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The Effect of Topiramate and Lamotrigine on Cerebral Glucose
Metabolism in Idiopathic Generalized Epilepsy Patients

Eun Yeon Joo, M.D.", Woo Suk Tae, M.D.", Sun Jung Han, M.D.", Suk Keun Han, M.D.",

Sung-lk Lee, M.D.?, Dae Won Seo, M.D.", Kyung-Han Lee, M.D.? and Seung Bong Hong, M.D."

Departments of Neurology,' and Nuclear Medicine,’ Samsung Medical Center and Center for Clinical Medicine, SBRI,
Sungkyunkwan University School of Medicine, Seoul, Department of Neurology,” San-bon Won Kwang University Hospital,
Gunpo, Korea

Background : To investigate the effects of topiramate (TPM) or
lamotrigine (LTG) on cerebral glucose metabolism, we performed
"E-fluorodeoxy glucose positron emission tomography (FDG-PET)
before and after medication in patients with drug naive idiopathic
generalized epilepsy.

Methods : Thiry-three patients with newly diagnosed as idio-
pathic generalized epilepsy (IGE) or IGE without antiepileptic drugs
after diagnosis were included. Pre- and post-antiepileptic drug FDG-
PET were performed (before and after TPM or LTG administration)
in 33 subjects treated with TPM or LTG who had been seizure free
for at least 8 weeks. Sixteen of patients received TPM (M/F=8/8,
aged 29.2 | 12.3 years) and 17 LTG (M/F=8/9, 26.8 +9.3 years). For
statistical paramateric (SPM) analysis, all PET images were spa-
tially normalized to the standard PET template and then smoothed
using a 12-mm full width at half-maximum Gaussian kernel. The
paired r-test was used to compare pre- and post-medication FDG-

PET images.

Results © SPM analysis of post- and pre-medication FDG-PETs
showed TPM reduced glucose metabolism markedly in the thalamus,
corpus callosum, and white matters, whereas TG decreased glucose
metabolism in cortico-striato-entorhinal areas with a false discovery
rate corrected p<0.05. No brain region showed post-medication
hypermetabolism in either group.

Conclusion : Our study demonstrates that both TPM and LTG
affect the cerebral glucose metabolism in drug naive idiopathic
generalized epilepsy patients. (J Korean Epilep Soc 2005:9(2):129-
136)

KEY WORDS : Epilepsy - Topiramate - Lamotrigine - Cerebral
metabolism - FDG-PET - Statistical parametric

mapping.
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Table 1. Patient characteristics between two groups taking
Topiramate and Lamotrigine

PM LG

(=16 =1 P
Age on AED FDG-PET (years) ! 192123 201121 0527
Gender (male/female) 8/8 8/9 0.866

18.9=9.6 194159 0.264
Type of seizures (number of patients)

Age ot seizure onset (years) |
Generalized myoclonic seizures 2 4 0.412

Generalized tonic clonic seizures 14 13

2959 41%93 0670

Epileptiform discharges on interictal EEG (number of patients) §

Seizure frequency (per month) ¥

Generdlized 4 5 0.960

Generglized with bifrontal 5 5
maximum

None 10 10

*According to t-tests for independent samples (two-sided) and
x 2 tests (two sided, asymptomatic), significant at p<0.05.
TMean L standard deviation.

FIf two types of seizures existed, the number of more frequent
seizures were counted,

§ Those EEG findings were observed before AED administration.
TPM, fopiramate: LTG, lamotrigine; AED FDG-PET, '8F-fluorodeoxy
glucose positron emission fomography before and after antie-
pileptic drug administration; EEG, electroencephalography.
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Topiramate(TPM) &

3 200 mge] oFEE XE87IRF THAINE @HRo| 4
AE S 189 F 1278(60%) 191tk 28] FAES
3 200 mge] $%E st ® A 2 -1
dtzto] Wb} o] F dhge- 50 mge TPM(F 250
mg/¥), ThE P& 75 mg(F 275 mg/¥) & U &
wkzto] AAE QL) 8HE 200 mge] TPM 2802 bt

a7k Hglou, oFEe FAG(EAY, AR O
B898 2% vk 43292 150 mg/Y, 28 175
mg/Q) oM % 1 o]ike] whato] whgaa] okgitk

