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| Abstract |

Many new antiepileptic drugs (AEDs) have been developed in the last two decades,
contributing to the optimal treatment for childhood epilepsy. The goal of the treatment is to
achieve seizure-free without any side effects, that deteriorates the quality of life by causing
negative consequences. The new AEDs have not shown better efficacy, but generally seem to
be better tolerated, having fewer systemic reactions and better pharmacokinetics than the
established AEDs. The new AEDs have a broad spectrum of activities, which offer new
opportunities to patients who have not shown any favorable responses to the established ones.
There are more choices when trying to select AEDs for epileptic seizures and syndromes.
Majority of the new AEDs have more than one action mechanism. AEDs acting selectively
through the GABAergic system are tiagabine and vigabatrin; acting by inhibition of voltage-
dependent Na* and Ca?* channels are lamotirigine, oxcabarbazepine and topiramate; and acting
by inhibition of glutamate-mediated excitation are felbamate, topiramate. The pharmacokinetic
parameters of the new AEDs compared to the established AEDs, new AEDs have improved in
terms of longer half-lives, permitting less frequent daily dosing, reduced potential for drug
interactions. Considerations in selecting an AEDs are not only dependent on seizure types or
syndromes, side effect profile, action mechanism, drug interaction, pharmacokinetic profile,
facility of drug initiation, but also on age and sex of patients. Patients with worsened seizure
frequency or development of new types of seizure after the introduction of AEDs, should be
questioned on the previously diagnosed seizure types or syndromes.

Keywords: New antiepileptic drugs; Action of mechanism; Pharmacokinetics/pharmacodynamics;
Side effects; Seizure aggravation.
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Table 1. List of the established and newer antiepileptic drugs

ventional antiepileptic drugs)2kal Established drugs

Newer drugs

3t} GABA transaminase A|3]#|
ol 7-vinyl GABA (1977)7} 7=
31,1990 thE AFs}e] 2001
F A2 AT 1070 B=
7} 7] o] 7]1&0] oFgo A3}
PR BALA A2 X 59| 7]

35 F7) HJek(Table 1).

Diazepam (1965)

Phenytoin (1938)
Primidone (1954)
Valproate (1967)

Carbmazepine (1954)

Phenobarbital (1912)

Felbamate (Carter-Walalce, 1993)

Gabapentin (Pfizer Inc, 1995)

Lamotrigine (GlaxoSmithKline, 1996)

Levetiracetam (UCB,2000)

Oxcarbazepine (Norvatis, 1990)

Pregabalin (Pfizer,1985)

Tiagabine (Abott, 1997)

Topiramate (Janssen -Ortho, 1996)

Vigabatrin (not in USA) (Ovation Pharmaceuticals, 1985)
Zonisamide (Eisai, 1989)

=2 gFHEA|9} 7] A
£ et 71Ee] o2 3k
zh-g-o] k7EA|Q] Wk (valproate A|<]), A 22 SHEA|
=g 71HE AL Jlom T A e 5%
ol W obE dee] Fol HojA oAl A5E T 5
Ao, E3} HofA= 7]E ] HEHTE 3HAE 2
oHz-o] U4, K584 (pharmacokinetics) £ 2 2
29l Fzkgo] 7o) R R} /A T Zlolk().

A levetiracetamA 2] brivaracetam®} carbamate 7|
carisbamate & ] 7l19] AZHEA TH BAZ AFAIH
o] A=l 9o, carisbamater= ol UFAEF

ol et

AN TRt A2 at 7|
(Development and Mechanisms of
Action of Antiepileptic Drugs)

A o] ke A A A AN preclinical scree-
ning) ¢} ZHEAY 717 ¢l 71 % (mechanism-based)sle] Al
=, A= P $H B i3] 23 E RdS
ol-g3te] XM A Fte] el ZA4NkS Hrlsl= vI71A
Z(non-mechanistic) WHolm, A= 712 dhiz14 ¢
A o] 54 Fi-S WY 52 AARte 2 I a9E
Zhe oHEE ek W oltt,

e

1, A MEZAA} (Preclinical Screening)
s B 5 37 il Ao e, e 7]

Z 2=l o3 Hof A7] =4 (maximal electroshock,
MES) W0 2 Bt -2 214 2], 3l akzte] mjsgof
A= Ik W, A= 318F &3¢l pentylenete-
trazol& ©]-83F 1]3}(subcutaneous) pentylenetetrazol
FA o 2 Zi) hAkE oJA|Skal GABA 4849 2=
7dE& WA GABA Alsoll & o] M| JAlE
ko= W, ARE 7714 kindling WH o2 WA
(limbic system)ol|A] ¥HAYSH= =4 2K (focal seizures)
o] A& H7kske W olek(Table 2)(2).
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Table 2. Correlation between animal models and proposed mechanisms of action of antiepileptic drugs

. Seizures type Kinds of AEDs .
Experimental Proposed mechanism
Tonic/clonic  Absence Partial New AEDs Established AEDs .
model . of action
seizures
Maximal + - - FBM, GBP, CBZ, PHT, VPA, PB Limit sustained
electroshock LTG, OXC, repetitive firing by
TPM, ZNS inhibiting volatage
NA*channels
scPTZ - + - FBM, GBP, VPA, ESM, PB, BZD Enhance GABA
TGB, LTG,
TPM
Electrical - - + FBM, GBP, CBZ, PHT, VPA, Multiple
kindling LTG, OXC, PB, BZD
VGB, ZNS
scPTZ, subcutaneous pentylenetetrazole.
Table 3. Summary of the principal molecular actions of newer antiepileptic drugs
CLB FBM  GBP LEV LTG OXC TGB TPM VGB ZNS  Established drugs
Inhibits voltage- + +? +++ +++ ++ +++ PHT, VPA,
gated Na* channels CBz,PB
Inhibits T-type EsM, VPA
Ca2* channels
Inhibits L, N, P, Q +(L) +(L) + + PB, DZP, PHT
type Ca”* channels
Enhance GABA:-R  +++ ++ ++ ++ PHT, DZP, PB
mediated CI” currents
Inhibits presynaptic +++
GABA reuptake
Increase brain GABA St VPA
inhibiting GABA-Tr
Inhibits Ca®* current/ ++ ++ PB?
NMDA-R
Inhibits Na* current/ +
AMPA/Kainate-R
Inhibits brain carbonic AZM
anhydrase activity
Increase K* channels + + DzP
Others (SV2A ligand) +

R, receptor; Tr, transaminase; KA, kainate; CAH,carbonic anhydrase; +++, well documented action, major part of AEDs effect; ++,

effect probably of clinical significance; +, effect only tentatively.

