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Zonisamide monotherapy with once-daily dosing
in children with cryptogenic localization-related
epilepsies: clinical effects and pharmacokinetic
studies
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Summary Clinical effects and pharmacokinetics of once-a-day pediatric zonisamide
(ZNS) monotherapy were investigated in 72 children {range, 3 months to 15 years;
mean age, 8 years and 3 months) with cryptogenic localization-related epilepsies with
simple, complex, or secondarily generalized partial seizures; none had prior epilepsy
treatment, ZNS was initiated at 2mg/kg; daily dosage was doubled at weekly intervals
to achieve maintenance dosage (8.0mg/kg; mean, 7.97 + 0.55mg/kg). Blood sam-
ples determined trough and peak plasma leveis; levels were 27.0 + 9.4 ug/ml and
33.8 + 10.8 pg/ml, respectively, with ratios as small as 1.28 + 0.15. Plasma level to
dose ratios increased with age; peak-to-trough ratios were not age variable, Seizures
were not controlled in 23 of 72 patients; low trough plasma levels (approximately
15 g/ ml) were observed. Drowsiness/short attention span in five patients instigated
a dosage decrease (peak plasma levels >40 pg/ml). During treatment (6-43 months;
mean, 27.2 months), seizure control occurred in 57 of 72 patients (79.2%), including
eight refractory patients. In 12 patients with uncontrolled seizures and high ZNS lev-
els, carbamazepine (CBZ) was added (BID; mean total dose, 15.1 & 3.0mg/kg) to INS
{QD; mean dose, 11.1 £ 2.5mg/kg); drug interactions were examined.

© 2004 Published by Elsevier Ltd on behalf of BEA Trading Ltd.

Introduction

Zonisamide, an antiepilepsy drug (AED) developed
in.Japan, -was shown to have strong inhibitory ef-
fects on convulsions of cortical origin in animal stud-
ies by suppressing both focal spiking and the spread
of secondarily generalized seizures induced by elec-
tric or chemical stimuli."+2 Clinical studies have re-

*Tel.: +81 42 749 6316; fax: +81 42 749 6356.
E-mail address; s-ryouikuen@tbd.t-com.ne.jp (H. Miura).

vealed that zonisamide is effective in most types
of epileptic seizures, especially for the control of
partial seizures.3—%

Zonisamide is absorbed slowly from the gastroin-
testinal tract, and its biological half-life is long
compared to other prevalent AEDs. Pilot studies
indicate that peak plasma concentrations of zon-

- isamide occur-approximately 4 to 6h after dosing,

and that its half-life is long—up to 60h in adult
volunteers.4’

Based on these pharmacokinetic characteristics,
we investigated the clinical effects and plasma

1059-13117530 — see front matter © 2004 Published by Elsevier Ltd on behalf of BEA Trading Ltd.
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levels of zonisamide in a prospective randomized
- study where zonisamide was administered once a
day as monotherapy to children with cryptogenic
localization-related epilepsies.

Materials and methods

Patients comprised 72 children, ages 3 months to
15 years (mean, 8 years and 3 months) with par-
tial seizures, who had not previously received treat-
ment for epilepsy, and were newly referred to our
pediatric seizure clinic. All patients were classified
as having cryptogenic localization-related epilep-
sies, and all had experienced two or more seizures
before starting zonisamide monotherapy. Four pa-
tients had simple partial seizures, 23 had complex
partial seizures, and 45 had partial seizures evolv-
ing to secondarily generalized seizures (Table 1). No
patients showed evidence of mental retardation or
other associated neuropsychiatric handicaps.
Patients received zonisamide at a starting daily
dose of 2mg/kg, in order to avoid initial side ef-
fects of drowsiness and ataxic gait. The dosage was
then doubled at weekly intervals until an initial
maintenance daily dose of 8mg/kg (mean, 7.97 +
0.55mg/kg per day) was reached. Zonisamide was
prescribed once a day, in the morning.
Pharmacokinetic data were obtained 4 weeks af-
ter starting the maintenance dosage. To determine
trough plasma levels of zonisamide in a day, blood
samples were taken prior to the morning dose;
to determine peak levels, blood samples were
taken 4h after the morning dose. Subsequently,
plasma levels were determined every 6 months,

Table 1 Patient characteristics. - -

and more often as necessary. Determination of

--plasma levels of zonisamide was performed using

high-performance liquid chromatography (HPLC).

Among patients whaose seizures could not be con-
trolled by zonisamide monotherapy, even by ad-
justing dosage and maintaining high plasma lev-
els, carbamazepine was added and drug interac-
tions between zenisamide and CBZ were investi-
gated. The effects of CBZ on seizure control were
also observed.

These 12 patients, who were 5 to 16 years old
{mean age, 12 years and 1 month), received zon-
isamide once daily in the morning {mean daily dose,
11.1 £ 2.5mg/kg), and CBZ twice daily: once in
the morning and once in the evening (mean daily
dose, 15.1 * 3.0mg/kg) (Table 2). After combi-
nation therapy with zonisamide and CBZ for 6 to
12 months, 9 of the 12 patients discontinued zon-
isamide, switching to CBZ monotherapy (Table 3).
Blood samples for determination of plasma concen-
trations of zonisamide, CBZ, and its main metabo-
lite, carbamazepine-10,11-epoxide (CBZ-E), were
taken before, and 4h after the morning dose; each
represented trough and peak levels of zonisamide
and CBZ in a day, respectively. Plasma concentra-
tions of CBZ and CBZ-E were determined by HPLC.

