 2

ZhH 9Tk

N
L&

EO B &AL T [ Tt
L WL LTORT MBI A

ORTHEM 20T AR 2

AT ‘._"C"A«")f‘
V\he]e\s O ) RE Sk e €S AT SYAY At s B /\|”f TELTALA

5 16 DREENIBOEL 72 (3

EDEGGEIZBEL TIETRED
ESM (ethosuximide?,

EIBIA LA S D
VPA {valproate

PRM (primidone ),
CLB
PHT
GBP {gabapentin},

sodium’, PB {phenobarbital |,
CZP NZP  {(nitrazepam’, DZP {diazepam!,
(clobazam!, CBZ {carbamazepine!, ZNS
ST sulthiame !, AZM lacetazolamide !,
1247 (bromide), ACTH, 7} > fL, 9 (clorazepate,

clonazepam!,
{zonisamide !,
tphenytoin’,

vitamin B6, 5

263

BEMBCAG £ L 7o F7s, KERTHE
2B LT TPM LTG
OCBZ foxcarbamazepine) &

fludiazepam, ethylloflazepate,
M =4uCuv 2 i AED

LEV

{topiramate ),

Hamotrigine ), Uevetiracetam ),
Py

L7

I # R

05 %)
~ 65 1%,

Yo (349%, ¥ 36 %

iy

WL 53 7% (42

TADPABEME 123 #ih 41
r)”VH m/va'"f BI&EHOH:

012~ 38, EUREEERE O T A S A

7 zaz‘)»sﬁl'fﬁﬁz:%ﬂj 80% U’J 180 'MJ: i%x,«,; Ty e,

ZAVIE A, R’ |c’> EC Uf P F, T

BT A A A BEIRFE LU THRERETH -2 (&
1.

16 750 AT S

W, 6 E ,\ﬁwf:c ‘f‘&ﬂ\}fﬁli,
'"Fuu.mﬁﬁ 1 DL 3 E%ﬁf«foéh%) 2, 3 Tl AEKL
e CTAM /\J}Iﬂ{:ﬁ ¥|f);lk'€?2 L7z

#21 H ORI Expert consensus TF4¢ 10 2 & 0 1L 2 ,ﬁ‘ZFﬂﬁ L RERERILDER, WRHED 2R3 AP T=—
, - _ selE (myoclonic seizures 5 MS) & ZfeEsn i
i . HE AE A eralized tonic-clonic seizures ; GTCS) & 503
MECAPLURE b 1 4 2 BWISAL, FERIGHTT. 3&rnfjo'>1zfgw>ez‘aﬁssa;«csw )
Wl (%) 34 | 95 74 DEEENLL, WHINTHY, B TAD» AT S
N (L ., 41 136/5 39 (31/8) 42 DEECHETLEMGELTT S CGREMIZHE 2 Tl 2 5%,
o 21 KA MS+GTCS FBOEFMRETANPAL LTS,
s3 53 B 1 OGS C AR TE R T A S - LTt
LA b ok 80 90 WA VPA, 551 RIEEATCZP £ CLB Th o7z (1, #
Ry HE | ‘ 2). FRUIH LRETIREREAL VPA, TPM & ZNS 'Mm
F2 HOREROWAME, EEETADAIIBIT AEEE, 8 1 BNE0kE
F 4 5 [ HS
LA hAAERE
] 28 MS+GTCS £#9 SGE VPA*, CZP, CLB VPA, TPM. ZNS VPA %
2 MS+GTCS E& 9 SGE VPA %, CzZP, CLB VPA*, TPM, ZNS, LTG VPA %
30101 # GTCS EEY SGE VPA%*, PR TPM, LTG VPA %
3020 124 GTCS T#O SGE VPA * v VPA*, LTG, TPM VPA %
g 6 % FIHE CpS CBZ*, ZNS OCBZ*, CBZ*%, LTG, LVC  CBZ%, OCBZ%, VPA
51 ZNS*, VPA LTG*, LVC. TPM VPA %
5 {2) A‘T“”}v B4R CBZ %, ZNS
5 (3! DI (T OEIR CBZ#*, ZNS ()CBZ*”. TG, CBZ., LVC  CBZ*. OCBZ, VPA
6 6 T REEITEI LSS West 4E R E VPA%¥, ACTH, CZP, ZNS | VGB*, ACTH VGB %
7 - West Fif {7 ¥ VPA* . ACTH, CZP, ZNS, ACTH*, TPM, ZNS, VGB | VGB*, ACTH, predonine
vitamin B6
8 6 5 Lennox-Gastaut £ 558 + 8 [u] o) 4 1 VPA * L/P Lu;rw VPA*, TPM, LIG VPA®, LTG
9 C7ZP, CLB, ESM, NZP TPM, LIG, ZNS, LVC %1;1‘(}, TPM, CLB, CzP

ERLEBM, % 0s0g B LD ] E
GTCS  generalived tonic-clonic seizures, SGE |

T AD

MS

myoclonic seizures.

HA—EL T (R T

s\mpmmmm generalized epilepsy, CPS  complex partial seizure

— 140 -




264 Hik & 3878

3 HRBROFEWETADPAIIBI 25088 & F—EREDOILE

0% ke | e
B | T A AR '
0 8 BECT CBZ*, VPA | OCBZ%, CBZ*, LTG, LVC | VPA*
1|6k /\L' AT A VPA %, ESM | ESM*, VPA, LTG VPA, ESM, LTG
12 | ESM /_«‘z ot i VPA, CZP, CLB i\’PA, LTG VPA, LTG
13 } R BT M/;/L VPA * ‘ VPAX, LTG | VPA®, LTG
4 | VPADERDOGE ESM, CZP, CLB, PB | LTG, TPM, ZNS, LVC LTG, ESM, LVC, TPM, CZP, CLB
15 1 65% £ VAR Bz
fle (1 |15 IME I8 | VPA¥, CZP VPA*, LTG*, TPM VPA%, LTG
_ﬁs {2} [ 155% IME I8 ?va*, czp LTG*, TPM, VPA LTG*, VPA

FCADPAERERIEALEIE, * [ 50% LLOHEEY B LT [#D GED] &L 7 THa%]

BECT | benign childhood epilepsy with centrotemporal spikes, JME [ juvenile myoclonic epilepsy

85% confidence intervals

Usually not Usually Tr of ist  2nd  3rd

appropriate Equivocal appropriate N Avg(SD) choice line line line

VPA 8.8(0.1) 95 100 0 0

CZP 8.2(0.2) 33 92 5 3

CcLB 7.5(0.3) 10 70 23 8

NZP 6.2 (0.5) 6 50 44 6

PB 5.8 (0.5) 3 29 55 16

DZP 5.1(0.6) 0 21 60 19

ZNS 5.1(0.7) 3 42 42 16

PRM 4.5(0.6) 0 9 53 38

ESM 4.5(0.8) 3 38 32 30

Bromide 4.4 (0.8) 0 17 39 44

VitBé 4.1(0.7) 0 6 28 67

Ketogenic Diet L ] 36  3.7(0.7) 0 8 39 53

GBP 28 3.5(0.6) [ 4 18 79

ACTH 38 3.4(0.6) 0 8 32 61

PHT 38 3.3(0.6) 3 16 47 37

ST [ , ] 30 3.3(0.7) 0 327 70

AZM [ ] 35 3.2(0.7) 0 3 49 49

CBZ M— l 37 2.1(0.2) 0 3 13 84

1 2 3 4 5 6 7 8 9 % % % Yo

Treatment of choice, rated extremely appropriate by 250%
sually appropriate or first line [:] Usually not appropriate or third line
ﬂm Equivocal or second line No consensus
1 28O 3IA 7 0= —FE+ 2REMERNEET 8L T AEEE SR TADPADBRIIOVWTD
PLT A D ASEIRNEST

VPA A5FH 8.8 &, 41 AT X TOMEENHENL, S50 95%DEEHN 9 HedTTwd (Lo TH#EELLS). kIC

CZP, CLB N FAVEH 82 1, 75 L 65 AL LA L, £ 1 BIREL 2%, LT NZP 25 VitB6 £ TH%3.5 1~ 65

HORETE 2 %4

L0 (TIEO @Y, Usually not appropriate (55 3 #4R4), Equivocal (45 2 #%#3E), Usually appropriate (%
) O, Avg f'il)) w’u MOFIET 9 FISEVIZ ZIEY) 4 AED), Tr of choice (AAIH b

MY 2 L7 EMED%, 50%0L L TRoEE) &

723 BRHITTIEROEEE D VPA OAT, fv T8 2 IREE L L seizure ; CPS) TAZA (% 4, 57, benign childhood epilepsy
with centrotemporal spikes (BECT) (%4 10) 1248 T CBZ
1 RERROERTER (—#B VPA) ($3L L Cw72hY, KIERTIE OCBZ, LTG, LEV
F2IRT L) ICHRERD S 16 SRR ENA TADA WY, AARTILZNS Th oo, EEEEHTAD»A GE
Lennox-Gastaut #iE [ #
%ﬁ?;f‘:i