(excitatory) 7|79 2o 2 Alg2 & 84 (N-
methyl-D-asparate, NMDA®} a-amino-2, 3-dihydro-5-
methyl-3-ox0-4-isoxazolepropionic acid, AMPA/
kainate receptor)S HAJ3AA AE Y& Ca® o] FYE
o g Ak e WAskH, @ Al (inhibitory)
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Figure 1. An excitatory synapse. the putative major sites of action of various AEds.
MDA: N-methyl-D-asparate, AMPA: a-amino-3-hydroxy-4-isoxazo-lepropionic
acid (2).
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Figure 2. An inhibitory synapse. the putative major sites of action of various AEds.
GABA: y-aminobutyric acid, GABA-T, GABA transaminase, GAD: glutamic
acid decarboxylase (2).

[ex]

2171 7) 7L}, transmembrane current pulse©l] &]&}Fe] of

%)%= sustained, rapid, repetitive firing (SRF)2 &JA]|A]
A PAFEE gt A2 IHA] F oldl] FF ==
Z

L felbamate, ganbapentin, oxcarbazepine, lamo-

N

(2, 3).

trigine, topiramate, zonisamide 5-°]™,
71Z9FE-2 Phenytoin¥} carbamaze-
pineo]t}, Valproatel} diazepam= il
S AREAlOE Na' o] 2522] H| &4
3} ARES SPAA 3 ST EAtelM
g7+ 28-S slci(Table 3, Figure 1)
(2, 3).

2) Ca™ o] 2F&E] oA Ca” FE=
L,T,N,P,Q typeo] o, o]52 At
o] &L £ T2 HEX(con-
ductance)7} th2¢t}. 22 F7HEA] 5
o= lamotrigine¥} felbamate”} high
voltage activated Ca* currentZ A A]
7™, lamotrigine& NI} P type Ca®
current®l], felbamate:= L type Ca®™ T2

of Zggitt, 71 ok Foll o el g
+ AL phenytoin¥} phenobarbital o]
™, benzodiazepinet™ Ca“«] U 7
2AA AFE A ARG EA (TR
o FEE Qqﬂﬂ/‘]ﬂr/}(Table 3, Figure 1)
(3, 4).

(2) GABAS mi7iet oAl 57
(Enhancement of GABA Medi-
ated Inhibition)

1) A2 3 GABAx -84 2JA)12H-8-¢]
=7
GABAa 80l 283} GABAZ)

o 48 F/MITCA, O ol

29| openingS $7H1A GABAS| &3}

B 27 0 AES B Aol

olel AFE= M2 FHEA=

vigabatrin, tiagabine, gabapentin, topiramate, fel-
bamate, clobazam So|H, 7|& SFeE =
3} benzodiazepine©] tJE & o]tH(Table 3, Figure 2)

phenobarbital
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Table 4. Pharmarcokinetic parameters of newer and established antiepileptic drugs

F (%) Tmax (h) Vd(L/kg) Protein Ty (h) Tse (d)  Therapeutic Maintenance dose
binding (%) range (serum) (mg/kg/d)

ug/L umol/L Infant  Children
Newer AEDs
CLB >90 1~4 3.0 85 20~40 6 20~75 60~250 0.5~1 0.25~0.75
FBM >90 2~6 0.75 25 14~23 4 - - - 15
GBP 30~60 2~3 0.85 0 5~9 2 - - - 30~90
LEV >90 1~2 - 6~8 2 20~8-
LTG >90 1~3 1.0 55 15~60 3~10 - - - 2~8
OXC >90 - - 45 10~15 2 8~20 30~80 156~60  20~50
TGB > 90 1~2 1.4 96 2~9 1~2 - - 0.1~1 (adult)
TPM >90 1~4 0.65 15 12~30 3~5 - - 2~2- 2~10
VGB 80 0.5~2 0.8 - 5~7 2 - - 80~150 40~80
ZNS - 2~5 1.5 55 50~70 10~15 - - - 5~20
Established AEDs
CBZ 75~85 4~12 0.8~2 75 20~50 20~30 3~12 12~50 10~40  10~40
CNz >90 1~4 4 85 20~40 6 20~75 60~250 0.1~0.2 0.05~0.5
DzZP >90 1 1~2 95 36 7 100~700 350~2500 0~0.5
ESM >90 1~4 0.65 <10 30~60 7 40~100 300~700 20~40  15~4b5
PB >90 0.56~4 0.55 45 65~110 15 10~30 4~130 3~5 3~5
PHT 0.7~1.2 74~90 40~60 10~20 5~15 4~7
VPA >90 1~8 0.16 70~93 5~15 2 50~100 350~700 20~40  15~60

F: bicavailability, Tmax, time interval ingestion and maximal serum concentration; Vd, volume of distribution, Ty, elimination of half-life;

Tse, steady - state time.

2) GABA tjAte] o] GABA 73

VGBE GABAE tJA}3= GABA transaminase E42
JA5te] GABAE Z7}A]7|W, tiagabine 2 2% GABA
of ABAE HE uptaked AAIEF gabapentind 2H-&-
71-o] E2HslANE, 54 H-919] GABAS] turnoverel] ¥
gk Ao 2 FA =51 Qltk(Table 3, Figure 2)(2, 3).

3 24 Ay 94
(Inhibition of Excitatory Transmission)

21749 $HL& F=2 glutamate, aspartate 5ol 2J3] ©|
FojAH, o] 52 37kA]8] &4, S NMDA S84,
AMPA 84, kainate ~8A|¢} Agtete] T4 Aol
Hofgitt.

