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Fig. 1 Interictal electroencephalogram (EEG) findings of case 1 and 2.

A: Case 1: Left temporal intermittent rhythmic delta activity (TIRDA). B: Case 1: Spike-and-wave at left fronto-temporal. C: Case 2: Spike-and-

wave at left occipital. (Recording settings: high frequency filter, 60 Hz; time constant, 0.1 s)
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TRARARE A © B MRI CEME S & Zifid V. ik Tidze
fronto-temporal |2 temporal intermittent rhythmic delta activity
(TIRDA) (Fig. 1A), [FEBALIZHNE % 727> (Fig. 1B).

Wl o S B OSBRI /A NI B TE T A A L BT,
Z O NH LA 25 mg/H, #HNXYF 2100 mg/ H IZHNZ LEV
wAE (625 mg/H) L0 EIkG, WEIE 4 BEHD EHITT625
~250 mg/H $°2ifi#é L7z, LEV 8006 7 H % ® 1,000 mg/H
DIFIZ FNMS, FIAS & b (2 BAIAHA, Femelhe ] b 8 < 5E
TEDOREEEDHEL 7272 (LUF LEV AR : 14.0 pg/ml). <
D% 1,500 mg/H & THm, LEV B 1 F%I1200)7 FNMS @
A HHEALE LEV BIGHT & 0 8 (35.0 pg/ml), FEIERNIZE D
53Rt 23  BESEEIm A 2 L 72, LEVIZXL % PE &
W7, 875 mg/H F T, FNMS ORI OV H BALE TRd
L7z (15.5 ug/ml) (Fig.2).

FEGI 2 1 25 w1k, R &

BEAERE @ 2 F it A 3 Inl, RErREd 2 L.

BUFTRE © 16 REME 5 UL L HE n e e v 40 5 78 R A% 36 1
(focal to bilateral tonic-clonic seizure, LF FBTCS & W&id) %
#9 FIAS 2SEEALCHIBE, HEAICRRE L 72

PR AT R, - BE R L

MRARARG A« BHES MRIIEHE, i /s s B i & 7250
7z (Fig. 1C).

HEal © IERBHIE T A A LRI, 2NV 7 H R 1,200 mg/H,
HIVINTEE 2 800 mg/H IZ M Z LEV % 250 mg/ H TN,
2B LLEDH T 250 mg/ H 3 2l L 2 20 H# @ 1,000
mg/H O s CHAEMEIL A BAL (0~2 [l/H) PUF % T
A e LM<, B o7z (13.3 pg/ml). F D 2,500
mg/H B4, LEV BJI 8 20 B 21220 C AT H Hifr (23
BIL 72 (23.8 pg/ml). ZEAERNE LEV BIAGHT & R b ek i
AV BRI MEIRNC o 72, 750 mg/ H F Tl L s R I3 H BAT
(1~3 /) L% 0 25 FEAL B LTS (105 pg/ml)
(Fig. 2).
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TR B, - S L

A G A 0 BEES MRIIER, i Tl 7e SR B S0 i % 72

il - SERBEE T AP A LRI, 7 2= M A 200 mg/H,
LTG 75 mg/H 2z LEV % 250 mg/H & 0 Bl#a, 280 1D
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LEV 1500 mg
. o Mmaximum 38/day Sz frequency
--------------------- s sV ]
FNMS * .
.
FIAS - N\(----mmmmmmees P —— L AR Weekly
N N
SN LEV. o ® e LEV I
NN 1000 mg 875 mg onthly
R 0-1/month
== - A A A A A A A A e e e e e == -
Om 6m 1 15 2
(LEV 62.5 mg) y y y
Serum concentration of AEDs (ug/ml)
LEV: 14.0 350 326 15.5 16.7
CLB: 34 (2328%) 22 (1778%) 31 (2042%)
GBP:
Case 2
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr --|Daily
------ --|Weekly

Monthly

LEV LEV
1000 m 750 mg
Om 6m 1y 4y
(LEV 250 mg)
LEV: 133 192 238 8.6 10.5
VPA: 49.2 431
CBz: 13.0 11.8 10.2
Case 3
LEV 1000 m:
------------ --Daily
FIAS \ ------------ --|Weekly
------------ --{Monthly
LEV LEV
750 mg 750 mg
Om 6m 1 15 4
(LEV 250 mg) Y Y y
LEV: 193 114 122
PHT: 11.0 122
LTG: 6.8 11.8 10.2