T LTG, LEV, TPM, CLB % {lifj LT\ /2%,

SERETEOROEEE, 8 | BREOERL I LOL L, NS 1~ 3), WestfEMERE (Gkf e, 7),

BECADAEBR GEM 11~ 14, 16) O 1 i'a‘_ﬁifx‘wsli'ikﬁk (%14 8, 9) Tld VPA, ACTH (3t L Tw7z45,
T VPA DIHZ LTG MHBEIE A% <, HATIE VPA X TPM, LTG #°%  fiH 541, HATIX CZP, CLB #*H.LT
AT 1E benzodi-

CZP WL Th o 72, EIRMEEMR 5% E (complex partial o7z BHAKRRO EC #fse % i+ 4 &

- 141 -



2010 47 H

azepine (BZD) 5O AED D flil #747% {, OCBZ, LTG,
TPM, LEV % EOFIRILTADAIDIE A A5, CBZ, VPA
LAt AED 0 BHIA RS » Tz,

I % E

PO IZHTE AED O A ASE A TV 595,

IR 10 /LT GBP, TPM, LTG A%k 4
VA, LAl if::it%@iﬁ%ﬁ AED O£z d 4 < AED
YonsE ¥ 7;, TR DI FOFECGITE ST L %D
BELTTL D, MATADAILBWTIL, f/,( DLV F
A L+ \)l/(/),,,,\,\Uf EOFERE L L LEIREY PWHSEBNTET
AOHEIIER AR LTI E T AL~ o
BUBIRERIIZ LYY 2070, BUERZRI IR
W HMEROBRIIERRIERTHA S .

Sl DG AE O FEPNER B L ORI B W CEBIRIZEI L
72 EC 1'55'—?%(/‘7"’-1.‘%?%[’( FENTEY, FORTETALAE
BEHSESEHI EATH 259, 40, ZokEtHuCiaR
w$mwaAw“mwﬁm%%%LT%MWLMLR%L
oo KT S B, MBEHOY, BEKERR LR E —3
TALIANEL, BEELEAD. ARIIBITA AED O
PG, 42 TORA LGB LREDSRD &JL NG/ T
BIREEZ HNLY W MS & GTCS % OrBE+ 2 5t oy
TAMATIE, FEHSIZ7 HW}JV)TH HBk = 4 VPA DV
THol LaL, REREE LB EOATHE CZP, CLB
O BZD FEFA LK TH LAY, KEKTIE TPM, LTG, LEV
PEREN T/, $/, 2L GTCS % B s + 2 5E it
TEETADPATH _/fil[” ot

R CPS TAHATIE, 3 a%/ bROEIE L LT CBZ
FLTHo727%5 [ 7::*':‘(1 ZNS 7%, KK TClt OCBZ #%) i
"fl}yﬁ?sz'tfl vZo, FRUIAL, KEITIE LTG, LEV 23, R
TIELTG & VPA Y 1 BIREE L LT 20Tz, 24
, INS BORTHEIZBTEN LI BN H L DT Y
b L, F72, BUNTIE VPA A SR L (A
MEN5 v @AGED B A7, KEFM: West SEMTE T,
KIETH VGB & TPM, ZNS A% EATIE#IC, W Tt VGB
M S LT ST, BATIEVE 2712 VPA
LYRORH S L THERR 2 Ty A7 %, Lennox-Gastaut
fEREETIE, VPA /JS%’A‘}JC’)P“—/‘* HARTId BZD REH H#
REA, REKTIE TPM, LTG 258IE 21 Tw b, TPM Tl
Wle s 7 7 R TR TAD AR Y i B 56k
AT AAERMMEDSHIHINT VLY, AMTANATH D
BECT {28157 &, AR CPS TADA LREEICH &
TIHd CBZ 7%, K[ETIE OCBZ, LTG, LEV, W TiddL 5
VPA ARG & L OREILSNTOL . NERMBIETAD A,
R RAMERETA D ﬂt{i’f(y_j-:kw VPA, ESM Lk
AMILTG A58 E N TV 5, OIS s+ ra o —
TADPATHERBETH D, 3 5L L VPA (ZREH
L, TTIIEOS HICIEEE b LTG A5l

AARiZBNT
l'.@/\ jlf

LRRER/AN N

,
18" gi:}.

e
S
!

265

WA, JHUELTG A5 VPA (ZIEEE L CREF BN, itk LE
PHENOEUEHD v WA AL THE Y, DL,
KERCI3 T, BZD % AED ONERZAME <, TPM, LTG, OCBZ
LEV 7 £ Dl AED ﬁngif\‘tsn"' VHZENERTH o 7.
NATIE OCBZ, LEV 2L TIHREREM D S 2 WIdiEET
T, 72, TPM ;.«e?,':ﬁr“’m\ D BDIFEIL T % D
T, FREEREEME LT T RELEND S,
INSOFRIE, oA HRE L TADARE
DECHIEIIBITAOKDMELIZIZFRETH o722 Y. TPM,
GBP, LTG, LEV 2B LT, 53D 7h LA TIoRkBTH A

2 BB ANBIZBCTH 79 LR BT b TR

ETORIEITRENT VDY, 72, BERIZBWTY, i
D AED E O EEM ALy, BEZEERDL —BE B
THTH Y, EED AED 118 }a N, B ST A B
HAHY. LhLayrs, FoMBCELTELTLLAREED
AED {Z 5 &) HEL 42 {, CBZ, VPA O# 13 KEKT
LIEE L L TREL L DTALAIZHH STV 20138
ETRETHDH, $7:, CLB L, KETERESTO-DITKE
TORPFUERL AL AY, BRI TlE Lennox-Gastaut fE R BE R JE
BN TADPATEE 2 #IREL L TLCHHSATY
5% EC WI%Els, MfEh 79 v RHERTE m; {24 T A
(/))\bf‘b\IL7 YA D EWIFERE R TR S, H

R TERIZ AED % #RT 5 ‘[ﬁl’c‘(*?f‘i‘m ’ﬂi\' D%
'/C“Z?') 'f*fV— Hj\«\-jj\«‘ ﬁm AEDﬁ’j /\?SJ‘\-'(
71‘}1]'}(& B TIERRTOREYT B & L'Cﬂ:ﬁﬁ’( D F

HbHD, ABOKRICBITARBOERY LT, Thb
DFM AED OBIRIRR 2 HE DG I AL TN 5.

“A:ﬁﬂ' 7ol fii #Ffb 1{;% ]19 ‘}q“"ﬁ TAD
AR ’of}( =% fm‘é“r"ffﬁu. FEILCET 2] (RTmEE
H A —) OBFZTIT T, KEFRIBD L TuharSne F
WTADPAEMERMICES LT,

MRS, FREF=RL, KB LA, BUEER, HIEEG, $rmieg,
OB, KRG HHEA, &% b &% %,
WEEBE, N SR F G, AAHERE, B
WElisL s, Bk /HJ 759 m’ﬂ% &EERN,

S [T S
BRYT 4%, WIS, -
WA, (AR T, s

g, g
WL, HKGEER,
®ak, HLEE,

HAGE (B, BiEes

mt B,

X Fik

I Glauser T, Ben-Menachem E. Bourgeois B, et al. ILAE treatment
guidelines:evidence-based analysis of antiepileptic drug efficacy
and effectiveness as initial monotherapy for epileptic seizures and
syndromes. Epilepsia 200647 - 1094-120.

) National Collaborating Centre for Primary Care. Clinical Guide-

=)

line 20, the epilepsies:the diagnosis and management of the epi-
lepsies in adults and children in primary and secondary care. Oct
2004, http:/fwww.nice.org.uk/nicemedia/pdf/CGO20NICEguideline
} French JA. Kanner AM. Bautista J, et al. Efficacy and twlerability
of the new antiepileptic drugs I I treatment of refractory epilepsy:

5

- 142 -



5)

~I

o

report of the Therapeutics and Technology Assessment Subcom-

o £
B4

42 4%

==
~

N
Hick

oxcarbazepine. or topiramate for treatment of partial epilepsy:an

mittee and Quality Standards Subcommittee of the American unblinded randomised controlled trial. Lancer 2007:369 (95661 :
Academy of Neurology and the American Epilepsy Society. 1000-15.