Felbamatet [°HI5, 7-dichlorokyunrenic acid7}
NMDA 8A4¢] glycine 9ol Aok g 7422417
714, NMDA-induced 75 #2AA 271 e A

& ARk e ol Na' AR A W

£ 3k}, Phenobarbital®} benzodiazepines glutamate
o] TEZE-S AMPA &AM AFHA]71H, valproate=
aspartate 2] = Z+A-A)ZIT} (Table 4, Figure 2)(2, 3).

Aojo] o5t} ofois st
(Pharmacokinetics and Pharmacodynamics
of Antiepileptic Drugs in Children)

e Apol= EE A Q7] vzl A7129] 3 7t
£ 55to] gloto] A of] whe} 7Estel= o] S a8ttt
orgEgtoleh, AuolA] eHEo] F4(absorption), #3E
(distribution), ¥j4d(elimination) &= 37}A] 712 I o
A dofuf= oFEe] HslE Teitt, ofFEdto|gt 2479

thstolarEsxl 615



[ ]
= chungsJ

Peak level

NEEETEPVAVAVAVAN

Trough level

Plasma concentration ( g/ mf)

1 2 3 4 5 6 7 8
Multiples of half-life
Figure 3. Plasma concentration of a drug following repeated oral
drug administration (4) as a function of interval of

administration measured as multiples of elimination
half - life.

(target organ)ol| thet &H=-9] 2h8-& D3 HTable 4)(4, 5).
AA7|X = Axotellx] FFHEA| 28 A] aLefsfiol & R 7|9
OFF 8t gl oF 58S 7hes| Qlstala gt

1. & 4~ (Absorption)

o] FEEsHy R FE= A o]-8-E(bioavailability,
F)o|m, o]&= Folgt oHzo] dao sk S Helt},
A o8& Gl A Foio FE AA ol8E
100% 52 12 7|F0 & st the A= (BT, 25 =
Folgh 7850 F9t nlaste] A

ZrotellA= 4o}, QGof- frof 9l Aot o whet fful=
AZH(gastric emptying time)& B 23} 5ol o] T
Aol th2 7] witol 22 BFelx e Al wet X 5F

S0 B 52 S o] 3R 2ol thE 5 ek

2. =% (Distribution)2} CHEHZSH(Pretein Binding)
1) #3284 (Volume distribution, Va)

oFEes AE2A opio] Fruo] Aol B ol
E o ok A|HF of Ao FhlEo] Xk Ae
W, RG] ZHLFE R o] wEE) ¢
A ok Folgol 2719, okl R} 4 9 of

d

fllo

£
ol
o

Ave. Serum Concentration ( mg/L )

Daily Dose ( mg/kg/day ) —

Figure 4. Relationship between serum drug concentration
(ordinate) and drug dose (abscissa) for a drug observing
(B) first-order kinetics (linear) and (A, C) zero-order
kinetics (4) A, PHT, ZNS; B, FBM, ESM, PB, TPM,
VPA,OXC, LEV, ZNS; C, LTG, VPA.

[e)
=

3
QA= 2ok} A8lah= Aolsteh(AA] TY ), S
Ae] Z7hgel W AEAN o] PSR i
AZSIA: Aok, 400, AF 1ARAF olF, 25%, H2=
7], 200 4E) EEGo] Aol FNAFE HojA -
X obg Rofgre AolAw, AAe] Aol s A
ol we} gebd, Ake71ol o= ok} et A4
Wepol 28] Z7H0R BE §40] Zleke] A8 o
o] ol Folahe F7hakoloh Hrk),

N
p

= T (total plasma drug concentration)ol] %%

%

L

theire] obR-e g et ARSI, %), A
#) 9Fe: A3 (free)abo] ol 2202 Harsi. of
ge) w3k A7) WF Bk AR 25w O
Fagow el ko) 240] -8 nl Qltk.

3, B A (Elimination)

oF=ol uid o] B Ao 2 AR wiAd = AV A ¥
3h(biotransformation)& A AWolu BFo 2 wjdE
o}, o] wiid o] k-2 okE-of Wizt (half life, T,)9k oF

= T2 &3 (steady state, Tse) S A= T8
3 oJge 9ok
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Table 5. Pharnacokunetic interactions between new AEDs and established drugs

Effects of the addition of
FBM GBP LEV LTG OXC TPM TGB VGB ZNS CBZ ESM PB PHT VPA
FBM - & L & 1
GBP - . o o o
LEV o - o o o o
LTG o - l o &4 L oL 7
OXC - l l I e
5 TPM - & L 3 o
é TGB - & 3 € o
§ VGB o _ o o
ZNS o - & L & e
Bz 1* o o o [ i 1 T* - 4L & 1
ESM & - 4L L7
PB g © o 1 i | o o - 1 1
PHT 4 o o o 1 1 l o 1 o - |
VPA 4 « « « 1 i & o L & -

* CBZ-epoxide elevated only, CBZ may be decreased. <>, no significant pharmacokinetic interaction expected; | (<) or T (<), (marked)

decrease or increase in serum concentrations expected.

(1) ¥EZH71(Half life)

W7 oFEe 8% s ke g 7HAdet] 48 Y
= ARE Tk, B89 A (clearance) o 2]}
A Ect, Wiz ol| o8] okge] T34 58 AR s

©) A E(Steady state)

AT HEo] REER A4 o)t ekEe] F4, Al
EX, YAl uid o] FEE o] F= S Uit 3754
o

of =3l AI71E AAshE 3l A =, 34

)

A
o

glol] sl Al vHE7] 9] 4ull 9] Alzhe] A9 H -
= 94%, 5Hj o] A7to] £89 A9E 97%dl Tt
(Figure 3), IH P2 oFE 35 AASIALY o] M7

& AL gty o] sujo] Alzte] B & Hrtat
ofof ghr(4).
3) AAHE (Biotransformation)

o S2 P51 1S A W vba Al
L b3}l (oxidation), 9 (reduction), 73] (hydro-
lysis)2} H¥H(conjugation) 9] o] Phase I 32 o]

T A 371 I o2, i ZholA CYP- 45071 9] Zofe]
ofste] tiatElH, Aot ol T AStE AT AR
7]e o]2/ Ale]l =gt Phase 11 ¥H-8-2 W2
2 YelA 7]-&(glutathione, glucuronic acid, sulfate) &
of oJate] Fufjx|o] thalsH, A7) Zutel] 3] 7
of =gt} 718k A S il 2 = A AHA ol
2 gl Wk Areoln, 14] o]Fol] Al el =L E
th4).