Fig. 2 Clinical course of case 1-3.
Case 1: Starting dose of LEV is 62.5 mg/day. CLB is 2.5 mg/day and GBP is 100 mg/day; while GBP is withdrawn after starting LEV. Once
frequency of seizures decreases to monthly within six months. Accompanied with increasing dose of LEV up to 1,500 mg/day, frequency of

seizures increases up to daily within a year. Black dots indicate the frequency of FNMS and black triangles indicate those of FIAS. Dose of LEV

decreased to 875 mg/day leads to decreasing frequency of seizures monthly again. Lower panel shows concentrations of AEDs.
Case 2: Starting dose of LEV is 250 mg/day. VPA is 1,200 mg/day and CBZ is 800 mg/day. Once frequency of seizures decreases to less than
monthly within two months. Accompanied with increasing dose of LEV up to 2,500 mg/day, frequency of seizures increases up to daily within

eight months. Dose of LEV decreased to 750 mg/day leads to decreasing frequency of seizures less than monthly again.
Case 3: Starting dose of LEV is 250 mg/day. PHT is 200 mg/day and LTG is 75 mg/day. Once frequency of seizures decreases to less than
monthly within two months. Accompanied with increasing dose of LEV up to 2,500 mg/day, frequency of seizures increases up to daily within

10 months. Dose of LEV decreased to 750 mg/day leads to decreasing frequency of seizures less than monthly again.

m, month; y, year; Sz, seizure; AED, antiepileptic drug; CLB, clobazam; FIAS, focal awareness impaired seizures; FNMS, focal aware non-

motor seizure; GBP, gabapentin; LEV, levetiracetam; *, N-desmethylclobazam; CBZ, carbamazepine; VPA, valproic acid; LTG, lamotrigine;

PHT, phenytoin.

V3T 250 mg/H $0iliiiE L7z, 2 22 H O 750 mg/ H FF 2 5AE
WHHAL (0~2B/F) F TR, FRifbmd, Bk
72 D% 1,000 mg/H~¥5, LEV B 10 2 HZIZHT T
LEV Bl%AHT & AR O FEIEAH BATICHESE L7 (19.3 ug/mi).
750 mg/H F T, A RM 1~3E/A) L@, 25
EBLR B LTS (12.2 pg/ml) (Fig. 2).

A12B), /N 44 B (FER 21 B, &fik 23 ) OB TA
AN LC LEV 2581 L PE A3 BL L 72 FE 6 & #i L7z ©.
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RABIE 14 61 (17.9%), /NEFNIE 19 1 (43.2%) TPE %
R, H AN 14 BTk 460 (5.1%) T FBTCS, 3% (3.8%)
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3,500 mg/H F THi&E L Tz, BABIT® PE 134:6] LEV
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500 mg/H TR, 14 H48(2 500 mg/ H $°o84% L PE H#
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1 1A% 2,000 mg/H ## 2 T\v:/z. PE (X LEV B#G 2 22 H
5 1AEDA, 46013 6 2 A KB, 1610 FBTCS 2 D2
EWAFOFMERD (FET51E) AN L7z, LEV % L 15
H LA 260 TR WA, 4 BTG £ D W, 2
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Hote.
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LEV % L ) DmCHh, XD A2 OMEICHELL. Fh
20 —HIEEEEDRA L2 2R TE, 5% 558
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BBUI =T 2R LI EBHLE R R EZ 5.
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A HNrz. RIEFTIPETHIBL, RARMRFEHRED
LEV O Fm 2 0BT S 72 REELH 5. & LU=
A% 1,000 mg/H TLEELAY R 22 (2B L 7235401, $Izh R0
UW—7OfMHz#B2 TORGFELERD, KIFEIINT S5
VEHIRIEIRAS U B — 7 2R $ 2 L DR T & e\ F 5 1ER
BT b HIER & 7 S B BESNL. LEV 05
THINEAL L 72568100, 5 A7 Y2 — VA FHGEL <
PEDOWHEM A Z 2 22 ENEELEZ 7. RIEBTIE,
IR % RO 7O HED 1L H 875 mg, 750 mg,
750 mg & IRAHCE O E KA OEE TH S 1,000 mg = T
H2HETHY, LhPETOMNRMEEE HRFT 22T
LEV 2 & 2 5B ORSIRL L 8T 5 2 L sBE S 7.