Neurology 2004:62:1261-73. 9} MEGLE. R TAD ADFYRY
) Kahn DA, Docherty JP. Carpenter D, Frances A. Consensus 100 s, BEHITADADE
methods in practice guideline development:a review and deserip- 1086-92.
tion of a new method. Psvchopharmacol Bull 1997:33:631-9, L FEEF, HEEE BATAY
Wheless JW, Clarke DF. Carpenter D. Treatment of pediatric epi- 2007:136:1093-7.
lepsy rexpert opinion. 20035, J Child Newrol 2005:20 {suppl 1! :S1- 12) Glauser TA, Levisohn PM, Ritter F, Sachdeo RC. Topiramate in

56.
Wheless JW. Clarke DFE. Arzimanoglou A, Carpenter D, Treatment
of pediatric epilepsy: Evropean expert opinion, 2007, Epifepric

Lennox-Gastaut syndrome:open-label weatment of patients com-
pleting a randomized controlled trial. Topiramate YL Study
Group. Epilepsia 2000:41 {suppl 1) :586-90,

Disord 2007 :9:353-412. 13] Sabers A. Dam M. A-Rogvi-Hansen B. et al. Epilepsy and preg-
Marson AG. Al-Kharusi AM, Alwaidh M. et al. The SANAD nancy :lamotrigine as main drug used. Acta Newrol Scand 2004:
study of effectiveness of valproate, lamotrigine. or topiramate for 109:9-13.

generalised and unclassifiable epilepsy :an unblinded randomised 147 JF A, pHIAtE], H AT A S A TN T AEIRE
controlied trial. Lancet 2007:369 (95661 :1016-26. HE BERTAGAFTGHTANT A V&L FLTARA

Marson AG, Al-Kharusi AM. Alwaidh M, et al. The SANAD
study of effectiveness of carbamuzepine, gabapentin, lamotrigine,

SE O Expert Consensus. T A 7 A8 2004;22:128-39.

Treatment of Childhood Epilepsies
— Japanese Expert Consensus Study and a Comparison of the
Results with Those of the USA and EU —

Hirokazu Oguni, MD, Yoshiko Hirano, MD and Ikuko Katoh, MD

Deparunent of Pediarrics, Tokvo Women's Medical University, Tokyo

We conducted a Japanese Expert Consensus (EC) study for the treatiment of childhood epilepsies following the method reported from
the USA and EU {Wheless JW, et al.. 20035, 2007), and compared the results to reveal differences in the choice of antiepileptic drugs
{AEDs . The subjects were 41 pediatric board-certified epileptologists who responded to the 23 questionnaires. A 9-point scale was used
to grade each AED, in which 9 was the best whereas 1 was the worst for appropriateness of choice for each epileptic syndrome.

Lamotrigine (LTG} is frequently used for idiopathic generalized epilepsy except for valproate sodium (VPA in both the USA and
EU, while VPA and clonazepam were the main AEDs in Japan. For cryptogenic complex partial epilepsy and benign focal epilepsy. carba-
mazepine was a first-line AED among the USA, EU. and Japan, although other first-line AEDs were oxcarbamazepine (OCBZj, 1TG.
and levetiracetam (LEV} in both the USA and EU, while it was zonisamide in Japan. Regarding the weatment for symptomatic general-
ized cpilepsy, West syndrome and Lennox-Gastaut syndrome, VPA and ACTH were first-line AEDs commonly used in the USA. EU, and
Japuan, while the other first-line AEDs were topiramate (TPM) and LTG in the USA and EU, and CZP and clobazam in Jupan.

This Japanese EC study demonstrated the difference in the selection of AEDs for epileptic syndromes between the USA and EU,
which use more newly-introduced AEDs including TPM, LTG. OCBZ and LEV us first-and second-line AEDs. and Japan.

No To Hattatsu 2010;42:262-6
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SUMMARY

In this report, the International League Against Epilepsy
(ILAE) Genetics Commission discusses essential issues to
be considered with regard to clinical genetic testing in the
epilepsies. Genetic research on the epilepsies has led to
the identification of more than 20 genes with a major
effect on susceptibility to idiopathic epilepsies. The most
important potential clinical application of these discover-
ies is genetic testing: the use of genetic information, either
to clarify the diagnosis in people already known or sus-
pected to have epilepsy (diagnostic testing), or to predict
onset of epilepsy in people at risk because of a family his-
tory (predictive testing). Although genetic testing has
many potential benefits, it also has potential harms, and
assessment of these potential benefits and harms in par-

ticular situations is complex. Moreover, many treating cli-
nicians are unfamiliar with the types of tests available,
how to access them, how to decide whether they should
be offered, and what measures should be used to maxi-
mize benefit and minimize harm to their patients.
Because the field is moving rapidly, with new information
emerging practically every day, we present a framework
for considering the clinical utility of genetic testing that
can be applied to many different syndromes and clinical
contexts. Given the current state of knowledge, genetic
testing has high clinical utility in few clinical contexts, but
in some of these it carries implications for daily clinical
practice.

KEY WORDS: Epilepsy, Seizures, Genetics, Genetic test-
ing, SCNIA.

The identification of genes that influence risk for the
epilepsies has extremely important implications for both
research and clinical practice. In a research context, study of
the neurophysiologic and neurodevelopmental effects of
mutations in identified genes can elucidate the basic pro-
cesses underlying seizure susceptibility. This information
may lead to the development of new treatments targeted to
specific mechanisms, or even to ways of preventing epile-
ptogenesis. In clinical practice, another important potential
application of gene identification is genetic testing: the use
of genetic information, either to clarify the diagnosis in
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people already known or suspected to have epilepsy
(diagnostic testing), or to predict onset of epilepsy in people
at risk of developing epilepsy because of a family history
(predictive testing) (Table 1).

Herein we discuss the essential issues to be considered in
the application of clinical genetic testing in the epilepsies.
This discussion is important because assessment of the
potential benefits and harms of testing in particular situa-
tions is complex, and many epileptologists and other clini-
cians are unfamiliar with the types of tests available, where
to access them, how to decide whether they should be
offered, and what procedures should be used to maximize
benefit and minimize harm to their patients if they are
offered.

One of the most promising areas of epilepsy genetics
research is pharmacogenomics: the search for genetic
variants associated with treatment response (efficacy or
tolerability) (Kasperaviciute & Sisodiya, 2009; Loscher

655
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Table 1. Clinical contexts of genetic testing

Table 2. Molecular methods for genetic testing

Clinical context Definition

Molecular testing method Definition

Diagnostic testing Testing used to confirm or exclude a
known or suspected genetic
disorder in an affected individual

Testing used to predict development
of a disorder in an unaffected
individual at risk of developing the
disorder because of a family history

A special type of predictive testing
used to confirm or exclude a
disorder in a fetus at risk for the
disorder

Testing used to identify usually
asymptomatic individuals who have
a gene mutation for an autosomal
recessive or X-linked disorder

Predictive testing

Prenatal diagnosis

Carrier testing
(also called carrier detection)

et al., 2009). Genetic tests for variants associated with
treatment response would have obvious clinical benefit, and
are very likely to be introduced into clinical practice once
identified and confirmed. In this report we have not
addressed the issues related to testing for pharmacogenomic
variants because they are likely to differ from those
related to tests for genes that influence risk for developing

epilepsy.

TESTING CONTEXTS AND METHODS

Genetic testing can be carried out either in a clinical labo-
ratory or a research laboratory. A clinical laboratory per-
forms analyses and gives results to providers and/or patients
for the purpose of diagnosis, prevention, or treatment, usu-
ally for a fee. In the United States, the Clinical Laboratory
Improvement Act (CLIA) requires that clinical laboratories
be certified to meet certain federal quality and proficiency
standards. A research laboratory performs analyses for
research only; test results are not given to patients or provid-
ers, and CLIA certification is not required. In this article we
discuss molecular genetic testing carried out in a clinical
laboratory. The clinical contexts for clinical genetic testing
are summarized in Table 1, and the molecular methods for
testing in Table 2.

Previously, genetic tests could be ordered only by health
care providers, but recently direct-to-consumer (DTC)
genetic testing for disease susceptibility or ancestry has
become available through commercial enterprises that mar-
ket testing to the public, primarily over the Internet, for
prices of several hundred dollars (Hauser & Johnston,
2009). Advocates of DTC testing say it provides increased
autonomy, better access, and more privacy than testing
through a health care provider. However, concerns have
been raised about DTC testing because laboratories are not
subject to the same quality control standards as in other
types of testing; interpretations of the results and claims of

Epilepsia, 51(4):655-670, 2010
doi: 10.1111/j.1528-1167.2009.02429.x

The nucleotide sequence of the DNA
is determined for either the entire
gene or selected regions of the gene.

Two-step process in which a segment
of DNA is screened by one ofa
several techniques (e.g., SSCP,
DHPLC, CSGE, DGGE’) to identify
variant gene region(s), and then the
variant regions are further analyzed
(usually by sequencing) to identify
the sequence alteration

Evaluation of a DNA segment for the
presence of one of a selected
number of specific mutations (as
opposed to complete gene
sequencing, which detects any
mutation). May refer to a panel of
mutations tested or the use of a
technique to identify deletions.