A M A (product) - o] ofrT} Hjg
=AY, B8A93tE dE 2 WEE RN oxcarbazepine
S g E29] hydroxycarbazepine 0 2 ¥H3tE o] & 7+
ZEIE 27 Aol Fefditt,

(@) A} g3t oFF eyt 87 8%
(Pharmacokinetics and dose requirement)

1) 214 =& (First-order kinetics): th¥- 37H2
A= A} oHeFH 8 (linear kinetics, first-order kine-
tics) = YERATE, o]¥l oFEglol] &3l= oF=-2 oFa o
AZF 22 A BAIGE W E e R R, deART

fatelatEzxl 617
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Table 6. The changes of concentration by the interaction between new AEDs and other drugs

FBM GBP LTG LEV OXC TGB TPM VGB ZNS
Antacids — G1
Cimetidine G2 - —
Cyclosporine 0-1
Dihydropyrine ?
Digoxin - - T-1
Ethinyl estradiol F-1 — — — 0-2 — T-2 —
Haloperidol T-3
Macrolides — — PN
Proxyphene —
Ritonavir L-1
Sertraline L-2
Wafarin F-2 - - > PN

«, no interaction, F-1, decrease in progestin; F- 2, increase in wafarin; G-1and G-2, decrease in GBP L-1, decrease in LTG; L-2, increase
in LTG; O-1, decrease in cyclosporine; O-2, decrease in ethinyl estradiol; T-1, decrease in digoxin; T- 2, decrease in ethinyl estradiol; T-3,

increase in haloperidol.

2 EE oRE o] e oF= Fo nlHjste] G dte]
HdEER A5 d5F5 s %E}‘«] <7l nlEste] 71
SheH(Figure 4)(4).

2) GAFeFE-FH|sH(Zero-order kinetics, non-linear
kinetics): o] szbdAlol= g 9 A= o
ApebE A Eete] 7S 2L Qlrk. o] A9+= ok tiAl]
HAAP} Bofsl= 7o, 9] ARRE el A== oF
£o] e dF sEok= WAgle] AR diAkEE g
o|tK(Figure 4)(4).

5 oo AAEL 55Tt STt % HalER
o wzsle §ee) 2749 A 2olank. o
phenytoin®] 1¥ 83-& 8 mg/kg o] Fo& 7

W AR oSl 8% St o 399l 7
Hog o st F71a10] ohgel B4 4ol
% e

=

{m

O

_;37:-10‘“

wh I ol (B 52

& oy

4, 7|} ot} AN ZHE

(Other Considerations related to Pharmacokinetics)
1) A7} 7= (Autoinduction)

A A o= A HEH(biotransformation) & &}
7} f=(autoinduction) k= 548 717 oH&o] it} o
7 ggo] oS Fofslil Z7]olE HAhgo] A3lEe] oF

2| M22 g7

d _&
h“
%
g
)
i

mazepine®]t},
Q) F31%F (Loading dose)

oF=e] % Lol =Eab] flste]
el §Fow Folgith, Fohgke 1 A &3] 20l
o|A, -G ofgh FEhg-g Hasaly] flafA] 1,54
2 Fel §Fo g Fosn, 1o &3] 2Hge dose
(mg/kg)=2Fs F=2| 7|hak(ug/ml) X Vd (volume of
distribution, I/kg)o]™, dl& & A|F 10 kgsl 510]-01]711
phenobabital (Vd=0.8 I/kg)S FASEY] SA] €5 &

15 ug/mlell =sh= o o3 78} §7HID)S 15 (ug/

ml) x 0.8 (I/kg) = 12 mg/kg=, phenobabital 120 mg<

13] A3 =l

@) A =kt Aol w2 ¥3}H(Maintenace and age-
dependent dose requirement)

ZotollME AR wpet ofEo] thites £ref 2fo2
oFE-o] 7| Aot 2715 AlQlstale Zoprt Al
nJste] Fekehrh Ak dojxin,

=, AAote] ABolls oF=e] thabt =ela Tte]

res wy] 28 %



Table 7. Risks and adverse effects of antiepileptic drug dherapy
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HE7] o|ARS WA ¢ Ao] d3o]

Risks of AED therapy Risks of Seizures

o Qo Fabgolt o5y £

Systemic Toxicity

Side effects and adverse effects
(dose related, idiosyncratic)
Chronic toxicity

Teratogenicity

Physical injuries

Accidents (drive, bathing, burns)
sports injuries (swimming, bicling)

High Cortical functions
Cognitive and behavior change
Psychosocial

Need for daily medication
Labeling as “epileptic”
Economic/Temporal

Cost of medication and time

Impairment in postictal state

Time lost due to seizure and recovery
Discrimination in employment

(medical compliance)E AZ}s}e] oF&
¥ ¥K0.5 half - life) ] AIZF GZILOE

Fold A FAh, AR 2041

@E‘r.

Restriction on school/social activities

or2 MEXIR

(Interactions between

% 517} ol wA W17t 4

017@4 o P Joll &= 2FE-2] A Ax(clearance)&o| T7135FH
A B )E HF FolA) L, 11 Sl ThA] ¥k 7h A
ZAojz], Aol W2 AlFe] F7I= Q13 §7F - iR
£ 233t} o|Z £ phenobarbitald] 3¢ 85 5%

15 ug/ml = FAI3F7] Q= 44 mlekel A9+= 14 3.1
mg/kg/day, 4~144= 2.3 mg/kg/day, 15~40A4= 1,75
mg/kg/day, 404 oFlME 0.9 mg/kg/day7} B QFHhar
gt

HEo fA §o 2 whzto] = AT F=
7F AR F5 oJstd ol 0]% ixoa—}oq -[Tx] fake
o] 4 5 9]