Results

Phase I: clinical effects and plasma levels of
zonisamide monotherapy

Initial maintenance daily doses of zonisamide
(mean, 7.97 + 0.55 mg/kg) yielded trough plasma

Age

Mean: 8 years and 3 months

Range: 3 months to 14

Seizure dassification

Initial maintenance dosage

Duration of follow-up? Mean: 27.2 months

- Simple-partial {n = 4), complex pamal _ SRR AR L
" (n==:23), simpte/complex evolvingta-v: - - ' '_ Seotieh EE
: secondanly generalized (n =45} R o ' '

Mea 3 5.D.: 7.97 + 0.55 mg!kg per day :

years and 11 months

Range 5 82~10 19mglkg per day
Range: 6—43 months :

a Excluding 15 cases in whom zonisamide monotherapy was discontinued because of se_izure recurrences.

Table 2 Charactenstics of panents recemng zomsamtde monotherapy, and then zomsamide combmed w1th_'

carbamazepine (n = 12).

. Age'-- :

| Mean: 12 years and 1 month

Range: 5—16 years

Dosage (mean x 5.D.)

INS: 11,1 + 2.5ma/kg per day.

CBZ: 15.1 & 3.0mg/kg per day
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Table 3 Characteristics of patients receiving zonisamide combined with carbamazepine, and then carbamazepine

monotherapy (= 9).

Age

“* . Mean: 11 years and 6 months

".. Range: 5—16 years '

Dosage (mean = S.D.)

levels of 27.0 £ 9.4 pg/ml and peak plasma levels
of 33.8 &+ 10.8 pg/ml. Peak-to-trough plasma levet
ratios were as smatl as 1.28 £ 0.15 (Table 4). Ra-
tios of plasma level (ng/ml) to dose (mg/kg per
day), estimated by trough and peak plasma levels,
increased for both with increasing age (Fig. 1);
however, peak-to-trough plasma level ratios were
maintained almost uniformly throughout the ped;-
atric age period (Fig. 2}.

Clinical effects were then investigated with ref-
erence to plasma levels of zonisamide. Of the 72
total patients, seizures were not controlled with
the initial maintenance dosage in 23 patients, and
recurred within 6 months after administration of
zonisamide. Many of the patients who showed low
trough ptasma levels of zonisamide (approximately
15 ng/ml) had seizure recurrences. In five patients
whose peak plasma levels of zonisamide exceeded
40 ng/mt, daily doses were decreased to tolerable
levels because of continuous complaints of drowsi-
ness in four patients and short attention span in one
patient.

Zonisamide monotherapy was discontinued early
in two patients because of frequent seizure recur-
rences. Dosage increment was difficult in one pa-
tient because of the behavioral side effect of short
attention span. In one patient whose seizures were
not controlled despite high peak plasma levels of
zonisamide, CBZ was combined with zonisamide
immediately after seizure recurrences. In ancther
patient whose seizures recurred only with fever,
rectal diazepam suppositories were given intermit-
tently at the time of febrile illness to control these
seizures.

Table 4 ' Daily. fluctuations in plasma’ ionié_a_h;_ide
level in patients receiving zonisamide monotherapy {n
=72). o S

:-Ptasma level

Range '

e _ '_'_MeaniS.D. _
Trough level {(pg/ml) = - 27.0 £9.4  10.2-49.1 .
Peak level (pg/ml) - "33.8 £ 10.8 - 12.7-65.5
Peak/trough ratio 1,28 £0.15°  0.98-1.66

ZNS: 11,1 + 2.8 mg/kg per day - -

"* CBZ: 15.8 + 2.9mg/kg per day

In 10 patients whose seizures recurred with the
initial maintenance dosage, seizures were not con-
trolted even after increasing the dosage. In eight
patients, however, seizure control could be at-
tained by increasing the daily dose of zonisamide,
as shown in Fig. 3. This brought the total number
of patients whose seizures were controlled on zon-
isamide monotherapy to 57 of 72 patients {79.2%)
over a period of treatment ranging from 6 to 43
months (mean, 27.2 months).

Fig. 4 shows relationships between trough and
peak plasma levels of zonisamide at the initial main-

10.0 L
L n=72
8.0 y=0.189x + 2.396 ®
i=0.554 P<0.001

] {Peak Level)
1 [l [ 1 J
3 6 9 12 15
100
| n=T2 *
8.0 y=0.151x + 1.906
§=0.590 P <0.001

Plasma Level (ug/mLY/Dose (mg/kg per day) Ratio

i {Trough Level)

3 6 9 12 15
Age (Years)

Figure 1 Relationship between age and ratios of plasma
leve!l to dose in patients receiving zonisamide monother-
apy.
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Figure 2 Relationship between age and ratios of peak-to-trough plasma levels in patients receiving zonisamide

monotherapy.

tenance dosage, and clinical effects for patients in
three age groups (3 months to 6 years, 6to 12 years,
and 12 to 15 years). Generally, plasma levels in-
creased with age, but there was no clear relation-
ship between plasma levels and seizure control in
each age group.

Side effects observed with zonisamide treatment
included drowsiness (13 patients) and short atten-
tion span (2 patients). Most of the adverse effects
were transient, but daily doses were decreased
to more tolerabte levels due to persistent prob-
lems with drowsiness in four patients and short
attention span in one patient. Loss of appetite

appeared transiently in two patients after start-
ing the therapy. In addition, one patient had a
rash and agranulocytosis at an early stage of the
therapy, and another patient had to be returned
to his initial maintenance daily dosage of 4mg/kg
because of continuous complaints of drowsiness;
both were excluded from this study. A é6-year-old
female patient showed decreased high cerebro-
cortical activity and mental slowing soon after
starting the zonisamide therapy; these complaints
disappeared after the therapy was discontinued.
This patient was also excluded from the study
group.