A technique used to identify the
presence of specific chromosomes
or chromosomal regions through
hybridization of fluorescently
labeled DNA probes to denatured
chromosomal DNA

A technique used to detect DNA
submicroscopic chromosomal
rearrangements (deletions or
duplications; also called copy
number variations, or CNVs) at
multiple loci simultaneously. May be
carried out across the whole
genome or in specific
chromosomal regions

A technique used for genome-wide
assessment of known SNPs and
allowing detection of CNVs
throughout the genome

A technique used to detect small
intragenic rearrangements
(deletions and duplications)

Examples: linkage analysis,
methylation analysis, protein
truncation testing (PTT),
uniparental disomy (UPD) study,
Southern blot analysis

Sequencing

Mutation scanning

Targeted mutation analysis

Fluorescentin situ
hybridization (FISH)

Array-Comparative Genomic
Hybridization (Array-CGH)

Single nucleotide
polymorphism
arrays (SNP arrays)

Multiplex ligation-dependent
probe amplification (MPLA)

Other

“SSCP, single strand conformational polymorphism analysis; DHPLC, dena-
turing high-performance liquid chromatography; CSGE, conformation-sensi-
tive gel electrophoresis; DGGE, denaturing gradient gel electrophoresis.

benefit presented to consumers may not have a strong scien-
tific basis; and genetic counseling is seldom included in the
process of either choosing whether or not to obtain a test or
interpreting the results. Because of these concerns, the
American Society of Human Genetics has issued a position
statement about DTC testing in the United States, calling for
greater transparency, regulation, and provider education
about DTC tests (Hudson et al., 2007).
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POTENTIAL BENEFITS AND HARMS

The potential benefits of genetic testing are many. With
regard to diagnostic testing, a positive test result can clarify
the diagnosis, provide important prognostic or treatment
information, and possibly save the patient and family from
expensive and uncomfortable or even invasive tests. Some
patients might be relieved or comforted to have a genetic
explanation for their seizures or those of their family mem-
bers. Either a positive or a negative test result could have
implications for reproductive decisions.

With regard to predictive testing, a negative test result can
relieve anxiety and reduce the need for monitoring to detect
seizures. A positive test result is likely to raise anxiety but
could also enable a person to prepare for possible onset of sei-
zures, and possibly take precautions to prevent accidents in
case seizure onset should occur. It could also guide clinicians
regarding the need for further investigations when seizures
begin, depending on the clinical setting. In the future, pro-
phylactic medication could theoretically be considered in
some cases (although this approach has not been tested).

On the other hand, genetic testing also has potential harm-
ful effects. As with other disorders, genetic information in
epilepsy can contribute to psychological distress, adverse
labeling, and discrimination in health insurance, life insur-
ance, and employment (Billings et al., 1992; Burke et al.,
2001). In the United States, legislation called the Genetic
Information Nondiscrimination Act (GINA) was enacted in
2008 (Hampton, 2008), providing new protections by pro-
hibiting discriminatory use of genetic information by health
insurers and employers. The impact of this legislation
remains to be seen.

For some patients with epilepsy, a genetic explanation
might be disturbing rather than comforting. In addition, the
identification of a genetic etiology could affect the family
communication dynamics and social relationships of per-
sons with epilepsy, and exacerbate the stigma, discrimina-
tion, and social isolation already associated with epilepsy
in some cases (Phelan, 2005; Shostak & Ottman, 2006).
Recent research also suggests that unlike the stigma associ-
ated with epilepsy per se, the stigma arising from the per-
ception that a disorder is genetic may extend to the family
members of an affected individual (Phelan, 2005). In what
follows, we summarize considerations that should be used
to minimize harm while maximizing the potential benefit of
clinical genetic testing in the epilepsies. This is an area
where more research is needed; little is known about the
impact of genetic testing on patients with epilepsy today.

CRITERIA FOR EVALUATING THE
UtiLITY OF A GENETIC TEST

Proven mutations have already been discovered in a large
number of genes with a major effect on susceptibility to var-
ious forms of Mendelian idiopathic epilepsy, and Table 3

lists the most well-accepted and validated findings at this
time. In addition to the genes listed in Table 3, mutation
screening of candidate genes such as CACNAIH (Chen
et al., 2003; Heron et al., 2004; Khosravani et al., 2005;
Vitko et al., 2005; Chioza et al., 2006; Heron et al., 2007),
CACNB4 (Escayg et al., 2000a), GABRD (Dibbens et al.,
2004), CLCN2 (D’Agostino et al., 2004; Everett et al.,
2007; Saint-Martin et al., 2009), and MASS! (Nakayama
et al., 2002) has led to the identification of variants in some
small families with complex inheritance, but the effects of
these variants on disease risk largely await confirmation. In
the case of CLCN2, mutations in families that appeared to
have Mendelian inheritance were originally reported in
error, and these findings were subsequently corrected (Klee-
fuss-Lie et al., 2009). Other potential epilepsy genes not
included in Table 3 have been discovered through genetic
linkage studies followed by association analysis in the
linked regions, including BRD2 (Pal et al., 2003), ME2
(Greenberg et al., 2005), and ELP4 (Strug et al., 2009), but
some studies have not confirmed these findings (Lenzen
et al., 2005; Cavalleri et al., 2007a) and causative mutations
have not yet been reported in these genes.

Genes have also been identified in Mendelian symptom-
atic epilepsy syndromes where seizures are a symptom of a
more widespread central nervous system disorder. These
include many genes underlying malformations of cortical
development (Leventer et al., 2008) and progressive myo-
clonus epilepsies such as Unverricht Lundborg disease,
Lafora disease, and the neuronal ceroid lipofuscinoses
(Shahwan et al., 2005). The genes in these symptomatic
epilepsy syndromes are an important domain of genetic
testing, although they are not reviewed in detail here.

Establishment of recommendations for genetic testing
in all of these epilepsies would be extremely difficult
because of their different clinical contexts; genetic contri-
butions; and individual, familial, and social ramifications.
In addition, genetic research is moving at such a rapid
pace that recommendations at any single point in time
could soon be changed with the emergence of new infor-
mation. Therefore, rather than making specific recommen-
dations, we wish to provide a framework for considering
the utility of testing that can be applied to many different
syndromes and contexts. In this section, we summarize
the questions that need to be addressed in evaluating
whether or not a genetic test is likely to provide useful
information for clinical care. In the next section, we pres-
ent examples where testing appears to have high utility,
and others where it appears less useful at the present time
(see Table 4 for diagnostic testing and Table 5 for predic-
tive testing). Finally, for navigating this complex area, we
provide a set of frequently asked questions (FAQs) and
their answers (Table 6).

A useful framework for the evaluation of genetic testing
has been developed in a model project carried out by the
National Office of Public Health Genomics, U.S. Centers

Epilepsia, 51(4):655-670, 2010
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Table 3. Genes identified in idiopathic epilepsy syndromes

Locus Gene Product References
Syndromes beginning in the first year of life
Benign familial neonatal seizures 20q13.3 KCNQ2 Ky7.2 (K" channel) (Biervert et al., 1998; Singh et al,,
1998)
8q24 KCNQ3 Ky7.3 (K" channel) (Charlier et al., 1998)
Benign familial neonatal-infantile seizures  2q23-q24.3  SCN2A Nay 1.2 (Na* channel) (Heron et al., 2002; Berkovic et al.,
2004; Striano et al., 2006; Herlenius
et al.,, 2007)
Ohtahara syndrome 9q34.1 STXBPI Syntaxin binding protein | (Saitsu et al., 2008)
Xp22.13 ARX Avristaless-related (Kato et al., 2007; Fullston et al.,
homeobox protein 2009)
Early onset spasms Xp22 STK9/CDKL5 cyclin-dependent kinase-like 5 (Kalscheuer et al., 2003)
X-linked infantile spasms Xp22.13 ARX Aristaless-related (Stromme et al., 2002; Gecz et al.,
homeobox protein 2006)
Syndromes with prominent febrile seizures

Dravet syndrome (severe 2q24 SCNIA Nay .l (Na” channel) (Claes et al., 2001; Nabbout et al.,

myoclonic epilepsy of infancy) 2003; Wallace et al., 2003; Harkin
et al., 2007)
Genetic (generalized) epilepsy 2q24 SCNIA Nay .l (Na* channel) (Escayg et al., 2000b; Sugawara et al.,
with febrile seizures plus (GEFS+) 2001; Wallace et al., 2001b)
19q13.1 SCNIB B, subunit (Na* channel) (Wallace et al., 1998, 2002; Audenaert
et al., 2003; Scheffer et al., 2007)
5q34 GABRG2 72 subunit (GABAA receptor) (Baulac et al., 2001; Harkin et al.,
2002)

Childhood absence epilepsy 5q34 GABRG2 72 subunit (GABAA receptor) (Wallace et al., 2001 a; Kananura
with febrile seizures et al.,, 2002)

Epilepsy and mental retardation Xq22 PCDHI19 protocadherin (Dibbens et al., 2008)
limited to females

Idiopathic generalized epilepsies

Early-onset absence epilepsy 1p35-p31.1 SLC2A1 GLUTI (glucose (Suls et al., 2009)

transporter type |)

Juvenile myoclonic epilepsy 5q34-q35 GABRA| oy subunit (GABA, receptor) (Cossette et al., 2002)

6pl2-pll EFHCI EF hand motif protein (Suzuki et al., 2004)
Focal epilepsies .