S &F BT v
of T2 o= 78 2 Qlnt. &
Al 8}F<l phenobabital 3 mgg AT Fogti=t] &2t
o] M| gol] BF FEE S48 HU 8 ug/ml 0%
o 4% FEE 15 w/nl 2 F7H717] 43 " FA
B 3 mg/kg 8 ug/ml = ZH B (revised): 15 ug/ml
o oJ5te] 24 8325 6 mg/kgo] 1Y 4] &) Hr}
(4) oF= £oJo] HI= (Frequency of administration)

opze] A BEE A fE7] S8 Felate] 144

mln PN
Oho
ofit
lob
3
=2 Pﬂ

Xﬂw 10 kg°1 O}OI

Antiepileptic Drugs)
FAA ] T AEe FFETH 45 S (phar-
macodynamic interaction)¥} 2F%E8}H pharmadynamic

interaction)©| Yt}

At (Pharmacokinetic Interaction)

= 3k nhe} o] SZHAAZ} AellM F=, Al

BT, OAF L ] 37 el HEA g0 obRe)
AYA| o] 8-E(bioavailability), 1 d 5ol =Esl= A7k, &

¥ &% (volume distribution), @¥A$H]-&(protein bin-
ding), W7, G e o] ELEE A7, BF OFESE
ol FolFH(Table 4)(3).

O

o
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>~
e
EU d
ol

T

2. A FZsI ASELE (Pharmacodynamic Interaction)
2 g Ag-e A} 28R (- EAG
channel)ol] 214 22 32802 <kE|28-5 AsletA

ole] PHEAIE W FAT A9 oFazte daago
= A sk A o] 2]

=@ 54 of=e fEle=
H 271R] k&S FA ol T
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Table 8. Commandments in the pharmacological treatment of epilepsy (7)

maalox

o] AkAIR] S Eg3h A

« Choose the correct drug for the seizure type or epilepsy syndrome

« Start at low dosage and increase incrementally

ol g Eo TaHHY,
haloperidol & AFg-A] 9l haloperidol

topiramate 2}

« Titrate slowly to allow tolerance to central nervous system side-effects

« Keep the regimen simple with once- or twice-daily dosing, if possible
» Measure drug concentration when seizures are controlled or if control is not

readily obtained (if possible)

« Counsel the patient early regarding the implications of the diagnosis and the

prophylactic nature of drug therapy

« Try two reasonable monotherapy options before adding a second drug

o] F=FE S7HA7IM, LotollA £3] AL
43 macrolides7l] A= o=zt
go] A gl Aoz HuEHI gt
(Table 6)(4, 5).

» When seizures persist, combine the best tolerated first-line drug with one of

the newer agents depending on seizure type and mechanism of action
« Simplify dose schedules and drug regimens as much as possible in patients

receiving polypharmacy

« Aim for the best seizure control consistent with the optimal quality of life in

patients with refractory epilepsy

o= X|=
(Treatment of
Antiepileptic Drugs)

20 Zl-x] o a2 Lx%o EXL%
Table 9. Choice of antiepileptic drugs in children according to seizure type i 4l A5 oldH -
o — Second lmoadd oFgo| Fa-golu} falast glo] =t
eizure type irst line econd line/add-on 995 2ATH0 2K Wate 2 olg A
Tonic- clonic LTG, TPM, VPA, PHT, CBZ, OXC, LEV
Absence LTG, VPA, ESM, CLB, ZNS o] Ao FAARIRIAE 5 AH= 3
Myoclonic VPA, LTG,TPM, ZNS, CLB, PB 2 A)7)= Aot}
Partial seizures OXC, CBZ, GBP, TPM, LTG, ZNS, CLB, PHT, LEV ) 1o Lo q o
Unclassiiable VPA LTG, TPM, LEV, ZNS 1H A zo) Ak Ao 2hdE 7l
SHal 7o) 7V FRalT), ok g
A1) ol olg) o) Wby Aeks
Folgt ofEo] FAA 7’@"3}04 2] 8H(displacement) S 744 Zgsle], B9 9 sk o X TR opy|EE AHAA,
o WA AT HES FRNA K SA SIS Al Al de B oSl 244 Aol On,

S 54 5 8.8 el Slglo] 571 gk ol
7 opErhe] 45 A g2 27} Ok ST 171K ok g
2 ol WA 5 ot

M2 IHEA F felbamte, lamotrigineT} topira-
mates= 7F @400 oJ3) thA}El= Phenobarbital, pheny-
toin¥} carbamazepined} £33t uj] lamotrigine,
felbamate?} topiramate ] thAlE F7FA1A 35 felba-
mate, lamotrigine$} topiramate 2] FEE AsHA|ZIT) v
Hol| g5 A= B3 HA o= la-
motrigine¥} felbamate®] FA8-S AAAA T TV}
%749}, OxcarbazepineS A& z+-go| vlu 3 Ao}
(Table 5)(6). @y opAete] 22 1HEA| o] Fs a8
2 7129 FHAA R A8 §lem, Gabapentin

valproate 2}

Zvlel Mz A

1, 2kE x| 29| A|ZH(Starting AEDs Treatment)
A T o 2 X85 Al 22 =] A7) 9l

A)

o, A T 8 gle Z}(Llnprovoked seizure) & 5\4
U APHES 31~71% AEo|BR tpke] Ao okE
A58 F A Sk, el ARelaele) 714
fho] gz 29, ol Hakatl, BT 715 T H2u
214 2 (juvenile myoclonic epilepsy) 22 319
= %‘—?L)-% 7‘% 78 -of e AP Qlgh
ox¢] ukzh) of) AA A o 2
= A Felsle] S} Bepl st ke 4
= Al et Al A= el
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Table 10. Summary of Pediatric epilepsy syndromes and treatments*
Neonatal seizures Phenobarbital and phenytoin commonly used. Topiramate or levetiracetam
Febrile convulsions  Long-term prophylactic therapy after simple febrile seizures's is not recommended.
FAmilies can be advised to have rectal diazepam available for use as needed
Infantile spasms ACTH, predinisolone, pyridoxine, vigabatrin (tuberous sclerosis), nitrazepam, topiramate, lamotrigine
Lennox-Gastaut Topiramate and Lamotrigine (may exacerbate myoclonic seizures in some patients) topiramate + low
to moderate doses of lamotrigine (considered for synergistic action)
BECTS Carbamazepine, Gabapentin may be first choice because of lack of toxicity compared
(rolandic epilepsy) with carbamazepine.
CJAE Ethosuximide, valproic acid, and lamotrigine are commonly used; Initial choice may be based on
perception of tolerability, potential cognitive effects and systemic toxicity, and urgency of need for rapid control
JME Valproic acid is currently the drug of choice. there is evidence of effectiveness of lamotrigine as
monotherapyand of topiramate as adjunctive therapy
Partial seizures Carbamazepine or oxcarbazepine considered an acceptable first drug by many, followed by
lamotrigine, or topiramate, with choice based on tolerability.
GTC Strongest evidence favors topiramate among the newer AEDs. showed equivalent efficacy of oxcarbazepine

and phenytoin. Lamotrigine was shown to be efficacious for GTC seizures in Lennox-Gastaut syndrome.