60 60
(Trough Level} (Peak Level)
50k 50pP
-
E .
oy 40} -
2 40
2
o 0 o 4] o
|
o Selzures Selzures
E 20 © Controlled a0 O Controlled
% ® Uncentrolled @ Uncontrolled
o Dosage Dosage
10F Ajncraased 10" Ancreased
i [ i [ 1 1 i Y I ] 1 1 L | h S |
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16

Daily Dose {mg/kg)

Daily Dose (mg/kg)

Figure 3 Ptasma levels of zonisamide in relation to dosage increases and clinical effects in 18 patients whose seizures
were not controlled on initial maintenance dosage.
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Phase lI: interactions between zonisamide
and CBZ

With the addition of CBZ in 12 patients, trough and
peak plasma levels of zonisamide decreased from
35.4 & 10.0pg/ml to 22.2 4+ 9.8 pg/ml, and from
43.0 + 11.3pg/ml to 28.1 £+ 12.5ug/ml, respec-
tively (Table 5). Plasma levels of CBZ and CBZ-E

before the morning dose were 6.05 &+ 1,98 ug/ml
and 1.32 £ 0.23ug/ml, and those 4h after the
morning dose were 9.06 = 2.83 ug/mt and 1.61 +
0.35pg/ml, respectively. Fig. 5 shows the effect
of concurrent administration of CBZ on the plasma
concentrations of zonisamide in individual patients.

After combination therapy with zonisamide and
CBZ, drug therapy was changed to CBZ monother-

(Peak Level)
70, - -
Group { Group Il Group Ill A
— [s14] - - A
E ° s,
L. o b .
& 50 o -
Z £ o’
— a0k °° 3 ) ° 8 Asc
g o®o e %’o
@ CL® oo
o 30 b= O% - L -
38 %8 Seizures
P % o ° & Controlled
% 20k ‘Q; L ot L. @ Uncontrolled
o @ Side Effects:
10F B F A Drowsiness elc.
[ 40 L 1 ] 4=_l L - ] .l L L 1
6 8 10 12 "6 B 10 12 "6 8 10 12
(Trough Level)
or i B
Group | Group il Group HI
| (3mos ~ G yrs) | (612 yrs) L {12~15yrs)
— B0
-
‘-E- s0r - o ™ A
2 4o
= ok - A s e 5
2 % a0’ A}(?
] S m e Y
» o
g %o o . %
E 2 . -
@ W o
T - * -
L 1 ] 1 [} [l i } _‘l i 1L 1 §
-5'6 8 10 12 6 8 10 12 6 & 10 12

Daily Dose {mg/kg)

Figure 4 Plasma levels of zonisamide in relation to age and clinical effects on initial maintenance dosage.
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Figure 5 Effect of concurrent administration of carbamazepine on plasma concentrations of zonisamide.

: CBZ:
Trough leve

11
- Peak level {ug/ ml)
Peakltruugh ratio®

apy in 9 of the 12 patients. Comparison of plasma
levels of CBZ and CBZ-E in these patients be-
fore and after discontinuation of zonisamide re-
vealed no significant differences when CBZ was
used alone or in combination with zonisamide
(Table 6).

In 6 of the 12 patients whose seizures were not
controlled with zonisamide monotherapy, com-
plete seizure control was obtained after addition
of CBZ for a period ranging from 7 to 33 months
{mean, 24 months). In three of the remaining
six patients whose seizures were not controlled
with both zonisamide and CBZ, seizures were fi-
nally controtled after administration of sodium
valproate in two patients, and clonazepam in one
patient.

Discussion

Zonisamide is absorbed slowly from the gastroin-
testinal tract, and its biological half-life is tong
compared to other common AEDs. Studies®7:3 in

- adult volunteers indicate that the plasma concen-
tration of zonisamide peaks 4 to 6h after dosing,
and that its half-life is as long as 60h. We inves-
tigated the clinical effects and pharmacokinetics
of zonisamide given once a day as monotherapy
in children with cryptogenic localization-related
epilepsies.

In this study, peak-to-trough plasma level ra-
tios during the day were as small as 1.28 + 0.15
in children taking an initial maintenance daily
dose of 8.0 + 0.6 mg/kg once a day as monother-
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apy. This finding was similar to that observed
recently in healthy adult volunteers.® Plasma
level (ng/ml) to dose {mg/kg per day) ratios es-
timated by trough and peak levels both increased
with advancing age, but peak-to-trough plasma
level ratios were maintained almost uniformly
throughout the pediatric age period. Zonisamide
may show nonlinear pharmacokinetics resembling
that of phenytoin.? This, however, would not be
substantiated within the range of generally ac-
cepted therapeutic dosage and therapeutic plasma
levels.

Although plasma levels varied widely among pa-
tients who became seizure free with zonisamide
monotherapy, and the final range of plasma lev-
els, after increasing the dosage among patients who
did not respond to zonisamide, was high relative
to those whose seizures were controlled, the ulti-
mate clinical effects observed were consistent with
the range of therapeutic plasma levels generally ac-
cepted for zonisamide, that is, 15 to 40 pg/ml.3#

It has been suggested that impairments of high
cerebrocortical function, such as decreased spon-
taneity or memory, are seen in some patients tak-
ing zonisamide combined with many other AEDs.3
However, these adverse effects were not seen in
our patients treated with zonisamide monotherapy,
except for one patient who was excluded from the
study group.