Autosomal dominant nocturnal 20ql13.2-q13.3 CHRNA4 o4 subunit (NACh receptor) (Steinlein et al., 1995; Phillips et al.,
frontal lobe epilepsy 2000)

Iq2l CHRNB2 [ subunit (nACh receptor) (De Fusco et al., 2000; Phillips et al.,
2001)
8p2l CHRNA2 ol subunit (NACh receptor) (Aridon et al., 2006)

Autosomal dominant partial epilepsy 10924 LGl Leucine-rich repeat protein (Gu et al., 2002; Kalachikov et al.,
with auditory features (Autosomal 2002; Morante-Redolat et al., 2002)
dominant lateral temporal epilepsy)

Epilepsies associated with other
paroxysmal disorders
Generalized epilepsy and 10q22 KCNMAI Kcal.l (K" channel) (Duet al., 2005)
paroxysmal dyskinesia
Epilepsy with paroxysmal 1p35-p31.3 SLC2A1 GLUTI (Suls et al., 2008; Weber et al., 2008)
exercise-induced dyskinesia (glucose transporter type |)
Absence epilepsy and episodic ataxia 19p13 CACNAIA  Cay2.1 (Ca** channel) (Jouvenceau et al., 2001; Imbrici
et al., 2004)
Focal epilepsy and episodic ataxia 12pl13 KCNAI Kvl.l (K" channel) (Spauschus et al., 1999; Zuberiet al,,
1999; Eunson et al., 2000)
Familial hemiplegic migraine and epilepsy 1q21-23 ATPIA2 Sodium-potassium ATPase (Vanmolkot et al., 2003; Deprez

et al., 2008)

Epilepsia, 51(4):655-670, 2010
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Table 4. Examples of assessment of clinical validity and clinical utility for diagnostic testing in an affected

individual®

Gene(s)

Proportion
of patients/families
with mutations®

How accurate is a positive
mutation test for confirming
the diagnosis?

Clinical utility: In an affected
individual, how useful is knowledge
of mutation status for

clinical management?

Syndromes beginning in first
year of life
Benign familial
neonatal seizures

KCNQ2
KCNQ3

>50% of families
~7% of families

Highly accurate in correct clinical
context (but most cases have clear
AD inheritance so diagnosis is
usually clear without testing)

Somewhat useful

Outcome usually benign (although
severe outcome has been reported)

Mutation status predicts favorable
outcome; hence less aggressive
management may be warranted

De novo KCNQ2 mutations reported
in rare isolated cases. Finding of
de novo mutation informs diagnosis
and has management implications

Genetic counseling implications

Benign familial
neonatal-infantile
seizures

SCN2A

unknown

Highly accurate in correct clinical
context (but most cases have clear
AD inheritance so diagnosis is
usually clear without testing)

Somewhat useful

Qutcome is usually benign

Mutation status predicts favorable
outcome, hence less aggressive
management may be warranted

Genetic counseling implications

Ohtahara syndrome

STXBPI
ARX

~35% of patients
unknown

Highly accurate in correct
clinical context

Very useful

Establishes etiology so avoids
further diagnostic test procedures

Genetic counseling implications

Usually de novo

Early onset spasms

STK9/CDKL5

10—17% of patients

Highly accurate in
correct clinical context

Very useful

Establishes etiology so avoids
further diagnostic test procedures

Genetic counseling implications

Usually de novo

X-linked infantile spasms
(usually in boys)

ARX

<5% of male patients

Highly accurate in correct
clinical context

Very useful

Establishes etiology so avoids
further diagnostic test procedures

Genetic counseling implications

De novo cases reported in rare
isolated cases. Finding of de novo
mutation informs diagnosis and may
alter clinical management

Syndromes with prominent
febrile seizures
Dravet syndrome (Severe
myoclonic epilepsy of infancy)

SCNIA

70-80% of patients

Truncation mutations: highly
accurate in correct clinical context

Missense mutations: less clear and
depends on electroclinical context

Very useful

Establishes etiology so avoids
further diagnostic test procedures

Allows early optimization of
antiepileptic therapy

Most mutations de novo

Mutations rarely identified in parent,
sometimes with somatic mosaicism

Genetic counseling implications

Continued
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Table 4.

Continued

Proportion
of patients/families

Clinical utility: In an affected
individual, how useful is knowledge
of mutation status for

How accurate is a positive
mutation test for confirming

retardation
limited to females

Gene(s) with mutations” the diagnosis? clinical management?
Genetic (formerly Generalized) SCNIA  5-10% of families Missense mutations: highly Not useful
epilepsy with febrile SCNIB  <5% of families accurate in correct clinical Because of extensive phenotypic
seizures plus GABRG2 <I% of families context heterogeneity, mutation status does
not predict prognosis or treatment
Epilepsy and mental PCDHI9 Unknown Highly accurate in correct Very useful

clinical context Establishes etiology, especially in
isolated cases or smaller families
where mode of inheritance is unclear

Genetic counseling implications

Idiopathic generalized epilepsy

Early onset absence epilepsy SLC2A1  ~10% of patients

Highly accurate in correct
clinical context

Very useful

Establishes etiology so avoids
further diagnostic test procedures

May alter clinical management
decisions (ketogenic diet found
to be effective)

Genetic counseling implications

Focal epilepsies
Autosomal dominant
nocturnal frontal lobe

epilepsy

CHRNA4 <10% of families
CHRNB2 <5% of families
CHRNA2  unknown, probably rare

Highly accurate in
correct clinical context

Very useful

Variable outcome; some cases
highly refractory

Establishes etiology so no need to
pursue structural lesion with
repeated imaging

Not known if optimal antiepileptic
drug therapy or outcome of surgery
will differ by mutation status

Genetic counseling implications

De novo mutations reported
in rare isolated cases. Finding of de
novo mutation informs diagnosis,
and may alter clinical management if
surgery is being considered

Autosomal dominant partial LGIl  ~50% of families

epilepsy with auditory features

Not very useful

Most cases have favorable course

Establishes etiology so no need
to pursue structural lesion with
repeated imaging in rare
severe cases

Mutation status unlikely to alter
management decisions (unknown if
optimal antiepileptic drug therapy or
surgery outcome will differ by
mutation status)

Genetic counseling implications

De novo cases reported in rare
isolated cases. Finding of de novo
mutation informs diagnosis, but is
unlikely to alter clinical management
unless surgery is being considered

Highly accurate in correct
clinical context

Continued

for Disease Control and Prevention, in collaboration with
the Foundation for Blood Research, a nonprofit research
organization (Haddow & Palomaki, 2004). This project,

Epilepsia, 51(4):655-670, 2010
doi: 10.1111/5.1528-1167.2009.02429.x

called “ACCE,” takes its name from the four essential com-
ponents of evaluation—analytic validity; clinical validity;
clinical utility; and associated ethical, legal, and social
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Table 4. Continued

Proportion
of patients/families

How accurate is a positive
mutation test for confirming

Clinical utility: In an affected
individual, how useful is knowledge
of mutation status for

exercise-induced dyskinesia

Gene(s) with mutations” the diagnosis? clinical management?
Epilepsies associated with other
paroxysmal disorders
Epilepsy with paroxysmal SLC2A1 unknown Highly accurate in correct Very useful

clinical context

Establishes etiology so avoids
further diagnostic test procedures

May alter clinical management
decisions (ketogenic diet found to
be effective)

Genetic counseling implications

roimaging, and family history.

°AD, autosomal dominant; Clinical context: includes syndrome, age at onset, seizure types and frequency, clinical course, electroencephalography (EEG), neu-

PEstimates of mutation frequency from Combi et al., 2004; Ottman et al., 2004; Deprezet al., 2009.

implications. A series of questions targeted to different
aspects of the evaluation process is provided on the ACCE
website:  http://www.cdc.gov/genomics/gtesting/ ACCE/
acce_proj.htm (Accessed September 28, 2009).

Analytic validity

The analytic validity of a test refers to the laboratory
component of testing. Does the test accurately identify the
genotype of interest? Accuracy involves analytic sensitivity
(the ability of the test to identify a positive sample cor-
rectly), analytic specificity (the ability of the test to identify
a negative sample correctly), laboratory quality control
(procedures for assuring the test results fall within specified
limits), and reliability (the ability of the test to produce the
same results if repeated on the same sample). Analytic
validity depends on the molecular aspects of detecting a
gene variant in a DNA sample rather than on the disease;
hence, the considerations are the same for epilepsy as for
other conditions.

Even when a test for a specific change within a gene is
accurate, the test could still miss other important changes itis
not designed to detect. Some tests examine only parts of a
gene (exon sequencing), particular single nucleotide poly-
morphisms (SNPs), or the number of copies of the gene (copy
number variations, or CNVs). No single test currently avail-
able examines all aspects of variation within a gene; there-
fore, a test result that reports “‘no change detected’” does not
exempt the gene from contributing to disease in any particu-
larindividual. On the other hand, a negative result when look-
ing for a specific mutation that is present in other affected
family members usually provides a definitive answer.