* based on less than class | and class Il evidence (5).

BECTS, benign epilepsy of childhood with centrotemporal spikes; CJAE, childhood and juvenile absence epilepsy; JME, juvenile myoclonic
epilepsy; GTC, generalized tonic-clonic seizures.

Table 11. Efficacy of newer antiepileptic drugs for a particular seizure syndromes (1)

FBM GBP LEV LTG OXC PGB TGB TPM VGB  ZNS
Initial +a? +a +a +a
monotherapy
Refractory partial +a +a +a +a +a +a +a +a +a +a
seizure
|diopathic +a +a +a +a
GTC seizures
absence seizures + +
Myoclonic seziures +a
Lennox-Gastaut +a + +
Infantile spasms +a
Progressive +
myoclonicepilepsies
Secondary generalized + + + + + + + + + +

GTC: genralized tonic-clonic, +, effective, not approved; a: Indication approved by either the US Food and Drug Administration (FDA) or Eu-
ropean Medicines Agency (EMEA)

L FHAN 5, FAY AHE Hole 1 SF7(d: 2. x|2.2| &= (Principles of Treatment)

S 2 H)R A dle 2 AAE 5 Qi 2B QoA Amgh upe} Zo] A 5ol QlojA] 71t Fast A
2 oHE A5 el o] FAtell Apte] 73571 o= A= 2 HAE AgstA st Wzt Pou 1 F3E
QA7 Wh=o] Al 74 o] 2 gk FANH FAg Al At Trgste] oldl| 7hd Akt kAlE Addsh= Aolvt Al
= FOlAA? A= k= ofgk A A fra JEF 2 &5 2¥(monotherapy)o] 90| Z$-of wg} B3
(adverse effect)> FSARIAIE BZtetal A8 E Alzketo Q¥(combined or polytherapy)= A|=3}A|qE ¢FE-2] =

of gitk(Table 7)(7, 8). 7gell vjske] a7 T} 2 7Z-9-ollnt Al gt
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Table 12. Comparison of recommendations for treatment of pediatric epilepsy (10)

Seizure type PECS* ILAE! SIGN* NICE® FDA approved'
or syndrome
Partial - onset OXC, CBZ A: OXC PHT, VPA, CBZ CBZ, VPA, LTG PB, PHT, CBZ
B: none LTG, TPM, OXC OXC, TPM OXC, TPM
C: CBZ,PB,PHT VGB, CLB
TPM, VPA
BECTS OXC, CBZ A, B:none not mentioned CBZ, OXC, LTG, None
C: CBZVPA VPA
Childhood ESM A, B: none VPA, ESM, LTG VPA, ESM, ESM, VPA
absence C: ESM, LTG, VPA
Juvenile VPA, LTG A, B, C: none VPA, LTG, TPM VPA, LTG TPM
myoclonic
Lennox-Gastaut VPA, TPM, LTG not reviewed not mentioned LTG, VPA, TPM FBM, TPM, LTG
syndrome
Infantile spasms VGB, ACTH not reviewed not mentioned VGB, steroid FBM, TPM, LTG

BECT, BECTS, benign epilepsy of childhood with centrotemporal spikes.

" Pediatric Expert Consensus survey. Drugs rated as treatment of choice listed
" International League Against Epilepsy, Recommendations listed according to levels of evidence supporting the efficacy options. Level A,
B, C (French JA, Kanner AM, Bautista J, et al. Efficacy and tolerability of the new antiepileptic drug I: treatment of new onset epilepsy.

Neurology 2004: 62: 1252-1260)

*SIGN: scottish intercollegiate guideline network. Diagnosis and manegement of epilepsies in children and young people; A national clinical
gU|deI|ne Edinburgh, SIGN: MArch 2005. (Copies available at: http.// www.sign.ac.uk/ pdf/ sign81.pdf)
¢ National Institute for Clincal Excellence, Technology Appraisal Guidance 79. Newer drugs for epilepsy in children (www.nice. org/uk/TAQ79
guidance) and Clinical guidance 20. The epilepsies: The diagnosis and mangement of the epilepsies in adults and children in primary and
secondary care, October 2004 (www.nice.org/uk/CG020NICE guideline).

"' FDA approval for each selzures type or epilepsy syndrome.

oleg] 3] wabo] E9td Afole & ol At
S Adesto] Eat FofalAIRt, o] = Q1% ARl o]
o} 3t} = okEo] A5 2k20 2 ©]
o) WAg &SIt ol dn
o] M b5 o] Be A
ofc} e N2 W% Fwe| Welt getd - glone

SER R EE R 101 #go] ole}. ekze] w3

F

Halgo] o] okEof] 2J8t A7 ME FH3L|7} ol B
1k obet Q1A 715 e] Ael7} @ Aol Hlste] g2 1l
=2 BuEw gl

& % 7}
Sl 5971 gol, 312 bR R A9 Ha fE
2 =

TS F7MAIAAM F 714 %Ol BT X8d 8% %
o3& A3l=|o] Wate] Wiyt $7hE 1 A S =

g 4 gk,
oFe] A3k oRo] 34 Jefol =ae w7 7Ickel
5 ggstolof b, wiek oz} oko] 43] Ep} g1 wlel
£ Alg Ok WIS SO GASIL o3} oFES F71
] o] ] o]} o 3} oFol e} ol W] 24g
ul7}2) s o] Lehd kA ZAIRIEK Table 8).
olz} ko] 44 AEolN Wk zadsh H Ep}
e sloz g ?—:lx} o ol sl