Zonisamide is widely approved as an adjunctive
drug for partial seizures. The findings presented
here suggest that zonisamide is also effective as
monotherapy for partial seizures in children and
can provide effective control when taken once
daily, which should enhance patient compliance
with treatment. However, an initial maintenance
dose of zonisamide should be determined based
not only on weight but also age, because ratios of
plasma zonisamide levels (pg/ml) to dose (mg/kg
per day} increase with age.

17

For patients whose seizures are not controlled
by zonisamide, CBZ can be added with some suc-
cess. Any patient who receives polytherapy is at
risk to develop one or more drug interactions. As
expected based on zonisamide metabolism by cy-
tochrome P45 enzymes, CBZ reduces both peak and
trough levels of zonisamide. However, zonisamide
does not alter plasma levels of CBZ and CBZ-E. CBZ
is extensively metabolized to its active metabo-
lite, CBZ-E, and finally to an inactive metabolite,
10,11-dihydroxycarbamazepine.
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#+ (clinical pharmacology) &\Wbhih 2 53EHiE
b, BYoOEERTOEEE (pharmacokinetics) %
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Yz, SEETADAERSFZORBYOE
FehiEE RIE HEEOMESES, TITADAEDEK
R AVETE O, MT AL AREIRC—RE
HELSL, BETREROERICET, RAR
FOLOLY LMFBEBEFBELTIEIN, ATA
HAEYREE LD [HER]) TV 5 2 86
ER AR WA

Linl, TXRTOHTAPATEC DWTEHKERY
HEERFFIREISNRTHWEDLIFTTREL, R
BEEPHT - 3WERZLY, BREMSLTVS
BENT, NMNEENRICHTTAD AR 2 AR
735 A THER, TEHTA»ABOMEEALD
AW, RNOMAR, MPEEY, FMmhRE
(G EF B EEH, therapeutic range) ¥ & R P ERE
% Table iz B3 2119,

2, MAEEOIFE & $RIMmEFE

Efficbiz D SRS 2T TALAEOREH
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FOMEEMPEER L VEHET 285G, PRE
EpncEmL 7z BNOREMSEE (trough or mini-
mum level) 2EH¥ELTEOMNRATH S, Z OEH
W EATEE R D oM EE O E D P,
FrLTARBERRR LT ABECE, BROFE
F, —icBATEENPEE (peak or maximum
level) ZiEVWEIREE 2~4 FFRIWC M T 2 & L 3%
wH, BFECVL I, OB TROTREDOEE
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WOEHMPEE, %5 Kz OREEOMPREDE
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Table ABHHLE LzEERTAPAROEOGSLE, AMER, 0P8,

FRAM P EE 35 X Ut ERIUP AL
P EOBEHE AMER DI =E w5 I =1 110 1715 A 31 o2k 314
(%) {L/kg) (55D {zg/mL) {g/mL)
Phenytoin 85~90 0.5~0.8 10~20"! 5~20 >20~25
Phenobarbital 40~60 0.7~1 40~-70 15~-25 (40} > 40~50
-Primidone {0)~30 0.6 9 5125 >15
Carbamazepine 70~80 0.8~1.4 8~20 {4)6~10 >15
Ethosuximide none 0.7 30 40~100 >150
Sodium valproate 85~95 0.15~0.4 §~12(15) 40~110 -
Nitrazepam 55 5 85~90 2.4 20~-30 — —
Clonazepam 85~90 2.5 24~48 0.02~0.07 >0.08
Clobazam 85~-90 0.9 10~30 0.05~0.3** —
Zonisamide 50 0.94 60 15~40 >40
Acetazolamide 90 0.2 10~15 8~14 —

o pER fodREE £ DR 3. *? primidone i3 phenobarbital MIHEE bERD T &,
*3 JEAEE 3 N-desmethylclobazam OFR & AT BREEHED I &,

max.

1.00=Css A QT s D
| tweos ANALNAN L EIMRELTEENeE
0.908 QI 'R V \ V \og B @oTESMRELEERMIEL
) min (LA,
P 1 Eoe— : : C o FRBIRMIES L8 & 15 half-
;; lives TEEKENLFMRE (Cs)
i . 096, 9%I2ET 5,

hrz:.hfz ih.'zlhrz.
1—’:—0—-:-'—.1‘—""

i

E) ISMBEEL ST, B
SERICIVEBEATLRRAIRST
b, BURHMPME (Cs) #EHL
L hd.

0 3 6 . I 9
Hg A
Fig. 1

EAEEc L ) EYhPRESEERBICE D R

(Behrman RE, et al (Eds). Nelson Texthook of Pediatrics, 13 th ed. WB Saunders, 1987 : 233.)

3. mABEICHRERIZTRIERT

HTADARYREEOREOBINE, TALARR
it ARRERSREOEDRE 2 —EFRo2 I L
B3, BUERAYSE R rnh i L PEBRICH L
R MR R T 508, REZ{SC L VER
HEEZ TN, EMOEAD S ORI —KEEENE
ERTI-p, ACRE—FOMATERETSE, &
AT OIEDE L H 2 —EORBTHE T 2R
nh, .