The source of the DNA sample provided is another
important consideration. A DNA mutation present in all
cells of the body is considered to be “‘germ line.”” In some
cases, a mutation can occur during embryonic develop-
ment, leading to uneven distribution of the mutation in
different tissues, or ‘“‘somatic mosaicism.” With somatic

mosaicism, a mutation can be detected in a sample of
DNA from one source, for example, a hair follicle, but
not in another, for example, blood lymphocytes. This
implies that an individual who initially tests negative
might later be found to carry a mutation only in specific
cell lines after careful examination of different cell types
using more sensitive methods of detection. This concept
has been found to be important in the severe childhood
encephalopathy Dravet syndrome, in which more than
70% of cases have mutations in SCNIA, the gene encod-
ing the voltage-gated sodium channel alpha subunit
Nay1.1. In several families with two children with Dravet
syndrome, initially no mutation was found in either parent
by the usual techniques, but more detailed molecular stud-
ies showed parental gonadal and somatic mosaicism
(Depienne et al., 2006; Gennaro et al., 2006; Marini et al.,
2006; Morimoto et al., 2006). In other patients with Dra-
vet syndrome who were initially found to be negative for
SCNIA mutations on conventional sequence analysis,
exon deletion or duplication, or submicroscopic chromo-
somal deletion involving SCNIA was later identified
(Madia et al., 2006; Mulley et al., 2006; Suls et al., 2006;
Wang et al.,, 2008; Marini et al.,, 2009). These findings
suggest that to maximize the sensitivity of genetic testing,
a wider array of molecular methods must be employed
than previously appreciated. This detailed decision tree in
the pursuit of the correct diagnosis is not fully explained
in the process of obtaining a clinical genetic test result.

Clinical validity

Clinical validity refers to the ability of the test to deter-
mine whether or not a person is affected with the disorder of
interest (or will become affected in the future). This depends
in part on analytic validity—a test cannot accurately deter-
mine whether or not a person is affected if it does not have
high analytic validity. Clinical validity is also influenced by
several other important factors, including (1) clinical sensi-
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Table 5. Examples of assessment of clinical validity and clinical utility for predictive testing in an unaffected
relative of an affected individual who tests positive
How accurate is a positive mutation Clinical utility: In an unaffected family
test for predicting occurrence of member, how useful is knowledge
Gene(s) the syndrome? of mutation status?
Syndromes beginning in first year of life
Benign familial neonatal seizures KCNQ2 Highly accurate because of high Not useful
KCNQ3 penetrance Outcome usually benign
Knowledge of mutation status
before onset would usually not alter
management decisions
Benign familial SCN2A Not established Not useful
neonatal-infantile seizures Outcome usually benign
Knowledge of mutation status
before onset would usually not alter
management decisions
Ohtahara syndrome STXBPI Not established
ARX
Early onset spasms STK9/CDKL5 Not established
X-linked recessive infantile ARX Not established
spasms (usually in boys)
Syndromes with prominent febrile
seizures
Dravet syndrome (severe SCNIA Highly accurate for truncation Very useful
myoclonic epilepsy of infancy) mutation identified in sibling Prenatal diagnosis may be considered
of individual with the same Knowledge of high risk allows
mutation; missense less clear preparation for more aggressive
treatment at onset
Genetic (formerly generalized) SCNIA Not accurate because of Not useful
epilepsy with febrile seizures plus SCNIB reduced penetrance and
GABRG2 high phenotypic variability
Epilepsy and mental PCDHI19 Highly accurate because of Very useful
retardation limited to females high penetrance Prenatal diagnosis may be considered
Knowledge of high risk allows
preparation for more aggressive
treatmentat onset
Idiopathic generalized epilepsy
Early onset absence epilepsy SLC2AI1 Not established
Focal epilepsies
Autosomal dominant CHRNA4 Not established; depends
nocturnal frontal lobe epilepsy CHRNB2 on penetrance
CHRNA2
Autosomal dominant partial LGl Not very accurate: penetrance Not useful
epilepsy with auditory features is approximately 67%, implying Outcome usually benign
one-third of mutation carriers Knowledge of mutation status
will remain unaffected before onset would notalter
management decisions
Epilepsies associated with other
paroxysmal disorders
Epilepsy with paroxysmal SLC2AI1 Not established
exercise-induced dyskinesia

tivity—the proportion of individuals who test positive,
among those who have the disease; (2) clinical specific-
ity—the proportion of individuals who test negative, among
those who are unaffected; (3) positive predictive value
(PPV)—the proportion of individuals who have the disease
(or will develop it in the future), among those who test posi-
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tive; and (4) negative predictive value—the proportion of
individuals who do not have the disease (and will not
develop it in the future), among those who test negative.
PPV is strongly influenced by the prevalence of the disorder
among tested individuals. For a given sensitivity and speci-
ficity, PPV is higher in a situation where many of those
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Table 6. Genetic testing FAQs

I. What are the benefits of testing?
Test results can provide a sense of relief from uncertainty and help people make informed decisions about managing their health care. With
diagnostic testing, a positive test result can confirm the diagnosis, save the patient and family from unnecessary diagnostic procedures, and may help
in the selection of optimal therapy. With predictive testing, a negative result can provide relief, and a positive result can direct a person toward
available monitoring and treatment options. Some test results can also help people make decisions about having children.
2. What are the risks or limitations of testing?
The primary risks of genetic testing relate to the emotional, social, or financial consequences of the test results. People may feel angry, depressed,
anxious, or guilty about their results. Genetic testing may also affect family relationships because the results can reveal information about family
members other than the person who is tested. The possibility of genetic discrimination in employment or insurance is also a concern.
3. What is the difference between clinical genetic testing and research genetic testing?
Clinical tests are performed for the purpose of diagnosis, prevention, or treatment in the care of individual patients, usually for a fee. The results are
provided in writing to the provider or patient. In the United States, laboratories performing clinical tests must be CLIA approved. In contrast,
research tests are performed for the purpose of increasing understanding of a disorder, or developing a clinical test. The cost of research testing is
covered by the researcher, and test results are not generally given to patients or providers. Laboratories performing research testing are not subject
to CLIA regulation.
4. How can | find out whether or not genetic testing is available for my patient and where it is performed?
Extensive information about the available clinical genetic tests for a wide array of syndromes may be found on the Gene Tests website (http:/
www.genetests.org), a publicly funded medical genetics information resource developed for physicians, other health care providers, and researchers.
The site also contains authoritative reviews on the genetics of several epilepsy syndromes.
5.Should | offer a test to the patient?
For a diagnostic test, the first step is to arrive at an informed opinion about whether or not the patient is likely to have the disorder in question. This
should involve a thorough clinical evaluation and careful family history. The next step is to evaluate the likely clinical utility of the test. Consider the
following questions:
a. Is the test result likely to lead to a meaningful change in the procedures used for evaluation (e.g., repeated spinal tap or neuroimaging)?
b. Is the test result likely to lead to a change in the optimal treatment choice or prognosis?
c. Is the test result likely to have any other positive or negative social or psychological effects? For example, is the patient likely to be relieved or
disturbed by the knowledge that he or she carries a mutation?
d. Is the test result likely to influence the patient’s decisions about reproduction?
6.1 believe the test could provide important information—what are the next steps?
The patient must make his or her own decision about whether or not to be tested. Because testing has both benefits and risks, the decision about
whether to be tested is personal and complex. Before a person has a genetic test, he or she needs to make an informed choice, which involves
understanding the testing procedure, the benefits and risks of the test, and the possible consequences of the test results. Pretest counseling by a
trained genetic counselor is important for providing information about the pros and cons of the test and discussing the social and emotional aspects
of testing. Testing must never be carried out without informed consent.
If the patient decides to proceed with genetic testing, a health care provider such as an epileptologist, clinical geneticist, or nurse practitioner may be
able to order the test, depending on the country where the patient lives. Genetic tests are performed on a sample of blood, hair, skin, amniotic fluid
(for prenatal diagnosis), or other tissue. The sample is sent to a laboratory where the molecular analyses appropriate for the suspected disorder or
gene are performed. The laboratory reports the test results in writing to the provider who ordered the test.
7.Who should be tested in the family?
For diagnostic testing, usually one affected family member requests testing initially. If the test is positive, this has implications for other affected and
unaffected family members. Unaffected family members should not be offered predictive testing unless an affected family member has obtained a
specific molecular genetic diagnosis. Some unaffected family members in a family where affected family members have been found to carry a mutation
may be “obligate carriers” and thus have known mutation status without being tested; for example, if an unaffected person has both a parent and a
child who carry a specific rare mutation, he or she is almost certainly a carrier, regardless of epilepsy status.
. If the test is negative, is my diagnosis incorrect?
Not necessarily. Epilepsy syndromes show extensive genetic heterogeneity, so that a negative test for a given gene does not mean the patient does
not have the syndrome.
9. What is the best way to give the results to the patient?
The results should be explained to the patient in a posttest counseling session with a genetic counselor or clinical geneticist.
10. Is the cost of testing covered by insurance?
This depends on the country in which the patient lives. In the United States, some health insurance plans will cover the costs of diagnostic genetic
testing, but health insurance providers have different policies about which tests are covered. Some people may choose not to use their insurance to
pay for testing because the results of a genetic test might affect their health insurance coverage. The Genetic Information Nondiscrimination Act
(GINA) is intended to protect against this but its effectis still unclear at the present time.

tested are actually clinically affected than in a situation
where few of those tested are affected.