Lamotrigine(LTG) E-&1-

3HF 200 mg?] FEE A 87|37 8FAIRE HEo] &
AE sxks 219 F 1478(66.7%) ©1th 58 A=
& 3HFel LTG 200 mgE H88lie A4 22—z
A7 ddato] @hgste] 39 250 mg/d® v 232

Table 2. SPM analysis of localization and statistical results concerning the local maxima of the brain areas where the cerebral
glucose metabolism significantly decreased after Topiramate or Lamotrigine administration

, , Talairach coordinates (mm)* FOR
Location Side T corrected p
X y z
Topiramate
Midbrain B 0 -10 -15 416 0.012
Caudate nucleus R 14 14 5 3.05 0.3
Cingulate Gyrus R 14 -18 39 531 0.007
Inferior Parietal Lobule R 67 -36 28 545 0.006
Insula R 40 -22 15 4,03 0.013
Insula L -32 -19 16 3.57 0.018
Superior frontal gyrus R 30 44 33 3.38 0.023
Superior frontal gyrus L -20 44 36 3.14 0.028
Superior parietal lobule L =34 -75 48 3.09 0.029
Thalamus L -10 -4 8 5.79 0.006
Thalamus R 6 -8 0 4.53 0.009
White Matter, Corpus Callosum B 0 -2 22 4.41 0.01
White Matter, Parietal Lobe, Sub-Gyral L -26 -39 39 413 0.012
White Matter, Parietal Lobe, Sub-Gyral R 24 -4] 33 3.76 0.017
White Matter, Temporal Lobe, Sub-Gyral L -38 =36 10 4,48 0.01
Lamotrigine

Caudate nucleus L -6 14 8 3.11 0.034
Superior parietal lobule R 46 —44 56 3.15 0.033
Superior frontal gyrus R 14 28 52 3.25 0.029
Superior frontal gyrus L -6 26 52 3.40 0.029
Precentral gyrus R 10 -27 66 3.54 0.028
Middle frontal gyrus L —42 -22 52 3.66 0.028
Inferior temporal gyrus R 44 -8 —43 3.73 0.028
Parahippocampal gyrus L -32 =23 -29 3.77 0.028
Parahippocampal gyrus R 24 =16 =26 3.78 0.028
substantia nigra L -4 -18 -16 3.80 0.028
Caudate nucleus R 18 -7 21 3.84 0.028
Putamen, lentiform nucleus L -28 =16 -1 4.00 0.028
Pericentral gyri L -8 —45 66 4,04 0.028
Rectal, Subcallosal gyri L -6 7 -9 4.09 0.028
Entorhinal gyrus L -18 =11 -26 413 0.028

Coordinates are defined in the stereotactic space of Talairach (Research Imaging Center, University of Texas Health Science
Center, San Antonio, USA). x : represents the lateral distance from midline (positive : right) ; y is the anteroposterior distance from
antferior commissure (positive : anterior), z is the rostrocaudal distance from the bicommissural plane (positive : rostral). BA.
Brodmann Area; L, left: R, right; B, both; False discovery rate Height threshold: corrected p<0.05, Extent threshold KE>125
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Figure 1. Pre- and post-medication FDG-PET SPM results. A :
Topiramate group. In the T1 MRI overlaid view, glucose meta-
bolism was attenuated in bilateral thalami, corpus callosum,
cingulate gyrus, midbrain, sub-gyral white matters of bilateral
parietal and right temporal lobes, superior and middle frontal
gyri, and inferior and superior parietal lobules in serial coronal
images. B : Lamotrigine group. In the same view, glucose
metabolism was reduced in bilateral superior frontal gyri, left
medial frontal gyrus, left recto-subcallosal gyri, bilateral cau-
date nuclei, left putamen, left entorhinal gyrus, bilateral para-
hippocampal gyri, right inferior temporal gyrus, right precental
gyrus, left pericental gyri, and right superior parietal lobule in
coronal images. These results are significant, with a false dis-
covery rate corrected p<0.05.