T OIBE, AR ORIEORE S L BE A0S
0 I B (Co) 13 12 5 £ (D), £ 46 & & (volume of
distribution 1 V), Z¥O £ o O FH T E
(elimination rate constant : K..), #&&5HMR (o),
% Y % (4 %)% &9 F) 38 biovavailability @ F) 2

HEahn, KAHEH IO,

F-D

Co=Ro - Var e

Lizhio T, BEIMPEE (Co) £ 300K
ERED=Con * Ker* Va* 2/FTERENBY, Ka®
5 Vo X D R & 2 MBI G {EAZES D
p, k&l s icEEBBEORERBIELT
OEAE, ERENKEYL, SHAEREE, BRERY)
PRI L F—RE O~ T 2 AT EOE
EEOERTH2H, MNEPEEL TR
i - TEOSHERLGELT 5. FF6E, &
S EmRHREEOEE Gt BREERENL
TEHOEN» S OWEREOEHRECHEDY £
9, Lil, BELHETETINTLIATARLA

— 0l —



10.0 -

n=72
80 r=0.654p<0.001

208, ' (mEam

0 1 1 L 1 PR

0 3 6 9 12 15

n=72 .
801 -0.590 p<0.00%

ek (g /mL)/$8 5 B (mg/kg/day) *

0 3 6 g 1z 15
£k (8)

Fig.2 #F# L zonisamide ¢ [ o ¥ BE/
H=% s e 3L

IR CRB SR, HET»oHREx
LD oOT, FERBERTE, BHRAEORME
HEHOWEEE R TEER R, 61, &
MOISE s & ORI L Tid, RMALREERER
Bam Tl bbitTni,

4, FITAHAZEOBREE

RO & 317, FITAPAERKBS I TREAS
h 53, fJ\%l:ﬁblfliﬁﬁﬁi‘ii?_Iofﬁ%@ﬁ@ﬁﬁ
EpEny, EoldEEile, HERAOTIZ
Bx, ANATHEACHELTE:, Litd>T, &
AR\ R, RUMPREL > 2729,
A b O CEAEELY L) OREREE (LBT
H5,

Zonisamide (ZNS) REE» 5 OBRIHES, Il
AR Lo, 1H1EOERS TS, BHOM
s pE | s — B o n 08, AHIZHAITIH
1 EIR IR O M S O SR L% Fig. 21077,
ZNSiIZ1 B 2mg/kg »oHHA, 1HI L TR
7, 8mg/kg/day & PIEHEER & U, MAPRED

PRI NROBERIERE 277

B i R T, BRI AN TRAES & TR
BafE v 7 4 SEREETE AT & IREE: 4 ST o 1A,
EAEES L UREM g TR P ERE
(ug/mL) /258 (mg/kg/day) * thid, wFh b F
Ml b DI EEAETRT,

— B HLL A TADAEDE L TR, &HD3
L5 rmhPEORCEARENSE S 2 Y,
phenytoin (PHT) % 8 2 &N TR (Michaelis- -
Menten kinetics) #T7. Thbb, miEOIEH
N, Hx—Enikss, —EOMNFRELEID
rEHeEE SR L, DRI RO SE O
FoagcihsEn LR LT, FRCPERECE
LfEEsb 5.

%54z, sodium valproate (VPA ! MM T3 val-
proic acid ¥ LTHHET 3) HEMHPRERDHS L&
REMECHENEC, R OFETLE ORI
L, Rz V7SI AL T, REREN
g OGRS ERN TR (R 5.,

HTADLAZEDIPRRERE L, BEREAOMGSEE
JERSE EER) EVSE &b LRMhREE
v, EECRESLEBERTHEET 2EIOH
P R AL CEEERERIEY 5, ZOEBM
SRR ELTRE, MEEDE OBEHESEVHE
BHOREE KT, EHRNERZTVEEDONRD,

5. BXMPEEOEEITE

HEme e (M e optimum range » %
WIS L therapeutic range) & i, AEAEXR
OB L D T ADARIERINE TS 5 EWMPERET
OFE» 6, hEERFEEUNE CORELERT
2. #LT, TablewRLIz& S, —@PHT @
& %) i o % B i 5~20 gg/mL, phenobarbital
(PB) OESHMBEE I 15~25 (40) pg/mL W15
ez, ChRASHOEFNCBWT, PHERE
Tz ki, FBEOMHI X REEHEEOERR
WENTEETH S, WHEFTIN BB L TOMEZ
f&7.

Lz 7T, A2 OEFC2wTaRE, SRER
mEEERFhFRICERD, Table KRLABD
BOOEMOBESMTREDO TR D20 I ERE
THRESELIIIEE NS b OBH LN, ThET
Fhl bicisgsL, MhEEs L2 L8Re
LS,

—%, HMAEED BRI L, kb b hEER -
EETEIEESTH, RBHEESDHSAZHULDODL
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278 ¥R AR R REE!

HoNndh, IOBNCITRIFERIIN LEEES T
BEMINER AN TV S O EL 2 FRHA T 2 LESNDH
5. dEFSBIEATOZTRE, MPERESERIZY
ERUTYH, YBRFFETFHEREL, LarL, #BIE
FMPEIR SN T TH, &L OEMERICERT 3
FHHD, ZheDERERERTIE, MPEET=Y
Uy 2k 0N R [HRIIEERE] fRo75
&, ENEESEESNFIs s pRELOERICED
BiD,

2/, bPETRELH L, 2000455 HICHR
&Nz clobazam (CLB) OFKMRRESELZ U
Wi E AR, BRARTLLHARTHE
BRI, —F, MESHIEL, —ReycRE
BEALTYH, ZOREARITRIFHETRT 5 2 bH
HHM