2) PE HEFFOMAEREIZDWT

ARIFEHI & D B L SN D 12~46 pg/ml™W TdH > T
L PEVE LT/, WS AR FEIEBMIL 10 nygml &
Hi, PE HUHIFICIE 19.3~35.0 pg/ml & F#EEEN T H ik
By i CHERL L T\ 7z (Table 1). Nakken, Thacker & @ ¥
90 ClE—HCHE ERA B2 (P EEZEORERL L),
Nakken & D5 Cid 78 Bivh 28 B (36%) THEMR, il
% EOFEWER %, Thacker 5 DA Tid 30 Frd 6 51 (20%)
TR, ©FVa ECORWEHZERIELTCW . F4RE
BICTIERBO R D> 72 FBTCS R EMHFI 2 BHTHBY, —iHo
FEBIC LEV #m s 512 & 288 (#Ein 3, paradoxical
intoxication) 2?1517 PNEFN TV FEEDS G ETE RV E
%z 72, PE MBI OIMAFEEIZOWTRBO H 5 BRIFHERE
HRBHD 1618 Tlk, LEV % HAE T 250 mg/H 5 5 H
G, RS FAERIN % 38, MG 18 LI 500 mg/H P
RIS CEBEEN (14.1 pg/ml) Th -7z, K 3EFITIX LEV
12 X B MORITERIZRRS 519, LEV IZE#EENTH - T

Table 1 Clinical characteristics of case 1-3.
Case 1 Case 2 Case 3
Age, sex 44 y, Female 25y, Male 34y, Female
Epilepsy syndrome left mesial temporal lobe left occipital lobe left occipital lobe
(post encephalitis)
Number of AEDs tried 5 4 5
AEDs with LEV CLB, GBP VPA, CBZ PHT, LTG
Initial dose of LEV (mg/day) 62.5 250 250
Effective dose (mg/day) 1,000 1,000 750
Initial-effective (month) 6 2 2
Concentration (ug/m/) 14.0 13.3 NA
Onset of PE (month) 7 3 3
Maximum dose at PE (mg/day) 1,500 2,500 1,000
Concentration at PE (ug/ml) 35.0 23.8 19.3
Decrease of LEV (mmg) 875 750 750

AED, antiepileptic drug; CBZ, carbamazepine; CLB, clobazam; GBP, gabapentin; LEV, levetiracetam; LTG,
lamotrigine; NA, not available; PE, paradoxical effect; PHT, phenytoin; VPA, valproic acid.
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Abstract

Paradoxical effect of levetiracetam on seizure suppression:
three cases showing U curve association between dose and effect

Takeshi Inoue, M.D.”, Katsuya Kobayashi, M.D., Ph.D.”, Kiyohide Usami, M.D., Ph.D.?,
Akihiro Shimotake, M.D., Ph.D.", Morito Inouchi, M.D., Ph.D.?%, Tatsuya Sakai, M.D., Ph.D.?,
Akio Ikeda, M.D., Ph.D.? and Ryosuke Takahashi, M.D., Ph.D."

b Department of Neurology, Kyoto University Graduate School of Medicine
2 Department of Epilepsy, Movement Disorders and Physiology, Kyoto University Graduate School of Medicine
9 Department of Neurology, Kyoto City Hospital
4 General Internal Medicine, Horikawa Hospital

We experienced 3 adult patients with intractable focal epilepsy treated by levetiracetam (LEV) as polytherapy, who
showed paradoxical effect (PE). Starting dose of LEV was small (62.5, 250 mg/day) and we gradually increased by less
than 250 mg/day, every more than 2 weeks. Within 6 months after LEV was added, LEV of 750 to 1,000 mg/day brought
reduction of seizure frequency. Serum concentration of LEV was 13.3 and 14.0 pg/ml. In order to obtain better seizure
control, LEV was increased up to 1,000-2,500 mg/day (19.3-35.0 pug/ml) within one year, and they developed PE. They
all showed increased habitual seizures, occurring in cluster. Once dose of LEV deceased down to what produced the
maximum seizure suppression, all of the patients regained the better seizure control. It is most likely that at least in
some patients like present 3 cases, PE of LEV may express U curve association between dose and effect and that it was
only delineated by slow titration.

(Rinsho Shinkeigaku (Clin Neurol) 2021;61:247-252)
Key words: antiepileptic drug, paradoxical effect, serum concentration, focal epilepsy