The clinical validity of a genetic test varies according to
the type of genetic change identified. For example, a test
that involves sequencing the gene (Table 2) can identify

several types of sequence changes, including ‘“‘synony-
mous’” nucleotide substitutions that do not alter the amino
acid sequence of the encoded protein, “‘nonsynonymous’ or
“missense”” changes resulting in an amino acid substitution,
and ‘“‘nonsense’’ or ‘‘truncation’’ mutations that lead to a
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fragment of the normal protein product. These different
types of changes could have different implications for dis-
ease risk, and some changes could be normal variants found
commonly in the population or could have uncertain clinical
significance. A good example of this problem arises in
SCNIA, where different types of mutations have been asso-
ciated with different phenotypes. Among the mutations
found in Dravet syndrome, truncation and missense each
account for about 40% of mutations, and intragenic dele-
tions and splice-site mutations occur much less frequently
(Harkin et al., 2007; Depienne et al., 2009). In contrast, in
families with GEFS+ all of the identified SCN/A mutations
have been missense.

To maximize sensitivity and PPV, diagnostic testing
should be offered in the context of an informed opinion that
the affected individual is likely to have the disorder in ques-
tion; otherwise testing would result in unnecessary expense
with little potential benefit. In this evaluation, consistency
of the patient’s clinical epilepsy syndrome and family his-
tory with those previously described in individuals with
mutations should be considered. The importance of taking a
careful family history, with as much detail as possible
about the clinical features in affected family members and
laboratory exclusion of the most likely alternative diagnoses,
cannot be overemphasized.

Almost all of the gene discoveries to date have been in
monogenic epilepsies, which comprise only a tiny fraction
of all epilepsies. Most people with epilepsy have no affected
relatives, suggesting that in the great majority of cases, epi-
lepsy is genetically complex (Ottman, 2005; Berkovic et al.,
2006). The genetic mechanism underlying complex epilep-
sies could involve genetic variants that are common in the
population, have only a small effect on disease risk, and act
in concert with each other and with environmental factors,
consistent with the “‘common disease, common variant’
hypothesis. Alternatively (or perhaps in addition), the mech-
anism could involve multiple rare genetic variants acting in
concert (Mulley et al., 2005a; Dibbens et al., 2007).

To date, success in identifying genes that raise risk for
genetically complex epilepsies has been limited, but some
genes are emerging such as the calcium channel subunit
gene CACNAIH (Chen et al., 2003; Heron et al., 2004,
2007). Genetic association studies (Tan et al., 2004; Mullen
et al., 2009) are also beginning to provide evidence for other
genetic variants associated with increased risk (Cavalleri
et al.,, 2007a,b; Helbig et al., 2009). One very interesting
recent, confirmed finding is an association, found in
approximately 1% of cases of idiopathic generalized epilep-
sies, of a microdeletion on chromosome 15q13.3 that was
previously reported to occur less frequently in schizophre-
nia, mental retardation, and autism (Dibbens et al., 2009;
Helbig et al., 2009).

With complex inheritance, each gene may have only a
small effect on risk, so that using a genetic test to identify
any one risk-raising variant is not likely to be very meaning-
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ful on its own. In addition, even in rare monogenic epilep-
sies, the relationship between mutation status and epilepsy
phenotype is not straightforward. Several complexities in
genotype—phenotype relationships influence the clinical
validity of genetic tests.

Variable expressivity

One important aspect of this complexity is variable ex-
pressivity. The clinical epilepsy phenotype may vary
widely, even among family members who carry the same
mutation. For example, missense mutations in SCN/A are
associated with genetic (formerly generalized) epilepsy
with febrile seizures plus (GEFS+), a familial epilepsy syn-
drome with extremely variable expressivity. The effect of
an SCNIA missense mutation may range from benign phe-
notypes such as typical age-dependent febrile seizures or
febrile seizures plus (i.e., febrile seizures persisting beyond
age 6 years or accompanied by afebrile generalized tonic—
clonic seizures) to severe phenotypes such as Dravet syn-
drome (Mulley et al., 2005b; Lossin, 2009).

Modifier genes are likely to be an important cause of vari-
able expressivity, although variation in as-yet-unidentified
environmental exposures may also contribute in some cases.
A recent study showed experimentally that two ion channel
mutations, each capable of causing human epilepsy, can
actually cancel out each other’s effects when present in
brain cells due to their opposing effects on neuronal excit-
ability (Glasscock et al., 2007).

Variable expressivity reduces the PPV of a predictive
genetic test because information about mutation status is a
poor predictor of clinical outcome. In GEFS+, a positive test
for an SCNIA mutation might strongly predict seizure
occurrence in an individual from a family containing multi-
ple affected individuals, but the clinical outcome could
range from typical febrile seizures without any subsequent
unprovoked seizures to severe epileptic encephalopathy
with mental retardation. Moreover, as discussed below,
since the penetrance of missense mutations in SCNIA in
GEFS+ is only 60-70%, a significant proportion of muta-
tion carriers will not develop seizures at all. In this case
genetic testing for SCNIA mutations has much greater util-
ity for diagnostic testing than for predictive testing, even if
carried out in a family in which a mutation has been identi-
fied. In the future, prediction may improve when all of the
genes that influence clinical outcome are identified—but
this will involve complex protocols for genetic testing of
multiple genes that have not been developed, as well as
understanding how the multiple genes interact in their influ-
ence on risk.

Reduced penetrance _

Another aspect of complexity in the relationship between
genotype and phenotype is “penetrance’”: the likelihood of
developing epilepsy for an individual who has a mutation in
a disease-causing gene. Penetrance is particularly important
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in considering the clinical validity of a predictive genetic
test, offered to an unaffected individual in a family in which
an affected person has been found to carry a mutation. For
many of the previously identified genes, penetrance has
been estimated as 67-80%. These previous penetrance esti-
mates are likely to be inflated by ascertainment bias, since
they are based on families selected for study because they
contain multiple affected individuals (and thus high pene-
trance); therefore, the true penetrance may actually be lower
for many syndromes. Reduced penetrance clearly reduces
the PPV of a genetic test, because an individual who tests
positive may never develop epilepsy. For example, a study
of the penetrance of LGII mutations in ADPEAF estimated
penetrance at 67% (Rosanoff & Ottman, 2008), suggesting
that about one-third of mutation carriers will not develop
epilepsy. On the other hand, benign familial neonatal sei-
zures (BENS) has an unusually high penetrance of greater
than 90%.

Genetic heterogeneity

Genetic heterogeneity is another important complexity in
the relationship of genotype to phenotype in the epilepsies.
In most monogenic epilepsy syndromes where genes have
been identified, mutations have been discovered in different
genes in different families with the same syndrome. Often
the genes encode different subunits of the same ion channel.
Examples include BENS, in which the same phenotype is
associated with mutations in two different genes encoding
subunits of potassium channels (KCNQ2 and KCNQ3)
(Gardiner, 2006); autosomal dominant nocturnal frontal
lobe epilepsy (ADNFLE) due to mutations in three different
nicotinic acetylcholine receptor subunit genes, CHRNA4,
CHRNB2, and CHRNA2 (Marini & Guerrini, 2007); and
GEFS+ due to mutations in SCNIA, SCNIB, and GABRG?2
(Scheffer et al., 2009).

In addition, many families with a given syndrome do not
have mutations in any of the previously identified genes.
For example, with ADNFLE only approximately 20% of
individuals with a family history have mutations in the
genes identified so far. Similarly, with autosomal dominant
partial epilepsy with auditory features (ADPEAF), approxi-
mately 50% of families containing two or more individuals
with ictal auditory symptoms have mutations in LGII/
(Ottman et al., 2004). In GEFS+, only approximately 10%
of families have mutations in SCNIA, and even fewer have
mutations in the other previously identified genes (Scheffer
et al., 2009).

Because of the potential for extensive genetic heterogene-
ity, even though a positive diagnostic genetic test result may
be informative in these syndromes, a negative test for a
given gene is generally uninformative, that is, the test has
low negative predictive value. A test for a mutation in a spe-
cific gene does not mean the individual does not carry a dis-
ease-causing mutation in another gene not yet identified, or
that the individual does not have the disorder in question,

because the diagnosis is based on the clinical epilepsy
syndrome rather than on the results of genetic testing.