6. M TALAZMOIBELER L BEIRY
MR ORIE

U EOMTALAERIAT ZHEAICE, WE
O EER (interaction) HEHIc L 5, M TA
HAEMOHEEERIRIZ LA L TRTHSFTOREE
Bizfb 2z b o, O microsome EIZB T HEE
FF cytochrome P450 2FEH L, #AMFIORH %
BEL THPRESETRE -7, EHER A
ORFELFBEMIT 2L THHE A EMHEBELE
"5,

ok 2, A S @ H & T w % carbamaze-
pine (CBZ), VPA, clonazepam (CZP), X521
ZNS % & P i oo CLB w2, D TOEEITA
AZETH 2 PHT, PB H 5 Wit primidone 2 6FH
T3E, HHEFREC IV TORBENELESINT
CBZ, VPA, CZP i 5 Uiz ZNS, CLBoofithiE
Hothd, ZhthoBEARERCHER, A,
E%RT, £/, CBZIZ b CoBEEFRIAERY
»HY, ftAMRIOmMFREEETIE 3,

CLB iz 2 ATEE S HIERIR 2 <, CLB 3R]
OMPEMEICEETRIZT LR EEbIL S,
CLB:@f#tHIc & v PHT, PB, CBZ, VPA DM
HBER AL OBRELH B,

—7#, CBZ it RFERHBZBOBE—RABB L
T epoxy 1t & ¥, ¥ & b % carbamazepine-10, 11-
epoxide (CBZ-epoxide) #3416 T > % 43, CBZ
W VPA26tAT5 L, CBZOoMph@EERELLE
vihi, T CBZ-epoxide DM BEN LR+ S, &
i3, VPA 53 CBZ-epoxide o & 51 = X3 ¥ 10,

cBZ

CBZ-E_,‘"‘_‘,
4| | bt L
[ ] cezum

k51 CBZ+VPA

CBZ : carbamazepine
CBZ-E : carbamazepine-

10,11-epoxide
VPA : valproic acid

Fig.3 Sodium valproate O{itA»S carba-
mazepine ODENENEI RiZ T B8

11-dihydroxycarbamazepine ~ D H = ME|+ 2 7=
HEFZ oD, CBZ-epoxide BEHEEMNICIEHE T,
MTANAERIBBH LTI EWLY, RBR, HL60&
ZEOBEEROERAS T 5,

VPA L CBZRIOBEERIR X & EHT, VPA
i3 CBZ %2 & A1z CBZ-epoxide t BEESICEL T
L, CBZIc VPAROtRA T2 &, BilvhiBE
w3 BHEEER D CBZ &z & U7z CBZ-epoxide f1 4 %
EohEnigs, &, VPARPHT - L EQES
wBLTHIL, MERHRAT 5 SR PHT 9
BEOHLEST, BICL, VPAEOHRBIZLYD
CLBomSERRSSHEERETL, 2V 77 A
BLUTCLBOMPBENMET T2 L48b 5,

b, HTAGAEOMPEE LI, &
25 HEAGSE L IEEER (ERIR) BEYEELrE
b -EmdEE s uy, mMpEEos=_s Y > s
b, BEREAEGEERZAThOEY TIZIZ—F
ThH3Z ErRFEE, BOPBEECo>nTiThhs,
Ldal, EVOEFNRsE=y—F254T, £l
i 2EIET A L0 b, EHERYE TS, BEAk

LA WHHERENRESHET 5135 08k p g
BTH5,

CBZ iz VPA 28t 3+ 5 &, CBZ OB ME
BEOLEMEML, & 512 CBZ-epoxide OiZMMt#%
By EET20m, Zo0RMmMPEE sy 3k
Bimb@Eol=Ebins 5 (Fig.3). Oz,
HHIOPERIEFICIE, & {2 CBZ-epoxide iz T 5
B&, $»520& 2 COREAXHRT 20/f %1 H
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D, FHER CBZ-epoxide M4 & #31.5 ug/mL %
Brsk, ZhasOhEHHERMEET LY,

7. KEHomEERNE

CBZ-epoxide % &, [EFRODERBIzEWT, K#17
OMPPREEPRET LI ERITEAE LN,

Abd O & <, CLB OEKZIE IZimS iR & 80
Lizwvas, CLB OM$bBREiEEORSROHEMAN
T 1 50~300 ng/mL, 28— X % # 1 N-desmethyl-
clobazam {(N-desmethyl-CLB) # i CLB®BE O
10 5L k%77, N-desmethyl-CLB {2 CLB @ 1/
5~1/4 DEMZER NS L LFE 2 o, CLBOR)
BemMbiBEE» o5 M 2456, CLBOA%RST
N-desmethyl-CLB IBE  HE T 5 L ENH D43, H
PRz iz CLB OFR 2 ME O MPIRE & oF& TS
BIEBEbLbOTHETHS. 3515, CLBOEY
R T 10~30 B[ T H % 4%, N-desmethyl-
CLB O35 40~120 i & <, CLB OHkRH)
ENERRBICET IO RERMEES 2,

7z, CZP D E7- 3 U# A 3, 7-aminoclona-
zepam (7-amino-CZP) #» 5 7-acetamidoclona-
zepam (7-acetamido-CZP) ~BfT 28K TH 2
3, 0 T-amino-CZP D IMFREE S, BEERLGEE
te~, VPASFRIFITIRE L, CBZHHRAITRIEL,
VPA & CBZ OWIEHRAAITRFLY, DI LR,
VPA i CZP » 5 7-amino-CZP ~O Iz B8 L
vadt, 7-amino-CZP 0 & 7-acetamido-CZP ~ D1,
WA HE L, CBZ X CZP » & 7-amino-CZP ~Df
HEEEL, &5 7-amino-CZP » & 7-acetamido-
CZP ~DRHHLEFLI{EET 2 LHFBENDY,