) g1 4T ol Wt ot glo] Fat
7} 23 & WA (tolerability) 3 2718 A (teratoge-
nicity)7} 0., OFEe] 35 3go] A ol & T
288 4 Q= Aoz shdo] A hAT w3l 2
Aot} 2en 2 FHEA|E HeE o= o] & argfsto]



Table 13. Reasons for pseudoresistance to antiepileptic drugs drug therapy

New Antiepileptic Drugs in Childhood Epilepsy =

1) ©=2 ¥ (Monotherapy)

« Wrong diagnosis (syncope, arythmia, maligering, underlying brain lesions, pseudoseizures) izl o] 7]Fo| 93t 1
« \Wrong drugs (inappropriate for seizure type, kinetic/dynamic interactions) sl7} %

« Wrong dose (too low, side effects preventing dose increase)

[}
« Wrong patient (poor compliance with medication, inappropriate life style-alcohol or drug abuse) of Mdejsto] A5 Alkst

Table 14. Combinations of drug reported to be useful in refractory

epilepsy
Combination Indicatiom
VPA + ESM Generalized absences
CBZ + VPA Complex partial seizures
VPA + LTG Partial/generalized seizures
TPM + LTG Partial/generalized seizures
VGB + LTG Partial seizures
VGB + TGB Partila seziures
Table 15. Combination therapy according to action mechanisms

of antiepileptic drugs

« Na channel blocker + Multiple mechanisms
VPA + CBZ
VPA + LTG
TPM + LTG
TPM + CBZ
+ Na channel blocker + GABAnergic drugs
VGB + CBZ
TGB + CBZ
VGB + LTG
+ GABAnergic + Multiple mechanisms
VGB + VPA
VGB + TPM
» Multiple + Multiple
VPA + TPM
GBP + VPA

o ().

National Institute of Clinical Excellence (2002, %3=3)
o A= FRHEA ] FHL2 v 22 9= 8k
o} 5 71& APEA R A 57t g e, 7€ el =

71?1 735, 712ko] Uuk okA| (el #|Qlef 5)9) s 2g
o] FAIY 75, 71kl gk vido] Q= A9, 7l oA
o] 71Zeko] AR ZAZE U= 7d-F-oll FH 3 AARE F
Tole AR RS 12} Fo g Hede= F97t 5

73131 9IH6).

O

N

¢

N

|

rl

ol#l 1, 23} AlEle] 7)Z0]
& A9 E‘QEE o3 —"[1;4}501] whe} A el ope
A ZIEH(Table 9)

ol A=

a,5~7, 9)

= g ¥o] o8k =S (medical compliance)7} &
< vk opyel R Hom, 7HA oM o]Fo] 3]
T 13} ofo 2 OF 4790l X Wzto] 2 EM, 23} of A]
2 13% A 2-EH ok 40%E dAFo= ol H o]
FaRold FE& Al HATHT), FHZle M=
AL S oM 14} ofel] the 2d &2 H%
S AR AzdEd,

of I

W Ho

&7 Z=A(evidence-based) 9] class I3} 112] $A7-ollA
Level A9} B ratingol] o8+ @ztg oy} 71+ S5t of| u}
s U9 NSE ST 1 A Nk

Aol Z7ela o, Al 7332 k) ¥zl topiramate
7} 73 34 = AL Qti(Table 10)(5, 9, 10).
n]=2] FDA (US Food and Drug administration) o4
EMEA (European Medicines Agency)ollA 1A 7+
o] oFE-o] Fyl= o] B3 X(refractory) 7H2
1: ANE-L A} FH =T Yrk(Table 11)(1), 2
n]=3A1783] (American Academy of Neurology, AAN)
o] A of &3 lamotrigine-& AW} || oxcar-
bazepine-2 44| o]Fe] Ao}l A HE w2l topiramate
=104 o]Ate] HE S8 AHAl 732 7it) vhzte thE g H
o2 Aa gleh, e e B S e
Aol Qi 2 3-47)) RFAke 2 AR E Asfat
el d=Qa
trigine®] &3} topiramatei= E-3-4] Al &2} -3
= B% e(10). FSdl= S35 4(symptomatic)
22 734 2} 9of 27k A Bl valproate S 12} g1
AR FxeAR,

& oFge meErhn s A2l wEE $1aA

ol

WO 2 oxcarbazepine, topiramate, lamo-

topiramatel} lamotriginel= T |
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Table 16. Idiosyncratic reactions and long term side effects of the new antiepileptic drugs

Drugs Principal side effect Serious adverse effects
Clobazam sedation, dizziness, irritability, depression, disinhibition
Felbamate anorexia, Gl symptoms, Irritability, insomnia, nausea, headahe, aplastic anemia, hepatic failure
Gabapentin weight gain, behavioral changes, Gl upset
somnolence, fatigue, ataxia, dizziness,
Lamotrigine headache, tremor, vomiting, insomnia allergic-toxic reaction,
Rash, dizziness,tremor, ataxia, Gl upset, (Stevens-Johnson syndrome)
Levetiracetam behavioral changes, psychosis, tremor, allergy, sedation
Oxcarbazepine rash, hyponatremia, weakness, rash,
dizziness, diplopia, ataxia, headache,
Tiagabine confusion, dizziness, Gl upset, anorexia weakness
stupor or spike wave stupor
Topiramate Cognitive disturbance, renal stones, paresthesia, glaucoma, tremor, weight loss, language dysfunction
hypohidrosis headache, fatigue, Gl upset, renal calcli
Vigabatrin depression, psychosis, depression, Irreversible visual field defects,

weight gain, tremor, behavioral change,
sedation, weight gain, Gl upset, psychosis

Zonisamide fatigue, paresthesia, renal stones somnelence, headache, dizziness weight loss, photosensitivity
Table 17. Suggested mechanisms for an antiepileptic drug-induced seizure aggravation (11) 7170] & kg AEsl= Flo] ¢ o]
. . . . . . 5 OFEL == 5 e [ez]
Clinical circumstances and mechanisms and AED-induced seizure aggravation U:L A AR ok T B3 S
« Paradoxical intoxication (chronic dose-related or acute idiosyncratic) ke 7153 X8 a3} Acka delx|

« Paradoxical reaction

« Inappropriate drug choice/increased epileptiform discharges

« AED-induced encephalopathy ook st w3 71 AY et 2o
Mechanisms underlying seizure aggravation/ specific drug effect oo - .,

« Increased GABA-mediated transmission (vigabatrin, tiagabine, gabapentin) & AHRITHTable 14, 15)(1, 57, 9).