275 mg/YdE THI F o] A SF 200
mgd TPM ¥-go% 2z w37} Hglon), okl ¥zt
&(FY, 55 WAdE “B R HEFS 175 my/UE 7
Fe 2 29 oM % o o)de] WAkl dhAEkA] oot

ok E.g I wkdlylale] Fdkslo] okE Hg W3} Fo
FDG-PETE A#% + 2I2d TPM 58 1878 =
S et 19841309 mg/delH, LTG HE 219
ol W B8k 211.7+30.7 mg/Yoldvk

g =82 ™, £ FDG-PET g4 M09 SPM 24 Hu}

TPM £& & ok= A]A}(bilateral thalami), %= #g]
& (right caudate nucleus), %5 Wo|#(right cingulate
gyrus), =% (midbrain), %% “Fd5o|% (bilateral sup-
eiror frontal gyri), %5 3544 (right inferior pa-
rietal lobule), &5 744 (eft superior parietal
lobule), % (corpus callosum)# T4 -=F%2] WAy
A (parieto—temporal white matter) oA =4 HIET
AL 58 e vl fosl 2Asth(Table 2,
Figure 1A).

R LTG FodolMs o 58 5 78 94d-2%
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oo ges

o

HE =
HA—entorhinal 32 (cortico—striato—entorhinal) %3
ool HEsgurPt ZAaFch 5wl (bilateral
caudate nuclei), #5 Z7M| & (eft putamen), left en-
gol o= o dufe]F(bilateral parahippo-
campal gyri), +5 3H5Fol% (right inferior temporal
gyrus), 25 HERUo|3(left subcallosal gyrus), 45
Aol F(bilateral superior frontal gyri), &% A=
Aol#(right precentral gyrus), FHZ ZHFo|#(left
middle frontal gyrus) ¥ -5 A4 4-43 (right superior
parietal lobule) oA HEZHthAZl F-stA EolFct
(Table 2, Figure 1B).

TPM %= LTG ol & HExegdr 7t S71s 22
2 s gt FATE §9492 FDR B4 p<
0.050]c},

torhinal

B AFE A 8AHWA TPM} LTGo] 2wt 714 3
2ol w4 HETGAl vlAE dakg 42 2SI

k8 B8 W3 Fof FEF FDG-PET 44& SPM
FAYE o, TPM E&7oM s T2 A, T3 9f 94
oA TR HETFOALY] A7 BYE v LTG
EgroMe 52 Hd-F7H Al -entorhinal 4E& F
Aow Hzeotirppl gdasie] TPM B8 S8
2018 HAA T FAHA} T4 HEEF A T2 A

& RS gt

=

TPM 28 £ NI 2|2(thalamo—cortical network),
k|, MO|ZP0f WMIIO| LB = STHAPTf U PE
AGE B A Ag-E ke AR d=

= A
2 2olA Bl FRF R ek Sy AN 71

_—

gz} 202 MRS(magnetic resonance spectros-
copy) @TolME Al4e] N—acetylaspartate NAA) 7}
HAFA 0 2 Gt} NAAZE st 2 A2
2o, A1) oS ulgin) !t gl Al AP
¥4 744 (chronic spontaneous limbic epilepsy) Hi= 4l
o7 fabg 7HAEHZ(status epilepticus) 2E F
Aslo M Al S ARAE Adlo] IHEEG
o} 171 AJAke] oFal (anterior nucleus) & 7FE A0 7 A7)
2=Zshd AEEte] FolErths AMIS thE wE (H
3] Ak Aol Bargl vl ok o] AFER Al
Ao 2hd wzre] A HAe Fad 9EE TS HolE
o} Al=33 ALRA AN T Y X7} welAH
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A4 vABA A2k (generalized, non—convulsive
absence seizures)©ll 53 %<l spike and wave disch-
arges7} 71ZHCL” TPM B8 & AQein A5 ol%
—,‘?:94 | Zegtiab ) Z4E A8 TPMo| 2 o]&—2]

FAAE MFPAA AT AA-TA 2SS Q8T
33“1 AN S JAlshs 29 Tt R3S
AAsiT) Adbd Aaldz 28 wPloAE= spike—wave
act1v1ty7} A dog Fagh= WAl o] mzhAds
(intracortical fibers)$} 1%
Z3 A E w27 ﬁJ}Q% A
Y (intrahemispheric) 2
eric) @] W& Ayl =3 A5 (callosal fibers) &
ZojAr)?!

o] Mol 24kad -3 8 (hypoxic—ischemia) &
3& 7Rk WA o) glutamate F-&A17F 843 st (over-
activation) =W &7} o} ¥ ¢Jojo] F4F 4 (ax-
onal injury)2 #=th® Holz2318t A immunohis-
tochemical study)Z sfRH GABA—FAF Wi ¥h3-A4