CZP DRMBSHESHBEA L LT, MERKIR
Bk 5 {E withdrawal seizure & % 31X K BhE 1% £
withdrawal symptom 23HHIRL P32 L BT
h, Cho2TOLERE, MECHEL T
amino-CZP RENEFEL{EETH 2L DHEL D
5. 4, M® 7-amino-CZP ¥EFHIE ORI
RFHEDRTILEED S,

8. &bhYIC

MTCALAZEOREERD 2 WIIEEREE Y BIE
rimhfEEE= Y DWW TR,
TRTOMTALAEDORIR, Fsm, {#HBL

Bl AN R ORISR 279

UHRMC R, AASSSD, ZZmhess

V7 DEZEBH LY, —HTREEOMGEICES
FEVORIGIEE bE2IC, H3WiERE—EATH ISR
BRCI-TREES, Lid->T, HiTALAE YR
BEEL TR, HAEYMOMEEEROMELSD
T, BEE*MTEER» SHETHLEL b 593,

MAPE D & 2RI EMTRE 2T RETR B L,
Hx DERZERLEEHOE TRSRBPRET S ENE

HEThHD, BHEFITIE, —RCEBERTHIERM
i QEERREER) DT TRIESIH S 358D

i,

X B
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1) PMROFVhAER BRIHT2IS/
S LREERERRETA TRH DD, &Y
EhfEeaa B L UERERANIC & b TENTE
F=ThY, SHE—RERE LTERSNDIN
EARFEETHD.

2) 24/5LARSRERIINTIRESNDL
{, BAEEOHETIRIFREEORICATE
MERPRERITETHY, RMENEL

3) 145 LIRRNENSNCL, 8L S
SB, EREERS HEWDT, BIRERICHHE
HAh BHIBEPHERICEE T SRORRE L
THFMATE, FATHD,

| BLWhAEMARELLTO
: 4S5 LOETREMIEME

IFYS AR, 1) BETHEDDTEMMUT
B0, G R BN, FHSEKRSTLEMME
TH 3B, 2) FohAMERAEY T A
(DZP) LDi&HTHD, 3) HEOHEOMEREK
ﬁﬁ&&(.ﬁﬁﬁﬁﬂﬁ?b%,4)ﬁﬁ%ﬁ
WEMERETH S, 5) Wk - ERICNT EE
B2z { HEEy 5RO T BRI
b ATIEREESAEMORSELEL LBV

Key words : {fVWHAER, HUuhARSR, TUhA
AR, SEkeEAR, RN
s bR NRREREE Y Y —iRE
(FT047-0261 AT EEE 1-10-1)
TEL 0134-62-5511 FAX 0134-62-5517
E-mail : kimio.minagawa @prefhokkaido.jp

1:ah, TtEHELY, 6) WEBORERAHENRE
tied BEAEBENTETSHS, 7) FEHHS
W5 TRRMEDCENENTEENE LAY
12 IHEO TR L ¥ ERFHC S < OF
HEETAS, ¥V AREERREAETR
F B uh AEROEREE LTHELEATY
213 haEI BT L RRECAERTED S
P, BES O THLhARRE L UHROD
— KRB LU RERL LTIV T ARER
FETbh3 Lo wiofet™,

., WOhAERS S UBRBSOER

Thirh Bk URZ QERED (SR, 48
s, AtEhiE, MIEEE, (SRR TER
. ek, BEULRARY) KBET AR
PERETLRAOER, BRCETIISVT
LB OnT, Ytvy—wsdAERAT
s B du U3 T o

1. 34/ 5 LKERE

e AERE X URERED L 5V 5 AHER
EAHAEE LT T,

1) 1 E8&EER

V5 AESEE (10mg/2ml) R2ERKSS
U HETHRL Omg/im! B EH), 1EE
&Bmym(&kﬁjmym)%ﬁﬁwlmy
min DEETHET 3, 3 ¥V 75 1 ERBER
#13 DZP i H~ERO%  OFAER T 20K
i DZP it T—REM L LTHvoRD
ZEBELRoTVE, ¥V T A 1ERIHEL
romemicERPSELE &TH, BRTH
LROEREEORNT, O 12~24 RIREE
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3 45 41 E & 0.15mg/kg (0.1~0.3 mg/kg) % 1 mg/min TREE |

Hovh AR
BR

|

\

I HJS5L0.15mg/kg
X 5(01~2 ARAME

IHYVSAL0A~0.15mp/kg/hr THREMTERAL,
Huh A KIS E © 3% T 0.05~0.1mg/kg/nr D
0.3mg/kg/hr £ TR (¥190.2mg/kg/br, BK
0.5mg/kg/hr & THRT])

N

o hANE Lunailik | | vonats |
i
- ¥HEERRE
2HUTL01~0.15ma/kg/hr T | | ST T LEFORABREED

12~-24 BEIRHEERFE

BT 24 BERFHEMN T

0.05 mg/kg/hr ¥ MM - sk

2~3WMT LI TA ,///////]

HVE S - RERRE L,
faEMABT

1 HOhAERE JUMRRO IS/ 5 LBEARHR

BV LOREHERTI CEBEE LY,
72720, e ABKE 0 LR TIRDH S, &
BMETRILRAERICE Z e TR
SUIVHBEE LTI YV 74 1 RROBEERT
v, BTV ARYE, ERBROEMY
ML EHREINZ L IR LECETOE EEA
BEILTLEWHEREZ D, B8, WaltAld
LNANEEBRCERERABERY, YV
LlEBERELI2ERETIZELLS
B3, B AMFIST I EGECRIS/ T A
1 EREEED XX VT LSRR
2z, £, BORABROESCIR 1 EES
FHE| 2 REMREET .