« Blockade of voltage- gated sodium channels AANS] X5 A7l oJelH B34 7t

« Secondary loss of efficacy due to tolerance

. . . , ) , Aol gabapentin, lamotrigine, topira-
 Mixed seizure disorders with multiple seizure types

mate, tiagabine, oxcarbazepine,

levetiracetam¥} zonisamideZ& F7}8

el o] AF S5 v wahd AANS] 3313} Ax|sh= Fio] H(add-on) 2= FH3}aL glrk(11),
W(Table 12)(10).,
(2) 5889 (Combined therapy or polytherapy) Hxizat F6f v

BE ok A §Fo v FRH /R B Ffsldw  (Side Effects and Adverse Reactions)
wafo] w4 S, okEe] Nabgo] Alat B9 TR

T (alternative monotherapy) S Holut £ gt PHEA o] F2 dtH o g oHrof Fre) s}
t}, 2do| oty 7ol 2o A7t ok QR oJst £ g2 o]&4(dose dependent) T §F7hH= A7} A
Ao| o7t Azksledof SHK(Table 13)(7). H]¢]&X(dose independent)$l Eo] f3) ¥F3-(idiosyn-

E3 ol glojA aE FisiayE EelEel = cratic adverse reactions) 5 27}4] 2ol oJs}e] WA
of Aele gt 71A] ool wAQl ol 2H8-71e] o}, &5 &R A= FE FF A SR Ax
AMZ o oks Adeiatar, shte] W]l Aol 2H8 + n|okate] ket F-2hg-2 At Sol el 2l
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Table 18. AED-induced aggravation of seizures or epileptic syndromes (11)

GBP LTG 0OXC TGB VGB BzP CBz PHT VPA
Absence + + + ++ +++ 4+ +
Myoclonic + + + + +++ ot
JME + + ++ ++
LGS/MAE + + + ++ ++ ++ ++
BECTS + + ++ +
SMEI/ESES ++ +
LKS/ESES + +

+, limited; ++, moderate; +++. significant.

JME, juvenile myoclonic epilepsy; LGS, Lennox-Gastaut syndrome; MAE, myoclonic astatic epilepsy; BECTS, benign epilepsy of childhood
with centrotemporal spikes; SMEI, severe myoclonic epilepsy of infancy; LKS, Landau-Kleffner syndrome; ESES, electrical status epilepticus

of sleep.

7895 S Fste] BABlE R o T E FAs)
&fo} StH(Table 16). Uwte o g2 IHAAE P35 A8 &
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o= F2 TF2EA Y QA e F2lgo] WAL

ARG WA o Hkgo] oA HH FA EF F
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P4509] -4 Tt A (CYP1A2, CYP2A9) 50 2 A}

2

2, 50| gs R PSS =
(Idiosyncratic Reaction and Chronic Toxicity)
Tl o] 9]l 7H7HRI S| Axloft Fof7IRkt Hdate]
Uehb ) Stk )% 304, 71, 28713k o), W of
F, = A} o] Solt}. Lamotrigine®} carbamazepinet
& oF(drug rash)o] oFE Fo] ¥ 1~25 1] AR 7
$7} BaL, 53] valproate9} H-EA] AR =7} ZoH 4

&} Stevens-Johnson FFo] YeRITE Oxcarbaze-

pine2 AU EFS(hyponatremia), tiagabine2 53} &
t](spike wave stupor), topirmate= A3+ (hypohi-
doris), Al X AF574, zonisamide = A A4 vigaba-

trin H|7F 2] Q1 A|of Ao YERIT(S, 6).

7Pl ofer AL ofst

(Seizures Aggravation by
Antiepileptic Drugs)

& AL S H oz 7]

B4 53 wefstel 4 e
29 WA o8 B WS FIAL, A2 wa

o} 2 5
FrEstAY 1 $3F Tl vehs 497t sl
< 2 A AT EARE Fol

(idiosyncratic) g+ OFs 88124 544 0= Azt
AolS 27Ix 2 tfEEhd, FhEA ol 28] F=(AED-
induced) == A7} k9] Ho] ¥kg-9] 7170 23t Zlo]
A}, AAolli= S5k AAlE &2 FA Sof & vk
ofgh A<l S5l 23t A, A1 WH(paradoxical

reaction) 02 3z}ol|A] f-a&3k o

w8k 7, ok Aluo] AA] 28 92 24 Wl
oxcarbazepine, vigabatrin, carbamazepine, pheno-

barbital 5-& &gk 799} okl o3k HHFoR 1§
o) valproate W ARAF 25 50l W] o3}
& Aol o] FHct, FA= vigabatrin, tiagabineZ};
gabapentin® GABA7Z} wj7fsl= AE¢] Z7ld] o3t A,
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List of abbreviations

ACTH adrenocorticotropic hormone,
AZM acetazolamide

CBz carbamazepine
CNzZ clonazepam

ESM ethosuximide
GABA Y-aminobutyric acid
LEV Levetiracetam

OXC oxcarbazepine

PHT phenytoin

TGB Tiagabine

VGB vigabatrin

ZNS Zonisamide

AEDs antiepileptic drugs
BZD benzodiazepine;
CLB clobazam

DzpP diazepam

FBM Felbamate

GBP Gabapentin

LTG Lamotrigine

PB phenobarbital
PTZ pentylenetetrazol
TPM topiramate

VPA valproic acid

lamotrigine@} carbamazepine 5 AY-2E Na' 52
o] Aol gk A okA| ] Ujdel gt Evhe] AT Tk
Sk k2 S 71 E5E w2kl A9t o]d Fg-Ect

(Table 17, 18)(11),

1kl
ra
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