(GABA-like immunoreactivity)©] WAz e] A4k (as-
1ohs o 2 ohjr)

+F(association fibers)E

o] #AE Y} o]
Ht Ale] (interhemisph-
&3] o]

trocytes) ollA &7

2 AT A TPM Fo] Fof ¥ F9-F55799 ¥
Ao w4 HEEGOipL ZdassiglEd ol TPM
o] AMPA/kainate glutamate FEAZ AV 214
A3Z 2] GABA $5& dsto] R Alo]o] b2
o Ads AAsh: Y a3l 71dE A e

thi A7bec

N

TPM £0| 2 Sk|(midbrain)Q| =ZE=GONF HLS
TPM H-&vrollA ok Fol ¥ F¥9 54 (subtantia
nigra), % (red nucleus) % /3t +Y (superior/in-
ferior collicul) ol H2ZeGirb F2lshAl 7HAaFck
Penfieldt 07ke] Hxr4 7oA ¥zt (brainstem) ¥}
7k (diencephalon) 7} 864 2438 Fapgiom <
ek w9 W FmaF 3|42 (periaqueductal  gray
FAagoz 7zl FHeF
epilepsy—prone rats) 9] =7+ W& (brainstem seizure
network) o] #oidh= FQ& ¥ FREOIEMY AL
Hdzre] AT ARE g@dshetl 7)o GABA-
agonist 2Fz o] Zhgsled AukA Ao ek S
Fo}, 123 A4 1B (reticular formation), FEE A ¥
Yoz ksl 7HHY FAHGABAergic projections) &
ZHEdkzke] Aslol| Fodsic) O A} Ty A7 F97F & (nter-
Zu] o] AW K (midbrain an-

substance)<> 3t 7 (genetically

collicular nucleus)-
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ticonvulsant zone) & FAA] 7FA - 7kA 2kzle] whags
RS WA glutamate 9 noradrenergic systems
o Zulo] Wrll(tectum) ol 2Hg5to] A# S gghc} Y
wehd # Aol TPM Fol F 349 Zng giaprh
golx 272 TPMe] GABA ¥5% Z7M71A4Y glu-
tamate BHE ZF2AAA] H7F B2 1L o)AERS AJA}
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LTGOl <Jo) m—-
(S 1AV g FASS
LTG E-g7lxs TPM i vls] 5] 2s} ¥
SiAke] Azt AekA] kel LTG A5 $ells +
o2 2L A2 55499 entorhinal GYeM 5
ARl Zh7) FEPLE LTGE At o) AdE S48
£ SAlel glutamate®] Bu]E SAF M o] A 7]A
288 AT (in-virro electrophysiological study) ll4]
LTGE Z57HA Aste] dd-E5H3 T4 27
o1 E A (cortico—striatal excitatory glutamatergic
transmission) & AEA 02 oFslglom ™ )AL 7}
Zabzako] Alks) Aol o7 AL ok wd-EF

2| —entorhinal M| X

040394 3L

£

QA R SFEclE T 254 AF 24
(striatal neuron activity)< 23 7|38z 7= FQ
TR FARs A=A SFEHolE F28 (thalamocor-

tical glutamatergic pathway)}-o =338l ¥]d9] T
of Qake v|HhY 244 @aMElA LTGE Folgh &
SR 1A= (transcranial magnetic stimulation) < A3
i dAe FRAJe] gAagh” =3 LTGS A9 e

torhinal & 2] AlYAolA glutamate A7 G522 —‘E~
H1E Al 738 a3E JERITE™ GIuR5 kainate
(inotropic glutamate T8A2] dF) += E3s] &5 =7
of TR FELFCLY welM, LTGE WHoz 3y
shel AAx2A ] TS %Li’\]ﬂ”% ol=i3t LTGS] 2t
{714 2 47 A9 9Fd-E5HA—entorhinal ¥4

of s RG] et sin A g,

O;: Oﬁ

TPMI LTGO| SIS0 FOJOL= | Qoio] Opfiji= ot

TPME H83h= 1M axse] A3 495
LTG 50177 vlwst dtel TPM Folzelx E3]
T8 713 (executive functions)©] A3}ty B3}

%25—. & (mediodorsal nucleus) I} % o]
Tk dl Aot 5a] A wolY
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