2) FERARERE

2V IALIBRBEETVRAERM SEEL
e, 257 ABER 0.1~0.15 mg/kg/hr
T 12~24 BEERGEEHE AT O . JuhAERDS
SR RBRATE TR VBEP T LRARERE
Wid, GO AMGSHERERZETISV 7 4

# 0.05~0.1 mg/keg/hr ¥ 2 0.3 mg/kg/hr £ T
MBRLTWY, BESERICL->TIREXR0.5mg/
kg/hr $ THE L TH v, WMEEERERECR
A, MERENCIEERER LTS, b,
IV ANGEREOENEMHRERE0.2
mg/kg/hr B TH B, ¥/ 7 LRRFHETIITE
W, EEAEEE=Y -T2, BELSROH
BATRATHREBRITETHD, £/, BET
LITLHAMSME XN TWE I EE2HRT 25,
REOBENZE =5 — 3BT L bBELY, 3
¥ o ARFESERE LD Puh A xR,
Z Ok 24 B L A OB { £ B ENE
FELizi, 2~38M L2 0.05 mg/kg/hr 3°
DR - ik k523, REIRIRRRS L EE
KRR ES S S ICRBEE S 2~3 5
Bow2IENHEELYL, —FH, V7 LEE
FHEBET b VR AMGILE S i WIBERT
BORTHa L HBLEE TR, EREEBLVER
LTTE 37 08ehie (ERTRIFY I AE
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FARBR IO SEPBEELTS) STy —LVKRE
W OB YIn 23, 2V LR

By —nicH SN BNER TR ERIREEREE

& ot b B JTAE R R REAR % £ 5 FE o SRS
ETHMBESELNE, £/, EELOHE»S
R  REBTA»ADO—FIC LA
BEVWERbha, AREEIAZ70=2—TAMR
ADTOBHATERPERMERETA LA DEE
SRR Y CRPEBT AR ELHD DD
M, Efr - THERMLREGVH S, &k, 7
A7 49 rBEEFLRACNTLIESYVILOR
M oW TIRERTESCRET I TR Y,
LizdioT, 0k GEERBIHEBIZL-T
VI LAOEYMRIIENDDIILELSHLYD
SHIEBLTENT 2 EBHETH S,

2. BhE B, BHERS, BRRS

XY ARBEDNOREERLFATES
rWHHEERET 2, BLRAKHTEISYS
A 1ERONE, T8 SR, FERERSYC
L BBBOMEND Y, HEHEDLIIFIRVFE
B4 570, BIRERSEELESPRETOW
e LTHEL 2 EE 260D, LK,
FOhABRTHOMIGE LTIV I L08R
15 L g S IR AL, MEBFRLT
w3 DZP &3z L > T b B EME L LTHARR
hz, I7VIAEHEErROLEEEREHE
0.15~0.3 mg/kg, IE#80.15~0.3 mg/kg, &
BEYE 0.2~0.3 mg/kg, BIEEEERS 0.3 mg/kg
LIEANTWEY, EROBEKERCH-T
RESREMOEREFERRNEET I LED
3,

I, TAPAREREROR

v/ 7 AEBRERZIICD T HEBEERRE
TADATIE, BEREREOTADARFLE
L, FOMGICBETLIIENDD, 20K
BIBEWw S 7YV T ARG ELTTE RIRIRES L
BHe, SHEREOHBLICMIBONTALA
OB L B RAEMBHER 2130 5 T L HATRE
TH3, 0.1~0.3mg/kg/hr D 2 5V 7 LhFEEH

¥ T HEARBERTIHET H 3 /- © RIS
LTbRELEERLZ L, FECHRARERET
Hb, EHK, TV ASEBEIEHDCT
= b4 (PHT) BELZCMEREETLUT
ZELTRETH S,

NV, 19V LEROERRALHER

1) 3¥VISABBIZE DT uRAMNEELE
Y3 aETH, EERULRAANRERLTY
ZPEBDH LI, MELTHLLALIRS
TWAIERHRTZIEHNEE LWL,

2) BREEHRS LD 20 75 A0
MO OMEBEE T L b3,

3) R SBOBEENTIE ISV T ABEK
L BFERMHOL D ATHRERSLEE TS
Zrinuvd, NEDECHRERYHFIEERR
HRGE R ¥ TR EREBORBICEE T 5 R
oo ATERERERET LI EPEN,

4) VI LR CYPIAMM ORBTHL D,
xNAuwA¥y, 25V AuxA¥y, T2
FS N, UNFTEL, RFNEIN, VAFY
v ¥EOBIWCHEERBEL, 24V 7 A0
hfER LRI I LS50, BEESLET
b2, ¥z, 7= EOHATR 7=
A4 OMFRESETLSTRI AR TY
D,

5) BRI ESICE DIKERVIEL D T
EHEOT, RBEFEEHLS-OBRITERC
15,

6) FEMAREIHR S & D HEE R R L,
BEGHEOURIIREMEET I I ENDH S,

7) _yVITEY rREKEREO LY
SNVREBEBEL YOSV I AL SEIFERE
MEF- S5 AN B 2 e 38, BREMRIYY
TEE Y REMERE SN TWETALABET
BROWRAZERER I EERESILOERL
ANT3,

8) B RERGE, TR - BERTA
PAD—EER F 8 7Y 5 AREMEN VLR
BNE LN DEEE D 6 U R AN TER
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Effectiveness of Midazolam in the Treatment of Status Epilepticus in Children
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