For many genetic forms of epilepsy, patients with clinical
features similar to those found in autosomal dominant fami-
lies but who do not have any affected relatives (i.e., sporadic
or isolated cases) are much less likely to have a mutation in
previously identified genes than are familial cases; therefore,
the sensitivity of a test will generally be much lower for iso-
lated cases than for familial cases. In some of the genes iden-
tified so far, de novo mutations—that is, new mutations that
occurred in a germ cell (egg or sperm) from one of the parents
or in the fertilized egg itself, so that neither parent is a car-
rie—have been identified in isolated cases, but these are
generally uncommon. For example, rare de novo mutations
have been identified in CHRNA4 and CHRNB2 (genes asso-
ciated with ADNFLE) in isolated patients with nocturnal
frontal lobe epilepsy (Phillips et al., 2000; Bertrand et al.,
2005), in LGI1 (the gene associated with ADPEAF) in iso-
lated patients with focal epilepsy with ictal auditory symp-
toms (Bisulli et al., 2004; Michelucci et al., 2007), and in
KCNQ?2 in isolated patients with benign neonatal seizures
(Claes et al., 2004; Ishii et al., 2009). For these disorders, the
yield of a diagnostic test would be much lower in isolated
cases than in familial cases; therefore, decisions about testing
must be based on balancing the cost of testing with the clini-
cal utility of the test. When a mutation is found in a sporadic
case, it may have important genetic counseling implications
but there is significant uncertainty in this situation.

However, the pattern is completely different in Dravet
syndrome. In this syndrome current evidence suggests that
more than 70% of patients have SCNI/A mutations and more
than 95% arise de novo (Mulley et al., 2005b; Harkin et al.,
2007). Thus in a diagnostic genetic test for a mutation in
SCNIA in Dravet syndrome, the clinical sensitivity is high
regardless of family history.

Clinical utility

The clinical utility of a test refers to the benefits and harms
involved in introducing a test into routine clinical practice,
that is, the impact of a positive or negative test on patient care.
One of the most important considerations is the availability
of an effective intervention in individuals who test positive.
In diagnostic testing, such an intervention might consist of a
treatment choice that is especially effective or avoidance of
treatments that are especially harmful, or avoidance of
unpleasant or invasive diagnostic procedures (e.g., liver
biopsy, repeated spinal tap or neuroimaging) in individuals
who test positive. In predictive testing, interventions might
someday include prophylactic medications (although none
has been shown to have efficacy in any epileptic disorder so
far). Other considerations include the costs associated with
testing and the accessibility of tests and interventions to
vulnerable populations.

The specific epilepsy features, associated illnesses and
conditions, and family history are extremely important in
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considering the clinical utility of a genetic test. For severe
epilepsies associated with developmental delay (e.g., Dravet
Syndrome), the issues to consider in offering testing are
clearly different from those in epilepsies that respond well to
treatment and do not have other associated features. Clinical
utility may also differ according to the usual age at onset of
the disorder—for epilepsies with onset in infancy and a
severe course, parents may place a high value on predictive
testing regardless of its uncertainties, whereas for epilepsies
with adult onset and a mild course, the considerations will be
quite different. The family context is also extremely impor-
tant in this regard—if multiple family members are affected,
some or all family members may already be aware that their
risks are increased, so that genetic testing would not provide
new information about the family’s risk as a whole. However,
predictive genetic testing in some family members could pro-
vide information about which specific individuals are more
ikely to develop epilepsy. Moreover, a positive test in one
person might contain information relevant to others in the
family, who may or may not wish to learn their genetic status
(e.g., if an uncle and his niece are both carriers, one of the
niece’s parents also must be). Another family issue is related
to biologic versus stated paternity, a distinction that may
be discovered through genetic testing but is not usually
divulged. This type of complexity should be explored fully in
genetic counseling prior to testing.

Ethical, legal, and social implications

The fourth consideration in evaluating the utility of a
genetic test is its ethical, legal, and social implications. This
includes an understanding of the stigmatization and discrim-
ination that may result from the test, as well as privacy and
confidentiality issues, and personal, family, or social issues
that could arise from testing. Some tests require that DNA
samples be obtained from other family members in order to
assess risk. Are these family members available and willing
to be tested if the need should arise? Is the patient willing to
approach them in order to gain their participation? Legal
issues regarding consent and ownership of samples are also
important to consider. Once the potential harms associated
with testing are identified, the clinician should put
safeguards in place to minimize them.

How 1o TEST

Current information about genetic testing for many
disorders, including several forms of epilepsy, is avail-
able from the Gene Tests website: http://www.ncbi.nlm.-
nih.gov/sites/GeneTests (Accessed September 28, 2009),
a publicly funded medical genetics information resource.
The Gene Tests site identifies both clinical laboratories
and research laboratories that provide testing. It also con-
tains educational materials about genetics and authorita-
tive reviews on specific disorders, including ADNFLE,
ADPEAF, progressive myoclonus epilepsy, and several
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other metabolic forms of epilepsy. For genetic tests
judged to have clinical utility in a particular clinical con-
text, this site provides information about whether or not
a clinical genetic test is available, and if so, where to
obtain it.

Before any test is ordered it is crucial to follow certain
procedures. First, no molecular genetic test should ever be
ordered without the patient’s informed consent. Because
genetics can be complicated, making sure the patient under-
stands the ramifications of testing sufficiently to make an
informed choice may not be straightforward. Second, no test
should ever be done without pretest and posttest genetic
counseling. Wherever possible, counseling should be car-
ried out by a clinical genetics professional such as a medical
geneticist, genetic counselor, or genetic nurse. A closer
interaction between clinical genetics professionals and epi-
leptologists would greatly improve counseling for patients
with epilepsy.

The purpose of pretest genetic counseling is to ensure
that the patient is informed and has time to weigh the
advantages and disadvantages of being tested. It should
include the collection of pedigree information, providing
information about the disorder and its mode of inheri-
tance, course, and treatment options; estimation of the
risk of the disorder for the individual (or for a future off-
spring) if applicable; discussion of the medical, emo-
tional, and social implications of a genetic test result for
the individual and the family (including potential effects
on health and life insurance); and details regarding the
test itself and its limitations (e.g., the sample required,
the information that will and will not be provided by the
test). All of this information should be presented in a
nonjudgmental and noncoercive manner, to assist the
individual in making an informed decision.

Posttest genetic counseling is crucial to help the patient
understand the test result and begin to digest it in the context
of his or her life circumstances. The session should convey
the test results in terms that the patient understands, discuss
the implications for the patient and other family members,
and provide referrals to other health professionals, educa-
tional materials, and community-based support groups as
needed.

APPLICATION TO SPECIFIC EPILEPSY
SYNDROMES AND GENES

Although many genes have been identified in a range of
epilepsy syndromes, few currently have high clinical utility
for genetic testing. The importance of interpreting all
molecular findings in their clinical context cannot be over-
emphasized. Relatively few of the molecular tests for the
idiopathic epilepsies are useful in the clinical domain and
those that deserve consideration are presented in Table 4 for
diagnostic testing and Table 5 for predictive testing. Many
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of the remaining gene mutations have been identified only
in single or a few reports, so molecular testing is still largely
aresearch tool.

Although a genetic test may have a high PPV (i.e., a high
probability of the diagnosis among individuals who test
positive) in patients with the appropriate phenotype, discov-
ery of a mutation may not influence clinical management
(diagnostic procedures, treatment choices, or prognostic
counseling). In some circumstances, it may have a bearing
on genetic counseling but the question of whether the results
would lead a family to alter their reproductive plans on the
basis of the particular syndrome needs to be considered. For
example, BFNS is usually benign (although severe cases
have been reported) (Steinlein et al., 2007). Therefore, the
finding of a potassium channel subunit mutation may be of
interest, but the disorder would usually not be considered
sufficiently severe for such a finding to affect reproductive
choices. Moreover, the pattern of inheritance is usually
clearly autosomal dominant with high penetrance, making
the diagnosis straightforward without the need for molecu-
lar testing.

In some settings, the finding of a mutation does not
provide information about phenotype and, therefore, can-
not inform treatment or prognosis. As discussed earlier,
the best example of this situation is a missense mutation
of SCNIA in a family with GEFS+, which could be asso-
ciated with phenotypes ranging from benign febrile sei-
zures to severe epileptic encephalopathy. Interpretation of
a mutation needs to be made in the context of the patient’s
electroclinical and developmental history. For example, a
patient with febrile seizures would not require treatment
and would have an excellent prognosis, whereas a patient
with Dravet syndrome requires long-term management. In
contrast, a de novo truncation mutation is very likely to
be associated with Dravet syndrome. Therefore, diagnosis
of an electroclinical syndrome such as Dravet syndrome,
subsequently supported by mutational analysis (of SCNIA
for example), could well lead to more aggressive treat-
ment with a view to potentially improving developmental
outcome.
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